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Preface
Clinicians who focus on the management of com-

plex, chronic disease have not chosen an easy path. 
This book describes an approach to improving patient 
outcomes across a wide range of chronic health condi-
tions through careful analysis of common underlying 
pathways that interact to produce disease and dysfunc-
tion or health and vitality. Outstanding content has 
been contributed by experts from diverse disciplines 
that traditionally do not integrate their knowledge 
within a single text. The approach to disease manage-
ment and health promotion described herein represents 
the evolution of the functional medicine model over 
the past fifteen years through the voices of its leaders.

Functional medicine reflects a systems biology 
approach to health care: a comprehensive analysis of the 
manner in which all components of the human biologi-
cal system interact functionally with the environment 
over time.1 Over the past century, biology and medicine 
have focused heavily upon understanding the physiol-
ogy and biochemistry of individual organs, cells, and 
molecules. Traditionally, researchers and clinicians have 
explored one component of various biological systems 
at a time.2 In clinical practice, this process usually leads 
to the differential diagnosis. In drug discovery, it helps 
us understand how individual compounds interact with 
a specific drug target in human physiology. From these 
investigations has emerged an exceptional knowledge 
base. We are now poised to comprehend the common 
underlying pathways of health and disease as never 
before. We can acknowledge that most diseases are rarely 
the result of a single physiological problem localized to a 
single organ.3 Rather, most chronic disease results from 
the complex interactions of multiple organ systems and 
multiple physiological and biochemical pathways with 
environmental influences and genetic predispositions. 
This knowledge demands a new clinical approach to pre-
vention and treatment. 

Two challenging questions that have stimulated the 
development of functional medicine have emerged over 

the past two decades: How are the body’s physiological sys-
tems linked together? And how is their function influenced by 
both environment and genetics? The recognition that these 
two questions are inextricably linked to each other has 
become much clearer with the discovery that the human 
genome contains far fewer genes than expected and that 
much of our biological uniqueness is related to the 
“non-coding” region of the genome—the region that 
controls systems of gene expression.4 In essence, we 
have learned that our complex phenotype cannot be 
adequately understood by exploring one gene at a time 
(although that exploration is a vital part of building our 
knowledge). Systems of genetic expression give rise to our 
biological complexity and they need to be understood 
from an integrated perspective. 

Health care is an enterprise focused on the allevia-
tion of human suffering caused by disease and dysfunc-
tion. Disease has its start as a functional impairment (a 
dysfunction) that, left untreated, becomes a diagnosable 
disease that later can become the cause of death. Each 
disease has a past, a present, and a future tied to the 
progressive loss of function and vitality. James Fries in 
his landmark article on aging, morbidity, and natural 
death termed this the “loss of organ reserve.”5

This functional systems biology approach to under-
standing the origin of disease is now being encouraged by 
the National Institutes of Health under the new program, 
NIH Roadmap, as a route to accelerate medical discoveries 
that will improve health.6 “In this set of NIH Roadmap 
initiatives, researchers will focus on the development of 
new technologies to accelerate discovery and facilitate 
comprehensive study of biological pathways and net-
works.” It is presently driving research in immunology, 
neurology, cardiology, endocrinology, and radiology. 

Three characteristics define the systems biology 
approach to medicine: emergence, robustness, and mod-
ularity.7 Emergence represents the specific characteristics 
that are displayed in a complex system that are not dem-
onstrated by its individual parts and cannot be predicted 
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from an understanding of the individual parts alone. In 
the functional medicine model, this has been termed 
the “web-like interconnections” of physiological pro-
cesses and biochemical pathways. Robustness is the abil-
ity that complex biological systems have to maintain 
homeostasis in the face of changing environmental con-
ditions. In functional medicine, this is termed “homeo-
dynamics.” The greater the degrees of physiological 
freedom individuals have, the more robust their health. 
For example, very simple EKG patterns are indicative of 
cardiac disease, whereas the more chaotic fine structure 
of heart rhythm (i.e., a homeodynamic pattern) is asso-
ciated with cardiovascular fitness. Modularity refers to a 
system that is comprised of functional units working 
together to produce an outcome that cannot be pro-
duced by any of the units working independently. An 
example of this concept in functional medicine is the 
view of the immune, endocrine, and nervous systems as 
parts of one super-system, the neuroendocrineimmune 
system. Only by looking at that system as a whole, and 
not at each of its units in isolation, can the practitioner 
fully understand the complex presentation of multiple 
signs and symptoms that patients so often exhibit. 

Seventy-eight percent of healthcare expenditures 
are now for the treatment of chronic diseases, and most 
physicians are not adequately trained to deal with 
these complex problems.8 In functional medicine, it is 
our conviction that developing a healthcare system 
that effectively manages (and prevents) chronic disease 
will depend upon our ability to apply a systems biology 
approach to medicine. Functional medicine incorpo-
rates many aspects of this approach, each of which 
plays a vital role. 

Identifying and following biomarkers of function 
that can be used as indicators of the onset of disease, 
and also as markers of the success of interventions, is an 
extremely important activity in functional medicine. 
Using a patient-centered rather than a disease-centered 
model emphasizes the importance of eliciting the 
patient’s story, and incorporates mindfulness and the 
narrative tradition.9 Recognizing that the extent and 
severity of chronic conditions in middle to late life are, 
to a large extent, the outcome of environmental insults 
received at any point from conception forward allows 
for a focus on long-term prevention to be integrated 
into clinical practice.10 Harnessing the healing power of 
the mind-body interaction is also important to func-

tional medicine clinicians, as developed from scientific 
progress in the field of psychoneuroimmunology.11

In looking back at the history of medicine in the 
20th century, the origin of this concept of function can 
be credited to a large degree to the work of Dr. Hans 
Selye.12 His pioneering work related to the functional 
endocrinology of what he termed “stress” and its rela-
tionship to chronic diseases as diverse as peptic ulcer, 
hypertension, and heart disease created a new medical 
model for disease arising out of dysfunction, rather 
than from infectious organisms or inborn errors of 
metabolism. He put a physiological mechanism behind 
the concept that “it is more important to know what 
kind of person has the disease, than what disease the 
person has.”13

Voices from all aspects of our society are merging 
into a unified call for a new model to address chronic 
health conditions. A 2005 article in The New England 
Journal of Medicine pointed out that children being born 
today may be the first generation in the history of the 
United States with a lower life expectancy than their 
parents.14 This prediction comes at a time when the 
United States spends twice as much per capita for 
health as any other country, but is 37th in the world 
in terms of health outcomes. Another 2005 NEJM study 
reported that Medicare is in great danger from the 
increasing prevalence of age-related chronic diseases, 
which it does not have the resources to address.15 The 
former chairman of Intel Corporation, Dr. Andrew 
Grove, recently commented in the Journal of the Ameri-
can Medical Association that innovation in medicine is 
slow and that a new model is needed to address the seri-
ous health concerns of the country.16

Functional medicine is an effective response to this 
call for a new model of care. It was born out of collabo-
rations among clinicians of many different disciplines 
and specialties, clinical laboratory specialists, health 
sciences researchers, health educators, health policy 
professionals, and healthcare administrators to address 
the rising incidence and cost of chronic disease. Over 
the past fifteen years, functional medicine has become 
an experienced voice in these discussions.

This textbook is the result of our belief that a teach-
ing tool is necessary to assist dedicated practitioners to 
develop competency with the functional medicine 
model, and to stimulate and support the emergence of 
new approaches to the education of future clinicians in 
all healthcare disciplines. It is our hope that this text-
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book is but the first edition of what will be an evolving 
chronicle of the successful development and implemen-
tation of the functional medicine model for the effec-
tive prevention and treatment of chronic diseases. 

Many individuals and organizations provided 
financial support for the development of this book, 
and many clinicians, educators, and scientists contrib-
uted to the content. For their vision, their commit-
ment to excellence, and their generosity, we dedicate 
this book to them. 

Jeffrey S. Bland, PhD, FACN
Founder and Founding Board Chair

The Institute for Functional Medicine
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Foreword: Textbook of Functional Medicine
July 1, 2010
Mark Hyman, MD
Chairman, The Institute for Functional Medicine

Shifts in thinking do not come easily in science. 
Thomas Kuhn, in The Structure of Scientific Revolutions, 
warns that changes of “normative” science rarely come 
from within. We are at a moment in medical history 
that requires a new way of interpreting and processing 
data, a new operating system to successfully address our 
global epidemic of chronic disease.1 Practitioners need a 
new set of lenses through which to interpret and act on 
clinical information. 

The Textbook of Functional Medicine presents those 
new lenses, and the science that validates them. In this 
groundbreaking text, we learn: 

• a new way of seeing the epidemic of chronic disease 
based on underlying causes, and 

• a focus on developing treatment models that can 
restore balance within dysfunctional biological sys-
tems and networks. 

Current medical models are reductionist in nature, 
producing fragmented, organ-based, specialist-focused 
care that results in increased costs and poor outcomes.2 
Disastrously, primary care is a dying field3,4,5 at the same 
time that primary care diseases are increasing at dra-
matic rates. Applied in practice, functional medicine 
can reinvigorate primary care by training practitioners 
to prevent, treat, and often cure chronic conditions 
more effectively and at lower cost than the conven-
tional medical paradigm.6 

The urgency for practitioners to learn and adopt 
more effective clinical tools for prevention, treatment, 
and management of chronic disease is underscored by 
the fact that more than 75% of healthcare costs—$2.3 
trillion—is now spent on chronic disease.7 By 2040 (at 
current growth rates and if we don’t act soon), health 
care costs will absorb 34% of our GDP8 and nearly 80% 

of all federal spending will be allocated to Social Secu-
rity, Medicare, and Medicaid.9

As the science and practice of medicine transition 
from the acute-care, reductionist model that evolved 
from the germ theory of disease to a systems model 
based on networks of biologic function—a model that 
has emerged from the genomic revolution—clinical 
practice, medical education, and health research must 
all evolve and adapt to make the transition successful.10 
A fundamental re-orientation of clinical problem solv-
ing is required, expanding the diagnostic focus from the 
disease-based ICD-9 classification system to include 
assessment of patterns of dysfunction within complex 
networks of biologic systems, which are at the root of 
all disease.11 

Functional medicine provides a new model of 
healthcare delivery and practice that addresses the driv-
ers of chronic diseases such as cardiovascular disease, 
diabetes, obesity, cancer, autoimmune and allergic con-
ditions, digestive, mood, and cognitive disorders by 
translating existing research into clinical practice 
through the lens of systems biology. Most chronic dis-
ease is preventable, and much of it is reversible, if a 
comprehensive, individualized approach addressing 
genetics, diet, nutrition, environmental exposures, 
stress, exercise, and psychospiritual needs is imple-
mented through integrated clinical teams and based on 
emerging research.12 Functional medicine provides a 
practical clinical framework for understanding how the 
body’s physiologic systems are linked together and how 
their function is influenced by both environment and 
genetics.13 Clinical medicine can and must shift to an 
applied systems medicine—personalized, predictive, 
preventive, and participatory.14

The Textbook of Functional Medicine shifts our para-
digm from organ-based diseases to functional dynamic 
systems. It is the first robust clinical model that effec-
tively applies the promise of systems biology. Arising 
from direct observation and assimilation of seemingly 
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disparate scientific evidence, a view of biology emerges 
that delivers a new operating system for the mainte-
nance of health and the prevention of disease. It is 
essential reading for any practitioner or scientist 
involved in health care in the 21st century.
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Chapter 1
The Vision and Mission of 
The Institute for Functional Medicine
David S. Jones, MD, and Sheila Quinn

The Institute for Functional Medicine is a nonprofit, 
tax-exempt 501(c)3 educational organization that edu-
cates physicians and other healthcare practitioners in 
improving the management of complex, chronic dis-
ease through the use of functional medicine. IFM is 
accredited by the Accreditation Council for Continuing 
Medical Education (ACCME) to provide continuing 
medical education for physicians. In addition to live 
CME courses, IFM publishes books, course syllabus and 
audio recordings from live courses, and hosts an online 
Member Forum. Detailed information about the Insti-
tute and its educational activities can be found at 
www.functionalmedicine.org.

IFM’s long-term goals are perfectly described in a 
statement by Peter F. Drucker: “The product (of the non-
profit organization) is neither a pair of shoes nor an effec-
tive regulation. Its product is a changed human being. 
The nonprofit institutions are human-change agents.”1

Vision Statement

The vision of the Institute for Functional Medicine 
is to improve the health of individuals worldwide by 
continuous improvement in healthcare practices.

Mission Statement

The mission of the Institute is to improve patient 
outcomes through prevention, early assessment, and 
comprehensive management of complex, chronic dis-
ease. We achieve this mission by:

1. Developing the functional medicine knowledge 
base as a bridge between research (both emerging 
and established) and clinical practice;

2. Teaching physicians and other healthcare providers 
the basic science and clinical applications of func-
tional medicine;

3. Communicating with policy makers, practitioners, 
educators, researchers, and the public to dissemi-
nate the functional medicine knowledge base 
more widely.

Purpose Statement

The Institute provides continuing medical educa-
tion for physicians and other healthcare professionals, 
publishes books and other educational materials, and 
offers clinicians a Forum for the shared exploration of 
emerging research and clinical applications to improve 
patient care and outcomes.

Statement of Need

The U.S. healthcare system fails to address the needs 
of many of our citizens. Many physicians have lost their 
passion for patient care;2 patients are disenchanted suf-
ficiently with the focus of their health care to seek alter-
natives to conventional care in steadily increasing 
numbers;3,4 the numbers of uninsured grow as employ-
ers reduce their premium share or opt out of providing 
employee health insurance because of costs;5,6 and the 
U.S. ranks 37th in quality of health outcomes7 despite 
spending $1.6 trillion per year on health care.8

Research suggests that the sense of futility experi-
enced by many healthcare providers stems from a loss 
of meaning and empowerment in the therapeutic 
relationship, created (in part) as our chaotic health-
care system has shifted focus from quality issues to 
cost issues.9,10,11,12,13 A paradigm shift is required to 
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re-enchant the practice of medicine for both the 
healthcare provider and the patient (the consumer of 
health care).14 It has been suggested that the holism 
inherent in the therapeutic relationship, plus an 
expansion of medical thinking beyond the diagnosis 
and the prescription pad, will re-involve the healthcare 
provider in the dual function of critical thinking and 
mindful involvement with the whole life of the 
patient.15,16,17

The Institute for Functional Medicine is committed 
to helping practitioners and patients achieve this impor-
tant goal. Since IFM’s first incorporation in 1996, it has 
been dedicated to reducing the fragmentation of health 
care with a rigorous, science-based continuing educa-
tional program whose primary focus is on improving 
patient outcomes through more effective prevention, 
early assessment, and comprehensive management of 
complex, chronic disease. As our mission statement 
indicates, IFM intends to be just such a change agent as 
Drucker described, helping to better the health of people 
worldwide by changing the way health care is practiced.

This textbook represents an important step in 
achieving IFM’s mission—putting into the hands of 
healthcare providers around the world a consistent, doc-
umented view of the philosophy, concepts, underlying 
science, and clinical applications of functional medicine 
so that, together, we can work toward the continued 
development of this extremely important approach to 
patient care.
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Introduction to Functional Medicine
David S. Jones, MD, Jeffrey S. Bland, PhD, and Sheila Quinn

A 2003 article in the British Medical Journal1 gener-
ated the following editorial comment: “It is almost a 
daily occurrence for primary care doctors to encounter 
patients whose symptoms are probably not due to dis-
cernible organic cause.” Many of these symptoms 
appear to be related to chronic inflammatory com-
plaints of unknown origin. Because no specific disease 
can unequivocally be attached to these complaints, the 
following question arises: What physiological pro-
cesses/mechanisms result in the expression of these 
signs and symptoms? Could their underlying “organic 
cause” be related to altered function in the absence of 
observed pathology?

A major challenge for medicine in the 21st century 
will be to move toward a thorough understanding of 
physiological mechanisms that underlie disease rather 
than simply labeling later-stage effects with the names of 
diseases. “What should we say to patients with symp-
toms unexplained by disease?” asks the article associated 
with the editorial comment quoted above. The authors 
suggest that, for most patients, using the term “func-
tional,” as in “functional illness,” would be more socially 
acceptable than “medically unexplained symptoms.”

Historically, the term “functional” has been used 
pejoratively in medicine. It has implied either a disabil-
ity associated with geriatric medicine or a psychiatric 
problem. Now, the term “functional” is being used to 
describe a manifestation of changes in basic physiologi-
cal processes that produce symptoms of increasing dura-
tion, intensity, and frequency. These symptoms often 

represent the first signs of a later-stage, pathophysiologi-
cally definable disease. So, the term becomes applicable 
not only to diseases of unknown origin, but to early 
alterations in function that clearly move a patient 
toward chronic disease over the course of a lifetime.

A new model of medicine is emerging to describe 
these altered physiological processes that presage the 
onset of histopathologically defined disease. This model 
takes the term “functional” beyond psychosomatic ill-
ness to define a state of chronic dysfunction associated 
with altered physiological processes that create a physi-
ological alarm state.

What is Functional Medicine?

Functional medicine is a dynamic approach to assess-
ing, preventing, and treating complex chronic disease. 
Functional medicine helps clinicians identify and ame-
liorate dysfunctions in the physiology and biochemistry 
of the human body as a primary method of improving 
patient health. Functional medicine acknowledges that 
chronic disease is almost always preceded by a lengthy 
period of declining function in one or more of the body’s 
systems. Returning patients to health requires reversing 
(or substantially improving) the specific dysfunctions 
that have contributed to the disease state. Those dysfunc-
tions are, for each of us, the result of lifelong interactions 
among our environment, our lifestyle, and our genetic 
predispositions. Each patient, therefore, represents a 
unique, complex, and interwoven set of influences on 
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intrinsic functionality that have set the stage for the 
development of disease or the maintenance of health.

The Functional Medicine Domain

One way to conceptualize where functional medi-
cine falls in the continuum of health and health care is 
to examine the functional medicine “tree.”

In its approach to a patient care model for complex, 
chronic disease, functional medicine encompasses the 
whole domain represented by the graphic shown in Fig-
ure 2.1, but concentrates on the section below Organ 
System Diagnosis, which differentiates it from the con-
ventional medical model. Assessment and treatment first 
address the patient’s core clinical imbalances, fundamen-
tal physiological processes, environmental inputs, and 
genetic predispositions, rather than heading straight for 
the diagnosis. (These elements are explored in detail and 
thoroughly documented in separate sections of this 
book. Here in the Introduction, we provide an overview of 
the content and concepts.) Diagnosis is not excluded 
from the functional medicine model, but the emphasis is 
on understanding and improving the functional core of 
the human being as the starting point for intervention. 
Functional medicine practitioners reason that scientific 
evidence strongly indicates that impaired physiological 
processes, if not corrected, lead to significant clinical 
imbalances in essential body systems. If left in a dysfunc-
tional state, those clinical imbalances often progress to 
more significant signs and symptoms that may be the 
precursors or actual indicators of a disease state that can 
be diagnosed. Improving balance and functionality in 
these basic processes creates momentum toward health.

Conventional medicine normally acts either when a 
diagnosis can be made, or when signs and symptoms 
are severe enough (or the patient is persistent enough) 
to demand a clinical intervention. Functional medicine 
practitioners certainly do intervene when a diagnosis 
has already been made, but they also evaluate function-
ality at a much earlier stage, often averting (or deferring 
for a substantial period of time) the disease outcome or 
its secondary effects. And, in all cases, functional medi-
cine clinicians focus on restoring balance to the dys-
functional systems by strengthening the fundamental 
physiological processes that underlie them, and by 
adjusting the environmental inputs that nurture or 
impair them. This approach leads to therapies that 

focus on restoring health and function, rather than 
simply controlling signs and symptoms.

Functional medicine could be characterized, there-
fore, as “upstream medicine” or “back to basics”—back 
to the patient’s life story, back to the processes wherein 
disease originates, and definitely back to the desire of 
healthcare practitioners to make people well, not just 
manage symptoms.

Principles

These basic principles characterize the functional 
medicine paradigm:

• An understanding of the biochemical individuality of 
each human being, based on the concepts of 
genetic and environmental uniqueness;

• Awareness of the evidence that supports a patient-
centered rather than a disease-centered approach to 
treatment;

• The search for a dynamic balance among the inter-
nal and external factors in a patient’s body, mind, 
and spirit;

• Familiarity with the web-like interconnections of 
internal physiological factors;

• Identification of health as a positive vitality—not 
merely the absence of disease—emphasizing those 
factors that encourage the enhancement of a vigor-
ous physiology; and

• Promotion of organ reserve as the means to enhance 
the health span, not just the life span, of each 
patient.

Each of these principles is discussed in depth in the 
Principles section, and the evidence supporting their 
inclusion is presented there.

Environmental Inputs

Environmental inputs (at the base of the medicine 
tree graphic) include the basic building blocks of life, as 
well as the primary influences on them. When we talk 
about influencing “gene expression,” we are interested 
in the interaction between “environment” in the broad-
est sense and any genetic predispositions with which a 
person may have been born. Many environmental fac-
tors that affect genetic expression are (or appear to be) a 
matter of choice (such as diet and exercise), but others 
are very difficult for the individual patient to alter or 
escape (air and water quality, toxic exposures), and still 
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others may be the result of unavoidable accidents 
(trauma, exposure to harmful microorganisms in the 
food supply through travel). Some factors that may 
appear modifiable are heavily influenced by the patient’s 

economic status—if you are poor, for example, it may be 
impossible to choose more healthful food, decrease 
stress in the workplace and at home, or take the time to 
exercise and rest properly.

Figure 2.1 The continuum of health and health care
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Whatever the nature of these “inputs,” their influ-
ence on the human organism is indisputable, and they 
are often powerful agents in the search for health. 
Ignoring them in favor of the “quick fix” of writing a 
prescription means the cause of the underlying dys-
function may be obscured, but is usually not elimi-
nated. The functional medicine practitioner takes the 
elements listed below into consideration when working 
with a patient to reverse dysfunction or disease and 
restore health:

• Diet (type and quantity of food, food preparation, 
calories, fats, proteins, carbohydrates)

• Nutrients (both dietary and supplemental)
• Air
• Water
• Microorganisms (and the general condition of the 

soil in which food is grown)
• Physical exercise
• Trauma
• Psycho-social factors (including family, work, com-

munity, economic status, stress)
• Xenobiotics
• Radiation

Environmental inputs are intimately connected with 
the functional medicine principle of dynamic balance 
mentioned above. The importance of this critical inter-
weaving between internal and external factors in a 
patient’s body, mind and spirit is fully explored later 
in the book.

Fundamental Physiological Processes

The fundamental physiological processes that ulti-
mately determine health or disease include:

• communication, both outside and inside the cell;
• bioenergetics, or the transformation of food, air, 

and water into energy;
• replication, repair, and maintenance of structural 

integrity, from the cellular to the whole body level;
• elimination of waste;
• protection and defense; and
• transport and circulation.

These fundamental physiological processes are usu-
ally taught in the first two years of medical training, 
where they are appropriately presented as the foundation 
of modern, scientific medical care. However, subsequent 
training in the clinical sciences often fails to fully inte-

grate this rich understanding of the underlying func-
tional mechanisms of disease with therapeutics and 
prevention. In the second two years, conventional clini-
cal training heavily emphasizes teaching/learning based 
on organ system diagnosis.2 This approach—aggregating 
the patient’s signs and symptoms into groupings that fol-
low organ system declensions—has given us both the 
power and the weakness of specialization (e.g., the break-
down of medicine into cardiology, neurology, gastro-
enterology, pulmonology, nephrology, dermatology, 
hematology, hepatology, endocrinology, the surgical 
specialties, and so forth). Specialists become exceedingly 
knowledgeable in a well-defined subset of the human 
organism, but they often evaluate and treat diseases 
within their specialty area as though the inevitable cross-
talk among all organ systems does not occur.

Focusing predominantly on organ system diagnosis 
without examining the underlying physiology that pro-
duced the patient’s signs, symptoms, and disease often 
leads to managing patient care by matching diagnosis to 
pharmacology. The job of the healthcare provider then 
becomes a cookbook exercise in finding the right “rec-
ipe”—the drug or procedure that best fits the diagnosis 
(not necessarily the patient). Every medical problem 
thus becomes a personal health issue in search of a phar-
macological agent or surgical procedure3 and that leads 
to a significant curtailment of the critical thinking path-
ways: “Medicine, it seems, has little regard for a com-
plete description of how a myriad of pathways result in 
any clinical state.”4

Even more important, the pharmacologic treat-
ments specific to each specialty are often implemented 
without careful consideration of the physiological 
effects across all organ systems and physiological pro-
cesses (and genetic variations).5 Pharmaceutical compa-
nies have exploited this weakness. Did you ever see a 
drug ad that urges the practitioner to carefully consider 
the impact of all other drugs being taken by the patient 
before prescribing a new one? The marketing of drugs to 
specific specialty niches and the use of sound-bite sales 
pitches that suggest discrete effects skew healthcare 
thinking toward this narrow, linear logic, as notably 
exemplified by the COX-2 inhibitor drugs that were so 
wildly successful on their introduction, only to be sub-
sequently withdrawn or substantially narrowed in use 
due to collateral damage.6,7

Pharmacological and medical hardware interests also 
strongly influence the research that is done and the 
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information that reaches physicians about new drugs 
and procedures.8,9,10 Our national research establish-
ment—both private and governmental—is heavily 
focused on drug development and medical devices tech-
nology, rather than multifactorial, individualized, life-
style-focused interventions. Physicians (and now 
patients as well) are subjected to the disproportionate 
impact the drug industry’s ad campaigns have on infor-
mation about treatment approaches for disease—every-
thing is centered on taking a drug,11 rather than helping 
patients change behavior. By controlling research top-
ics,12 selecting what data will be published,13,14 and dom-
inating continuing medical education programs,15,16,17 
the pharmaceutical industry often replaces complex 
thinking with more simplistic approaches relying on 
pharmaceuticals.18 Even our less commercial research 
models (at NIH, for example) all too often concentrate 
on “single disease–single agent–single outcome” meth-
odologies. Examination of lifestyle and the attendant 
physiological and health consequences seldom receive 
needed research support because the medical-industrial 
complex that surrounds conventional training and prac-
tice is driven by these powerful commercial interests. 
(Lifestyle approaches are also more difficult to study pro-
spectively, but the work certainly can be done with the 
will and the resources.)

Fortunately, a stronger voice from within the ranks 
of medical educators and practitioners is emerging on 
behalf of re-evaluating the influence of commercial 
interests on our healthcare system—from education to 
research to clinical practice.19,20 Many mainstream pub-
lications are including articles by leading medical think-
ers that patient-centered health care requires a broader 
focus than simply labeling the problem (diagnosis) and 
selecting the right drug.21

The functional medicine approach to assessment, 
both before and after diagnosis, charts a course using dif-
ferent navigational assumptions. Every health condition 
instigates a quest for information centered on under-
standing when and how the specific biological system(s) 
under examination spun out of control to begin mani-
festing dysfunction and/or disease. Analyzing all the ele-
ments (information from the patient’s story, signs, 
symptoms, and laboratory assessment) through a matrix 
focused on functionality requires critical thinking that is 
quite different than matching diagnosis with drug and 
hardware interventions. A deeper understanding of bio-
chemistry and physiology is required of a functional 

medicine practitioner. The foundational principles of 
how the human organism functions—and how its sys-
tems communicate and interact—are essential to the pro-
cess of linking ideas about multifactorial causation with 
the perceptible effects we call disease or dysfunction.

To assist clinicians in this process, functional medi-
cine has adapted and organized a set of core clinical imbal-
ances that function as the intellectual bridge between the 
rich basic science literature delineating physiological 
mechanisms of disease (first two years of medical train-
ing) and the clinical studies, clinical experience, and 
clinical diagnoses of the second two years of medical 
training. The core clinical imbalances serve to marry the 
mechanisms of disease with the manifestations and diag-
noses of disease. (Re-examine the medicine tree graphic 
to appreciate how the core clinical imbalances fit within 
the total framework of health care.)

Core Clinical Imbalances

The practice of functional medicine is characterized 
by an examination of the core clinical imbalances that 
underlie the expression of disease. Those imbalances arise 
as environmental inputs such as diet, nutrients (including 
air and water), exercise, toxins, and trauma are processed 
(see above list of the fundamental processes involved) 
through a unique set of genetic predispositions, attitudes, 
and beliefs. The core clinical imbalances that arise from 
malfunctions within this complex system include:

• Hormonal and neurotransmitter imbalances 
• Oxidation-reduction imbalances and mitochondropathy 
• Detoxification and biotransformational imbalances 
• Immune and inflammatory imbalances 
• Digestive, absorptive, and microbiological imbalances 
• Structural imbalances from cellular membrane func-

tion to the musculoskeletal system

Imbalances such as these are the precursors to the 
signs and symptoms by which we detect and label (diag-
nose) organ system disease. These imbalances arise from 
dysfunction or defect within the fundamental physio-
logical processes that cut across all organ systems, and 
they alert the healthcare provider to pay attention to 
the full expression of disease and dysfunction. Each of 
these imbalances is explored in considerable detail later 
in the book, and the underlying evidence supporting 
this approach to patient care is thoroughly discussed.

The most important precept to remember about 
functional medicine is that restoring balance—in the 
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patient’s environmental inputs and in the body’s funda-
mental physiological processes—can be both a precursor 
and a concomitant activity to evaluating and treating 
chronic illness, and to improving health. It involves 
much more than treating symptoms.

History of Functional Medicine
David S. Jones, MD, and Jeffrey S. Bland, PhD

If contrast is the essence of vision, then clearly 
delineating the differences between present-day con-
ventional medicine and functional medicine will help 
improve our understanding of the road being pioneered 
by functional medicine.

In his commentary in 2003, The Medicine We Are 
Evolving,22 Sidney MacDonald Baker, MD, postulates 
that current conventional medicine rests on two pri-
mary principles:

1. The fundamental subject of medical concern is 
disease;

2. The inquiry as to health rests first on the naming 
of the patient’s disease.

He points out that treatment is then prescribed 
for the disease without rigorous consideration of the 
patient’s unique individual needs, which may include 
the need to be rid of something toxic, allergenic or 
infectious, or the need to add something vital that is 
missing, or both.

Dr. Baker describes the difference between the acute-
illness legacy of conventional medicine and today’s 
functional medicine model that is focused on preven-
tion and treatment of chronic, complex illnesses (the 
dominant medical problems experienced in our mod-
ern, industrialized, hygienic society):

How do we think differently? The emerging school of 
thought [functional medicine] does not deny the useful-
ness to the patient and physician of diagnostic groups 
that allow us the comfort of knowing “what you’ve 
got.” We are careful to keep in mind that a diagnosis is 
an idea we form about groups of people and properly 
belongs to the group, not an individual. Making a diag-

nosis in the realm of chronic illness—such as the many 
conditions of chronic inflammation whose proud 
names end in “-itis,” and autism, schizophrenia, depres-
sion, anxiety, cardiovascular disease, and a host of oth-
erwise eponymous, classical, and respectable diseases—
is for us not the end of a diagnostic road, but the first 
step, to be followed by the …   [consideration of unique 
individual needs]. These questions are not applied to 
“curing the disease” but to healing the person.

This approach is based on the recognition that indi-
viduality …   [has] a spiritual as well as a biological foun-
dation in the sense that each of us is a unique creature. 
Hence our patients are denied dignity when given a 
group identity (diagnosis) and a group treatment (the 
“treatment of choice” for that diagnosis).23

Functional medicine evolved from a medical para-
digm that, instead of emphasizing the primacy of diag-
nosis and pathology, focuses on the antecedent events 
that precede the onset of diagnosis (cf. the notion of 
“upstream medicine,” discussed above under The Func-
tional Medicine Domain). Leo Galland, MD, elaborated 
this principle first in the early 1990s in his unpublished, 
but widely disseminated paper, Patient-Centered Diagno-
sis: A Guide to the Rational Treatment of Patients as Individ-
uals,24 later expanded and published in 1997 as The Four 
Pillars of Healing.25 Patient-centered diagnosis depends 
on knowledge of the mediators, triggers, and anteced-
ents of the patient’s specific disease (discussed in detail 
in Chapter 8). According to Dr. Galland, arriving at an 
accurate, detailed, structured assessment of the patient 
requires a collaborative context within which the 
patient’s story includes:

aspects of the patient that had previously been 
ignored. We were interested in the effects of the com-
mon components of life: a patient’s thoughts and 
beliefs, home or work environment, exposure to poten-
tial toxins, and allergens, food and drink, stressful life 
events, social interactions, patterns of physical activity.

The evaluation investigates the patient’s history, 
including family history and clues regarding genetic and 
social inheritance, the environmental/emotional condi-
tions affecting the patient’s health, and those factors that 
continue to mediate the dysfunction and/or disease. The 
patient’s narrative always includes clues that will eventu-
ally inform the physician about the underlying mecha-
nisms of dysfunction, without “segregation of biological 
and psychosocial dimensions.”26 This model derives from 
the integration of research in molecular biology and 
behavioral psychology about the influences that lead to 
the clinical manifestation of disease. One approach of 
this kind has been labeled the “biopsychosocial model,” 

Short Description of Functional Medicine
Functional medicine is dedicated to prevention, early 

assessment, and improved management of complex, 
chronic disease by intervening at multiple levels to correct 
core clinical imbalances and thereby restore each patient’s 
functionality and health to the greatest extent possible.



11

Chapter 2
What is Functional Medicine?

and it helps clinicians understand “how suffering, dis-
ease, and illness are affected by multiple levels of organi-
zation, from the societal to the molecular.”27

Starting in the early 1980s, Jeffrey Bland, PhD, first 
developed the fully elaborated model of functional 
medicine that now includes both the six principles and 
the fundamental clinical imbalances that underlie the 
dysfunctional devolution of health into disease. Writ-
ing in the preface of his 2004 seminar series syllabus,28 
Dr. Bland states:

It amazes me that this accumulated body of informa-
tion …   now comprises more than 2000 pages and 5000 
referenced articles demonstrating the importance of 
diet, nutritional intervention, lifestyle and environ-
ment on both the prevention and management of vir-
tually every chronic disease …   . We are involved in 
what Thomas Kuhn termed a “paradigm shift” in our 
understanding of the origin and treatment of age-
related chronic diseases. The discovery of the code of 
the human genome and the recognition that our func-
tion is determined by much more than just our genome 
is a revolution in thinking. Our health and disease pat-
terns after infancy are not “hardwired” deterministi-
cally by our genes, but rather a consequence of the 
interaction of genetic uniqueness with environmental 
factors. Our experiences wash over our genes to give rise 
over time to how we look, act, feel and our disease pat-
tern. This is truly a change in thinking about the origin 
of disease that requires a similarly bold change in how 
we treat disease.

This model emerges from the groundwork of six 
great innovators who carved out from the domain of 
molecular medicine the foundational concepts under-
pinning functional medicine. The six pioneers of this 
new medical paradigm are Archibald Garrod (1902), 
Linus Pauling (1949), Roger Williams (1956), Abram 
Hoffer (1957), Hans Selye (1979), and Bruce Ames 
(2002). Let us pause and reflect on the contributions of 
these six pioneers who have improved our understand-
ing of the human organism and the factors that contrib-
ute either to ongoing health or to the progression 
toward chronic, degenerative diseases.

Archibald Garrod, MD

Dr. Garrod was first to discover the diseases of 
genetic metabolism in the early 20th century. (He inves-
tigated the genetic metabolism diseases of infancy.) 
Although those diseases originated in the genes, he 
said, the ultimate expression of the diseases depended 
on the exposure of those genes to factors in the envi-

ronment. He discovered alkaptonuria, which led to the 
understanding of phenylketonuria and the role of the 
phenylalanine-restricted diet in its management. In 
1902, Dr. Garrod wrote, “It might be claimed that what 
used to be spoken of as a diathesis of a disease is noth-
ing else but chemical individuality. It is nearly true to 
say that the factors which confer upon us our predispo-
sition and immunities from disease are inherent in our 
very chemical structure, and even in the molecular 
groupings which went to the making of the chromo-
somes from which we sprang.”29

Linus Pauling, PhD

Dr. Pauling made extraordinary contributions to the 
way we view the origin of disease. His article in Science 
magazine in 1949 on the origin of sickle cell anemia 
taught us that single gene mutations could contribute to 
disorders that cut across organ systems and produce 
multiple symptoms. In this article he introduced the 
term “molecular medicine.”30 Dr. Pauling explained that 
in sickle cell anemia, a single point gene mutation on 
the heavy chain of the globin molecule of hemoglobin 
could contribute to a conformational change in the way 
the hemoglobin molecule was structured in three 
dimensions. That conformational change affected the 
way oxygen bound to the heme portion of the hemoglo-
bin molecule and changed the relationship between the 
molecule and its oxygen absorption/desorption. The 
change in shape of that molecule changed the shape of 
the red cell, because hemoglobin made up about three-
quarters of the volume of a red cell. The red cell then 
became sickle-shaped, and this sickle would “cut” its 
way through the vasculature, creating the pain and dis-
ability of sickle cell crisis.31

Dr. Pauling predicted in 1949 that the molecular 
origin of disease would have extraordinary implica-
tions. As we learned more about the origin of these dis-
eases, he believed, we would find ways to modify the 
expression and function of these genes to prevent the 
expression of disease. In 1997, 48 years after Dr. Pauling 
proposed this model of the potential power of molecu-
lar medicine, a paper in The New England Journal of Med-
icine validated his thesis. That article explained that 
administering hydroxy urea intravenously to patients 
who carried the genetic trait of sickle cell anemia could 
prevent the hemoglobinopathies associated with this 
genetic disorder.32 Hydroxy urea upregulated the 
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expression of fetal hemoglobin in these patients and 
“diluted” the amount of sickle cell hemoglobin, result-
ing in a reduction of sickle cell crisis.

Roger Williams, PhD

Dr. Roger Williams, a professor of biochemistry at 
University of Texas at Austin and past President of the 
American Chemical Society, discovered members of the 
B-complex vitamin family, including pantothenic acid. 
Dr. Williams’ book, Biochemical Individuality, published in 
1956, proposed a role of various nutrients in preventing 
what he called “genetotrophic diseases.”33 Geneto-
trophic diseases are those for which genetic uniqueness 
creates demands for specific nutrients beyond the aver-
age to facilitate optimal function and prevent premature 
disease. Dr. Williams theorized that when those specific 
needs are not met in a given individual, disease results.

Dr. Williams believed the major chronic degenerative 
diseases of aging—heart disease, stroke, cancer, diabetes, 
and arthritis—were related to genetotrophic imperfec-
tions. In his model, the unique genes of each individual 
require different levels of nutrition and a specific lifestyle 
for optimal health. The consequences of not meeting the 
specific needs of the individual are expressed, over sev-
eral decades, as degenerative disease “of unknown ori-
gin.” In the category of what he called genetotrophic 
diseases, Dr. Williams even included diseases of mental 
illness, childhood diseases, behavior disorders, and alco-
holism. He believed they all were related to the mis-
match of genes and environment. At a genetic level, the 
individual needed a different level of nutrients to pro-
mote proper phenotypic expression. If that need was not 
met, the resulting undernutrition would manifest as 
chronic disease in midlife. This very powerful concept 
revolutionized our thinking about the origin of age-
related diseases.34

In defending his concept of biochemical individual-
ity, Dr. Roger Williams said, “Nutrition is for real peo-
ple. Statistical humans are of little interest. People are 
unique. We must treat real people with respect to their 
biochemical uniqueness.”

Abram Hoffer, MD, PhD

As a psychiatrist who also held a doctorate in organic 
chemistry, Dr. Hoffer in the 1950s provided a unique 
perspective on mental illness. He discovered in the urine 

of schizophrenics unique chemicals that represented the 
oxidative byproducts of adrenaline.35 He found that 
these substances produced central nervous system toxic-
ity. As a result of these discoveries, Dr. Hoffer proposed 
that certain forms of mental illness resulted not from 
bad early childhood experiences, but as a consequence 
of altered brain chemistry.36 He found that increased 
doses of the common B vitamins, niacin and pyridoxine, 
could treat these conditions in some schizophrenic 
patients.37 Dr. Hoffer, with the synthesis of a new idea 
that incorporated biochemical genetic individuality, 
nutritional modulation of gene expression, and func-
tional physiology, provided the bridge that allowed psy-
chiatry to enter the field of biologically based, 
functional therapy.

Hans Selye, MD, PhD

As the father of the physiological definition of the 
word “stress,” Dr. Selye introduced to both medical pro-
fessionals and healthcare consumers the role of the 
mind in the function of the body.38 Dr. Selye’s tremen-
dous insight gave birth to the rapidly evolving field of 
psychoneuroimmunology, which is redefining the way 
health practitioners view the impact of lifestyle and 
behavior on health. The combination of the physiology 
of stress and the understanding of the influence of per-
ceived stress on genetic expression served as a powerful 
driver for the evolution of functional medicine.

Although Dr. Selye was never awarded a Nobel Prize 
for his contributions, many historians of 20th century 
medicine believe his insights on the role of behavior 
and environment in health represent one of the most 
important factors shaping the new medicine.

Bruce Ames, PhD

Dr. Bruce Ames, Professor of Biochemistry and 
Molecular Biology, and Director of the National Institute 
of Environmental Health Science Center, University of 
California, Berkeley, published his landmark paper in 
2001.39 His team’s research provides the bench science to 
substantiate Williams’ postulates on genetotrophic dis-
eases. Ames shows in his encyclopedic review paper that 
“as many as one-third of mutations in a gene result in 
the corresponding enzyme having an increased Michae-
lis constant, or Km (decreased binding affinity), for a 
coenzyme, resulting in a lower rate of reaction.” Some 
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people carry polymorphismsi that are more critical in 
determining the outcome of their health history. He 
goes on to argue that studies have shown that adminis-
tration of higher than dietary reference intake (DRI) lev-
els of cofactors (specific vitamins and minerals) to these 
polymorphic genes restores activity to near-normal and 
even normal levels. He concludes, “Nutritional interven-
tions to improve health are likely to be a major benefit 
of the genomics era.”

The functional medicine model rests on the stout 
shoulders of these worthy researchers and clinicians. 
They pioneered the concepts that postulated that many 
agents modify gene expression in such a way as to cre-
ate different phenotypes. They provided the break-
through science that demonstrates that significant 
influences in this process include diet, exercise, stress, 
environmental, and lifestyle factors.

Molecules of functional importance transmit mes-
sages and receptors receive them. The transmitters are 
the molecules we call the mediators. The receivers are 
the membrane receptor binding and soluble receptor 
sites that translate the messages into altered gene expres-
sion and altered function. It is possible to manipulate 
both the messages and their reception on the basis of 
things we do every day, by the way we think, act, eat, 
and feel, by where we live, and by the nature of our rela-
tionships and our spiritual belief systems. All these fac-
tors influence the mediating molecules and can lead to 
an expanding health paradigm. An informational rubric 
encompasses communicating and receiving the right 
messages to be in synchrony with our genes to give rise 
to healthy function.

These six individuals pioneered the new medicine for 
the 21st century by establishing the scientific basis for 
recognizing that our genes generally do not determine 
our disease. The awareness that our environments are 
powerful agents influencing the genetic expression of 
both health and disease represents a major shift in medi-
cal thinking.40 The utility of this model within the medi-

cal paradigm is no longer in question. It is just a question 
of how long it will take for this model to be fully inte-
grated within the standard practice of medicine.
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Importance of Improving Management of Complex, Chronic Disease
David S. Jones, MD, and Sheila Quinn

The Larger Context

Despite the fact that non-genetic factors that are 
modifiable—including diet, overweight, inactivity, and 
environmental exposures such as smoking—account for 
70–90% of mortality in the U.S.,1 physician education, 
training, and reimbursement are most often focused on 
treating disease using drugs and surgery rather than 
comprehensive patient-centered treatments focused on 
the individual. For example, as reported in a study pub-
lished in the British Medical Journal,2 clinical questions 
in primary care can be categorized into a limited num-
ber of generic types and frequency. The four most com-
mon question types were:

1. What is the drug of choice for condition x?
2. What is the cause of symptom x?
3. What test is indicated in situation x?
4. What is the dose of drug x?

This shortsighted approach to health care should give 
us all cause for serious concern, because it is perpetuating 
a system that is far too costly and increasingly ineffective 
for the prevention and management of chronic diseases 
whose root causes are to be found in a much more com-
plex perspective on patients’ lives.

A Critical Problem

The gap between emerging research in basic sci-
ences and integration of new knowledge into clinical 

practice is often astonishingly large—particularly in the 
area of complex, chronic illness.3 This is one of the rea-
sons that today’s healthcare providers are not ade-
quately trained to manage the increasing burden of 
complex, chronic disease.

The 20th century took on—and, to a great extent mas-
tered—the challenges of providing health care for acute 
conditions (injury and life-threatening illness). Knowl-
edge and technology grew apace, and so did costs; mea-
sures no one thought possible 100 years ago have 
become readily available. Organ transplants, re-attach-
ment of severed limbs, life-support systems, new drugs, 
infection control procedures, laparoscopic explorations 
and surgeries—the list is extensive. But at the same time 
that our healthcare system was becoming dependent on 
advances in acute care, other influences were supersed-
ing acute conditions as the greatest threats to American 
health: increasingly stressful and sedentary lifestyles,4,5,6 
industrial pollution7 of air, water, and earth8 leading to 
devitalized (and sometimes dangerous9,10,11) food, over-
consumption (rising rates of obesity) but undernutri-
tion,12 and fragmented family and community ties 
(social isolation13,14,15). These influences have helped to 
create an overwhelming burden of chronic disease that 
we do not yet train our healthcare providers to treat or 
prevent effectively.16 Among other contributing factors:

• Disease prevention has too often been concep-
tualized as immunization and early diagnosis, an 
approach that is far too limited. Effective prevention 
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of chronic disease today requires understanding 
individual genetic vulnerabilities (20–30% of 
chronic disease risk) and the effect of lifestyle upon 
those individual variations (70–80% of the risk).

• Physicians highly trained primarily in conventional 
diagnosis and treatment (drugs, surgery, radiation) 
are not well qualified to apply prevention-focused 
interventions such as nutrition, diet, and exercise 
to help patients minimize their risk of suffering 
from one or more of the major chronic diseases in 
America (heart disease, diabetes, autoimmune dis-
ease, mental illness, and cancer).17

• In addition to prevention strategies, many com-
plex, chronic diseases are very responsive to dietary 
and various lifestyle interventions.18 But clinicians 
without these skills are literally at the mercy of the 
pharmaceutical industry. “Doctors are taught about 
drugs by agents of the pharmaceutical industry, 
which works hard to persuade them to select the 
newest and most expensive medications—even in 
the absence of scientific evidence that they are any 
better than older, less costly ones.”19 Or, we would 
add, even in the presence of evidence that many 
non-drug interventions are therapeutically effective 
and significantly less expensive.20,21

Increasing Economic Burden

The American healthcare system is predicated on a 
huge myth—that the more a society spends on health 
care, the better the health of its population will be. We 
justify having—by far—the costliest healthcare system 
in the world by deluding ourselves that we therefore 
also have the best health in the world. However, our 
romance with ever newer and more expensive drugs, 
technology, and surgeries has not achieved what we 
have been led to expect. Consider just a few of the 
many significant statistics available on this subject:

National health expenditures:
• increased 69% between 1990 and 2000, to a per 

capita cost of $4,637, which is 68.5% higher than 
our closest competitor (Germany) and more than 
2½   times as much as the UK;22,23

• increased at a rate 4–5 times that of inflation in 
most years of that decade (a time of relatively low 
inflation in other industries);24

• were disproportionately affected by the cost of pre-
scription drugs, which were responsible for 21% of 

the cost increases in Year 2000, while representing 
only 9% of total spending;25 and

• are expected to rise to $3.1 trillion over the next 10 
years (from a level of $1.4 trillion in 2001).26

What does the American public get for this exorbi-
tant price tag?

• A nation with 43.6 million uninsured in 200227 
(while every other Westernized nation provides 
basic coverage to all its citizens).

• An excessively high serious medical error rate 
(highest among the U.S., Canada, the UK, Australia, 
and New Zealand), including (in 1994) 160,000 
deaths from adverse drug reactions (ADRs).28

• An unacceptable portion (45%) of Americans fail-
ing to receive “indicated care”29 including, notably, 
preventive care.

• A healthcare system that is thought by many to be 
“in imminent danger of collapse.”30

Add to this volatile mix the projection that one-
third of the people born in the year 2000 will eventu-
ally have diabetes31—perhaps the most costly of the 
chronic diseases when all its comorbidities and second-
ary complications are considered32—and we believe 
that no further evidence is necessary to justify a sea 
change in our approach to health care. There will be 
many ideas about the best changes to consider, but this 
textbook is being written, in part, to ensure that all 
those who are interested in the assessment, prevention, 
and treatment of chronic disease know what functional 
medicine has to offer.

There are, of course, other powerful societal drivers 
for the problems described above. Among them are the 
demand for fast and easy, high-fat, high-sugar foods; the 
demand for expensive testing (such as CAT scans or 
MRIs) and expensive drugs; and the increasingly seden-
tary nature of most jobs (tied to a desk) and personal 
lifestyles (centered around television and other passive 
entertainment experiences). It is important that all sec-
tors share the responsibility for empowering healthful 
choices—the individual and his/her family, the work-
place, the residential and civic communities, the mar-
ketplace, and the healthcare system. This book addresses 
needs that exist within the healthcare system, but does 
not in any way discount the vital influence of other ele-
ments of society. We do, however, call upon clinicians to 
let their voices and their work be stronger and more 
insistent in the call for prevention and health, rather 
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than concentrating their formidable knowledge, intelli-
gence, and skills on after-the-fact interventions.

Functional Medicine and the Chronic
Care Model

In the inaugural issue of the Annals of Family Medi-
cine,33 the lead editorial focused on the need for a new 
paradigm for the primary care disciplines. The present 
intellectual frameworki taught in our medical education 
system fails to address the web-like interactions of multi-
ple comorbidities for chronically ill patients. The power 
of organ-system medicine and the scientific research 
based on this model have brought us to the doorstep of 
the 21st century where, despite huge advances in disease 
detection, pharmacology, and surgical interventions, we 
are ill-equipped for the century’s greatest challenge—an 
aging population with ever-increasing rates of (largely 
preventable, often reversible) chronic disease. The domi-
nance of the existing heuristic (rule of thumb and experi-
ence) and reductionist model has fragmented medical 
care into specialty and sub-specialty care, which drives 
costs upward34 and conflicts with the need for a compre-
hensive, integrated approach to chronically ill patients 
with multiple comorbidities.

In Grumbach’s insightful editorial, Chronic Illness, 
Comorbidities, and the Need for Medical Generalism,35 he 
opens: “It is said that when students enter medical 
school, they care about the whole person, and by the 
time they graduate, all they care about is the hole in the 
person. Current medical education inculcates many of 
the dominant values of modern medicine, reductionism, 
specialization, mechanistic models of disease and faith 
in a definitive cure.” He suggests that the dominant par-
adigm now being taught is most applicable in the con-
text of acute illness (e.g., trauma and infection). How-
ever, the dominant illnesses of the 21st century are and 
will be the chronic diseases (e.g., diabetes, heart disease, 
arthritis, and dementia, among others). In this context, 
the reductionist model fails to address (what he believes 
is) the most germane issue: “Cure is rarely possible, but 
improved functional status with amelioration of symp-
toms of pain and dysfunction and longer life (health 
span) through a thorough understanding of secondary 
prevention is possible.” He goes on to describe the para-

digm shift in the intellectual matrix needed for inte-
grated care for the chronically ill:

These studies demonstrate the futility of reductionis-
tically carving up patients on the basis of individual 
conditions and sending them to the diabetes program 
on Monday, the cardiac program on Tuesday, the 
arthritis program on Wednesday, and the depression 
program on Thursday. What is needed is a model of 
care that addresses the whole person and integrates 
care for the person’s entire constellation of comorbidi-
ties. This generalist approach does not deny the value 
of specialty care, which can offer expertise and unique 
services to the care of patients with chronic illness. But 
the generalist approach affirms a central role for the 
primary care clinician as the coordinator and integra-
tor of specialty care and other referral services, working 
in partnership with the patient and other health care 
personnel to optimize overall physical functioning, 
mental health, and well-being.36

IFM has been an innovator in this field for more 
than two decades. Functional medicine is not a unique 
and separate body of knowledge, but it does represent a 
different way of applying the scientific and clinical 
information that emerges from the research literature 
and from the clinical practices of many disciplines. 
Functional medicine emphasizes a definable and teach-
able process of integrating multiple knowledge bases 
within a pragmatic intellectual matrix that focuses on 
functionality at several levels as the key to health. Func-
tional medicine uses the patient’s story as an essential 
tool for integrating diagnosis, signs and symptoms, and 
evidence of clinical imbalances into a comprehensive 
approach to improve both the patient’s environmental 
inputs and his or her physiological function. It is a cli-
nician’s discipline, and it directly addresses the need to 
transform the practice of primary care.

Functional medicine can substantially improve the 
existing Chronic Care Model,37 which comprises six 
basic elements to foster productive interactions 
between patients and providers:

1. Patient self-management support;
2. Delivery system design (team-based delivery 

of care);
3. Decision support (consistent with scientific evi-

dence and patient preferences);
4. Clinical information system (organizes individual 

patients and patient populations to receive appro-
priate levels of care);

5. Organizational support; and
6. Community support.i The intellectual framework and filter taught and then used by primary 

care practitioners will, from here on, be called the intellectual matrix.
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The strength of the Chronic Care Model is the 
acknowledgment that optimal care relies on healthcare 
team building involving the top levels of the organiza-
tion as well as the caregivers, and integrating support for 
patient self-management. However, what is missing and 
central to success in this effort is an intellectual matrix 
that can filter research and clinical evidence to achieve a 
coherent focus applicable to the unique set of signs and 
symptoms presented by the individual patient. No such 
matrix now exists outside of the functional medicine 
model. The Chronic Care Model is still grounded in the 
heuristic, organ-system based, reductionist thinking that 
is inadequate to the task.38 As presently configured, that 
model will run into the same wall: chronic illness and 
multiple comorbidities are difficult to handle because 
the fundamental, underlying clinical imbalances have not 
been clearly delineated as the starting point for under-
standing chronic, complex illness. Even the coordina-
tion of resources as described in the Chronic Care Model 
will inevitably fall significantly short of the goal if the 
focus of this integrated collaboration is not properly 
identified. Functional medicine helps to identify the 
proper focus from a multidisciplinary, patient-centered 
model that all caregivers can learn and apply.

The Chronic Care Model appears to assume that the 
best we can do for a patient with chronic disease and 
comorbidities is to minimize the progression of the dis-
ease through the consistent and complete application 
of existing standards of care. There’s no implicit or 
explicit anticipation of actually restoring health, and no 
recognition that unless we can restore health (to vary-
ing degrees in different patients), the huge impact of 
chronic disease on the healthcare system and the econ-
omy will be virtually unchecked. One might summarize 
the problem in this manner:

• if assessment and treatment are not fully integrated 
with prevention,

• if therapeutic interventions are not expanded to 
include a primary emphasis on diet, exercise, and 
lifestyle,

• and if health and disease are not perceived as 
existing on a continuum, along which the 
patient’s placement can move towards health 
(even in the presence of significant chronic disease 
and comorbidities),

• then the emphasis is always going to be on pallia-
tive care, and the costs are always going to be 
excessive.

Functional medicine directly addresses the restora-
tion of health, looking for common factors among vari-
ous symptoms, diagnoses, and comorbidities that can be 
affected by intervening to improve function at the cellu-
lar level and the organ level. The functional medicine 
matrix takes into direct consideration the patient’s life-
style and diet, genetic predispositions, and core clinical 
imbalances, seeking a multifactorial and individualized 
approach that will reach beneath symptoms to restore 
function and generate momentum toward health. Too 
often the patient care process is seen as complete when a 
diagnosis is achieved and a drug is prescribed. In func-
tional medicine, the diagnosis is the beginning of the 
journey, and the patient’s past and continuing story is 
the central driver.

Our Aging Population and the Centrality 
of Diet, Lifestyle, and Environment
David S. Jones, MD, and Sheila Quinn

Healthy Aging Matters

Researchers have estimated “the cost to our society 
resulting solely from the triad of coronary heart disease, 
diabetes, and obesity alone is nearly half a trillion dol-
lars!”39 Since most of the chronic disease burden occurs 
in the last decades of life, the importance of healthy 
aging can, therefore, hardly be overstated. However, it 
isn’t an aging population, per se, that increases the eco-
nomic burden on the healthcare system. It’s an older 
population that has either more disease, or more years 
of life with disease, or both. Booth et al.40 point out that 
“the advances made against modern chronic diseases 
over the past 30 years have come to a halt.” Today in 
North America and most of the Westernized world, peo-
ple are living longer, and, for many, those additional 
years are filled with the cost and effort of managing 
multiple chronic diseases. We have no idea whether or 
not there is an upper limit to life expectancy—all past 
predictions about such limits have been exceeded, in a 
steady, linear climb of about 2.5 years per decade for the 
past 150 years.41 So, we may as well assume that the 
upper boundary will continue to advance, which means 
we will be providing expensive, intensive healthcare 
services to a growing number of older citizens who will 
be living with more heart disease, more diabetes, and 
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more arthritis, cancer, and other complex chronic dis-
eases for 30–40 years, rather than 10–20.

At least, that’s what current projections indicate. 
There are many who believe, however, that a different 
goal is within our reach: “In the ideal case, the healthy 
citizens of a modern society will survive to an advanced 
age with their vigor and functional independence 
maintained, and morbidity and disability will be com-
pressed into a relatively short period before death 
occurs …   .”42 There is research to support this hypothe-
sis: “Not only do persons with better health habits sur-
vive longer, but in such persons, disability is postponed 
and compressed into fewer years at the end of life.”43 
And, even more to the point, successful aging is often 
the result of factors under at least some personal con-
trol: “our weight, our exercise, our education …   our 
abuse of cigarettes and alcohol …   our relationship with 
our spouse, and our coping styles can [all] be modified. 
A successful old age …   may lie not so much in our stars 
and genes as in ourselves.”44

To be sure, there is much about the process of aging 
that we cannot yet understand or control. Aging is cer-
tainly associated with increasing incidence of disease 
and disability on a population-wide basis. However, 
research is making it increasingly clear that there are 
many behaviors (diet, exercise, stress reduction)45,46,47,48 
and treatments (antioxidants, essential fatty acids, 
minerals, certain amino acids, the B vitamins, and 
much more)49,50,51 that can counteract the functional 
decline that leaves us vulnerable to disease and disabil-
ity as we age.52 Functional medicine helps to bring this 
knowledge into clinical practice, both for prevention 
and for treatment.

Centrality of Diet and Exercise in Prevention 
and Treatment

A healthcare system that is primarily dependent on 
the prescription pad for therapeutic success will inevita-
bly be far more costly in the long run53 than one that 
brings lifestyle and environment to the fore. Diet, exer-
cise, stress reduction, and active lifestyles are the most 
effective—and least costly—tools for lifelong disease pre-
vention; there are numerous studies that validate this 
assertion, providing data on everything from pancreatic 
cancer54 to sarcopenia55 to very costly diseases such as 
heart disease and diabetes.56,57 (We do not mean to dis-
count the huge impact of broad societal influences such 

as a strong economy, an educated and well-compensated 
workforce, and supportive communities, but discussion 
of those issues is beyond the scope of this book.) 
Research is emerging in a continuous and expanding 
stream to demonstrate the therapeutic effectiveness of 
lifestyle interventions for the treatment of many 
chronic diseases.

Using type 2 diabetes as an example can help us 
understand more clearly what’s at stake. Consider the 
following facts:

• The incidence of diabetes is rising rapidly—it’s a red 
flag bearing the message that something important 
has gone awry.58

• “100% of the increase in prevalence of type 2 dia-
betes and obesity in the U.S. during the latter half 
of the 20th century must be attributed to a chang-
ing environment interacting with genes, since 0% 
of the human genome has changed during this 
time period.”59

• Diabetes is being diagnosed in ever younger 
patients—so we will be paying for their care for 
many, many more years if we don’t act now.60,61

• It is a very costly disease. In 2002, the total cost of 
diabetes was $132 billion/year—$92 billion in direct 
medical costs and $40 billion in disability, work loss, 
and premature mortality.62 This is a 35% increase 
over the 1997 total.63 In just five years, we added $34 
billion/year to the healthcare budget from diabetes 
alone. (If this doesn’t scare us, what will?)

• Diabetes has many genetic links and new informa-
tion is emerging all the time about how those can 
be identified.64,65,66 Clinicians will increasingly be 
paying attention to genes at risk through ethnicity 
and family history, thus bringing genomics (envi-
ronment acting on genes) into play.67

• Diabetes increases the risk of many other chronic 
diseases, including various neurological condi-
tions,68,69 heart disease,70,71 kidney disease,72,73 
stroke,74 and cancer.75,76 Today’s growth in the inci-
dence of diabetes will lead directly to increases in 
many other diseases as the diabetic population ages.

• For most type 2 diabetics, the disease can be pre-
vented, delayed, or reversed.77,78

It’s hard to read this condensed set of facts about dia-
betes and not wonder, “What’s gone wrong?” This is a 
(mostly) preventable disease, about which a great deal is 
known; it causes great human suffering if not prevented; 
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it costs us tens of billions of dollars each year; and it’s 
now hitting our children. What is standing in the way of 
turning this around? It’s certainly not a lack of informa-
tion—even a quick search of the literature turns up hun-
dreds of relevant research articles in every field from 
endocrinology to epidemiology to psychology.

At the risk of offering an oversimplified explanation, 
one reason seems intuitively obvious: We do not have a 
healthcare system, or healthcare practitioners, with the 
skills, time, and will to do what needs to be done. We 
have a healthcare system that forces practitioners to 
focus on seeing the most patients in a day, for the small-
est investment of professional time and effort, with quick 
access to drugs (and highly vulnerable to pharmaceutical 
industry pressure and patient demands). This scenario 
cannot help but obscure the real answers to the problem.

Functional medicine offers a way to change this sce-
nario. Practitioners can begin approaching patient care 
from a different perspective, with a broader set of tools, 
and with an empowered patient as ally and partner. 
Helping the doctor—and the patient—to fully under-
stand the critical factors that affect functionality, aging, 
disease, and health over a lifetime will help create a 
more cost-effective healthcare system, and lead to 
longer health spans for our citizens.

Functional Medicine Incorporates Genomics
Jeffrey S. Bland, PhD

Genomics—The Genetics-Environment 
Interface

April 25, 2003, represented the 50th anniversary of 
the publication describing the structure of DNA, in the 
journal Nature, by Watson and Crick.79 That classic 
paper contained the prophetic comment, “It has not 
escaped our attention that the specific pairing (of the 
DNA bases) we have postulated immediately suggests a 
possible coping mechanism for the genetic material.” 
This paper (and companion papers that appeared in the 
same issue of Nature by Wilkins, Strokes, and Wilson, 
and by Franklin and Gosling) created a paradigm shift 
in medicine that has taken 50 years to be integrated 
into its curriculum. The concept that disease mecha-
nisms originate at the molecular biological level and 
are related to intricacies of interaction between the 
environment and genes and their expression her-

alded a new age in medicine. The seeds that were 
planted then are only now coming into bloom.

Rabinowitz and Poljak commented in 2003 that we 
are seeing the emergence of a new primary-care model 
built on the molecular medicine discoveries of the last 
50 years.80 This primary-care model integrates the con-
cept of host/environment interaction in framing a better 
understanding of the origin of disease and its potential 
treatment, individualized to the patient. Until very 
recently, we have tended to believe that diseases are 
“hard-wired” into our genes as a consequence of genetic 
uniqueness. This belief has caused us to forget or over-
look the important variable of environment and its role 
in modulating the expression of genes. As these authors 
point out:

These (molecular genetic) developments, however, 
raise the concern that both physicians and patients 
could fall into a trap of biological determinism, believ-
ing that one’s genetic and metabolic makeup far out-
weighs the role of environmental factors in disease. 
Such thinking fails to acknowledge that most health 
outcomes are the result of interactions between host 
factors and environmental factors.81

Although the human genome contains only between 
30,000 and 35,000 genes, millions of variations of these 
genes, called single nucleotide polymorphisms (SNPs), 
exist within the gene pool. These polymorphisms occur 
as variations in which the least common allele is present 
in at least 1% or more of the population. Researchers 
have found that when these SNPs are present in a gene it 
means a person has two different genes coding for the 
same function. Only recently have we understood that 
many of these SNPs lead to differences in the phenotype 
of an individual, and that how these differences may be 
expressed depends upon environmental factors.

One major environmental factor that modifies gene 
expression is the individual’s nutritional status. Both 
macro- and micronutrients can influence the expression 
of genes, the translation of the genetic message into 
active protein, and that protein’s ultimate influence in 
controlling metabolic function.82,83,84,85,86

The effective integration of these concepts into the 
educational model so that patient assessment and treat-
ment can be personalized to the patient’s own genetic 
uniqueness represents a great challenge for modern 
medicine. It has been postulated that medical nutrition 
education is very near a “tipping point” that will herald 
rapid changes in the existing system vis-à-vis these excit-
ing concepts.87 Functional medicine has been addressing 
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these issues and training clinicians to understand and 
use the concepts for many years.

(According to Gladwell, the tipping point is the 
moment when an idea, trend, or social behavior crosses a 
threshold, “tips,” and spreads like wildfire.88 Broad exam-
ples from medicine include the discovery of the polio 
vaccine, the identification of insulin as a treatment for 
type 1 diabetes, the 1964 Surgeon General’s Report on 
the health effects of cigarette smoking, and the McGov-
ern Committee and the 1979 Surgeon General’s Report 
on Health Promotion and Disease Prevention. Another 
tipping point may be the changes stemming from the 
Human Genome Project that are leading to a new defini-
tion of medical nutrition education.)

As evidence that we are near the tipping point in 
medical education, Tel Aviv University recently incorpo-
rated into its medical curriculum a course titled “Intro-
duction to Pharmacogenomics: Towards Personalized 
Medicine.”89 As investigators learn how different individ-
uals metabolize substances based on their genetic 
uniqueness, we learn more about the important roles 
specific nutrients play in modifying the expression of 
metabolic patterns in the individual. Diet, lifestyle, and 
environment have significant influence on the way an 
individual can metabolize specific substances based upon 
his or her genetic uniqueness. We are seeing the first 
applications of genomic medicine in the area of pharma-
cogenomics. Pharmacogenomics is defined as the unique 
metabolism of various substances based on an individ-
ual’s genetic uniqueness. A great deal of research is being 
done to study individual variations in reactions to drugs 
and that body of research will contribute enormously to 
our understanding of personalized medicine.

Nutrigenomics

Linus Pauling was a pioneer in alerting physicians to 
the importance of nutrients in modulating physiological 
processes at the biomolecular level and ultimately giving 
rise to the phenotype of health or disease. The interface 
between genomics and nutrition is now defined as the 
field of “nutrigenomics.” As Kozma observed:

Information from the Human Genome Project will 
dramatically change health care for the dietetic and 
nutrition discipline. Approaches to risk assessment 
including obtaining family history, diagnosis, preven-
tion, early intervention, and management of nutri-
tional issues will evolve through the application of 
nutritional genomics. Dietetic and nutrition specialists 

will increasingly require knowledge of genomics, gene-
environment interactions, the expanding role of phar-
macogenomics in drug and food therapies, and genetic 
applications to clinical practice.90

The development of nutrigenomic concepts will 
assist clinicians in understanding the varied responses 
of different patients to specific nutritional therapies. An 
example is the wide inter-individual variation in blood 
lipid and lipoprotein responses to dietary change.91 A 
diet that is low in fat and high in unrefined complex 
carbohydrate may in one individual be effective in low-
ering total blood lipids. In another individual with a 
different genotype, however, the same diet may actually 
increase specific members of the lipid and lipoprotein 
families. Similarly, some individuals, when placed on a 
higher-protein, low-carbohydrate diet, may have reduc-
tions in their blood lipid profiles, while others may 
have elevations of blood lipids on the same diet.

Fogg-Johnson and Kaput provide a good restatement 
for us to consider:

Effects of the Human Genome Project are surfacing in 
anticipated and unanticipated areas. One of the key 
discoveries from the project is the existence of individ-
ual differences in gene sequences that result in differ-
ential response to environmental factors, such as diet. 
Those genetic differences, single nucleotide polymor-
phisms (SNPs, pronounced snips), are the key genetic 
enabler of the emerging scientific discipline called 
nutrigenomics or nutritional genomics. …   The science 
of nutrigenomics is the study of how naturally occur-
ring chemicals in foods alter molecular expression of 
genetic information in each individual.92

Since approximately 1990, nutrition research has 
undergone a gradual shift in focus from epidemiology 
and physiology to molecular biology and genetics. This 
shift has resulted in a growing realization that we can-
not understand the effects of nutrition on health and 
disease without determining how nutrients act at the 
molecular level. Müller and Kersten note: “There has 
been a growing recognition that both macronutrients 
and micronutrients can be potent dietary signals that 
influence the metabolic programming of cells and have 
an important role in the control of homeostasis.”93

In every respect, the transition occurring within 
medical nutrition is epic in its impact and scope. Nutri-
tion-focused practitioners are at a pivotal point in the 
history of their practice. Kauwell’s observations are par-
ticularly pertinent: “Armed with the findings of the 
Human Genome Project and related research, dietetics 
practitioners will have the potential to implement more 
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efficient and effective nutrition intervention strategies 
aimed at preventing and delaying the progression of 
common chronic diseases.”94

Genomics and Proteomics: Importance for 
the Future of Nutrition Intervention

A central feature of this paradigm shift in medical 
nutrition is the recognition that not all genes within 
the human genome are expressed in every cell simulta-
neously. Instead, the expression is selective to the cell 
type and cell environment. The study of the synchro-
nous activation of families of genes to yield various 
proteins that ultimately regulate metabolic function is 
called “proteomics.”

A large body of information exists about the num-
ber of genes, chromosomal localization, gene structure, 
and gene function. Scientists are only now beginning 
to understand the orchestrated way the proteins 
expressed from these genes control metabolism.95 For 
example, researchers have found that in some cells 
only 50% (approximately) of the genes transcribed to 
form the specific messenger RNA (mRNA) are translated 
into active proteins. The action point in the control of 
cellular physiology is therefore the combination of 
genetic transcription (expression), active protein for-
mation, and control of metabolism that has been 
termed the “phenome.”

The phenotype of the cell is a complex process or sys-
tem of interacting events related to genetic expression, 
protein synthesis, protein activation, and metabolic reg-
ulation. By evaluating genetic expression through the 
production of specific mRNAs, the synthesis of specific 
proteins from those mRNAs, and ultimately the effect of 
those proteins on metabolic function, we can establish 
biomarkers of health and disease. From this understand-
ing, we can evaluate the role of specific nutrients on this 
process in the individual patient. Although this may at 
first seem to be a daunting task, new screening technolo-
gies and powerful systems of bioinformation analysis are 
emerging to hasten the day when such interventions are 
a real option in clinical care.

Toward a Systems Biology Approach

As we write in 2005, the systems biology approachii 
for analyzing individual effects of nutrients on function 
is not yet available, but a number of clearly identified 
relationships that connect specific SNPs, nutrient sensi-
tivity, and disease risk are now understood. Petricoin 
and Liotta predicted in 2003 that clinical applications 
of proteomics, which involve the use of molecular 
genetic technologies at the bedside, will result in 
patient-tailored therapies.96

Work at the Institute for Systems Biology in Seattle, 
Washington, has demonstrated the success of an inte-
grated system for understanding cellular physiology 
based on the interaction of genomic expression, pro-
teomics influences, and their role in controlling metab-
olism.97 Although this work is in its early stages, the 
“proof of concept” that a systems biology approach can 
be used for evaluating the impact of genetic expression, 
proteomic activity, and their roles in controlling metab-
olism, supports an optimistic perspective for the future 
of personalized and functional medicine.

Upstream vs. Downstream Medicine

In the last few decades, much medical research has 
focused primarily on discovering specific molecules that 
inhibit enzyme function “downstream” in a complex 
physiological process. The search for molecules with the 
selective ability to inhibit specific enzyme-mediated 
steps, such as angiotensin-converting enzyme inhibitors 
(ACE inhibitors), selective serotonin reuptake inhibitors 
(SSRIs), H2 blockers, and selective cyclooxygenase-2 
inhibitors (COX-2 inhibitors), has succeeded in fueling 
the growth of the multibillion-dollar pharmaceutical 
industry (not without serious consequences for some 
patients with some of these drugs).

Genomic and proteomic research has begun to dem-
onstrate, however, that rather than blocking specific 
enzymes downstream in a complex biological system 
associated with a specific disease, it can be even more 
effective to develop new approaches that would selec-
tively regulate the expression of various alarm molecules 
upstream in the metabolic process that are associated 
with the disease. The emphasis of such research is to 
identify tissue-selective “upstream” modulators of 

ii Systems biology seeks to explain complex biological systems, such as 
the cell, through the integration of many different types of information.
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genomic and proteomic expression. The objective is to 
identify ways to normalize the functional changes associ-
ated with early disease risk without adversely affecting 
other tissues engaged in similar metabolic processes.

The Rise of Personalized Medicine

This revolutionary shift in thinking suggests that 
substances consumed in the diets of various cultures for 
thousands of years may have profound influence on 
gene expression and proteomic outcome. It may also 
help explain the epidemiological observations that cer-
tain diets are associated with reduced disease risk. As 
Willett pointed out, the integration of extensive epide-
miological research with the discoveries being made in 
nutrigenomics will give rise to a new personalized medi-
cine using diet, lifestyle, and environment as principal 
tools in both prevention and treatment of specific 
chronic diseases.98 Burke wrote, “Evidence is now emerg-
ing of the complex interactions between genes and the 
environment in the causation of many diseases, and the 
study of the interactions represents the next important 
step in genomic research. Efforts to understand the 
molecular mechanisms that underlie complex diseases 
will build on insights and strategies developed in the 
study of single-gene diseases.”99

From these concepts, new clinical tools and pro-
grams are emerging to help apply medical nutrition in 
ways that will make it more effective in improving 
patient outcomes, and that approach is a key compo-
nent of the functional medicine model, and thus an 
urgently needed element in modern clinical care.
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Chapter 4
Training Clinicians in New Approaches to Care
Sheila Quinn and David S. Jones, MD

Functional Medicine: A Model of Integrated 
Care to Address Systemic Health Issues

Functional Medicine Can Be Taught

Functional medicine synthesizes and applies scien-
tific evidence from the biomedical research literature in 
fields such as biochemistry, physiology, immunology, 
and nutrition. Unlike alternative medical disciplines 
(such as acupuncture or chiropractic or naturopathic 
medicine), it does not require that conventional provid-
ers master different languages/tools of health care, nor 
does it require that alternative providers give up the 
tenets of their respective disciplines. It can be taught to, 
and used by, all healthcare providers with a background 
in the basic medical and clinical sciences, regardless 
of the particular profession a practitioner belongs to 
(within the limits of specific training and licensure, of 
course). This makes functional medicine uniquely suited 
to multidisciplinary, integrated clinical settings, as well 
as to use by individual practitioners.

This textbook is organized around the information 
and approach that IFM uses to teach clinicians, and 
exemplifies the kind of clinical thinking and patient 
management that characterize many functional medi-
cine practitioners:

• A thorough understanding of the core context and 
concepts of functional medicine (Principles Section) 
helps to distinguish the functional medicine 
approach.

• Teaching functional medicine often requires refresh-
ing and expanding the clinician’s knowledge of bio-
chemistry and physiology (Fundamental Physiological 
Processes Section).

• A strong appreciation for the importance of envi-
ronmental inputs (Building Blocks Section) is vital to 

an understanding of functional medicine, for we 
are equally concerned with whether the raw materi-
als of health (or disease), including genetic predis-
positions, are present in the patient’s life.

• An emphasis is placed on learning to assess and 
improve underlying functional imbalances in six 
core areas that comprise the “engines” that drive 
the patient toward health or disease (Fundamental 
Clinical Imbalances Section).

• The more didactic information presented in the first 
five sections is brought into context for the provider 
in A Practical Clinical Approach. Here the functional 
medicine matrix—a tool for simplifying the complex 
science into a manageable clinical approach—is the 
underlying structure. This section demonstrates how 
to obtain, sort, and qualify the different kinds of 
patient information so as to generate a strong indi-
cator to the clinician of the most useful way to “pull 
on the web” of interconnecting issues presented by 
the patient.

• Finally, the last section, Putting it All Together, helps 
clinicians understand some of the most important 
patient care issues that are commonly experienced 
in functional medicine.

Thus, functional medicine can be taught to any cli-
nician who has an open mind and an eagerness to twist 
the kaleidoscope and look at patient care from new 
angles. It is a matter of acquiring, analyzing, classify-
ing, and prioritizing information in different ways, 
and then applying therapeutic (or preventive) measures 
that are aimed at correcting the imbalances that under-
lie organ-system disease. If the clinician doesn’t address 
the underlying imbalances—and understand how they 
arise and how they can be ameliorated—it is much less 
likely that restoration of health will be the ultimate 
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outcome. Functional medicine approaches patient care 
with the confidence that restoring and maintaining 
health are achievable goals.

Functional Medicine is Discipline-Neutral

Functional medicine is discipline-neutral—the field 
is accessible to any health practitioner who has a fairly 
standard Western medical science background. There 
are significant advantages to this “neutrality,” particu-
larly as the nation’s healthcare system becomes more 
and more open and adaptive to integrated care con-
cepts:

• Patients with chronic disease often use multiple 
care-givers from a variety of fields. It is extremely 
valuable to the patient (and to the efficient delivery 
of care) when those practitioners have a common 
“language” for discussing patient health. Functional 
medicine creates a unifying mind-set and informa-
tion architecture about health and disease, regard-
less of widely varied clinician training and skills.

• Although the science underlying functional medi-
cine is complex, the application of therapeutic and 
prevention-oriented approaches is often relatively 
straightforward; patients can understand it and so 
can practitioners from many different backgrounds. 
Functional medicine creates a more level playing 
field between and among patients and providers.

• We have had a very hierarchical healthcare system 
for many years in the United States; as a result, turf 
battles between professions are common and 
patients often get caught in the crossfire. With the 
cross-disciplinary nature of functional medicine, 
those problems can be minimized or eliminated.

 Functional medicine is firmly grounded in scientific 
principles and data but adopts a flexible, eclectic per-
spective on medicine. The use of dietary interventions, 
clinical nutrition, exercise therapy, mind-body-spirit 
issues, botanical medicines, physical medicine, and even 
energy medicine (e.g., acupuncture) can all be integrated 
into functional medicine teaching and practice when 
the science warrants it. The use of drugs and/or surgery 
does not disappear, but lifestyle interventions assume a 
certain primacy (where appropriate)—both because of 
their lower cost and because of their long-term role in 
restoration of health and prevention of disease (or com-
plications of disease).

Conventional providers and alternative providers 
alike are able to integrate functional medicine thinking 
into their existing knowledge base because underneath 
the superstructures created by the many professions, an 
abiding interest in “functionality”—how things work 
and what to do when they don’t—is a shared terrain. 
Some learners may not have a strong science back-
ground, and may thus need to intensify their knowl-
edge of biochemistry and physiology, but some with a 
strong science education may have to learn clinical 
nutrition and to appreciate the contributions of (for 
example) botanicals and chiropractic.

In these diverse ways, functional medicine helps 
create a bridge between conventional and alternative 
practitioners and approaches—a place where there is 
mutuality of ideas and interests, and where the patient’s 
needs can come first. This common meeting ground 
will enhance the delivery of integrated care and contrib-
ute to the development of respectful and productive 
professional relationships among healthcare providers.

Focused Training is Needed to Change the 
Existing Model of Care

The postgraduate healthcare education industry 
encompasses many different methods of delivering 
information to clinicians: textbooks, journal articles, 
and professional conferences are among the most com-
mon. The sizable investment made in these activities 
year after year ought to create a significant obligation to 
demonstrate that they substantially improve the care 
that patients receive. Unfortunately, emerging research 
is demonstrating quite convincingly that the changes 
created by conventional continuing medical education 
or CME (journal articles and conferences) are much less 
significant than most practitioners realize. Consider just 
a few selected quotations:

• “lecture results in only the lowest level of behav-
ioral change.”1

• “the best predictor of knowledge of blood pressure 
treatment [for example] is a physician’s year of 
graduation from medical school.”2

• “Unfortunately, most of the clinical questions gen-
erated at the point of care go unanswered.”3

• “traditional medical care delivery methods are fail-
ing to adapt by responding too slowly to rapidly 
changing new medical evidence.”4
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• “[M]any of the implications from research, 
although black and white to the researcher, are not 
immediately compelling to the practitioner …   .”5

• “Uneven uptake of research findings—and thus 
inappropriate care—occurs across different health 
care settings, countries and specialties …   .”6

• “Didactic sessions do not appear to be effective in 
changing physician performance.”7

And, very significantly:
• “In addition to being disconnected temporally and 

spatially from the actual delivery of care, CME has 
too often failed to deliver the most important and 
useful information to clinicians: patient-oriented 
evidence on common or important problems that 
has the potential to change practice.”8

This disconnection from “evidence that matters” is 
of great concern to IFM and to functional medicine lead-
ers and practitioners. We spend a lot of time and effort—
unsupported by the deep pockets of the pharmaceutical 
industry or the organizational backing of medical 
schools, societies, or hospitals—developing courses and 
symposia that deliver information. We work diligently 
to ensure the clinical relevance of that information and 
to focus on the problems that cost the healthcare system 
the most in dollars and cost patients the most long-term 
distress—complex, chronic disease. But if this is not the 
most effective way to deliver “patient-oriented evidence 
that matters” (POEMs) then we want to change it.

 Meeting that challenge head-on has brought us to 
this book. While information alone may not change cli-
nician behavior very significantly, high quality informa-
tion is an absolutely essential ingredient in the mix—
necessary, but not sufficient. Developing a comprehen-
sive textbook—where the evidence base is clearly dem-
onstrated and the clinical connections to that evidence 
are made clear—seems an important step. Delivering 
this comprehensive information base so that clinicians 
can learn at their own pace, in their own homes and 
offices, and in response to clinical questions that arise 
at the point of care, may enable us to increase our effec-
tiveness and—a prime consideration—perhaps redirect 
the focus of our onsite courses to more interactive, clini-
cally specific education.

We hope that the book’s users will take on a per-
sonal “commitment to change.” There is evidence to 
show that “physicians who expressed a commitment to 
change were significantly more likely to change”9 their 

actual behavior. We offer help with understanding how 
to change in Chapter 36—it may be structured as “help-
ing patients to change unhealthy behaviors,” but it is 
just as useful in making any kind of personal change, in 
one’s life or one’s practice.

We think of you—the current and future functional 
medicine practitioners—as our partners in developing 
the information base and improving the effectiveness of 
the training. Please stay in communication with us about 
what really does—and does not—make a difference in 
the way you actually practice and how your patients 
have fared.

Mentoring and Follow-Up Are Needed in 
Addition to CME

If it can be established, as we believe and have 
expounded on at some length in earlier in this section,  
that certain changes are urgently needed in our current 
healthcare system, particularly for complex chronic dis-
ease, then the question immediately arises, “If informa-
tion alone is insufficient, how can such change be 
achieved?” There are several important pathways to 
address:

1. Change the way physicians and other practi-
tioners are taught. As noted above, we do know 
that how a physician is taught is often an extremely 
powerful predictor of how he/she will practice. A 
lot of CME effort is devoted to trying to change and 
update what was learned in medical school. New 
practitioners should be emerging from their train-
ing already prepared to practice effective, inte-
grated care in multidisciplinary settings. The 
Textbook of Functional Medicine can contribute by 
providing a broader view of the underlying mecha-
nisms of health (and disease prevention), by link-
ing the basic sciences and the research literature 
with effective clinical approaches, and by strength-
ening the priority that is placed upon understand-
ing the key influences on gene expression.

2. Find ways to make continuing medical educa-
tion more effective. While the research on effec-
tiveness of CME is not voluminous, it does present 
a rather alarming assessment of CME effectiveness 
in changing physician behavior (see above). The 
picture goes something like this: didactic presenta-
tions may improve knowledge but are unlikely to 
change behavior;10 single interventions on a partic-
ular subject are much less likely to change behavior 
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than multiple, varied interventions (rare);11 com-
plex changes are more difficult than simple ones;12 
information that is not relevant to questions that 
arise at the point of care is unlikely to change 
behavior;13 even CME that changes physician 
behaviors with some efficacy may not change 
patient outcomes;14 practitioners may find change 
difficult if the system within which they practice is 
not proactive and responsive;15 and yet physicians 
still like CME.16 They attend it with great regularity 
and frequency, rely on it for their continued learn-
ing, and are often quite willing to make a commit-
ment—in the moment of learning—to change.17

How can this massive, nationwide (costly) effort to 
bring good continuing education to the fore, and to use 
information as an effective change agent, be enhanced? 
There are certainly many more questions than answers 
on this vital topic, but two findings that have emerged 
with some consistency are these: mentoring is an impor-
tant element and follow-up is critical. Practitioners need 
continuing contact with skilled and respected colleagues 
who can give feedback on new information and ideas, 
and whose collaboration can be sought about key clini-
cal questions that directly affect patients.18

IFM provides you—the reader of this book—and 
other interested practitioners considerable support for 
the effective integration of functional medicine into 
practice through its vibrant, interactive online commu-
nity (www.functionalmedicine.org). On the fully search-
able IFM Member Forum (information about member-
ship is available at http://www.functionalmedicine.org/
membercommunity/becomemember.asp), you can par-
ticipate in a variety of ways:

• Engage with the experts who post as Forum Hosts 
on “Topic of the Week.” Cases are presented, emerg-
ing evidence is discussed, and stimulating questions 
are posed. Some discussions involve dozens of 
respondents and are highly interactive. Forum Hosts 
are a valuable resource for all functional medicine 
practitioners, even experienced ones.

• Post a question or issue of your own. Is a particu-
lar patient troubling you, or are there conditions or 
approaches you want clinical guidance on? Any 
member can initiate a post (although you may 
want to search the Forum first to see whether the 
topic has been explored before). You are likely to 
receive very thoughtful and generous responses 

from your colleagues. Over time, you will get to 
know these professionals, and you can begin inde-
pendent dialogues by emailing directly to those 
whose expertise is most helpful to you.

• Review the regular “Article of the Week” postings 
by the Forum Consultant, who will also chime in 
on Forum Host or member postings by offering 
links to key research or relevant articles.

• Speak up about functional medicine. Share your 
education and clinical experiences with colleagues 
and patients. If you are an experienced functional 
medicine practitioner, offer to mentor a colleague 
who is new to the field. Recommend this book to 
your local hospital library, or buy an extra copy and 
donate it to the school where you received your 
professional training. In other words, expand the 
functional medicine community through your own 
efforts. The opinion of a respected colleague can be 
very influential.
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Functional Medicine and the Emerging Research Base
David S. Jones, MD

Understanding the Limitations of the 
Randomized Controlled Trial (RCT)

The scientific method disciplines the creative pro-
cess of human inquiry. In the applied biological sci-
ences (e.g., clinical medicine) prior to World War II, 
evaluation of emerging therapeutics was mainly the 
purview of recognized leaders in the medical profession, 
based primarily on their clinical impressions, without 
the touchstone of any systematic controls.1 To temper 
the quality of evidence and render a “truer” judgment 
with less personal bias, elite postwar researchers devel-
oped the randomized controlled trial (RCT) protocol. 
The major characteristics of this method include 
blinded assessment (of subjects, investigators, or both) 
in the presence of a placebo control, random assign-
ment to comparable groups, and inferential statistics as 
a surrogate for establishing causation.2

This methodology (RCT) found its most ardent 
advocates in the sphere of pharmacological therapeutic 
interventions, specifically drug studies (using, most 
often, single agents). With development of powerful 
pharmaceuticals, the imperative for a scientifically rig-
orous methodology for asking systematic questions 
about efficacy, benefits, risks, and causation has proved 
ever more important (cf. the thalidomide tragedy of the 
late 1950s and the early 1960s3 and the unpredicted 
results of the more recent HERS RCT research vis-à-vis 
female hormone replacement therapy4). In the ensuing 
60 years, the advocates for the RCT model have worked 

assiduously to understand RCT study designs, including 
identification of pitfalls and types of bias.5,6,7,8,9

The proponents of the RCT as the gold standard for 
unbiased research results have moved forward in the 
applied medical fields, both in primary and specialty 
care. They have developed systems for grading recom-
mendations based on a “research quality scale” that 
ranks methodologies in descending order of accepted 
best evidence:10,11

• Systematic reviews and meta-analyses of RCTs
• RCTs
• Non-randomized intervention studies
• Non-experimental studies
• Expert opinion

The very influential schema called evidence-based 
medicine (EBM) has emerged using these hierarchical 
assumptions as foundational suppositions:

A new paradigm for medical practice is emerging. 
Evidence-based medicine de-emphasizes intuition, 
unsystematic clinical experience, and pathophysio-
logic rationale as sufficient grounds for clinical deci-
sion making and stresses the examination of evidence 
from clinical research. Evidence-based medicine 
requires new skills of the physician including efficient 
literature searching and the application of formal rules 
of evidence evaluating the clinical literature.12

Evidence-based practice requires the integration, 
patient by patient, of the physician’s clinical expertise 
and judgment with the best available relevant external 
evidence. Sackett in 1996 described EBM in this way: 
“Evidence based medicine is the conscientious, explicit, 
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and judicious use of current best evidence in making 
decisions about the care of individual patients. The 
practice of evidence based medicine means integrating 
individual clinical expertise with the best available 
external clinical evidence from systematic research. … 
Good doctors use both individual clinical expertise and 
the best available external evidence and neither alone is 
enough.”13 The process of evidence-based medicine is 
summarized below.14,15

• Select specific clinical questions from the patient’s 
problem(s).

• Search the literature or databases for relevant clini-
cal information.

• Appraise the evidence for validity and usefulness to 
the patient and practice.

• Implement useful findings in everyday practice.

As discussed in several of the aforementioned 
papers, the combining of these elements can be viewed 
as a Venn diagram (Figure 5.1), where the best outcomes 
occur when all three elements are represented.

Figure 5.1 Optimal outcomes: Applying evidence-based 
medicine to the real world

Arguments in favor of evidence-based medicine 
include the following:16,17

• Increasingly available new evidence can and should 
lead to major changes in patient care.

• Practicing physicians often fail to obtain available 
relevant evidence.

• Medical knowledge and clinical performance dete-
riorate over time without the leavening of newer 
evidence influencing clinical decisions.

• Traditional continuing medical education (CME) is 
inefficient and generally does not improve clinical 
performance without a disciplined methodology of 
inclusion of new evidence into clinical practice.

• The discipline of evidence-based medicine can keep 
the physician up-to-date.

The clinical application of basic research has been 
slowed by two major issues. The first problem that has 
impeded the successful application of EBM to the daily 
specifics of patient care is the complex nature of the 
translation of research studies to the individual patient’s 
unique clinical problem(s)—what Larry Weed called 
knowledge coupling.18,19,20 John Hampton, Professor of 
Cardiology, University Hospital, Nottingham, England, in 
a review titled “Evidence-based Medicine, Opinion-based 
Medicine, and Real-world Medicine,” reasons: “Clinical 
trials will tell us what treatments are effective, but not 
necessarily which patients should receive them … . Treat-
ment must always be tailored to the individual patient.”21 
Added to this methodologic conundrum are the real-
world exigencies of daily clinical practice that make it 
virtually impossible to collate and filter all relevant evi-
dence prior to direct application to the unique needs of 
the patient. Imagine a clinic where, after each therapeutic 
encounter—thorough history taking accompanied by a 
complete physical exam—a problem list is developed that 
is then carefully subjected to a medical literature search 
and analysis. The practice of clinical medicine will not 
tolerate the inertia of such a process.22 These practicalities 
of real-time clinical practice have slowed the integration 
of new research into the clinical care of patients who are 
often in desperate need of interventions based on emerg-
ing evidence.

To assist the practicing physician’s effective inclusion 
of new evidence into daily practice, both government-
sponsored and commercially affiliated organizations 
have moved EBM forward with a collation of filtered 
studies called Patient-Oriented Evidence that Matters 
(POEMs).23 It is now possible to search these specific 
databases, or self-developed relevant databases that 
review groups of studies that directly link research find-
ings with specific clinical problems. The development of 
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robust and thorough databases of POEMs is an ongoing 
commitment of institutions throughout the industrial-
ized world.24,25

A second major issue has proved to be a Gordian knot 
that has not yet been unraveled. If medical care were as 
simple as identifying the clinical problem followed by 
the prescription of an appropriate single pharmacologic 
agent, then the EBM system, as presently configured 
and applied, would work if appropriate POEMs were 
available for each medical problem. However, the 
dream and heritage from half a century of medicaliza-
tion of the daily health problems of our patients have 
not proved remedial to the widely accepted notion of 
“better living through chemistry.”26 (Most POEMs and 
most studies in the Cochrane Collection are research 
trials of pharmacologic therapeutic interventions.) In 
fact, acute medical problems are the only medical prob-
lems that appear to predictably respond as envisioned 
by the conventional medical paradigm. However, 
greater than 70% of health problems presenting to cli-
nicians today are chronic, complex medical issues27 for 
which the underlying assumptions of the RCT and 
medical education based on this assumption simply fail 
to provide satisfactory answers.

Halsted Holman, MD, of Stanford Medical School, 
editorialized in JAMA in 2004: “Chronic disease is now 
the principal cause of disability and use of health ser-
vices and consumes 78% of health expenditures.”28 
Within this population with chronic, complex illness, 
non-genetic factors that are modifiable by lifestyle 
changes—including diet, overweight, inactivity and 
environmental exposures such as smoking—account 
for 70–90% of mortality in the U.S.29 Add to this the 
projection from the Centers for Disease Control and 
Prevention (CDC) that one-third of the people born in 
the year 2000 will eventually have diabetes,30 which is 
probably the most costly of the chronic diseases when 
all of its comorbidities and secondary complications are 
considered.31 With similar disturbing statistics in hand, 
Holman goes on to point out that, “Chronic disease 
requires a practice of medicine quite different from that 
used for acute disease …   Unfortunately, few if any 
schools are preparing their students adequately for the 
roles they and their patients need to play.”

Despite these sobering facts, physician education, 
training, and reimbursement, as well as research 
designs for clinical studies that physicians will depend 
upon for clinical decision making, continue to be 

focused on treating chronic disease using drugs and 
surgery rather than comprehensive patient-centered 
treatments focused on the individual. It becomes easier 
to see that the second major issue impeding the applica-
tion of emerging research is the absence of an adequate 
filtering system (evidence design) and application 
architecture (or information matrix) for the focus of 
21st century medical needs: complex, chronic illness. 
Funding of research continues to be primarily focused 
on pharmacologic answers to these complex, chronic 
problems, leaving discerning clinicians without the 
EBM tools and information for addressing their 
patients’ complex needs.

In a cogent paper in The Lancet (van Weel and Knott-
nerus, 1999),32 the difficulties of using evidence in the 
context of the individual patient with complex, chronic 
illness are discussed and specific obstacles are identified:

• EBM tends to concentrate on research methodology 
and reduce clinical practice to the technical imple-
mentation of research findings.

• Comorbid conditions are the usual justified reason 
for the exclusion of patients from RCTs, so the very 
patients most in need of usable evidence (e.g., those 
with complex, chronic conditions) are often not in 
the cohorts of patients being studied, leaving the 
findings from the research trials very limited in 
their applicability.

• In general practice, treatment usually consists of 
various elementary interventions. Combinations of 
evidence-based interventions do not sum to a plan 
that is evidence-based. Interactions between single 
interventions may increase or decrease their effi-
cacy (even under ideal trial conditions) when cob-
bled together into a comprehensive plan.

• Clinical research does not focus on the overall out-
come of composite interventions because of the 
complexity of such studies and the absence of well-
developed tools for studying such approaches.

• Drug interventions have been studied more 
extensively than non-pharmacological interven-
tions, in part due to the technical and methodolog-
ical difficulties in the design of RCTs for non-drug 
interventions.

• This situation is a particular problem in general 
practice, where the use of educational, dietary, and 
lifestyle interventions is attractive because of their 
resonance with the principle of “maximum effect 
using minimum resources.”
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• The structure of RCT methodology assumes the 
consequences of individual variability in response 
to treatment will “wash out” if the subject pool is 
large enough and the statistical analyses sophisti-
cated enough. While this may be true for popula-
tions, it seriously limits the applicability of the 
research in primary care, which is delivered one 
patient at a time.

According to van Weel and Knottnerus, the driving 
force behind EBM should be a coherent system of fun-
damental research of pathophysiology and humanities, 
combined with careful clinical observations, on which 
systematic (RCT-based) evidence of effectiveness is 
superimposed. Existing clinical practice should be sup-
ported or, if erroneous, corrected on the basis of this 
coherent system.

They go on to propose that “two complementary 
approaches are needed to strengthen the evidence base 
of non-pharmacological interventions and complex 
multifaceted strategies. First, the generic characteristics 
of complex interventions must be acknowledged as 
essential for its evaluation. Second, a methodology to 
allow the assessment of complex effects should be fur-
ther developed.”33 They share the concern that EBM has 
de-evolved into primarily a discussion of “research 
methodology and [has] reduce[d] clinical practice to the 
technical implementation of research findings.”

Dr. David Mant in his seminal paper, “Can Random-
ized Trials Inform Clinical Decisions about Individual 
Patients?” takes a slightly different tack in exploring the 
irony that the RCT combines strength of concept for 
the population being studied with weakness of specific 
application to the individual patient:34

The paradox of the clinical trial is that it is the best 
way to assess whether an intervention works, but is 
arguably the worst way to assess who will benefit from 
it. …   However, the nub of the argument for me is that 
randomized controlled trials are primarily about medi-
cal interventions and not patients. In clinical trials, 
patients are randomized to allow a comparison of inter-
vention efficacy unbiased by the individuality of the 
patient. This methodological approach provides society 
with powerful protection against witch-doctoring, and 
helps us eliminate the inefficiencies in the provision of 
medical care described by Cochrane. But the method-
ological minimization of information on effectiveness 
in relation to the individual patient leaves an evidence 
gap for clinicians.

Dr. Alan Feinstein, from the Department of Medi-
cine, Yale University, in his article, “Problems in the 

‘Evidence’ of ‘Evidence-based Medicine,’” echoes simi-
lar reservations.35 Larry Culpepper and Thomas Gilbert, 
in their Lancet commentary, “Evidence and Ethics,” 
focus this same reservation in the primary care arena of 
patient care.36 In summation, the reductionist simplic-
ity of the double-blind, placebo-controlled trial fre-
quently does not work for the significant questions now 
facing 21st century primary care practitioners in the 
one-on-one decision making characteristic of clinical 
medicine. The statistical and mathematical sophistica-
tion needed for multi-variable analysis of the clinical 
context of patients with complex, chronic illness, in the 
interface between the patient’s unique environmental 
context and genomic card catalog of possibilities, sim-
ply does not now exist. We are in the transitional stage 
of realizing that our tools of evidence are inadequate to 
the challenge posed by emerging evidence from our sci-
entific community that demonstrates that the world 
works through complex mechanisms operating simulta-
neously. These complex questions cannot be reduced to 
the relatively simple single-agent, single-condition 
research for which the RCT methodology is so well 
suited.37,38,39

We cannot continue to ignore where the truly signifi-
cant questions reside, regardless of the difficulty and elu-
siveness of the answers needed to address the problems 
inherent in chronic, complex diseases. The RCT tool was 
developed during a specific period in our medical history 
and worked well to adjudicate between the traditionalists 
who claimed that clinical experience trumped bench sci-
ence and the scientists who perceived the value in sys-
tematic inquiry. Major strides in treatment have occurred 
in the intervening 50 to 60 years as a result of the shift in 
opinion toward the use of RCT methodology. But we are 
now at another nodal decision point, unique to our cul-
tural and medical evolution. We need a more sophisti-
cated tool to shed light on the nature of the web-like 
interweaving of mechanisms at work in the chronic, 
complex illnesses under scrutiny.40,41

Complex Conditions, Complex Models

The emerging research on underlying mechanisms of 
dysfunctional processes that lead to diagnosable disease 
has outpaced the ability of existing clinical research 
methods to keep up with useful evaluation of the infor-
mation. The complexity of the developing “explanatory 
models” has been serially addressed in the Annals of Fam-
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ily Medicine, a peer-reviewed medical journal “dedicated 
to advancing knowledge essential to understanding and 
improving health and primary care,” including the 
development of methodology and theory for addressing 
this conundrum.42 In the article, “The Biopsychosocial 
Model 25 Years Later: Principles, Practice, and Scientific 
Inquiry,”43 the authors critique the limitations of the 
conventional biomedical model and the research meth-
odologies that evolve from this model, and preview the 
evolving model of “complexity and causality” and the 
nested model of “structural causality”:

Few morbid conditions could be interpreted as being 
of the nature “one microbe, one illness”; rather, there 
are usually multiple interacting causes and contribut-
ing factors. Thus, obesity leads to both diabetes and 
arthritis; both obesity and arthritis limit exercise 
capacity, adversely affecting blood pressure and cho-
lesterol levels; and all of the above, except perhaps 
arthritis, contribute to both stroke and coronary artery 
disease. Some effects (depression after a heart attack or 
stroke) can then become causal (greater likelihood of a 
second similar event). …   These observations set the 
stage for models of circular causality that describe how 
a series of feedback loops sustain a specific pattern of 
behavior over time.44,45,46 Complexity science is an 
attempt to understand these complex recursive and 
emergent properties of systems47,48 and to find interre-
lated proximal causes that might be changed with the 
right set of interventions.49

David Deutsch, in The Fabric of Reality, describes the 
need for a next step in using the science of underlying 
mechanisms of disease in the clinical setting of medicine:

The science of medicine is perhaps the most frequently 
cited case of increasing specialization seeming to follow 
inevitably from increasing knowledge, as new cures and 
better treatments for more diseases are discovered. But 
as medical and biochemical research comes up with 
deeper explanations of disease processes (and healthy 
processes) in the body, understanding is also on the 
increase. More general concepts are replacing more spe-
cific ones as common, underlying molecular mecha-
nisms are found for dissimilar diseases in different parts 
of the body. Once a disease can be understood as fitting 
into a general framework, the role of the specialist 
diminishes. …    Physicians …    can look up such facts as 
are known. But [more importantly] they may be able to 
apply a general theory to work out the required treat-
ment, and expect it to be effective even if it has never 
been used before.50

The real question facing every discerning, informed 
clinician in a patient-oriented clinic51 is how to bring 
relevant, graded, emerging scientific evidence to the 
complex list of problems made unique by the patient’s 

gene map of susceptibilities/potentialities that, in turn, 
communicates constantly with the ever-changing envi-
ronment within which the patient lives. No RCT can 
possibly inform, in a specific way, the appropriate clini-
cal roadmap for assessment and planning for therapeu-
tic interventions in this complex environment.52

Dr. Richard Horton, editor-in-chief of The Lancet, 
addressed this issue in an editorial titled, “The Precau-
tionary Principle”:

We must act on facts, and on the most accurate inter-
pretation of them, using the best scientific information. 
That does not mean we must sit back until we have 
100% evidence about everything. Where the state of 
the health of the people is at stake, the risks can be so 
high and the cost of corrective action so great, that pre-
vention is better than cure. We must analyze the possi-
ble benefits and cost of action and inaction. Where 
there are significant risks of damage to the public 
health, we should be prepared to take action to dimin-
ish those risks even when the scientific knowledge is 
not conclusive, if the balance of likely costs and bene-
fits justifies it.53

One such intermediate tool that addresses this sec-
ond major problem in applying emerging scientific evi-
dence to clinical problems has been developed. This 
algorithm for critically assessing interventions in the 
context of complex, chronic illness has the mnemonic 
“STEPed Care”:

Safety (an analysis of adverse effects that patients 
and providers care about),
Tolerability (pooled drop-out rates from large clini-
cal trials),
Effectiveness (how well the intervention[s] work and 
in what patient population[s]), and
Price (costs of intervention, but also cost-effective-
ness of therapy).54

Clinicians who are armed with this tool can arrange 
the emerging evidence about underlying mechanisms 
of disease in the clinical context of their patients’ prob-
lems and can apply this matrix of STEPed Care, bring-
ing the best of new evidence to the unique needs of 
their patients.

To do more is to place patients in danger, teetering 
on the insubstantial edge of research, but to do less is 
unconscionable. For example, starting in the 1970s 
emerging research suggested that public health measures 
to ensure folate nutriture for women in the childbearing 
years, especially prior to conception, could markedly 
affect the incidence of spina bifida as well as other con-
genital neural tube anomalies in newborns.55,56,57,58,59 
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However, it was not until March 1996 that the U.S. Food 
and Drug Administration (FDA) authorized addition of 
folic acid to enriched grain products. By 2001, a report 
in JAMA substantiated a 19% reduction in the birth 
prevalence of neural tube defects following the FDA’s 
decision.60 This delay of over two decades was and is 
unjustified. Discerning practitioners were applying the 
principles inherent in the STEPed Care process 15 years 
before the mandated action of the FDA, bringing to their 
patients of childbearing age and to their newborns the 
critical benefits of emerging research about folic acid at a 
much earlier actionable point.

Drs. Mark Hyman, Joseph Pizzorno, and Andrew 
Weil wrestled with this dilemma in the reconfiguration 
of the medical research perspective at this branching 
point in our evolution of medical technologies. In their 
2004 commentary in Alternative Therapies, they propose 
a middle-ground approach for best addressing the real 
problems both clinicians and patients face at this time:61

Medical science is imprecise and the tools of analysis 
and research are imperfect despite our best intentions. 
No statistical model or research methodology can accu-
rately predict the outcome in all humans who vary 
greatly in habits and genes. Medicine has in recent 
years been humbled in its hunger to help by its mis-
takes including hormone replacement therapy,62 which 
in the end hurt rather than helped the heart, the “lipids 
only hypothesis” of cardiovascular disease that ignores 
the important role of inflammation,63 and the belated,64 
sober end to our love affair with COX-2 inhibitors.

Uncertainty is common in medicine. In the face of 
uncertainty, we must take a broader view, step back 
from the canvas of individual studies and meta-analyses 
and view the landscape of medicine and scientific 
inquiry as a whole, while understanding the limitations 
and value of different tools of research. We require all 
the tools in order to create sense and be sensible in a 
shifting sea of data points. The goal of seeking an 
informed balanced overview is to help us create under-
standing from knowledge, to sort through the facts and 
place them in the context of biologic principles, against 
the backdrop of all we know. Then we ask ourselves if 
the new data fit into the landscape or appear like a 
polar bear in a desert. We must also recognize that the 
questions we ask, how we ask them, and why, all 
inform the answers we receive.

The responsibility of the scientist is to filter the 
research, place it in context, provide hope where 
appropriate and caution where necessary, but most 
importantly to be an informed, measured guide to a 
public seeking to gain health and ameliorate suffering.

We are also at a branch point in the evolution of clin-
ical medicine where the “dissonance that exists between 

public and profession is intensifying.”65 Horton describes 
his answer to this dilemma as follows: “Application, syn-
thesis, and reflection—these are my personal wishes for a 
renaissance in clinical medicine. It is not concerned with 
hierarchies of evidence; it is not dependent on up-to-date 
literature alone as the arbiter of clinical decision making; 
it does not proselytize a bottom-line approach to the 
reading of new research. Rather, it is about preferring 
interpretations to conclusions, external validity to inter-
nal validity, context to the highly controlled—and artifi-
cial—experimental environment.”66 Our patients are 
clamoring for this “renaissance” and the “largely skepti-
cal and indifferent response to them has isolated physi-
cians within an unattractive provincial and narrow 
island of medicine, a medicine that has become intellec-
tually self-admiring of its scientistic purity and, as a con-
sequence, self-deluding and self-defeating.”67

We are again facing a paradigm shift,68 ironically 
birthed by the original attempt to construct an evi-
dence-based medical system. Thomas Kuhn69 has 
described scientific paradigms as ways of looking at the 
world that define both the problems that can legiti-
mately be addressed and the range of admissible evi-
dence that may bear on their solution.

When defects in an existing paradigm accumulate to 
the extent that the paradigm is no longer tenable, the 
paradigm is challenged and replaced by a new way of 
looking at the world. Medical practice is changing, and 
the change, which involves using the medical litera-
ture more effectively in guiding medical practice, is 
profound enough that it can appropriately be called 
a paradigm shift.70

The practice of EBM needs to return to its original 
mission of integrating evidence to inform clinical expe-
rience and to expand the understanding of basic mecha-
nisms of health and disease.71,72 This will help to reverse 
the decade-long plunge into the narrow focus on “the 
discussion of research methodology, reducing clinical 
practice to the technical implementation of research 
findings.”73,74 Alternate study designs and statistical 
methodologies are now being evaluated for analyzing 
complex data sets.75

A middle ground has been defined, creating a broader 
appreciation for the clarity that RCTs can bring without 
the obsequious and inappropriate hegemony that has 
characterized the debate over the last decade.76 As con-
cluded by Larry Dossey in his “Notes on the Journey”: 
“One of the greatest impediments to progress in science 
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is to assume that our fundamental concepts are basically 
complete. They have never been.”77

We still have miles to go in our journey to under-
stand the appropriate scientific methods that can reli-
ably discipline the creative process of human curiosity 
about efficacy, benefits, risks, and causation of human 
suffering and its remediation. The new paradigm will 
recursively inform and redirect the EBM paradigm shift 
developed during the 1990s. IFM and functional medi-
cine are already adapted to this changing model, mak-
ing use of both existing and emerging research, and 
educating clinicians to bring the best of both worlds to 
their patients. It is our hope that this textbook will pro-
vide convincing evidence of the value of that mission.

Clinical Decision Making—A Functional 
Medicine Perspective
Joseph E. Pizzorno, Jr., ND

Introduction

As 21st century health care moves from a disease-
based approach to a more patient-centric system that can 
address biochemical individuality to improve health and 
function (see Chapter 8), clinical decision making 
becomes more complex. Accentuating the problem is the 
lack of a clear standard for this more complex functional 
medicine approach. While there is relatively broad agree-
ment in Western medicine for what constitutes compe-
tent assessment of disease and identification of related 
treatment approaches, the complex functional medicine 
model posits multiple and individualized diagnostic and 
therapeutic approaches, most or many of which have 
reasonable underlying science and principles, but which 
have not been rigorously tested in a research or clinical 
setting. (For a discussion of the limitations of the current 
RCT model in testing multifactorial and individualized 
approaches, see the preceding discussion in this chapter.) 
This has led to non-rigorous thinking and sometimes to 
uncritical acceptance of both poorly documented diag-
nostic procedures and ineffective therapies, resulting in 
less than optimal clinical care.

In this discussion, we will address the challenges of 
clinical decision making in a functional medicine prac-
tice, looking at various models of human decision 
making and identifying strategies to improve their 
application in the healthcare setting.

Challenges for the Functional Medicine 
Clinician

The personalization of care achievable through the 
functional medicine approach is the only real solution to 
the crisis of chronic disease facing us today. (This subject 
has been explored deeply in Chapters 1 through 4.) How-
ever, to practice this form of medicine is difficult, com-
plex, and requires higher standards of decision making 
by clinicians. The functional medicine approach to diag-
nosis demands not only that we determine what disease 
the patient is suffering from, which can be challenging, 
but also what the patient’s underlying physiological dys-
functions are, and the underlying cause(s), which is a 
complex process. 

Sumatriptan or Magnesium?

Consider the clinician who wants to practice the best 
medicine and therefore reads not only standard medical 
journals but also the nutrition research. The clinician 
decides to compare sumatriptan to magnesium for a 
patient suffering migraine headache. Looking at a meta-
analysis of various triptans in the treatment of migraine 
patients, the clinician would conclude that 100 mg of 
sumatriptan is likely effective in 59% of patients.78 (Effi-
cacy is defined as relief of headache pain within two 
hours.) Being a responsible clinician, he/she would also 
consider adverse drug reactions and would see that the 
placebo-subtracted proportion for patients with at least 
one adverse drug reaction (ADR) is 13%; for at least one 
central nervous system symptom, 6% (3.0–9.0%); and 
for at least one chest symptom, 1.9% (1.0–2.7%). The cli-
nician might compare these data with other triptans, 
and choose rizatriptan instead, since it shows somewhat 
better efficacy and consistency, and similar tolerability. 

In contrast, looking at the research for magnesium, 
the clinician would find a response of 41.6% from oral 
magnesium. This reduction in attack frequency in the 
magnesium group compared to 15.8% in the placebo 
group might be compelling, but the incidence of ADRs 
of diarrhea (18.6%) and gastric irritation (4.7%) would 
likely preclude use.79 Not surprisingly, the conventional 
practitioner would very likely make an EBM decision 
and choose rizatriptan over magnesium.

However, digging deeper would show a dramatic dif-
ference in response to magnesium based on serum ion-
ized magnesium levels (IMg2+). Eighty-nine percent of 
those responding to intravenous magnesium showed 
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low pretreatment serum magnesium levels, while only 
37.5% of non-responders had a low IMg2+ level.80 Dig-
ging even deeper, the clinician would notice that mag-
nesium is twice as effective if the patient also suffers a 
prodromal aura.81 

Conventional diagnosis of migraine is pretty straight-
forward, although atypical presentations are probably 
more common than previously recognized.82 The causes, 
however, are myriad. A research team at SaluGenecists, 
Inc., performed a comprehensive review of the research 
literature (over 10,000 research articles studied; 1,000 
cited) and identified at least 27 different physiological 
dysfunctions that can lead to the clinical presentation of 
migraine headache. Patients get to migraine via complex, 
individual pathways. Further, there are research reports 
to be studied concerning approximately 40 different 
“natural medicine” approaches to migraine (nutritional, 
herbal, and lifestyle therapies). And 20 environmental 
toxins may need to be evaluated in order to normalize 
physiological dysfunctions. The clinical decision-making 
process has now become far more complex than simply 
diagnosing migraine and prescribing a triptan! This two 
orders of magnitude increase in complexity dramatically 
increases the need for rigorous decision making.

Considering a human’s approximately 4,000 
enzyme systems, 1,000 chemical mediators (these two 
numbers are my estimates, I could not find an actual 
count), 2,000,000 possible single nucleotide polymor-
phisms (SNPs), approximately 250 nutrients known to 
be important in human health, and several thousand 
endogenous and exogenous xenobiotics, the true size 
of the challenge becomes readily apparent.

Clinical Decision Making

How Good Are We at Critical Thinking?

How do we expand upon the current disease-based 
diagnosis and treatment model to achieve a clinically 
effective understanding of the biochemical, physiologi-
cal, and environmental uniqueness of our patients? 
What diagnostic challenges does this expanded model 
create for clinicians? One of the most important services 
a clinician provides his or her patients is decision mak-
ing. Disease diagnosis, physiological function assess-
ment, determining optimal treatment, limiting adverse 
drug reactions—all involve critical thinking skills. 

How do clinicians make diagnostic and therapeutic 
decisions? What influences clinical decision making? 
What data contribute to accurate decisions? What 
induces errors into a clinician’s decisions? How can we 
improve the accuracy and reliability of clinical thinking? 
What happens when the complexity becomes too great? 
While we seldom think about the process of decision 
making, our ability to do it efficiently and accurately 
impacts our every interaction with patients. Unfortu-
nately, research has shown that clinical critical thinking 
skills need more attention in order to avoid systematic 
logic errors and misinterpretation of the actual predic-
tive value of various types of patient information. 

Improving the reliability of the information clini-
cians use to make decisions is obviously critical. To that 
end, evidence-based medicine has become a recurrent 
theme in the medical research and academic literature. 
A recent survey showed that virtually all (122 of 126) 
LCME-accredited (Liaison Committee on Medical Educa-
tion) medical schools included EBM as a required course 
of at least 20 hours.83 However, formal courses devoted 
specifically to critical thinking are rare. Utilizing the 
AAMC (American Association of Medical Schools) curric-
ulum search tools found only six institutions with 
courses that included one of the terms “decision” or 
“critical” or “analytic,” and the hour allocations were 
low. Obviously, critical thinking is informally taught in 
many courses and clinical rotations. Nonetheless, it 
seems to receive limited formal attention. A survey of 
417 U.S. internal medicine residency programs found 
formal clinical decision making training (critical 
appraisal, searching for evidence, posing a question, and 
applying it in decision making) in only 99 of 269 (37%) 
institutions that responded.84 

A Cochrane review of the research evaluating the 
effect of teaching critical thinking skills to healthcare 
professionals already caring for patients found a remark-
able 25% improvement in clinical accuracy.85 However, 
the Cochrane review also said there were too few prop-
erly designed and conducted studies to be confident in 
the size of the improvement or its actual clinical signifi-
cance. Nonetheless, the well-documented evidence of 
frequent clinician error and its role in the incidence of 
suboptimal care and adverse clinical outcomes is com-
pelling. One widely reported epidemiological study that 
reviewed published reports found that 4 to 18% of con-
secutive outpatient visits result in adverse effects, with 
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one study asserting that up to 69% of the adverse events 
were preventable with better decision making.86

It appears undeniable that patients receive a lower 
quality of care than would be expected considering the 
high level of practitioner training and the huge body of 
research now available. The need for accurate decision 
making is even more critical when clinicians adopt the 
principles and practices of functional medicine.

What Can We Learn From Artificial Intelligence 
(A.I.) Research?

One way to improve critical thinking skills is to bet-
ter understand how humans make decisions. As com-
puters became available with enough power to mimic 
human thinking processes, researchers had to rigor-
ously dissect how humans make decisions. While most 
of the early research centered on the creation of chess 
programs that could match human masters, of particu-
lar relevance here is the effort to duplicate the thinking 
processes of healthcare professionals.

Interest in this area increased dramatically with the 
publication of MYCIN (1980), an “expert system” that 
came out of research at Stanford University in the late 
1970s. What caught the imagination of the A.I. and 
healthcare communities was that, for blood-borne infec-
tions, MYCIN outperformed not only medical students 
and residents, but also infectious disease fellows and 
medical school faculty (see Table 5.1). How did it do this? 
By having logicians and programmers work with a group 
of infectious disease experts to exhaustively determine 
all the “rules” they used to determine which bacterial 
species caused a blood-borne infection and the optimal 
intervention for its eradication. Converting their knowl-
edge into software logic required that the clinicians 
exhaustively think through how they make decisions. 
This level of rigor resulted in better decision making, not 
only because the model was able to incorporate the best 
thinking of many experts, but also because it applied 
those rules consistently with every patient.

According to Enrico Coiera (Foundation Chair in 
Medical Informatics, Faculty of Medicine, University 
of New South Wales, Australia), “If physiology literally 
means ‘the logic of life,’ and pathology is ‘the logic of 
disease,’ then health informatics is the ‘logic of 
healthcare.’”87 

There are now over 70 A.I. tools in use in conven-
tional medicine to improve diagnosis (actually out-
performing clinicians in some areas), avoid drug inter-
actions, interpret x-rays and laboratory tests, teach 
medical students, and perform other tasks (see Judith 
Federhofer’s excellent review at www.computer.
privateweb.at/judith). We can continue to learn much 
about the mechanics of medical decision making and 
areas of potential error by formally coding our decision-
making processes into computer programs. These pro-
grams consistently reproduce our thinking processes so 
that they can be subjected to evaluation. By identifying 
where our decisions lead to correct or incorrect out-
comes, we can refine our thinking and improve our use 
of evidence and patient data.

Artificial Intelligence—Many Ways 
of Thinking

Studying the types and diversity of artificial intelli-
gence systems (called expert systems when they are 
used to duplicate experts in a field of study) that have 
been developed to mimic human thinking is very infor-
mative. In general, five types have been used in medi-
cine (there are actually many more types of A.I., but 
these are the most common in health care):

• Rules-based systems
• Case-based reasoning (CBR)
• Neural networks 
• Fuzzy logic
• Bayesian networks

Table 5.1 MYCIN vs. Students and Clinicians (1980)

Healthcare expert Score

Perfect score 80

Medical student 24

Resident 36

Actual hospital outcome 46

Infectious disease fellow 48

Medical school faculty 34–50

MYCIN 52
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This discussion may appear daunting, but we will 
draw from it some straightforward guidance. Busy clini-
cians can’t be expected to calculate all the probabilities 
before making recommendations for each patient, but 
their critical thinking skills can be improved by under-
standing better how decisions are made.

Rules-based Systems

Rules-based systems are fairly straightforward. They 
look like flowcharts with “If …   then” statements. Many 
clinical guidelines are based on this model. Figure 5.2 
shows a diagram modified from a flowchart developed by 
Herb Joiner-Bey, ND, for Nancy Sudak, MD’s article on a 
functional medicine approach to migraine headache, 
published in volume 2.6 of Integrative Medicine: A Clini-
cian’s Journal. Each branch point is simply an “If …   then” 
logic statement. This matches human reasoning well in 
simple cases, especially when pathognomonic decision 
points are available (like Koplik’s spots in measles). 

Figure 5.2 Migraine flowchart

Case-based Reasoning

Case-based reasoning (CBR) starts by accumulating 
and evaluating a large number of “solved” cases to 
determine the characteristics of the successfully treated 
patients. It then tries to match new patients with patients 

in the database. This method duplicates human pattern 
matching pretty well, i.e., once you’ve seen a patient with 
classic migraine, others are easy to recognize.

Neural Networks

Neural networks make no effort at understanding 
how humans think nor do they develop algorithms. 
Rather, they look at human decision making as a “black 
box.” By using a large number of examples of desired 
behaviors, they attempt to match input (signs and symp-
toms) to outputs (diagnoses or therapies). The computer 
software is set up to be similar to the parallel processing 
architecture of the brain. This process may match human 
thinking at a very early age, but does not help us much 
when trying to understand adult reasoning processes.

Fuzzy Logic

The concept of fuzzy logic puts me in awe of human 
creativity. The idea here is to look at particular informa-
tion and attempt to determine the level of uncertainty. 
It could be described simply as a rules system with prob-
abilities or uncertainties added. 

Bayes Inference

An expert system used frequently in medical diag-
nostic systems is Bayesian inference, based on the prob-
ability theory of the Rev. Thomas Bayes, an 18th century 
mathematician. This heuristic reasoning system makes 
inferences based on the rigorous mathematics of the 
predictive value of information. His formula for deter-
mining the predictive value of information can be sim-
ply stated as:

P(D|F) = P(F|D)*P(D) / P(F)
where:
D = Decision (e.g., disease)
F = Finding (e.g., symptom)
P(D) = The a priori probability of the decision 

(e.g., the incidence of a disease in the 
general population)

P(F) = The a priori probability of the finding 
(e.g., the incidence of a symptom in the 
general population)

P(D|F) = Probability of the decision given the 
finding

P(F|D) = Probability of the finding, given the 
presence of the decision
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The Bayes formula can be restated in terms of sensi-
tivity and specificity:

P(D|F) = P(D)*TP / (P(D)*TP + (1-P(D))*FP) 
Or

P(D|F) = P(D)*TP/P(F)

That looks pretty complicated, but the main take-
away is that the probability of the decision’s accuracy 
is inversely proportional to the a priori probability of 
the finding. In other words, the more prevalent a piece 
of information (a finding or symptom) is in the popu-
lation, the less predictive it is in a specific patient. 
Intuitively, this makes sense.

As you may recall from your study of statistics long 
ago, the issues of sensitivity and specificity are extremely 
important. They are frequently used in laboratory medi-
cine where they provide us guidance on the usefulness of 
specific tests. For example, a lab test may be very sensi-
tive, i.e., is abnormal very frequently when the disease is 
present. However, if it has a high false positive (low spec-
ificity, where FP = 1-specificity), meaning the result is fre-
quently abnormal even when the disease is not present, it 
is not very useful. 

The value of this kind of an inference-based expert 
system is that it mimics human thinking well (human 
brains are remarkably effective inference engines). If the 
mathematically rigorous Bayes thinking is used, deci-
sions can be more accurate, and long chains of logic can 
be used (see Figure 5.3). This is the method used by casi-
nos to calculate odds and by the Mars Lander to pick a 
site and land on it safely. Equally important, this system 
can be used to map human biochemistry, and we can 
learn a lot from it about the strengths and weaknesses 
of human thinking processes.

The Role of Uncertainty in Medical Error

A strong case can be made that underappreciation of 
uncertainty is a major cause of error in medicine.88 
McNeil has argued that the major hidden barriers to bet-
ter health care result from a lack of discussion about the 
impact of uncertainty in medicine.89 She enumerates 
three sources of uncertainty that cloud decision making: 

1. uncertainty as a result of lack of convincing 
evidence, 

2. uncertainty about the applicability of research evi-
dence to clinical care, and 

3. uncertainty about interpretation of data. 

Figure 5.3 Bayesian inference network
Note: Each arrow indicates a Bayesian inference.

Others have asserted that the failure to learn how to 
make decisions under uncertainty is the leading cause 
of excessive diagnostic testing and inappropriate treat-
ments.90 Obviously, reliable evidence is critical for effec-
tive decision making. However, too often evidence is 
confused with decision making. The quality of evidence is 
now evaluated (several EBM scales exist, typically rank-
ing evidence from 1 for meta-analysis to 5 for anecdotal 
evidence), which may be helpful, but clinical decision 
making is not only about the ranking of evidence; it is 
also about making choices in the face of uncertainty. 
The failure to train doctors about clinical uncertainty 
has been called “the greatest deficiency of medical edu-
cation throughout the twentieth century.”91 

Lessons from the Reverend Bayes

Rigorously dealing with uncertainly is exactly the 
problem addressed by the Bayes probability formulas. 
Consciously utilizing the false positive to balance the 
true positive in order to accurately portray the true 
level of uncertainty significantly improves the reliabil-
ity of decision making. It does this by removing our 
overestimation of the certainty of decisions, pointing 
to the need for more information to improve accuracy. 
Through the use of the true positive (sensitivity) and 
false positive (1-specificity), the mathematically correct 
strength of an inference can be determined—that is, 
the clinician can better understand the true predictive 
value of evidence.
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The Bayes formula may look daunting, but its use 
can be surprisingly easy. In fact, there are available on 
the Internet simple Bayes calculators (I have one that 
runs in Excel that I am happy to share; contact me at: 
drpizzorno@salugenecists.com). However, the clinician 
does not need to make the calculation every time. After 
using the formula a few times, the needed modifica-
tions to decision making become more intuitive.

Let’s look again at that migraine patient. It appears 
that 41.6% of migraine patients respond to oral magne-
sium. How do you determine which ones will respond? 
What evidence is most predictive? 

Muscle cramps are a common sign of magnesium 
deficiency. The true positive (TP) is 48%. If the patient 
is experiencing muscle cramps with the migraine, the 
clinician might then assume that magnesium is very 
likely to work. However, muscle cramps are common in 
the general population (27.5%92) so the false positive 
(FP) is actually quite high, 25%. Therefore, the predic-
tive value using the Bayes formula is that we’ve only 
increased the true confidence in magnesium being use-
ful for the patient from 41.6% to 62%. This is still not 
very good, considering the potential for side effects.

Consider, instead, mitral valve prolapse as an indi-
cation of magnesium deficiency. Its TP is only 14%, 
which on the surface seems less compelling than mus-
cle cramps. However, its prevalence in the population 
is low (4%93) so its FP is also low, only 3%. Therefore its 
predictive value is significantly higher—using the 
Bayes calculation, our confidence is now 80%—much 
more compelling! In addition, the incidence of an 
adverse reaction is now much less because we are now 
unlikely to be giving magnesium to a patient who does 
not need it.

This comparison is useful because we can see clearly 
that one piece of evidence appears on the surface to be 
more useful since it has high sensitivity, but it is actu-
ally much less useful than lower sensitivity evidence 
that has a much lower false positive. 

The simple rule: If the prevalence in the general 
population of a piece of evidence (a symptom or other 
finding) is high, even though it may be highly associ-
ated, its predictive value is actually weak. Therefore, 
before the clinician can confidently make a recommen-
dation, the right kind of evidence, i.e., that with a high 
ratio of TP to FP, needs to be gathered (e.g., discovering 
whether the patient suffers a prodromal aura, measuring 
magnesium levels, and so forth).

The Bayesian calculations required for accurate 
inferential information highlight a vulnerability in the 
human thinking process that is relevant to functional 
medicine: using only the true positive and ignoring the 
false positive when making complex decisions in an 
area of high uncertainty skews the decision making. 
Stated differently, failing to consider the population 
prevalence of the evidence and the intervention leads 
to false confidence on the part of the clinician.

Summary

Uncertainty is a fact of life in health care. It arises 
from many sources: incomplete or inaccurate patient 
data; evidence that is not as good as we would like; and 
making inaccurate inferences from the evidence and 
data. Lack of awareness about this uncertainty principle 
leads to excessive confidence in our conclusions. Erro-
neously believing we have made a good decision results 
in stopping the evidence-gathering process prematurely. 
The clinical impact, then, is greater frequency of inef-
fective therapies and increased risk of ADRs. 

What can clinicians do? There are three relatively 
straightforward steps that all healthcare practitioners 
can take:

1. Improve the quality of the evidence we use (the 
evidence to be considered ranges from more accu-
rate eliciting of patient data to better understand-
ing of underlying physiology and biochemistry, 
the influence of environment on gene expression, 
and the effectiveness of assessment tools and thera-
peutic strategies).

2. Understand the true predictive value of evidence 
by considering not only the true positive but also 
the critical false positive, i.e., become more aware 
of the population prevalence of the evidence and 
data we use and learn how to calculate their effect 
upon certainty. 

3. Continue evidence gathering (especially evidence 
with a high true-positive to false-positive ratio) 
until the level of certainty supports a reasonable 
level of confidence in the efficacy and safety of 
the intervention.

Removing overassessment of accuracy from clinical 
decision making helps us prioritize where additional 
information has to be gathered so that we can provide 
the best possible care for our patients.
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Chapter 6
Functional Medicine is Science-Based
DeAnn Liska, PhD

Introduction

Lewis Thomas, the eminent physician essayist, called 
medicine “the youngest science” in his 1983 book of the 
same title. He observed at that time that such discoveries 
as antibiotics and the structure of DNA had made medi-
cine more of a science, in which it could conduct experi-
ments that test hypotheses about disease-causing agents 
and their curative interventions.1 He clearly identified 
the 20th century promise of the “science of medicine”—
suggesting that we would not only have absolute answers 
to what causes disease and dysfunction, but we would 
also be able to “cure” disease. Indeed, the 20th century 
did see an influx of new technologies, new pharmaceuti-
cals, and a deeper understanding of the biochemical 
underpinnings of disease. Furthermore, the promise of 
the “cure” has been enhanced by such findings as the 
frank vitamin deficiency diseases that are cured by nutri-
ent repletion and the bacterial-based infectious diseases 
that can be eradicated by antibiotic treatment.2

Western medicine, in particular, is driven by tech-
nological advances and built upon the notion that 
everything that is relevant can be tested, proved (or dis-
proved), and, with those results, a direct solution can 
be found. However, this new “science of medicine” has 
not been able, so far, to stem the rising pandemic of 
chronic disease. Likewise, scientific literature is accu-
mulating more and more evidence that the promise of 
directly curing conditions such as rheumatoid arthritis, 
type 2 diabetes, cancers, and Alzheimer’s with a simple 
approach is not realistic. Moreover, the influx of new 
scientific information over the past several decades has 
continued to increase, while the ability of the average 
clinician to review that information and understand its 
relevance to a real-life patient is limited by time con-
straints and the sheer volume of material. The multifac-

torial nature of chronic conditions, along with the 
emerging understanding of just how biochemically 
unique we all are, has collided with our model of bas-
ing clinical decisions primarily, if not solely, on a nar-
row definition of science.

In Chapter 5 of this book, a very detailed and care-
fully documented analysis of the history and limita-
tions of the current scientific research model was 
presented. Here, as we open our discussion of the prin-
ciples of functional medicine, we will look at how one 
of the basic principles—that functional medicine is sci-
ence based—plays out against that background.

Functional medicine embraces the challenge of 
incorporating the newest scientific literature into its 
model of clinical care; advances in our understanding of 
fundamental physiological and biochemical processes 
can only enhance the clinician’s ability to treat patients 
with complex, chronic disease. Science is a critical tool 
for improving our understanding of the underlying 
clinical imbalances that lead to disease, and also a lens 
through which we can examine, describe, and adapt to 
the biochemical individuality of each patient. It is by 
understanding these imbalances that clinicians can 
help patients change the course of a disease. Therefore, 
a functional medicine practitioner must stay abreast of 
the current literature and be willing to challenge beliefs 
and current dogma.

Functional medicine does not identify a single gold-
standard method for considering something relevant or 
useful. Functional medicine practitioners incorporate 
many different sources of scientific information into 
the medical decision-making process: basic science, 
clinical experience, and the principles explored in this 
section are all important elements in the model. Using 
this approach requires a paradigm shift from the focus 
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of the late 20th century—that there is a single valid 
model for useful evidence—to the broader view that 
all the relevant science and information should be 
reviewed and understood. Overall, that’s the mission 
of this text—to help all of us make that leap to a new 
approach, wherein science and evidence in many forms 
are valuable to an innovative and clinically relevant 
model of care.

Science and Evidence-based Medicine (EBM)

The emergence of the scientific method as central to 
medicine has changed the face of health care. Clinical 
trials have become the primary method of establishing 
medical benefit. The randomized, placebo-controlled, 
double-blind clinical trial (DB/PC RCT) has come to 
dominate the field. Without data from an RCT showing 
a statistically significant effect, an intervention is con-
sidered unproved, which many take to mean “not bene-
ficial.” This has led to the attempt to find the “best” 
medicine from the “perfect” data: an evidence-based 
approach to medicine.

Certainly, the testing of many approaches that were 
in common practice has made a strong and highly bene-
ficial impact on medical practice. For example, estrogen 
replacement therapy (ERT) was considered a standard 
practice for decades. Maintaining estrogen levels in 
women over 50 at levels similar to those for younger 
women was thought to be beneficial, and early observa-
tional studies suggested that the benefit extended to the 
cardiovascular system. However, more recent investiga-
tions of ERT, utilizing the RCT, did not support the find-
ings from those early observational studies, indicating 
instead that some women on ERT may be at increased 
risk for thrombotic events and stroke, especially within 
the first two years of beginning ERT.3,4 The trials that 
showed increased risk of ERT generally included post-
menopausal women who were not exhibiting symptoms 
of the menopause transition, such as hot flushes, 
whereas the benefit of exogenous hormones was 
observed in studies with younger women. As noted by 
Rosano et al.,5 “several biological reasons may have con-
tributed to the divergent findings from observational 
studies and RCTs.” Older women may have fewer estro-
gen receptors, or a different pattern of expression of 
these receptors, and also may be more susceptible to 
inflammation and thrombotic events, factors that could 

alter their response to exogenous hormones, when com-
pared to younger women.6,7,8

Testing a single, defined intervention is, however, 
different than managing a patient with one or more 
chronic, complex, multifactorial conditions. A compre-
hensive approach to preventing and treating such con-
ditions has not been amenable to study through the 
RCT model. Moreover, most often, a statistically signifi-
cant, “successful” therapy is effective in barely more 
than 50% of patients.9,10,11,12 Even if the therapy is 
highly successful in a trial, studies indicate that patients 
in randomized controlled trials are often not typical of 
those seen in clinical practice.13,14 (Indeed, with data 
indicating that adverse drug reactions from properly 
prescribed drugs rate as the fourth most common cause 
of death in hospitalized patients, consumers, govern-
ment agencies, and practitioners are often left to ques-
tion whether medicine does more harm than good.15)

In 2002, David Brown asserted in a Washington Post 
article that “Evidence-based medicine is likely to trans-
form the entire field.”16 The actual definition of EBM 
varies, but the Centre for Evidence-Based Medicine at 
the University of Toronto defines it as “the integration 
of best research evidence with clinical expertise and 
patient values.”17 Much of the literature about EBM, 
however, has centered on how best to score the evi-
dence, creating a hierarchy in which some evidence 
has great value and other evidence has much less value. 
Although the definition of EBM includes the words 
“clinical expertise” and “patient values,” the evidence 
base used is primarily, if not exclusively, drawn from 
RCT data. This focus on finding the “best” data often 
disregards the needs of the individual patient. For exam-
ple, in a 1997 discussion on evidence-based disease man-
agement published in JAMA,18 the relevant skills for 
employing EBM were described as “precisely defining a 
patient problem, proficiently searching and critically 
appraising relevant information from the literature, and 
then deciding whether, and how, to use this information 
in practice.” Not only does this description focus on 
“precisely defining a patient problem,” which is often 
difficult to do for multifactorial, complex conditions, 
but the implication that the “evidence” comes primarily 
(or only) from the literature directly “relevant” to that 
problem. The web-like nature of physiological processes 
seems a misfit in this type of evidence model.
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While the goal of EBM is laudable (to improve clini-
cal practice by using interventions that have stood the 
test of thorough investigation), the actual practice is 
not clear. In a study on why general practitioners do not 
implement so-called “best evidence” from research 
studies, Freeman and Sweeney19 found the doctor-
patient relationship to be particularly relevant. “Evi-
dence is not implemented in a simple linear way, as 
some definitions of evidence based practice imply, but 
in an evolving process whereby reciprocal contributions 
from the doctor and the patient over time influence 
how evidence ultimately is used.” 

The following excerpts from a 1997 editorial in the 
British Medical Journal clarify some of the issues that are 
still with us today:20

We face the problem that criteria for internal and 
external validity (that is, clinical applicability) may 
conflict. Clinical studies are usually performed on a 
homogeneous study population and exclude clinically 
complex cases for the sake of internal validity. Such 
selection may not, however, match the type of patients 
for whom the studied intervention will be consid-
ered …   . Studies on the effectiveness of clinical care 
may also not easily attain internal validity. An example 
is the evaluation of the many interventions that can-
not be blinded, such as many non-pharmacological 
procedures …   . Thus, in seeking internally valid evi-
dence that is externally valid for clinical practice, we 
need “medicine based” studies that include, not 
ignore, clinical reality and its inherent difficulties …   . 
In reviewing clinical evidence we must be reluctant to 
adopt too detailed criteria for good and bad science 
and to freeze criteria for validity. Study methods them-
selves need to evolve.

Science and the Patient-centered Approach

Studying the body’s function from a scientific per-
spective is a demanding process; bringing in the 
patient’s perspective makes it even more complex. To 
bring these issues into clearer focus, we will examine a 
real-life case that is a matter of public record.

A Case of Chronic Fatigue Syndrome

In an essay titled “A Sudden Illness,” Laura Hillen-
brand, author of the best-selling book Seabiscuit: An 
American Legend, describes her continuing battle with 
chronic fatigue syndrome, which began in 1987 before 
the syndrome was accepted by mainstream medicine.21 
One of her symptoms was a chronic strep infection. 
After a year in which she had seen several internists and 

a psychiatrist, and had several courses of antibiotics, she 
found an internist who again changed her antibiotics 
and, eventually, her strep appeared to improve. Her 
other symptoms, including debilitating, unremitting 
fatigue, did not. In her own words:

I kept returning to see this doctor, hoping she could 
find some way to make me feel better. She couldn’t, and 
I could see that it was wearing on her. In September, I 
was so weak that on a ride over to her office I had to 
drop my head to my knees to avoid passing out. When 
the nurse entered, I was lying down, holding my head, 
the room swimming around me. She took my blood 
pressure: 70/50. The doctor came in. She wouldn’t look 
at me. “I don’t know why you keep coming here,” she 
said, her lips tight.

I told her that I felt faint and asked about my blood 
pressure. She said that it was normal and left, saying 
nothing else. She then went to see my mother, who 
was in the waiting room. “When is she going to realize 
that her problems are all in her head?” the doctor said.

I returned home, lay down, and tried to figure out 
what to do. My psychiatrist had found me to be men-
tally healthy, but my physicians had concluded that if 
my symptoms and the results of a few conventional 
tests didn’t fit a disease they knew of, my problem had 
to be psychological. Rather than admit that they didn’t 
know what I had, they made a diagnosis they weren’t 
qualified to make.

Without my physician’s support, it was almost 
impossible to find support from others. People told me 
I was lazy and selfish. Someone lamented how unfortu-
nate Borden was to have a girlfriend who demanded 
coddling. Some of Borden’s friends suggested that he 
was foolish and weak to stand by me. “The best thing 
my parents ever did for my deadbeat brother,” a former 
professor of his told him, “was to throw him out.” I 
was ashamed and angry and indescribably lonely.

Hillenbrand’s condition had begun suddenly, with 
symptoms assumed to be from food poisoning. These 
were soon followed by swollen lymph nodes and a per-
sistent strep infection. At the time, chronic fatigue was 
not recognized as a diagnosable condition by main-
stream medicine. There was no “evidence base” to 
explain her condition, but there was science.

Patients having symptom complexes consistent 
with what we now call chronic fatigue syndrome have 
been described in the medical literature for centuries and 
have, at various times, been categorized with names such 
as post-viral fatigue and chronic Epstein-Barr virus (EBV) 
syndrome.22 In fact, a few years before Hillenbrand first 
experienced symptoms, Behan et al.23 published an anal-
ysis of 50 cases of post-viral fatigue and concluded: “A 
metabolic disorder, caused by persistent virus infection 
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and associated with defective immunoregulation, is 
suggested as the pathogenetic mechanism.” The year in 
which her symptoms began, Buchwald, Komaroff and 
colleagues published a report in which they found ab-
normalities in immune cells of chronic fatigue patients.24 
In March of 1988, the first working definition of chronic 
fatigue syndrome was published in the Annals of Internal 
Medicine.25 While Hillenbrand was experiencing debilitat-
ing symptoms, being treated only with antibiotics for her 
chronic strep, and feeling very much alone, the literature 
available at the time actually showed that she was, in 
fact, not alone.

When faced with a patient such as Hillenbrand (one 
of the “walking wounded,” so familiar to clinicians 
everywhere), where the research base does not yet offer 
clear answers, it is important to remember that science 
is still there to help. Exploring the underlying physio-
logical pathways that appear to be involved would be a 
functional medicine approach. The therapeutic plan 
could then be designed to support the healthy, balanced 
function of those pathways, while also removing any 
known or postulated triggers (e.g., strep infection) that 
are acting upon those pathways to exacerbate symp-
toms. A patient may not be “cured,” but can have 
improved function. A clinician may not know the 
answers, but can have a place to start. In this particular 
case, the association with immune function was deduc-
ible from the symptom pattern experienced by Hillen-
brand, as well as from the available literature. The 
science was there in terms of indicating that a possible 
connection between these symptoms and immune dys-
function could exist. Unfortunately, to this date, an 
indisputable evidence base describing the underlying 
immune imbalances in chronic fatigue syndrome is still 
not available. Waiting for that level of evidence before 
treating the patient would leave many a patient still 
hearing their clinician say, “I don’t know why you keep 
coming here.” 

Data are accumulating to show how complex these 
chronic conditions are. Not only do syndromes such as 
chronic fatigue and fibromyalgia have significant over-
lap in symptoms and biochemistry, but gene expression 
profiles indicate that differential expression patterns 
can be identified; these conditions may well represent 
sub-groups of specific metabolic imbalances.26,27,28 In 
fact, in 1996, the Royal Colleges of Physicians, Psychia-
trists, and General Practitioners provided this summary 
of the evidence:29 

Chronic Fatigue Syndrome (CFS) is not a single diag-
nostic entity. It is a symptom complex which can be 
reached by many different routes. The conceptual 
model of CFS needs to be changed from one determined 
by a single cause/agent to one in which dysfunction is 
the end stage of a multifactorial process. Although it is 
important to recognize the role of factors that precipi-
tate the condition, greater understanding is required of 
factors that predispose individuals to develop the ill-
ness, and those that perpetuate disability.

Simply stated, not every CFS patient will be the 
same and the focus on underlying pathways is now 
being seen as the way to medically manage CFS. In the 
functional medicine approach, the focus on those sci-
ences that elucidate underlying pathways and clusters 
of symptoms is absolutely critical to prevention and 
treatment of complex, chronic disease. These “function-
alities” in physiology and biochemistry help us to iden-
tify varying patterns within a given diagnostic category 
and undertake a search for common underlying factors 
in patients with a number of different debilitating 
symptoms, conditions, or diseases.

Applying Science in Clinical Practice

Many evidence-based evaluations target whether a 
single intervention works. This is a different question 
than evaluating whether a patient improves in a clinical 
practice. Therefore, although published research is help-
ful as a guide, it is often not directly reflective of what a 
clinician faces when working with an individual 
patient. Moreover, the development of research meth-
odologies has focused heavily on single-agent interven-
tions, such as pharmaceuticals. Many of the integrative 
approaches that take into account the entirety of a 
patient’s experience (e.g., diet, lifestyle, environmental 
exposure) are not amenable to being studied using these 
methodologies. As stated in a discussion in The Lancet:30

Drug interventions have been studied more exten-
sively than non-pharmacological interventions, 
because of requirements for drug registration and the 
technical and methodological difficulties in the 
design of RCTs for non-drug interventions. This situa-
tion is a particular problem for general practice. 
According to the principle of “maximum effect, mini-
mum resources,” patients’ education, diets, and life-
styles are, in theory, particularly attractive. Generally, 
such interventions cannot be assessed under ade-
quately masked conditions, so “contamination” of 
trial groups will threaten internal validity. So, it is not 
surprising that a literature search fails to find convinc-
ing evidence of effectiveness of avoidance of house-



53

Chapter 6
Functional Medicine is Science-Based

dust mite allergens. However, absence of proof of 
effect is different from proof of lack of effect. Even if 
there is insufficient clinical research available to sup-
port its case, exposure to allergen has a key role in the 
pathophysiology of airways inflammation. Conse-
quently, the concept of asthma makes avoidance of 
allergens a logical measure even in the absence of 
direct support from a RCT.

Advances in our understanding of how the body 
functions at the most basic level are integral to func-
tional medicine. Science-based functional medicine, 
then, is the incorporation of science within the context 
of the patient’s experiences and biochemical individual-
ity. It is not a prescription that can be tested in a simple 
RCT; it is not a clinical algorithm directing that each 
patient with condition X is treated with a clearly 
defined therapy. Functional medicine urges the practi-
tioner to become adept at the art of reviewing the best 
and most recent scientific research, both basic and clin-
ical sciences, as part of the process of developing a per-
sonalized approach for a patient-centered practice of 
medicine. As stated by Aaron and Buchwald:31

Finally, describing an illness as “unexplained” should 
not be taken to mean “unexplainable” or “imaginary.” 
Researchers and providers involved with patients who 
have unexplained clinical conditions would do well to 
remember Osler’s statement that the study of medicine 
“begins with the patient, continues with the patient 
and ends …   with the patient.”

Summary

Functional medicine looks at the emerging science, 
and digs deep into the way these findings influence our 
ideas about how the body functions at the physiological 
and biochemical level. Functional medicine uses the 
core clinical imbalances as the matrix upon which to 
organize the science, and includes basic science, clinical 
trials, case reports, and clinical experience (anecdotal 
data) to understand a patient’s situation. In functional 
medicine, clinical trials are one piece of the puzzle, not 
the only source of evidence.

Functional medicine requires an active interaction 
with the scientific literature. It requires a clinician to 
keep up with new findings in human physiology and 
biochemistry; it requires a clinician to integrate the cur-
rent findings into the model of how problems begin 
and where the imbalances may lie; it requires a thought 
process that cannot be directly correlated to an evi-
dence-scoring system. It requires science to continue 

deepening our understanding about the complexities of 
life and the various effects of our actions. Functional 
medicine relies on science and incorporates it deeply 
into patient-centered care in an analytical and integra-
tive model.
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Functional Medicine and Biochemical Individuality: A Paradigm Shift in Medicine
Mark Hyman, MD, Sidney MacDonald Baker, MD, and David S. Jones, MD

Discovery consists of seeing what everybody
has seen and thinking what nobody has thought.

—Albert Szent-Györgyi,
1937 Nobel Laureate in Physiology

and Medicine: the scientist
who isolated vitamin C

Introductioni

In the Structure of Scientific Revolutions,1 Thomas Kuhn 
analyzed the process of changing scientific paradigms. 
He described how in each discipline of science, new 
advances and theories are slow to be adopted but, once 
accepted, they assume the position of “normal science.” 
They become foundational to collective beliefs and theo-
ries in a new iteration of scientific leaders. Overturning 
“normal science” often requires decades of accumulated 
evidence to succeed against the old theories that wane as 
their ability to explain new data is eroded. Medicine is 
replete with examples of “normal science” becoming 
obsolete in retrospect. With change, the newer theories 
that have been ignored—not because of lack of merit but 
because of their poor fit with the established paradigm—
clearly present a more robust model of explanation.2

There are many examples of resistance to change in 
the history of medicine. A few medical vignettes can 

serve to illustrate the unnecessary delays common to 
incorporating new discoveries into practice:

• When Edward Jenner developed the therapeutic 
technique of vaccinating against smallpox in 1797, 
the Royal Society of London scolded him for risk-
ing his reputation on something “so much at vari-
ance with established knowledge, and withal so 
incredible.”

• When the Hungarian physician Ignaz Semmelweis 
discovered that physicians’ unwashed hands caused 
fatal infections among new mothers at the Univer-
sity of Vienna in the 1850s, he lost his academic 
position, dying disgraced. 

• When the American writer and physician Oliver 
Wendall Holmes published an article on the pre-
vention, through hand washing, of “childbed 
fever,” his observations brought him bitter abuse.

• Alexander Fleming discovered penicillin in 1929. 
But there was a delay of 12 years before he, W.H. 
Florey, and E.B. Chain first used it therapeutically.3 
Together, with their scientific teams, they changed 
the concept of anti-biotics.

• Kilmer McCully, the prodigy pathologist from Har-
vard, first proposed the role of folate deficiency and 
the resultant homocysteinemia connection to car-
diovascular disease in the late 1960s.4 His hypothe-
sis caused his banishment from the pathology 
department at Harvard Medical School and Massa-
chusetts General Hospital because of the clear con-
flict his theory represented to the then-dominant 

i This part of Chapter 7 was adapted by David Jones, MD, from two arti-
cles: Hyman M. Paradigm shift: The end of “normal science” in medicine; 
Understanding function in nutrition, health, and disease. Alt Ther. 
2004;10(5):10-93. Baker SM. The medicine we are evolving. Integrative 
Med. Dec 2002/Jan 2003;1(1):14-15. Many thanks to Doctors Hyman and 
Baker, and to both journals, for permission to adapt these publications.
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cholesterol model of atherosclerosis. Fortunately, 
he endured, working in relative obscurity at a small 
Veterans Administration hospital in Rhode Island, 
eventually vindicated by research from Europe. His 
model, in the current context of cardiovascular dis-
ease as primarily an expression of inflammation, 
has added to our understanding of metabolic and 
immunological connections to the development of 
atheromatous plaque, as well as other diseases asso-
ciated with aging.

Medicine is also replete with discarded therapies that 
were well accepted at the time, such as the removal of 
the colon or all the teeth to treat chronic disease, or, 
more recently, low-fat diets for weight loss and the pre-
vention of cardiovascular disease,5 and/or conventional 
hormone therapy for prevention of heart disease in post-
menopausal women.6,7 We are again at the edge of a 
major transitional period.

Chronic Disease and the Failure of the 
Current Medical Paradigm

One of the most compelling, current problems in 
medicine is the failure of the conventional model of 
medical diagnosis and treatment to successfully address 
the burden of chronic disease that affects 125 million 
Americans in our society. Our current approach does 
not attempt, in a systematic manner, to effectively diag-
nose and treat the underlying causes of chronic disease, 
found in the complex interaction of genes, lifestyle, and 
environment. As a nation, we spend $1.6 trillion on 
health care each year. This represents 15% of our gross 
national product (GNP) or approximately $5,000 per 
person per year, or more than double the percent of 
GNP spent by any other nation on health care. Despite 
this, we are 12th out of 13 industrialized nations in 16 
major indicators of the health status of a population, 
such as life expectancy and infant mortality.8,9 In fact 
we are 27th in life expectancy; Cuba is 28th. 

Yet that may not be the most problematic issue. 
Recent data point to the dangers of the medical care 
that evolves from our current paradigm. Our own 
healthcare system can do great harm. Our system of dis-
ease management has been estimated to be anywhere 
from the 1st to the 3rd leading cause of death in our hospi-
talized patient population,10 resulting from hospital 
infections,11,12 atypical drug reactions,13 bedsores,14 
medical errors,15 negligence,16 unnecessary procedures, 

and surgery.17 The cost attributed to the harm caused by 
the chaos in our medical system has been estimated at 
over $200 billion.

There are other significant problems endemic to our 
medical system and conventional medical paradigm: 

1. The randomized controlled trial (RCT) is funda-
mentally ill suited to the assessment of lifestyle and 
nutritional interventions, individualized therapies, 
and long-latency deficiency diseases.18 (This topic is 
addressed, from a variety of perspectives, in both 
Chapter 5 and Chapter 6.)

2. The lack of publication of negative medical trials19 
promotes a positive bias in the medical literature, 
suggesting an unrealistic proportion of successes 
and supporting the primacy of pharmacological 
interventions. 

3. Direct-to-consumer pharmaceutical marketing,20,21 
and heavy marketing of off-label uses of medica-
tions to physicians, including conventional hor-
mone replacement therapy,22 create misinformation 
and encourage inappropriate prescribing practices 
by healthcare providers.23,24

4. The many financial conflicts of interest25,26 inher-
ent in the practice of funding research by private 
industry skew the emphasis on what should be 
studied and lead to suppression of conclusions that 
don’t suit the funding source.27,28,29,30 One of the 
well-known examples of the latter was the 
research-based comparison between generic thy-
roxine and Synthroid. The pharmaceutical com-
pany prevented the publication of the study that it  
had funded because the outcome was not favorable 
to the trade name drug.31,32 With the exception of 
the National Institutes of Health and some private 
foundations, most of the research agenda is set by 
the pharmaceutical industry.

5. The funding, control and orchestration of most 
postgraduate education for physicians by the phar-
maceutical industry33,34 lead to a clear bias for the 
primacy of pharmacologic interventions.35,36,37

In addition, recent research suggests that more of the 
same care is not necessarily better. In areas where there 
are more physicians, there is a higher cost of care. There 
is also less patient satisfaction and worse outcomes than 
comparable areas with a lower cost of care.38,39 Studies of 
compliance with agreed-upon standards for care and 
prevention show that, in spite of higher costs of medical 
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care within the U.S., these standards are not met. There 
is a frequent lack of implementation of clinical science 
to clinical practice. For example, only 40% of patients 
receive aspirin after myocardial infarction.40 A recent 
study of adults in 12 metropolitan areas found that only 
54.9% of patients received the recommended preven-
tive, acute, or chronic care, using 439 indicators in 30 
acute and chronic conditions. The authors conclude, 
“The deficits we have identified in adherence to recom-
mended processes for basic care pose serious threats to the 
health of the American public. Strategies to reduce these defi-
cits in care are warranted.”41

Many professionals within conventional medicine 
feel that the most important single reason for the defi-
cits in our healthcare system is that we are locked into 
an old paradigm in medicine, “normal medicine.”42,43 
The model we use to diagnose and treat disease is based 
on “normal” science; the single-invader, single-disease, 
and single-drug model of medicine. While practitioners 
of the healing arts are schooled in the basic sciences of 
anatomy, physiology, biochemistry, cell biology, genet-
ics, epidemiology, pathology, and pharmacology—each 
of which encompasses its own science—no body of 
knowledge exists within the dominant medical culture 
that can be construed as “medical science.”44 

The Fallacy of Misplaced Concreteness
Lara Pizzorno, MA Div, MA Lit, LMT

Alfred North Whitehead’s “fallacy of misplaced 
concreteness” is essentially a more logically rigorous 
statement of the common saying that “we err when we 
mistake the map for the territory.” When humans inter-
act with the world, we interpret the full experience via 
abstraction; we generalize from the specific observation 
(the “concrete”) to create an idea. This is essential and 
logically acceptable, so long as we do not equate, and 
therefore significantly diminish, the actual experience 
with our working conception of it. 

Unfortunately, we often do confound the concrete 
experience with the abstract idea, assuming our abstrac-
tions equal the totality of the reality. The tunnel vision 
which results prevents us from seeing more of what is 
actually before us. Science is not free of this error, with 
the result that new insights are typically met with hos-
tility, and their application and benefits suppressed an 
average of 50 years before joining the ranks of what is 
considered the “standard of care.” 

As Whitehead cautions, “It is impossible to over-
emphasize the point that the key to the process of 
induction [the sine qua non of scientific reasoning], as 
used either in science or our ordinary life, is to be found 
in the right understanding of the immediate occasion 
of knowledge in its full concreteness …   . We find our-
selves amid insoluble difficulties when we substitute for 
this concrete occasion a mere abstract …   . ”*

Avoiding the fallacy of misplaced concreteness is 
not a task to be underrated by even the most scientifi-
cally adept. Such assumptions “appear so obvious that 
people do not know what they are assuming because no 
other way of putting things has ever occurred to them.”

Whitehead reminds us that “Almost all really new 
ideas have a certain aspect of foolishness when they are 
first produced,” possibly due to the fact that we form our 
systems of thought “by the rough and ready method of 
suppressing what appear to be irrelevant details. But 
when we attempt to justify this suppression of irrele-

vance, we find that, though there are entities left corre-
sponding to the entities we talk about, yet these enti-
ties are of a high degree of abstraction.” Whitehead 
identified this problem as the primary obstacle to the 
advancement of science; it occurs when we allow our 
paradigm to limit our powers of observation.

In medical terms, the fallacy of misplaced concrete-
ness appears in the form of the abstract entities called 
“diseases,” which are simply a constellation of symp-
toms that often appear together, not an actual entity. 
While grouping symptoms in this manner is conve-
nient, if the abstraction controls the interaction we 
have with the patient, we hamper our ability to see the 
individual who exhibits any symptom or grouping of 
symptoms (disease) in his or her unique way. In addi-
tion, by narrowing our focus to an abstract entity we 
call “migraine” or “irritable bowel syndrome” or “dia-
betes,” we limit our inspection of the individual’s dys-
functions to a predefined set of details, thus potentially 
missing what may be crucial for that person.

Scientific studies that regress to the mean exemplify 
this fallacy. The data based on the “representative sam-
ple,” having lost all the specificity that defines a real 
human being, are then used to provide recommenda-
tions most applicable to an equally “representative” 
individual, in other words, to no one at all. Such find-
ings tell us everything we need to know about someone 
who doesn’t exist. 

Functional medicine offers us both an awareness of 
how the fallacy of misplaced concreteness operates to 
limit the effectiveness of medicine, and a way to cut 
through it. Only the integration of (necessarily) abstract 
science with concrete individual specificity—the patient-
centered, individualized approach that is the hallmark of 
functional medicine—will enable us to provide a much 
more accurate and effective assessment.

*All quotations from Whitehead AN. Process and Reality.
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We have yet to embrace the new paradigm that, for 
the first time, allows us to personalize medicine. We 
have the opportunity to focus on optimizing function 
and enhancing health by understanding the complex 
high-order functioning of the human being. The new 
paradigm allows us to remediate disease, not by symp-
tom suppression, but by assessing and treating the cause 
of dysfunction and illness. Van Ommen, in “The Human 
Genome Project and the Future of Diagnostics, Treat-
ment and Prevention,” published in The Lancet in 1999, 
foretells this paradigm transition in medicine: 

The combination of large-scale gene-expression anal-
ysis with pharmacological and nutritional studies will 
ultimately allow the stratification of individuals by 
their genetically determined abilities for drug and 
nutrient metabolism. Tailor-made treatments and life-
style regimens will improve the effectiveness of thera-
pies and reduce side effects. This will apply equally to 
monogenic disease and more complex gene-environ-
ment interaction disorders, like cardiovascular disease, 
cancer, hypertension, arthritis, migraine, epilepsy, Par-
kinson’s disease, and Alzheimer’s disease.45

How Do We Change Paradigms?

In order to move today’s model toward the future, 
we need to think differently. This functional school of 
thought does not deny the usefulness to the patient and 
physician of diagnostic groups that allow us to identify 
in some codified way “what the patient has.” We are 
careful to keep in mind, however, that a diagnosis is an 
idea we form about groups of people and properly 
belongs to the group, not to an individual. Making a 
diagnosis in the realm of chronic illness—such as the 
many conditions of chronic inflammation whose 
names end in “itis,” as well as autism, schizophrenia, 
depression, anxiety, cardiovascular disease, and a host 
of other recognized diseases—is for us not the end of a 
diagnostic road, but only the first step. The fundamental 
subject of medical concern is the human individual. 
The logic of inquiry rests on two questions of need:

• Does this person have an unmet individual need?
• Does this person need to be rid of something toxic, 

allergic, or infectious?

These principles are antithetical to the implicit 
emphasis of the current conventional medical para-
digm, which could be described as follows:

• The fundamental subject of medical concern is 
disease.

• The inquiry as to health rests first on the naming of 
the patient’s disease.

• Treatment is prescribed for the disease.

In the past, the legacy and momentum of our focus 
on acute illness have permitted us to remain disease-
focused long after chronic illness replaced acute illness 
as the dominant problem in our modern, industrialized, 
hygienic society.46 The medicine we are developing 
begins to address the following linguistic, statistical, 
and logical errors of the present paradigm of conven-
tional medicine:

1. The concept that diseases are entities and can cause 
symptoms is entirely without scientific support. It 
is a linguistic error that forges a false map in the 
imagination of professionals and lay people.47

2. The idea that each patient’s diagnostic and treat-
ment options can be based on determinations of 
averages is a misuse of statistics when it serves as a 
diagnostic and therapeutic guide for each unique 
individual.

3. The maxim that assumptions to explain an event 
should not be multiplied beyond necessity (Occam’s 
razor) is the logical partner of the one-disease, one-
treatment approach of mainstream medicine, par-
ticularly in the framework of chronic illness.

4. Medicine is the only field claiming a scientific basis 
in which general systems theory48—i.e., that every-
thing is interconnected—has not become the 
acknowledged basis for inquiry. Linear causality 
remains the accepted basis for medical etiology.

Despite the crumbling of the healthcare system 
around us,49,50 we have held onto this system of differ-
ential diagnosis, biochemical homogeneity, and phar-
maceutical therapy as the answer to most chronic 
lifestyle and long-latency nutritional deficiency dis-
eases. However, there is an alternative model for orga-
nizing and perceiving the problems in modern terms. 
There are a number of organizing principles and themes 
that underlie nearly all disease (see Chapter 2). This new 
medical paradigm emerges from the basic and clinical 
sciences literature. The exploration of the needed shift 
from our current model to the origins of illness and the 
maintenance of health, as well as the identification of 
appropriate investigations, interventions, and therapies 
for chronic, complex illnesses, both require a new intel-
lectual architecture. The explication of a functional 
methodology is the central mission for this textbook. 
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A New Paradigm: Understanding and 
Enhancing Function

The science of medicine is perhaps the most frequently 
cited case of increasing specialization seeming to follow 
inevitably from increasing knowledge, as new cures and 
better treatments for many diseases are discovered. 
But as medical biochemical research comes up with 
deeper explanations of disease processes (and healthy 
processes) in the body, understanding is also on the 
increase. More general concepts are replacing more 
specific ones as common, underlying molecular mecha-
nisms are found for dissimilar diseases in different parts 
of the body. Once a disease can be understood as fitting 
into a general framework, the role of the specialist 
diminishes. Physicians …   may be able to apply a general 
theory to work out the required treatment, and expect it 
to be effective even if it has never been used before.51

There is much in medicine and science that we can-
not perceive with our current way of seeing. A new 
framework and new organizational concepts are needed 
in a science with very few true “theories.”52 Linus Paul-
ing remarked years ago that “although medicine is 
largely based on the sciences, it has not yet become a 
science.”53 We need a unifying theory of health and dis-
ease. We are only now on the verge of forming a clear 
picture of what that might look like. 

A theory can be defined as “a set of facts, propositions, 
or principles analyzed in their relation to one another and 
used, especially in science, to explain phenomena.”54 Sci-
entific theory, unlike hypothesis, is most often the result 
of years of investigation. Medicine has come of age and 
we are at the transitional edge of development of an 
entirely different gestalt and theory of health and disease. 
The science of medicine today is maturing and the old 
concept of the single agent (bacterium) causing a single 
disease (infection) treated with a single molecule (antibi-
otic) is being replaced by our understanding of complex, 
higher-order functions. We are finally able to peer into 
the underlying mechanisms of disease and aging, illumi-
nated by the light of genomics, proteomics, metabolom-
ics, and nutrigenomics. 

Medicine is nearly ready to discard the old descrip-
tive, phenomenological approach that emerged from 
the exigencies of medical practice in the early 20th cen-
tury, where infectious disease was primary and the Pas-
teur model of outside invaders ruled. The organization 
of medicine into sub-specialties is an artifact of descrip-
tive medicine that bears little relevance to biological 
principles. The current classification of diseases (ICD-9) 

is now less useful in understanding mechanisms and 
guiding innovative therapies in health and illness. 
Finally, we can move toward understanding and treat-
ing disease with a dynamic, functional model based on 
an intricate understanding of the nature of the interac-
tion of the genome with the environment, especially in 
the field of nutrigenomics.55

The story of the role of nutrients in health and dis-
ease is a useful model to help us shift from a medical 
model based on pathology to one based on deviations 
from optimal function, with an understanding of the 
process of de-volution of health into chronic, complex 
illnesses. A fundamental change in perspective has 
occurred with the development of genomics, proteomics, 
metabolomics, and the evolution of nutrigenomics.56 
Nutrigenomics is the use of nutrients of varying and 
sometimes high doses to influence gene expression, with 
the goal of not simply treating disease, but also of opti-
mizing function.57 The development of the “-omics” and 
the applications of nutrigenomics are poised to change 
medicine forever from a pathology-based science to a 
function-based science.58

Example of the New Paradigm: Nutrients 
Beyond Deficiency Diseases

The old paradigm of diagnosis and classification of 
diseases into organ system pathologies (corresponding 
fairly closely to medical specialties) becomes less mean-
ingful in the light of our understanding of the basic 
mechanisms of dysfunction in the human body. One 
disease may have multiple causes, and one initiating 
factor may cause multiple diseases. Atherosclerotic car-
diovascular disease (CVD) and celiac disease provide 
clear examples of this concept.

We recognize cardiovascular disease by its pathol-
ogy: atherosclerotic plaques. However, the development 
of plaques can be triggered by multiple factors. These 
include insulin resistance,59 folate deficiency and hyper-
homocysteinemia,60 occult infections,61 heavy metal 
toxicity,62,63 inherited dyslipidemias, stress, and other 
factors that increase inflammation.64

The diagnosis and treatment of each of these ante-
cedent conditions varies, and the success of medical 
therapy rests on making the proper assessment of the 
etiologic factors involved (and they are often multi-
ple).65 Prescribing the classic low-fat diet, usually high 
in refined carbohydrates, along with a beta-blocker and 
a statin for CVD can—counter to expectation—actually 
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exacerbate the underlying problem in the patient with 
insulin resistance, or may miss entirely the key underly-
ing mechanism (e.g., occult infection) in a different 
patient. Both are precursor conditions that can lead to 
the end point of CV dysfunction. Let’s illustrate this 
point with some patient stories. 

A 56-year-old patient with severe CVD, after inter-
ventions including two angioplasties and a CABG (cor-
onary artery bypass graft), suffered a stroke. The 
evaluations and treatments he experienced prior to 
his stroke were considered “standard of care” for his 
diagnosis. However, with further evaluation after his 
stroke, through the lens of functional assessment, he 
was found to have a marked elevation of homocys-
teine (22 mmoles/liter with normal 6–8 mmoles/liter). 
He was tested genetically and found to have a specific 
genetic uniqueness, homozygous 677C to T polymor-
phism of MTFHR (methylenetetrahydrofolate reduc-
tase). This SNP (single nucleotide polymorphism) 
produces a variant enzyme that requires extraordinar-
ily high doses of folate to facilitate coenzyme binding 
and MTHFR enzyme activity. His treatment plan 
focused on his genetic, proteomic, and metabolomic 
uniqueness. With appropriate nutrient intervention, 
his serum homocysteine equilibrated into the normal 
range, and he had no further demonstrable progres-
sion of his atherosclerosis.66

Another patient report exemplifies both the func-
tional medicine methodology as well as the problems 
inherent in our current disease classification system. 
At 57, the patient described himself in general good 
health, eagerly planning a climb of Mt. Kilimanjaro. 
However, it was noted in his comprehensive workup 
that he took 15 different medications: prescriptions for 
colitis, asthma, alopecia areata, and hypertension. He 
was being treated in a standard manner by an internist, 
a gastroenterologist, a pulmonologist, and a dermatolo-
gist, all of whom made the correct “diagnosis” and pro-
vided the appropriate medications for each diagnosis. 
However, by filtering the patient’s signs and symptoms 
through the lens of underlying pathways, it was appar-
ent that all of the patient’s “diseases” had an inflamma-
tory component that manifested across organ systems 
(and speciality domains). None of his physicians had 
searched for the underlying mechanism, nor apparently 
considered this assessment (an across-systems inflamma-
tory process) relevant. Their treatments were based 
solely on diagnoses relevant to their specialties. An eval-

uation program ensued, looking for underlying mecha-
nisms of dysfunction that could explain his disorders. 
With appropriate investigation, it was found that most 
of his diagnoses could be explained by something he 
was eating—gluten-containing foods—that caused the 
“many-headed hydra” of his inflammatory disorders.67,68 
Tests confirmed the diagnosis of celiac disease, that had 
been missed for over 40 years. Within six months, he 
was off most of his medications, lost 25 pounds, and sta-
bilized his blood pressure. He had no more symptoms of 
asthma, his bowel movements normalized, and his hair 
grew back. A 2002 review of celiac disease in The New 
England Journal of Medicine69 catalogued the myriad dis-
eases that can be caused by immune-mediated gluten 
sensitivity, including anemia, osteoporosis, autoimmune 
diseases, thyroid dysfunction, schizophrenia, and psori-
asis. Each of the patient’s conditions could have been 
triggered by multiple factors; but, for him, eating gluten-
containing foods was the cause of his symptoms. His 
genetic susceptibilities required that he not eat a particu-
lar food protein in order to maintain health and prevent 
triggering his symptoms.

The Diverse Roles of Nutrients

How we think about essential nutrients in general 
has been shaped by the vitamin deficiency diseases 
through which they were historically discovered. Vita-
mins are still defined by single deficiency diseases, such 
as pellagra, beriberi, scurvy, and rickets. That thinking 
is the basis for the current dietary reference intakes 
(DRIs), which recommend the minimum amount to 
prevent deficiency diseases, not the variable amounts 
needed by a polymorphic population for optimal 
health—sometimes hundreds of times the DRIs. Most 
physicians and consumers do not realize that DRIs are 
based simply on the minimum amount of a nutrient 
necessary to prevent an index deficiency disease. 
Applied clinical medicine has failed to recognize that 
nutrients are multifunctional substances with many 
roles. For example, in recent reviews,70,71 vitamin D has 
not only been implicated in prevention of rickets, but 
may have a role in treating or preventing heart disease, 
multiple sclerosis, polycystic ovary syndrome, depres-
sion, epilepsy, type 1 diabetes, and cancer. Folate not 
only prevents megaloblastic anemia, but also prevents 
neural tube defects, and is a key factor in preventing 
many cases of cardiovascular disease, dementia, depres-
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sion, and colon and breast cancer.72 Magnesium plays a 
role in over 300 enzyme reactions. 

Conventional thinking has been biased against the 
therapeutic use of vitamins in disease and has avoided 
the question of whether vitamins have a role in opti-
mizing health.73 Study of nutrients over the long term 
has been complicated by the fact that the desired out-
comes being tracked involve primarily the absence of 
problems rather than a defined dysfunction or remedia-
tion. This is in direct opposition to pharmaceutical 
agents, which are meant to alter pathology. Nutrients 
restore normal function; they do so by optimizing nor-
mal biological functions, mostly through their actions 
as coenzymes in biochemical reactions.

We have approximately 30,000 genes. The most com-
mon type of variation in the human genome is the SNP, 
where a single base differs between individuals (being A 
instead of G, for example). SNPs occur about once every 
1000 base pairs in the genome, making up the bulk of 
the 3 million variations found in the genome. The fre-
quency of a particular polymorphism tends to remain 
stable in the population. (Genome information from 
genome.wellcome.ac.uk.) These SNPs create unique bio-
chemical needs within the population. One-third or 
more of them affect coenzyme-binding sites for vitamins 
or nutrients, and therefore have a role in disease and dys-
function.74 Bruce Ames, in his landmark review of 
genetic variant enzymes and vitamin therapy, stated: 
“Our analysis of metabolic disease that affects cofactor 
binding, particularly as a result of polymorphic muta-
tions, may present a novel rationale for high-dose vita-
min therapy, perhaps hundreds of times the normal 
dietary reference intakes (DRI) in some cases.”75

Our current nutritional recommendations do not 
accommodate the broad and varied roles of nutrients in 
human biology. Also absent is the consistent clinical 
question: “What does this individual need that she or 
he has failed to get?” For example, the person may 
need to add vitamins, minerals, essential amino acids 
and essential fatty acids, accessory and conditionally 
essential nutrients.76 In many cases, a single nutrient 
may catalyze hundreds of biochemical reactions; sub-
optimal levels may lead to cellular and molecular 
dysfunction that is not recognized as a “deficiency” dis-
ease.77 The notion that higher doses may be needed for 
the optimal functioning of the total organism is not 
widely taught, despite new evidence that suboptimal 
nutrient status may contribute to “long-latency” defi-

ciency diseases that are epidemic, such as cardiovascu-
lar disease, cancer, osteoporosis, neurodegenerative 
disease, and immune dysfunction.78

Nutritional science has been seen as a secondary fac-
tor in health, something best left to the dietitian.79 His-
torically, nutrition was taught at the state agricultural 
schools in the department of home economics. The 
“real” science was, of course, being pursued by the scien-
tists at the universities, in the departments of chemistry, 
physics, and biology. Until recently, physicians educated 
within this biased system of learning have abdicated 
their responsibility to study the science and practice of 
nutrition. Clear nutritional guidelines and consensus 
have been hard to achieve despite emerging evidence of 
importance. We need to cultivate different tools of 
assessment and research that allow us to better answer 
questions about nutrition and nutraceutical therapies.80

Long-latency Disease: A Further Example 
of the New Medicine

Dr. Robert Heaney is a Professor of Medicine at 
Creighton University in Omaha, Nebraska. He won the 
2003 E.V. McCollum Award of the American Society for 
Clinical Nutrition in recognition of his contributions to 
nutritional science and medicine, particularly in the 
field of osteoporosis and calcium physiology. In his E.V. 
McCollum Award lecture, he stated that the fundamen-
tal flaw in the establishment of recommended nutrient 
intakes is the presumption that if a nutrient intake is 
sufficient to prevent the index deficiency disease, then 
it is adequate for the optimal functioning of the total 
organism. He suggested that this narrow viewpoint 
overlooks two important facts. First, there are long-term 
consequences of lesser degrees of deficiency that may 
operate through similar mechanisms as the index dis-
ease; and second, there may be very different mecha-
nisms involved in the development of long-latency 
deficiency diseases.

In his lecture, he also tackled the difficult question 
of the adequacy of the standard research tools in this 
area of multi-factorial causality (see also Chapters 5 and 
6, plus this chapter’s discussion, How Do We Change Par-
adigms?). He suggested the increased use of observa-
tional research to better infer causality in nutrition. The 
appropriate methodology for ferreting out the causal 
agents for the absence of a problem—research for bene-
fit rather than harm—runs straight into the controversy 
surrounding the belief that double-blind RCTs are the 
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gold-standard methodology for all scientific studies. He 
proposed that we can safely use the usual principles for 
causal inference from observational data in the nutri-
tional context:81

…   biological plausibility, correct temporal sequence, 
dose-response relations, experiments of nature found in 
inborn errors of metabolism and demonstration of 
causal connection in animal models. These principles 
are all well understood in a general way, and what …   
may have been lacking up till now was the conviction 
within the field of nutrition that long-latency defi-
ciency diseases exist, that they are nutritional problems, 
and that the use of such inferential and investigative 
stratagems may be both appropriate and necessary.

In the paper he adapted from his E.V. McCollum 
Award Lecture (“Long-latency Deficiency Disease: 
Insights from Calcium and Vitamin D”),82 he lays the 
groundwork for a new conceptualization of the role of 
nutrients in health and disease. In effect, he turns nutri-
tional science on its head by saying, “Prove to me that 
we don’t need higher levels of nutrients for health.” 

Because the current recommendations are based on 
the prevention of the index disease only, they can no 
longer be said to be biologically defensible. The pre-
agricultural human diet, insofar as it can be recon-
structed, may well be a better starting point for policy. 
… .  Such a diet would have had at least some of the fol-
lowing features: high protein intake, low glycemic 
index, high calcium intake, high folic acid intake, an 
alkaline ash residue and high vitamin D input. It is 
in this nutritional context that human physiology is 
adapted. The burden of proof should fall on those who 
say that these more natural conditions are not needed 
and that lower intakes are safe. 

He laments that nutritional science has been 
largely ignored by practicing physicians. His perspec-
tive finds support in Dr. Jim Kaput’s more recent paper, 
“Nutritional Genomics: The Next Frontier in the Post 
Genomic Era.”83 

Dr. Heaney used the examples of calcium, vitamin 
D, and folate to illuminate the multi-functional nature 
of nutrients in complex, higher-order functioning in 
biology. Vitamin D has been classically associated with 
the prevention of rickets and osteoporosis. Current rec-
ommended levels for vitamin D intake are bench-
marked to the prevention of rickets, the presumption 
being that if patients do not have rickets or osteomala-
cia, then their vitamin D intake is adequate. Evidence 
indicates otherwise; increasing vitamin D levels in the 
blood to the upper levels of the reference range 
improves calcium absorption efficacy by two-thirds, 

reducing osteoporotic fracture risk by one-third. Addi-
tionally, vitamin D has other roles. It has been shown 
that serum 25(OH) vitamin D concentrations are 
inversely associated with prostate and squamous cell 
cancers. The underlying mechanism for this effect 
appears to be as follows: people with low sun exposure 
or increased skin pigmentation are less able to make cal-
citriol (biologically active 1,25-dihydroxyvitamin D) 
within tissues in an amount adequate to control cell 
proliferation and reduce oncogenesis. Heaney hypo-
thesizes that protective serum levels of 25(OH) vitamin 
D, for prevention of oncogenesis, may be much greater 
than current reference values.

In that same paper, he describes the multiple condi-
tions that may arise from a single nutrient deficiency, 
the multifunctional nature of nutrients, and the need 
for higher intakes for optimal health: “Inadequate intake 
of specific nutrients may produce more than one disease, 
may produce them by more than one mechanism, and may 
require several years for the consequent morbidity and mor-
tality to be sufficiently evident to be clinically recognizable 
as ‘disease.’” He also suggests that the intakes of nutri-
ents required to prevent the non-index diseases are 
often higher than required to prevent the index disease; 
for example, preventing osteoporosis requires four 
times the vitamin D needed to prevent rickets; similarly, 
preventing neural tube defects requires four times the 
intake of folate needed to prevent anemia.

Nutrigenomics: An Organizing Principle 
of the New Paradigm

Imagine a drug that could cure within days or weeks a 
fatal disease using a very small dose, without toxicity, 
and with a 100% success rate. Such a drug does not exist 
and probably will never exist; but this is the power and 
potential of nutrients. They function within the genetic 
and evolutionary necessities of the cell to enhance and 
facilitate optimal biological functioning. They are vital to 
our very survival. Their effectiveness in curing deficiency 
diseases is dramatic, but their role in the prevention and 
management of long-latency chronic diseases is more 
frequently relevant to most daily clinical practice. 

Many patients worry about the dangers of medica-
tions; their compliance with pharmaceuticals is dis-
turbingly low, as 20% of prescriptions go unfilled and 
85% are never refilled.84 The decision to see a doctor 
should not be measured by concern for risk and danger, 
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but by the opportunity and anticipation of enhanced 
health and well-being. Herein lies the potential of 
nutrigenomics and the new medical paradigm that 
allows us to understand the integrative function of 
complex organisms, and the essential and primary role 
of nutrition in maintaining that function. This new 
paradigm shifts us from disease treatment and disease 
prevention to health promotion.85

The study of nutrigenomics86 spearheads a radical 
transformation in medicine akin to the change in phys-
ics that occurred when the deficiencies of Newtonian 
physics were illuminated by discoveries in quantum 
mechanical physics and Albert Einstein’s theory of rela-
tivity. We have entered an era where genetic predisposi-
tion replaces Mendelian genetic determinism, where 
biochemical individuality replaces biochemical homo-
geneity, and where the importance of the biological ter-
rain or internal milieu exceeds that of the external 
invader. However, acceptance of the change, seeing 
what is right in front of us, is difficult. As R.D. Laing 
states in The Voice of Experience,87 “Our way of looking is 
not easily disturbed by what it sees, let alone by what it 
cannot see.”

Kaput summarizes the concepts of nutrigenomics, a 
foundational component of the new functional para-
digm of medicine, in a way that should give us pause 
and cause us to examine our outdated beliefs: 

The interface between the nutritional environment 
and cellular/genetic processes is being referred to as 
“nutrigenomics.” Nutrigenomics seeks to provide a 
molecular genetic understanding for how common 
dietary chemicals (i.e., nutrition) affect health by alter-
ing the expression and/or structure of an individual’s 
genetic makeup. The fundamental concepts of the field 
are that the progression from a healthy phenotype to a 
chronic disease phenotype must occur by changes in 
gene expression or by differences in activities of pro-
teins and enzymes, and that dietary chemicals directly 
or indirectly regulate the expression of genomic infor-
mation. We present a conceptual basis and specific 
examples for this new branch of genomic research that 
focuses on the tenets of nutritional genomics: 1) com-
mon dietary chemicals act on the human genome, 
either directly or indirectly, to alter gene expression or 
structure; 2) under certain circumstances and in some 
individuals, diet can be a serious risk factor for a num-
ber of diseases; 3) some diet-regulated genes (and their 
normal, common variants) are likely to play a role in 
the onset, incidence, progression, and/or severity of 
chronic diseases; 4) the degree to which diet influences 
the balance between healthy and disease states may 
depend on an individual’s genetic makeup; and 5) 

dietary intervention based on knowledge of nutritional 
requirement, nutritional status, and genotype (i.e., 
“individualized nutrition”) can be used to prevent, 
mitigate, or cure chronic disease.88

Nutrigenomics is a fulcrum point for placing a lever 
of change in our current medical paradigm. Kaput 
describes the robustness of this paradigm (“the next 
frontier in the post genomic era”) as having the poten-
tial to radically change our approach to health and dis-
ease. In fact, for the first time in medicine, we have the 
opportunity to not only treat disease but to create a 
context for health. The adoption of new organizing 
principles and concepts that form the basis of the new 
medical paradigm can help us successfully navigate 
health and illness in the 21st century. 

Development of the Knowledge Base in 
Biochemical Individuality
DeAnn Liska, PhD

Introduction

Our ideas of health and disease have changed dra-
matically in the past several decades. Once, we talked of 
illness as something we caught and could control; now, 
we talk about being susceptible to the forces around us 
because of our genes. Once, we understood the role of 
genetics in disease as important only with respect to the 
defined “inherited diseases of metabolism,” in which a 
dysfunctional gene that directly leads to a disease (such 
as maple syrup disease, or phenylalaninemia) is passed 
on from generation to generation. An inherited disease 
of metabolism is discrete: you either have it or you 
don’t. And, if you have it, you can manage it but you 
can’t eradicate it.

As seen in the Cathy cartoon on page 64, our under-
standing of “genetic predisposition” has been influ-
enced by the concept of genetic determinism. We have 
believed that the genes we inherit are static and, like 
flood waters that grab us and pull us downstream 
against our will, we must succumb to a more powerful 
force. However (and fortunately), the emerging data 
from investigations that focus on understanding the 
integration of environmental triggers with genetic con-
stitution indicate that we can manage most of these 
predispositions. Once we know where and how we are 
susceptible, we can improve the match between our
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environmental exposures and our own unique profiles 
to improve health outcome and longevity. This is the 
promise of 21st century medicine. And, since our 
genetic constitution is unique, this is the historical and 
scientific basis for biochemical individuality.

Biochemical Individuality in Functional Medicine

Biochemical individuality is not a new topic in func-
tional medicine; it has been one of the underlying prin-
ciples since the early 1980s. Although the unique 
genetic profile of an individual may be the most obvi-
ous way in which we are all “biochemically individual,” 
in functional medicine this concept has long been 
defined as comprising the interaction of genetics and 
environment. We understand biochemical individuality 
to mean that each individual has a unique physiological 
and biochemical composition, based upon his or her 
individual genetic make-up, that interacts with the 

individual’s specific environment—that continuous 
exposure to “inputs” (experiences, nutrients, activity, 
toxins, medications, etc.) that influences our genes. It is 
this combination of factors that accounts for the end-
less variety of phenotypic responses—those biochemi-
cally unique individuals we see every day in our offices 
and clinics. Biochemical individuality is dependent 
upon the DNA that is present at the moment of concep-
tion in each individual and, therefore, a discussion of 
biochemical individuality includes understanding how 
DNA is expressed and influenced.

A Brief Look at the History of Biochemical 
Individuality

The first work upon which the field of genetics is 
based came from the Augustinian monk, Gregor Men-
del, who found that phenotypic traits in peas could be 
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passed down from generation to generation. His work 
was published in 1866, but remained in obscurity until 
around 1900, when it was rediscovered and promoted 
by several scientists. Although the concept of genes 
and inheritance was taking a forefront at the time, 
Archibald Garrod cautioned in 1902 that the chemical 
behavior (metabolism) of different individuals varied in 
ways that were independent of genetics. Dr. Garrod dis-
covered alkaptonuria, which led to the understanding 
of phenylketonuria and the role of phenylalanine-
restricted diets in its management. Although he studied 
a classic model of inherited disease, he noted that “vari-
ations of chemical behavior …   are probably present 
everywhere in minor degrees” and stated “as no two 
individuals of a species are absolutely identical in bodily 
structure neither are their chemical processes carried 
out on exactly the same lines.”89

The renowned biochemist, Roger Williams, PhD, 
was the first to use the term “biochemical individuality” 
in his classic book of the same name, published in 
1956.90 In this work, he described how the anatomical 
and physiological variations among people are related 
to their varied responses to the environment and to 
their differing nutritional needs. He pointed out that 
even identical twins could differ in their requirements 
for optimal function, based upon the fact that they 
developed in different environments in utero, a concept 
that is beginning to accumulate scientific support (dis-
cussed further below). In addition, he noted that 
although identical twins share the same genes their dif-
fering nutritional and developmental environments 
also can contribute to different expression of these 
genes as they grow older.

Dr. Williams came upon the idea of biochemical 
individuality in his work with nutrition and chronic 
disease. In 1950, he published an article in The Lancet 
titled “The Concept of Genetotrophic Disease,” in 
which he proposed a role for nutrients in the preven-
tion of chronic disease.91 Genetotrophic diseases are 
those for which genetic uniqueness creates a demand 
for specific nutrients beyond the average intake to facil-
itate optimal function and prevent premature disease. 
Dr. Williams theorized that when those specific needs 
are not met in a given individual, disease results. He fur-
ther proposed that the major chronic degenerative dis-
eases of aging are genetotrophic. That is, the unique 
genes of each individual require different levels of nutri-
tion and a specific lifestyle for optimal health. The con-

sequences of not meeting the specific needs of the 
individual are expressed, over several decades, as degen-
erative disease “of unknown origin.” In his model, at 
the genetic level, an individual has a need for a differ-
ent level of nutrients to promote proper phenotypic 
expression. If that need is not met, the resulting “under-
nutrition” will manifest as chronic disease in midlife.

Although medicine did not initially embrace the 
concepts of genetotrophic disease and biochemical 
individuality, they have consistently gained more atten-
tion since the 1980s. It is now fashionable within sci-
ence to talk about “individual responses.” Much of this 
progress has come as a result of the technological 
advances that have allowed us to dissect DNA. Over the 
past two decades, individual genes have been identified 
and many of their functions have been described. The 
dogma of gene expression (Figure 7.1) was defined. The 
understanding of viral integration into the genes in 
specific cells, and the identification of mitochondrial 
DNA as separate but integrated in every cell have also 
enhanced our realization that each and every person is 
unique at the level of DNA.

Figure 7.1 Dogma of gene expression
A schematic from the chromosome to gene in a cell. A gene comprises a 
small section of DNA on a chromosome. Each gene has two alleles (the two 
copies, one from each parent). A person can have two different alleles (poly-
morphisms), which is called a heterozygote. If the two alleles are the same, 
it is called a homozygote.
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The Human Genome Project represented a major 
international commitment among scientists and pro-
vided the human genome sequence for 99% of the gene-
coding DNA in April 2003, which corresponded with the 
50-year celebration of Watson, Crick, and Franklin’s dis-
covery of the structure of DNA. The implications of this 
work, especially as they relate to medicine, are still 
unfolding, but they have already begun to change the 
way we view health and disease. As discussed in a 2003 
review in the Archives of Internal Medicine:92

The individualization of treatments has been one of 
the strongest therapeutic tools, while also one of the 
greatest challenges of the pregenomic era. Individuals 
with apparently identical clinical problems may 
respond very differently to a specific treatment, and 
this has generally been accepted as an insoluble prob-
lem. However, with the availability of comprehensive 
genetic and molecular profiles, it will probably become 
possible to respond to disease with individualized strat-
egies based on genetic profiles.

The promise is to be able to fully use genetic infor-
mation for individualized clinical management plans; 
the challenge remains to understand the multiple con-
nections and patterns that are emerging from these 
data. This field is extremely active, and new findings 
continue to emerge each day. The areas most developed 
to date are briefly reviewed below, but the reader is 
encouraged to stay abreast of the emerging research on 
a regular basis.

The Human Genome and Single Nucleotide 
Polymorphisms

DNA is described by its base pair composition. DNA 
is composed of four molecules called bases: A (adenine), 
G (guanine), T (thymine), and C (cytosine). A strand of 
DNA is composed of these four bases in different orders, 
like beads on a string. Each strand of DNA has a com-
plement strand (its pair), and the bases pair off as A to T, 
and C to G. Therefore, the complement or pair strand of 
DNA is like a mirror copy that is used to provide a copy 
within the cell. The primary strand is the one that pro-
vides the blueprint for mRNA through a process called 
transcription. The mRNA is then transported to the 
cytoplasm, where protein is made in a process called 
protein translation (see Figure 7.2). The process of read-
ing the DNA is called gene expression. Common defini-
tions in the field of genetics and molecular biology are 
provided in Table 7.1.

Figure 7.2 mRNA to protein
A schematic showing the general dogma of gene transcription and transla-
tion. A gene is transcribed into RNA, which is transported to the cytoplasm 
as mRNA. The mRNA carries the information of one gene, and is translated 
to make protein in the cell's cytoplasm.

Today, we know that the human genome is com-
posed of approximately 3,164.7 million base pairs, 
which contrasts to the smallest bacterium genome of 
600,000 DNA base pairs. Human DNA is arranged into 
23 (physically separate) chromosomes, each of which 
contains between 50 million and 250 million base pairs. 
The human genome is estimated to encode 30,000 
genes. An average gene-encoding region on human DNA 
is around 3,000 base pairs, but gene size can vary greatly 
from very small to extremely large (over 2 million base 
pairs). The gene density of DNA is about one gene per 
every 100 kilobases. The functions associated with over 
50% of the discovered genes are unknown. Updates on 
the human genome can be obtained at the Human 
Genome Project Information site on the internet: http://
www.ornl.gov/sci/techresources/Human_Genome/
project/info.shtml.

Much of the DNA within the gene contains infor-
mation that isn’t transcribed, but acts to regulate the 
expression of the gene. This non-coding DNA is partic-
ularly important for signal transduction pathways. The 
amount of DNA in the human genome that directly 
encodes protein is only about 2% and each gene con-
tains several areas of non-coding DNA that are involved 
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Table 7.1 Definitions for Common Terminology in the Study of Genes

Gene The functional and physical unit of heredity passed from parent to offspring. Genes are pieces of DNA 
that contain the information necessary for making a cell, such as the information to make structural pro-
teins and enzymes.

Genome The DNA code that comprises the complete genetic composition of an organism. As an analogy, this 
would be the entire encyclopedia of information, or DNA, to encode one person. Each cell contains a 
genome, but a cell only uses the portions of the genome relevant for its specific functions.

DNA (deoxyribonucleic 
acid)

The chemical substance that forms the genome. DNA is composed of four specific compounds, or 
nucleotides: guanine (G), adenine (A), cytosine (C), and thymine (T).

mRNA (messenger RNA) A fragment of RNA that is read from the genome (or DNA blueprint). An mRNA carries with it only the 
information related to one gene, so it is the molecule within the cell that transfers the information from 
the DNA, which contains the blueprint of all genes, for one specific gene that can then be transported 
to the site where the protein will be made. As an analogy, if DNA is the encyclopedia of a person’s gen-
otype, the mRNA is a photocopy of one page of that encyclopedia.

Gene expression The process of making proteins from DNA, or reading the DNA.

Genotype The internally encoded information of an organism (or genome).

Phenotype The outward, physical manifestation of an organism (the interplay of environment and genotype).

Transcription The process of making an mRNA from DNA that occurs within the nucleus of the cell. For example, dur-
ing transcription, the section of DNA that contains the information for a specific gene is copied into an 
mRNA molecule, which is much smaller and can be transported to the site where proteins are made 
within the cell. 

Translation The process that occurs within the cell in which a protein is generated from mRNA. In this process, the 
mRNA is read by the cell’s protein generation machinery to make a specific protein that can be used 
within the cell or transported to another site, where it will affect function.

Wild-type The most common DNA sequence for a specific gene. This term is mainly used for comparative pur-
poses in scientific literature to identify a standard sequence that can be compared to other sequences 
for identification of DNA mutations.

Mutation A general term to describe a change in an individual’s DNA sequence (genotype) from the defined wild 
type (the most common sequence, considered the standard for that gene). This change may or may 
not lead to a change in phenotype (e.g., point mutations, multiple mutations, deletions, duplications, 
somatic mutations).

Polymorphism A difference in DNA sequence from the most common sequence that occurs at a consistent frequency 
and is maintained in the population. To be considered a polymorphism, a DNA sequence must be 
present in at least 1% of the population. Many polymorphisms result in proteins that are still active, but 
the activity differs (slower or faster) than the most common sequence. 

SNPs (Single Nucleotide 
Polymorphisms)

A change at a single site (single base pair) in a DNA sequence as compared to the most common 
sequence that occurs in at least 1% of the population. SNPs can lead to proteins that are more or less 
active than those from the most common sequence, and are considered to account for much of the 
variability seen among different individuals (i.e., biochemical individuality).
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in gene regulation (see Figure 7.3). The DNA that is not 
contained within the genes is known to function in 
managing structure and conformation of the DNA, 
which also influence whether a gene is recognized and 
transcribed within a cell; however, the specific function 
of much of the DNA in our cells is unknown.

Figure 7.3 Noncoding regions of DNA
A schematic showing the structure of a gene. Each gene in the DNA has 
exons (segments that will be included in the mRNA), and introns (segments 
that will be selectively removed before the RNA leaves the nucleus). The role 
of introns in gene expression is not fully understood, but they are thought 
to play a role in regulation of gene expression. Some polymorphisms that 
affect phenotype have been shown to occur in intron sections of genes, 
thereby altering a protein's activity by influencing how well the gene is 
expressed and ultimately how much protein is actually made.

Defining the structure and sequence of the human 
genome has helped us understand the genetic differ-
ences that occur as mutations. A mutation is any change 
in DNA over the most common sequence, called the 
wild type. A mutation can come in many forms: a whole 
section of DNA may be deleted; a large section may be 
inserted where it doesn’t belong; a small deletion or 
insertion can also occur. Most of these, if they are large 
changes, lead to observed differences in structure or 
function, or even death in utero, and they occur in less 
than 1% of the population. Very small changes that alter 
the function of an enzyme, making it more active or less 
able to function, but not obliterating its function com-
pletely, occur more regularly. These types of changes are 
generally at one base site, and so they are called single 
nucleotide polymorphisms; they occur in at least 1% of 
the population.

Because SNPs are not an embryonic lethal mutation, 
or an inherited single-gene mutation that leads to a 

severe disease or alteration of structure, they are main-
tained in the population and passed from generation to 
generation. It is estimated that around 3 million SNPs 
will eventually be identified; 1.8 million have already 
been found. SNPs can occur anywhere in the DNA, but 
the ones that occur on or around genes hold the most 
interest for researchers. Associating a SNP with a specific 
functional outcome holds promise for helping to person-
alize health care and prevention for individual patients; 
we may be able to intervene before a condition becomes 
established. [Note: Updates on SNPs can be found at the 
International HapMap Project Web site at: http://
snp.cshl.org/.]

How SNPs Alter Function

SNPs can affect the phenotype of an individual in a 
variety of ways. A SNP in the body of a gene may encode 
a protein, such as an enzyme, leading to what seems to 
be a minor change in structure of the protein. In many 
cases, this is only one amino acid change, but the change 
can alter the activity of the protein such that it is more 
active (e.g., binds its substrate more tightly) or less 
active. The protein may have lower stability (so that it is 
present but at an apparently lower concentration), or 
higher stability (so the protein is at an increased concen-
tration because it is broken down less quickly). SNPs can 
also occur in areas of the DNA that are involved in gene 
regulation but may not directly alter the protein, so that 
the gene is transcribed more or less readily. The ultimate 
effect of these SNPs can be seen as “tweaks” in the meta-
bolic pathway functions. Individuals having these SNPs 
may not process and excrete a toxin as quickly as the 
general population, or their need for a nutrient cofactor 
may be higher because of lowered ability to bind a spe-
cific nutrient and maintain activity.

Not all SNPs have medical significance; determin-
ing those that most influence various conditions or 
responses to interventions is a challenge. Moreover, 
most of the SNPs that are relevant will lead to only a 
small change, such as a decrease in an enzyme’s activ-
ity, but not the on-off type of change seen with herita-
ble disorders of metabolism. Taken together with the 
multifactorial nature of metabolic pathways and the 
myriad influences on chronic diseases, the combined 
effects of different SNP patterns are likely to be of 
greatest value in understanding susceptibility to partic-
ular diseases or conditions.
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Analyzing many SNPs at once can be done using 
microarray technology, but understanding the myriad 
patterns that emerge from this analysis will take many 
years of work. Therefore, the integration of these new 
findings is being seen first in cases in which one partic-
ular change (one SNP) is found to influence a response, 
such as in the metabolism of a drug that occurs prima-
rily through one specific pathway. A few areas have led 
the way to integrating individualized genetic informa-
tion in ways that are influencing medicine today, and 
those are reviewed below.

Adverse Drug Reactions and Pharmacogenomics

A widely cited study published in JAMA in 199893 
brought to the fore a key issue in medicine: that phar-
maceutical agents are one of the most commonly identi-
fied causes of adverse events. The pharmaceutical 
companies develop products based on the notion that 
one drug will work for everyone at the same dose, the 
“one-size-fits-all” model. However, the meta-analysis 
presented in the JAMA article indicated that 2.2 million 
patients (6.7%) had adverse drug reactions (ADRs) in 
1994, and 106,000 patients (0.32%) died as a result of 
them. Moreover, the analysis used a conservative 
method to reduce any contribution from errors in 
administration, overdose, drug abuse, therapeutic fail-
ures, and “possible ADRs” and, therefore, the findings 
represent only drug reactions from properly prescribed 
and administered drugs. The conclusion was that 
adverse drug reactions from properly prescribed medica-
tions represent between the fourth and sixth leading 
cause of death in the United States. Although this publi-
cation spurred much comment after it appeared,94 it 
identified a key area of concern that had not yet been 
fully accepted: adverse drug reactions occur in a high 
number of individuals with no direct explanation.

For several years after publication of this study, a 
number of articles on the mechanisms of ADRs were 
published. Researchers began to recognize that a key fac-
tor in ADRs is biochemical individuality—specifically, 
variability in drug metabolism due to polymorphisms in 
genes for drug metabolizing enzymes.95 At a given dose 
of drug, the range in variability of patient responses is 
4-fold to 40-fold (i.e., 400% to 4000%).96 The president 
and CEO of New Jersey-based Orchid BioSciences has 
been quoted as saying that “more money is spent on 
adverse drug response than on drug development.”97

Not only is the issue of adverse events a major con-
cern, but drug efficacy is also influenced by biochemi-
cal individuality and is becoming a focus of discussion 
in medicine. For example, in a 2003 news story, Allen 
Roses, the worldwide vice-president of genetics at 
GlaxoSmithKline, observed: “The vast majority of 
drugs—more than 90%—only work in 30 or 50% of 
the people. I wouldn’t say that most drugs don’t work. 
I would say that most drugs work in 30 to 50% of peo-
ple. Drugs out there on the market work, but they 
don’t work in everybody.”98 For example, it is known 
that codeine is ineffective for pain relief in about 10% 
of the population. In order to be efficacious, codeine 
must first be converted to morphine in the body, a 
reaction that requires the cytochrome P450 enzyme 
CYP2D6, and 10% of the population has a SNP in the 
CYP2D6 gene that results in a less active protein.99

The issue, then, is how to predetermine who will 
respond and who won’t and—even more immediate—
who will respond with an ADR that may be fatal. This 
has led to the definition of the field of pharmacoge-
nomics or pharmacogenetics. Research in pharmacoge-
netics began by identifying allelic variations in genes 
(primarily SNPs) and has expanded to include identify-
ing new drug targets. All definitions for pharmacogenet-
ics revolve around how the body uses and metabolizes 
pharmacologic agents.

A specific example of biochemical individuality 
and drug response can be shown with the thiopurine S-
methyltransferase (TPMT) protein, which is the enzyme 
that breaks down the drug 6-mercaptopurine. This drug 
is a chemotherapeutic agent used for acute lymphoblas-
tic leukemia, a deadly form of cancer that afflicts 
approximately 2,400 children in the United States every 
year. Between 10 and 15% of people metabolize this 
drug either too quickly (resulting in lowered efficacy of 
a standard dose of the drug) or too slowly (resulting in 
accumulation of lethal levels), based upon the presence 
of a mutation in the TPMT gene. A genetic test now 
exists to determine whether this mutation is present 
before the drug is given to a patient.

Warfarin is a narrow-spectrum anticoagulant drug 
with a wide interindividual variation in dosage. The 
risk of serious hemorrhage during warfarin therapy 
ranges from 1.3 to 4.2 per 100 patient years of expo-
sure. Therefore, it is important to find ways to quickly 
and effectively determine the best dosage for a patient. 
Warfarin is composed of two enantiomers—R-warfarin 
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and S-warfarin—which are metabolized differently. The 
S-warfarin is metabolized by the 2C9 cytochrome P450 
(CYP2C9), whereas the R-form is metabolized by the 
CYP1A2 and CYP3A4 enzymes. The CYP2C9 gene is 
known to have two relatively common SNPs, one 
resulting in an enzyme that is only 5% as active as the 
wild type, and another that leads to an enzyme that is 
12% as active as the wild type.

To understand the role of these polymorphisms in 
warfarin therapy, Aithal et al.100 compared the SNP pat-
tern in low-dose patients (1.5 mg per day or less) with 
control patients and found patients in the low-dose 
group were six times more likely to have a low-activity 
SNP than the control patients. Moreover, further studies 
have demonstrated that using the common 5 mg per 
day dose initially in patients with the SNP that leads to 
the most compromised 2C9 activity causes an increase 
in the international normalized ratio and a significant 
risk of bleeding.101 Patients with SNPs in 2C9 have been 
shown to be at greater risk for major bleeding complica-
tions in some studies, but not in all.102,103,104 It is becom-
ing prudent practice to genotype for CYP2C9 before 
beginning warfarin therapy to reduce the risk of ADRs 
and to decrease medical expenditures.105,106

These examples illustrate how findings in pharma-
cogenomics support the concept of biochemical indi-
viduality. The benefit to patients today is great; the 
potential benefit, as the knowledge base grows, is huge. 
In a systematic review of ADRs, Phillips et al.107 pub-
lished a list of the most common pharmaceuticals that 
are involved in ADRs (see Table 7.2). In this growing 
field, many more examples become available every year. 
The best resources for up-to-date information are the 
internet, product manufacturers, and specific laborato-
ries that test for SNPs.

Role of Environment in Shaping Biochemical 
Individuality

Detoxification and Biochemical Individuality

A 2001 report suggested that between $568 billion 
and $793 billion is spent per year in Canada and the 
United States on environmentally caused disease.108 
We are exposed to a great number of environmental 
compounds during the course of our lifetime (see 
Chapter 13 for a discussion of xenobiotics), and many 
of these compounds show little relationship to previ-

ously encountered compounds or metabolites. Our 
bodies have an extensive network of responses to man-
age these new and unknown substances and, because 
the environment is unique to each individual, these 
responses are at the core of what we mean by “bio-
chemical individuality.”

The pathways that have received the most attention 
to date are the phase I and phase II detoxification 

Table 7.2 Commonly Identified Drugs in Adverse 
Drug Reactions

Category Name(s) of Drug

Beta-blockers Atenolol, metoprolol 

Angiotensin-converting 
enzyme inhibitor

Lisinopril

Diuretic Furosemide, 
hydrochlorothiazide

Calcium channel blocker Diltiazem, verapamil

Inotropic agent/pressor Digoxin

NSAID Aspirin, ibuprofen, 
naproxen, piroxicam

Tricyclic antidepressants Imipramine HCl, 
nortriptyline HCl

Selective serotonin reuptake 
inhibitor

Fluoxetine

Antibiotics, antitubercular 
agents

Amoxicillin, erythromycin, 
isoniazid, rifampin

Anticoagulant Warfarin sodium

Corticosteroid Prednisone

Anticonvulsants Carbamazepine, phenytoin

Antidiabetic agent Insulin

Bronchodilators Theophylline

Electrolytes Potassium

Antiemetic or antihistamine Meclizine HCl

Table was compiled from Phillips et al., JAMA. 2001;286(18):2273.
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enzyme systems, in part because they are involved in 
drug metabolism and are, therefore, the focus of phar-
macogenomics, but also because they are the first-line 
enzyme defense systems for our interaction with the 
environment.109,110 Since these systems are designed to 
manage environmental exposure, they are also regu-
lated by the environment. Specific detoxification path-
ways may be induced or inhibited depending on the 
presence of various dietary or exogenous compounds.111 
Gender, lifestyle habits, nutriture, and health status also 
influence the relative activities of various detoxification 
enzymes. Moreover, the detoxification enzymes show a 
wide variety of polymorphisms. A number of other 
genes are also involved with management of environ-
mental compounds as well. (Please see Chapters 22 and 
31 for more detailed discussions of the mechanisms and 
clinical implications of detoxification.)

Polymorphisms in phase I or phase II enzymes have 
been associated with increased prevalence and/or risk of 
many conditions including asthma; cancers of the 
breast, prostate, lungs, esophagus, stomach, and pan-
creas; multiple chemical sensitivity; and cardiovascular 
disease.112,113,114,115,116,117,118 Other enzymes also play 
important roles in our environmental exposure risks. 
For example, a polymorphism in the human paraoxo-
nase (PON1) gene—which encodes a high-density lipo-
protein-associated enzyme that exerts an antiathero-
genic effect by protecting low-density lipoproteins 
(LDL) against oxidation—has been found to influence 
both sensitivity to specific insecticides or nerve agents, 
and the risk of cardiovascular disease.119 The PON1 
polymorphism has also been associated with neurologi-
cal symptoms in Gulf War syndrome.120

Lung cancer mortality is related to smoking; however, 
only about 15% of the individuals who smoke will be 
afflicted with this cancer.121 Tobacco smoke contains a 
multitude of carcinogens, but many of these carcinogens 
must be metabolized before they are damaging to the 
body. It is apparent that much variability exists in these 
processes.122 For example, polymorphisms in the glu-
tathione S-transferase (GST) gene have received much 
attention with respect to health risks from smoking. This 
enzyme is involved in detoxification of tobacco carcino-
gens, and studies have found that specific polymor-
phisms in the GST gene are related to the risk of 
developing coronary heart disease for smokers.123

Although we can cite many examples showing how 
the environment and specific genetic composition inter-

act, variation in sulfur-dependent pathways is a particu-
larly intriguing area of study. A significant number of 
individuals who display sensitivity to environmental 
compounds have impaired sulfation of endogenous 
compounds, particularly phenolic compounds. In addi-
tion, impairment in the sulfation detoxification path-
way is associated with such conditions as Alzheimer’s 
disease, Parkinson’s disease, motor neuron disease, rheu-
matoid arthritis, and delayed food sensitivity.124 Because 
the sulfur-dependent detoxification pathway depends 
upon the availability of the sulfur cofactor, and this 
cofactor is obtained from precursors in the diet, such as 
methionine, cysteine, and inorganic sulfur, this is an 
example of a critical interaction involving the environ-
ment, nutrition, and genetics.

Biochemical Individuality and Nutrition

Diet is known to have a major impact on chronic 
disease prevention and management, so it may be no 
surprise that the diet-gene interaction is the object of 
much interest from the research community. A new 
field of study—nutritional genomics (or nutrigenom-
ics)—has been identified to help us understand the 
effect of nutrients on DNA:

The link between diet and health is well established, 
but renewed interest in which dietary components are 
biologically active and how they exert their effects is 
being fuelled by the development of nutritional 
genomics …   .  Such techniques can facilitate the defini-
tion of optimal nutrition at the level of populations, 
particular groups, and individuals. This in turn should 
promote the development of food derived treatments 
and functionally enhanced foods to improve health.125

So prevalent is this understanding that it has even 
found its way onto the front page of consumer maga-
zines such as Newsweek, which had a cover story on 
“Diet and Genes” in January 2005 that included discus-
sions of the role of ingredients in broccoli (e.g., indole-
3-carbinol), green tea catechins, and components of soy 
on gene expression.126 Unfortunately, many of these dis-
cussions still focus on a one-size-fits-all model for nutri-
tion. However, the impact that the human genome 
project has had on the scientific knowledge underlying 
individualization of pharmaceutical interventions is 
also encompassing nutrition. Emerging data indicate we 
will soon be able to individualize nutrient interven-
tions, as well as gain a much better understanding of 
the implications of biochemical individuality for nutri-
tion-oriented public policy.127,128
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Known genetic polymorphisms that affect nutrition 
include the hereditary hemochromatosis-linked gene 
(HFE), which is associated with iron overload; transferrin 
receptor polymorphisms that influence iron require-
ments; SNPs in the vitamin D receptor that are associated 
with bone integrity; SNPs that influence lipid metabo-
lism and cardiovascular health, such as the apolipopro-
teins and LDL-receptor lipoprotein lipase; and the 
relationship among PPAR polymorphisms, saturated fat 
intake, and insulin.129,130 Presence of specific SNPs can 
alter the body’s metabolism in ways that can be directly 
observed (as with a disease like hemochromatosis or ele-
vated lipids), or the effects can be more subtle. For exam-
ple, the ability to observe what is happening at the DNA 
level has provided evidence that subclinical deficiencies 
are involved in genome instability, leading to increased 
DNA damage.131 The carotenoids, vitamins C, E, and B12, 
folate, niacin, and zinc appear to be particularly impor-
tant for genome stability.132

Bruce Ames, who has studied the effect of nutrients 
on oxidative stress and DNA integrity, has noted that as 
many as one-third of all mutations in a gene result in 
the corresponding enzyme having an increased Michae-
lis constant (Km) for a coenzyme, which means the 
enzyme has a decreased affinity for its vitamin cofac-
tor.133 A decreased binding affinity results in a lower rate 
of reaction and, as noted by Ames, many of these effects 
can be ameliorated by administration of high doses of 
the cofactor. (Chapter 26 contains a discussion by Ames 
on micronutrient insufficiency.)

Perhaps the best understood example integrating 
findings in nutrition, genetics, and metabolism is that 
of folate and methylation. Folate is involved in genera-
tion of the methylation cofactor S-adenosylmethionine 
(SAM). A deficiency in SAM is associated with congeni-
tal abnormalities, certain cancers, cardiovascular dis-
ease, neural tube defects, and peripheral neuropathies. 
A deficiency in SAM results from disruption in folate 
metabolism. Cells are highly susceptible to folate defi-
ciency during states of increased folate turnover since 
they do not accumulate excess folate. Impaired folate 
metabolism results from insufficient folate intake; gas-
trointestinal disorders that result in malabsorption; 
SNPs in genes encoding key pathway enzymes, espe-
cially methylenetetrahydrofolate reductase (MTHFR); 
increased folate catabolism; and deficiencies in vita-
mins B6, B12, or iron, which are also necessary in the 
folate-methylation pathway.134 Of these, a SNP in the  

MTHFR gene has received much research attention (see 
Figure 7.4).

Figure 7.4 MTHFR SNP
Function of methylenetetrahydrofolate reductase (MTHFR). MTHFR is 
required for reduction of 5,10-methylenetetrahydrofolate (5,10-CH2-THF) 
to 5-methyltetrahydrofolate (5-CH3-THF) which serves as a methyl donor for 
the remethylation of homocysteine to methionine through methylation of 
cobalamin (vitamin B12) to methylcobalamin (CH3-B12). The most com-
mon SNP in this pathway is in the MTHFR, which results in a decreased 
activity of the MTHFR enzyme, thus influencing the balance of the 
homocysteine cycle.

The MTHFR polymorphism results in a thermolabile 
enzyme that is about 50% less active than the wild-type 
enzyme. Epidemiological studies have shown that this 
polymorphism, in the presence of low folate intake, 
results in elevated blood homocysteine levels and is 
associated with a higher risk of cardiovascular disease.135 
Silaste et al.136 investigated the plasma homocysteine 
effects of a low-folate versus a high-folate diet on individ-
uals with SNPs related to metabolism of homocysteine, 
including the MTHFR gene and the methionine synthase 
gene. The groups did not initially vary in baseline 
homocysteine levels. However, after the high-folate diet, 
although the individuals with the SNP in the MTHFR 
gene had a smaller increase in serum folate than those 
with the wild-type gene (55% compared to 85%, respec-
tively), their blood homocysteine levels decreased more 
(18%) than those without the SNP (11%). A similar effect 
was also noted with the methionine synthase gene.

A study on the effect of diet on MTHFR polymor-
phisms, in which 322 men and 252 women participated, 
noted that about 41% of the individuals had wild-type 
genes at both alleles (the same gene site on each of the 
two chromosomes), whereas 48% had one wild-type 
gene and one with the SNP (heterozygotes), and 11% 
had SNPs on both alleles (homozygote polymorphism). 
The group that was homozygous for the polymorphism 
had higher homocysteine concentrations initially (15.8 
± 9 mol/L) than either of the other two groups (11.3 ± 8 
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and 10.8 ± 9 mol/L).137 The study found that adherence 
to a Mediterranean diet was associated with reduced 
homocysteine in individuals with either of the alleles 
containing the SNP for the MTHFR, but not in those 
individuals who had only the wild-type genes. This 
study suggests that some individuals may be more 
responsive to specific dietary interventions than others, 
based upon the presence of specific DNA sequences.

Effects of Early Life on Biochemical Individuality

An intriguing area of research is the effect of early 
life on gene expression patterns. In a research review 
published in the journal Science in September 2004,138 
Gluckman and Hanson discuss the hypothesis that 
some chronic diseases in adulthood are influenced by 
environmental factors in the periconceptual, fetal, and 
infant phases of early life, a model called the “develop-
ment origins of health and disease.” We often think 
that chronic degenerative disease appears in mid-life as 
a consequence of something we did in mid-life, but this 
model suggests that very early life can influence pat-
terns of gene expression and the risk of developing 
certain diseases.139 In particular, studies in several mam-
malian species demonstrate that manipulation of the 
periconceptual, embryonic, fetal, or neonatal environ-
ment can lead to altered postnatal cardiovascular and/
or metabolic function.140,141,142 Most of these influences 
appear to be related to diet and include maternal under-
nutrition, low-protein diet, or high-fat diet. Factors 
such as nutrition, stress, and environmental toxins in 
early phases of life may combine to set in motion a tra-
jectory leading toward dysfunction in middle age. This 
presents an entirely different responsibility for the 
healthcare system (and for all of us, as future patients); 
rather than just waiting until disease develops, a 
patient’s health plan needs to begin at the time of 
(or even before) conception.

Epigenetic Effects

We now know that biochemical individuality is 
more than just a difference in gene sequence. One can 
easily postulate today that two fertilized eggs placed in 
different in utero environments will develop into indi-
viduals with different physiology. In a fascinating twist, 
studies with identical twins have also shown us that 
biochemical individuality can occur even when the 
genetics are the same and the environment is presum-

ably the same for both individuals. This introduces the 
concept of epigenetic effects.

Epigenetics is the study of heritable changes in DNA 
function without a change in DNA sequence. Epigenet-
ics includes mechanisms that alter activation and 
expression of genes, such as methylation at specific sites 
on DNA, histone acetylation, and modification of DNA 
function by RNA. Therefore, although a major focus of 
today’s research is on identifying gene sequences and 
polymorphisms, it is important to heed the following 
caution expressed eloquently by Walter Willett,143 from 
the Harvard School of Public Health:

Genetic and environmental factors, including diet 
and life-style, both contribute to cardiovascular dis-
ease, cancers, and other major causes of mortality, but 
various lines of evidence indicate that environmental 
factors are most important. Overly enthusiastic expec-
tations regarding the benefits of genetic research for 
disease prevention have the potential to distort 
research priorities and spending for health. However, 
integration of new genetic information into epidemio-
logic studies can help clarify causal relations between 
both life-style and genetic factors and risks of disease. 
Thus, a balanced approach should provide the best 
data to make informed choices about the most effec-
tive means to prevent disease.

Proteomics and Metabolomics

In a concept paper in the journal Nature, Paul 
Nurse,144 from the Cell Cycle Laboratory at Lincoln’s 
Inn Fields Laboratories, London, wrote:

Many of the properties that characterize living organ-
isms are also exhibited by individual cells. These 
include communication, homeostasis, spatial and tem-
poral organization, reproduction, and adaptation to 
external stimuli. Biological explanations of these com-
plex phenomena are often based on the logical and 
informational processes that underpin the mechanisms 
involved …   . Most experimental investigations of cells, 
however, do not readily yield such explanations, 
because they usually put greater emphasis on molecu-
lar and biochemical descriptions of phenomena. To 
explain logical and informational processes on a cellu-
lar level, therefore, we need to devise new ways to 
obtain and analyze data, particularly those generated 
by genomic and post-genomic studies.

Clearly, today’s understanding of genomics repre-
sents just the tip of the proverbial iceberg with respect 
to a full understanding of how the body functions and, 
from that, the differences among us. The genome may 
be the blueprint for the proteins and structures in our 
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body, but it is the proteins that carry out functions, and 
the small molecules that result from protein activities 
that are the pillars of the signaling and communication 
activities throughout our bodies. Since many changes 
occur at once, and specific interactions or patterns can 
result in different outcomes, new technologies have 
been developed to look at multiple genes at one time. 
These are collectively called “microarray analysis tech-
nology” or the “gene array.” These different gene 
expression patterns can result in a variety of different 
protein activity patterns. “Proteomics” is the term that 
has been coined to describe the study of multiple pro-
teins at once, or protein expression/activity patterns. 
Proteomics is more difficult to perform from a techno-
logical standpoint, since each protein is chemically dif-
ferent. DNA is chemically the same; it’s the pattern of 
bases in the DNA that changes. Gene array technology 
and large-scale genotyping are increasing our knowl-
edge base every day.145 Likewise, although proteomics is 
still in its infancy, technologies are also changing how 
medical research is being conducted.146,147

The greatest promise for understanding biochemical 
uniqueness is likely to manifest through a deeper 
understanding at the level of the metabolome. The sci-
entific community is in the process of developing the 
technologies to quantify entire classes of metabolites; 
understanding the pattern of these metabolites is called 
“metabolomics.”148 The metabolome looks at entire bio-
chemical pathways to understand the integrated effects 
of environment, toxins, nutrients, and genetics on 
complex metabolic regulation and tissue composition. 
Through the use of genomics, proteomics, and metabo-
lomics, we can better understand, for example, the 50% 
concordance rate in identical twins for developing dis-
eases such as type 1 diabetes, or the complexity of estab-
lishing breast cancer risk.149 These technologies may 
even change how we look at disease. As stated by Ger-
ling et al. in the January 2003 issue of Archives of Inter-
nal Medicine:150

Since many different genetic defects and molecular 
pathways may produce clinically indistinguishable dis-
ease presentations, many disorders currently viewed as 
single entities may become divided into large numbers 
of distinct molecular diseases, with treatment increas-
ingly targeted at the unique primary molecular defect. 
This will challenge currently accepted definitions of 
terms such as disease, disorder, and syndrome, as each 
may come to denote particular genetic components or 
signature molecular abnormalities, or imply an opti-
mal mode of genetically based and/or conventional 

treatment. Indeed, our present difficulties in defining 
the gene(s) involved in many of the major diseases 
may be because we are studying large pools of very 
divergent molecular “syndromes” with the same clini-
cal presentation. This may also explain why many 
treatments are only effective in certain patients.

Biochemical Individuality and the Future

Biochemical individuality is not such a new con-
cept; it’s our understanding of what it really means that 
is continuing to evolve. The concept of genetic predis-
position is a way of indicating that we are all different, 
that we may have a gene that “predisposes” us to some 
particular condition, but the condition may not be real-
ized unless certain other factors are also present. We are 
already seeing that the success of the Human Genome 
Project is creating a better understanding of biochemi-
cal individuality and how it can be used to improve dis-
ease prevention and management. However, fully 
implementing this knowledge to improve health out-
comes depends on several further developments in 
research technology. In particular, we must develop the 
following technical capacities:

1. the ability to detect genetic variation that is silent 
or undetectable at the level of the phenotype;

2. the ability to analyze the role of epigenetics in 
genetic variation;

3. the ability to quantify the impact of environment 
on specific genetic variation patterns;

4. the ability to identify patterns of protein activities 
through proteomics; and

5. the ability to fully integrate changes in metabolism 
and entire metabolic pathways by pattern analysis.

As stated eloquently by Robert Eckhardt151 in a 
review on genetics and nutritional individuality:

The latest nutritional guidelines (Murphy 2001)ii 
incorporate recommended daily allowance for some 30 
nutrients. If the metabolic pathway influencing nutri-
tional requirements for each of these nutrients was 
affected independently by only two alternative alleles 
at a single genetic locus (almost certainly a substantial 
underestimate of systemic complexity), then we should 
expect that the number of alternative genotypes would 
be 330 or in excess of 200 trillion; three alternative alle-
les would raise the level of potential diversity to 630, 
i.e., over a billion times higher. The advancing wave of 

ii Murphy SP. How consideration of population variance and individual-
ity affects our understanding of nutritional requirements in human 
health and disease. J Nutr. 2001;131:361S-65S.
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knowledge about the human genome has confirmed 
the idea that each of us must be genetically unique in 
our nutritional needs.

Furthermore, although much of the initial focus of 
genomics, proteomics, and metabolomics has been on 
ADRs, drug metabolism, environmental interactions, 
and nutrient needs, research in inflammation and 
immune system function is also finding distinct, impor-
tant differences that affect health.152,153,154,155 Taken 
together, the differential effects of the genomics, envi-
ronment, nutrition, and epigenetic influences indicates 
that we are all, clearly, biochemically individual.
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Chapter 8
Patient-centered Care: 
Antecedents, Triggers, and Mediators
Leo Galland, MD

It is more important to know what person has
the disease than which disease the person has.

—William Osler

The purpose of this chapter is to present an organi-
zational structure for assessment of patients as unique 
individuals, an approach I have called person-centered 
diagnosis.1 The goal of person-centered diagnosis is to 
enable healers to develop individualized treatment plans 
that are based upon an understanding of the physiologi-
cal, environmental, and psychosocial contexts within 
which each person’s illnesses or dysfunctions occur. The 
information you need to effectively apply this organiza-
tional structure fills the remainder of this textbook. My 
goal here is to describe and illustrate the structure. To 
create it, you must start by eliciting all of the patient’s 
concerns. In actively listening to the patient’s story, you 
attempt to discover the antecedents, triggers and 
mediators that underlie symptoms, signs, illness behav-
iors, and demonstrable pathology. Functional medicine 
is based upon treatment that is collaborative, flexible, 
and focused on the control or reversal of each person’s 
individual antecedents, triggers and mediators, rather 
than the treatment of disease entities.

Eliciting the Patient’s Story

The first step in patient-centered care is eliciting the 
patient’s story in a comprehensive manner. It is the 
functional medicine practitioner’s job to know not just 
the ailments or their diagnoses, but the physical and 
social environment in which sickness occurs, the 
dietary habits of the person who is sick (present diet 
and pre-illness diet), his beliefs about the illness, the 

impact of illness on social and psychological function, 
factors that aggravate or ameliorate symptoms, and fac-
tors that predispose to illness or facilitate recovery. This 
information is necessary for establishing a functional 
treatment plan.

The importance of understanding the patient’s 
experience of his/her illness cannot be overempha-
sized. Extensive research on doctor-patient interactions 
indicates that doctors who fail to pay attention to the 
patient’s concerns miss important clinical information. 
The conventional diagnostic paradigm, differential 
diagnosis, leads doctors to ignore or denigrate informa-
tion that patients consider important, or that influ-
ences individual prognosis.2,3,4 Not only does this 
ignorance impair the effectiveness of treatment,5 it gen-
erates considerable dissatisfaction among patients.6,7,8

Extensive research done within the context of con-
ventional medical care reveals what most patients 
know: doctors do not pay enough attention to what 
their patients have to say. A study done at the Univer-
sity of Rochester found that most patients have three 
reasons for visiting a physician, are interrupted within 
18 seconds of starting to tell their stories, and never get 
the chance to finish.9 Although doctors excuse this 
behavior by citing lack of time, it would have taken an 
average of one minute and rarely more than three min-
utes for a complete list of problems to be elicited.

Even when doctors know what their patients’ con-
cerns are, they typically ignore them.10 Most patients 
have different ideas about their illnesses than their doc-
tors and some form of clarification or negotiation is 
needed for an effective therapeutic alliance to be estab-
lished.11 A study that carefully analyzed taped transcripts 
of visits to a medical clinic found that patients attempted 
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to clarify or challenge what their doctor had said in 85% 
of the visits. Their requests were usually ignored or inter-
rupted.12 Understanding the patient’s perspective allows 
the doctor to work in a collaborative way with patients, 
giving information that helps the patient make healthful 
choices.13 The more information the patient receives 
from the doctor and the more actively the patient is 
involved in making decisions about treatment, the 
higher the level of mutual satisfaction, and the better 
the clinical outcome.14,15,16,17,18 A systematic review of 
randomized clinical trials and analytic studies of physi-
cian-patient communication confirmed a positive influ-
ence of quality communication on health outcomes.19 
Such a collaborative relationship depends upon the prac-
titioner recognizing and acknowledging the patient’s 
experience of the illness. Useful questions to ask include:

• How are you hoping that I can help you today?
• What do you believe is the source of your problems?
• What kind of treatment are you looking for?
• What do you most fear about your illness?
• What impact have your symptoms had on your life?

Organizing and Analyzing the Patient’s Story

What modern science has taught us about the gene-
sis of disease can be represented by three words: trig-
gers, mediators, and antecedents. Triggers are discrete 
entities or events that provoke disease or its symptoms. 
Microbes are an example. The greatest scientific discov-
ery of the 19th century was the microbial etiology of the 
major epidemic diseases. Triggers are usually insuffi-
cient in and of themselves for disease formation, 
however. Host response is an essential component. 
Identifying the biochemical mediators that underlie 
host responses was the most productive field of bio-
medical research during the second half of the 20th 
century. Mediators, as the word implies, do not “cause” 
disease. They are intermediaries that contribute to the 
manifestations of disease. Antecedents are factors that 
predispose to acute or chronic illness. For a person who 
is ill, they form the illness diathesis. From the perspec-
tive of prevention, they are risk factors. Knowledge of 
antecedents has provided a rational structure for the 
organization of preventive medicine and public health. 
Medical genomics seeks to better understand disease 
by identifying the phenotypic expression of disease-
related genes and their products. The application of 
genomic science to clinical medicine requires the inte-

gration of antecedents (genes and the factors control-
ling their expression) with mediators (the downstream 
products of gene activation). Mediators, triggers, and 
antecedents are not only key biomedical concepts, they 
are also important psychosocial concepts. In person-
centered diagnosis, the mediators, triggers, and ante-
cedents for each person’s illness form the focus of clini-
cal investigation.

Antecedents and the Origins of Illness

Understanding the antecedents of illness helps the 
physician understand the unique characteristics of 
each patient as they relate to his or her current health 
status. Antecedents may be thought of as congenital or 
developmental. The most important congenital factor 
is gender: women and men differ markedly in suscepti-
bility to many disorders. The most important develop-
mental factor is age; what ails children is rarely the 
same as what ails the elderly. Beyond these obvious 
factors lies a diversity as complex as the genetic differ-
ences and separate life experiences that distinguish 
one person from another.

Congenital factors may be inherited or acquired in 
utero. They can most readily be evaluated from a com-
prehensive family history, including mother’s health 
before and during pregnancy. Genomic analysis, which 
is now commercially available, can supplement the 
family health history as a tool for investigating unique 
nutritional needs or individual variability in sensitivity 
to environmental toxins.20,21 The most common single 
gene disorders in North America, celiac disease and 
hemochromatosis, may be confirmed by the presence of 
genetic markers, but should first be suspected from 
abnormalities in routine lab tests. Elevated serum fer-
ritin concentration or transferrin saturation should 
prompt genetic testing for the alleles associated with 
hereditary hemochromatosis.22 Increased small intesti-
nal permeability, as measured by the inexpensive, non-
invasive and under-utilized lactulose/mannitol chal-
lenge test, has a sensitivity approaching 100% for 
untreated celiac disease.23 Abnormal intestinal perme-
ability should prompt the measurement of celiac-
specific immune markers in patients with chronic 
fatigue, autoimmune disorders, or chronic gastro-
intestinal complaints of any type.

Normal intestinal permeability in patients consum-
ing gluten almost always excludes celiac disease as a 
consideration; however, this may not necessarily be the 
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case for other gluten-sensitive disorders. Because celiac 
disease and gluten-sensitive disorders are common, 
have protean manifestations, and can be well controlled 
by nutritional interventions, intestinal permeability 
should be a routine component of the laboratory test-
ing for antecedents of illness. The treatment of choice 
for frank hemochromatosis is phlebotomy, but mild 
iron overload without frank hemochromatosis is more 
common than the full-blown disease. These patients 
generally have only one of the alleles associated with 
the disease, but have elevated transferrin saturation 
and/or ferritin. They are not treated with phlebotomy, 
and should be treated with dietary interventions. They 
should not take iron or vitamin C supplements, because 
vitamin C reduces iron to its more toxic form.

Some familial disorders may reflect intra-uterine 
rather than genetic influences. Twin studies of hyper-
tension, for example, indicate a higher concordance for 
blood pressure between identical twins with a common 
placenta than identical twins with separate placentas.24 
Presumably, the shared placenta mediates subtle nutri-
tional influences that affect a tendency toward chronic 
illness in adulthood.

Post-natal developmental factors that govern the 
predisposition to illness include nutrition, exposure to 
toxins, trauma, learned patterns of behavior, and the 
microbial ecology of the body. Sexual abuse in child-
hood, for example, is associated with an increased 
risk of abdominal and pelvic pain syndromes among 
women.25,26 Recurrent otitis media increases the risk of a 
child developing attention deficit disorder,27,28 an effect 
that is not associated with hearing loss but may result 
from the effects of antibiotics on the microbial ecology 
of the gut.

Precipitating events are critical antecedents that 
closely precede the development of chronic illness. 
They represent a boundary in time: before this event, 
the person was considered healthy; since the event, the 
person has become a patient. Understanding the nature 
of the precipitating event may aid in unraveling the 
triggers and mediators that maintain the state of illness. 
The most common precipitating events among my 
patients are a period of severe psychosocial distress, an 
acute infection (sometimes treated with antibiotics), 
exposure to environmental toxins at work or home, or 
severe nutrient depletion related to illness or crash diet-
ing. Useful questions for uncovering precipitating 
events include:

• When is the last time you felt really well for more 
than a few days at a time?

• During the six months preceding that date, did you 
experience any illness or major stress, change your 
use of medication or dietary supplements, or make 
any significant life changes?

Other publications of this author present cases in 
which cryptogenic illness was found to be precipitated 
by foreign travel, antibiotic use, dietary changes,29 
smoldering infection, or the illness of a spouse.30

Triggers and the Provocation of Illness

A trigger is anything that initiates an acute illness or 
the emergence of symptoms. The distinction between a 
trigger and a precipitating event is relative, not absolute; 
the distinction helps organize the patient’s story. As a 
general rule, triggers only provoke illness as long as the 
person is exposed to them (or for a short while after-
ward), whereas a precipitating event initiates a change in 
health status that persists long after the exposure ends. 
Common triggers include physical or psychic trauma, 
microbes, drugs, allergens, foods (or even the act of eat-
ing or drinking), environmental toxins, temperature 
change, stressful life events, adverse social interactions, 
and powerful memories. For some conditions, the trigger 
is such an essential part of our concept of the disease that 
the two cannot be separated; the disease is either named 
after the trigger (e.g., “strep throat”) or the absence of the 
trigger negates the diagnosis (e.g., concussion cannot 
occur without head trauma). For chronic ailments like 
asthma, arthritis, or migraine headaches, multiple inter-
acting triggers may be present. All triggers, however, 
exert their effects through the activation of host-derived 
mediators. In closed-head trauma, for example, activa-
tion of NMDA receptors, induction of nitric oxide syn-
thase (iNOS), and liberation of free intra-neuronal 
calcium determine the late effects. Intravenous magne-
sium at the time of trauma attenuates severity by altering 
the mediator response.31,32 Sensitivity to different triggers 
often varies among persons with similar ailments. A 
prime task of the functional practitioner is to help 
patients identify important triggers for their ailments 
and develop strategies for eliminating them or diminish-
ing their virulence.

Although the identification and elimination of 
triggers is not a foreign concept in conventional medi-
cine, many physicians neglect the search. A study was 
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conducted by telephone in which practicing physi-
cians were asked how they would treat a new patient 
with abdominal pain, who had a recent diagnosis of 
gastritis made by a specialist in another town. Almost 
half were ready to put the patient on acid-lowering 
therapy without asking about the patient’s use of aspi-
rin, alcohol or tobacco, all of which are potential trig-
gers for gastritis. The authors of the study concluded, 
“In actual practice, ignoring these aspects of the 
patient may well have reduced or even negated the 
efficacy of other therapeutic plans implemented.”33

Mediators and the Formation of Illness

A mediator is anything that produces symptoms, 
damage to tissues of the body, or the types of behaviors 
associated with being sick. Mediators vary in form and 
substance. They may be biochemical (like prostanoids 
and cytokines), ionic (like hydrogen ions), social (like 
reinforcement for staying ill), psychological (like fear), or 
cultural (like beliefs about the nature of illness). A list of 
common mediators is presented in Table 8.1. Illness in 
any single person usually involves multiple interacting 
mediators. Biochemical, psychosocial, and cultural medi-
ators interact continuously in the formation of illness.

Cognitive/emotional mediators determine how 
patients appraise symptoms and what actions they take 
in response to that appraisal.34 They may even modulate 
the symptoms themselves. People in pain, for example, 
experience more pain when they fear that pain control 
will be inadequate than when they believe that ample 
pain management is available.35

Perceived self-efficacy (the belief in one’s ability to 
cope successfully with specific problems) is a cognitive 
mediator that determines coping with illness. People 
with a high degree of health self-efficacy usually adapt 
better to chronic disease, maintaining higher levels of 
activity, requiring lower doses of pain medication, adopt-
ing healthier lifestyles, and cooperating with prescribed 
therapies, compared to people with low self-efficacy.36 
Self-management education is designed to enhance self-
efficacy,37 and has been shown to improve the clinical 
outcome for patients with several types of chronic dis-
ease, including asthma,38 arthritis,39,40,41 and diabetes.42

The biochemical mediators of disease listed in Table 
8.1 are best known for their ability to promote cellular 
damage. Most are organized into circuits and cascades 
that sub-serve homeostasis and allostasis. In these net-
works, each mediator is multi-functional and most 

functions involve multiple mediators, so that redun-
dancy is the rule, not the exception. The most striking 
characteristic of biochemical mediators is their lack of 
disease specificity. Each mediator can be implicated in 
many different, apparently unrelated diseases, and 
every disease involves multiple chemical mediators in 
its formation.

Mediator networks that regulate inflammatory and 
neuroendocrine stress responses have been the subject of 
intensive research with important clinical implications. 
A detailed discussion of these networks is outside the 
scope of this chapter, but they are addressed in Chapters 
19, 23, 27, and 32; see the index for further cross-
referencing. Comprehensive reviews have appeared else-
where.43,44,45,46 Within the framework of functional medi-
cine, a key feature of biochemical mediators is the 
natural rhythm of mediator activity, which is strongly 
influenced by the common components of life: diet, 
sleep, exercise, hygiene, social interactions, solar and 
lunar cycles, age, and sex. Aging, illness, and chronic 
psychological distress upregulate activity of the inflam-
matory and neuroendocrine-stress response networks. 
Regular physical activity downregulates both.

Table 8.1 Common Illness Mediators

Biochemical Hormones
Neurotransmitters
Neuropeptides
Cytokines
Free radicals
Transcription factors

Subatomic Ions
Electrons
Electrical and magnetic fields

Cognitive/emotional Fear of pain or loss
Feelings or personal beliefs about 

illness
Poor self-esteem, low perceived 

self-efficacy
Learned helplessness
Lack of relevant health information

Social/cultural Reinforcement for staying sick
Behavioral conditioning
Lack of resources due to social 

isolation or poverty
The nature of the sick role and the 

doctor/patient relationship
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Integrating the Patient’s Story

After listening to the concerns that led each patient 
to seek a consultation in functional medicine, the clini-
cian makes a series of distinctions:

1. For patients whose main concern is optimal health 
and prevention, ask about present and past health 
problems and the family health history. If these 
supply no indication of illness susceptibility, then 
turn your attention to risk factors for future illness: 
weight, fitness, type and level of physical activity, 
dietary pattern, sleep habits, use of alcohol, drugs, 
tobacco, firearms, environmental exposures at 
home and work, travel, sources of stress and plea-
sure, degree of involvement with others, spiritual 
beliefs and practices, sexual relationships, hopes 
and fears for the future.

2. For patients with an active health problem, always 
ask, “What was your health like before this problem 
began?” An intake questionnaire that asks about 
previous health problems is also helpful, because it 
gathers information in a different fashion concern-
ing what the patient was like prior to the present 
illness. Such a tool is condition-specific, not open-
ended. The two approaches complement one 
another.
a. Some patients will say that they were really 

healthy prior to their present illness. In that 
case, look for a precipitating event. If you or 
the patient can identify one, then ask about 
ongoing triggers that bear some relationship to 
the precipitating event. For example: if the pre-
cipitating event was marital or job stress, focus 
on stress-related psychological triggers. If the 
precipitating event was an environmental 
exposure, focus on ongoing exposures to vola-
tile chemicals or mold.

b. The most challenging patients will usually 
indicate that their health was poor even before 
their present illness. In that case, take a 
detailed, chronological history from birth to 
the present that includes information about 
early life experience (including illness, injury 
and abuse), school and work performance, diet, 
drug and medication use, leisure activities, 
travel, family life, sexual experiences, habits, 
life stressors, and places of residence. Because 
gathering this data can be very time consum-

ing, a self-administered questionnaire com-
pleted by the patient before the interview may 
help to prompt responses and improve mem-
ory of remote events. For many patients with 
complex, chronic health problems, it may be 
useful to take a detailed life history before 
seeking detailed information about present 
symptoms. Problems that emerge from such a 
review have to be addressed for a successful 
outcome of treatment. Dealing with the 
present concerns by themselves almost never 
succeeds for patients in this group.

Whatever rapport you establish with patients ini-
tially, maintaining the therapeutic relationship usually 
depends upon significant improvement in symptoms or 
in a sense of well-being within a few days to a few weeks 
of the initial evaluation. This is most efficiently achieved 
by addressing the triggers that provoke symptoms and 
helping the patient decrease exposure to them. When 
triggers cannot be identified or avoided, then symptom-
atic improvement must rest on control of mediator acti-
vation. A combination of the two will usually produce 
the most satisfactory long-term benefits.

Assessment of Triggers

A comprehensive search for triggers requires that you 
know the following about your patient: each drug—pre-
scription, over-the-counter or recreational—that the 
patient has used and when; nutritional habits and each 
dietary supplement used and when; what effects the 
patient noted from the use of each substance; sources of 
stress—life events, environmental exposures, thoughts 
or memories, and social interactions—and when they 
occurred in relation to symptoms. Elicit the patient’s 
own ideas about possible triggers by asking, “What do 
you think causes or aggravates your symptoms?” The 
patient’s observations may be insightful and accurate in 
ascribing causality. Of course the patient’s—and the cli-
nician’s—observations can also mislead, or focus on 
non-essential factors. Teach patients to challenge their 
own observations by looking for consistency and repli-
cability, wherever possible. Suggest alternative theories 
for the patient to consider and explain that the search 
for triggers works best as a collaborative effort between 
patient and doctor. The patient’s ability to recognize 
triggers is an important step in self-care.
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Food and environment supply important triggers for 
the practice of functional medicine. Food intolerance is 
a very common phenomenon, reported by 33% of the 
population in one large study.47 Relatively few of these 
reactions (4–14%) are due to true food allergies. Most 
food intolerance has no clear immunologic basis. Mech-
anisms include sensitivity to the pharmacological effect 
of alkaloids, amines or salicylates in food.48,49,50,51 Hista-
mine poisoning from scombroid fish and tyramine-
induced headache are dramatic examples.52 Although 
most food intolerance is short-lived, severe chronic ill-
ness can occur, and the food trigger may elude identifi-
cation unless the physician starts the investigation with 
a high index of suspicion. Gluten intolerance, with its 
protean manifestations, is probably the best example. 
Affecting about 2% of people of European ancestry,53 
gluten intolerance is common and often unrecognized. 
In addition to being the essential trigger for celiac dis-
ease, gluten sensitivity may be manifest in patients with 
neurological disorders of unknown cause,54 cerebellar 
degeneration,55 dermatitis herpetiformis,56 failure to 
thrive,57 pervasive developmental delay,58 inflammatory 
arthritis,59,60,61,62,63 psoriasis,64,65 Sjögren’s syndrome,66,67 
and schizophrenia.68,69 The different presentations of 
gluten sensitivity may derive from genetic differences 
among affected patients.70

Published studies on food intolerance and your 
patients’ symptoms may be found through the 
National Library of Medicine. If the patient has a dis-
ease diagnosis, an internet search may reveal previ-
ously observed associations between specific foods and 
the patient’s condition. Access PubMed over the inter-
net (www.pubmed.gov) and run a search that cross-ref-
erences the name of the patient’s condition with 
“Hypersensitivity, food” and also with “Food, adverse 
reactions.” Both of these are Medline Subject Headings 
(MeSH). There is no MeSH listing for “food allergy” or 
“food intolerance.” Your search will be more efficient if 
you list the patient’s condition as it appears in MeSH. 
A negative search does not eliminate food intolerance 
as a trigger for the condition being searched, but the 
number of positive findings may surprise you.i

Health effects of ambient air quality are as impor-
tant as those of foods. Numerous studies conducted in 
U.S. cities demonstrate a close correlation between fine-

particle air pollution and daily mortality rates, even at 
levels of pollution considered safe by the World Health 
Organization.71 In the industrialized world, most people 
spend most of their time indoors, and indoor air pollu-
tion has become a serious cause of morbidity. Studies 
using experimental chambers have shown that volatile 
organic compounds (VOCs) released from building 
materials, furnishings, office machines, and cleaning 
products can cause irritation of the respiratory system 
in humans and animals at levels 100 times weaker than 
permissible exposure levels or the World Health Organi-
zation Indoor Air Guidelines.72,73,74 Controlled experi-
ments with people who describe themselves as sensitive 
to VOCs confirm that VOC exposure causes headache, 
fatigue, and difficulty concentrating. People who deny 
such sensitivity also experience symptoms, but do not 
experience mental impairment when exposed. Air sam-
ples of buildings with and without “sick building” com-
plaints have established an association between VOC 
exposure and human sickness.75,76,77,78

A questionnaire can elicit important information 
about environmental exposures at home and at work. 
The open-ended question, “Has your work or home 
environment been a concern to you?” should be accom-
panied by a checklist of potential exposures.

Microbial triggers for chronic illness present a partic-
ular challenge, as exemplified by the many facets of 
Helicobacter pylori infection. Originally isolated from the 
gastric mucosa of patients with gastritis and peptic ulcer 
disease, H. pylori has been implicated in the pathogene-
sis of NSAID gastropathy,79 gastric carcinoma,80 lym-
phoma,81 and a variety of extra-digestive disorders, 
including ischemic heart disease,82 ischemic cerebrovas-
cular disorders,83 rosacea,84 Sjögren’s syndrome,85 
Raynaud’s syndrome,86 food allergy,87 vitamin B12 
deficiency,88 and open-angle glaucoma.89 For elderly 
patients with open-angle glaucoma and incidental 
H. pylori infection of the stomach, eradication of 
H. pylori by antibiotics was associated with improved 
control of glaucoma parameters at two years.90 The 
mechanism by which H. pylori aggravates open-angle 
glaucoma is unknown, but may result from the ability 
of H. pylori colonization of the gastric tract to trigger the 
local and systemic release of platelet-activating factor, 
inflammatory cytokines, and vasoactive substances.

In the case of untreated H. pylori infection, non-
invasive screening tests, including serum antibodies, 
stool antigens, and C-14 breath testing, are available. For 

i  Medical cybrarian Valerie Rankow (vgr99@optonline.net) has assisted 
the author with this search strategy and with numerous other, more 
complex searches.
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other types of infection, inquiring about the previous 
response of a given symptom or symptom complex to 
antibiotics may be useful. In 1988, physicians at the 
University of Minnesota conducted a study in which 
they administered intravenous cephalosporins to 
patients with various types of arthritis who also mani-
fested antibodies to Borrelia burgdorferi. Most of these 
patients were not thought to have Lyme disease. Some 
met diagnostic criteria for rheumatoid arthritis, some for 
osteoarthritis, and some for spondyloarthropathies. The 
response to antibiotics was quite variable and ranged 
from no response to dramatic and sustained improve-
ment. The authors noted that improvement in arthritis 
following antibiotics was not related to the patient’s 
clinical diagnosis or the level of anti-Borrelia antibody. 
The best predictor of a positive response to the experi-
mental treatment was a previous history of improve-
ment of arthritis associated with the use of antibiotics.91 

The most comprehensive way to ask the antibiotic 
question is: “During the time you have had symptom X, 
have you taken antibiotics for any reason? Which anti-
biotic? Did symptom X change while you were taking 
the drug?” Among patients with chronic diarrhea of 
unknown cause, for example, some will report that 
their gastrointestinal symptoms improved when taking 
a specific antibiotic; others will report that they wors-
ened. The first case suggests that bacteria or protozoa 
sensitive to the antibiotic may be causally related to the 
patient’s gastrointestinal problems. Repeating the anti-
biotic prescription can establish if this response is repli-
cable. If so, therapy can focus on treating the microbe 
and understanding why a single course of antibiotics 
was ineffective. The second case suggests that depletion 
of bacteria by antibiotics and concomitant increase in 
antibiotic-resistant organisms, including yeasts, may be 
contributing to diarrhea, and treatment can focus on 
restoration of normal intestinal flora.

Assessment of Psychosocial Mediators

Useful questions for eliciting a person’s beliefs about 
his/her illness are:

• What do you think has caused your problem?
• What do you most fear about your problem?
• How much control do you think you have over 

your symptoms?

Useful questions for eliciting information about the 
nature and sources of social support include:

• Are there people in whom you can confide?
• How satisfied are you with your marriage/family/

friends/social life?
• How much support do you receive in dealing with 

your health problems?
• How often do you feel loved or cared for?

Assessment of Biochemical Mediators

Understanding the biochemical alterations associ-
ated with a conventional disease diagnosis can be help-
ful in understanding the biochemical mediators of each 
person’s illness. Inflammation is believed to play a criti-
cal role not only in response to infection and in the 
classic inflammatory diseases, but also in the pathogen-
esis of coronary artery disease, diabetes, cancer, depres-
sion, and the negative health effects associated with 
obesity and with aging.92,93,94,95,96,97,98 The orchestration 
of mediator signals in the inflammation and neuroen-
docrine-stress networks, as they interact with one 
another, is critical for normal physiological functions 
(e.g., the architecture of sleep, the repair of injury, and 
the response to infection), and for the dysfunctional 
physiology central to the pathogenesis of most of the 
major chronic diseases.99,100,101

Most chronic disease is associated with chronic 
inflammation, but the patterns of immune response 
that underlie inflammation are not always the same. 
Patients with type 1 diabetes mellitus, Crohn’s disease 
or any other disorder categorized by granuloma forma-
tion or excessive cell-mediated immune responses are 
likely to have an immune response to common triggers 
in which the Th1 component is upregulated and not 
subject to the normal downregulation provided by Th2 
activity. Their mediator response to inflammatory stim-
ulation produces excessive levels of gamma interferon  
and interleukin-12 (IL-12), key Th1-related cytokines.102 
Patients with severe depression often show a loss of 
negative feedback in the HPA axis. Urinary free cortisol 
is elevated; the diurnal pattern may be disrupted, with 
increased PM cortisol secretion and blunting of dexa-
methasone suppression. This phenomenon appears to 
be driven at the level of the hypothalamus, not the 
adrenals, because spinal fluid corticotropin-releasing 
hormone (CRH) is elevated.103 Several groups of 
researchers in the late 1990s speculated that impaired 
synaptic function due to a deficit of omega-3 fatty acids 
may contribute to the CNS dysfunction of patients with 
depressive illness104,105,106,107 (although some large recent 
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studies do not show the same patterns108,109). Omega-3 
fatty acid levels tend to be lower in blood samples than 
in control populations. The key component appears to 
be eicosapentaenoic acid (EPA).

To utilize the vast database of available information 
about biochemical disease mediators, integrative clini-
cians should consider three strategies. First, maintain up-
to-date knowledge of disease pathophysiology by reading 
reviews in mainstream journals on mechanisms of dis-
ease or on specific mediators. In reading these, pay spe-
cial attention to the types of mediators mentioned and 
their functions within the networks that involve inflam-
mation, oxidative stress, and neuroendocrine balance. 
Second, attend workshops and courses that emphasize 
integrative physiology, sponsored by institutions like 
IFM, the New York Academy of Sciences, the Center for 
Mind-Body Medicine, and the American College for 
Advancement in Medicine.110 Third, employ knowledge 
of the most common biochemical imbalances in chroni-
cally ill North Americans and the influence of diet, nutri-
tion, and dietary supplements on these imbalances.

Treatment Planning

A functional medicine treatment plan should be 
collaborative and dynamic. Collaborative means that 
patient and practitioner work together to set goals and 
priorities. Dynamic means that the treatment plan is 
adjusted as needed in response to feedback. Your knowl-
edge of the patient’s beliefs about his/her illness and 
perceived self-efficacy are essential for collaborative 
treatment. An appropriate therapeutic intervention for 
dysfunctional beliefs is the giving of information. 
Patients have an intense need for explanations about 
the causes of their diseases.111 They want to know how 
they came to be sick, so that they can attach some 
meaning to the illness,112 what to expect from the ill-
ness, and what they can do to relieve symptoms or 
speed recovery. Information of this type can reduce 
anxiety (even when the diagnosis itself is frightening), 
increase feelings of personal control, and improve the 
ability to cope with pain. People change their behaviors 
more readily when they receive information about the 
importance and the nature of the changes they need to 
make, help with setting goals, and measuring progress. 
The kind of information needed is personal, not statisti-
cal. It must answer the question, “What can I do?”

The physician can help patients who are suffering 
from isolation by calling this isolation to the attention of 
family members or friends, or by attempting to connect 
the patient with a support group or community agency. 
Possibly, there is nothing that can be done to relieve the 
patient’s isolation, but the doctor’s awareness and 
acknowledgment of it can be important to the patient 
and serve to enhance the therapeutic relationship.113

If potential triggers have been identified, an assess-
ment of the patient’s ability to control exposure to 
them is important. For patients who are reluctant to 
make major dietary or environmental changes, explain 
that each avoidance is an experiment that the patient 
can direct with your guidance. If eliminating foods (and 
reintroducing those foods as a challenge) has no effect 
on symptoms or measurable physiologic parameters, do 
not encourage the patient to persist in the avoidance of 
those foods, whatever the results of in vitro allergy tests 
may be. The patient will have enough work to do fol-
lowing a healthy diet. Food intolerance is only mean-
ingful if its effects can be demonstrated in real life.

For microbial triggers, the decision to use prescrip-
tion antimicrobial drugs or natural products with anti-
microbial activity may require negotiation. If the 
situation is not critical, it is usually worthwhile honor-
ing the patient’s preferences and intuition.

Understanding the ways in which mediators are 
modulated by diet enables creative nutritional therapies 
to be applied. Salicylic acid, the major metabolite of 
aspirin, suppresses activation of the nuclear transcrip-
tion factor NFB, an anti-inflammatory effect that is 
independent of cyclooxygenase inhibition114 and may 
be responsible for some effects of low-dose aspirin ther-
apy.115 Vegetables are rich sources of natural salicylates 
and vegetarians may have serum concentrations of sali-
cylic acid as high as those of people ingesting 75 mg of 
aspirin a day.116

Dietary fatty acids may have profound effects on 
the network of inflammatory mediators, altering pros-
tanoid synthesis, PPAR activity, and the response to 
cytokines like IL-1.117,118,119 They have subtler effects on 
the neuroendocrine-stress response network, modulat-
ing neuronal responses to serotonergic and adrenergic 
transmission.120 Therapy with omega-3 fatty acids pro-
vides an excellent example of nutritional modulation 
of disease activity though alteration of biochemical 
mediators.121 Three principles can guide this type of 
therapy. The first utilizes knowledge of the pathophysi-
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ology of specific inflammatory and CNS disorders. 
Using this model, omega-3 therapy has been success-
fully applied to the treatment of patients with rheuma-
toid arthritis,122 inflammatory bowel disease,123 
coronary artery disease,124 peripheral vascular disease,125 
dysmenorrhea,126 cystic fibrosis,127 migraine head-
aches,128 schizophrenia,129,130 atopic eczema,131 and mul-
tiple sclerosis.132,133 Because the fatty acid composition 
of the contemporary Western diet differs significantly 
from Paleolithic and ancestral diets, reflecting a marked 
decrease in omega-3 consumption relative to total fat, 
the response of so many unrelated disorders to EFA sup-
plementation may indicate that EFAs are not merely 
working as nutraceutical agents, but that EFA dietary 
status is important for disease pathogenesis.

The second method rests upon the clinical evalua-
tion of an individual’s fatty acid status using clinical 
parameters that are independent of disease activity. 
Prasad has stated that the best test for nutritional ade-
quacy is a functional test.134 Determine a parameter to 
follow and measure how administration of the nutri-
ent(s) in question affects that parameter. This method 
can be applied to the use of EFA therapy in clinical prac-
tice. Stevens et al., studying boys with ADHD and a ran-
domly selected population of schoolchildren, found a 
correlation between low concentrations of omega-3 
EFAs, learning and behavior problems, and symptoms 
associated with EFA deficiency (thirst, dry skin, and dry 
hair).135,136 Evaluating the presence of these symptoms in 
patients and observing how they change with EFA sup-
plementation is a quick guide to EFA status that may be 
used clinically to evaluate the EFA contribution to medi-
ator imbalance. This author’s method for doing this has 
been described elsewhere.137 Finally, it is possible to mea-
sure the levels of fatty acids in plasma and erythrocyte 
phospholipids, although guidelines for the level of 
change in fatty acid profiles needed to produce a known 
clinical effect have only been reported for patients with 
rheumatoid arthritis, in whom clinical improvement 
requires that eicosapentaenoic acid (EPA) account for 5% 
of fatty acids in plasma phospholipids.138

The successful application of nutritional therapies, 
especially dietary interventions, and other self-care 
practices, as part of a therapeutic plan is very helpful in 
enhancing self-efficacy among patients. Enhancement 
of self-efficacy should always be a cardinal goal of treat-
ment in functional medicine.

Summary

Functional medicine is essentially patient centered, 
rather than disease centered. A structure is presented for 
uniting a patient-centered approach to diagnosis and 
treatment with the fruits of modern clinical science 
(which evolved primarily to serve the prevailing model 
of disease-centered care). The core scientific concepts of 
disease pathogenesis are antecedents, triggers, and medi-
ators. Antecedents are factors, genetic or acquired, that 
predispose to illness; triggers are factors that provoke the 
symptoms and signs of illness; and mediators are factors, 
biochemical or psychosocial, that contribute to patho-
logical changes and dysfunctional responses. Under-
standing the antecedents, triggers, and mediators that 
underlie illness or dysfunction in each patient permits 
therapy to be targeted to the needs of the individual. 
The conventional diagnosis assigned to the patient may 
be of value in identifying plausible antecedents, triggers 
or mediators for each patient, but is not adequate by 
itself for the designing of patient-centered care.

Applying the model of person-centered diagnosis to 
patients facilitates the recognition of disturbances that 
are common in people with chronic illness. Diet, nutri-
tion, and exposure to environmental toxins play central 
roles in functional medicine because they may predis-
pose to illness, provoke symptoms, and modulate the 
activity of biochemical mediators through a complex 
and diverse set of mechanisms. Explaining those mech-
anisms is a key objective of this textbook.

A patient’s beliefs about health and illness are criti-
cally important for self-care and may influence both 
behavioral and physiological responses to illness. Per-
ceived self-efficacy is an important mediator of health 
and healing. Enhancement of patients’ self-efficacy 
through information, education, and the development 
of a collaborative relationship between patient and 
healer is a cardinal goal in all clinical encounters.
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Chapter 9
Homeostasis: A Dynamic Balance
Joseph J. Lamb, MD

Introduction

The next principle of the functional medicine para-
digm is the importance of the search for dynamic bal-
ance among the internal and external factors in a 
patient’s body, mind, and spirit.

Human life is dependent upon an intricate balance 
of minerals,1 water,2 organic molecules, and high-energy 
chemical bonds. Ever since the coalescing of the first 
molecules capable of replication, and the development 
of the first cells capable of creating an internal environ-
ment, organisms have been characterized by cellular 
organization, growth and metabolism, reproduction, 
and heredity. They have also interacted with the exter-
nal environment. From these simple beginnings have 
come the great diversity of all plant and animal life and 
the majesty of human life. Despite the vast complexity 
inherent in the organization of a human being, the sys-
tem operates within relatively narrow limits for healthy 
balance, as dictated by our biochemistry.

Homeostasis and Homeodynamics

Of necessity, the cells of our bodies, with their own 
unique intracellular environment, are also bathed in a 
unique external environment: the extracellular fluid. 
One of the first to explore the concept of balance, the 
19th century French physiologist, Claude Bernard, 
described the extracellular fluid as the “milieu interieur” 
or internal environment.3 In 1929, Walter Cannon, the 
noted Harvard physiologist who first advanced the “fight 
vs. flight” hypothesis, formally suggested “the name 
homeostasis for the functional organization by which an 
organism will retain its original condition after a tran-
sient perturbation that is not actually damaging.”4

Homeostasis is defined in Stedman’s Medical Dictio-
nary as:

1. The state of equilibrium (balance between opposing 
pressures) in the body with respect to various func-
tions and to the chemical compositions of the flu-
ids and tissues.

2. The processes through which such bodily equilib-
rium is maintained.5

This balance of chemical interactions defines how 
well and how long our bodies function. In their classic 
Textbook of Medical Physiology, Guyton and Hall describe 
this automatic process:

The very fact that we remain alive is almost beyond 
our own control, for hunger makes us seek food and 
fear makes us seek refuge. Sensations of cold make us 
provide warmth. Other forces cause us to seek fellow-
ship and to reproduce. Thus, the human being is actu-
ally an automaton, and the fact that we are sensing, 
feeling and knowledgeable beings is part of this auto-
matic sequence of life …   .6

In the conventional model, this equilibrium is often 
viewed at its simplest solely as a balance of internal fac-
tors alone. However, our understanding of these unique 
forces has evolved as our understanding of human 
genomics, cell signaling pathways, and the mind-body 
connection has developed. C.H. Waddington in 1968 
“introduced the term homeorrhesis to capture the idea 
that what living things really hold ‘constant is not a 
single parameter, but a time extended course of change, 
that is to say, a trajectory.’”7 And in a series of papers 
beginning in1979, J.E.Yates described a physical biology 
model for the description of motion and changes at all 
biological levels of organization which he called 
homeodynamics. 8

And yet, functional medicine envisions an even 
more vibrant and active dynamic. Taking into account 
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the concepts of biochemical individuality and health as 
a positive vitality (not the simple absence of disease), 
homeodynamics is the constant and vital process of 
balancing external and internal factors to achieve a 
healthy functional state.9

Indeed, as described in the Textbook of Natural 
Medicine,10

The term “homeodynamic” describes a range of con-
tinuously occurring metabolic and physiologic activi-
ties that enable an individual to adapt to changing 
circumstances, stresses, and experiences. The homeo-
dynamics of one’s health are constantly at work to 
enable a person to function as a unique individual. 
Supporting health at a homeodynamic level may 
require one to focus attention on cellular processes or 
organ function at sites that seem to be far removed 
from the patient’s area of discomfort, and at levels that 
may be unusual from a conventional point of view.

The recent focus on energy production and mito-
chondrial dysfunction, oxidative stress, neuro-
excitotoxicity, and inflammation manifested by glial 
activation as causes of neurodegenerative diseases pro-
vides an excellent example of this model.11

Inherent in this sense of balance are the mecha-
nisms by which the organism controls and maintains 
this homeodynamic stability and flexibility. Classically, 
we know of the negative and positive feedback cycles of 
allopathic and functional medicine. Naturopathic and 
functional medicines also acknowledge that there are 
two internal forces, a higher and a lower drive, which 
maintain this unique individual internal balance. These 
two forces together constitute the profound self-gener-
ated ability to heal, classically known in the naturo-
pathic tradition as vis medicatrix naturae. The lower 
drive is, in many ways, the classic automatic balance 
described by Guyton and Hall. This inherent internal 
healing mechanism can be augmented greatly by the 
higher drive. “The higher drive is the power of the mind 
and emotions to intervene and affect the course of 
health and disease by depressing or stimulating the 
internal capacities.”12

Thus, the great diversity that creates biochemical 
individuality is not the simple genetically determined 
outcome of biochemical interactions written into our 
genotypes at birth. Instead, this welcome diversity is a 
reflection of the interaction of genetic, environmental, 
and mind-body factors that allow each human to have 
the unique breadth of experience that characterizes 
human life.

A pivotal study by Lichtenstein et al., exploring the 
causation of cancer in a pooled cohort of monozygotic 
and dizygotic twins from Sweden, Denmark, and Fin-
land, found that “statistically significant effects of herita-
ble factors were observed for prostate cancer (42%), 
colorectal cancer (35%), and breast cancer (27%).”13 
While they found familial (hereditary or nonhereditary) 
factors for many types of cancer, the rates of concor-
dance between twins were generally below 10%. They 
estimated the contribution of non-shared environmental 
factors for different cancers to range from 58% to 82%.

This study demonstrates that environmental inputs, 
including diet and nutrients, air and water, exercise, 
toxic load from the environment, and psychosocial fac-
tors and how we interpret them, contribute signifi-
cantly to our phenotypic expression. This freedom from 
genetic determinism is a liberating concept of func-
tional medicine. We are thus given the wonderful 
opportunity to provide our patients with patient cen-
tered, biochemically individualized lifestyle and nutri-
tional interventions to assist them in maintaining their 
unique homeodynamic balance.

Homeodynamic Balance: Physiological 
Processes

The maintenance of this unique balance of patho-
physiological processes is coordinated by a variety of 
communication systems, both neural and hormonal. 
Classically, these systems involve the secretion of a 
chemical messenger or hormone to act either locally 
(both on an intracellular as well as an intercellular level) 
or more distantly (intercellular level).

These chemical messengers and hormones can be 
classified into two distinct groups by the site of action 
in the target cell. The first group, including polypeptide 
hormones as well as monoamines and prostaglandins, 
does not enter the cell, but instead interacts with cell 
membrane receptors to signal change via second-level 
messengers such as cyclic adenosine monophosphate, 
inositol triphosphate, and diacylglycerol, and also by 
stimulation of the nucleotide regulatory peptides (G-
proteins) that bind guanosine triphosphate.14 The sec-
ond group enters the cell and interacts with a diverse 
collection of nuclear receptors. These receptors, for 
thyroid and steroid hormones, vitamin A and D deriva-
tives, endogenous metabolites, phytonutrients, and 
xenobiotics, “are structurally related and collectively 
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referred to as the nuclear receptor super family.”15 As 
many of the ligands for these receptors have not been 
identified, these undefined receptors have been labeled 
the orphan nuclear receptors.

The peroxisome proliferator-activated receptors 
(PPARs) are one subfamily of nuclear receptors and are 
activated by endogenous intermediate metabolites of 
polyunsaturated fatty acids. PPAR, expressed primarily 
in adipocytes, has a crucial role in adipocyte differentia-
tion as well as a probable role in modulating insulin sen-
sitivity.16 Memisglu and his colleagues have investigated 
the link between a PPAR polymorphism and dietary fat 
intake in relation to body mass.17 They showed that total 
dietary fat intake was positively associated with body 
mass index (BMI) among homozygous wild-type indi-
viduals but not among carriers of a variant allele. Addi-
tionally, they demonstrated that monounsaturated fat 
was inversely related to BMI among carriers of the vari-
ant allele. They concluded that the PPAR  genotype 
modulates physiological responses to dietary fat. Con-
versely, environment—in the form of dietary fat 
intake—has direct influence on our genotype, pushing 
the resultant phenotype toward obesity.

Vitamins have been shown to have central roles in 
metabolism both as substrate and important cofactors 
in enzymatic conversions. Two vitamins, specifically 
vitamins A and D, are also messengers with specific 
nuclear receptors. Cantorna and her colleagues have 
explored the effect of vitamin D in experimental 
autoimmune encephalomyelitis (EAE), a mouse model 
for multiple sclerosis (MS).18 They showed that develop-
ment of EAE was completely prevented by pretreatment 
with 1,25-dihydroxyvitamin D3 and that disease pro-
gression was also prevented by treatment with 1,25-
dihydroxyvitamin D3. They conclude that their find-
ings “provide strong evidence that vitamin D status 
may be an important factor in determining the inci-
dence of MS and that it is a physiologically important 
immune system modulator.”19

Another example of environmental influence on 
metabolism and disease expression is indole-3-carbinol 
(I3C). I3C is an endogenous metabolite of glucosinolates 
in the Brassica family of vegetables—specifically broc-
coli, cauliflower, cabbage, kale, and Brussels sprouts. 
I3C has been found to exert a chemopreventive effect 
on breast cancer by inducing tumor cell apoptosis20 and 
by stimulation of tumor-suppression genes.21

Certainly, one of the most interesting recent 
advances is the recognition of the diverse group of 
phytonutrient and environmental influences that pro-
vide information through the orphan nuclear recep-
tors. These receptors may have developed for these 
specific molecules because their presence in the exter-
nal environment was a measure of the safety of this 
outer environment. When our hunter-gatherer ances-
tors ate a diet rich in the appropriate phytonutrients 
and fatty acids, these messages of bounty signaled that 
it was safe to grow, to reproduce, indeed to come out of 
the sheltering caves. When the diet shifted, orphan 
nuclear receptors may have recognized the changing 
pattern of nutrient-based information and secreted 
messages of alarm and inflammation that instead stim-
ulated pathways of conservation as they sought shelter 
for the dark winter months.

Further research will offer functional medicine prac-
titioners a broader understanding of the influence of 
environment on our genotype and new opportunities 
to modulate this interaction.

Summary

Each individual is much more than the simple prod-
uct of genetic expression directing the construction of 
shared building blocks. Instead, phenotypic expression 
is the unique product of an ever-changing dance 
between genes and environment as the individual 
strives to create a unique, harmonious balance.

Homeodynamic physiologic processes modulate 
the constant interplay of environmental inputs with 
our genetic programming. Modifiable lifestyle choices 
and nutritional choices can influence the expression of 
wellness or disease by our biochemically unique 
metabolisms.
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Web-like Interconnections of Physiological Factors
DeAnn Liska, PhD, and Dan Lukaczer, ND

Introduction

Science is a process of unraveling a phenomenon; 
persistence in the process, until the phenomenon is 
understood at deeper levels, is absolutely necessary. The 
body, however, isn’t like a mystery novel; there isn’t 
one villain to be found among a number of innocent 
bystanders caught up in the action. The body is much 
more complex, continually interacting with the envi-
ronment and responding in minute ways. Take some-
thing as simple as the breath we take thousands of 
times a day. The rhythm of breath is affected by a brief 
noise, stopping it for a moment, or a smell, making us 
take a shorter quick huff or a longer, deep inhalation. 
All of this we may do with little conscious awareness.

Looking in a mirror, it’s easy to think that the body is 
solid and formed, with little change in any given 
moment. But we are not statues. Our bodies are fully 
interconnected, complex, functioning organisms in 
which we have a constant flow of air, fluids, and energy 
upon a mutable matrix; nothing is ever still inside our 
bodies. Every twitch, every thought, every touch of the 
world around us on our skin elicits a response, causing a 
biochemical change that influences another change and 
then another. This is the web of our being, and in func-
tional medicine, we use the model of a web to under-
stand this complexity. The web model can explain the 
situations in which one major imbalance influences 

many different functions and systems, and the situations 
in which no major imbalance can be found, but several 
pathways seem to be off-center, or skewed enough to 
affect overall the pattern of health. The web is multidi-
rectional—multiple factors can underlie a single condi-
tion, and multiple conditions can be influenced by a 
single dysfunctional process or imbalanced system.

Therefore, instead of looking for a single “root 
cause” of a disease and finding the “cure” from a single 
pill, in functional medicine we ask what is unbalanced, 
what has shifted the flow of biochemical information, 
energy, physical structure, and emotions too far to one 
side or the other of a healthy range, thus skewing the 
web. For many conditions, especially conditions associ-
ated with aging—like Alzheimer’s disease, heart disease, 
or various arthritic conditions—finding a single root 
cause that will explain all the occurrences in all people 
is not possible. No single culprit exists and no single pill 
will cure these conditions in every patient. Instead, 
there are many influences, and there may be many 
imbalances, each contributing something to the out-
come. Scientists and clinicians unraveling the web are 
likely to find a very complex set of interrelationships 
among myriad factors for each of these conditions.

In functional medicine, we ask about the patterns 
that are present and how these patterns are aiding or tak-
ing away from optimal function. Although every person 
is unique, with a unique set of genes interacting with the 
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environment in a distinct, personal way, there are some 
major pathways we can monitor that will help us see 
where the imbalances are most likely to be found. Funda-
mentally, we look for the major points of activity on the 
web that, when skewed, are likely to influence many dif-
ferent parts of a person’s biochemistry and physiology. 
The applications of this principle—web-like interconnec-
tions—are deeply explored throughout the chapters in 
Section VI: A Practical Clinical Approach. Here, we sim-
ply present the principle for your consideration.

Web-like Interconnections of Cellular 
Insensitivity to Insulin Signaling

Let’s look at one example of a complex underlying 
physiological dysfunction that can manifest in a variety 
of ways: the dysfunction of cellular insensitivity to insu-
lin signaling. It is an excellent model for visualizing the 
interconnections of complex, chronic disease. Com-
monly referred to as the insulin resistance syndrome or 
metabolic syndrome, this multifaceted condition 
weaves its way through a web of interactions that mani-
fest in a multitude of dysfunctions. Over 60 years ago, 
Dr. H.P. Himsworth used the term “insulin insensitiv-
ity” to describe his observation that diabetes was not 
generally associated with low insulin levels but with cel-
lular insensitivity to insulin.1 It took another 40 years 
until a consensus was reached on this radical notion. It 
is now clear that the vast majority of patients with type 
2 diabetes have an insulin insensitivity that impairs 
their ability to adequately dispose of glucose; further, 
this defect—if discovered before frank diabetes is 
present—is predictive of the development of the dis-
ease.2,3 As prescient an observation as it was, Himsworth 
probably did not fully understand the broader implica-
tions of his discovery. There is now a substantial and 
growing body of evidence that suggests insulin resis-
tance is an underlying biochemical imbalance in not 
only type 2 diabetes, but cardiovascular disease (CVD), 
hypertension, polycystic ovary syndrome (PCOS), and 
even colon and some breast cancers.

How does insulin insensitivity relate to diabetes? 
Fundamentally, individuals who develop type 2 diabetes 
have a decline in the insulin secretory response. With 
insulin levels declining, circulating free fatty acids 
(FFAs)—which are normally suppressed by insulin—then 
rise. FFAs, in turn, stimulate hepatic glucose production. 
Without the normal insulin inhibitory signal, hypergly-

cemia occurs as the liver continues to secrete normal 
amounts of glucose into a greatly expanded plasma glu-
cose pool.4 With increasing hyperglycemia, there is a 
further reduction in beta cell function (possibly as a 
result of glucotoxicity) and a further drop in insulin.

It is estimated that the vast majority of the 16 million 
people diagnosed with type 2 diabetes in the U.S. carry 
the underlying pathophysiology of insulin resistance.5 
Many factors play into that situation: overweight, seden-
tary lifestyle, dietary choices, stress, and genetics are 
some of the most important. While muscle and adipose 
tissue are generally resistant to the imbalanced insulin 
signal, other tissues are not, and a cascading host of met-
abolic consequences and dysfunction ensues. Elevated 
insulin directly stimulates lipogenesis in arterial tissue 
and enhances the growth and proliferation of arterial 
smooth muscle cells; hyperinsulinemia decreases fibrin-
olysis by stimulating plasminogen activator inhibitor-1 
(PAI-1),6,7 which is associated with an increased risk for 
coronary thrombosis; and hyperinsulinemia leads to 
increased hepatic production of triglycerides (TG) and 
inhibition of high-density lipoproteins (HDL). Elevated 
TG and depressed HDL are important risk factors for cor-
onary heart disease (CHD). These skewed pathways ulti-
mately result in an increased incidence of CHD.8,9,10

Insulin resistance also plays a key role in hyperten-
sion; as much as 50% of the hypertensive population 
appears to be insulin resistant.11 It has been proposed 
that a large segment of essential hypertension is caused 
by enhanced renal sodium reabsorption in the distal 
tubule, which is promoted by hyperinsulinemia.12 
Hyperinsulinemia may also play a role by altering inter-
nal sodium and potassium distribution in a direction 
that is associated with increased peripheral vascular 
resistance.13 Insulin appears to work through other 
mechanisms as well to increase sympathetic nervous 
system activity and thus peripheral resistance.14

Furthermore, insulin resistance and hyperinsuline-
mia appear to have a critical relationship to androgen 
hormonal modulation. Research over the past 10 years 
has linked insulin with PCOS.15 Studies have shown that 
high circulating insulin may stimulate ovarian cyto-
chrome P450c17 and 17,20-lyase enzymes in predis-
posed women, resulting in elevations in serum and free 
unbound testosterone, which are associated with the 
signs and symptoms seen in PCOS. Insulin influences 
the androgenic state, not only by directly affecting the 
metabolism of ovarian androgens, but also indirectly by 
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regulating circulating levels of sex hormone-binding 
globulin (SHBG). Insulin has been shown to lower the 
production of SHBG.16 SHBG binds to testosterone and 
estrogens, making them biologically unavailable and 
thus lowered SHBG indirectly increases the delivery of 
unbound and bioavailable testosterone to tissues.17

Insulin resistance also appears to be related to cer-
tain forms of cancer. One hypothesis has postulated a 
link between colorectal cancer, insulin resistance, and 
hyperinsulinemia.18 While the epidemiological data are 
not completely consistent, the two largest prospective 
studies to date do support a modest correlation between 
colorectal cancer risk and diabetes.19,20 Even more 
recently, speculation has centered on the link between 
hyperinsulinemia and breast cancer.21 It has been 
known for some time that exposure of breast tissue to 
estrogens increases the risk of estrogen receptor-positive 
breast cancers. It is also well established that only the 
estrogens that are unbound to SHBG are biologically 
available to receptors on target cells. As mentioned, 
insulin inhibits the formation of SHBG. While SHBG 
binds to both testosterone and estrogen, it binds prefer-
entially to testosterone, so decreased levels of SHBG 
result in increased levels of free unbound estrogen.22 
A more graphic representation of these and other rela-
tionships can be seen in Figure 10.1.

Figure 10.1 Web-like interconnections: Insulin resistance 
syndrome

Summary

As can be seen in this brief analysis, a specific dys-
function can result in myriad symptoms and can be 
caused by myriad factors. In this example, the imbal-
ance is not confined to the single molecule, insulin; 
rather, it manifests in how the body secretes and 
responds to insulin. Promoting a healthy insulin 
response may involve many different factors. It is only 
by examining the web-like interconnections among 
these symptoms and factors that we can achieve a com-
prehensive assessment for the patient. As functional 
medicine clinicians, we examine the underlying imbal-
ances; we ask ourselves what preceded and what trig-
gered them; we look at upstream and downstream 
effects; and then we search for interventions that can 
affect the underlying interconnected pathways so that 
normal and even optimal function can be restored. 
Understanding how to rebalance important pathways 
in the body—establishing healthy and balanced web-
like interconnections—is the key to reestablishing a 
healthy pattern of function.

Organ System Function and Underlying 
Mechanisms: The Interconnected Web
Alex Vasquez, DC, ND

Introduction

Understanding the scientific basis and clinical appli-
cations of functional medicine and a “whole patient” 
approach to health care requires that clinicians fully 
appreciate the interconnectedness of organ system 
function with biochemical and physiological processes. 
Simplistic models of health and disease developed 
decades ago may no longer be accurate or clinically use-
ful insofar as they fail to reflect the more recently dis-
covered complex and multifaceted interrelationships. 
(Figure 10.2 uses the functional medicine matrix to 
depict some of this complexity.) As discussed earlier 
in this chapter, numerous mechanisms mediate these 
interrelationships, including, but not limited to, those 
that can be described as biochemical, hormonal, neuro-
logical, immunological, piezoelectric, and physical or 
mechanical. Ultimately, we are forced to dissolve the 
artificial intellectual boundaries we have created 
between organ systems and expand our appreciation 
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of individual molecules, cellular messengers, and the 
physiologic mechanisms that mediate intercellular 
communication and coordinate inter-organ function.

Figure 10.2 Web-like interconnections of the functional 
medicine matrix

The following discussion provides some specific 
examples of this profound interconnectedness that is a 
foundational principle of functional medicine. In this 
section, we will survey current research literature docu-
menting the interconnected nature of some key organ 
systems and disease processes. With these examples, cli-
nicians will better appreciate how the gastrointestinal, 
immune, cardiac, neurologic, and other systems interact 
with and depend upon each other for optimal physio-
logic function. Likewise, clinicians will understand more 
completely how essentially any dysfunction or lesion in 
the body can have clinically significant implications and 
distant adverse effects. From this perspective, individual-
ized clinical interventions can be designed and 
employed to deliver better health outcomes.

Gastrointestinal Tract and Liver

While the liver and the gastrointestinal tract share 
an obvious anatomic connection via the portal circula-
tion, the functional clinical implications of this connec-
tion are often not fully appreciated. Not only is the 
gastrointestinal tract the recipient of massive amounts 
of “external information” in the form of nutrients, toxi-
cants, and allergens that weigh in at more than 1,538 
pounds (700 kilograms) per year, but the gastrointestinal 
tract is also a reservoir for the several hundred species 
and subspecies of yeast, bacteria, and other microbes 
with the potential to modify hepatic function (e.g., 

detoxification) and overall health (e.g., immune 
response) by numerous mechanisms and with positive 
effects or negative consequences. (See Chapter 13 for a 
detailed discussion of microorganisms.)

The various organs and tissues of the gastrointestinal 
tract perform the complex functions of digestion, 
absorption, exclusion, excretion, immunologic defense, 
antigen sampling, and temporary storage of food resi-
dues and other substances that have been ingested. The 
mucosa is selectively permeable and allows the absorp-
tion of nutrients and other molecules via transcellular 
and paracellular routes. Compromise of mucosal integ-
rity due to injury from antigens, infection, systemic 
inflammation, or toxicants such as ethanol or nonsteroi-
dal anti-inflammatory drugs, increases absorption of 
potentially harmful substances that are normally 
excluded when mucosal integrity has not been breached. 
Materials that are harmless when rejected by the selectiv-
ity of the intestinal mucosa can, when inappropriately 
absorbed, serve as a source of inflammatory and immu-
nogenic stimuli for the embedded macrophages in the 
liver (Kupffer cells) and also for the systemic immune 
system and the brain’s embedded astrocytes and micro-
glia. This phenomenon is clearly demonstrated by the 
neurological complications and focal white-matter 
lesions seen in the brains of patients sensitized to the 
dietary antigen gluten; in this scenario, it appears that 
dietary antigens cross a damaged mucosal lining and 
escape filtration by the liver to produce a systemic 
inflammatory response that manifests clinically as neu-
rologic disease.23,24 It seems likely that other antigens are 
also capable of inducing a systemic inflammatory 
response in susceptible individuals.

The two most voluminous substances in the gas-
trointestinal tract are food antigens and microbial 
metabolites and debris, notably lipopolysaccharides 
(LPS, endotoxin) from gram-negative bacteria. These 
foreign substances normally excluded by an intact 
mucosa can serve as mediators of physiologic disrup-
tion (hence the importance of their exclusion), and 
indeed this is what has been observed in experimental 
and clinical data. For example, in patients with autism, 
increases in inflammatory mediator production are 
seen following exposure of monocytes to dietary aller-
gens and LPS.25 We also note that LPS is a potent inhib-
itor of numerous cytochrome P450 biotransformation 
pathways, thus leading to impaired drug metabolism as 
demonstrated in recent clinical trials.26,27 The implica-
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tions of these data are profound and correlate closely 
with phenomena observed in clinical practice, namely 
that patients with irritable bowel syndrome—a condi-
tion causatively associated with both food intolerance 
and bacterial overgrowth of the small bowel—com-
monly report environmental sensitivity and medica-
tion intolerance. One plausible answer to the conun-
drum of the chronically unwell patient—typified by 
the patient with chronic fatigue or environmental ill-
ness—now becomes clear: overgrowth of the small 
bowel with LPS-producing bacteria leads directly to the 
gastrointestinal symptoms of gas and bloating, with 
immune system activation,28 and also reduces hepatic 
clearance of metabolites, toxicants, and xenobiotics to 
which the patient eventually becomes sensitized 
(immunologically and/or non-immunologically). This 
explains, at least in part, the rationale for and impres-
sive clinical efficacy associated with the implementa-
tion of clinical therapeutics that simultaneously 
improve intestinal microecology, improve mucosal 
integrity, and provide biochemical/nutritional support 
for the processes of detoxification.29,30

Gastrointestinal Tract and Immune System

Any discussion of the role of the gastrointestinal 
tract in relation to the immune system must include a 
view of the gut that is inclusive of its contents of food 
antigens, intraluminal microbes, and their debris and 
metabolic products. When the gut is simply pictured as 
a passive semi-sterile tube with food entering one end 
and feces exiting the other, then it would appear an 
unlikely locus of immunogenic stimulation and neuro-
genic inflammation that can have systemic health con-
sequences.31,32,33,34,35 Conversely, appreciation of the 
manifold quantitative and qualitative variables that can 
exist hidden from both the clinician’s external view and 
the endoscopist’s internal camera enables practitioners 
to have a more realistic perspective on the influence 
that gastrointestinal function, dietary antigens, and 
microflora can have on extra-gastrointestinal processes 
and overall health.36,37

The combination of a hypersensitive/dysregulated 
immune system and exposure to dietary antigens sets 
the stage for the clinical phenomenon commonly 
described as “food allergy.” Diverse in frequency, dura-
tion, severity, and quality, these immune-mediated 
adverse reactions to foods can precipitate or exacerbate 

a wide range of clinical manifestations including rhino-
conjunctivitis, chronic sinusitis, dermatitis, epilepsy, 
migraine, hypertension, joint inflammation, and men-
tal depression.38,39 The immunopathogenesis generally 
includes multiple mechanisms and is not limited to 
mediation via IgE antibodies and histamine. Indeed, the 
pathophysiology of “food allergy” is commonly seen 
with numerous (not singular) aberrations in physiologic 
function, including responses mediated by or resultant 
from antibodies (including IgE, IgG, and/or possibly IgA 
classes of antibodies), cytokine-mediated responses 
(e.g., TNF-), increased intestinal permeability, occult 
gastrointestinal inflammation, and alterations in gastro-
intestinal microflora.40 To be more complete, our con-
ceptualization of “food allergy” must also include 
awareness of enterometabolic disorders (i.e., the inter-
connections between food, intestinal flora, and sys-
temic health41) as well as contributions from neurogenic 
inflammation (i.e., the translation of immunogenic 
inflammation to a neurologic signal with systemic 
proinflammatory effects42).

Aberrations in gastrointestinal microflora can pro-
voke a cascade of physiologic responses that may lead to 
widespread physiologic imbalances and result in a vari-
ety of clinical manifestations that may or may not con-
form to a recognized pattern or named disease even 
though the patient is highly symptomatic.43 Further-
more, we can conclude from recent literature that the 
concept of molecular mimicry is now well established 
and that it provides us a model with which to appre-
hend the induction of immune dysfunction (especially 
autoimmunity) by microorganisms with immunogenic 
epitopes that are structurally similar to those in human 
tissues.44 Thus, the link between “dysbiotic” gastrointes-
tinal flora such as Klebsiella pneumoniae and systemic 
immune-mediated inflammatory disorders such as anky-
losing spondylitis and chronic uveitis has a biological 
and scientific basis. Individualized assessment and treat-
ment of such dysbiotic loci, whether in the gut, geni-
tourinary tract, or nasopharynx, are likewise supported 
by current research and offer the hope of cure rather 
than an endless and additive cycle of anti-inflammatory 
and anti-rheumatic drugs. For example, evidence now 
shows that the systemic autoimmune disease Wegener’s 
granulomatosis may be triggered and perpetuated by 
molecular mimicry with occult respiratory infections 
caused by Staphylococcus aureus, and that eradication of 
the infection can result in clinical improvement and 
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reduced need for ongoing anti-rheumatic medica-
tion.45,46,47 In addition to molecular mimicry, microbes 
(i.e., occult infections and environmental exposures) 
can also alter immune regulation by serving as a source 
of superantigens, which cause widespread and multifac-
eted immune dysfunction with resultant proinflamma-
tory effects contributing to the exacerbation of allergy 
and autoimmune disease.48

Immune System and Cardiovascular System

The role of subclinical inflammation in the etio-
pathogenesis of atherosclerosis is no longer an issue of 
conjecture, as it has become a well-established aspect of 
the disease process. Even slight elevations in high-sen-
sitivity C-reactive protein are associated with a signifi-
cantly increased risk for cardiovascular morbidity and 
mortality in otherwise “apparently healthy” individu-
als.49 With the increasing irrefutability of these data, 
pharmaceutical companies have scrambled to develop 
and sell drugs that can reduce this low-level inflamma-
tion, while physicians with a broader perspective have 
directed their energies toward intensifying their 
patient-centered search for the source(s) of inflamma-
tion in each individual patient. For example, subclini-
cal inflammation can result from dietary indiscretion,50 
disturbed sleep,51 and vitamin D deficiency;52 in any of 
these situations, addressing the underlying causes of 
the inflammation with multicomponent nutritional/
lifestyle interventions may deliver more effective 
health improvement than can the long-term use of 
inflammation-suppressing medications.53,54,55

Gastrointestinal Tract, Liver, and Neurologic 
System

The last several years have witnessed an increased 
appreciation for the influence that the gut and liver 
have on the brain, and advancements in functional 
assessments are now documenting analytically what 
was at one point known only clinically—that the status 
of the gut and liver have profound effects on the func-
tioning of the brain. Evidence supporting the existence 
of a clinically important gut-brain interconnection has 
been published consistently over many decades and in 
major journals; see Chapters 28 (discussion by Gershon) 
and 31 (discussion by James) for analyses of these com-
plex interactions. Today, among the most poignant 

examples are Parkinson’s disease and the autistic spec-
trum disorders. Indeed, the strength of evidence sup-
porting the hepato-gastrointestinal link with these 
“neurologic” conditions is so strong that it could be 
logically argued that any treatment of these conditions 
that does not address the hepatic and enteric aspects of 
these diseases is therapeutically incomplete.

Although Parkinson’s disease was once considered 
idiopathic, we now recognize it as being a multifaceted 
disorder associated with defective mitochondrial func-
tion, impaired xenobiotic detoxification, and occupa-
tional and/or recreational exposure to toxicants, 
particularly pesticides. These associations align to create 
a new model for the illness based on exposure to neuro-
toxicants such as pesticides,56 which are ineffectively 
detoxified57 and then accumulate in the brain,58 induc-
ing mitochondrial dysfunction59 and oxidative stress,60 
and leading to the death of dopaminergic neurons. 
Therefore, from the perspective of both prevention and 
treatment, the clinical approach to Parkinson’s disease 
must include pesticide avoidance and optimization of 
detoxification to prevent the neuronal accumulation of 
neurotoxic mitochondrial poisons. The plan must also 
include optimization of nutritional status, antioxidant 
capacity, and mitochondrial function.61

The view that autism is a behavioral problem unfor-
tunately continues to permeate present-day medical 
treatment of this condition, and many pediatricians 
and psychiatrists still advise only behavioral therapy 
and medicalization with psychoactive pharmaceuticals, 
particularly selective serotonin reuptake inhibitors 
(SSRIs).62,63 While these interventions produce modest 
improvements over those seen in control groups, nei-
ther intervention remotely addresses the complex 
underlying physiology nor offers the possibility of cure, 
and SSRI use in children is highly controversial due to 
the association with increased incidence of suicide.64 
We now know that autism is a multifaceted disorder 
associated with gastrointestinal inflammation, nutri-
tional deficiencies,65 multiple food allergies and intoler-
ances,66 impairments in liver detoxification and 
resultant accumulation of xenobiotics, the majority of 
which have neurotoxic and/or immunotoxic effects.67 
Thus, autism is not a behavioral disorder per se; rather, it 
is a gastrointestinal-allergic-immunological-toxicant-
nutritional-environmental disorder, and the behavioral/
cognitive abnormalities are symptoms of the underly-
ing complex and interconnected pathophysiology. See 
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Chapter 30 (discussion by McGinnis) for an in-depth 
analysis of autism and oxidative stress.

Musculoskeletal System, Neurologic System, 
and Immune System

The adverse effects of a dysregulated immune sys-
tem upon the musculoskeletal system are well known 
for their contributions to autoimmune diseases such 
as rheumatoid arthritis. In this classic scenario, the 
immune system is the effector, and periarticular struc-
tures, synovium, and joint surfaces are the targets of 
inflammatory and destructive processes that result in 
joint destruction and pain that affect the musculo-
skeletal and neurologic systems, respectively. This 
model holds that the direction of events flows from the 
immune system (autoimmunity) to the musculoskeletal 
system (target site) to the nervous system (perception of 
pain). This popular model must be updated in light of 
current research.

The phenomena of neurogenic inflammation and 
neuronal plasticity demonstrate the active, effector 
functions of the sensory nervous system and exemplify 
the extent to which the Cartesian model of the sensory 
nervous system (i.e., as exclusively afferent and pas-
sively receptive) is no longer valid.68,69 Much of the 
musculoskeletal inflammation seen in clinical practice 
appears due, in large part, to inflammation that origi-
nates from and is mediated by the sensory nervous sys-
tem through the release of proinflammatory mediators 
from sensory nerves in periarticular tissues. 70,71 Further-
more, evidence is accumulating that neurogenic inflam-
mation can result from a heterogenous group of diverse 
stimuli, including allergens, environmental chemicals, 
and pain distant from the site of arthritis.72,73 Likewise, 
evidence that intentional relaxation74 as well as 
acupuncture75 can modulate inflammatory pathophysi-
ology indicates that psycho-emotional variables and 
nonbiochemical therapeutics are important clinical 
considerations for patients with inflammatory diseases.

Evidence also suggests that musculoskeletal therapeu-
tics such as spinal manipulation may influence immune 
responsiveness. Brennan et al.76,77 showed that chiroprac-
tic spinal manipulation resulted in an acute increase in 
phagocytic capacity of polymorphonuclear neutrophils, 
and that this result was seen only following authentic 
(versus sham) manipulation, and that the effect was pro-
portional to the increase in serum levels of substance P, a 

multifunctional molecule that acts as a neurotransmitter 
as well as a proinflammatory messenger. While the clini-
cal implications of these data are yet to be clarified, they 
clearly demonstrate that the immune system is sensitive 
to mechanical stimuli.

Beyond Biochemistry and Neurophysiology: 
Piezoelectricity as a Mechanism for 
Intersystem Connectedness

Piezoelectricity, the continuum between mechanical 
stress and bioelectric conduction, is a well-established 
aspect of organic matter, affecting all vertebrates and, 
therefore, humans. Notably, the nervous system in gen-
eral and the spinal cord in particular demonstrate an 
intrinsic dipole moment that is demonstrable across 
species of vertebrates.78,79 In 1977, Lipiski from Tufts 
University School of Medicine80 summarized the cur-
rent research of the day and speculated on the effects of 
spinal manipulation, yoga, and acupuncture as medi-
ated via the body’s inherent pyroelectric and piezoelec-
tric properties. Lipinski’s literature review (particularly 
including the work of Bassett81) suggests that “piezo-
electricity present in many biological systems may 
theoretically control cell nutrition, local pH, enzyme 
activation and inhibition, orientation of intra- and 
extra-cellular macromolecules, migratory and prolifera-
tive activity of cells, contractility of permeability of cell 
membranes, and energy transfer.” With these concepts 
and possibilities considered, we can construct a concep-
tual bridge linking mechanical stimuli such as massage, 
manipulation, exercise, and yoga, and (neuro)electrical 
stimuli such as acupuncture, meditation, prayer and 
intentionality, to plausible biochemical/physiological 
effects that translate into observed clinical benefits. 
This integrated model helps to explain the effects of 
“energetic” therapeutics such as moxibustion, acupunc-
ture, and yoga that may be mediated by nonbiochemi-
cal physiologic mechanisms. Furthermore, this model 
also helps us to understand hitherto unexplainable phe-
nomena such as the well-reported sensitivity that some 
people display to changes in the weather and the posi-
tioning of their bodies in relation to electromagnetic 
fields of the planet, electrical equipment, and power 
lines. Piezoelectricity may also be the physiologic con-
duit that transmits the effects of “distance healing,” 
prayer, and intentionality.82,83,84
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Summary

Human physiology is complex and treatment plans 
must be multifaceted to reflect this complexity. Cells, 
tissues, and organ systems work in concert—not in iso-
lation—and therefore effective intervention generally 
requires improvement in numerous organ systems. As 
the artificial boundaries between organ systems dis-
solve, a unifying theme emerges, namely that the 
attainment, preservation, and re-establishment of 
health must be all-encompassing. Programs and para-
digms related to the treatment of disease and the attain-
ment of optimal health must reflect appreciation of 
environmental, physical, mental/emotional, nutri-
tional, biochemical, hormonal, immunologic, neuro-
logic, and gastrointestinal components of our existence 
that coalesce without boundaries to make the human 
body and our experience of life itself. Thus, new fron-
tiers in health care will be reached not solely when new 
discoveries occur, but also when the integration of these 
discoveries into a cohesive, multifaceted, unified 
healthcare model prepares the way for more accurate 
understanding and more effective interventions. 
Healthcare providers of diverse backgrounds (ND, DC, 
MD, DO, RD, RN, LAc, and others) can and must work 
together to offer scientifically based, multifactorial 
interventions that are adapted to the specific needs of 
individual patients.
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Chapter 11
Health as a Positive Vitality
Nancy Sudak, MD

The Goal of Health is More than the Absence 
of Frank Disease

The disease model is compatible with a managed 
care setting, in which insurance reimbursement for ser-
vices is predicated upon codified diagnoses. The prob-
lem with this practice is that it fails to acknowledge the 
zone of dysfunction that occurs between optimal health 
and diagnosable disease. Although a working under-
standing of disease is both critical and useful, it can be 
enlightening to acknowledge that a disease is not a 
bona fide entity, but rather a label we affix to clinical 
patterns of signs and symptoms. When no “disease” can 
be found, this model becomes less relevant, and clini-
cians are often at a loss to identify effective treatments 
beyond palliative pharmaceuticals. We lose the oppor-
tunity to transform health and move the patient back 
toward wellness when we adhere to this model; regener-
ative potential is diminished as one advances further 
toward chronic disease on this continuum. Clearly, 
waiting until disease identifies itself before developing 
meaningful therapeutic strategies is detrimental to our 
patients and costly for our healthcare system overall.

An unfortunate result of employing the disease 
model is that the concept of health has come to be 
equated with the absence of disease. Patients who return 
from medical evaluations relative to symptoms fre-
quently report, “The doctor said there’s nothing wrong 
with me.” Though patients tend to be relieved when no 
major disease is discovered, they may also be distressed 
by the discrepancy between their sensation of being 
unwell and the physician’s assertion that all findings are 
normal. Significant morbidity and psychological distress 
may ensue,1 particularly if the physician’s attitude is dis-
missive. Because the focus of medical education is on 
disease, not wellness, physicians are not specifically 

trained to be qualified surveyors of vitality. A compre-
hensive medical history should include inquiry about 
habits that establish health as well as behaviors that 
erode it. Functional medicine practitioners evaluate 
patients through physical findings, objective laboratory 
measures, and a comprehensive appraisal of an individ-
ual’s environmental inputs, which typically include: 
dietary habits, quality of air, water and soil, toxic and 
infectious exposures, exercise patterns, social relation-
ships, behavior, stress management techniques, and 
spiritual centering practices.

The word “health” is derived from the Old English 
“hal,” meaning wholeness, being whole, hale, sound, or 
well.2 In current parlance, we recognize that wholeness 
signifies full function of the body-mind-spirit. In this 
light, it is not extreme to expect to feel fully alive, 
vibrant, and even joyful when healthy. Since much of 
the population reports chronic symptoms in the 
absence of authenticated disease,3 patients are led to 
believe that it is normal to feel unwell in the face of a 
clean bill of health. It is now evident that the over-
weight adult population in the U.S. constitutes the 
majority;4 thus, it has become standard to be over-
weight. Obviously, the solution is not to rework our 
height and weight charts to accommodate an obese 
population, but to become conscious that what appears 
to be most common in our culture is not necessarily 
healthy. By adopting a more optimistic and functional 
approach to wellness, we define health as positive vital-
ity, rather than mere absence of disease. This attitude 
promotes consideration of features that fortify our 
physiology to promote wellness, instead of concentrat-
ing on negative factors that give rise to illness.

We are aware of literally thousands of highly useful 
disease markers. However, ruling out disease by using 



Section II
Principles of Functional Medicine

108

laboratory measures doesn’t necessarily rule in good 
health. Positive indicators of wellness may be found to 
some degree on objective testing (e.g., cellular nutrient 
levels, beneficial flora cultures, antioxidant levels, hor-
mone metabolites). A diagnosis of being truly healthy 
will depend on favorable physical exam findings and 
laboratory evaluations, of course, but the patient’s story 
of how vital and fully functional he or she feels must 
figure prominently in the clinician’s assessment. 
Patients who report feeling unwell despite unrevealing 
evaluations tend to benefit from a functional medicine 
approach since broad areas of dysfunction are identifi-
able and treatable through supportive and restorative 
measures.

Importance of Functionality to Quality of Life

Illnesses and symptoms, whether acute or chronic, 
may generally be traced to one or more functional distur-
bances within the functional medicine “web.” Func-
tional status is characteristically diminished in keeping 
with the magnitude of symptoms. To use a simple exam-
ple of immune system dysregulation, a person with an 
itchy patch of atopic dermatitis on one ankle is less likely 
to experience a decline in functionality than someone 
with generalized urticaria. When we are highly symp-
tomatic, discomfort becomes a leading influence from 
which we cannot be readily distracted, and a greater 
degree of debility is anticipated. When functional capac-
ity weakens, we can also expect quality of life to decline. 
Health-related quality of life is a multifaceted concept 
that reflects the outcome of an illness on a patient’s eval-
uation of his or her functional status and emotional well-
being. Abundant reports in the medical literature con-
firm the harmful impact of illness or chronic symptoms 
on quality of life observed in conditions such as: osteoar-
thritis,5 chronic fatigue syndrome,6 obesity,7 insomnia,8 
childhood migraines,9 and hip fractures.10

Good health—full functionality on every level—is 
achieved by favorable interactions between our genes 
and our environment. When we understand that our 
genes have not changed substantially from those of our 
Paleolithic progenitors, but that our modern environ-
ment has been radically altered since that era, we appre-
ciate that our journey to maintain positive vitality must 
involve manipulating our environment advantageously 
to match the physiology of our genes. No two people 
share identical genetic activity; each individual is con-

stantly experiencing his or her environment to produce 
a certain quality of life. Our daily behaviors are funda-
mental to the production of our internal and external 
environments, and represent the most powerful influ-
ences upon our physiology. These daily choices contrib-
ute directly to biochemical function and may include: 
diet quality and quantity, micronutrient adequacy, level 
of physical exercise, action of the hypothalamic-pitu-
itary-thyroid-adrenal axis, toxic or infectious exposures, 
and emotional experiences of joy, fear, hostility, con-
nectedness, etc. Negative influences include frequent 
application of lawn pesticides, regular ingestion of trans-
fatty acids, frequently skipping meals, and excessive 
activation of the stress response, whereas positive influ-
ences are exemplified by purposeful avoidance of xeno-
biotics, adequate daily intake of pure water, essential 
fatty acids, antioxidants, and regular use of stress man-
agement techniques.

When we refer to an individual as being “highly 
functional,” we are often making a judgment of some-
one’s ability to be physically or intellectually industri-
ous. A principal driving force behind feeling energetic, 
creative, and productive is vigorous cellular and bio-
chemical function. Assessing the core clinical imbal-
ances of a patient is predicated upon understanding 
the body’s major molecular mediators (e.g., cytokines, 
immunoglobulins, antioxidants, stress hormones, 
neurotransmitters, fatty acids). Our health is deter-
mined by the complex interplay of these biologic 
modifiers as they cut across multiple organs. (See sec-
tions IV and V of this book for detailed information 
about these important influences.) The further we 
depart from daily healthy lifestyle practices, the less 
molecular support we provide to our metabolic func-
tions, and if this process continues, cellular resiliency 
declines and we have begun to pave the road toward 
dysfunction and disease. We may feel less physically 
and emotionally lively as this path unfolds.

We can easily think of instances of how the mind 
affects the body. A classic example of this concept is the 
well-documented effect of mindfulness meditation in 
reducing chronic pain.11 Another common example is 
the association between hostility and increased risk for 
myocardial infarction.12 The effect of the body on the 
mind is equally observable, since physiologic variables 
clearly contribute to emotional and cognitive welfare. 
Straightforward examples of molecular mediators that 
modulate brain function include: blood glucose levels, 
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neurotransmitters, essential fatty acids, and B vita-
mins.13 However, less obvious biochemical mediators 
may have a profound impact on function. For example, 
if dietary intake of gluten is inappropriate for a given 
individual’s physiology, psychiatric and emotional dis-
turbances may be seen.14,15 Certain people may become 
sluggish and unmotivated after succumbing to a carbo-
hydrate craving. Many patients who implement a com-
prehensive elimination diet experience unanticipated 
abatement of chronic symptoms long considered part of 
their normal physiologic landscape. In this way, they 
learn that diet is an environmental input that is criti-
cally important in determining function and vigor.

Spiritual connection represents another dimension 
of being that affects quality of life. Though difficult to 
quantify in research, the role of spirituality in health 
care has been receiving increasing attention.16 Geriatric 
patients reporting greater degrees of spirituality tended 
to more highly appraise their health status.17 The Ameri-
can Psychiatric Association’s Board of Trustees has 
passed a resolution stating that “it is useful for clinicians 
to obtain information on the religious or ideologic ori-
entation and beliefs of their patients so that they may 
properly attend to them in the course of treatment.” 
Religious commitment appears to be correlated with 
decreased risk for depression, substance abuse, hyperten-
sion, and other chronic health problems.18 In a recent 
survey, greater than 75% of patients believed that spiri-
tual issues should be addressed routinely in clinical 
care.19 Practitioners who engage with patients’ spiritual-
ity will bring more meaning to healthcare delivery and 
the therapeutic relationship. A practical approach to 
accomplishing this goal is discussed in Chapter 33.

Though conventional medicine seems to have parti-
tioned mind and spirit from body, the functional medi-
cine approach embraces these essential elements of 
wholeness as they affect one another within the matrix 
of core areas of function. Quality of physiologic func-
tion is generated by the performance of daily behaviors, 
by and large within the sphere of our control. We maxi-
mize wellness of body-mind-spirit when we consistently 
implement practices that strengthen our unique consti-
tutions, and learn to reject those that seem to impair 
vitality and optimal function. As biochemically unique 
individuals, we must each determine which environ-
mental inputs are ideal in defining our personal health.

The functional medicine model embraces the old 
adage “If you don’t take time for your health, you’ll have 

to take time for your illness.” We understand that our 
daily actions collectively represent the most significant 
factor of control over our health. Decision making in this 
regard occurs many times within a 24-hour period. 
When we become mindful of our immediate options to 
produce better health outcomes, we may ask ourselves 
many questions as we navigate through the day:

• Shall I eat a full breakfast or just have a doughnut 
during my break?

• Shall I walk to work or drive?
• Should I exercise today or sleep later?
• Which would suit my needs better—a slice of 

pizza on-the-run or a meal of lean protein, fresh 
vegetables, and whole grains that I actually sit 
down to eat?

• Should I watch a rerun of my favorite sit-com or go 
to bed earlier?

• Should I try to remain gluten-free for a few weeks to 
see if my headaches improve?

• Will application of lawn pesticides to kill the dan-
delions on my lawn affect my health and that of 
the planet adversely?

Once it becomes habitual to ask these questions and 
to mindfully implement the healthier options, making 
optimal choices becomes self-perpetuating. If we are pay-
ing attention, we can quickly realize how much better we 
feel when we show a preference for those selections bet-
ter matched to our physiology.

The functional medicine paradigm illustrates the art 
of living well as the basis for health and well-being. 
Symptoms or impairment of vitality will prompt a 
trained practitioner to investigate for functional imbal-
ances. Functional medicine has the potential to revolu-
tionize healthcare delivery, not only as a result of its 
anticipatory and preventive nature, but because the 
identification and supportive treatment of underlying 
contributing factors is the most effective means of 
addressing the health of the individual. By recognizing 
and treating functional disturbances, physicians can 
guide patients toward more advantageous environmen-
tal inputs, thereby saving millions of dollars in health-
care expenditures. Functional medicine physicians 
routinely state that they have become re-enchanted 
with medical practice; once they have learned the appli-
cation of nutritional biochemistry and functional phys-
iology, they have at their disposal an extensive array of 
tools that are quite satisfying to implement.
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Chapter 12
Healthy Aging: The Promotion of Organ Reserve
David S. Jones, MD, Jeffrey S. Bland, PhD, and Sheila Quinn

Introductioni

For nearly 20 years, we have used the term “organ 
reserve” in functional medicine as a marker for healthy 
aging. Our assumption has been that if we enable our 
patients to reduce oxidative stress and inflammation, 
improve the match of genes to environment, support 
healthy lifestyles, and improve micronutrient repletion, 
we will be creating greater flexibility and adaptability 
(degrees of freedom) in the aging human organism, 
enabling people to live out their years with longer per-
iods of health and vitality and shorter periods of disease 
and debility prior to death. The research base, however, 
has yet to precisely define “organ reserve”; nor are we 
yet able to measure or specify the effects of all these pre-
ventive measures on the reserve capacity of our organs 
(hearts, lungs, livers, kidneys, brains, etc.) to respond to 
life’s insults—illness, trauma, loss, chronic stress, and 
poor lifestyles. It is difficult, therefore, to describe a 
causal link between the concept of organ reserve and 
the phenomenon of healthy aging. It is, however, a use-
ful concept—a kind of shorthand term that encom-
passes the physiological benefits of the functional 
medicine approach to health. With that caveat, let’s 
explore some aspects of theories about aging and how 
we can help patients to more years of optimal health.

Aging and Disease: Rectangularizing the 
Morbidity Curve

Suggestions from anthropological data estimate that 
our earliest ancestors lived on average only about 18 
years, and that by the time of the Roman Empire, life 
expectancy was still not much over 22 years. In the 
interval from that point to the start of the 20th century, 
life expectancy at birth doubled to 45 years.1,2 
“Throughout most of the 20th century, death rates 
declined dramatically at every age in developed nations, 
and life expectancy at birth rose rapidly. For example, 
life expectancy at birth for U.S. females increased from 
48.9 years in 1900 to 79.0 in 1995.”3

Ageing [sic] is a biological puzzle of long standing, 
particularly because it manifests itself over a wide 
range of biological systems, tissues and functions. …   
But ageing is not a function. Ageing can be defined as 
an endogenous progressive deterioration in age-spe-
cific components of fitness.4 It is not actively selected 
for. It is instead a secondary effect of the decline in 
the force of natural selection with age.5,6 From such 
theory it follows that many loci, and many biochemi-
cal pathways, are expected to produce the deleterious 
effects of ageing, because it is a secondary side-effect 
of normal evolution.”7

If it is true that the forces of natural selection lose 
hegemony in the years following fecundity (the aging 
years), but that the forces of selection have set in place 
the genetic mechanisms that define the biologic con-
text of adaptive possibilities, then new models for 
understanding aging and constructive interventions, in 
terms of both public health recommendations and indi-
vidual healthcare strategies, are required.

In 1980, James Fries discussed in The New England 
Journal of Medicine “a set of predictions” on aging, natu-
ral death, and the compression of morbidity.8 In his 

i This chapter was adapted from “Healthy aging and the origins of ill-
ness: Improving the expression of genetic potential,” which was pub-
lished by the authors in Integrative Medicine: A Clinician’s Journal. Dec 
2003/Jan 2004;2(6):16-25. Many thanks to the journal for permission 
to adapt this article.
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paper, he challenged the popular notion that aging is 
necessarily associated with increased morbidity and dis-
ability. He also suggested that, in developed countries, 
with substantial improvements in public health mea-
sures, nutrition, and medical care, people would 
approach greater parity between “expected biological 
life span” and actual years of functional life. As summa-
rized in a reflective editorial published in the same jour-
nal 18 years later: “In the ideal case, the healthy citizens 
of a modern society will survive to an advanced age 
with their vigor and functional independence main-
tained, and morbidity and disability will be compressed 
into a relatively short period before death occurs at 
around the age of 85 years.”9 This has become known as 
the Fries hypothesis and as the rectangularizing of the 
morbidity curve based on maintenance of organ reserve.

In 1998, again in the NEJM, Anthony Vita and col-
leagues (including James Fries) presented evidence col-
lected from a study of 1,741 University of Pennsylvania 
alumni over a period of 32 years.10 Their extensive data 
supported the notion that healthful lifestyle activities 
were associated with less loss of function (disability) 
and fewer chronic illnesses during the life span. In this 
study, the lifestyle factors showing the greatest correla-
tion with differences between the upper and lower lev-
els of risk were: (1) smoking, (2) body mass index, and 
(3) patterns of exercise. An accompanying editorial 
summarized the findings: “In the group with the lowest 
level of risk, the onset of functional disability was post-
poned by about five years. In the group with the high-
est level of risk—those who had a body mass index of 
26 or higher, smoked 30 or more cigarettes per day, and 
got no regular vigorous exercise—there was both an ear-
lier onset of disability and a greater level of cumulative 
disability, as well as more disability in the final year of 
life for the 10% of the cohort that had died.”11 In the 
Harvard Study of Adult Development, George E. Vail-
lant corroborated the importance of the same risk fac-
tors—smoking, obesity, and exercise—but added two 
emotional components, stable marriage and “mature 
defenses,” as important differentiating factors of suc-
cessful aging.12,13

However, subsequent analyses of the Fries hypothe-
sis have demonstrated that the rectangularization Fries 
described is actually composed of two elements, mortal-
ity and morbidity, and they should be analyzed sepa-
rately. Compression of mortality refers to an increasing 
concentration of ages at death (decreased variability of 

ages at death); whereas compression of morbidity refers 
to increasing concentration of illness and disability into 
the latter years of life.14

The calculations of life expectancy contain statisti-
cal Gordian knots that preoccupy many researchers in 
the field of aging. Behind the pure intellectual interest 
in aging and life expectancy lurk important public pol-
icy issues that will not be explored here.ii The funda-
mental debate is between those who believe increases in 
longevity will proceed more slowly in the future than 
they have in the past, eventually stopping entirely, and 
those who believe the data do not support such a con-
clusion. The hypothesis presented by Carnes and 
Olshansky,15 postulating that animal and human data 
suggest that species “possess an intrinsic mortality signa-
ture,” falls into the first category:

Imagine a population completely protected from 
extrinsic causes of death, but denied access to any 
medical intervention that might influence (i.e., post-
pone the age of death) intrinsic processes—the goal for 
most control groups in studies involving laboratory 
animals. Assuming the population is representative of 
the species from which it came, the life expectancy for 
this hypothetical population is an estimate of the 
upper limit for the average life span of individuals 
within this species—an upper limit imposed by the 
intrinsic mortality signature.

The conundrum of life expectancy or species-specific 
intrinsic mortality signature rests squarely on the implica-
tive enfolding of the natural processes of aging occur-
ring always in real time within an incalculably complex 
environment that interacts with the inherent genetics 
and biological processes of each individual within the 
species. We are learning that risks of disease and age-
related decline are unique to each patient, and that 
phenotypic expression appears to be more vulnerable to 
environmental pressures than to genetic influences.16 
Many in this field assert that the extension of functional 
life spaniii and life expectancyiv as seen in the 20th century 
is unlikely to be duplicated in the 21st century. The large 
incremental improvements in public health measures, 
nutrition, and medical care associated with the increases 
in life expectancy in the 20th century are not reproduc-
ible in the 21st century without “modifying endogenous 

ii The U.S. Social Security Administration, for example, must predict the 
size of future beneficiary populations. If, as some researchers believe, 
the agency is underestimating future increases in longevity, the Social 
Security system will be subject to some very significant unplanned-for 
financial burdens. [Roush W. Live long and prosper? Science. 
1996;273:42-46.]
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biological processes inherent to aging.”17 Olshansky and 
Carnes go on to assert: “There are no life-style changes, 
surgical procedures, vitamins, antioxidants, hormones, 
or techniques of genetic engineering available today 
with the capacity to repeat the gains in life expectancy 
that were achieved during the 20th century.”

However, a 2002 article by Oeppen and Vaupel18 dis-
putes their contentions. Using life expectancy data for 
the world’s most long-lived populations, they show evi-
dence of a “regular stream of continuing progress” as 
represented by a linear climb from 1840 to 2000. Dur-
ing that period, record life expectancy broke every pre-
diction advanced, usually within just a few years: “Best-
practice life expectancy has increased by 2.5 years per 
decade for a century and a half.” Not to mince words, 
Oeppen and Vaupel conclude: “This mortality research 
has exposed the empirical misconceptions and specious 
theories that underlie the pernicious belief that the 
expectation of life cannot rise much further.”

Wilmoth19 concurs: “Extrapolation rides the steady 
course of past mortality trends, whereas popular and 
scientific discussions of mortality often buck those his-
torical trends, in either an optimistic or pessimistic 
direction …   [E]arlier arguments about an imminent end 
to gains in human longevity have often been over-
turned, sometimes quite soon after they were put 
forth.” In another paper published in 2000, he argued 
further that this contrarian view is based on data that 
show that “the most significant trend now affecting 
longevity in industrialized societies is the decline of 
death rates among the elderly.”20,21

In 1999, Wilmoth and Horiuchi also demonstrated 
through demographic statistical methods that rectangu-
larization of mortality is not a necessary and concomi-
tant association with mortality decline.22 Myers and 
Manton, in 1984, had shown that the standard devia-
tion of deaths above age 60 in the United States 
increased rather than decreased between 1962 and 
1979, in spite of the decline in death rates.23 In the old-

est-old populations in developed countries there has 
been an unexplained expansion, rather than a compres-
sion of mortality (greater variability of the ages at 
death).24,25,26 Also, the overall rectangularity of the sur-
vival curve and the limits of longevity are not irrevocably 
linked as initially postulated by Fries in 1980. In the 
original theory, as the survival curve rectangularized, 
the limits of longevity would be substantially revealed. 
As shown by James Vaupel and associates,27 as well as 
others,28 as early as the 1950s and into the 1990s, there 
was a general loss in the rectangularization of the sur-
vival curve as the limits of longevity came very much 
into question due to the well-documented rise in 
improved survival at older ages.29,30,31 For example, the 
number of centenarians has doubled approximately 
every 10 years since 1950.32

We enter the 21st century in need of a general theory 
on population aging,33,34 and humbled by the awareness 
that “our understanding of the complex interactions 
of social and biological factors that determine mortal-
ity levels is still imprecise.”35 It is clear that the present 
sustained increase in life expectancy from birth is now 
due to the mortality decline at the highest ages,36 even 
if as yet unexplained. We have entered a transition in 
population biodemographics within the developed 
countries where fecundity and mortality are lower and 
causes of death are less associated with infectious dis-
eases and/or accidental death, and more associated 
with degenerative and age-related causes. Research is 
ongoing to delineate the subtle differences and causes 
of (a) life expectancy, (b) disease-free life expectancy, 
and (c) disability-free life expectancy.

Contemporary research has substantiated Fries’ 1980 
prediction that chronic illness can be postponed by 
changes in lifestyle, contradicting the anticipated fore-
cast of an ever older, ever more feeble, and ever more 
expensive-to-care-for populace. Although his first pre-
diction that the length of human life is fixed has proved 
erroneous, his second prediction that many of the 
“markers” of aging can be modified, has proved pre-
scient.37 His charge that “acute illness has ceased to be 
the major medical problem in the United States,” and 
that “chronic illness now is responsible for more than 
80% of all deaths and for an even higher fraction of 
cases of total disability” has only recently received the 
attention it deserved.38

Fries challenged the medical establishment to focus 
on both the elements of aging (senescence) and a strategy 

iii Life span refers to a specific individual’s length of life. For example, the 
verified oldest-age-at-death of a member of a species establishes the 
maximum life span for that species. Therefore, maximum life span is 
always greater than life expectancy. The oldest fully authenticated age 
to which any human has ever lived is 122 years and 164 days, by 
Jeanne-Louise Calment. She was born in France on February 21, 1875 
and died at a nursing home in Arles, southern France on August 4, 1997 
(Guinness Book of Records).
iv Life expectancy is a statistical measure of a population; it is actuarially 
derived and is especially sensitive to improvements in life expectancy at 
birth rather than later improvements in survival.
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of postponement, rather than cure, for the chronic dis-
eases. In order to construct therapeutic interventions 
around validated elements that can enhance healthy 
aging and the compression of morbidity, researchers are 
teasing out those mechanisms that are associated with 
death from natural aging, as well as those consequent to 
chronic illness.

For most of us, death will be preceded by a decline 
in function, and we would all like that period of decline 
to be as brief as possible. Achieving that goal requires 
that physicians and patients alike understand what con-
tributes to age-related decline and disease, and what 
mitigates against the involution of physical, psycholog-
ical, and social vigor. We need a deeper understanding 
of the complex interaction of aging and decreased func-
tional reserve, and the interwoven associations with ill-
ness, so that—as clinicians—we do not fail to give our 
patients the best possible chance for maximum health 
and function as they age.

Mechanisms of Aging

A number of modelsv have been proposed to account 
for the observable effects of aging on living organ-
isms.39,40,41,42,43,44,45 The model proposed by Denham 
Harman, MD, PhD, in 1956,46 has developed in the 
intervening half century the greatest number of advo-
cates and the most robust repository of research.47,48 Dr. 
Harman proposed that the accumulated effects of oxida-
tive damage from normal metabolism create mischief for 
members of all sex-dependent species after the reproduc-
tive years, although, as mentioned earlier, there may 
also exist extenuating factors in the oldest-old.49,50

A number of lines of thinking converge around Har-
man’s free radical theory of aging.51,52,53 The evolutionary 
biologists explain aging as a sidebar to the underlying 
mechanisms and processes of natural selection. As 
explained by Michael Rose in 1999:

Heritable traits persist and become prevalent in a pop-
ulation—they are selected, in evolutionary terms—if 
those properties help their bearers to survive into repro-
ductive age and produce offspring. The most useful 
traits result in the most offspring and hence in the 
greatest perpetuation of the genes controlling those 
properties. Meanwhile traits that diminish survival in 

youth become uncommon—are selected against—
because their possessors often die before reproducing.  …    
(However) in contrast to deleterious genes that act 
early, those that sap vitality in later years would be 
expected to accumulate readily in a population, because 
parents with those genes will pass them to the next 
generation before their bad effects interfere with repro-
duction. (The later the genes lead to disability, the more 
they will spread, because the possessors will be able to 
reproduce longer.)54

These ideas have produced some very interesting 
research into the mitigation of the inevitable ravages of 
oxidative damage as the organism ages. For example, rat 
studies performed by Dr. Ames and his associates showed 
that feeding “old rats” the normal mitochondrial metab-
olites acetylcarnitinevi and lipoic acidvii for a few weeks 
restores mitochondrial function, lowers oxidants to the 
level of a young rat, and increases ambulatory activity to 
a level usually seen only in young rats.55,56,57

These animal studies suggest plausible underlying 
mechanisms of aging as well as possible restorative inter-
ventions. Dr. Ames summarizes: “With age, increased 
oxidative damage to proteins and lipid membranes, par-
ticularly in mitochondria, causes a deformation of struc-
ture of key enzymes, with a consequent lessening of 
affinity (Km) for the enzyme substrate; an increased level 
of the substrate restores the velocity of the reaction, and 
thus restores function.”58

Studies are now being conducted with human sub-
jects using DNA microarray technology as an assay.59 
Young and old rat lymphocytes and young and old 
human leukocytes will be compared as a measure of 
interventional success. Ames and his associates have 
termed this research searching for the metabolic tune-up. 
They hope to determine the levels of micronutrients 
that mitigate against DNA damage. By using DNA 
microarray technology, the experimental interventions 
can be assayed for enhanced or worsened genomic stabil-
ity. They are presently working their way through all of 
the established micronutrients that have shown an 
association between deficiency and DNA damage. How-
ever, in the end, tuning-up the metabolism will require 
an understanding of the cross-connections between the 

v Not covered here are the models based on the arrays of alleles differen-
tiating long-lived from shorter-lived individuals within species popula-
tions, programmed aging as a specific development end point (the 
aging gene model), and the role of telomerase in cellular aging. (See 
endnotes associated with the referenced sentence.)

vi  Carnitine is an amino acid that facilitates transport of free fatty acids 
across the cell membrane of the mitochondria.
vii  Lipoic acid (a powerful antioxidant), CoQ10, tetrahydrofolate, and 
glutathione are part of the mitochondrial multi-enzyme complexes 
intricately involved with oxidative phosphorylation, cellular respira-
tion, and Krebs cycle-derived cellular ATP/energy production within 
mitochondria.
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unique genetic constitution and the unique nutrient 
needs of the individual.60 The thrust of this present 
research was presaged by Ames’ proposal in his 1998 
paper that micronutrient inadequacy is genotoxic:61

Micronutrient deficiency may explain, in good part, 
why the quarter of the population that eats the fewest 
fruits and vegetables (5 portions a day is advised) has 
about double the cancer rate for most types of cancer 
when compared to the quarter with the highest intake 
…   . Eighty percent of American children and adoles-
cents and 68% of adults do not eat five portions a day. 
Common micronutrient deficiencies are likely to dam-
age DNA by the same mechanism as radiation and 
many chemicals, [and] appear to be orders of magni-
tude more important. Remedying micronutrient defi-
ciencies is likely to lead to a major improvement in 
health and an increase in longevity at low cost.

The Origins of Illness: A Mismatch Between 
Genes and Environment

“Most of us believe we age by genetically predeter-
mined processes that are beyond our control …   and 
hope we have gotten the genetic luck of the draw.”62 For 
many years, medical professionals and the lay public 
alike believed that we could do little to prevent the asso-
ciated illnesses of aging, as they were thought to be prin-
cipally a deterministic result of our genetic inheritance.

In the past 15 years, however, as researchers have 
deciphered the genome locked into Homo sapiens’ 23 
pairs of chromosomes, this deterministic model of sick-
ness has been found by most scientists in the field to be 
incorrect.63 Genes do not code for specific diseases of 
aging.64 Instead, they code for various strengths and 
weaknesses in the human constitution that give rise to 
resistance or susceptibility factors for age-related dis-
eases. Some people get the “luck of the draw” and have 
more resistance genes to factors associated with 21st cen-
tury living. For most people, however, the occurrence of 
illness as we age is a result of the blending of genetic sus-
ceptibility factors with environmental exposures.65

The multifactorial “genes for heart disease” or “genes 
for cancer” may never be translated into actual disease 
expression unless the individual plunges these less resis-
tant genes into an environment that triggers his or her 
unique constitution. For example, the susceptibility 
within the array of “genes for heart disease” may not 
result in heart disease until the person eats a diet rich in 
saturated fat, smokes, lives a lifestyle that enhances fre-
quent high tides of his/her stress hormones, and/or has 

inadequate levels of the B vitamins in his/her diet to 
appropriately respond to these environmental stressors.66 
As Nada Abumrad pointed out, “Nutritional support can 
be tailored to the individual genotype to favor beneficial 
phenotypic expression or to suppress processes that lead 
to later pathology.”67 This recognition gives individuals 
much greater control over their health as they age than 
they would have if all sickness were simply a natural con-
sequence of advancing age. The pluri-potential qualities of 
our life depend on the vast array of information within our 
genome and how/what signals are—and have been—gener-
ated to induce expression from our genome.viii

When Watson and Crick68 published their bench-
mark research on the structure of DNA in 1953, they lit-
tle suspected their discovery would initiate a revolution 
in medicine. They could not know it would empower a 
revolution of choice for the kind of “health probability” 
an individual can select, as he/she grows older.69 Wat-
son and Crick’s discovery heralded the dawn of what 
has been called “genomic medicine.” For clinicians it 
represents the age of personalized medicine.70 We now 
know that even diseases (like cancer) that we once 
thought were “all in the genes” are caused by interac-
tions between our gene matrix and environmentally 
derived signals transduced at the cell membrane inter-
face and then translated through genetic processing.

From Genotype to Phenotype: The Role of 
Individual Susceptibility

In an article published in the NEJM in 2000, investi-
gators from the Karolinska Institute in Sweden reported 
on 44,788 pairs of twins from their extensive health 
and human services registries. (One of the benefits of 
the socialized medical system in Sweden, Denmark, and 
Finland is the huge databases of patients’ demographics 
and health outcome histories.) This specific study 
showed that identical twins do not experience cancer at 
the same rate. In fact, the study reported, “Inherited 
genetic factors make a minor contribution to suscepti-
bility to most types of neoplasms. This finding indicates 
that the environment has the principal role in causing 
sporadic cancer.”71

viii In Matt Ridley’s (1999) GENOME: The Autobiography of a Species In 23 
Chapters, he uses the analogy of a book of life in 23 chapters to high-
light the connection between what has been found in the gene map-
ping discoveries to this point in the genome project (30,000 to 35,000 
gene sequences derived from 2.9 billion nucleotide codes in the 23 
paired chromosomes).
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In 1950, Roger Williams wrote a paper titled “The 
Concept of Genetotrophic Disease.”72 In this Lancet 
article, Williams advanced the bold concept that a num-
ber of diseases whose origins were unknown at that time 
could be understood as conditions associated not with 
malnutrition, but with undernutrition based on the indi-
vidual’s unique genetic needs. He postulated that heart 
disease, cancer, diabetes, arthritis, schizophrenia, and 
even alcoholism could be considered to have “gene-
totrophic origin.” Williams’ concept, rooted in genetics 
and biochemistry, proposed that undernutrition would 
result in suboptimal metabolisms within susceptible 
individuals, which would, in turn, increase the potential 
for chronic illness developing over decades of living.

Medicine did not at that time embrace the gene-
totrophic model for the origin of disease, and the con-
cept remained dormant for 50 years. The results of the 
Human Genome Project in the late 20th century and the 
revolution in understanding how diet and specific 
macro- and micronutrients influence gene expression 
have recently made Williams’ concepts seem prescient. 
He appears to have predicted the transition in medicine 
from a largely empirical meta-science to a predictive sci-
ence based on unified mechanisms of disease. We now 
know that the mechanisms that result in the initiation 
and progression of most age-related chronic illnesses 
have their origin, at least in part, in the genetotrophic 
concept.73,74

The recent publication of a landmark paper by 
Ames et al.75 provides the bench-science substantiation 
needed to flesh out Williams’ postulates. Ames shows in 
his encyclopedic review paper that “as many as one-
third of mutations in a gene result in the corresponding 
enzyme having an increased Michaelis constant, or Km 
(decreased binding affinity), for a coenzyme, resulting 
in a lower rate of reaction.” Some people carry polymor-
phismsix that are more critical in determining the out-
come of their health history. He goes on to argue that 
studies have shown that administration of higher than 
dietary reference intake (DRI) levels of cofactors (spe-
cific vitamins and minerals) to these polymorphic genes 

restores activity to near-normal and even normal levels. 
He concludes that “nutritional interventions to 
improve health are likely to be a major benefit of the 
genomics era.”

It is also recognized now that nutritional status and 
specific nutrients modify drug metabolism, and the 
impact is unique to the genotype of the individual. 
Researchers have recently discovered that specific nutri-
ents modify the expression and function of detoxifica-
tion genes.76,77,78 Cruciferous vegetables, which include 
broccoli, cauliflower, Brussels sprouts, and cabbage, 
contain nutrients called glucosinolates. These sub-
stances break down in the digestive tract to produce 
chemicals such as indole-3-carbinol, sulfurophane, and 
phenylisothiocyanate. These chemicals, in their turn, 
activate specific genes that help detoxify cancer-produc-
ing substances.79 The mechanism by which specific 
nutrients help protect individuals with certain geno-
types is just now being fully explored.

Other nutrients, such as glutathione, CoQ10, vita-
mins C and E, the B-complex nutrients (including folic 
acid, B12, and B6), and the essential minerals zinc, cop-
per, and selenium, all assist the genes in protecting 
against heart disease, stroke, dementias, cancer, and dia-
betes.80,81,82,83,84 Genetic uniqueness may cause some 
individuals to require 100 times as much of a particular 
vitamin, mineral, or accessory nutrient as another for 
good health.85 For example, “a common polymorphism 
exists for the gene that encodes the methylene tetrahy-
drofolate reductase (MTHFR) enzyme, which converts 
5,10-methylene tetrahydrofolate to 5-methyltetrahydro-
folate, required for conversion of homocysteine to 
methionine …   . Individuals with the MTHFR 677 TT 
genotype had a significantly higher risk of CHD, particu-
larly in the setting of low folate status.”86 Elevated 
homocysteine is associated with depression, heart dis-
ease, stroke, colon and breast cancers, and dementia.87 If 
susceptible individuals consume a diet that for most 
people would be “adequate” in these nutrients, they run 
the risk of developing a disease of aging such as heart 
disease. Kilmer McCully recently wrote: “There is an 
urgency to this matter. There are 500,000 people dying 
every year from heart disease, and millions more suffer-
ing.”88 As Willett and Stampfer pointed out in a Decem-
ber 2001 article in the NEJM, the daily consumption of a 
well-balanced multivitamin and mineral supplement 
now makes sense from a number of lines of research.89

ix A polymorphic gene is an alternate form of a wild gene present in >1% 
of the population. The most common polymorphic genes are single 
nucleotide polymorphisms (SNPs) that result in translational proteins 
and enzymes with decreased functionality. We all share at least 99.9% of 
the nucleotide code of our species’ genome. The SNPs are what make us 
unique within our species. The translation of our genome message that 
includes our SNPs results in our individual phenotype. [Burghes, et al. 
Science. 2001;293:2213-14.]
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We inherit more than our genes. Through custom, 
habit, and patterning, we also inherit nutrition and life-
style habits. The interaction of genetic uniqueness with 
lifestyle results in the illnesses many people associate 
with aging. A dramatic example can be seen today in 
the stunning increase in cases of type 2 diabetes90,x and 
the estimate that “as many as 1 in 4 apparently healthy 
Americans are at risk of developing ‘Syndrome X,’ a 
metabolic derangement that is a major contributor to 
coronary artery disease”91 and a likely precursor to type 
2 diabetes. There is clear and compelling evidence from 
many sources that diet and lifestyle are the culprits, 
since (as noted above) the human genome itself has not 
changed in this period of time.

Summary

People are living longer—that’s indisputable. We 
know that how we live those extra years is an abiding 
issue. Medical education, research, and practice need to 
shift focus, looking at the complex issues involved in 
the origins of illness and healthy aging. The evidence is 
very strong that illness is not a predetermined conse-
quence of aging92,93 and that age-related decline can 
probably be substantially compressed (in length and in 
severity) by better management of the interaction 
between our genetic uniqueness and the overall envi-
ronment to which we expose our genes throughout our 
lifetimes.94 Ongoing research will help us understand 
the mechanisms by which the environment affects our 
genes, and we will be able to intervene sooner, targeting 
very specific risks and vulnerabilities inherent to the 
individual. Tailored recommendations for diet, nutri-
tional pharmacology,95 pharmacogenomics, lifestyle 
change (including “mind-body” issues), structural and 
physical medicine, and exercise96,96,97 are already impor-
tant in improving the expression of genetic potential, 
and will become more clinically useful and focused as 
the evidence base expands.

The doctors of the 21st century will need to under-
stand how to assess patients’ genotypes,98,99,100 how to 
personalize treatment for their individual needs, config-
uring patient interventions to improve lifestyle and 

environment to minimize the risks of age-related 
chronic disease. We hope that this book will help the 
readers to do just that.
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Chapter 13
Environmental Inputs
� Diet and Nutrients
� Air and Water
� Physical Exercise
� Psychosocial Influences
� Trauma
� Xenobiotics
� Microorganisms
� Radiation

Diet and Nutrients
Jeffrey S. Bland, PhD

Introduction

A historical review of our understanding of chronic 
diseases affirms that we now know these are primarily 
“lifestyle diseases.” This gene-environment connection, 
in which certain genetic strengths and weaknesses are 
powerfully influenced by environmental choices, gives 
rise to the patient’s health phenotype. The phenotype is 
a result of the interaction of the genotype with environ-
mental factors: genomics influence proteomics,i which 
influence metabolomics, which ultimately give rise to 
phenomics, or how an individual looks, acts, and feels. 
Genes are expressed as a consequence of the environ-
ment in which they are immersed. Environment-gene 
interactions give rise to the expression of the diseases of 
the culture. No medicine or therapy can prevent the 
interaction between genes and environment. Unfortu-

nately, it is not possible to attack causality in many 
chronic diseases without dealing with multiple environ-
mental factors. Fortunately, we do know that the out-
come, or phenotype, can be affected by modifying the 
environment. Yet, we are not using this information 
effectively to modify our approach to health care. We 
need this new, primary model for addressing both the 
prevention and management of chronic disease. That is 
the central theme of functional medicine.

Diet and Nutrients: The Emerging Evidence

An editorial about the relationship among environ-
mental “inputs” such as diet, lifestyle, and longevity 
appeared in the Journal of the American Medical Associa-
tion, authored by Drs. Eric Rimm and Meir Stampfer, 
well-respected epidemiologists at the Departments of 
Epidemiology and Nutrition at the Harvard School of 
Public Health.1 They discussed the work of Ancel Keys, 
who worked at the University of Minnesota and was a 
pioneer in the discovery of new research methods link-
ing nutrition and disease. He is credited with discover-
ing that saturated fat intake is a risk factor for cardio-
vascular disease (CVD) and that unsaturated fat intake 

i Proteomics applies the techniques of molecular biology, biochemistry, 
and genetics to analyzing the structure, function, and interactions of 
the proteins produced by the genes. Metabolomics provides an over-
view of the metabolic status and biochemical events associated with a 
cellular or biological system, describing their dynamic responses to 
genetic and environmental modulation. Phenomics attempts to inte-
grate the information provided by these areas of study into a holistic 
picture of the complete organism (individual).
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is associated with a lower risk of CVD. Rimm and 
Stampfer state:

Nearly 50 years ago, Keys recognized the enormously 
divergent rates of heart disease around the world, even 
after adjusting for differences in age. Although coro-
nary disease was and remains the leading cause of 
death in the United States and many developed and 
developing countries, it was almost non-existent in the 
traditional cultures of Crete and Japan. Rates of cancer 
at various sites also differ enormously—up to 100-
fold—in different populations. The rapid changes in 
rates of many of these diseases over time and studies 
that show increases in chronic disease rates among 
migrants from traditional to Westernized cultures dem-
onstrate that relatively swift changes in disease rates 
cannot be attributed solely to genetic differences 
between populations. Instead, they are likely due to 
differences in lifestyle, with dietary factors and physi-
cal activity the leading candidates …   . Although under-
standing of the relation of lifestyle and health 
outcomes will continue to be refined, information 
available now is sufficient to take action.

Rimm and Stampfer conclude by saying that studies 
on positive lifestyle practices and their mechanisms 
tend to be supported by the historical research record: 
“As a society, the United States spends billions on 
chronic disease treatments and interventions for risk 
factors. Although these are useful and important, a frac-
tion of that investment to promote healthful lifestyles 
for primary prevention among individuals at all ages 
would yield greater benefit.”2

Many studies from the 1990s through today empha-
size the importance of diet and the environment in the 
prevention and management of heart disease. Pertinent 
studies are reported in two 2004 JAMA papers linking 
specific diets to heart disease prevention. The first is 
titled “Mediterranean Diet, Lifestyle Factors, and 10-
year Mortality in Elderly European Men and Women.”3 
This HALE Project (Healthy Ageing: a Longitudinal 
Study in Europe) is an interesting study. It comprises 
individuals enrolled in the Survey in Europe on Nutri-
tion and the Elderly: a Concerned Action (SENECA) and 
the Finland, Italy, and the Netherlands Elderly (FINE) 
studies. It included 1,507 apparently healthy men and 
832 women, aged 70 to 90 years in 11 European coun-
tries. This cohort study was conducted between 1988 
and 2000. After looking at hazard ratios of various life-
style and diet considerations, the authors concluded 
that, “among individuals aged 70 to 90 years, adher-
ence to a Mediterranean diet and healthful lifestyle 
is associated with a more than 50% lower rate of all-

cause and cause-specific mortality.” (If we could pre-
scribe a drug that would lower mortality of all causes by 
50%, with virtually no side effects, wouldn’t we all 
jump on that bandwagon? One has to wonder why we 
are not hearing a clarion call from all stakeholders for a 
major shift in our thinking about health care.)

A companion paper is titled “Effect of a Mediterra-
nean-style Diet on Endothelial Dysfunction and Markers 
of Vascular Inflammation in the Metabolic Syndrome.”4 
This study analyzed work done in the outpatient depart-
ment of the Division of Metabolic Diseases at the Second 
University of Naples in Italy. The investigators assessed 
the effect of a Mediterranean-style diet on endothelial 
function and vascular inflammatory markers in patients 
with metabolic syndrome. “After 2 years, patients fol-
lowing the Mediterranean-style diet consumed more 
foods rich in monounsaturated fat, polyunsaturated fat, 
and fiber and had a lower ratio of omega-6 to omega-3 
fatty acids. Total fruit, vegetable, and nut intake, whole 
grain intake, and olive oil consumption were also signif-
icantly higher in the intervention group. The levels of 
physical activity increased in both groups by approxi-
mately 60%,” mainly by walking for a minimum of 30 
minutes per day. The researchers concluded that “a Med-
iterranean-style diet might be effective in reducing the 
prevalence of the metabolic syndrome and its associated 
cardiovascular risk.” Reductions in high-sensitivity C-
reactive protein (hs-CRP), interleukin-6 (IL-6), interleu-
kin-7 (IL-7), and interleukin-18 (IL-18), markers for 
immunological functional changes, were also realized 
(for hs-CRP levels, p=.01 and for IL-6, p=.04). The con-
clusion is that implementation of an improved diet and 
lifestyle program results in remarkable changes in 
inflammatory patterns and improved insulin sensitivity. 
The recent “demonstration by epidemiological studies 
that an elevated serum IGF-1 level is associated with an 
increased relative risk of developing a number of epithe-
lial cancers”5 broadens the scope of concern.

Diet and the Importance of Carbohydrate Type

When we speak of the Mediterranean diet, we are 
not necessarily talking about a diet high in protein and 
low in carbohydrate. In fact, this style of diet is reason-
ably high in carbohydrate. However, the carbohydrate is 
highly unrefined, fiber-rich, and plant-phytonutrient-
rich, which has a different physiological effect on func-
tion than does carbohydrate in white starch or sugar. 
Carbohydrate is not the villain here; rather, the type of 
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carbohydrate is what’s important. “White” in carbohy-
drate (to simplify) is devoid of all the agents necessary 
for appropriate metabolism and physiochemical con-
trol—gastric emptying, release of glucose in a time-
release fashion, and the rhythmic effect it has on the 
neuroendocrine-immune system through the proper 
release of energy molecules such as glucose and fatty 
acids. We should be speaking more about glycemic load 
and glycemic response than simply talking about per-
centages of protein, fat, or carbohydrate. Glucose and 
insulin levels can be raised postprandially by giving pro-
tein at high levels. The important feature in the con-
struction of a diet that manages chronic disease is to 
balance both amount and type of macronutrients, 
micronutrients, and phytochemicals so that they impact 
the genomics of the individual with an improved health 
phenotype. While that balance may vary from person to 
person, depending on genetics and environment, there 
are some factors that are important for all of us; one of 
them is the glycemic response of the diet.6

Glycemic Index, Glycemic Load, Dietary Fiber 
Intake, and the Incidence of Type 2 Diabetes

The glycemic and insulin response after eating (more 
information on this can be found in Chapter 32) plays 
an important role in determining long-term risk of CVD. 
The concept that individuals carry different metabolic 
sensitivities to the glycemic load of the diet is supported 
in an article that appeared in 2004 in the American Jour-
nal of Clinical Nutrition (“Glycemic Index, Glycemic 
Load, and Dietary Fiber Intake and Incidence of Type 2 
Diabetes in Younger and Middle-aged Women”).7 This is 
one of many papers with the same theme, documenting 
that a diet high in rapidly absorbed carbohydrate and 
low in cereal fiber is associated with increased risk of type 
2 diabetes. A diet high in fiber-rich carbohydrate from 
cereal fiber is associated with a lower risk of heart disease. 
It promotes a reduction in the relative risk of type 2 dia-
betes, metabolic syndrome, and insulin resistance.

Whole Grain Intake and Insulin Sensitivity

Whole grain intake is more than just carbohydrate. 
Grains contain a rich array of soluble and insoluble 
fiber, as well as hundreds of different phytochemicals. 
All of these influence insulin and glucose control 
through their effects on absorption, liver enzyme activi-
ties related to gluconeogenesis, glycogen synthesis, adi-

pocyte physiology, centrally mediated appetite, and 
peripheral cells such as muscle cells. It is a much more 
complex story than just getting glucose from starch. We 
are talking about the metabolic signaling events that 
occur through the consumption of complex, unrefined, 
or minimally refined food that is high in complex car-
bohydrate. Quoting from a 2004 review paper that 
appeared in Nutrition Reviews:

The apparent paradox that ad-libitum intake of high-
fat foods produces weight loss might be due to severe 
restriction of carbohydrate depleting glycogen stores, 
leading to excretion of found water, the ketogenic 
nature of the diet being appetite suppressing, the high 
protein-content being highly satiating and reducing 
spontaneous food intake, or limited food choices lead-
ing to decreased energy intake. Long-term studies are 
needed to measure changes in nutritional status and 
body composition during the low-carbohydrate diet, 
and to assess fasting and postprandial cardiovascular 
risk factors and adverse effects.8

To compress morbidity, rectangularize the survival 
curve, and develop an effective chronic disease preven-
tion and management program, diet must be used in an 
intelligent manner, and personalized to the patient’s 
needs so as to result in an improved health phenotype.

Gluten Contamination of Commercial 
Oat Products

As we change environmental inputs to introduce a 
higher complex-carbohydrate, minimally processed 
type of dietary regime, what about the relative effect 
that the potentially allergenic component of grains 
might have, including gluten and other reactive pro-
teins? (Issues of gluten sensitivity arise throughout this 
book; see the index for cross-referencing.) There are cer-
tain grain-related products that are low in or devoid of 
gluten, such as oats. An interesting article published in 
The New England Journal of Medicine (“Gluten Contami-
nation of Commercial Oat Products in the United 
States”)9 suggests, however, that certain commercially 
available oats are not, in fact, gluten-free. The author 
states that while there is quite a bit of published litera-
ture suggesting that people with celiac disease or gluten 
sensitivity can consume moderate amounts of uncon-
taminated oats, because they are low in or devoid of 
gluten, high variability in gluten content has been 
reported in batches of oats, suggesting contamination 
with gluten not native to oats, probably as a conse-
quence of being processed in the same plant where 



Section III
The Building Blocks

126

wheat is processed. Gluten-sensitive individuals are 
urged to recognize that contamination of commercial 
oats in the United States with gluten grains such as 
wheat, barley, and rye is a legitimate concern. We 
should not assume that all oats are gluten-free. While 
they would be low in gluten relative to wheat, there 
may be some contamination. (This may explain why 
some people with gluten sensitivity have experienced a 
reaction to oats.)

Glycemia, Insulinemia, and Food Proteins

What about the argument that eating more protein 
leads to improved glucose tolerance? One paper which 
represents current thought is titled “Glycemia and 
Insulinemia in Healthy Subjects after Lactose-equivalent 
Meals of Milk and Other Food Proteins: The Role of 
Plasma Amino Acids and Incretins.”10 The authors of this 
paper conclude that food proteins differ in their capacity 
to stimulate insulin release, possibly by differentially 
affecting the early release of a messenger molecule called 
incretin. Incretin hormones and insulinotropic amino 
acids may stimulate higher insulin output, insulin resis-
tance, and glycemia. This paper demonstrates that differ-
ing food proteins may have remarkably different effects 
on postprandial insulin and glucose levels. Those that 
appear to have the lowest influence on postprandial 
glucose are foods containing milk and soy proteins 
(although casein has been shown to raise postprandial 
insulin11). Food proteins that have higher postprandial 
glycemic responses include beef proteins and some meat 
and fish proteins. We need to keep in mind that the 
macronutrient ratio alone of carbohydrate, fat, and pro-
tein does not really tell us what we need to know clini-
cally about how individual foods affect particular glucose 
and insulin responses and, therefore, influence chronic 
disease risk.

Tailoring the Diet to Genetic Risk

Tailoring the diet to the patient’s need can have sig-
nificant positive benefits in improving the translation 
of the genotype into a healthy phenotype. Personaliza-
tion of the diet can result in reduced inflammatory 
potential through normalization of neuroendocrine-
immune system function (see Chapter 26 for an in-
depth discussion of using diet and nutrients to reduce 
inflammation). The outcome of this strategy is to 
reduce the risk and progression of chronic disease. Here 

are just two examples that should alert us to the power 
of such an approach. Throughout the rest of this book, 
you will come across many more.

The 219GT polymorphism and a diet rich in 
saturated fat. Certain people have specific single nucle-
otide polymorphisms (SNPs) and are more susceptible 
to the oxidative types of reactions and lipoprotein 
abnormalities associated with the inflammatory profile. 
For instance, individuals with the 219GT polymor-
phism carry a much higher sensitivity to saturated fat 
in the diet, increasing susceptibility to inflammation 
and increasing the relative risk of coronary atheroscle-
rosis, metabolic syndrome, and type 2 diabetes. Such 
individuals need to pay special attention to the kind 
of fat they ingest. They can be thought of as “yellow 
canaries,” alerting us to the presence of higher suscepti-
bilities in the human genome to certain types of envi-
ronmental inputs.12

Positive role of essential fatty acids. The literature 
is replete with studies indicating the positive role that 
omega-3 balanced diets or omega-3 supplemented diets 
have on reestablishing proper function of the neuroen-
docrine-immune system and the inflammation profile. 
For instance, a paper in the Journal of Nutrition described 
how an -linolenic acid-rich diet reduced inflammatory 
and lipid cardiovascular risk factors in hypercholester-
olemic men and women.13 DHA, as well as EPA, also has 
a positive role in reducing cardiovascular risk and low-
ering inflammatory potential in women.14 Chronic 
inflammation does not result in increased risk of CVD 
alone, but rather relates to the whole family of chronic 
diseases. (A detailed discussion of essential fatty acids 
can be found in Chapter 27.)

Summary

At this time, we are witnessing a virtual epidemic in 
the increase of metabolic syndrome, type 2 diabetes, 
obesity, CAD, hypertension, and the epithelial cancers. 
The increased incidence of these conditions arises from 
a change in the functional metabolic state of the indi-
vidual due to changing diet and lifestyle factors. One 
compelling perspective on these issues has been pro-
vided by Dr. Loren Cordain (and others), whose work 
focuses on the “growing awareness that the profound 
changes in the environment (e.g., in diet and other life-
style conditions) that began with the introduction of 
agriculture and animal husbandry ~10,000 years ago 
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occurred too recently on an evolutionary time scale for 
the human genome to adjust.”15 The challenge for 
today’s clinicians and patients is how to create a differ-
ent gene expression pattern so that good health and a 
rectangularizing of the survival curve can be achieved 
in a 21st century environment. To begin with, we must 
apply the same level of effort to these issues that we 
applied in the last 100 years to acute care, with its myr-
iad (and often miraculous) drug and surgical interven-
tions. Nothing less will suffice.

When the wrong information is delivered to the 
genes in the form of a diet or lifestyle poorly matched to 
a person’s needs, or from a toxic exposure, those genes 
create an environment in the body (the so-called pheno-
type, the phenomics of the individual) that is unwary, ill 
at ease, uncomfortable, and prepared to do battle. This 
results in chronic immunological activation or imbal-
ance. This shift from acute threats to chronic dysfunc-
tion is the challenge of 21st century medicine. Many 
variables are influential—not only diet, but stress, toxins 
in the environment, endotoxins in the gut, chronic 
infection, and mechanical trauma, such as over-training 
in athletes. Myriad environmental factors can shift the 
balance in the immunological system, creating in vari-
ous tissues the message of inflammation which, in turn, 
is related to the etiology of most chronic disease.

Air and Water
Jeffrey S. Bland, PhD

From a functional medicine perspective, physiology 
is in a homeodynamic state of interaction with the 
environment. What may appear to be “homeostasis” is, 
in actuality, very dynamic. An analogy is the flight of a 
humming bird. It can hold itself stationary, or in “sta-
sis,” at the flower to sip the nectar but, as we know from 
time-lapse photography, it is actually flapping its wings 
“dynamically” to overcome gravity. So it is with human 
physiology. We assume that, because blood sugar, pH, 
osmolarity, and cellular redox potential don’t change 
much in the healthy individual, homeostasis is a natu-
ral set point for physiology.

At the cell biological and molecular levels, however, 
there is significant dynamic function going on at any 
one time in order to maintain what is perceived as 
homeostasis. Blood gases are constantly being 
exchanged, glucose and fats are being taken up by the 

cell and metabolized, hydrogen ions are moving at 
rapid rates across membranes, ions are being trans-
ported against gradients, and oxidation-reduction reac-
tions are occurring at diffusion-controlled rates. All 
of these dynamic processes are regulated by master 
switches at the executive level in the control of metabo-
lism, both locally and at the whole-person levels. This 
system is fueled by nutrients that support the energetics 
necessary to maintain homeodynamic flexibility, or 
“degrees of freedom.”16

The most stable physiological system is the system 
with the greatest homeodynamic flexibility.17,18 This is 
the state that might be defined as having the greatest 
potential for functional health. Redundancy is built 
into physiology to allow multiple processes to provide 
routes to the maintenance of homeostasis. The more 
pathways available, the greater the metabolic degrees of 
freedom, and the more resilient the functional physi-
ology. As a person loses metabolic degrees of freedom, it 
results in the loss of “organ reserve,” as defined by 
James Fries,19 and increases the risk or severity of illness. 
An example of this is the electrocardiogram (EKG). The 
most complex EKG is found in the fine structure (i.e., 
physiological degrees of freedom) of the fit, young ath-
lete.20 The simplest EKG is the flat-line of a person who 
has lost all physiological resiliency.

The task of the functional medicine practitioner is 
to find ways of increasing the patient’s physiological 
degrees of freedom which, in turn, increase functional 
reserve of the patient. Two environmental factors that 
have great impact on homeodynamic control of physi-
ology are air and water.

Oxygen as a Limiting Nutrient

The air we breathe is composed of approximately 
20% diatomic molecular oxygen. This oxygen supports 
aerobic metabolism. In the absence of proper oxygen 
delivery to the cell, metabolic degrees of freedom are 
significantly reduced and functional reserve is compro-
mised. The cell, tissue, or organ that is oxygen-deprived 
loses its homeodynamic potential and shifts to the 
primitive state of anaerobic metabolism, or fermenta-
tion. In this case, the cells become more acidic and pH 
drops, electrolytes are disturbed, and reduction-oxida-
tion chemistry is modified. In clinical medicine, we 
associate these conditions with ischemic hypoxia or, in 
the extreme, anoxia.21 In these cases, oxygen becomes 
the limiting nutrient for function and new homeostatic 
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levels of blood sugar, blood gases, osmolarity, and 
redox result that are associated with degrees of ill 
health or disease.22,23

Conditions that can result in oxygen becoming the 
limiting nutrient include, as examples:

• anemia
• vascular injury
• ischemic events due to vasoconstriction
• poisoning
• respiratory depression
• pulmonary dysfunction
• compromised musculoskeletal fitness

Historically, most cultures have had a traditional 
activity (a “therapy”) designed to improve oxygen 
delivery to tissues, and a number of these activities 
have been investigated for their health effects.24,25,26 
Examples include:

• deep-breathing exercises
• yoga
• rebreathing
• dance
• physical therapy
• stress reduction (meditation)
• dietary factors to improve blood chemistry
• physical fitness training and athletic competition

At the Institutes for the Achievement of Human 
Potential in Philadelphia, parents of brain-injured chil-
dren are taught exercises for their children that improve 
oxygen delivery to the brain.27 The positive impact 
these therapies have on improving function in brain-
injured children has been documented from hundreds 
of thousands of examples around the world.

Water as a Limiting Nutrient

The second most important substance in maintain-
ing homeodynamics and functional reserve is water. 
The majority of the human body is composed of water. 
The water that makes up our body composition plays a 
very important role within cells in maintaining struc-
ture and function. Intercellular water binds to proteins, 
carbohydrates, and nucleic acids to maintain their 
proper function. When dehydrated, the structure of 
critical cellular biomolecules is adversely affected, 
reducing their function.28,29 All systems are influenced 
by dehydration, resulting in reduced energy produc-
tion, neurotoxicity, and alteration in the function of 
every organ. As water is lost and not replaced, the con-

centration of substances within cells increases, pH 
changes, and enzyme function is altered. Muscle cramp-
ing, sore muscles, reduced mental clarity, constipation, 
fatigue, and increased sensitivity to toxic substances all 
increase during states of dehydration. In these cases, 
water becomes the limiting nutrient for support of func-
tional physiology.

The Importance of Assessing Air and Water 
Adequacy

In a functional medicine assessment, the adequacy 
of air (i.e., oxygen) and water to maintain functional 
organ reserve should be a first-stage priority. The use of 
body composition measurements using bioimpedance 
analysis30 can provide information about both intra- 
and intercellular water status. Pulse and heart rate, 
along with physical assessment of oxygen saturation 
and tissue-specific signs of ischemia, can provide infor-
mation concerning the adequacy of oxygen.

Often, clinicians assume adequacy of both oxygen 
and water because they are so readily available, and if 
the patient doesn’t display overt symptoms of hypoxia 
or dehydration, no further evaluation is done. By con-
centrating on the signs and symptoms of chronic tissue 
deprivation of either oxygen or water, clinicians can 
identify many patients in need of therapy in these 
areas. Proper intervention to improve tissue oxygen and 
water delivery will improve homeodynamic control and 
functional physiological reserve.

Health Effects of Air and Water Pollution

An extensive literature on health effects of environ-
mental pollution is available to the interested reader. 
This short introduction to air and water as building 
blocks of health would be incomplete, however, without 
at least mentioning the significant impact that industri-
alization has had on the quality of air and water.

Water. From the fish we eat, which are now signifi-
cant sources of toxins such as mercury31 and pesticides 
(see, for example, the discussion on xenobiotics to be 
found further on in this chapter), to substances we add 
to water as a function of general public use32 (chlorine, 
fluoride, softening agents), to bacterial or parasitic 
agents found as a result of contamination or overuse,33 
pure water on this planet has become a diminished 
resource. All of these problems have significant health 
implications, ranging from neurological damage34 to res-
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piratory problems35 to gastrointestinal ailments.36 Access 
to safe water for drinking, bathing, and normal house-
hold use is a very important part of a healthy life—one 
of which we are most aware when it no longer exists.

Air. “Increased levels of particulate air pollution 
are associated with increased respiratory and cardiovas-
cular mortality and morbidity as well as worsening of 
asthma.”37 One of the most distressing aspects of air pol-
lution is its disproportionate effect on babies and chil-
dren. One study reported that “studies on infant 
mortality and exposure to particles show an outstanding 
consistency in the magnitude of the effects, despite the 
different designs used”; the effect is estimated to be 
about a 5% increase in post-neonatal mortality for all 
causes and around 22% for respiratory diseases.38 That’s a 
heavy price to pay, and it’s paid by our youngest and 
most vulnerable patients. That is not to imply that adults 
are somehow protected. A 2005 study suggested that par-
ticulate air pollutants in Scandinavia are responsible for 
approximately 3,500 deaths per year.39 “The annual cost 
of human exposure to outdoor air pollutants from all 
sources is estimated to be between $40 to $50 billion …   . 
The death toll from exposure to particulate air pollution 
generated by motor vehicles, burning coal, fuel oil, and 
wood is estimated to be responsible for as many as 
100,000 fatalities annually in the United States.”40

Summary

It can be easy to lose sight of the critical importance 
of adequate oxygenation and hydration of tissues as key 
factors in health. Air and water are taken for granted, 
particularly in industrialized countries and particularly 
by people who are mostly healthy—we breathe, we 
drink fluids, we give it little thought. Unfortunately, in 
today’s world, we must pay attention to the sufficiency 
and quality of our air and water, and clinicians must 
consider whether a patient may be suffering from depri-
vation or contamination of these most vital building 
blocks to health, even when the effects may be diffuse 
and difficult to detect. With problems this pervasive, 
we cannot afford to take anything for granted.

Physical Exercise
William J. Evans, PhD

Introduction

Virtually every system in the human body is affected 
in some way by increasing levels of physical activity. 
Exercise encompasses a broad range of activities; it can 
be defined as increased (above resting) muscular activity 
and may be categorized as anaerobic (sprinting), endur-
ance (aerobic), or resistive (weight lifting). Resistive exer-
cise is defined as muscle contracting a few times against 
a heavy load or with high tension. This type of exercise 
is also termed progressive resistance training (PRT) when 
the load or intensity is progressively increased as an 
individual becomes stronger. PRT is distinctly different 
from aerobic or endurance exercise, in which muscles 
contract against little or no resistance. Anaerobic exer-
cise makes use of phosphocreatine and/or glycogenoly-
sis for energy production. This type of exercise is 
generally thought of as a sprinting type of exercise; how-
ever, an extremely deconditioned patient, such as an 
individual with chronic obstructive pulmonary disease 
or heart failure may perform anaerobic exercise simply 
by getting out of bed and walking across a room.

The adaptive response to regularly performed exer-
cise has been repeatedly demonstrated to have remark-
ably beneficial effects. The list of these adaptive 
responses is extensive. The Centers for Disease Control 
and Prevention, along with the American College of 
Sports Medicine, has suggested that everyone should 
accumulate at least 30 minutes of exercise on most 
(preferably all) days.41 This recommendation is based on 
evidence of a substantial decrease in all-cause mortality 
resulting from a moderate amount of increased physical 
activity.42,43 The American Heart Association has stated 
that inactivity is a primary risk factor for cardiovascular 
disease.44,45,46 Because far more Americans are inactive 
than those who have elevated cholesterol or who 
smoke, it is the predominant risk factor for heart disease 
in the United States. This review will focus on the acute 
and chronic adaptations to exercise with particular 
attention to substrate use and effects on risk factors for 
chronic disease and aging.
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Aerobic Exercise

Maximal aerobic exercise capacity is termed VO2max. 
VO2 (volume of oxygen consumed during maximal aer-
obic exercise) is defined by the Fick equation:

VO2 = Cardiac Output • Arterio - venous oxygen 
difference.

VO2max is expressed as either:
ml O2 consumed • kg-1 body weight • min-1  or
L O2 consumed • min-1 . ml • kg-1 • min-1

The latter formula is most often used to define an 
individual’s aerobic capacity, as differences in body 
weight are controlled for.

The Fick equation demonstrates that there are two 
important determiners of VO2max: central factors that 
control the delivery of oxygen to skeletal muscle and 
the capacity of skeletal muscle to extract and utilize 
oxygen for ATP during exercise. Regularly performed 
aerobic exercise increases VO2max through the following 
mechanisms:

1. increased cardiac output resulting from a plasma 
volume expansion (approximately 15%);

2. increased stroke volume as a result of cardiac hyper-
trophy; and

3. improved capacity to extract and use oxygen by 
skeletal muscle.

This enhanced oxidative capacity of muscle is due to 
increased capillarization, mitochondrial density, and 
myoglobin content. Under most conditions, the deliv-
ery of oxygen limits maximal aerobic performance. 
Increasing blood hemoglobin concentration (from ane-
mic to normal or from normal to super-normal) has 
been demonstrated to increase VO2max and submaximal 
exercise performance.47,48,49,50 Anemia due to malnutri-
tion has been demonstrated to limit functional status 
and work capacity. On the other hand, aerobic exercise 
performance in athletes can be substantially improved 
by increasing hemoglobin levels above normal through 
the use of recombinant human erythropoietin.51

Maximal aerobic capacity (VO2max) declines with 
advancing age.52 This age-associated decrease in VO2max 
has been shown to be approximately 1%/yr between the 
ages of 20 and 70 years old. This decline is likely due to a 
number of factors including decreased levels of physical 
activity, changing cardiac function (including decreased 
maximal cardiac output), and reduced muscle mass. 
Flegg and Lakatta53 determined that skeletal muscle mass 
accounted for most of the variability in VO2max in men 

and women above the age of 60 years old. A number of 
studies have demonstrated that the age-related decline 
in VO2max is ameliorated by physical activity.54,55,56,57 
Bortz and Bortz58 reviewed endurance event data from  
master athletes up to age 85 and noted that the decline 
in performance occurred at a rate of 0.5%/yr. They con-
cluded that this decline of 0.5%/year may represent the 
effects of age (or “biological” aging) on VO2max, and the 
remainder of the decline may be the result of an increas-
ingly sedentary lifestyle. However, Rosen et al.59 exam-
ined predictors of this age-associated decline in VO2max 
and concluded that VO2max declines at the same rate in 
athletic and sedentary men and that 35% of this decline 
is due to sarcopenia.

Aerobic exercise has long been an important recom-
mendation for the prevention and treatment of many 
of the chronic diseases typically associated with 
old age. These include type 2 diabetes mellitus (and 
impaired glucose tolerance), hypertension, heart dis-
ease, and osteoporosis. Emerging research is also dem-
onstrating an important role for exercise in treatment 
and prevention of certain cancers and neurodegenera-
tive diseases.60,61,62,63,64,65,66

Regularly performed aerobic exercise increases insulin 
action. The responses of initially sedentary young (age 
20–30) and older (age 60–70) men and women to three 
months of aerobic conditioning (70% of maximal heart 
rate, 45 minutes/day, three days per week) were exam-
ined by Meredith et al.67 They found that the absolute 
gains in aerobic capacity were similar between the two 
age groups. However, the mechanism for adaptation to 
regular submaximal exercise appears to be different 
between old and young people. Muscle biopsies taken 
before and after training showed a more than two-fold 
increase in oxidative capacity of the muscles of the older 
subjects, while that of the young subjects showed smaller 
improvements. Another study found that “exercise train-
ing exerts antioxidative effects in the skeletal muscle in 
chronic heart failure, in particular, due to an augmenta-
tion in activity of radical scavenger enzymes.”68 In addi-
tion, skeletal muscle glycogen stores in the older 
subjects, significantly lower than those of the young 
men and women initially, increased significantly. The 
degree to which the elderly demonstrate increases in 
maximal cardiac output in response to endurance train-
ing is still largely unanswered. Seals and co-workers69 
found no increases after one year of endurance training 
while, more recently, Spina et al.70 observed that older 
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men increased maximal cardiac output while healthy 
older women demonstrated no change in response to 
endurance exercise training. If these gender-related dif-
ferences in cardiovascular response are real, it may 
explain the lack of response in maximal cardiac output 
when older men and women are included in the same 
study population.71

Aerobic Exercise and Carbohydrate Metabolism

The two-hour plasma glucose level measured during 
an oral glucose tolerance test increases by an average of 
5.3 mg/dL per decade, and fasting plasma glucose 
increases by an average of 1 mg/dL per decade.72 The 
NHANES II study demonstrated a progressive increase of 
about 0.4 mM/decade of life in mean plasma glucose 
value 2h after a 75 g oral glucose tolerance test (OGTT, 
providing a specific amount of glucose drink in a solu-
tion and measuring the changes in plasma glucose over 
a 2 to 3 hour period) (n = 1,678 men and 1,892 
women).73 Shimokata and coworkers74 examined glucose 
tolerance in community-dwelling men and women 
ranging in age from 17 to 92. By assessing level of obe-
sity, pattern of body fat distribution, activity and fitness 
levels, they attempted to examine the independent 
effect of age on glucose tolerance. They found no signif-
icant differences between the young and middle-aged 
groups; however, the old groups had significantly higher 
glucose and insulin values (following a glucose chal-
lenge) than the young or middle-aged groups. They con-
cluded: “The major finding of this study is that the 
decline in glucose tolerance from the early-adult to the 
middle-age years is entirely explained by secondary 
influences (fatness and fitness), whereas the decline 
from mid-life to old age still is also influenced by chro-
nological age. This finding is unique. It is also unex-
plained.” However, it must be pointed out that 
anthropometric determination of body fatness becomes 
increasingly less accurate with advancing age and does 
not reflect the intra-abdominal and intramuscular accu-
mulation of fat that occurs with aging.75 The results of 
this study may be due more to an underestimate of true 
body fat levels than age, per se. These age-associated 
changes in glucose tolerance can result in type 2 diabe-
tes and the broad array of associated abnormalities. In 
1995, in a large population of elderly men and women 
(older than 55 years), serum glucose and fructosamine 
levels were seen to be higher in subjects with retin-
opathy compared with those without and, within the 

groups with retinopathy, serum glucose was significantly 
associated with the number of hemorrhages.76 These 
relationships were independent of body composition, 
abdominal obesity or the presence of type 2 diabetes.

The relationship between aging, body composition, 
activity, and glucose tolerance was also examined in 270 
female and 462 male factory workers aged 22 to 73 
years, none of whom were retired.77 Plasma glucose lev-
els, both fasting and after a glucose load, increased with 
age, but the correlation between age and total integrated 
glucose response following a glucose load was weak: in 
women only 3% of the variance could be attributed to 
age. When activity levels and drug use were factored in, 
age accounted for only 1% of the variance in women 
and 6.25% in men.

The fact that aerobic exercise has significant effects 
on skeletal muscle may help explain its importance in 
the treatment of glucose intolerance and type 2 diabe-
tes. Seals and co-workers78 found that a high-intensity 
training program showed greater improvements in the 
insulin response to an oral glucose load compared to 
lower intensity aerobic exercise. However, their subjects 
began the study with normal glucose tolerance. Kirwan 
and co-workers79 found that nine months of endurance 
training at 80% of the maximal heart rate (4 d/wk) 
resulted in reduced glucose-stimulated insulin levels; 
however, no comparison was made to a lower intensity 
exercise group. Hughes and co-workers80 demonstrated 
that regularly performed aerobic exercise without 
weight loss resulted in improved glucose tolerance and 
rate of insulin-stimulated glucose disposal, as well as  
increased GLUT4 levels in older subjects with impaired 
glucose tolerance. GLUT4 is the glucose transporter pro-
tein found in skeletal muscle. The amount and/or the 
activation of this transporter protein is thought to be a 
rate-limiting step in the transport of glucose into mus-
cle cells. In this investigation, a moderate intensity aer-
obic exercise program was compared to a higher 
intensity program (50 vs. 75% of maximal heart rate 
reserve, 55 min/day, 4 day/wk, for 12 weeks). No differ-
ences were seen between the moderate and higher 
intensity aerobic exercise on glucose tolerance, insulin 
sensitivity, or muscle GLUT4 (the glucose transporter 
protein in skeletal muscle) levels, indicating perhaps 
that a prescription of moderate aerobic exercise should 
be recommended for older men or women with type 2 
diabetes (or at high risk for type 2 diabetes) to help to 
ensure compliance with the program.
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Endurance training and dietary modifications are 
generally recommended as the primary treatment in the 
non-insulin-dependent diabetic. Cross-sectional analysis 
of dietary intake supports the hypothesis that a low-car-
bohydrate/high-fat diet is associated with the onset of 
type 2 diabetes.81 This evidence, however, is not sup-
ported by prospective studies in which dietary habits 
were not related to the development of type 2 diabe-
tes.82,83 The effects of a high-carbohydrate diet on glucose 
tolerance and lipoproteins have been equivocal.84,85,86,87 
Hughes et al.88 compared the effects of a high-carbohy-
drate (60% CHO and 20% fat)/high-fiber (25g dietary 
fiber/1000 kcal) diet with and without three months of 
high intensity (75% max heart rate reserve, 50 min/day, 
4 d/wk) endurance exercise in older, glucose-intolerant 
men and women. Subjects were fed all of their food on a 
metabolic ward during the three-month study and were 
not allowed to lose weight. These investigators observed 
no improvement in glucose tolerance or insulin-stimu-
lated glucose uptake in either the diet or the diet plus 
exercise group. The exercise plus high-carbohydrate diet 
group demonstrated a significant and substantial 
increase in skeletal muscle glycogen content and, at the 
end of the training, the muscle glycogen stores would be 
considered to be saturated. Since the primary site of glu-
cose disposal is skeletal muscle glycogen stores, the 
extremely high muscle glycogen content associated with 
exercise and a high-carbohydrate diet likely limited the 
rate of glucose disposal. Thus, when combined with exer-
cise and a weight maintenance diet, a high-carbohydrate 
diet had a counter-regulatory effect. It is likely that the 
value of a high-carbohydrate/high-fiber diet lies in its 
effect on reducing excess body fat, which may be an 
important cause of the impaired glucose tolerance. 
Recently, Schaefer and co-workers89 demonstrated that 
older subjects consuming an ad libitum high-carbohy-
drate diet lost weight.

There appears to be no attenuation of the response 
of elderly men and women to regularly performed aero-
bic exercise when compared to those seen in young sub-
jects. Increased fitness levels are associated with reduced 
mortality and increased life expectancy. A 2005 review 
pointed out that these effects appear to be primarily as a 
result of protection against cardiovascular disease and 
type 2 diabetes. The authors suggest that “regular exer-
cise induces suppression of TNF- and thereby offers 
protection against TNF-induced insulin resistance.”90 
Increased fitness has been shown to prevent the occur-

rence of type 2 diabetes in those who are at the greatest 
risk for developing this disease.91 Thus, regularly per-
formed aerobic exercise is an important way for older 
people to improve their glucose tolerance.

Exercise and Weight Loss

Aerobic exercise is generally prescribed as an impor-
tant adjunct to a weight loss program. Aerobic exercise 
combined with weight loss has been demonstrated to 
increase insulin action to a greater extent than weight 
loss through diet restriction alone. In the study by Bog-
ardus et al.,92 diet therapy alone improved glucose toler-
ance, mainly by reducing basal endogenous glucose 
production and improving hepatic sensitivity to insu-
lin. Aerobic exercise training, on the other hand, 
increased carbohydrate storage rates and, therefore, 
“diet therapy plus physical training produced a more 
significant approach toward normal.” However, aerobic 
exercise (as opposed to resistance training) combined 
with a hypocaloric diet has been demonstrated to result 
in a greater reduction in resting metabolic rate (RMR) 
than diet alone.93 Heymsfield and co-workers94 found 
aerobic exercise combined with caloric restriction did 
not preserve fat-free mass (FFM) and did not further 
accelerate weight loss when compared with diet alone. 
This lack of an effect of aerobic exercise may have been 
due to a greater decrease in RMR in the exercising 
group. In perhaps the most comprehensive study of its 
kind, Goran and Poehlman95 examined components of 
energy metabolism in older men and women engaged 
in regular endurance training. They found that endur-
ance training did not increase total daily energy expen-
diture due to a compensatory decline in physical 
activity during the remainder of the day. In other 
words, when elderly subjects participated in a regular 
walking program, they rested more, so that activities 
outside of walking decreased and thus 24-hour calorie 
expenditure was unchanged. However, older individu-
als who had been participating in endurance exercise 
for most of their lives have been shown to have a 
greater RMR and total daily energy expenditure than 
did age-matched sedentary controls.96 Ballor et al.97 
compared the effects of resistance training to that of 
diet restriction alone in obese women. They found that 
resistance exercise training results in increased strength 
and gains in muscle size as well as preservation of FFM 
during weight loss. These data are similar to the results 
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of Pavlou et al.98 who used both aerobic and resistance 
training as an adjunct to a weight loss program in obese 
men and demonstrated preservation of FFM.

Two important studies were carried out by Jakicic 
and co-workers,99,100 examining exercise intensity and 
duration and their effects on weight loss. In the first 
study, exercise advice was provided to three groups of 
overweight women losing weight. All three groups were 
told to exercise for a total of 40 minutes each day. One 
group was told to perform all 40 minutes of exercise in 
one bout; a second group was told to perform 40 min-
utes of exercise in four 10-minute bouts throughout the 
day; and the members of the third group were given the 
same advice as the second group (intermittent exercise) 
but were provided with a motorized treadmill for their 
homes. The study found that the duration of the exer-
cise bout was not important. However the total number 
of minutes exercised per week, irrespective of the group, 
had the most important effect on total weight loss and 
maintenance of the weight loss. The second study101 
examined the effects of exercise intensity on weight loss 
(high vs. moderate aerobic exercise). Researchers found 
that intensity had very little effect on total weight loss, 
but that, once again, total number of minutes exer-
cised/week was the most important factor. These studies 
suggest that 150 minutes/wk may be a threshold for 
exercise having a significant effect on weight loss and 
maintenance.

Strength Training

While endurance exercise has been the more tradi-
tional means of increasing cardiovascular fitness, the 
American College of Sports Medicine currently recom-
mends strength or resistance training as an important 
component of an overall fitness program. This is partic-
ularly important in the elderly where loss of muscle 
mass and weakness are prominent deficits.

Strength conditioning or progressive resistance 
training (PRT) is generally defined as training in which 
the resistance against which a muscle generates force is 
progressively increased over time. PRT involves few 
contractions against a heavy load. The metabolic and 
morphological adaptations resulting from resistance 
and endurance exercise are quite different. Muscle 
strength has been shown to increase in response to 
training between 60 and 100% of the 1 repetition 
maximum (1RM).102 1 RM is the maximum amount of 

weight that can be lifted with one contraction. 
Strength conditioning results in an increase in 
muscle size, and this increase in size is largely the result 
of increased contractile proteins. The mechanisms by 
which the mechanical events stimulate an increase in 
RNA synthesis and subsequent protein synthesis are 
not well understood. Lifting weight requires that a 
muscle shorten as it produces force. This is called a con-
centric contraction. Lowering the weight, on the other 
hand, forces the muscle to lengthen as it produces 
force. This is an eccentric muscle contraction. These 
lengthening muscle contractions have been shown to 
produce ultrastructural damage (microscopic tears in 
contractile proteins muscle cells) that may stimulate 
increased muscle protein turnover.103

Effects of Resistance Exercise and Insulin on 
Protein Metabolism

Hormonal and nutritional factors, particularly the 
availability of insulin and amino acids, have important 
effects in the control of muscle protein synthesis.104,105 
For example, starvation reduces the rate of protein syn-
thesis in skeletal muscle by more than 50% compared to 
the rate seen in fed animals. This inhibition of protein 
synthesis (also seen in muscle from diabetic animals) is a 
result of an impairment in the initiation phase of protein 
synthesis.106,107 The mechanism through which insulin 
regulates protein synthesis initiation involves phospho-
rylation of the translational regulator eukaryotic initia-
tion factor 4E (eIF-4E)-binding protein 1 (4E-PB1).108 
Insulin-like growth factor 1 (IGF-1) results in the phos-
phorylation of 4E-BP1 and dissociation of the 4E-BP1 • 
eIF-4E complex in cells in culture (muscle cells that are 
grown in a medium containing appropriate nutrients 
and growth factors).109 IGF-1 has also been shown to 
stimulate protein synthesis in rats in vivo110 and in mus-
cle in perfused hind limb preparations.111 These studies 
also suggest that insulin plays a permissive role in the 
effect of IGF-1 in stimulating muscle protein synthesis.

Studies of insulin secretion after resistance, but not 
endurance, exercise provide evidence for insulin’s role 
in maintaining muscle mass. King et al.112 and Dela et 
al.113 showed that arginine-stimulated insulin secretion 
is decreased with endurance training. In contrast, acute 
resistance exercise in rats has been shown to increase 
insulin secretion.114 As reviewed above, regular aerobic 
exercise is known to increase insulin sensitivity and glu-
cose tolerance. In addition to its effects on insulin 
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action, aerobic exercise training results in decreased 
insulin secretion.115 Regularly performed endurance 
exercise in young men is associated with an insulin 
pulse profile in the resting fasted state characterized by 
less insulin secreted per burst but a similar number of 
bursts over a 90-minute period. These researchers sug-
gested that training-induced elevations in target-tissue 
sensitivity to insulin may reduce the requirement for 
pulsatile insulin secretion. This coordinated response 
keeps glucose concentrations constant. Dela et al.116 
demonstrated that aerobic exercise training decreases 
both arginine- and glucose-stimulated insulin secretion, 
indicating, they conclude, a profound -cell adaptation.

A single bout of concentric exercise is a recognized 
enhancer of insulin action, while eccentric exercise 
transiently impairs whole body insulin action for at 
least two days after the bout.117 We have demonstrated 
that eccentric exercise can result in a long-term delay in 
the rate of glycogen synthesis.118 The decreased insulin 
action and delayed glycogen synthetic rate have been 
shown to result from decreased rate of glucose transport 
rather than decreased glycogen synthase activity.119 This 
transient resistance to insulin and impaired resynthesis 
of glycogen can result in a systemic hyperinsulinemia 
that may result in an increase in the rate of muscle pro-
tein synthesis. Our laboratory has demonstrated age-
related differences in the insulin response to hypergly-
cemia following a single bout of eccentric exercise.120 
Two days following upper and lower body eccentric 
exercise, younger subjects demonstrated a pronounced 
pancreatic insulin response during a hyperglycemic 
clamp, while this response was blunted in healthy eld-
erly men.

The effects of resistance exercise on insulin availabil-
ity appear to be opposite those of endurance exercise 
and, thus, net protein accretion is stimulated with resis-
tance exercise. Insulin has been demonstrated to have 
profoundly anabolic effects on skeletal muscle. In the 
resting state, insulin has been demonstrated to decrease 
the rate of muscle protein degradation. Stable isotope 
amino acid studies in humans121,122 clearly demonstrate 
that insulin inhibits whole body protein breakdown in 
vivo and stimulates muscle protein synthesis rate in 
human skeletal muscle123 and in insulin-deficient rats. 
However, in non-diabetic animals, this effect was not 
seen. Fluckey et al.124,125 have argued that insulin is not 
likely to stimulate muscle protein synthesis in quiescent 
muscle. We have demonstrated that an insulin infusion 

does not increase the rate of protein synthesis in non-
exercised muscle; using a resistance exercise model, we 
have also demonstrated that resistance exercise does not 
stimulate an increase in the rate of protein synthesis. It 
was only with the addition of insulin that an exercise-
induced increase in the rate of soleus and gastrocnemius 
protein synthesis was seen. This effect of insulin stimula-
tion on the rate of protein synthesis was preserved with 
advancing age.

Protein Requirements and Exercise

High-intensity resistance training is clearly anabolic 
in both young and older individuals. Data from our lab-
oratory demonstrate a 10 to 15% decrease in N-excre-
tion at the initiation of training that persists for 12 
weeks. That is, progressive resistance training improved 
N-balance; thus, older subjects performing resistance 
training have a lower mean protein requirement than 
do sedentary subjects. This effect was seen at a protein 
intake of 0.8g and 1.6g, indicating that the effect of 
resistance training on protein retention may not be 
related to dietary protein intake. These results are some-
what at variance with our previous research demon-
strating that regularly performed aerobic exercise causes 
an increase in the mean protein requirement of middle-
aged and young endurance athletes.126 This difference 
likely results from increased oxidation of amino acids 
during aerobic exercise that may not be present during 
resistance training.

Strawford et al.127 also demonstrated similar effects 
of resistance exercise training on nitrogen balance in 
patients with HIV-related weight loss. The investigators 
examined the effects of an anabolic steroid (oxan-
drolone, 20 mg/d, and placebo) and high-intensity 
resistance training in 24 eugonadal men with HIV-asso-
ciated weight loss (mean = 9% body weight loss). Both 
groups showed significant nitrogen retention and 
increases in LBM, weight, and strength. The mean gains 
were significantly greater in the oxandrolone group 
than in the placebo group in nitrogen balance, accrual 
of FFM, and strength. Results were similar whether or 
not patients were taking protease inhibitors. These 
results confirm the positive effects of resistance exercise 
on nitrogen retention and protein requirements.

These studies, taken as a whole, demonstrate the 
powerful effects of resistance exercise training on pro-
tein nutriture. The anabolic effects have important 
implications in the treatment of many wasting diseases 
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and conditions such as cancer, HIV infection, aging, 
chronic renal failure, and undernutrition seen in many 
very old men and women. By effectively lowering 
dietary protein needs, resistance exercise can limit fur-
ther losses of skeletal muscle mass while simultaneously 
increasing muscle strength and functional capacity.

Resistance Exercise and Aging

Our laboratory examined the effects of high-inten-
sity resistance training on the knee extensors and flex-
ors (80% of 1RM, 3 days/week) in older men (age 60–72 
years). The average increases in knee flexor and exten-
sor strength were 227% and 107% respectively. CT 
scans and muscle biopsies were used to determine mus-
cle size. Total muscle area by CT analysis increased by 
11.4% while the muscle biopsies showed an increase of 
33.5% in type I fiber area and 27.5% increase in type II 
fiber area. In addition, lower body VO2max increased sig-
nificantly while upper body VO2max did not, indicating 
that increased muscle mass can increase maximal aero-
bic power. It appears that age-related loss in muscle 
mass may be an important determinant in the reduced 
maximal aerobic capacity seen in elderly men and 
women.128 Improving muscle strength can enhance 
the capacity of many older men and women to perform 
many activities such as climbing stairs, carrying pack-
ages, and even walking.

 We applied this same training program to a group 
of frail, institutionalized elderly men and women (mean 
age 90  3 years, range 87-96).129 After eight weeks of 
training, the 10 subjects in this study increased muscle 
strength by almost 180% and muscle size by 11%. More 
recently, a similar intervention on frail nursing home 
residents demonstrated not only increases in muscle 
strength and size, but increased gait speed, stair climb-
ing power, and balance.130 In addition, spontaneous 
activity levels increased significantly while the activity 
of a non-exercised control group was unchanged. In 
this study, the effects of a protein/calorie supplement 
combined with exercise were also examined. The sup-
plement consisted of a 240 mL liquid supplying 360 
kcal in the form of carbohydrate (60%), fat (23%), and 
soy-based protein (17%), and was designed to augment 
caloric intake by about 20%, and provide one-third of 
the RDA for vitamins and minerals. The men and 
women who consumed the supplement and exercised 
gained weight compared to the three other groups 
examined (exercise/control, non-exercise supple-

mented, and non-exercise control). The non-exercising 
subjects who received the supplement reduced their 
habitual dietary energy intake so that total energy 
intake was unchanged. In other words, the supplement 
did not add to total energy intake, but rather substi-
tuted one source of energy (the supplement) for another 
(their meals). More recently (in the same study popula-
tion), we demonstrated that combined weight lifting 
and nutritional supplementation increased strength by 
257  62% (p = 0.0001) and type II fiber area by 10.1  
9.0% (p = 0.033), with a similar trend for type I fiber 
area (+12.8  22.2%).131 Exercise was associated with a 
2.5-fold increase in neonatal myosin (a form of myosin 
found in growing muscle) staining (p = 0.0009) and an 
increase of 491  137% (p < 0.0001) in IGF-1 staining. 
Ultrastructural damage increased by 141  59% after 
exercise training (p = 0.034). Strength increases were 
largest in those with the greatest increases in myosin, 
IGF-1, damage, and caloric intake during the trial. Frail, 
very old elders respond robustly to resistance training 
with musculoskeletal remodeling, and significant 
increases in muscle area are possible with resistance 
training in combination with adequate energy intakes. 
It should be pointed out that this was a very old, very 
frail population with diagnoses of multiple chronic dis-
eases. The increase in overall levels of physical activity 
have been a common observation in our studies.132,133,134 
Since muscle weakness is a primary deficit in many 
older individuals, increased strength may stimulate 
more aerobic activities like walking and cycling.

Strength training may increase balance through 
improvement in the strength of the muscles involved in 
walking. Indeed, ankle weakness has been demonstrated 
to be associated with increased risk of falling in nursing 
home patients.135 However, balance training, which may 
demonstrate very little improvement in muscle strength, 
size, or cardiovascular changes, has also been demon-
strated to decrease the risk of falls in older people.136 Tai 
Chi, a form of dynamic balance training that requires no 
new technology or equipment, has been demonstrated 
to reduce the risk of falling in older people by almost 
50%.137 As a component of the National Institute on 
Aging FICSIT trials (Frailty and Injuries: Cooperative 
Studies of Intervention Techniques), individuals aged 
70+ were randomized to Tai Chi (TC), individualized 
balance training (BT), and exercise control education 
(ED) groups for 15 weeks.138 In a follow-up assessment 
four months post-intervention, 130 subjects responded 
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to exit interview questions asking about perceived bene-
fits of participation. Both TC and BT subjects reported 
increased confidence in balance and movement, but 
only TC subjects reported that their daily activities and 
their overall life had been affected; many of these sub-
jects had changed their normal physical activity to 
incorporate ongoing TC practice. The data suggest that 
when mental as well as physical control is perceived to 
be enhanced, with a generalized sense of improvement 
in overall well-being, older persons’ motivation to con-
tinue exercising also increases.

Province et al.139 examined the overall effect of 
many different exercise interventions on reducing falls 
in the FICSIT trials. While separate interventions were 
not powered to make conclusions about their effects on 
the incidence of falls in an elderly population, the 
researchers concluded that “all training domains, taken 
together under the heading of ‘general exercise’ showed 
an effect on falls, this probably demonstrates the ‘rising 
tide raises all boats’ principle, in which training that 
targets one domain may improve performance some-
what in other domains as a consequence. If this is so, 
then the differences seen on fall risk due to the exact 
nature of the training may not be as critical compared 
with …   not training at all.” It’s important to note that 
in addition to regular strength and balance training, 
other elements play an important role in bone health 
and preventing falls; specifically, reducing psychotropic 
medication and diet supplementation with vitamin D 
and calcium (discussed further below) have also been 
shown to be effective.140,141

The use of a community-based exercise program for 
frail older people was examined in a group of predomi-
nantly sedentary women over age 70 with multiple 
chronic conditions.142 The program was conducted with 
peer leaders to facilitate its continuation after the 
research demonstration phase. In addition to positive 
health outcomes related to functional mobility, blood 
pressure maintenance, and overall well-being, this 
intervention was successful in sustaining active partici-
pation in regular physical activity through the use of 
peer leaders selected by the program participants.

In addition to its effect on increasing muscle mass 
and function, resistance training can also have an 
important effect on energy balance.143 Men and women 
participating in a resistance training program of the 
upper and lower body muscles required approximately 
15% more calories to maintain body weight after 12 

weeks of training when compared to their pre-training 
energy requirements. This increase in energy needs came 
about as a result of an increased resting metabolic rate, 
the small energy cost of the exercise, and what was pre-
sumed to be an increase in activity levels. While endur-
ance training has been demonstrated to be an important 
adjunct to weight loss programs in young men and 
women by increasing their daily energy expenditure, its 
utility in treating obesity in the elderly may not be great. 
This is because many sedentary older men and women 
do not spend many calories when they perform endur-
ance exercise, due to their low fitness levels. Thirty to 40 
minutes of exercise may increase energy expenditure by 
only 100 to 200 kcals with very little residual effect on 
calorie expenditure. Aerobic exercise training will not 
preserve lean body mass to any great extent during 
weight loss. Resistance training can preserve or even 
increase muscle mass during weight loss and, therefore, 
may be of genuine benefit for those older men and 
women who must lose weight.

Bone Health

The increased calorie need resulting from strength 
training may be a way for the elderly to improve their 
overall nutritional intake when the calories chosen are 
nutrient-dense foods. In particular, calcium is an impor-
tant nutrient to increase. Calcium intake was found to 
be a limiting nutrient in the diet of free-living elderly 
men and women in the Boston Nutritional Status Sur-
vey, which assessed free-living and institutionalized eld-
erly men and women.144 Careful nutritional planning is 
needed to reach the recommended calcium levels of 
1500 mg/d for postmenopausal women with osteoporo-
sis or using hormone replacement therapy, and 1000 
mg/d for postmenopausal women taking estrogen. An 
increased calorie intake from calcium-containing food 
is one method to help achieve this goal.

In one of the very few studies to examine the inter-
action of dietary calcium and exercise, we studied 41 
postmenopausal women consuming either high-cal-
cium (1462 mg/d) or moderate-calcium (761 mg) diets. 
Half of these women participated in a year-long walk-
ing program (45 min/d, 4 d/wk, 75% of heart rate 
reserve). Independent effects of the exercise and dietary 
calcium were seen. Compared with the moderate-cal-
cium group, the women consuming a high-calcium 
diet displayed reduced bone loss from the femoral 
neck, independent of whether the women exercised. 
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The walking prevented a loss of trabecular bone min-
eral density seen in the non-exercising women after 
one year. Thus, it appears that calcium intake and aero-
bic exercise are both independently beneficial to bone 
mineral density at different sites.

The effects of 52 weeks of high-intensity resistance 
exercise training were examined in a group of 39 post-
menopausal women.145 Twenty were randomly assigned 
to the strength training group (2 days/week, 80% of 
1RM for upper and lower body muscle groups). At the 
end of the year, significant differences were seen in 
lumbar spine and femoral bone density between the 
strength-trained and sedentary women. However, 
unlike other pharmacological and nutritional strategies 
for preventing bone loss and osteoporosis, resistance 
exercise affects more than just bone density. The 
women who strength trained improved their muscle 
mass, strength, balance and overall levels of physical 
activity. Thus, resistance training can be an important 
way to decrease the risk for an osteoporotic bone frac-
ture in postmenopausal women.

Muscle strength training can be accomplished by 
virtually anyone. Many healthcare professionals have 
directed their patients away from strength training in 
the mistaken belief that it can cause undesirable eleva-
tions in blood pressure. With proper technique, the sys-
tolic pressure elevation during aerobic exercise is far 
greater than that seen during resistance training. Muscle 
strengthening exercises are rapidly becoming a critical 
component of cardiac rehabilitation programs, as clini-
cians realize the need for strength and endurance for 
many activities of daily living. There is no other group 
in our society that can benefit more from regularly per-
formed exercise than the elderly. While both aerobic 
and strength conditioning are highly recommended, 
only strength training can stop or reverse sarcopenia. 
Increased muscle strength and mass in the elderly can be 
the first step toward increased physical activity and a 
realistic strategy for maintaining functional status and 
independence for the remaining life span.

Exercise in the Treatment of Chronic Disease

The effects of exercise in treating chronic debilitat-
ing disease are largely unexplored. For example, fatigue 
is the most common complaint of patients with cancer, 
yet the most common advice provided by oncologists is 
for increased rest. Just as cardiac rehabilitation has been 

demonstrated to provide an important mechanism for 
the post-myocardial infarction patient to improve fit-
ness and reduce the risk of a second event, exercise can 
greatly improve fitness and reduce much of the fatigue 
associated with cancer and its treatment. The proven 
effects of resistance training to enhance nitrogen reten-
tion and increase muscle size and strength can provide 
positive benefits for patients with wasting diseases such 
as HIV infection and cachexia. Resistance exercise may 
prove to have powerful effects on patients with chronic 
renal failure who must consume low-protein diets to 
slow the progression of their disease. Exercise therapy 
for those patients forced to undergo extended periods of 
inactivity during dialysis could also improve functional 
status and decrease the fatigue associated with disuse. 
The potential value of a reasonable and well thought 
out exercise program is great, and the exploration of 
this value should be a high priority for researchers.

Summary

Exercise exerts a powerful acute and chronic effect 
on virtually every system in the human body. In assess-
ing these effects and prescribing exercise, it is impor-
tant to keep in mind the very different effects of 
aerobic vs. resistance exercise. Both forms of exercise 
are recommended and should be a component of a 
comprehensive program of disease prevention and 
health promotion. Chapter 29 presents information 
on helping patients structure and maintain a balanced 
exercise program.

Psychosocial Influences
John Tatum, MD

Introduction

An examination of the building blocks of health 
would be incomplete without an evaluation of the pivotal 
role played by psychosocial influences. Even in ancient 
times, this view was not unknown: Hippocrates (460–377 
BC) is thought to have said, “It is better to know the 
patient who has the disease than it is to know the disease 
which the patient has.” A substantial part of “knowing 
the patient” includes understanding the psychosocial 
influences that have shaped, and continue to influence, 
our patients (and ourselves). While this material is not 
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intended to review extensively the factors and theories 
underlying psychological well-being (there is, after all, 
substantial literature devoted to the field and readily 
accessible to the reader), we do want to emphasize the 
importance of the clinician’s continuing attention to the 
subject. A further discussion of mind/body issues, includ-
ing the effects of spirituality, community, and poverty on 
health, can be found in Chapter 33. Here, we undertake a 
brief review of stress, as a marker for the profound effects 
that psychosocial influences have on the development of 
each human being.

Historical Emergence of Stress as a 
Recognized Factor in Health

In the modern age, the first to write extensively 
about stress and use the term was Walter Cannon, whose 
work during World War I, and on into the 1930s, helped 
to establish the “groundwork for understanding the 
physiology of mind-body interactions.”146,147 Hans Selye 
(1907–1982), who gave full credit to Cannon’s work, 
reintroduced the term and is considered the “father of 
stress,” although the term was not actually used in the 
original short article in 1936.148 His use of the word 
stress was derived from the physical sciences and engi-
neering; through his work, the term evolved from a 
description of purely physical influences to encompass 
the biologic sphere as well.149 His final definition of the 
term became: “Stress is the nonspecific response of the 
body to any demand made upon it.”150 In the words of 
one writer, “Selye’s last main contribution to the stress 
concept was the recognition that, despite our different 
psychologic and cerebral reactions, both negative and 
positive stressors (i.e., distress and eustress) elicit virtu-
ally identical corticoid/catecholamine responses.”151 
Even more specifically, “different stressors elicit different 
patterns of activation of the sympathetic, nervous, and 
adrenomedullary hormonal systems.”152 As both scien-
tists and clinicians know, activation of those systems 
eventually involves the entire mind-body of the patient. 
The fact that thinking and psychosocial influences affect 
genetic expression and have long-term neurochemical 
consequences was demonstrated by the work of Nobel 
Laureate Eric Kandel, who said, “Stated simply, the regu-
lation of gene expression by social factors makes all 
bodily functions, including all functions of the brain, 
susceptible to social influences.”153

Selye first noticed in medical school that patients 
with various illnesses had many symptoms in common, 
such as “coated tongues, aches and pains, loss of appe-
tite, and inflamed tonsils.”154 He later noticed a general-
ized syndrome in laboratory animals exposed to various 
noxious agents, which he described as the “general adap-
tation syndrome.”155 Selye distinguished distress from 
eustress, stating, “the fact that eustress causes much less 
damage than distress graphically demonstrates that it is 
‘how you take it’ that determines, ultimately, whether 
you can adapt successfully to change.”156,157

Chronic vs. Acute Stress

Since the word stress has been used in so many dif-
ferent ways, describing external events and internal 
reactions, Bruce McEwen suggested the term allostasis, 
as opposed to homeostasis, to describe the physiologic 
response of the body in the face of a challenge.158 Rob-
ert Sapolsky, in his well-received book, Why Zebras 
Don’t Get Ulcers, explains that, unlike us, the zebra has 
an episode of stress only when the lion is in pursuit; 
otherwise, he is physiologically calm.159 Chronic stress 
(which most people experience) and its cumulative 
effects comprise what McEwen terms allostatic load. 
“Allostatic load does not always denote a failure of the 
body’s efforts to cope with change or emergency. We 
can create it for ourselves by living in a way that makes 
for internal imbalance.” Some examples of self-gener-
ated stress are not getting enough sleep, eating an 
unhealthy diet, and not getting enough exercise.160 The 
importance of cumulative stress, or the allostatic load, 
was illustrated by the Holms and Rahe Social Readjust-
ment Rating Scale. Points were assigned to life stressors, 
both positive and negative, and the higher the total 
number of points, the greater the likelihood of illness.161 
Further discussion of allostatic load and its effects can 
be found in the following section on trauma.

Health Effects of Stress

Increased stress has been associated with many 
health conditions that are widely discussed in the medi-
cal literature and readily accessible to the reader. Some 
of the most familiar (with a few interesting recent cita-
tions) include cardiovascular disease,162,163 gastrointesti-
nal disease,164 and hormone dysfunctions,165 all of which 
have active, ongoing explorations that continue to pro-
duce interesting data.
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The etiological role of stress in disease was demon-
strated in a well-designed prospective study of first-
year medical students who were followed for a year. 
The prediction that there would be a measurable weak-
ening of the immune system and an increase in illness 
at exam time was confirmed.166 The proinflammatory 
cytokine IL-6 has been shown to be one mediator of 
stress-induced illness. The daily burden of caregivers 
has been recognized as particularly stressful, and the 
effects of that stress, including elevated IL-6 levels, 
have been shown to continue after the loss of the 
loved one.167 Chronic stress also raises cortisol levels,168 
which have been shown to damage the brain.169 Stud-
ies on psychosocial factors and cancer risk are incon-
clusive at this time.170 Individuals under stress show 
less DNA repair, animals show decreases in the DNA 
repair enzyme methyltransferase, and examination 
stress increases the ability of a tumor-promoting agent 
to block apoptosis.171,172

Stress prepares the organism for an emergency, but 
chronic stress impairs health through a complex array 
of physiologic functions initiated by the release in the 
hypothalamus of corticotropin-releasing factor (CRF). 
CRF triggers the release of adrenocorticotropic hor-
mone, or ACTH, from the pituitary, which in turn 
causes the release of cortisol from the adrenal cortex. 
Cortisol helps maintain blood glucose levels but (as 
noted above) chronic stress or chronic administration 
of pharmacological cortisol preparations causes insulin 
resistance, hypertension, redistribution of fat in the 
body, decreased protein synthesis, and decreased DNA 
repair. Furthermore, the immune system is weakened 
through a decrease in the production of blood cells, 
antibodies, and gamma globulins, but also through an 
inhibition of the production of the proinflammatory 
interleukins IL-1, IL-2, and IL-6; tumor necrosis factor; 
and gamma interferon. This shift in resources from 
ongoing maintenance and repair of the organism to all-
out defense is understandable when fleeing the lion, 
but harmful when chronic, as discussed eloquently by 
Sapolsky in Why Zebras Don’t Get Ulcers.

Some Determinants of Individual Responses 
to Stress

Although chronic stress and total cumulative stress 
increase the chance of illness, genetic, psychological, 
and social factors also play important modifying roles. 
For example, not all rats of the same strain suffer the 

same degree of ill effects from the same stress. Sapolsky, 
professor of biology and neuroscience at Stanford Uni-
versity, and recipient of a McArthur Foundation “genius 
grant,” describes a series of experiments with rats in 
which a second rat receives the same electric shock as 
the first. The second rat does not develop an ulcer if:

• there is a companion rat it can bite,
• it has a piece of wood it can gnaw on,
• it has a warning before the shock,
• it can press a lever it thinks will reduce its shock,
• the shocks are fewer than expected, and/or
• it is accompanied by a second rat it likes.173

Sapolsky translates these studies to humans, observ-
ing that stress-related illness is less likely to happen if:

• we have an outlet for our frustration,
• we have “a hobby” or diversion,
• we have predictive information,
• we have a real or imagined sense of control,
• we can interpret a stress favorably, and/or
• we have social connectedness.

Thus, more important than the amount of stress is 
one’s reaction to it, and that reaction is influenced by 
many factors.

In his review article, “How the Mind Hurts and Heals 
the Body,” Oakley Ray describes four classes of coping 
skills that improve one’s ability to handle stress.174 The 
first of these is knowledge. “With knowledge [or] infor-
mation, comes an empowerment, a belief that the world 
is understandable, controllable, and friendly. Perhaps 
the most stressful situation is the ambiguity that comes 
from an awareness that one has inadequate and incom-
plete information.”175 If education can be seen as a mea-
sure of knowledge, and perhaps the ability to acquire 
knowledge, increased years of education should be asso-
ciated with longevity,176 and indeed they are. Interest-
ingly, however, subsequent research has shown that the 
association with education is “explained in full by the 
strong association between education and income.”177 
As the authors go on to point out, with a strong match 
to Sapolsky’s list (shown above):

Persons in lower socioeconomic strata have in-
creased exposure to a broad range of psychosocial 
variables predictive of morbidity and mortality. This 
includes (1) a lack of social relationships and social 
supports; (2) personality dispositions, such as a lost 
sense of mastery, optimism, sense of control, and self-
esteem or heightened levels of anger and hostility; 
and (3) chronic and acute stress in life and work, 
including the stress of racism, classism, and other 
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phenomena related to the social distribution of power 
and resources.

The second coping skill Ray describes is “inner 
resources.” This refers to the “beliefs, assumptions, and 
predictions” one learns growing up, including whether 
life is seen positively or negatively.178 Valliant and 
Mukamal spoke of “involuntary mental mechanisms 
that adaptively alter inner or outer reality in order to 
minimize distress.”179 Rotter introduced the important 
concept of locus of control,180 and Kamen and Seligman 
talked of explanatory style.181 Again, these elements 
map back to Sapolsky’s list in a very substantive way.

Ray’s third class of coping skills is social support. “In 
general, …   the larger the social support system is, the 
lower the mortality rate.”182,183 (More on this subject can 
be found in Chapter 33.)

The fourth class of coping skills Ray describes is spiri-
tuality (also discussed further in Chapter 33). He refers to 
Oxman, Freeman, and Manheimer’s 1995 study. “Those 
who professed no strength and comfort from religion 
were three times as likely to die in this six-month period 
[after elective open heart surgery] as those who said they 
drew strength and comfort from religion. Those who did 
not participate in group activities were four times more 
likely to die than those who did.”184 Other studies have 
shown similar findings.185

There are many other psychosocial influences on 
health in modern life that the clinician needs to be 
cognizant of. Among the many that have been stud-
ied, some pertinent ones in today’s highly mobile, 
globalized world include natural catastrophe,186,187,188 
disaster,189 terrorism,190,191 and immigrant status 
(acculturation).192 Common experiences such as loss 
of a loved one, relocation, and loss of employment 
have been researched for decades.

Summary

This brief examination of psychosocial influences as 
key building blocks in patient health reveals that we 
cannot overemphasize the importance of taking a thor-
ough psychosocial history as part of routine health care. 
Psychosocial factors influence health through the inter-
connected information systems of the mind, the endo-
crine system, the nervous system, and the immune 
system,193 so the clinician cannot discount the possibil-
ity that the physical effects that brought the patient to 
the office may have been initiated by (triggers) and/or 

influenced by (mediators) psychosocial experiences. The 
psychosocial portion of a comprehensive traditional 
medical history would include birthplace and subse-
quent moves, parental information including parenting 
style, sibling information, history of abuse or neglect, 
academic history, sexual history, marital history, chil-
dren (including miscarriages and abortions), occupa-
tional history, and history of substance abuse. Research 
suggests the importance of paying particular attention 
to stress, loss, attitude, knowledge, beliefs, social sup-
port, and spirituality, as they have a direct impact on 
health and outcome, as described above.

Trauma
Jayne Alexander, DO

Introduction

When a rock is dropped to the bottom of a lake it 
not only disrupts the column of water through which it 
falls, but it also alters the dynamics of the entire body of 
water. Similarly, trauma, typically a directed force, not 
only disrupts or distorts the human body along the 
path of impact, but also potentially alters the dynamics 
of the entire organism.

This discussion will consider some of the physio-
logic and mechanical principles involved in trauma. 
Clinical considerations relevant to the post-stabiliza-
tion, office-based patient will be presented.

Anatomic and Physiologic Response 
to Trauma

Starting with embryonic development and continu-
ing throughout life, the living human body functions in 
part as a spatially oriented metabolic field engaged in 
the conduct of spatially ordered metabolic processes.194 
Trauma can be viewed as a force that distorts or disrupts 
the body’s spatial organization, or anatomy, to an extent 
that exceeds its ability to immediately return to its nor-
mal orientation and function.

The dominant physiologic concerns in the stabi-
lized trauma patient are the effects of distortion 
mechanics, cellular breakdown secondary to frank tis-
sue disruption, and consequent local and systemic 
responses. Non-incisive trauma, such as strain, spares 
its recipient the frank tissue disruption that occurs in 
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incisive trauma. However, neural, vascular, and lym-
phatic elements that course within strained tissues are, 
themselves, subject to the forces of strain.195 The result-
ing distortion sets the stage for mechanical compro-
mise that can manifest as pain, swelling, and 
functional impairment.

Incisive and non-incisive trauma that frankly disrupts 
tissue integrity initiates the process of inflammation, 
beginning with the release of substances such as neu-
ropeptides from peripheral nerve terminals, histamine 
from mast cells, prostaglandins from capillary endothe-
lial cells, and cytokines from white blood cells.196 Conse-
quent increased local blood flow and increased capillary 
permeability contribute to fluid pooling in the extravas-
cular space, or interstitium, and to the manifestation of 
edema. The presence of fibrinogen in the interstitial fluid 
and the infiltration of leukocytes leads to clotting, 
phagocytosis, and lysosomal degradation.197

Within three to five days of disruptive trauma, granu-
lation tissue, which is rich in fibroblasts and small, bud-
ding blood vessels, typically begins to form. Granulation 
tissue fibroblasts, some of which have characteristics of 
smooth muscle cells, are involved in the synthesis of gly-
cosaminoglycans and collagen, favoring the former in 
the early stages of healing and the latter as healing 
advances.198 The neovasculature’s loosely constructed 
interendothelial junctions allow extravasation of yet 
more proteins into the already protein-rich interstitium, 
a process that further contributes to the formation of 
interstitial edema.199

It is the critically important task of the lymphatics 
to remove inflammatory exudate from the intersti-
tium.ii,200,201 The efficiency with which that task is per-
formed governs the length of time that the interstitium 
is exposed to lysosomes, proinflammatory cytokines, 
and other irritants. Their persistence in the interstitium 
can contribute to pain, via stimulation of primary affer-
ent nociceptors, to delayed healing, and eventually to 
fibrosis.202 Additionally, under conditions of venous sta-
sis, the efficiency of lymphatic drainage inevitably 
affects the rate of delivery of nutriture and medication 
to the site of injury, as well as the rate of presentation of 

antigens to lymph nodes and the vigor of the subse-
quent immune response.iii,203,204

The body’s response to trauma involves both the 
peripheral and central nervous systems. The peripheral 
nervous system (PNS) has two components: a somatic 
component, the efferent fibers of which innervate skele-
tal muscle, and an autonomic component which inner-
vates most other tissues and organs.iv Both components 
carry sensory fibers, or primary afferent fibers, from 
somatic or visceral tissues to the central nervous system 
(CNS) via the dorsal horn of the spinal cord. These pri-
mary afferents are of two types—myelinated, large-
caliber fibers, or A afferents, and non-myelinated, small-
caliber fibers, or B afferents. The large-fiber system is 
typically involved in discriminative touch and proprio-
ception, and the small-fiber system is involved in noci-
ception, the detection of damaging or noxious stimuli. 
The small-caliber fibers, commonly referred to as pri-
mary afferent nociceptors, or PANs, are responsive to 
mechanical, chemical, and thermal stimulation. Low-
level stimulation of PANs is perceived as crude touch or 
contact, whereas more intense stimulation is perceived 
as pain. Under conditions of repetitive stimuli, PANs are 
subject to sensitization—a lowering of the threshold of 
activation, which leads to the development of facilita-
tion and hyperalgesia.205

Nociceptive information is conveyed by somatic and 
visceral afferents to the dorsal horn of the spinal cord, 
and then ascends the cord to the midbrain, primarily via 
the anterolateral system. The forebrain limbic system, 
which processes emotional content, has descending pro-
jections to the midbrain. A major area of convergence of 
this ascending nociceptive and descending emotional 
information is a cluster of norepinephrine-producing 

ii Among the substances found in lymph are proteins, histaminase, neu-
trophilic lysosomes, prostaglandin E, interleukin-1, and antigens [Refer-
ences 200, 201 (p. 937), and Atkinson, TP. Histamine and serotonin. In 
Gallin JI, et al. Inflammation: Basic Principles and Clinical Correlates. New 
York: Raven Press, 1992, p. 196.]

iii Of clinical significance is the understanding that osmotic and hydro-
static gradients do not account for the uptake of exudates from the 
interstitium by initial lymphatics. Rather, pulsatile fluid waves, consis-
tent with arteriolar vasomotion, pass through the interstitial fluid and 
contribute to the opening and closing of the initial lymphatic. [Intagli-
etta M, Gross JF. Vasomotion, tissue fluid flow and the formation of 
lymph. Intl J Microcirc: Clin and Exper. 1982;1:55-65.] Once within the 
lymphatic vessels, the movement of lymph is supported intrinsically by 
a distension-sensitive myogenic pump, and extrinsically by such 
mechanical forces as intestinal peristalsis and thoracic respiration as 
well as by neural and humoral mediators. [Schmid-Schonbein GW. 
Microlymphatics and lymph flow. Physiol Rev. 1990;70(4):987-1028.]
iv The autonomic nervous system (ANS) sends fibers to all tissues except 
hyaline cartilage, centers of intervertebral discs, and parenchymal tis-
sues of the CNS. [Willard, FH. Autonomic nervous system. In Ward RC, 
ed. Foundations for Osteopathic Medicine. 2nd Ed. Philadelphia: Lippincott 
Williams and Wilkins, 2003.]
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cells called the locus coeruleus (see Figure 13.1). The locus 
coeruleus releases norepinephrine through projections to 
the forebrain, the spinal cord, the hippocampus, the 
hypothalamus, and to cardiovascular and respiratory 
centers located in the brain stem.206

When the hypothalamus, which also receives emo-
tional input, is stimulated by norepinephrine from the 
locus coeruleus, it responds by releasing both corti-
cotropin-releasing hormone (CRH) and norepineph-
rine. CRH, in turn, stimulates the locus coeruleus to 
release more norepinephrine, thereby establishing a 
feed-forward loop between the locus coeruleus and the 
hypothalamus. Additionally, CRH causes the anterior 
pituitary to release adrenocorticotropin (ACTH). ACTH, 
via systemic circulation, stimulates the release of gluco-
corticoids such as cortisol from the adrenal cortex, 
resulting in, among other things, gluconeogenesis and 
suppression of the release of cytokines.207 Under normal 
conditions, following short-term physical or emotional 
stress, elevated cortisol levels will serve to downregulate 
this hypothalamic-pituitary-adrenal (HPA) axis. In addi-
tion to being activated by emotional stress, hormonal 
stimulation, and nociceptive impulses, the HPA axis is 
also activated by cytokines released in response to 
trauma, infection, histamine, and inflammation.208 
This intersystemic integration is designated as the 
neuroendocrine immune system.

Figure 13.1 Generalized schema of effect of noxious or 
emotionally charged input to the central nervous system

Release of norepinephrine from the hypothalamus 
increases the activity of the sympathetic nervous system 
(SNS). This has the effect of increasing heart rate, respi-
ratory rate, blood pressure and cardiac output, dilating 
large muscular arteries and bronchioles, decreasing gas-
trointestinal system activity, and mediating numerous 
other changes that prepare the body for aggressive or 
defensive action.209 Sympathetic fibers follow blood ves-
sels to all lymphoid organs and surround T-cells, many 
of which have receptors for norepinephrine. Norepi-
nephrine has the effect of increasing the rate of T-cell 
differentiation, enabling a short-term response to a 
broad array of antigens. The rate of cell division, how-
ever, is decreased, compromising the long-term effec-
tiveness of the response.210

Analogous to the distorting effect that a falling rock 
has on the entire body of water into which it falls is the 
effect of trauma on the entire human organism. Various 
researchers and clinicians have considered the living 
human body as a single metabolic field,v a matrix 
field211 or a fluid field,212 and have considered the effects 
of distortion on the field as a whole. In his later years, 
Nobel laureate Albert Szent-Györgyi stated, “Whenever 
we separate two things, we lose something, something 
which may have been the most essential feature.”213 To 
the physician trained in subtle manual sensing, distor-
tions of the whole, when present, are manually percep-
tible and reveal essential organizational qualities of the 
entire organism.

The Patient with a History of Trauma

Obtaining the History

Obtaining the history of a stabilized, office-based 
patient has various components. One should consider 
the type of trauma and the mechanical forces involved, 
predisposing factors or antecedents, the duration or 
“age” of the trauma, and the patient’s overall state of 
health and metabolic reserve.
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tion, which contain spatially ordered metabolic movements.” This he 
applies to cells, tissues, organs, and the whole organism at any stage of 
development. [Blechschmidt, E. The Ontogenetic Basis of Human Anat-
omy. Berkeley: North Atlantic Books, 2004, p22.].
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Type of trauma. Patients who are seen in the office 
have often experienced trauma of the momentum-
inertia type, wherein a moving body or object has 
impacted the patient’s body, exemplified by an object 
falling on the head; or the moving patient has impacted 
a stationary object, as in hitting one’s head on the over-
head storage compartment of an airliner. Information 
regarding the direction and degree of force should be 
obtained. Knowledge of individual vectors of force is 
fundamental to the diagnosis of contrecoup injuries, 
whiplash, and complex impact injuries. Determination 
of resultant vectors can guide the discerning clinician to 
consider areas of occult or asymptomatic trauma and 
potential functional compromise. Traumas that are not 
of the momentum-inertia type involve a variety of 
forces that will be addressed in subsequent sections.

Common sources of trauma that may precipitate a 
patient’s visit to the office, and that should be solicited as 
part of any new patient’s history, include the following:

• Birth
• Motor vehicle, pedestrian, and bicycle accidents
• Falls, sports injuries, and blows to the head
• Dental and orthodontic procedures
• Surgical procedures and wounds
• Physical, sexual, and emotional abuse including 

domestic violence, child and elder abuse, abusive 
child-rearing practices, and exposure to abuse in 
the role of a witness

• Loss

In obtaining a birth history, one should ascertain the 
duration and mechanism of labor, whether cesarean sec-
tion was necessary, and whether forceps or vacuum 
extraction was used.214,215 Prolonged engagement in the 
maternal pelvis during a long and difficult labor subjects 
the infant cranium to considerable compressive force, 
potentially resulting in cranial nerve dysfunction or pla-
giocephaly.216,217,218,219 Difficulty sucking, for example, is 
typically the result of hypoglossal nerve irritation, a con-
dition which can be promptly corrected by the skillful 
application of a decompressive manual procedure.220 In 
the event of cesarean section, presurgical engagement in 
the birth canal requiring forceful retraction into the 
uterus is a scenario which, in this author’s experience, 
has been associated with neonatal torticollis. Since, 
among other things, maternal HPA axis activation is 
associated with intrauterine growth retardation,221 the 
physical and emotional health of the mother during 

pregnancy and her attitude toward the pregnancy 
should be solicited. APGAR scores and knowledge of 
the quality, or robustness, of the first cry are additional 
meaningful indicators of anatomic and physiologic 
health or compromise.

Auto, pedestrian and bicycle accidents, sports inju-
ries, and falls can potentially involve open or closed 
head injury, fractures, sprains, and strains. Consider-
ation of vectors of force as well as distribution of force 
is particularly pertinent in this form of trauma.222,223,224 
Becker states,

“In circumstances of trauma, thousands of cells have 
had their inertial patterns suddenly disturbed …   into 
new patterns that include force factors …   . Thereafter, 
the central nervous system must include this new data 
in every voluntary and involuntary use of the local areas 
involved and in varying degrees throughout the entire 
body physiology …   . This is in addition to the local inju-
ries that have been endured by the body, which are usu-
ally the only thing treated by the physician.”225 

A history of participation in ice skating, gymnastics, 
horseback riding, or contact sports should automati-
cally put the physician on the lookout for the effects of 
trauma. Fracture need not occur for falls, blows, and 
other momentum-inertia type injuries to be function-
ally significant. Intraosseous strain typically precedes, 
but does not always result in, fracture. In the experience 
of this author, the presence of strain—interosseous, 
intraosseous, and that involving soft tissue—can con-
tribute to delayed healing and to pain that persists 
beyond apparent healing. It therefore behooves the 
physician to solicit the mechanical details of even those 
falls and accidents that the patient appends with the 
assuring comment that “nothing was broken.”

Many dental procedures (for example, extractions 
and applications of prostheses) involve the use of com-
pressive, distractive, or torsional force, and orthodontia 
relies on low-grade force sustained over time to accom-
plish its goals. Even in the most skilled professional 
hands, the use of some force is inevitable. The force of 
extraction, for instance, may be transmitted to the 
mandible, maxilla, or pre-maxilla from which a tooth is 
removed, and with the use of excess force or torsion, 
the force may extend to one of the many bones with 
which these three articulate, potentially affecting sinus, 
vestibular, and cranial nerve function, and precipitating 
cephalgia.226 Having a potentially similar effect is the 
commonly used orthodontic palate expander, which, in 
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decompressing the maxillary arch, inevitably transmits 
compression to other areas of the cranium.

Surgical procedures are inherently disruptive to 
anatomy and physiology. A clean surgical incision in a 
healthy patient should undergo healing by first inten-
tion with minimal loss of tissue. Nonetheless, collage-
nous scars are avascular and acellular and do represent 
an interruption in tissue continuity. Large wounds 
involving extensive loss of cells undergo healing by sec-
ond intention, a process that involves a more intense 
inflammatory reaction and more extensive wound con-
traction than does healing by first intention. Predict-
ably, this process sets the stage for more extensive 
scarring and fibrosis.227

Obtaining a history of abuse and the witnessing 
thereof requires sensitivity and an understanding that 
such history may be compensatorily suppressed, 
unavailable to the patient’s consciousness, or literally 
lacking in verbal narrative.228 A tempo of interviewing 
should be adopted that affords patients the opportunity 
to assess the intent and integrity of the clinician before 
being called upon to reveal sensitive personal informa-
tion. Once the physician is entrusted with such infor-
mation, it is imperative that referral, if necessary, be 
made with a clearly conveyed attitude of support and 
respect, lest patients feel abandoned in the wake of their 
disclosure. Often overlooked are those who witness 
abuse. Witnesses are, themselves, traumatized, being 
caught in the psychological conflict of affiliation with 
either the perpetrator or the victim.229 Of diagnosing 
the psychological and behavioral aftermath of abusive 
trauma, Herman admonishes that:

Concepts of personality organization developed 
under ordinary circumstances are applied to victims, 
without any understanding of the corrosion of person-
ality that occurs under conditions of prolonged terror. 
Thus, patients who suffer from the complex aftereffects 
of chronic trauma still commonly risk being misdiag-
nosed as having personality disorders.230

Loss, in the context of trauma, is unique. Unlike 
other forms of trauma in which the integrity of the 
organism is disrupted by an added force, the integrity of 
the organism, in loss, is disrupted by virtue of absence. 
In this author’s experience, patients have reported pain 
in the midepigastric area for a number of days following 
loss, perhaps harkening to the “severing of heart-
strings.” Others having lost a spouse or intimate partner 
have reported a feeling of “irregularity” or concavity on 
the side of their body next to which the loved one slept. 

Clinical observations correlate. In the clinical experi-
ence of the author and her colleagues, the fluid field in 
patients who have experienced physical or psychologi-
cal attack is often perceived as being compressed or 
regressed toward the physiologic midline. By contrast, 
in loss, there may be an actual perceived absence in an 
aspect of the fluid field with a compensatory shift of the 
midline, giving physiologic corroboration to the affec-
tionate aphorism “my other half.”

Antecedents. It is incumbent upon the physician 
to endeavor to determine the etiology or background 
related to the patient’s trauma. Trauma can be preceded 
and precipitated by cardiovascular and cerebrovascular 
events, neurological phenomena such as tumor and 
seizure, visual impairment, and alcohol intoxication. 
Trauma can result from inattention secondary to 
fatigue, anxiety, or preoccupation. Trauma can also be
a potential consequence of occupation, lifestyle, and 
familial or interpersonal relationships. Determining 
and addressing with the patient those factors which are 
causal or predisposing to trauma is a valuable and some-
times critical contribution of the clinician.

Long-term Consequences of Unresolved Trauma

The persistent effects of unresolved trauma manifest 
through a variety of mechanisms which operate locally, 
intersystemically, and within the patient as a whole.

Compensatory structural changes. Asymmetric 
falls on the buttocks, one-legged falls in holes, and 
forced “splits” in dance classes can dramatically shift 
the plane of orientation of both the body of the sacrum 
and the sacral base. Compensatory structural changes in 
the form of scoliosis can be the result.

Fibrosis. Trauma that is incisive or disruptive to tis-
sues leads to fibrosis, the extent of which is affected in 
part by the efficiency of drainage of inflammatory exu-
date by the lymphatics in the post-traumatic period.231 
Fibrotic tissue interrupts the integrity and function of 
the tissues it transects, and limits the range or freedom of 
motion of the tissues involved. Functional impairment 
and discomfort, as exemplified by adhesive capsulitis 
and post-surgical, intra-abdominal adhesions, can ensue.

Facilitation. Spinal facilitation, a state of sensitiza-
tion of the interneuronal pool, occurs as a result of pro-
longed or excessive stimulation of primary afferent 
nociceptors, as well as from direct neuronal injury or 
inhibitory interneuron death, and is a mechanism 
underlying chronic pain.232 Maintained in a state of 
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constant partial or subthreshold excitation, and respon-
sive to subnormal levels of input from peripheral and 
autonomic PANs, facilitated levels of the spinal cord are 
easily stimulated. Once stimulated, signals are sent to 
the locus coeruleus, which invokes the locus coeruleus-
norepinephrine-HPA axis and results in increased sym-
pathetic tone and cortisol output.

Under conditions of facilitation, norepinephrine, 
released from the locus coeruleus in response to input 
from a facilitated level of the spinal cord, stimulates the 
hypothalamus, overpowering the normal downregula-
tory effect of cortisol.233 This results in unmitigated 
stimulation of the hypothalamus which leads to its sus-
tained release of norepinephrine and CRH and the con-
sequent increase in both sympathetic tone and adrenal 
elaboration of cortisol.

Peripherally, the effects of facilitation may be identi-
fied by the presence of tissue texture changes, hyperalge-
sia, altered ease or range of motion, and anatomic 
asymmetry of the affected region—a constellation of 
findings referred to in osteopathic literature as somatic 
dysfunction.234 Although a facilitated level of the cord 
may interact with higher centers as previously described, 
the facilitated reflex arc can also operate independently 
of higher input. Resolution of the somatic dysfunction 
associated with facilitation, which can be accomplished 
manually, allows normalization of somatic afferent 
input, and, barring persistent visceral input, enables 
normalization of HPA and autonomic function.235

Viscerosomatic and somatovisceral reflexes. In 
addition to potentially subjecting the patient to sympa-
thetic and HPA overdrive, facilitation also predisposes 
the body to the establishment of viscerosomatic and 
somatovisceral reflexes. Facilitation of an interneuronal 
pool affects outflow to both visceral and somatic struc-
tures innervated by the facilitated level of the cord.236 
Thereby, facilitation that was originally established in 
response to persistent inflammation or mechanical irri-
tation from an unresolved visceral trauma can, via 
somatic efferents, affect the skeletal muscle innervated 
by the same spinal level. Conversely, facilitation sec-
ondary to unresolved musculoskeletal injury can result 
in chronic increased autonomic stimulation of segmen-
tally related viscera.

Allostatic load. The cumulative, long-term effect or 
toll taken on the body by frequent, repetitive activation 
of the autonomic nervous system, HPA axis, and cardio-
vascular, metabolic, and immune systems, or by their 

persistent low-grade activation to a chronically elevated 
baseline, is termed allostatic load.vi,237,238 (This concept is 
also discussed in the preceding essay on psychosocial 
influences on health.) In the present discussion, it was 
established that somatic and visceral trauma, psychologi-
cal trauma, chronic pain, inflammation, and facilitation 
all serve to activate the locus coeruleus-norepinephrine-
HPA axis. Unresolved trauma clearly places a significant 
demand on the body and, over time, is a major contribu-
tor to the development of allostatic load.

The effects of allostatic load established to date are 
multiple. In a study involving 1,189 men and women, 
aged 70–79 years at outset, participants were assessed 
with respect to allostatic load, cognitive functioning, 
and physical functioning.239 Participants with highest 
allostatic load scores performed most poorly with 
respect to cognitive and physical functioning and, on 
eight-year follow-up, higher baseline allostatic load 
scores predicted greatest loss in cognitive and physical 
functioning.240 Related to an aspect of cognitive func-
tioning is the hippocampus, which is involved in verbal 
and contextual memory. The hippocampus is rich in 
cortisol receptors, and normally participates in a feed-
back loop controlling release of CRH from the hypo-
thalamus.241,242 Persistently elevated levels of cortisol are 
toxic to hippocampal neurons, and lead to neuronal 
atrophy or death and loss of memory.243,244

Prolonged HPA axis activation in infancy and child-
hood takes its toll, inhibiting the production of growth 
hormone and somatomedin C.245 This contributes to 
the condition of “failure to thrive,” in which caloric 
intake does not promote weight gain. Early loss of a par-
ent (due primarily to parental separation) and physical 
and sexual abuse during childhood both carry an 
increased risk of major depression during adulthood.246 
A history of major depression is among the strongest 
predictors of cardiovascular risk, depression being asso-
ciated with increased resting heart rate, decreased heart 
rate variability, and increased plasma norepinephrine.247 
Chronic elevation of cortisol inhibits bone formation, 

vi Based on the word allostasis, which is akin to the term homeodynam-
ics. The term refers to the coordinated, broad intersystemic (particularly 
neuroendocrine immune) range of variability that enables the body to 
maintain stability in the face of protracted challenge. This is distin-
guished from homeostasis, which maintains discrete, physiologic 
parameters such as pH and electrolyte balance within a more finite 
operating range. (The principles of dynamic balance and homeostasis 
are discussed in Chapter 9.)
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and women with a history of depressive illness have a 
greater frequency of decreased bone mineral density.248

Childhood abuse additionally predisposes to adult 
anxiety disorders, panic disorder, attempted suicide, 
post-traumatic stress disorder (PTSD), and likelihood of 
developing PTSDvii in response to other traumas.249 Sen-
sitization or hyperactivity of CRH circuits secondary to 
stress early in development is hypothesized to explain 
the psychological sequelae.250 Females who experience 
PTSD from childhood sexual abuse demonstrate daily 
elevation of norepinephrine, epinephrine, dopamine 
and cortisol levels, and have a tendency toward obe-
sity.251 Abused females additionally have an increased 
rate of premenstrual syndrome, asthma, spastic colitis, 
and dysmenorrhea.252 Male veterans, by comparison, 
who developed PTSD in combat, demonstrate an ele-
vated norepinephrine-to-cortisol ratio, and an increased 
incidence of cardiovascular disease, gastrointestinal 
symptoms, chronic pain, and rheumatism.253

Chronically elevated cortisol and catecholamine 
levels lead to immunosuppression and decreased cellu-
lar immunity, which, in turn, leads to increased sever-
ity of the common cold and increased titers of cold-
virus antibody.254 Elevated cortisol also promotes insu-
lin resistance.255 This results in increased output of 
insulin, which has been shown to be excitatory to the 
sympathetic nervous system.256 (For discussion of the 
inflammatory effects of increased insulin output, see 
Chapter 30.)

Chronic sympathetic hyperactivity elevates blood 
pressure and increases cardiac workload, thereby con-
tributing to endothelial dysfunction, coronary spasm, 
left ventricular (LV) hypertrophy, and serious dysrhyth-
mias. Persistently elevated blood pressure accelerates 
atherosclerosis, which increases the risk of myocardial 
infarction.257 When coexistent with LV dysfunction, 
increased sympathetic tone is the most sensitive predic-
tor of cardiac and arrhythmic mortality.258 Increased 
sympathetic tone impedes development of collateral 
circulation following arterial occlusion.259

Supporting the Patient’s Health

Details of treatment are not within the purview of 
this chapter, and clinicians of varying backgrounds will 

approach treatment differently. However, common 
goals of treatment and principles to apply in planning 
treatment will likely apply to most clinicians and 
should be addressed.

Promoting efficient exchange of all the fluids of the 
body is of fundamental importance. Healing is sup-
ported and adverse inflammatory and degenerative 
effects are averted by efficient fluid exchange. Nutri-
ents, both endogenous and exogenous, are delivered 
and wastes are removed via the fluids of the body. 
Nutrients will not arrive at their desired destination if 
the destination or its access routes are in a state of stasis. 
Similarly, waste products and inflammatory exudates 
will not be removed if the routes of egress are not open 
and functioning.

Also fundamental to the resolution of trauma is the 
downregulation of afferent input. Attenuation of facili-
tation and elimination of the sources of nociceptive 
stimulation can contribute significantly to normaliza-
tion by reducing input to the SNS and HPA axis. In this 
author’s experience, this can often be accomplished by 
manually engaging and augmenting the corrective and 
generative physiologic processes that are operant in the 
patient’s body. Ultimately, it must be acknowledged 
that the physician is an assistant, and the capacity for 
healing is inherent to the patient.

Case Studies

The following cases from the author’s experience are 
offered in abbreviated form to illustrate potential and 
uncommonly considered consequences of trauma.

Case 1. Concussion and macroscopic distortion. 
During the winter of my freshman year in osteopathic 
school, one of my classmates fell on the ice, landing 
hard on his back and hitting the back of his head. His 
glasses went flying. When he retrieved them, they fit 
poorly, and he presumed they had been bent in the fall. 
In the following hours, he experienced headache, diffi-
culty focusing, unsteadiness on his feet, and “did not 
feel like himself.” Later that day he reported his symp-
toms to one of his clinical professors who, on examina-
tion, found evidence of the impact, and administered 
an osteopathic treatment aimed at reestablishing struc-
tural balance. Following the treatment, my classmate 
“felt like himself,” and when he donned his glasses, 
they fit perfectly, indicating that it was not his glasses 
that had been warped, but his head. This illustrated to 
those of us present the capacity of the living cranium to 

vii PTSD is characterized by hyperarousal, intrusion (vivid flashbacks and 
nightmares of the traumatic event), and constriction (anesthesia, 
detachment, passivity). [Reference 227, p35.]
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deform on impact. We were left by the professor, as I 
will leave the reader, to consider the potential conse-
quences of sudden distortion, or “warping,” of the 
human cranium on such phenomena as extraocular 
muscle function, vestibular function, occlusion, venous 
sinus drainage, cranial nerve function, etc.

Case 2. Hyperthyroidism. Prior to arriving at my 
office, this 34-year-old mother of five was anticipating 
an ablative procedure for symptoms of hyperthyroidism 
of sudden onset two months earlier. Her history revealed 
that prior to, and within the same month of, her symp-
toms’ onset she had fallen head over heels down a flight 
of stairs with her six-month-old daughter in her arms. 
On exam, her pulse was 110, speech was rapid and voice 
high-pitched, thyroid was palpably enlarged and she 
had lost 15 pounds. She complained of headache, feel-
ing hot, “rubber legs,” dyspnea, and dysarthria. Poten-
tially relevant findings included sternoclavicular and 
acromioclavicular compression, upper left costovertebral 
compression, segmental cervical restriction and paracer-
vical hypertonicity, occipito-temporal compression, and 
positional asymmetry of the temporals. Manual osteo-
pathic treatment was administered to restore ease and 
function to the involved area. On follow-up four days 
later, the patient reported no recurrence of dyspnea, no 
“rubber legs,” fewer headaches and improved energy; 
pulse was 90. Over the following weeks her condition 
improved and resolved.

Clinical Pearls

1. Attend to areas where forces accumulate, e.g., a fall 
on an outstretched hand may give rise to upper arm 
or shoulder symptoms if compressive forces are not 
resolved.

2. When a patient requires a boot-type cast, attempt 
to match its height in the other shoe. This will help 
to avoid low back pain and the initiation of scoli-
otic mechanics.

3. In managing fractures, treatment prior to casting 
aimed at decreasing or eliminating strain in 
interosseous, intraosseous, and soft tissues can 
potentially reduce the development of pain and 
dependent edema.

4. Solicit a history of trauma from every new patient, 
and consider trauma as an etiologic or contributing 
factor in illnesses of unknown or “idiopathic” etiol-
ogy. Symptoms not typically associated with 
trauma may, in fact, have a traumatic etiology.

Summary

Trauma is one of many challenges presented to our 
patients. Its proper identification and thorough resolu-
tion can have effects that reach beyond the individual. 
When unresolved, trauma can dampen and defeat the 
human spirit. However, when resolved, trauma has the 
potential to impart understanding and can augment the 
human capacity for compassion.

Xenobiotics
John Cline, MD

Introduction

The building blocks of health include both harmful 
and beneficial influences upon human biology and indi-
vidual genetic and biochemical uniqueness. One of the 
harmful environmental inputs that clinicians must pay 
increasing attention to is xenobiotic exposure. The word 
xenobiotic is defined as “a chemical substance that is 
foreign, and usually harmful, to living organisms.”260 
Xenobiotics are also known as persistent organic pollut-
ants (POPs), which are carbon-containing chemicals that 
have been introduced into the environment in ever-
increasing numbers. In fact, it has been estimated that 
there have been over 80,000 of these chemicals intro-
duced into the environment since World War II.261 There 
is a growing body of scientific evidence documenting 
serious health problems that arise secondary to the 
exposure and accumulation of POPs in humans.262 There 
are few environmental issues that have aroused more 
public concern than the harmful effects of POPs in the 
general population, especially when it concerns the 
health and welfare of children. Despite the volume of 
scientific literature published, this subject remains con-
troversial as there are huge financial issues at stake.

History

It is interesting to note that pesticides as we know 
them today did not exist before World War II. Organo-
phosphate pesticides were developed as nerve gases, 
and the phenoxyherbicides such as 2,4-D were designed 
to destroy the Japanese rice crops (with later use as a 
component of Agent Orange, a substance used to defoli-
ate large areas in jungle warfare).263 Following World 
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War II, these chemicals were put to use in many applica-
tions, including agricultural production, spraying of 
neighborhoods for mosquito eradication, and home 
and garden use. In the 1950s and onward, epidemiolo-
gists became concerned about the health effects of 
exposure to POPs. Initially, studies of wildlife communi-
ties demonstrated reproductive, developmental, endo-
crine, immunologic, and carcinogenic effects.264,265,266 
There were high rates of malformed genitalia, aberrant 
mating behavior, sterility, cancer, and immune system 
and thyroid dysfunction. United States epidemiologists 
began to notice a rise in the incidence of non-Hodgkin’s 
lymphoma (NHL), observing that these cases were clus-
tered in agricultural areas. This phenomenon paralleled 
pesticide use, causing some researchers to postulate that 
there was a causal link.

In 1962, Rachel Carson’s book, Silent Spring, was 
truly revolutionary in bringing this issue into political 
and public awareness.267 It was followed in 1996 by Our 
Stolen Future, which documented the health effects of 
these endocrine-disrupting chemicals.268 In 1996, a 
number of governments participated in the Intergov-
ernmental Forum on Chemical Safety and agreed upon 
a list of 12 POPs to be eliminated from the environ-
ment. These 12 have been dubbed the “Dirty Dozen.” 
In 2001, the United Nations Environment Program 
sponsored the Binding Convention on Persistent 
Organic Pollutants held in Stockholm, Sweden, and 
there was a call for an immediate ban on 11 of the Dirty 
Dozen. The list of these dozen POPs and their sources 
are found in Table 13.1. It should be noted that DDT 
was still allowed to be used in developing countries to 
control mosquitoes in malaria prevention.

Properties of POPs

POPs are persistent because they resist photolytic, 
biological, and chemical degradation. They can take as 
long as one century to biodegrade.269 They are carbon 
containing and hence organic. They are lipophilic pol-
lutants accumulating in the fatty tissues of organisms. 
Furthermore, they bioaccumulate up the food chain 
leaving those at the top with high concentrations in 
their tissues. Most of the POPs are semivolatile which 
allows them to travel thousands of miles in the air 
before they settle.270 An example of this is the Inuit of 

Nunavik in northern Canada. These aboriginal people 
consume the fat of seals, beluga and narwhal whales. 
These people have been found to have high body bur-
dens of POPs.271

Health Effects of POPs

The available epidemiological evidence suggests that 
the health effects of POPs in humans are similar to 
those in animals in the same range of exposures. 
Human studies have demonstrated negative effects of 
POPs on neurodevelopmental, thyroid, estrogen, and 
immune function.272,273,274,275 Exposures to all of the 
commonly used pesticides, such as phenoxyherbicides, 
organophosphates, carbamates, and pyrethrins, have 
shown positive associations with adverse health effects. 
Furthermore, the carcinogenic effects of certain POPs 
have been well demonstrated. Triazine herbicides 
increase breast cancer risk; carbamate and phenoxyher-
bicides increase lung cancer risk; use of indoor insecti-
cides is associated with brain cancer and lymphocytic 
leukemia in children.276

In pregnant women, higher levels of polychlori-
nated biphenyls (PCBs) have been shown to adversely 
affect the brain development of their children. The 
affected children were initially found to have decreased 
visual recognition scores,277 followed by decreased per-
formance on short-term memory testing.278 By age 11, 
these children were found to have lower average IQ 
scores and were delayed in reading comprehension.279 
Furthermore, there was evidence of altered gender-
typical play behavior, with less masculinized play in 
boys and more in girls.280 There was also decreased abil-
ity to control inappropriate responses, as is found in 
children with attention deficit hyperactivity disorder.281

There is also growing concern about the impact of 
flame retardants on human health. There are 175 types 
of flame retardants and the brominated flame retar-
dants (BFRs) make up the majority. Tetrabromobisphe-
nol A is the most widely used BFR. In vitro studies have 
demonstrated that it is hepatotoxic, immunotoxic, and 
neurotoxic. In addition, it acts as an endocrine disrup-
tor with estrogen-like properties. The primary toxic 
effect is as a disruptor of thyroid homeostasis.282 Fur-
thermore, the level of polybrominated diphenyl ethers 
(PBDEs, another type of flame retardant) is rising in 
humans, as recently demonstrated in a study of people



149

Chapter 13
Environmental Inputs

Table 13.1 Environmental and Dietary Sources of Persistent Organic Pollutants (the “Dirty Dozen”)

Type Environmental Sources Examples of Dietary Sources

Dioxins, furans Byproducts of petrochemical industry and chlorine 
bleaching in pulp and paper mills; hospital and 
municipal incinerators

Meat, poultry, and dairy products; sport fish (e.g., 
lake trout, salmon, walleye); wildlife (e.g., waterfowl 
and waterfowl eggs, muskrat, otter, moose, deer)

PCBs “Fire resistant” synthetic products made before 
1977, old electrical equipment, leaky containers in 
PCB disposal sites

Great Lakes fish (e.g., lake trout, salmon), Arctic 
marine mammals, breast milk

Aldrin Pesticide used against insects in the soil to protect 
crops such as corn and potatoes

Dairy products, meat, fish, oils and fats, potatoes, 
root vegetables

Chlordane Broad-spectrum contact insecticide used on vegeta-
bles, grains, maize, oilseed, potatoes, sugar cane, 
beets, fruits, nuts, cotton, and jute

Use has been severely restricted, so food does not 
appear to be a major pathway of exposure now; air 
may be a pathway because of past use in termite 
control (in the United States)

DDT Pesticide widely used during World War II to protect 
soldiers and civilians against diseases spread by 
insects

Fish, dairy products, fat of cattle, hogs, poultry and 
sheep, eggs, vegetables, breast milk

Dieldrin Insecticide used to control insects in soil Same as for aldrin

Endrin Foliar (leaf) insecticide used on field crops such 
as cotton

Current dietary exposure thought to be minimal 
because of restricted use

Heptachlor Nonsystemic stomach and contact insecticide used 
to control insects in soil

Detected in the blood of U.S. and Australian cattle in 
1990; current dietary exposure thought to be mini-
mal because of restricted use

HCB Fungicide used for seed treatment HCB-treated grain; current dietary exposure thought 
to be very low because of severely restricted use

Mirex Stomach insecticide used to control ants, termites, 
and mealy bugs

Meat, fish, wild game, marine bird eggs, sea 
mammals

Toxaphene Contact insecticide used primarily on cotton, cereal, 
grains, fruits, nuts, and vegetables and used to con-
trol ticks and mites in livestock

Dietary exposure thought to be very low because of 
restricted use; however, there is a local problem with 
some fish in Lake Superior

Legend: 
PCBs = polychlorinated biphenyls
DDT = dichlorodiphenyltrichloroethane 
HCB = hexachlorobenzene

Source: Contaminant profiles. In: Health and the Environment. The Health and Environment Handbook for Health Professionals. Ottawa: 
Health Canada; 1998. Cat no H46-2/98-2111. Available from: http://dsp-psd.pwgsc.gc.ca/Collection/H46-2-98-211E-18.pdf
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living in the remote Faroe Islands. The concentration of 
PBDEs in human breast milk rose threefold between 
1987 and 1999.283 Breastfed Faroese children were also 
found to be 0.59 kg lighter and 1.5 cm shorter than 
non-breastfed children. The transfer through the breast 
milk of the contaminants methylmercury and PCBs 
fully explained the attenuated growth parameters.284

Recommendations and Summary

One of the most comprehensive reviews of the sub-
ject of xenobiotics is the document, Systematic Review of 
Pesticide Human Health Effects.285 The conclusions are as 
follows:

• The scientific literature does not support the con-
cept that some pesticides are safer than others. 

• Reducing exposure is the best advice. Given the 
wide range of commonly used home and garden 
products associated with adverse health effects, 
the focus should be on reduction of exposure to 
all pesticides.

Furthermore, low-dose exposure is not necessarily 
safe exposure; “no evidence of harm” is not equivalent 
to “evidence of no harm.” We are currently able to char-
acterize the risks for only a small number of the 80,000+ 
POPs that have been released into our environment. 
There are incalculable combinations of chemicals, envi-
ronmental breakdown molecules, and metabolites that 
need to be evaluated for safety in humans. Unfortu-
nately, we presently have a knowledge void, and the 
phrase “no evidence of harmful effects” can hide the 
greater truth that there is simply no evidence at all.286 

Each one of us needs to avoid exposure to POPs as 
much as possible and have intact and healthy detoxifi-
cation systems. For the clinician, it is imperative to help 
patients understand this diffuse, but increasingly heavy 
burden our bodies are being asked to handle because it is 
one of the environmental inputs that has significant 
effects upon health. Further discussion of the clinical 
implications of the toxic burden, including detoxifica-
tion (its processes and applications) and polymorphisms 
that can predispose to more significant problems, can be 
found in Chapter 22 and Chapter 31.

Microorganisms
Patrick Hanaway, MD

A mighty creature is the germ,
Though smaller than the pachyderm,

His strange delight he often pleases,
By giving people strange diseases.

—Ogden Nash

Introduction

Microorganisms include viruses, bacteria, fungi, pro-
tozoa, algae, and nematodes, roughly in increasing 
order of size. They are the oldest form of life on earth 
and are found virtually everywhere. Bacteria have been 
present on earth for more than 2.5 billion years. The 
combined weight of all microbial life is thought to be 
about 25 times more than all animal life combined.287 
Thus, humans have evolved fully in the presence of bac-
teria. Not only are we not alone, but we are required to 
live in mutual balance with this vast array of micro-
organisms. This relationship can be defined as symbi-
otic (at least one partner profits without hurting the 
other), commensal (partners that coexist without detri-
ment but without obvious benefit), and pathogenic (in 
which there is damage to the host).

The critical interface between the human body and 
its internal and external environments manifests itself 
on many levels: the food we eat, the air we breathe, and 
the lifestyle we choose are all “environmental inputs” 
that influence our genetic material continuously. The 
interaction between the body (through the epidermal, 
respiratory, oropharyngeal, and gastrointestinal inter-
faces) and the myriad microbes in the environment pro-
vides benefits to both parties.

The biologic terrain where humans and micro-
organisms interact must remain in homeostatic balance 
to provide the correct milieu for the body to function 
optimally. In this model, bacteria and other microor-
ganisms are not usually considered dangerous, invasive, 
and pathogenic. Pathogenicity among microorganisms 
is the exception, not the rule. Considering the huge 
population of bacteria and viruses in our environment 
and in our own bodies, it is a relatively rare occurrence 
that these typically symbiotic relationships become 
harmful. Rather, imbalanced microbial growth may be 
indicative of an alteration in the biologic terrain.
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The symbiotic organisms living in and on us have 
more than 100 times the amount of genetic material 
that the entire human genome has.288 The Human 
Genome Project tells us that at least 223 human pro-
teins have significant homology with bacterial proteins, 
suggesting direct horizontal transfer from bacterial 
genes.289 While the age of antibiotics has led us to focus 
on microbes (and bacteria in particular) as pathogens, 
an understanding of the co-evolution of humans and 
microorganisms is critical for our health and well-being.

Discussions on this point date back to ancient medi-
cal systems, but the most well-known debate on this 
matter was between Pasteur and Béchamp. Pasteur pos-
tulated that “germs” were the primary cause of illness, 
while Béchamp argued that the “inner terrain” was the 
most important factor.290 Noted 19th century pathologist 
Rudolph Virchow is reported to have said, “mosquitoes 
seek the stagnant water, but do not cause the pool to 
become stagnant.”291

Microorganisms are ubiquitous and nowhere is this 
more important than the critical role of the large and 
dynamic bacterial community present within the gas-
trointestinal tract. Evidence demonstrates that bacteria 
have co-evolved to support digestion, absorption, 
metabolism, and development of the immune system. 
Disruption of this mutual balance between the physical 
body and these commensal microorganisms leads to 
both acute and chronic disease.

Commensal Flora in the Gastrointestinal Tract

At birth, the human body is sterile. Colonization of 
the skin epithelia and the mucosal membranes starts 
immediately after birth and evolves quickly over the 
first days of life.292 These species play a critical role in 
the dynamic education of the adaptive immune system, 
promoting balance and strength in the under-devel-
oped immune system.

More than a century ago, the Russian scientist Eli 
Metchnikov discussed the clinical importance of gas-
trointestinal flora. He promoted the health benefits of 
taking live bacterial cultures as a means of supporting the 
colonic microflora. Research on microbial ecology has 
grown rapidly since the early 1990s, particularly because 
of the inherent role of the gastrointestinal flora in the 
development of the immune system. It appears that our 
co-evolutionary relationship with these organisms is 
used as a primer for regulation of the immune system.

Colonization of gut flora begins immediately after 
birth and is nearly complete after the first week of life, 
but quantity and species vary markedly over the first six 
months of life.293 More than 500 species have been 
noted, each with numerous strains identified by molec-
ular probes.294 Overall, the number of bacteria present 
in the gastrointestinal lumen is 10-fold greater than the 
number of cells in the human body,295 with more than 
100 times the human genome’s DNA content.296 Studies 
demonstrate that bacteria differentially colonize the 
neonatal and infant gastrointestinal tract based upon a 
number of environmental factors, including the mode 
of delivery (Cesarean section or vaginal delivery),297 
hygiene measures, environmental contaminants, mater-
nal flora, age at birth, and type of feeding.298

Nutritional inputs from breastfeeding, bottle feed-
ing, and introduction of solid food provide the initial 
substrate for growth of varying species of bacteria within 
the gut.299 Other environmental factors, including more 
aggressive standards of hygiene, have led to a delayed 
development pattern and even an absence of certain 
groups of bacteria in the commensal flora of neonates.300

Breastfeeding has been recognized to have an impor-
tant role in the nutrition of the infant. Nutritive and 
immunologic components of breast milk have been stud-
ied for years, but the effects of essential fatty acids and 
oligosaccharides as stimulants for commensal flora are 
now better understood. From an evolutionary perspec-
tive, the gut has been finely tuned to develop based upon 
the dietary presence of breast milk over the first 1–3 years 
of life. The immunoregulatory role of breast milk and 
infant nutrition has come to the fore.305

Hygiene Hypothesis
In 1989, Strachan301 coined the term “hygiene hypo-

thesis.” As stated, the theory is that increased prevalence of 
allergy and atopic illness in industrialized countries is a 
result of the decrease in exposure to common infections 
during early life, secondary to smaller family size. A num-
ber of studies have confirmed this relationship, but there is 
no direct evidence for a protective role of infections. Many 
have attempted to extend this hypothesis, based upon epi-
demiologic evidence, to include the role of antibiotics, vac-
cines, and anti-microbial soaps, but their effects have not 
been proved.302 Immunologically plausible explanations 
have been demonstrated.303 Current research focuses on the 
role of nutrition, timing, and gut flora maturation on 
immunologic development.304
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Colonization of Gastrointestinal Flora

There is a significant alteration in the gut flora of 
the neonate over the first week of life, depending upon 
the food source. Classically, we see the introduction of 
E. coli and strep species during the first few days of life, 
giving way to bifidobacteria, bacteroides, and clostrid-
ium. Breast-fed infants then develop a predominance of 
bifidobacteria, first noted by Tissier in 1905.306 Bottle-
fed infants show a more diverse pattern of coloniza-
tion.307 A number of internal and external factors influ-
ence the adherence and succession of microbes within 
the gastrointestinal tract, including feeding habits,308 
hygiene,309 stress,310 antibiotics,311 bacteria-host commu-
nication, and gene expression.312

Many species have evolved to peacefully co-exist 
within the gastrointestinal tract. With more than 500 
species identified and more than 100 trillion bacteria 
“in residence,” the necessity of a mutually beneficial 
relationship is clear. While the sub-species and quanti-
ties of bacteria will vary over time, the families and spe-
cies of commensal flora remain relatively constant 
within an individual over the course of a lifetime. The 
gastrointestinal microflora can, however, be modified 
by diet and environmental factors, and those changes 
can significantly affect health.

Humans and bacteria have co-evolved to offer 
mutual benefit. The positive health effects of these bac-
teria include: energy salvage from carbohydrate fermen-
tation, synthesis of B and K vitamins, production of 
short-chain fatty acids (SCFAs) such as n-butyrate to act 
as metabolic substrate for colonocytes, lowering pH, 
producing anti-microbial compounds, and stimulating 
the immune system.313

Nearly 70% of the human immune system is local-
ized in the digestive tract. The mucosal surface of the 
gastrointestinal tract would cover the area of a doubles 
tennis court (if stretched out flat), and is approximately 
200x the surface area of the skin. Defense against 
microbes is mediated by the early reactions of innate 
immunity, followed by the reaction of adaptive immu-
nity. Innate immunity includes the skin, mucosal epi-
thelia, cytokines, and phagocytes. These non-specific 
defense mechanisms provide defense against common 
pathogens, but the innate immune response stimulates 
the adaptive immune system and influences the nature 
of the adaptive response.314 The process of “oral toler-
ance” is an important example of this.315 The semi-

permeable gastrointestinal epithelium identifies and 
responds to pathogens, while minimizing the immune 
reaction to food antigens and commensal flora.

Through the process of co-evolution, the body has 
mastered a number of methods to identify microbes 
and develop the adaptive immune system, based upon 
the proper timing and presence of the bacterial stimuli. 
The body responds differentially to bacterial stimuli 
and responds to a variety of structural components on 
each bacterium. Recent evidence demonstrates that 
immunostimulatory DNA316 may derive from the 
copious amounts of bacterial DNA present in the gas-
trointestinal tract. The epithelial mucosa is equipped 
with pattern recognition receptors (PRRs) that recog-
nize bacterial DNA from commensal bacteria and mod-
ulate immune function.317

Thus, our immune system is dynamically educated 
by the presence of commensal, symbiotic, and patho-
genic bacteria at the interface of the intestinal epithe-
lium. The gut flora interacts with our innate immunity 
and influences the adaptive immune response in an 
important dialogue between our immune system and 
the environment. Commensal bacteria are also able to 
modulate expression of host genes involved in impor-
tant intestinal functions, including nutrient absorption, 
mucosal stimulation, xenobiotic metabolism, and intes-
tinal maturation.318 Understanding the “cross-talk” 
between bacteria and the immune system helps us bet-
ter understand the relative continuum between patho-
genic and non-pathogenic relationships.

Altered Balance in the Human Micro-Organism 
Environment

Hooper and Gordon319 have highlighted the effects 
of imbalance within this complex ecosystem. The 
increasing prevalence of allergy and atopy are associ-
ated with alterations of intestinal colonization and 
decreased tolerance to common food proteins and 
inhaled allergens. Treatment with probiotics can help to 
shift these symptoms back to normal.320 The pathogene-
sis of inflammatory bowel disease (IBD), a condition 
that is becoming substantially more common, appears 
to involve an abnormal activation of the immune sys-
tem. IBD results from an inappropriate and exaggerated 
mucosal immune response to normal constituents of 
the mucosal microflora. Host genetic background may 
determine the susceptibility to intestinal inflammation 



153

Chapter 13
Environmental Inputs

and normal mucosal microflora appears to maintain the 
inflammatory process.321

Overall, we see that these critical gene-environment 
interactions highlight immunologic dysregulation aris-
ing from the combination of varied bacterial species 
(commensal and pathogenic), altered adaptive immune 
system activation, and multiple antigenic stimuli. It 
appears that diet (as prebiotics and antigens) plays an 
important role with each of these factors.

Summary

From an evolutionary perspective, our genome has 
not changed over the past 50 years, but the incidence of 
chronic disease has become epidemic. Playing a vital 
role in the development of chronic diseases are the 
changes in our diet and various other environmental 
factors (see, for example, the discussion on Diet and 
Nutrients at the head of this chapter) that no longer 
provide the proper milieu for the gastrointestinal tract 
to properly activate the immune system. Our genetic 
predispositions have not prepared us to successfully 
manage the current lifestyle, dietary, and environmen-
tal patterns we face today. We must work to balance 
each of these inputs to re-align our immune systems for 
optimal function. As we explore the foundations of nor-
mal physiology, we must develop new therapeutic strat-
egies to re-establish a proper relationship with our “old 
friends,” because microorganisms are one of the key 
environmental inputs to health.

Radiation
Carol R. McMakin, MA, DC

Introduction

To understand the effects of environmental radia-
tion exposure on the human system, it is important to 
understand that, from a biophysics perspective, the 
human body is an electromagnetic semiconductor 
matrix that allows for instantaneous communication 
among all cells and tissues in the system. Every physio-
logic process and biochemical reaction takes place in 
this semiconductor matrix. Every cell in the body is 
filled with a cytoplasmic matrix or cytoskeleton that is 
connected by integrins across the cell surface to every 
other cell surface and membrane in the body. The 

enzymes that create every physiologic function do not 
float in an intracellular soup; they are attached to the 
cytoplasmic matrix and perform their chemistry in a 
solid state context created by this intracellular structure. 
Water molecules line the matrix forming a system that 
functions as a semiconductor, sharing electrons and 
allowing the transmission of energy and information 
throughout the system.322

Understanding this model becomes important when 
considering the influences that create damage or consti-
tute a threat to the health of the system, as well as those 
that may have the potential to heal.

Ionizing Radiation

The health risks of environmental x-ray exposure are 
well documented and easy to understand. Ionizing radio-
active energy (x-rays) includes a spectrum of high-energy 
unseen particles that move through the cell, creating 
physical damage to intracellular structures. DNA seems 
particularly sensitive to such damage, and different 
organs may have different responses to exposure.323 
X-rays are useful for medical imaging because the bone 
and more dense body structures absorb x-rays that pass 
through less dense structures. The x-rays that pass 
through the softer tissues create the images on film that 
we see as diagnostic x-rays. The damaging intracellular 
effects of x-rays are used therapeutically in cancer treat-
ment to destroy the DNA of malignant cells. Environ-
mental exposure to x-rays includes the ionizing radiation 
produced by the sun and exposure to altitudes at which 
the atmospheric protection against x-ray exposure is 
reduced (e.g., during activities such as mountain climb-
ing and air travel). Radon gas and natural radioactivity 
found in certain types of rock and brick create residential 
exposure risk.

Ionizing radiation is a potent carcinogen and injures 
living cells by damaging the DNA. X-rays create some 
direct damage to the DNA by splitting bonds, but most 
of the damage is indirectly generated by free radicals 
that create intracellular injury and DNA damage. 
Hydroxyl radicals (OH) are considered to be the most 
damaging of all free radicals and are created by splitting 
the water molecules that line the intracellular and 
extracellular matrix.

Immune system cells seem particularly vulnerable, as 
do bone marrow cells.324 Exposure to x-rays increases the 
risk of breast, colon, lung and ovarian cancer, basal cell 
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carcinoma, and leukemia. Radiation exposure reduces 
the level of both vitamin E and vitamin C in bone mar-
row.325 The reduction may be either a direct or an indi-
rect effect, as these vitamins are used to counteract the 
free radicals produced by the x-ray exposure.

Protecting the Patient

How can the clinician help patients to protect them-
selves from the effects of exposure to ionizing radia-
tion? There is evidence to suggest that antioxidants and 
other natural substances are protective against the dam-
aging effects of ionizing radiation.

Beta carotene: Serum concentrations of oxidized 
conjugated dienes (an index of lipid peroxidation) were 
significantly increased in children who were exposed to 
high levels of irradiation, as compared to children in 
low radiation areas, following the Chernobyl (nuclear 
reactor) disaster in Russia. Supplementation with natu-
ral beta carotene 40 mg per day for three months 
resulted in a significant decrease in serum conjugated 
diene levels after one and three months.326

Lycopene: An animal study using mice demon-
strated the ability of lycopene to protect against the 
detrimental effects of radioactivity exposure. This protec-
tion was double that of beta carotene. This effect is likely 
attributable to lycopene’s antioxidant properties.327

Lipoic acid: This study involved radiation victims 
in Chernobyl. Lipoic acid reduced free radical damage 
caused by radiation exposure. One group of 16 children 
given 400 mg of lipoic acid daily for 28 days showed 
significant reductions in both white blood cell free radi-
cal activity and urinary excretion of radioactive iso-
topes, compared to a control group of 12 children.328

Vitamin E: A second group of 14 children given 400 
mg lipoic acid plus 200 mg vitamin E daily for 28 days 
showed an even greater reduction in urinary excretion 
as compared to both the lipoic acid and control groups.

Vitamin C improves the ability of the body to resist 
the toxic effects of exposure to radioactivity. Guinea pigs 
that were supplemented with large dosages of vitamin C 
(10 gram equivalent) combined with bioflavonoids were 
able to withstand twice the known lethal dosages of 
radioactivity.329

Cabbage, broccoli: Cabbage and broccoli were pro-
tective in reducing radiation damage and mortality from 
radiation exposure in animal studies. Guinea pigs 
exposed to whole-body x-radiation demonstrated a 

lower death rate and bleeding incidence when they were 
pre-fed on cabbage prior to receiving x-ray exposure.330

Ginkgo biloba: When Ginkgo biloba was adminis-
tered to Chernobyl recovery workers, it protected them 
from further chromosomal damage.331

Melatonin is an antioxidant that protects DNA, lip-
ids, and proteins from free-radical damage. It works by 
stimulating the activities of antioxidant enzymes and 
scavenging free radicals directly or indirectly. Among 
known antioxidants, melatonin is a highly effective 
scavenger of (OH), hydroxyl free radicals. Melatonin is 
distributed widely in organisms and in all cellular com-
partments, and it quickly passes through all biological 
membranes. Lymphocytes that were pre-treated with 
melatonin exhibited a significant and concentration-
dependent decrease in the frequency of radiation-
induced chromosome damage, as compared with irradi-
ated cells that did not receive the pre-treatment.332

Siberian and Korean ginseng doubled the life span 
of rats exposed to prolonged x-rays at a total dose of 
1,620 to 7,000 rads.333

Nonionizing Radiation

The risks of nonionizing radiation exposure are less 
clearly documented. The controversy arising from Rob-
ert Becker’s research in the 1980s (and his books, The 
Body Electric334 and Cross Currents335) still reverberates 
through the research community. Becker stated that the 
ever-increasing spectra of electromagnetic exposure—
“electro-pollution,” including FM radio waves, micro-
waves, and other electromagnetic fields to which 
humans are being exposed—create biological effects. 
Animal studies show chronic stress responses in animals 
exposed to increased levels of electromagnetic fields 
(EMF), demonstrated by increased body weight and 
alterations in neuroendocrine function. (Becker claimed 
that the Department of Defense interfered with research 
funding aimed at finding any detrimental effects from 
radio waves or electromagnetic fields. The military uses 
these EMF bands for communication and tracking.)

The commercial, legal, and financial consequences 
of any documented link between electromagnetic expo-
sure and cancer are enormous. It is no wonder that 
researchers (such as Becker) who discover such links 
find themselves attacked in the public and even in the 
scientific press.
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Robert P. Liburdy published a number of papers 
between 1984 and 1993 documenting the effects of 
electromagnetic fields on cells. In 1984 he found that 
radiofrequency radiation affects the immune system 
by altering human immunoglobulin on T and B lym-
phocytes. The effect takes place at power levels below 
the current OSHA recommended safety limit of 0.4 
WKg-1.336,337

He published several papers documenting the 
effects of 12 mg, 60Hz fields, such as those found in the 
home and workplace, on breast cancer cells. Both 
tamoxifen and melatonin inhibit the growth of cul-
tured human breast cancer cells. He found that the 
12 mg, 60Hz field blocked melatonin’s natural onco-
static action on estrogen positive MCF-7 human 
breast cancer cells grown in cell culture. The next study 
showed the same environmental electromagnetic fields 
inhibit the oncostatic action of tamoxifen as well as 
melatonin, which implicates the estrogen receptor. The 
negative effect could be overridden by increasing the 
dose of melatonin and tamoxifen.

There is some controversy over the effects of micro-
wave radiation (from cell phones, FM radio stations, 
and television transmissions) and its ability to produce 
specific cancers. As long as there are such huge financial 
and liability issues involved in the funding and publica-
tion of research on this topic, sorting out the real risks 
on a true scientific basis seems difficult, if not impossi-
ble, at the current time. James Oschman observes that, 
“the Russian standard for maximum safe microwave 
exposure to avoid changes in brain activity is 1000 
times less than the U.S. legal maximum.” Until further 
research is available, the reader is advised to be cautious 
and judicious in the selection of home and workplace 
locations relative to microwave and FM transmission 
towers, and in the use of cell phones. It has not been 
documented that the use of antioxidants serves the 
same protective function in EMF exposure as is seen in 
radiation exposure.

Beneficial Effects of Electromagnetic 
Therapies

The beneficial and therapeutic effects of electromag-
netic therapies have been studied since the early 1900s. 
The Albert Abrams Medical Clinic in San Francisco suc-
cessfully treated tuberculosis, cancer, influenza and syph-
ilis in 1920 using frequency-specific electromagnetic 

therapies. Upton Sinclair expected to write an exposé on 
Abrams’s “quackery” for Pearson’s Magazine in 1922, but 
the published article was titled “House of Wonders.” Sin-
clair was impressed by the clinical results and the hope 
they offered to patients. In 1934, the American Medical 
Association declared that electromagnetic therapies were 
“unscientific” and moved medicine toward the use of 
drugs and surgery. The study of electromagnetic thera-
pies and the beneficial effects of electromagnetic thera-
peutic fields on biological systems dropped out of 
medical research and into the realm of biophysics.

Robert Becker’s ground-breaking work (described 
above) on the electromagnetic nature of biological tissue 
and the beneficial effects of direct current (DC) fields in 
tissue regeneration revolutionized the treatment of non-
union fractures and wound healing. The current author 
resurrected frequencies used in the 1920s by Abrams and 
others, using a battery-operated (DC) microcurrent 
device as a frequency generator, and began using those 
frequencies to treat myofascial pain and nerve pain with 
a technique called “frequency specific microcurrent” in 
1997.338,339 Very specific clinical responses to over 100 
frequencies have been noted, including those thought 
to remove inflammation, remodel scar tissue, alleviate 
concussion, eliminate the herpes virus, and stop bleed-
ing. Two frequencies used simultaneously produced 
unprecedented log scale reductions in inflammatory 
peptides during a 90-minute treatment in fibromyalgia 
patients. The changes in cytokines correlated directly 
with reductions in pain scores.340 

Blinded animal research conducted at the University 
of Sydney by Vivienne Reeve, PhD demonstrated that the 
frequency to “remove inflammation” (40hz) in the 
“immune system” reduced lipoxygenase-mediated 
inflammation by 62% in four minutes in a mouse model. 
The reduction was time dependent and all animals 
responded. Three other frequency combinations tested 
produced no reduction in inflammation. Prescription 
and non-prescription anti-inflammatory medications 
tested with this same model reduced swelling by 45%.341 

The research and early clinical experiences in this 
area are promising and suggest there is potential thera-
peutic benefit of electromagnetic and frequency-specific 
therapies.
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Summary

The pervasiveness of radiation, both in the natural 
environment and from manmade sources, makes it a 
key environmental input in today’s world. There are 
important distinctions between the effects of ionizing 
vs. nonionizing radiation, but overall it seems clear that 
less is better than more. There are foods and supple-
ments that can help patients protect themselves from 
radiation damage; clinicians should become familiar 
with these and assist patients with known high levels of 
radiation exposure to take precautionary measures.
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Chapter 14
Influence of Mind and Spirit
DeAnn Liska, PhD

Introduction

This chapter is the final entry in our Building Blocks 
section. We have given our attention to the effects on 
human health of various well-known and often well-
researched biological and physical factors, and their 
interaction with individual genetic predispositions: 
diet, nutrients, air, water, exercise, trauma, xenobiotics, 
microorganisms, and radiation. The psychosocial realm 
has also been discussed, and is a source of prolific 
research and myriad books and articles written about 
common (and uncommon) clinical approaches. We 
now turn our attention to the impact of spirituality as 
one of the key building blocks of health. Here, we will 
briefly introduce the subject, which is just beginning to 
make itself felt in research and scientific writing. (Fur-
ther discussion can be found in Chapter 33.)

Understanding the role of biochemical individual-
ity (that is, genetic predisposition influenced by envi-
ronment) is a cornerstone of functional medicine 
and has been demonstrated by such examples as the 
variety of differentially regulated detoxification 
enzymes,1,2,3 the relationship among body fat composi-
tion, blood pressure, and insulin resistance,4,5,6 and the 
myriad influences that determine risk of conditions 
such as CVD.7,8,9,10 All of these examples (and a great 
deal of this book) are about the physical nature of our 
being—the mechanisms that connect us with the 
physical world around us. Because these are physical, 
matter-based examples, we can test them. We can do 
genetic testing; we can devise assays to detect the 
result of a specific intervention. But the medicine of 
today involves more than just the physical, matter-
based body; it also includes the spiritual experience of 
the patient.

Emerging Research on Spirituality and Health

As the changing research record indicates, an under-
standing of the role of spirituality in health and healing 
is attracting considerable attention of late. For example, 
a search of the National Library of Medicine database 
(PubMed) using the word “spirituality” shows that only 
62 articles were published on this subject in the 20 years 
between 1970 and 1990, compared to 477 articles 
between 1990 and 2000, and more than double that 
number, 1226 articles, from 2000 to 2004. This increased 
interest was triggered by studies such as that of King and 
Bushwick, in which it was noted that 94% of patients 
admitted to hospitals believe that spiritual health is as 
important as physical health, and 77% believe that phy-
sicians should consider their patients’ spiritual needs, but 
only 20% of patients reported their physicians address-
ing spiritual issues with them in more than just a passing 
fashion.11 A 2003 study in which physicians were asked 
about their attitudes and preferences regarding spiritual-
ity in the medical encounter found that, of the 84.5% 
who indicated they should be aware of patients’ spiritu-
ality, most would not ask about spiritual issues unless a 
patient were dying.12 In a discussion on the role of spiri-
tuality and health, Levin makes this assertion:

By excluding matters of spirit from clinical research 
and practice, physicians run the risk of leaving out a 
large piece of what it means to be a human being. If 
physicians sincerely wish to treat the whole person, 
they first will have to see their patients as more than 
just a body and a personality, or, worse, a collection of 
isolated organ systems.13
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Researching the Spirituality and Health 
Connection: Challenges and Early Findings

Given the importance of this subject to patients 
and practitioners alike, it is valuable to spend a little 
time exploring some new findings that suggest there 
may be a physical, biochemical basis for spirituality. 
Interestingly, as with all other building blocks to 
health, this biochemical connection appears to be 
experienced differently by each of us; that is, spiritual-
ity (our experience of the divine) is another example of 
how we all show biochemical individuality. Moreover, 
the research is showing more clearly how our spiritual-
ity, life experience, and physical bodies (biochemistry) 
are all entwined in such a manner that ignoring one 
means leaving out part of the web.

First, it is beneficial to define spirituality and religion, 
since these terms can be interpreted differently. The 
Oxford dictionary defines spirituality as “of the human 
spirit or soul, not physical or worldly.”14 Religion, in con-
trast, is more limited and means “a particular system of 
faith and worship.”15 Therefore, spirituality is the non-
physical component of a person, whereas religion is the 
institutional practice, or how spirituality is codified and 
acted on by a group or society. These definitions help to 
clarify why it is often easier to observe, report on, and 
quantify religion than it is to assess spirituality. In fact, 
this is one of the primary challenges in incorporating 
spirituality into a science-based discussion.

There are other roadblocks as well. A primary issue is 
the historical conflict between “science” and “religion.” 
Many scientists and clinicians have been taught that 
spirituality is unscientific, not logical, and, therefore, 
not relevant to a Western, science-based approach to 
health and disease. Certainly, history is filled with 
examples of how science can challenge religious beliefs, 
and how religion can limit scientific progress. The tone 
of recent research, however, is showing that the 21st 
century may find a way to heal the rift between science 
and the spiritual—or, at least, to begin examining it 
objectively. Even when this relationship between “sci-
ence” and “religion” is difficult, a functional medicine 
approach of treating the patient, not just the disease, 
means finding ways to incorporate attention to spiritu-
ality into clinical practice in a science-based manner.

The difficulty of “measuring” spirituality challenges 
our current research models. Much work performed in 
the 1990s and early 2000s focused on spiritual practices 

like meditation, prayer, yoga, and quigong because 
those can be seen (that is, the activities can be observed, 
recorded, and their before-and-after effects can be 
assessed). For example, in a controlled trial, specific 
daily practice of yoga was shown to increase plasma 
melatonin after three months.16 Intrinsic religiosity has 
also been associated with diurnal cortisol rhythm, as 
compared to subjects with low religiosity, who show 
apparent flattened cortisol patterns.17 Davidson et al.18 
reported in 2003 that an eight-week program of mind-
fulness meditation before influenza vaccination led to 
an increase in antibody titer, as compared to non-medi-
tating controls, which suggests an improvement in 
immune function with meditation.

These are but a few of many fascinating examples of 
the general effect spiritual practices can have on health 
indicators. Should we expect that each patient can ben-
efit similarly from these practices? In functional medi-
cine, we would say that such practices will be filtered 
through the patient’s genetic predispositions and over-
all environment, so perhaps the answer is “no.”

We know that stress hormone pathways and behav-
iors like anxiety are, at least in part, determined by cer-
tain genetic polymorphisms—that is, the polymorphic 
pattern of genes we inherit from our parents influences 
our response to stress and our susceptibility to condi-
tions such as post-traumatic stress disorder. Continuing 
that train of thought, it is intriguing to speculate that at 
least some of these polymorphisms might also be 
involved in how responsive individual patients are to 
spiritual practices such as mindfulness meditation. Con-
sider the finding that parallel polymorphisms in the 
acetylcholinesterase and paraoxonase 1 gene loci have 
been associated with anxiety scores.19 Research has also 
documented that psychosocial stress can lead to alter-
ation in how the acetylcholinesterase gene is spliced, 
which then leads to different levels of acetylcholinest-
erase activity in the cell.20 Another study has reported 
an association between certain polymorphisms in the 
cytochrome P450 2D6 gene and harm avoidance; it has 
been postulated that this detoxification system may 
impact personality by influencing the generation of 
endogenous neurotransmitters in the brain.21

From these examples, it is not too far-reaching to 
suggest that many spiritual practices that are now being 
shown to influence the body’s biochemistry will be 
experienced differently by patients with different 
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genetic propensities. Thus, we begin to perceive the bio-
chemical individuality of spirituality.

Possibly the most intriguing work on the interplay 
between biochemical individuality and spirituality has 
emerged from Thomas Bouchard’s group at the Depart-
ment of Psychology, University of Minnesota, MN. Bou-
chard has investigated genetics and behavior by focusing 
on twins reared together or apart, and has concluded 
that there is now strong evidence that virtually all indi-
vidual psychological differences are moderately to sub-
stantially heritable.22 In particular, he used a validated 
scale of intrinsic and extrinsic religiosity with 35 pairs of 
monozygous twins and 37 pairs of dizygotic twins reared 
apart and found that twin similarity could not be 
explained by environmental factors alone, but was only 
explained by a model containing genetic plus environ-
mental factors.23 (Note that both genetics and environ-
ment must be included for the model to be effective.)

The Temperament and Character Inventory (TCI)—a 
240-question, standardized, validated, personality 
assessment that scores such behaviors as self-transcen-
dence, transpersonal identification, and mysticism—has 
also been used to explore the interrelationship among 
genetics, biochemistry, and behavior. In an interesting 
report, Comings and colleagues obtained results suggest-
ing an association between a polymorphism in the D4 
dopamine receptor gene (DRD4) and scores on the self-
transcendence scale of the TCI (p<0.02),24 although this 
observation has not been reproduced.25 Still, it is inter-
esting to compare these findings with those of Newberg 
and colleagues, who have used neuroimaging tech-
niques to understand the changes in brain activity dur-
ing meditation. While observing cerebral blood flow 
during meditation in trained meditators (Buddhist 
monks), these researchers found an overall increase in 
cortical activity and suggested that this change might be 
related to the altered sense of space and connectedness 
experienced by the monks during meditation.26 In a fol-
low-up review of the physiology of meditation, Newberg 
and Iversen summarized the many studies that indicate 
meditation influences neurotransmitters, including 
increasing dopamine in the striatum, as well as increas-
ing serum concentrations of arginine, vasopressin, 
GABA, melatonin and serotonin, and decreasing serum 
cortisol and norepinephrine.27

Dr. Dean Hamer, chief of gene structure at the 
National Cancer Institute, has published a book called 
“The God Gene,”28 in which he describes studies on 

spirituality. He reviews a study initially targeted to 
better understand smoking addiction, in which he 
recruited 1,000 men and women and obtained TCI 
questionnaire scores. He reports finding a large varia-
tion among the subjects in the subscore for spirituality 
on the TCI. Moreover, although some have suggested 
that patients who are more influenced by spiritual expe-
riences are likely to be more “temperamental” or “anx-
ious,” Hamer and colleagues found just the opposite. 
Subjects also provided biological samples, from which 
Hamer and his colleagues looked for a genetic explana-
tion for the variation in the spiritual score on the ques-
tionnaire and keyed in on the vesicular monoamine 
transporter 2 gene (VMAT2). Although his work is 
intriguing, it has not been reproduced or thoroughly 
assessed by the scientific community. Furthermore, 
Hamer is the first to admit:

Human behaviors, and the brain circuits that produce 
them, are undoubtedly the product of intricate net-
works involving hundreds to thousands of genes work-
ing in concert with multiple developmental and 
environmental events. Further advances in the field 
will require the development of microarray analysis 
that measures the activity of many different genes 
simultaneously. Only then will the gene hunters have a 
shot at achieving the promises held out by the past 
century of classical behavior genetics research.29

Spirituality as a Clinical Intervention

Integrating the spiritual into the everyday practice 
of medicine can be difficult. Anadarajah and Hight30 
reviewed tools for such formal assessment and integra-
tion of spirituality into medical practice and found the 
majority were developed for use by pastoral counselors 
and nurses, or as research instruments. They further 
commented: “Little has been written about approaches 
developed for use by practicing physicians in a routine 
medical encounter.” Therefore, they designed a tool 
that can be incorporated into general practice: the 
HOPE questionnaire. A more comprehensive discus-
sion of spiritual assessment tools can be found at 
http://www.gwu.edu/~cicd/toolkit/spiritual.htm 
(accessed Dec. 30, 2004). It is anticipated that this 
increased interest in the spiritual component of health 
will lead to many more useful tools for assessment of 
spirituality and, ultimately, to the ability to individual-
ize a health plan for patients that includes the entirety 
of the human experience. For now, it is clear that “one 
size does not fit all” is true even for such practices as 
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meditation, relaxation, and prayer; in reality, these 
practices will be experienced differently by each of us.

Summary

The relationship between genes, genetic expression, 
and spirituality is a new, intriguing area of research. 
Although we know that different life experiences can 
affect our spiritual selves, these new areas of research 
are showing how our unique genetic, physical selves 
also influence our sense of spirit and the divine (and 
vice versa). These studies also help us understand that 
patients may need different types of intervention and 
spiritual support; for example, some may find medita-
tion easy to perform on their own, with a more success-
ful result on such physical parameters as blood pressure, 
whereas some patients may require designated teachers 
or programs, not because they aren’t trying hard 
enough, but because they aren’t as “biochemically sus-
ceptible” to the effects of mediation. Clinicians will 
need to adapt research findings to their clinical prac-
tices—never an easy task. But surely we are all better 
off—patients and practitioners alike—for bringing 
knowledge and awareness of this important subject into 
both scientific inquiry and clinical practice.
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Chapter 15
Communications: Intracellular and Extracellular
Gary Darland, PhD

Introduction

The Hippocratic concept of the four humors (phlegm, 
blood, black and yellow bile) may have been the first 
widely accepted concept of homeostasis. Imbalance 
among the four was thought to result in what today we 
call disease. Much more recently, homeostasis has been 
defined in Dorland’s Medical Dictionary as “a tendency to 
stability in the normal body states (internal environ-
ment) of the organism.” The definition goes on to men-
tion that this is achieved by a system of negative 
feedbacks. Although implied in the latter definition, it is 
often overlooked that the maintenance of stability is an 
active process. A constant flow of information is neces-
sary to determine the appropriate response, and energy is 
required to generate the response. Cells are continually 
monitoring both the intra- and extra-cellular environ-
ment and adjusting their biochemical processes accord-
ingly. Unlike the implication in Dorland’s definition, the 
responses can be either negative or positive. It’s becom-
ing increasingly apparent that many chronic diseases 
result from failures in these regulatory processes.

All cells, whether they are the simple prokaryotic 
bacteria, or the highly differentiated eukaryotic cells 
that comprise the human body, must be able to sense 
and respond to their environment. Within the eukary-
otic kingdom, the biochemical mechanisms underly-
ing these processes are nearly ubiquitous. The basics 
can be described rather simply, but the combinations 
and permutations of the interactions lead to an often 
bewildering complexity. It is probably not much of an 
exaggeration to say that at this level the “web of life” 
metaphor becomes reality.

There are two (at least) methods of approaching the 
concept of homeostasis from the standpoint of signal 
recognition and response. One can discuss either multi-

ple examples briefly or go deeper into a few selected 
mechanisms. We have chosen the second method, and 
will use this space to discuss two examples of cellular 
communications in some detail: redox and energy sens-
ing. We hope that these discussions will enhance the 
reader’s understanding of similar physiological pro-
cesses in other areas.

In multicelluar organisms, cellular communication 
occurs over varying distances. Autocrine signals are 
used to monitor the intracellular environment. Para-
crine signals are transferred between adjacent cells. 
Finally, endocrine signals are produced by the endo-
crine glands and transmitted throughout the body. 
Regardless of the type of signaling, the basic molecular 
mechanisms are conserved. Protein receptors bind to 
specific molecules termed ligands and undergo a con-
formational change resulting in the acquisition of some 
biochemical activity. The acquired activity results in the 
transduction from the receptor to one or more effector 
molecules. The specifics of the process can be simple, 
such as opening an ion channel, but typically a cascade 
of reactions is involved. The term signal transduction is 
often applied to this process. In common with elec-
tronic circuitry from which the analogy is drawn, 
amplification, distribution, and feedback are all part of 
the process. Feedback is particularly important and at 
least one of the effector molecules can be counted upon 
to turn off the pathway. It is becoming increasingly 
apparent that one of the characteristics of many 
chronic diseases is defective feedback circuitry.

Signal Transduction

At the heart of signal transduction are the cellular 
receptors that respond to changes in the environment. 
Three general classes of cellular receptors exist and are 
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described briefly below. A prerequisite for all receptors is 
that binding to specific ligands is necessary to affect sig-
nal transduction; in the absence of a receptor-ligand 
complex, the receptors are effectively shut off.

Receptor tyrosine kinases (RTKs) represent a class 
of receptor proteins that share four general features. 
They are transmembrane proteins with an extracellular 
binding domain that recognizes their specific ligand. 
For example, the insulin receptor binds specifically to 
insulin and this bind initiates a series of biochemical 
reactions that adjust the physiological state of muscle 
and fat cells to elevated serum glucose. Binding of the 
ligand to the receptor initiates a conformational 
change that is transmitted through the membrane to 
the intracellular tyrosine kinase and the regulatory 
domains of the receptor. (See Figure 15.1.) The tyrosine 
kinase domain then catalyzes the addition of a phos-
phate group donated by ATP to tyrosyl residues in spe-
cific substrate proteins; in many (if not most) cases, 
autophosphorylation occurs as well:

Pr-TyrOH + ATP  Pr-Tyr-OPO3 +ADP.

Figure 15.1 Activation of a typical receptor tyrosine kinase

The second class of receptors is coupled to a family 
of heterotrimeric () GTP-binding and hydrolyzing 
proteins (G proteins).1 These G protein-coupled recep-
tors (GPCRs) are integral membrane proteins that also 
transmit extracellular signals to the cell interior. Their 
characteristic hallmark is the existence of seven mem-
brane-spanning regions that enable the protein to 
weave its way through the cell membrane. Upon ligand 
binding, an interaction with G proteins is initiated and 
an exchange of GDP for GTP on the -subunit ensues. 
The -ATP complex then dissociates from the trimer 
and initiates the signal cascade. The specific results are 
governed by the specific -isoform (Figure 15.2). The 

effects of many of the peptide hormones, like glucagon 
and prolactin, are mediated through GPCRs.

Figure 15.2 Signal transduction through GPCRs

Once a “signal” is detected by the membrane recep-
tors, it must act upon it. In order to do this, down-
stream biochemical pathways must be activated or 
inhibited. The mechanism by which this is achieved 
relies to a large extent on the phosphorylation/dephos-
phorylation of a variety of proteins. The process is often 
referred to colloquially as the “kinase cascade.” A typi-
cal eukaryotic cell is awash in protein kinases and phos-
phatases. When it was discovered in the early 1960s 
that glycogen metabolism was to a large extent under 
the control of the reversible phosphorylation/dephos-
phorylation of glycogen phosphorylase, it was consid-
ered to be somewhat of an oddity. As more examples 
were discovered, the importance of kinases and phos-
phatases in the control of cell physiology was recog-
nized; in 1992, the Nobel Prize in Physiology or 
Medicine was awarded to Edmond Fischer and Edwin 
Krebs for their discoveries regarding reversible protein 
phosphorylation as a regulatory mechanism. Since 
then, the number of protein kinases has continued to 
grow; it now stands at roughly 518,2 representing over 
1.7% of all known human genes, and perhaps one-third 
that many phosphatases.3 It has been estimated that 
perhaps as many as 30% of human proteins are 
covalently modifiable with phosphate.4
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The recognition that the cellular homologues of the 
viral oncogenes v-src and v-abl existed was followed 
shortly by the recognition that proteins encoded by the 
genes c-src and c-abl5 were protein tyrosine kinases.6,7,8,9 
The significance of these findings soon became apparent 
when it was discovered10,11 that a chromosomal translo-
cation fused most of the c-abl domain with the 5’-end of 
BCR i (a serine/threonine kinase),12 resulting in a more 
active kinase that was associated with chronic myeloge-
nous leukemia. Targeting of the affected kinase by ima-
tinib mesylate (Gleevec® ) has proved to be an effective 
therapy13 for this malignancy. A hint about the versatil-
ity of directing therapy toward this class of enzymes, 
and perhaps a hint of things to come, is a recent clinical 
report14 indicating that treatment with imatinib mesy-
late cured a 70-year-old woman with long-standing type 
2 diabetes.

Mitogens, growth factors, and a variety of other stim-
uli (including the inflammatory cytokines) activate the 
MAPK (mitogen activated protein kinase) cascade by 
binding to their respective membrane receptors (Figure 
15.3). A series of kinases are activated that culminate in 
the activation of the “terminal” MAPKs: ERK, JNK, and 
p38. These then move into the nucleus and activate a 
transcriptional program that can lead to cell division or, 
at the other extreme, to programmed cell death (apopto-
sis). While the pathway and nomenclature can often 
bewilder, there is some logic inherent in the cascade. 
Regardless of the actual stimulus, a sequential activation 
of kinases occurs (see Figure 15.4) that ultimately trans-
mits information from the cell membrane to the 
genome, or terminal effector proteins. Activation of all 
members of the cascade requires phosphorylation on 
multiple residues by an upstream kinase. Thus, in a typi-
cal cascade, protein kinase A (PKA) is activated by ligand 
binding to a GPCR. Adenyl cyclase is activated and the 
intracellular concentration of cAMP increases followed 
by the activation of PKA. MAPKKK (MAPK kinase kinase; 
aka MEKK) is then activated by phosphorylation cata-
lyzed by PKA. Upon activation, it phosphorylates 
MAPKK, and so on.

Figure 15.3 MAPK cascade

Figure 15.4 Integration of GPCR with MAPK

Proteins are not the only signal molecules available 
to the cell. Phosphatidylinositol-4,5 bisphosphate (PIP2), 
a component of the cell membrane, also serves in this 
capacity. Phospholipases hydrolyze PIP2, producing 1,2-
diacylglycerol (DAG), which remains bound to the 
membrane, and inositol triphosphate (IP3), which is sol-
uble and released into the cytoplasm where it serves as 
another second messenger, analogous to cAMP. IP3 inter-
acts with intracellular receptors and stimulates the 
increase in intracellular Ca2+ by opening membrane cal-
cium channels or releasing intracellular stores from the 
endoplasmic reticulum.

The final class of signal transducing receptors is rep-
resented by the nuclear hormone receptor superfam-
ily. This group of highly conserved proteins resides in 
the cytoplasm and, upon binding to their (generally 
lipophilic) ligands, translocates into the nucleus. Upon 

i The BCR gene is the site of breakpoints used in the generation of the 
two alternative forms of the Philadelphia chromosome translocation 
found in chronic myeloid leukemia and acute lymphocytic leukemia. 
Online Mendelian Inheritance in Man, accessed (http://www.ncbi.nlm. 
nih.gov/entrez/dispomim.cgi?id=151410).
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entering the nucleus, these proteins bind to specific 
regions of the genome and initiate or enhance the tran-
scription of specific genes. Among the ligands that 
influence cellular activity by interacting with nuclear 
receptors are the hormones cortisol, estradiol (see Figure 
15.5), testosterone and thyroxin, as well as the “vita-
mins,” retinoic acid and vitamin D3.

Figure 15.5 Regulation of gene transcription by estradiol
Source: Brown TA. Genomes, 2nd Ed., Bios Scientific Publishers Ltd: Oxford 
UK; 2002. Figure 12.5. Used by permission.

Intracellular Environment: Oxidative Stress

ATP is generated in the mitochondria by the two-
electron reduction of molecular oxygen to water. Elec-
trons flow through a sequence of protein complexes in 
an orderly fashion. However, even under ideal condi-
tions, electrons leak from mitochondria and are capable 
of reducing molecular oxygen to superoxide:15,16

O2 +e-O2
-

It has been estimated that between 1 and 2% of 
molecular oxygen is consumed in this manner.17 Under 
some conditions (like diabetes), mitochondrial dysfunc-
tion increases and the potential for even higher concen-
trations of superoxide exists.18,19

Superoxide in and of itself is relatively innocuous 
but it is a portent of more serious consequences. The 
enzyme superoxide dismutase catalyzes the reduction of 
superoxide to hydrogen peroxide:

2O2
- + 2H+  H2O2

Cells have a variety of mechanisms for disposing of 
hydrogen peroxide, including catalase and several per-
oxidases, the most important of which may be glu-
tathione (GSH) peroxidase that catalyzes the reaction:

2GSH + H2O2  GSSG + 2H2O

The reaction consumes glutathione, a sulfur-con-
taining tripeptide with a number of important cellular 
functions.20 One of the more important is serving as a 
redox buffer to keep the cellular environment properly 
poised to ensure proper protein folding and enzymatic 
activity.21,22,23 (See Figure 15.6.) The redox state of the 
cell is controlled to a large (but not exclusive) extent by 
the GSH/GSSG couple:

2GSH  GSSG + 2H+ + 2e-

Eh = E’0 + 31.25* [(GSSG)/(GSH)2],
where E’0  -264 mV at 37 C and pH = 7.4.24

Figure 15.6 Effect of redox state on cellular activity and 
protein folding
Reprinted from Jones (2002) Meth Enz 348:93 with permission from 
Elsevier.

In addition to serving as a redox buffer, glutathione 
is consumed as a substrate in several key reactions, all 
depleting cellular GSH reserves: conjugation of GSH to 
electrophiles25,26 and protein thiols;27 its role in amino 
acid uptake 28 and drug export;29,30 and the export of 
GSSG31 as a means of maintaining Eh. If left unchecked, 
the cells would enter a state of oxidative stress and 
death would rapidly ensue (see Figure 15.1). Given the 
sensitivity of cells to changes in redox status, it should 
come as no surprise that means have evolved to keep 
glutathione tone in an optimum range. The reduction 
of GSSG is carried out by the NADPH-dependent 
enzyme glutathione reductase. The primary source of 
NADPH is the pentose phosphate cycle and inhibition 
of this pathway with agents such as DHEA32 reduces 
intracellular GSH.33 The rate-limiting step in the de novo 
synthesis is the synthesis of -glutamyl cysteine, a reac-
tion performed by a specific ligase. Reduction of GSH by 
the induction of GST with isothiocyanate34 or by reduc-
ing the rate of GSSG reduction by depletion of NADPH35 
stimulates the synthesis of GSH. Increasing the Eh by 
stimulating differentiation increases the expression of 
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glutamate:cysteine ligase36 in an attempt to keep GSH 
and Eh constant. The importance of this enzyme is also 
illustrated by the fact that the overexpression of the 
enzyme in adenovirus-transformed cells protected them 
from the oxidative stress induced by IL-1.37 It is possi-
ble to increase the GSH in cells by treating with non-
toxic cysteine donors like N-acetyl cysteine or L-2-
oxo-thiazolidine-4-carboxylate38 or flavonoids.39

Redox control of the transcription factor NFB is 
the model for redox control of gene expression.40 In an 
early attempt to explain often conflicting data, Dröge 
and his coworkers41 proposed that increased oxidative 
stress in the cytoplasm was necessary to activate trans-
location into the nucleus, but that reducing conditions 
were necessary in the cytoplasm. Despite skepticism 
regarding the specifics of this model,42 data continue 
to appear in the literature in support of the general 
concept. The activity of receptors or their downstream 
partners can be controlled by either the redox state of 
the cell or by covalent modification by glutathione. 
Although current data often appear contradictory, it is 
apparent that redox signaling and glutathione have key 
roles to play in the regulation of transcription factors 
and support for the hypothesis continues to appear in 
the literature.43,44,45,46,47,48,49,50

Regulation of Metabolic Processes

All cells are confronted with the task of balancing 
energy production and utilization. ATP is energy cur-
rency in biological systems, so the problem becomes 
one of keeping the concentration of ATP at levels that 
are optimal for cell function. A healthy cell must main-
tain an ATP/ADP ratio of about 10:1.51 In the 1960s, 
Atkinson rationalized and quantified this concept by 
introducing the term “energy charge.” The enzyme ade-
nylate kinase was a key player in the concept because, if 
the reaction

2ADP  ATP + AMP
was at equilibrium, then

[AMP]/[ATP] = {[ADP]/[ATP]}2.
Since the ratio of AMP/ATP varies as the square of the 

ADP/ATP ratio, it becomes a sensitive indicator of the 
health of the cell; small changes in the ADP/ATP ratio are 
accompanied by relatively large changes in the ratio of 
AMP/ATP. All of this might have remained an interesting 
curiosity had it not been for the discovery of a family of 
enzymes, AMPK/SNF1, that is universally distributed in 
all eukaryotes.52,53 The mammalian AMP-activated pro-

tein kinases (AMPK) that balance anabolic and catabolic 
pathways are based on the ratio of AMP/ATP.

Enzyme Basics

The enzyme that was later named AMPK was origi-
nally isolated by Yeh and coworkers54 who catalyzed the 
5AMP-dependent phosphorylation of acetyl-CoA car-
boxylase (ACC), the rate-limiting step in fatty acid bio-
synthesis:

acetyl-CoA + CO2  malonyl-CoA
Within limits, the authors were able to demonstrate 

that the activity of AMPK increases with an increase in 
the ratio of AMP/ATP. The ensuing phosphorylation of 
ACC inhibits the enzyme, effectively shutting off fatty 
acid biosynthesis. As the ratio increases, kinase activity 
drops and ACC activity increases. When the enzyme 
was finally cloned and sequenced, it was discovered to 
be widely distributed in the eukaryotic kingdom.55,56 
The enzyme is heterotrimeric and each subunit has 
multiple isoforms that exhibit tissue-specific distribu-
tion;57 12 heterotrimeric combinations are possible.

AMPK is a serine/threonine kinase that is activated 
by phosphorylation. Although the specifics are still 
somewhat sketchy, it appears that at a minimum a spe-
cific threonine residue (T172) must be phosphorylated 
for AMPK to exhibit enzymatic activity. The identity of 
the specific kinase has not yet been confirmed. (The 
kinase is usually referred to as AMPKK but the fact that 
it is named does not yet mean that it has been identi-
fied.) Recently, a probable candidate has emerged, a 
tumor-suppressor gene, LKB1, has been shown to phos-
phorylate not only AMPK but thirteen other kinases 
with similar structure.58 Regulation of AMPK is complex 
and includes not only phosphorylation but allosteric 
activation by AMP, which makes it a better substrate for 
the upstream kinase while at the same time making it a 
worse substrate for phosphatases. Finally, AMPKK is 
allosterically activated by AMP.59

The Role of AMPK in Muscle

It is estimated that, in humans, 70% of glucose dis-
posal occurs in skeletal muscle (the bulk of the remainder 
is handled largely by the liver). The glucose transporter 
GLUT4 is instrumental in the uptake of glucose by mus-
cle cells. Upon stimulation by insulin or exercise, GLUT4 
is recruited to the plasma membrane and facilitates glu-
cose uptake. Emerging evidence implicates AMPK in 
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GLUT4 translocation in both insulin-dependent and 
insulin-independent pathways. During exercise, ATP is 
consumed and the ratio of AMP/ATP increases leading to 
a stimulation of AMPK. At the same time, GLUT4 expres-
sion and activity are increased.60 The effects are limited 
to the muscles affected, but systemic effects can be dem-
onstrated by the use of 5-aminoimidazole-4-carboxam-
ide--D-ribofuranoside (AICAR), an intermediate in 
purine biosynthesis that, upon uptake by cells, is rapidly 
converted into an AMP analog that stimulates AMPK. 
Chronic administration mimics many of the effects of 
exercise, increased GLUT4 expression, membrane local-
ization and glucose transport61 as well as potentiating the 
effect of insulin. In animal models, AICAR has been 
shown to relieve some of the symptoms associated with 
metabolic syndrome,62 an observation that makes AMPK 
an attractive therapeutic target.

Unlike other tissues, skeletal (and cardiac) muscle 
possesses a single isoform of ACC, ACC-2.63 Like ACC-1, 
it becomes inactive upon phosphorylation. Since nei-
ther skeletal nor heart muscle carries out de novo fatty 
acid synthesis, the question arose as to why they should 
possess ACC in the first place and why should it be 
under such stringent control. The hypothesis was 
advanced64 that its function was to generate malonyl-
CoA which could then be used to regulate fatty acid oxi-
dation. High concentrations of malonyl-CoA are known 
to inhibit carnitine palmitoyl transferase-1 (CPT-1) the 
gatekeeper of fatty acid transport into the mitochon-
drion. By inhibiting CPT-1, fatty acid oxidation is effec-
tively curtailed. Under conditions where energy demand 
is high, such as vigorous exercise, fatty acid oxidation 
should not be limited by transport into the mitochon-
drion, where one would expect ACC-2 activity to be 
minimal. AMPK activation leads to phosphorylation and 
inactivation of ACC-2. This hypothesis has now been 
confirmed under several different conditions.65,66,67,68,69 
The most direct confirmation of the hypothesis was pro-
vided by Abu-Elheiga and coworkers,70,71 who demon-
strated that ACC-2 knockout mice were hyperphagic 
and resistant to obesity, and that fatty acid oxidation 
was enhanced and not inhibited by insulin.

Conditions that increase AMP, or provision of an 
AMP surrogate, indicate that cells are operating at a 
deficit under these conditions; pathways that have the 
potential to increase energy generation are favored. 
Thus, in muscle cells, glucose transport is enhanced and 
fatty acid oxidation increased. Both are the result of 

AMPK activation. As we will see below, the same princi-
ple applies to other cells of the body; while the specifics 
differ, the underlying principle remains the same.

The Role of AMPK in the Liver

The classic targets of AMPK in the liver are ACC and 
HMG-CoA reductase, the first committed step on the 
sterol biosynthetic pathway.72 Exposure of freshly iso-
lated hepatocytes to AICAR results in the rapid (<10 
minutes) inhibition of both biosynthetic enzymes.73 In 
the liver, AMPK not only affects lipid biosynthesis but 
modulates glycogen metabolism. Infusion of AICAR 
into the portal vein of dogs at concentrations sufficient 
to stimulate AMPK stimulated glycogenolysis and 
hepatic glucose output even under conditions of hyper-
insulinemic conditions.74 The authors attributed the 
glycogenolytic effect of AMPK to some of its demon-
strated effects as an inhibitor of glycogen synthase and 
a stimulator of glycogen phosphorylase, both of which 
are achieved by phosphorylation of the enzyme. These 
findings demonstrate that response of liver cells to high 
AMP levels can overcome the normal response of hepa-
tocytes to insulin. The hepatic output of glucose that 
results from AICAR administration compares well with 
the stimulation of glucose uptake by muscle under the 
same conditions and can be rationalized as a response 
by the liver to reduced energy levels.

The liver is the principal organ involved in convert-
ing excess carbohydrates into fatty acids and triglycer-
ides. This happens within minutes of exposure to 
elevated glucose, and is mediated in part, posttransla-
tionally, by AMPK-activated glycolysis and lipogenesis. 
It has also become apparent that not only does activa-
tion of AMPK exert effects on enzyme activity through 
phosphorylation, but there are also marked effects on 
the expression of a number of glycolytic and lipogenic 
enzymes. Included in this list are the genes for the liver 
isoform of pyruvate kinase (L-PK), fatty acid synthase 
(FAS). It is well established that in the presence of insu-
lin high levels of glucose stimulate the expression of 
genes involved in conversion of carbohydrates to lipids 
in the liver.75,76 It now appears that insulin plays an indi-
rect role in this response merely by promoting glucose 
metabolism; glucose metabolites are the true effector 
molecules. The genes regulated in this manner, such as 
FAS and L-PK, are characterized by a unique DNA 
sequence within their promoters, referred to as the car-
bohydrate response element (ChRE).77,78 When activated 
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by high concentrations of glucose metabolites, a specific 
transcription factor79,80,81 binds to the promoter and 
transcription is initiated. Under conditions in which 
AMPK is activated, by AICAR82,83 or by genetic manipula-
tion,84 transcription driven by ChRE is blunted.

The Role of AMPK in Adipose Tissue

Adipose tissue is the major storage site for triglycer-
ides. Therefore, one might expect that, under condi-
tions in which energy charge is low and AMPK is 
activated, lipolysis would be stimulated in order to 
increase systemic levels of a readily available source of 
energy in the form of fatty acids. Exposure of adipocytes 
to -adrenergic agents stimulates hormone-sensitive 
lipase (HSL) and the release of fatty acids from triglycer-
ide stores. Activation of HSL is initiated by phosphory-
lation of the enzyme by protein kinase A (PKA).85 
Contrary to expectations, however, under conditions in 
which AMPK is activated,86 the release of fatty acids 
from adipocytes is actually reduced. Phosphorylation of 
HSL by AMPK prevents phosphorylation by PKA. The 
explanation for this apparent paradox rests with the 
recognition that if fatty acid release from adipocytes 
exceeds the capacity of tissues such as muscle to utilize 
it, a futile cycle would ensue and the adipocytes would 
actually suffer an energy drain under conditions when 
demand for energy preservation is expected to be high 
(i.e., high AMP).

The Role of AMPK in the Hypothalamus

Thus far, we have been concerned with what might 
be called the local effects of AMPK activation. Since the 
early 2000s, an appreciation has been developing for 
the fact that AMPK may actually play a role in feeding 
behavior and, therefore, in the regulation of whole-
body energy metabolism. Hints that this might be the 
case first appeared when it was discovered that two adi-
pocyte-derived hormones, leptin87 and adiponectin,88 
activated AMPK in muscle and liver, respectively.

It has been known for some time that leptin inhibits 
feeding behavior and that ghrelin, a peptide hormone 
synthesized in the stomach, stimulates feeding, and 
that both act, at least in part, via the same neuronal 
circuits. It has now been shown that both have direct 
effects on AMPK activity within the hypothalamus. 
Intraperitoneal injection of leptin inhibits, and ghrelin 
stimulates, AMPK activity. Furthermore, stimulation of 

AMPK by administering AICAR directly to the hypothal-
amus through an in-dwelling catheter stimulated food 
intake.89 Alpha-lipoic acid (-LA) has a history of use in 
diabetic neuropathy; recently it has been shown to pos-
sess anti-obesity effects that appear to be the result of 
the suppression of hypothalamic AMPK activity.90 The 
anorexic effects of -LA were due neither to toxicity nor 
leptin; the latter possibility was eliminated since the 
effects were observed in leptin-deficient mice (ob/ob). 
AICAR administered directly to the hypothalamus 
reversed the effects of -LA. Intraperitoneal injection of 
-LA to rats caused a significant decrease in the phos-
phorylation of both AMPK and ACC within the hypo-
thalamus. In peripheral tissues, -LA is known to 
increase glucose transport and cellular ATP levels, con-
ditions that typically inhibit AMPK activation. While 
the authors did not demonstrate this effect directly, 
they were able to show that by manipulating the energy 
status within the hypothalamus they inhibited AMPK.

Studies that began in yeast and progressed to mam-
malian cells in order to determine how energy charge 
was maintained have now advanced to the state where 
the same basic mechanism can account, at least in 
part, for the control of feeding behavior and body 
weight in mammals.

Metabolic Syndrome: A Failure to 
Communicate?

As discussed in other parts of this book, there is an 
epidemic of metabolic syndrome and type 2 diabetes 
affecting nearly 50 million individuals in the United 
States alone.91 The reasons for the “outbreak” are com-
plex, but lack of exercise and poor diet top the list. The 
consequences are well known. However, from a physi-
ological standpoint, the disease can be viewed as a gen-
eral breakdown in cellular signaling mechanisms that 
evolved to maintain homeostasis. It is perhaps fair to 
say that the recognition that adipose tissue is a major 
source of signaling peptides—adiponectin, leptin, 
and inflammatory cytokines like IL-6 and TNF- (as 
reviewed by Gimeno and Klaman92)—has shaped a 
dramatic rethinking concerning the causes and ther-
apy of the disease. It is now clear that while lowering 
blood glucose is necessary, it is not sufficient for man-
aging this condition effectively.

The complexity of these signaling pathways can be 
gleaned from a quick glance at Figure 15.7. The diagram 
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represents the events that are initiated when insulin 
binds to its receptor on the surface of an idealized cell. 
The end result ranges from the familiar—translocation 
of the glucose transporter (GLUT4) to the cell surface to 
facilitate glucose uptake—to activation of members of 
the MAPK pathway, culminating in the initiation of 
transcription. Along the way, interaction with RAS, a 
member of the GPCR kinase family, can be seen. Clearly, 
when a state of insulin resistance develops, it is one of 
the early indicators of metabolic syndrome, with the 
potential for a lot of chaos.

Figure 15.7 Insulin signaling pathway

Considerable effort is being devoted to ameliorating 
metabolic syndrome and type 2 diabetes by modifying 
insulin signaling. It should come as no surprise that 
many of the traditional medicines that have been used 
for centuries to treat diabetes have recently been dem-
onstrated to affect these very same signaling pathways.93 
While it is not possible to discuss all the potential com-
binations and permutations, two targets are currently 
the subject of much active research and provide the 
potential for significant progress in treating the current 
epidemic. Both are subject to modification by dietary 
intervention, providing some confidence that pharma-
ceutical agents need not be the first approach.

Peroxisome Proliferator-Activated Receptors 
(PPARs)

PPARs are members of the nuclear hormone super-
family and, when bound to their activating ligands, they 
move from the cytoplasm into the nucleus, bind to spe-
cific regions of DNA (termed peroxisome proliferator 

response elements, or PPREs), and stimulate transcrip-
tion. They differ from the steroid hormone receptors in 
that they tend to be promiscuous with regard to their 
ligands. Thus, molecules as seemingly different as arachi-
donic acid and pioglitazone (Actos® ) are both agonists. 
There are three members of the family:

• PPAR is a transcription factor that activates the 
transcription of genes involved in fatty acid 
oxidation.94

• PPAR is actively involved in adipogenesis, the 
initiation and development of adipocytes.95,96

• PPAR() has similar ligand-binding properties,
but its actual role in cell physiology is still largely 
unknown.97

The interest in PPARs as potential therapeutic targets 
derives largely from the results obtained with two 
classes of pharmaceutical agents. The fibrates are PPAR 
agonists and have proven under appropriate circum-
stances to be effective lipid-lowering agents.98 Insulin 
sensitivity has been shown to improve in response to 
intervention with glitazones, prototypical PPAR ago-
nists.99,100 Both classes of compounds were discovered 
without knowing their primary targets; only later was 
their mode of action determined when they were found 
to activate the metabolism of xenobiotics.

Both classes of compound are thought to work in 
part by reducing circulating triglycerides. Fibrates do so 
by increasing the rate of disposal via stimulation of 
fatty acid oxidation. The PPAR agonists are a little 
more subtle. By stimulating adipogenesis, they provide 
a site in which triglycerides may be deposited, effec-
tively removing them from the circulation. In fact, one 
of the side effects of glitazones therapy is weight gain. 
Their paradoxical behavior (weight gain concomitant 
with improved insulin sensitivity) is explained by the 
fact that they while they induce adipogenesis, the adi-
pocytes stay small. It is the large adipocytes that gener-
ate most of the adipocytokines that are now being 
recognized as major contributors to metabolic syn-
drome and insulin resistance.

The range of natural products known to exhibit 
activity as modulators of PPAR activity is impressive.101 
Activators range from the everyday (soy phytoestrogens) 
to the esoteric (ajulemic acid from Cannabis sativa). 
Obese Zucker rats maintained on a high-soy diet exhib-
ited greatly improved glucose tolerance that could be 
associated with the ability to activate both PPAR- and 
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PPAR-driven gene expression.102 Similar results were 
obtained with ethanolic extracts of licorice by Mae and 
colleagues.103 A wide variety of prenylflavonoids derived 
from licorice were found to be potent activators of 
PPAR and their effects translated into decreased fasting 
insulin and systolic blood pressure. When one also con-
siders that certain dietary fatty acids104 exhibit similar 
effects, there can be little doubt of the potential benefit 
afforded by attention to diet.

Adiponectin

Adiponectin (adipocyte complement-related pro-
tein of 30 kDa, or ACRP30) is a peptide hormone that is 
secreted exclusively by adipocytes. Circulating levels in 
healthy adults range from about 2 to 17 g/mL,105 or 
nearly 0.01% of the total plasma protein. It is synthe-
sized as 30 kDa monomer but, by virtue of a collagen-
like binding domain, forms homotrimers or even 
higher-order structures. It is induced during adipocyte 
differentiation and its secretion is stimulated by insu-
lin.106 As might be expected with such a protein, it has 
been shown that PPAR agonists increase its expression 
and plasma concentration.107 The authors evaluated tro-
glitazone (Rezulin®) in middle-aged, slightly overweight 
(BMI 29.1 ± 0.8 kg/m2) subjects and found that adi-
ponectin increased roughly two-fold. The results were 
duplicated in db/db mice, in which they were also able 
to demonstrate an increase in adiponectin specific 
mRNA. Although adiponectin is an adipocyte-specific 
protein, its expression and serum levels decrease with 
increasing obesity and/or insulin resistance.108,109,110,111 
Adiponectin improves insulin sensitivity and exhibits 
anti-inflammatory activity. Low levels of circulating 
adiponectin are thus linked mechanistically to insulin 
resistance and type 2 diabetes, rather than just being 
biochemical markers of an abnormal metabolic state. 
It’s particularly interesting that, in Rhesus monkeys 
prone to the development of type 2 diabetes subsequent 
to obesity, adiponectin declines prior to the develop-
ment of diabetes,112 suggesting predictive value for this 
serum protein.

Adiponectin regulates glucose and lipid metabolism 
in muscle, liver, and adipocytes. Binding to cell surface 
receptors in muscle cells leads to activation of AMPK113 
and it has been shown recently in type 2 diabetics that 
activation of AMPK by adiponectin is impaired.114

In laboratory animals, a short-term intervention 
with a soy-protein diet increases the expression of adi-

ponectin.115,116 The durations of the experiments were 
too short (10 days) to result in significant weight loss, 
so it appears that soy protein is affecting adiponectin 
expression independently of body weight.

Summary

Evolution has resulted in the elaboration of sophis-
ticated mechanisms to maintain cells (and whole 
organisms) in an optimal state. The systems are not 
foolproof. If balance is significantly disturbed, it can be 
difficult to return to a state of grace. The pathways uti-
lized to maintain homeostasis may look bewildering (as 
in Figure 15.7), but in reality control is achieved by the 
application of relatively few mechanisms, highly elabo-
rated to be sure, but fairly simple at their core.

One of these vital mechanisms is phosphorylation. 
The judicious use of kinases to modify enzymes and 
proteins by adding phosphate groups and thereby 
changing the activity, positively or negatively, is univer-
sally used by eukaryotes to control cell physiology. The 
second basic mechanism discussed above is the use of 
redox chemistry, particularly in the form of sulfhydryl 
groups (as for example in glutathione), to maintain the 
redox potential of cells in an optimal range.

If one steps back and tries to visualize the forest 
rather than the trees, the beauty and functional simplic-
ity of the systems are remarkable.
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Gary Darland, PhD

Introduction

Energy is the sine qua non of life. With the exception 
of green plants and some bacteria, all energy is derived 
by the orderly breakdown of simple organic compounds 
and the capture of the energy released. The major cata-
bolic pathways for accomplishing this task are highly 
conserved and found in all life forms today.

All chemicals, including foods, possess intrinsic 
energy; if burned, heat is released and it is possible to 
devise an engine to transform this energy into work. 
In the latter half of the 19th century J. Willard Gibbs 
applied the first and second laws of thermodynamics 
and developed the concept of free energy (G), a mea-
sure of the capacity of a system to perform work. For-
mally, the equation is:

G = H – TS
It incorporates the concepts of enthalpy (H), or heat 

content, and entropy (S), a tendency of a closed system 
to approach total disorder. According to Gibbs, “all sys-
tems change in such a way that free energy is mini-
mized.” By convention if G < 0, useful energy is 
produced; otherwise, energy is consumed. Any chemical 
reaction includes the release or consumption of energy.

In order to make useful comparisons between reac-
tions, it is necessary to have a fixed frame of reference. 
Hence, the term “standard free energy change” was 
defined as:

G0 = -RT 1n Keq

where Keq is the equilibrium constant for the reaction 
in question, R is the gas constant (1.987 cal mol-1 K-1), 
and T = 298 K (25 C). In a closed system, one that is 
not influenced by outside factors, chemical reactions 
proceed toward equilibrium.

The discussion below summarizes the primary 
energy-producing pathways of the cell. It is not meant 
to describe all of the ways in which macronutrients 
enter into the central metabolic pathways. It is reason-
able for clinicians to ask of what relevance is the mate-
rial presented below to clinical medicine. Aside from an 
appreciation of the beauty of the biochemistry, the 
answer can be as varied as medicine itself. 

Perhaps consideration of the role of the micronutri-
ent coenzyme Q (CoQ) can serve as an illustration. CoQ 
plays a central role in oxidative phosphorylation, the 
major source of ATP (energy). A deficiency of CoQ 
results in both a decrease in energy production and an 
increase in reactive oxygen species. Thus, it could be 
hypothesized that conditions like chronic fatigue syn-
drome might respond favorably to supplemental CoQ, a 
supposition that has been borne out in a few studies.1,2 
Furthermore, since statins inhibit the synthesis of CoQ, 
it is also a reasonable hypothesis that side effects of sta-
tin therapy are possible (and have, in fact, been noted).3 
Whether or not the side effects are directly related to 
the inhibition of CoQ—and whether the addition of 
CoQ to statin therapies will improve outcomes—are the 
subjects of ongoing research. There are some interesting 
studies reporting benefit for combination therapy of 
CoQ and statins.4,5

Anaerobic Catabolism of Glucose: Glycolysis

A central characteristic that distinguishes metabolic 
pathways from a simple chemical transformation is that 
the former generally involve numerous individual reac-
tions. Since thermodynamics deals only with initial and 
final states, and not the path by which equilibrium is 
reached, the involvement of multiple reactions does not 
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affect the amount of energy available. It does, however, 
permit cells to capture some of the energy for use in criti-
cal activities. The compound that serves this function is 
adenosine triphosphate (ATP), illustrated in Figure 16.1.

Figure 16.1 The structure of adenosine triphosphate (ATP)

Glycolysis, the anaerobic conversion of glucose to 
two molecules of lactic acid, illustrates this concept. 
The formula for the chemical conversion of glucose to 
lactic acid is:

glucose  2 lactate + 2 H+, G = -47.4 kcal/mol,
while the same conversion performed by the glycolytic 
pathway results in:

glucose + 2Pi + 2ADP  2 lactate + 2 H+ +2 ATP, 
G = -29.7 kcal/mol,

or a release of roughly eighteen fewer kcal/mol of glucose 
converted.i The missing energy was stored in the termi-
nal phosphoester bond of the two ATP molecules.

ATP + H2O  ADP + inorganic phosphate, 
G = -7.3 kcal/mol,

or, alternatively:
ATP + H2O  AMP+ pyrophosphate, 

G = -7.3 kcal/mol.

Figure 16.2 Glycolysis or the Embden-Meyerhof-Parnas
 pathway

The glycolytic pathway is ancient and has persisted 
virtually unchanged since shortly after the origin of life.6 
It was elucidated in the early 20th century and is often 
referred to as the Embden-Meyerhof-Parnas (EMP) path-
way, after its discoverers. Examination of Figure 16.2 
reveals two molecules of ATP are actually consumed early 
in the pathway in order to convert one molecule of glu-
cose into a molecule of fructose-1,6- diphosphate:

glucose + ATP  glucose-6-Pi

fructose-6-Pi + ATP  fructose-1,6-di Pi.
This investment is recovered, with interest, in the 

two energy-producing steps in the pathway:
1,3- diphosphoglycerate + H+ +ATP 

3- phosphoglycerate + ATP
phosphenolpyruvate + H+ + ADP  pyruvate + ATP.

i Taken from H. R. Mahler and E. H. Cordes. Biological Chemistry, 2nd 
Edition. Harper and Row. 1971, p497.
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Since there are two molecules of triose produced for 
each molecule of hexose, four ATP molecules are recov-
ered after an investment of two.

The final accounting issue deals with the disposal of 
reducing equivalents, in the form of NADH, that are gen-
erated by the oxidation of glyceraldehyde-3- phosphate:

glyceraldehyde-3- phosphate + NAD+  
1,3- diphosphoglycerate +NADH + H+.

In the absence of oxygen, this is achieved by reduc-
ing pyruvate to lactate:

pyruvate + NADH + H+  lactate + NAD+.
All of the ATP produced by glycolysis involves what 

biochemists refer to as “substrate level phosphoryla-
tion.” The energy existing in a phosphoester bond in 
one molecule is preserved by transferring the phosphate 
group to ADP. (See Figure 16.2.)

Aerobic Oxidation of Pyruvate

The conversion of glucose to pyruvate by glycolysis 
generated two molecules of ATP, representing ~15 kcal/ 
mol of energy currency for the cell. The complete oxida-
tion of glucose to carbon dioxide and water has the 
potential to deliver in excess of 680 kcal/ mol of energy:

C6H12O6 (glucose) + O2  6CO2 + 6H2O, 
G0 -686 kcal/ molii

Only 2% of the available energy in glucose is cap-
tured by the cell. The aerobic oxidation of pyruvate 
enables the cells to generate considerably more ATP.

The Pyruvate Dehydrogenase Complex: 
Production of Acetyl-CoA

Under aerobic conditions, pyruvate is transported 
by a specific carrier protein into the mitochondria and 
transformed to acetyl-CoA by the multicomponent 
pyruvate dehydrogenase complex (PDC).

This complex enzyme consists of three distinct 
enzymes and is dependent upon both lipoic acid (part 
of the structure of coenzyme A) and thiamine pyro-
phosphate (TPP). The conversion begins with the oxida-
tive decarboxylation of pyruvate by the E1 component, 
a reaction requiring TPP:

E1-TPP + pyruvate  E1- TPP-acetaldehyde.

The product of this reaction, “active acetaldehyde,” 
remains bound to the enzyme for subsequent reaction 
with the transacetylase (E2) component:

E1- TPP-acetaldehyde + E2-lipoamide(ox) 
E1-TPP + E2-lipoamide(red)-acetyl

E2-lipoamide(red)-acetyl + coenzyme A 
acetyl-CoA + E2-lipoamide (ox),

which generates acetyl-CoA and a reduced lipoamide 
moiety that remains affixed to E2. The final step is oxi-
dation of the lipoamide moiety by E3, a reaction requir-
ing both flavin adenine dinucleotide (FAD) and NAD+:

E2-lipoamide (ox) + E3-FAD  
E2-lipoamide (ox) + E3-FADH2

E3-FADH2 +NAD+  E3-FAD + NADH + H+.
The net result of this sequence of reactions is:

pyruvate + CoA + NAD+ 

acetyl-CoA +CO2 + NADH +H+.
The NADH generated can be used to reduce oxygen 

and generate ATP by oxidative phosphorylation (dis-
cussed below). In addition to an important role in bio-
synthesis reactions (such as lipid biosynthesis), acetyl-
CoA serves as the entry point to the Krebs cycle by 
which the oxidation of glucose is completed.

In addition to the enzymes described above, two 
other complex enzymes (whose function it is to control 
the flow of carbon through this central step) are also 
important. Pyruvate dehydrogenase kinase (PDK) and 
pyruvate dehydrogenase phosphatase (PDP) control the 
activity of the PDC by catalyzing reversible phosphoryla-
tion/dephosphorylation of the E1 subunit. When fatty 
acids are being rapidly oxidized, intramitochondrial lev-
els of acetyl-CoA and/or ATP tend to be elevated. Under 
these conditions, PDK is activated and E1 is phosphory-
lated. In the phosphorylated state E1 is inactive and flow 
through PDC is blunted. Pyruvate is then used for ana-
bolic purposes such as gluconeogenesis or amino acid 
biosynthesis. When the levels of ATP or acetyl-CoA 
decline, PDK activity decreases and PDP activity 
increases. The activity of pyruvate dehydrogenase is 
restored.7,8 Diet and exercise are among the key modula-
tors of the PDC.9,10

ii Molecular Cell Biology. 4th ed. Lodish H, Berk A, Zipursky SL, et al. New 
York: W. H. Freeman & Co.  2000.
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Krebs Cycle

The final steps in the oxidation of pyruvate to CO2 
and water are achieved by the Krebs, or tricarboxylic 
acid, cycle (Figure 16.3).

Figure 16.3 The Krebs cycle

It is hard to overstate the importance of the Krebs 
cycle cell metabolism. Not only does it play a central 
role in the oxidation of pyruvate, but it also serves as a 
source of precursors for the macromolecules that are 
essential to life. The eight individual reactions that 
comprise the cycle include three oxidative reactions 
that generate NADH:

isocitrate + -ketoglutarate + NADH + H+

-ketoglutarate + NAD+ + CoA  
succinyl- CoA + NADH + H+

malate + NAD+  oxaloacetate + NADH + H+.
The oxidation of -ketoglutarate is performed by an 

enzyme complex similar to the pyruvate dehydrogenase 
complex and includes the same cofactors—TPP, lipoam-
ide and FAD.

The oxidation of succinate to fumarate is catalyzed 
by the flavoprotein enzyme succinate dehydrogenase:

succinate + FAD  fumarate + FADH2.

The cycle includes one substrate level 
phosphorylation:

succinyl-CoA + GDP  succinate + GTP.
The reaction is catalyzed by the enzyme succinyl 

thiokinase. Energetically GTP and ATP are identical and a 
transphorylation reaction readily interconverts the two:

GTP+ ADP  GDP + ATP.

Oxidative Phosphorylation

In addition to the complete oxidation of the carbon 
skeleton of pyruvate, the Krebs cycle generates six mole-
cules of NADH and two molecules of FADH2 per mole-
cule of glucose. The reducing equivalents must be 
disposed of. Mitochondria are able to achieve this and 
capture the energy of their oxidation as ATP by enzyme 
complexes located on the inner membrane of the mito-
chondrion that comprise the mitochondrial electron 
transport assembly and ATP synthase. The assembly cat-
alyzes a series of oxidation reduction reactions, some of 
which are thermodynamically competent to support 
ATP production via ATP synthase. Proton translocation 
and the development of a transmembrane proton gradi-
ent provide the necessary coupling mechanism.

As in all chemical reactions, oxidation-reduction 
(redox) reactions involve energy. In this particular case, 
the amount of free energy available is expressed by the 
Nernst equation:

G = -nFE0

where n represents the number of electrons and F= 23.06 
kcal/volt/mol. Tables of representative values for E0 can 
be found in most beginning biochemistry textbooks.

For years biochemists struggled with the mechanism 
by which ATP was produced in the mitochondria by the 
electrochemical gradient generated during the oxidation 
of pyruvate. The breakthrough came with the develop-
ment of the chemiosmotic hypothesis by Peter Mitchell 
in 1961.11 He proposed, and it has since been repeatedly 
confirmed, that during the oxidation of the reduced 
cofactors, NADH and FADH2, a transmembrane proton 
gradient is generated. As protons move down this gradi-
ent thru complex V, F1-F0 ATPase, ATP is synthesized. A 
schematic of the process is illustrated in Figure 16.4.
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Figure 16.4 Mitochondrial electron transport and oxidative 
phosphorylation

Energy from Food

Glucose is the starting point for the central meta-
bolic pathways described above. In order to derive 
energy from food, it is usually necessary to break down 
complex polymers of simple sugars, amino acids, or ace-
tate. The individual components of proteins, complex 
carbohydrates, and fats can then enter the glycolysis 
cycle. A wide variety of mechanisms is available to 
accomplish these tasks, but two are worth special con-
sideration.

Glycogen, the principal storage form of glucose in 
muscle and liver, is a branched chain polysaccharide 
with a structure that it is similar to amylopectin, a com-
ponent of starch. It consists of –1,4 and –1,6 glyco-
sidic linkages between individual glucose molecules. 
Phosphorolysis of the –1,4 bonds by the enzyme gly-
cogen phosphorylase generates glucose-1-phosphate:

glycogenn + Pi  glycogenn-1 + glucose-1-phosphate.
The activation of glucose by ATP is not required.iii The 
interconversion of glucose-1-phosphate into glucose-6-
phosphate by the enzyme phosphoglucomutase pro-
vides access to the glycolytic pathway.

Glycogen phosphorylase is a homodimeric enzyme 
that exists in two distinct conformational states. Under 
conditions where the concentration of AMP is high rela-

tive to that of ATP, the enzyme is capable of binding to 
glycogen and initiating the phosphorolysis of glycogen. 
Under normal circumstances this process is sufficient to 
maintain adequate glucose levels. However, under con-
ditions of muscular exertion or stress, the activity of the 
enzyme can be increased. The enzyme is regulated by a 
reversible phosphorylation/dephosphorylation cycle. 
The regulation of its phosphorylation state is under the 
control of cAMP-dependent protein kinases and phos-
phatases. In the presence of epinephrine or acetylcho-
line, intracellular cAMP increases, thus activating 
glycogen phosphorylase kinase and inhibiting phos-
phatase. The activation leads to a rapid production of 
glucose-1-phosphate in the muscle, permitting accom-
modation of the “fight or flight” response. Uncontrolled 
glycogenolysis in the liver is one factor contributing to 
the hyperglycemic state that characterizes diabetes.12

Lipids and fatty acids are a major source of energy 
for animal cells. The oxidation of fatty acids occurs in 
the mitochondria. Free fatty acids are liberated from 
triglycerides by hydrolysis, a process catalyzed by a fam-
ily of enzymes referred to as lipase. The free fatty acids 
are activated to their thioesters and transported into the 
mitochondria with the aid of carnitine palmitoyltrans-
ferase I (CPT1), carnitine-acylcarnitine translocase, and 
inner membrane protein CPT2.

Given the key role of carnitine in the mobilization 
and metabolism of fatty acids, it should come as no sur-
prise that carnitine as its acetyl or propionyl ester has 
found utility in clinical situations in conditions where 
the efficient utilization of lipids is required.13,14 (See Fig-
ure 16.5.)

Figure 16.5 Fatty acid oxidation
iii In chemistry, one never gets something for nothing. The activation of 
glucose actually occurred during the synthesis of glycogen and was 
“stored” in the glycosidic bond.
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Summary

Glycolysis and the Krebs cycle are the principal 
pathways by which macronutrients are converted into 
energy. Under anaerobic conditions, glycolysis predom-
inates, producing lactate and ATP by substrate level 
phosphorylation. The process is inefficient, capturing 
less than 5% of the energy present in a molecule of glu-
cose. In the presence of oxygen, however, the complete 
oxidation of glucose to CO2 and water is achieved, and 
roughly one-third of the available energy is captured in 
the form of ATP. The entire process is under strict con-
trol. One of the key control points is that of the pyru-
vate dehydrogenase complex, the step that controls the 
entry of pyruvate into the Krebs cycle. Control is 
affected by the reversible phosphorylation/dephospho-
rylation of the enzyme complex.
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Chapter 17
Digestion and Excretion
DeAnn Liska, PhD, and Jeffrey S. Bland, PhD

Introduction

Every living system, whether cell, organ, whole 
body, or even a community of people, has to have two 
fundamental capacities: to bring in substances that pro-
vide energy and sustenance, and to remove waste. It is 
an inevitable consequence of human biology that being 
alive means waste is generated within the body. And it 
is also a fact of life that we are exposed to innumerable 
substances, both beneficial and detrimental, simply by 
breathing, eating a meal, walking through a garden, or 
lying in bed. All kinds of substances are present in food, 
air, blankets, carpet, walls, and everything that sur-
rounds us. Therefore, healthy function requires that the 
body differentiate between the good and the bad in our 
environment. Moreover, it is essential that the body can 
identify the substances necessary to maintain health 
and selectively take those substances into circulation, 
where they can nourish the cells throughout the body, 
while keeping out the damaging materials. To do so, 
the body must have protection and defense systems in 
place, healthy transport and circulation functions, and 
optimal elimination of waste.

Since this text is aimed primarily at clinicians whose 
professional training includes the study of normal 
digestive processes, we will focus our discussion here 
on an overview of some of the very significant ways in 
which normal digestive physiology is disturbed, eventu-
ally contributing to disease and bringing patients into 
the practitioner’s office. Further perspectives on the GI 
tract and digestive function can be found in Chapters 
24 and 28.

Over a lifetime, a person will consume over 25 tons 
of food, providing the body with nutrients through the 
digestion and absorption process. During this process, 
the body must maintain protection from harmful exter-

nal organisms and toxins that accompany food. For 
example, in 1999 alone, over 1 billion pounds of pesti-
cides were applied in the United States, and over 5.6 bil-
lion pounds were applied worldwide.1 Pesticides are 
now a ubiquitous component of our environment and 
can be found within the home as well as in gardens and 
on grocery foods; even eating an organic diet cannot 
guarantee elimination of pesticides. Pesticide exposure 
is related to several types of cancers, including non-
Hodgkin’s lymphoma, leukemia, multiple myeloma, 
soft-tissue sarcoma, prostate, pancreas, lung, ovary, 
breast, testis, Hodgkin’s disease, liver, kidney, rectum, 
brain and neurological system, stomach, and endome-
trial cancer.2 (Further discussion of toxic exposures can 
be found in Chapters 13, 22, and 31.)

Conditions such as diabetes mellitus, Parkinson’s 
disease, asthma, and hypothyroidism are also related to 
environmental exposures to toxic substances.3,4,5 Toxins 
such as dioxin are long lasting in the body because they 
are fat soluble—they accumulate and become stored in 
body fat. Even pharmaceutical drugs have been found 
at measurable levels in rivers, drinking water, and sedi-
ments, which presumably occurs primarily from the 
elimination of unmetabolized drug through the urine.6 
The magnitude of these insults was discussed in a 2001 
review on toxin exposure, which indicated that the 
expense of treating environmentally related conditions 
accounts for between $57 billion and $397 billion of 
the healthcare economy annually in the United States 
and Canada.7 Clearly, the ability to protect against these 
damaging substances must be part of a healthy diges-
tion and absorption process.

Unfortunately, xenobiotics such as pesticides and 
pollutants aren’t the only dangers that enter our system 
through the food we eat. Pathogens can also be present, 
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and many individuals find that they are intolerant to cer-
tain food substances. Food allergies alone, which can be 
immediate (e.g., IgE-mediated) or delayed (e.g., IgG-
mediated), are estimated to afflict approximately 8% of 
children and 2% of adults worldwide.8 Food allergies and 
intolerances account for a diverse range of symptoms, 
from migraines and skin problems, to cardiovascular 
effects and gastrointestinal disorders (see Table 17.1).

All of these examples have in common that the 
body must differentiate friend from foe—that is, the 
body must selectively identify those substances that are 
necessary for existence (nutrients, water, oxygen, phy-
tonutrients, beneficial microbes) from those that are 

either not beneficial or, even more important, those 
that are detrimental. After this first step of recognition, 
the body must then selectively absorb and transport the 
necessary substances, while eliminating the detrimental 
materials. To do this, the body has elaborate systems for 
digestion and absorption, protection and defense, trans-
port and circulation, and waste elimination.

Digestion and Absorption

From a functional medicine perspective, digestive 
physiology is the component of nutriture that provides 
the substances necessary to support bioenergetics. That 
is, the role of the digestive process is to prepare and sep-
arate individual nutrients from the complex food matrix 
that enters the body. This process begins with ingestion 
of the proper complement of macro- and micronutrients 
in the food matrix. (A more detailed description of the 
biochemistry of this process is provided in Chapter 16.) 
Individual nutrient needs can vary substantially depend-
ing upon genetics, health status and history, age, gender, 
environmental factors, and even location of residence. 
In addition, the food matrix consumed by a person is 
influenced by cultural background, location, access to 
various foods, economic and political issues, sensory 
and health perceptions, and habits. In much of the 
developed world, there is greater food diversity available 
year-round today than at any other period in human 
history. Foods can be raw, minimally processed, shelf-
stable, prepackaged, prepared, nutrient-dense, or nutri-
ent-depleted. The selection of what foods to ingest 
determines the quality of the diet and the ultimate 
influence it has on physiological function.

The proper diet is only the beginning of the process, 
however, since once food is ingested it must then be 
properly digested in order for nutrients to be absorbed. 
Proteins are digested to amino acids, carbohydrates to 
monosaccharides, and fats to free fatty acids. The diges-
tive process is influenced by the nature of the food 
matrix. Minimally processed whole foods are, in gen-
eral, digested more slowly than highly processed foods. 
This slows the release of nutrients and influences the 
rate at which absorption of both macro- and micronu-
trients occurs. A diet high in sugar and added fats will 
result in rapid absorption of glucose and fatty acids, cre-
ating increased demand upon the hormonal nutrient 
regulatory systems and enzymes such as insulin, corti-
sol, and insulin-like growth factor. 

Table 17.1 Symptoms and Diseases Associated with Food 
Allergy and Intolerance

System Symptom/Disease

Cardiovascular Edema, inflammation of the veins pro-
ducing purpura, irregular heart rhythm, 
spontaneous bruising, urticaria, vasculitis

Gastrointestinal Canker sores, celiac disease, chronic diar-
rhea, colic (babies), constipation, Crohn’s 
disease, duodenal ulcers, gas, gastritis, 
indigestion, inflammatory bowel disease 
(IBD), irritable bowel syndrome (IBS), 
malabsorption, nausea, recurrent mouth 
ulcers, stomach ulcers, ulcerative colitis, 
vomiting

Genitourinary Bed wetting, chronic bladder infections, 
frequent urination, nephritic syndrome

Immune Serous otitis media

Mental/
Emotional

Attention deficit disorder, anxiety, 
depression, epileptic seizures, memory 
loss, schizophrenia

Musculoskeletal Joint pain, myalgias, rheumatoid arthritis

Respiratory Asthma, chronic or allergic sinusitis, con-
stant runny nose or congested nose, 
nasal polyps

Skin Eczema; itchy skin; psoriasis; red, itchy 
eyes; urticaria

Miscellaneous Migraine headaches

References available in: Liska DJ, Lukaczer D. Gut restoration and 
chronic disease. JANA. 2002;5:20-33.
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Digestion initially involves the breakdown of large 
molecules in food into smaller units—for example, the 
breakdown of protein into amino acids. Adequate stom-
ach acid is particularly important not only for digestion, 
but also for protecting against pathogenic organisms 
and food antigens.9,10 For example, antacid use has been 
shown to inhibit digestion of proteins and cause food 
allergy in an animal model study.11 Stomach acid 
decreases with age, a condition called hypochlorhydria, 
which is related to the prevalence of atrophic gastritis in 
people over age 60. Hypochlorhydria is also associated 
with increased levels of Helicobacter pylori (H. pylori), an 
increase in proximal small intestine pH, small intestine 
bacterial overgrowth, and decreased secretion of intrin-
sic factor, which is necessary for adequate absorption of 
vitamin B12.12,13,14

The presence and secretion of adequate amounts of 
specific digestive enzymes are essential for healthy 
digestion and absorption of nutrients, and lack of any 
of the necessary enzymes can have local and systemic 
effects. Exogenous pancreatic enzymes have been 
shown to reduce histamine secretion and clinical symp-
toms associated with challenge of an allergenic food in 
a double-blind, placebo-controlled trial.15 Pancreatic 
secretions may decrease with age, and are adversely 
affected by alcohol abuse, pancreatitis, cystic fibrosis, 
diabetes, gallstones, and inflammation.16,17 Pancreatic 
dysfunction necessitates oral replacement of pancreatic 
enzymes, as well as bicarbonate, which acts to neutral-
ize the chyme after it leaves the stomach. Other diges-

tive dysfunctions include inadequate bile secretion, 
which has also been associated with increased mucosal 
infiltration of H. pylori.18,19

Water-soluble nutrients are absorbed by a different 
mechanism than are the fat-soluble substances. Water-
soluble nutrients (carbohydrates, amino acids, and the 
water-soluble vitamins) are absorbed in the small intes-
tine by transport across the brush border cells through 
both passive and active transport systems. Fat-soluble 
nutrients (the fat-soluble vitamins and fatty acids) must 
first undergo emulsification with bile and are then taken 
into the lymphatic system for later association with 
plasma proteins. Clearly, for adequate absorption of 
nutrients, a healthy small intestinal mucosa is essential. 
It is possible to have specific defects in either the water-
soluble or the fat-soluble absorptive pathways, resulting 
in symptoms of specific nutrient deficiency. The GI 
mucosal barrier, then, is the major first line of defense 
against unwanted toxins, antigens, and microbes that 
may transition intact through the digestive process.

Protection and Defense

The GI Mucosal Barrier

The GI mucosal membrane surface is the largest 
interface between our internal body and the external 
world. It covers more than 400 square meters, which is 
over 200-fold greater than the surface area of the skin.20 
The GI mucosal layer has the specific charge of allowing 
in only health-promoting nutrients and phytonutri-
ents, while keeping out potentially damaging molecules 
and pathogenic organisms; it is the protective cell layer 
that provides the barrier between the inside of the body 
and the external world, and is responsible for nutrient 
absorption. The GI mucosa includes the gastric epithe-
lial layer, which covers the stomach and protects it from 
damaging stomach acid. This mucosa also plays an 
important role in protecting the stomach from ingested 
toxins, drugs, alcohol, and pathogens such as infectious 
bacteria and viruses. The mucous gel that coats the 
stomach is comprised of phospholipids, secreted by gas-
tric epithelial cells, that render the surface layer resis-
tant to damage by stomach acid.21,22,23

Two pathways exist for transport across the epithe-
lium: intracellular (through cells, controlled by the cell 
membrane) and paracellular (between cells, controlled by 
the permeability of tight junctions, which are distributed 

Clinical Implications
Clinically, these observations about digestion are 

important because all nutrition intervention programs 
need to begin with diet analysis, and the intervention pre-
scribed must be achievable by the patient. This requires 
that the clinician know not only what the patient is ingest-
ing on a routine basis, but also the context in which the 
person is living. A diet diary or food-frequency question-
naire should be utilized as part of the routine historical 
information that all health practitioners obtain on their 
patients. Taken with patient history, this information helps 
to determine amount and types of protein, fat, and carbo-
hydrate intake and allows for the evaluation of micronutri-
ent density (i.e., vitamins and minerals), phytonutrient 
intake (e.g., flavonoids, polyphenols, isoflavones, glucosin-
olates), accessory nutrient intake (e.g., coenzyme Q10, car-
nitine, taurine, lipoic acid), and fiber. This information is 
critically important in designing a nutrition program per-
sonalized to the patient’s specific needs.
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around the apical membranes of enterocytes).24 In a nor-
mal, healthy intestine, the tight junctions constitute a 
barrier that provides limited access for substances from 
the outside (lumen) to be absorbed inside the body. They 
force substances to go through a cell to enter into circula-
tion (Figure 17.1). To go through a cell, most substances 
require specific uptake systems, such as an active trans-
port system, which can be regulated by the body. Some 
substances transition through cells passively—for exam-
ple, fat-soluble substances that can easily cross the cell 
membrane layer (see below). Since the detoxification 
system is very active in the intestinal mucosa, and is 
attached to the membrane inside the cell, the body also 
has a defense mechanism against this passive uptake as 
long as the substance goes through the cell.

Figure 17.1 Permeability dynamics

Without the GI barrier, molecules of all types can 
pass into circulation without being detected; they can 
slip around the cells, thereby avoiding the body’s first-
line protection and defense mechanisms. In a healthy 
intestinal tract, the intestine’s tight junctions limit the 
transport of large molecules (>500 Da) across the epi-
thelium. In an unhealthy intestine, however, the tight 
junctions become “leaky” and these large molecules, 
which can include unprocessed proteins or large 
amino acids that have intact antigenic sites on them, 
can then slip into circulation. Intestinal permeability—
or “leaky gut”—is the name given to the condition in 
which this barrier is breached and foreign antigens and 
other damaging substances slip around the cells and 
into circulation.25,26,27,28

Abnormal or increased intestinal permeability is 
commonly seen in patients presenting with intestinal 
inflammation, food allergies and intolerances, and 

celiac sprue. For example, a study of 200 children with 
cow’s milk allergy showed a significant increase in intes-
tinal permeability (assessed by the commonly used dual 
sugar permeability assay) in the children with the 
allergy as compared to controls.29 Abnormal intestinal 
permeability has also been documented in patients after 
radiation or chemotherapy treatments (probably due to 
the killing of proliferating cells), and is induced by 
stress. Poor nutrient intake or absorption, or lack of 
enteral nutrition (e.g., parenteral nutrition) cannot sup-
port healthy regeneration of the rapidly proliferating 
cells in the small intestine and, therefore, can also pro-
foundly affect the integrity of the GI barrier function.30 
Endogenous toxins, such as bacterial and fungal by-
products produced by resident flora, and exogenous 
toxins, such as incompletely digested food, food addi-
tives, alcohol, over-the-counter drugs like NSAIDs, and 
foreign microbes, can also negatively influence intesti-
nal integrity (see Table 17.2).31,32

In-depth discussions of GI-related processes and 
conditions can be found in Chapters 24 and 28.

Clinical Implications
The re-establishment of the “intelligent mucosal bar-

rier” is achieved clinically by introducing a program that 
(1) removes potential offending antigens and toxic sub-
stances from the diet; (2) enhances digestive support with 
the use of exocrine pancreatic digestive aids (replace), where 
required; (3) reinoculates the intestinal tract with symbiotic 
bacteria (probiotics) and selective substrates for their 
metabolism such as fructooligosaccharides or arabinogalac-
tans (prebiotics); and (4) helps to repair the GI mucosa by 
supplementing the diet with nutrients necessary for the 
promotion of mucosal healing, such as L-glutamine, zinc, 
pantothenic acid, and vitamin E. In functional medicine, 
we call this the 4R program (see Chapter 28).

Table 17.2 Some Factors Associated with 
Intestinal Permeability

Alcohol
Cancer radiation therapy
Corticosteroids
Excessive stress
Excessive simple sugar consumption
Fasting
Food allergies
Gastrointestinal infections
NSAIDs
Nutrient insufficiencies
Premature birth
Whole food exposure before the age of 4 months
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Inhalation and the GI Tract

Most clinicians are aware of inhalant allergens and 
their influence on such conditions as inflammatory 
asthma. A functional medicine approach, however, looks 
for the connections among different systems: the web of 
interactions that may underlie a set of symptoms. As an 
example of this complexity, inhalant antigens have been 
proposed to play a role in gastroenteropathies. For exam-
ple, animal studies have shown that esophageal eosino-
philic inflammation occurs after intranasal allergen 
challenge.33 Human studies have also suggested an inter-
action between the GI tract and the airways. A study in 
Sweden showed that adults with birch pollen allergy 
have increased eosinophils and cells positive for IgE in 
their duodenum during pollen season.34

Although the role of inhaled toxicant, such as car-
cinogens in tobacco smoke, has been accepted as a con-
tributor to disease, emerging data suggest active and 
passive tobacco smoke exposure may also contribute to 
disease in other ways. For example, tobacco smoke has 
been shown to contain endotoxin, which is a very 
potent proinflammatory agent, and may contribute to 
respiratory inflammation.35 Emerging data have also 
linked the fine and ultra-fine particulate matter present 
in air pollution to cardiovascular morbidity and mortal-
ity. Therefore, the intake of these particles during aero-
bic exercise should be considered, especially for patients 
who jog or run in urban areas and are exposed to exces-
sive car exhaust during exercise.36

The Skin as a Barrier

As the external barrier, skin is under a constant bar-
rage of insults from physical conditions, microbes, and 
chemicals. The skin functions much like the intestinal 
tract, using tight junctions as a barrier to potentially 
damaging environmental substances. Skin also has an 
extensive immune system.37 Emerging data indicate the 
presence of antimicrobial peptides,38 enabling the 
human epidermis to kill invading microbes. In this 
capacity, recognition of a pathogen by the keratinocyte 
triggers cytokine production that leads to elimination 
of the pathogen.39 

Although an important barrier, a review of published 
research indicates that the study of the skin barrier may 
be more difficult than understanding intestinal perme-
ability, since there is no good model system or perme-
ability test. Studies are being published showing that 

supporting and enhancing the barrier function of the 
skin may have therapeutic potential. For example, a 
study was done with preterm infants in Bangladesh, who 
were known to have compromised skin barrier function 
that put them at high risk for serious infections.40 In this 
study, daily massage with sunflower seed oil was com-
pared to massage with a product containing lanolin, pet-
rolatum, and mineral oil; the infants receiving the 
sunflower oil massages were 41% less likely to develop 
nosocomial infections. In another study, the oxidation of 
squalene by UV exposure was reported to be significantly 
inhibited after one application of a skin rinse with vita-
min E, as compared to the rinse without vitamin E.41

Immune System Surveillance and Removal 
Mechanisms

Immune system functionality is discussed in great 
depth in numerous other places in this book (see Chap-
ters 18, 23, and 27). The brief review below highlights 
the vital role the immune system plays in protection 
and defense through the intake, processing, and excre-
tion of external substances.

The gut-associated lymphoid tissue (GALT). 
Approximately 60% of the immune system, and more 
than 80% of the immunoglobulin-producing blasts and 
plasma cells, are located within the mucosa of the GI 
tract. This complex system is called the gut-associated 
lymphoid tissue (GALT).42,43 The primary purpose of the 
GALT is to provide the first line of defense against for-
eign invaders such as food antigens and pathogenic 
bacteria. A major difference between the GALT and the 
circulatory immune system is that the GALT can pro-
duce two layers of defense to a foreign pathogen or anti-
gen: the localized secretory IgA (sIgA) response, and the 
systemic IgE or IgG response. Taken together, these two 
responses account for the production of the majority of 
the body’s immunoglobulins.44

The localized sIgA provides the first immunological 
response to antigens that are ingested; sIgA has been 
described as an “antiseptic paint” covering the intestinal 
tract. As the predominant immunoglobulin on the sur-
face of the GI mucosa, sIgA can effectively prevent infec-
tion, neutralize viruses, and remove antigens before they 
cross the mucosal barrier and reach circulation so they 
can be excreted directly through the feces.45,46 Therefore, 
sIgA prevents these invaders from entering the system 
without activating the complement or inflammatory 
systems.47 Adults produce three to four grams of sIgA per 
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day, which can also be found in saliva and colostrum.48 
A low level of total sIgA in the GI tract is associated with 
altered intestinal permeability and an increased uptake 
of food antigens, resulting in atopic symptoms.49

Antigens and foreign substances that escape the sIgA 
surveillance can enter the mucosal layer, where the 
GALT provides the second layer of defense. In this pro-
cess, which is the classic response described in most 
textbooks, the interaction with the antigen-specific IgE 
and IgG induces a systemic immune response in which 
antibodies are generated, cytokines are produced, and 
the full immune system is engaged. Along with activa-
tion of the systemic immune system, an inflammatory 
response often commences at the site where the antigen 
has invaded. This inflammatory response closes off the 
area, blocking the influx of more antigens. (The activa-
tion of the inflammatory cascade is a double-edged 
sword because the inflammation response leads to pro-
duction of reactive oxygen species, which are used to 
destroy invading pathogens but which can also damage 
healthy, intact tissue.)

The GALT is also instrumental in the development 
of immune tolerance to harmless antigens in the diet 
and commensal microbes. Oral tolerance begins in the 
newborn with small amounts of intact food antigens, 
including beta-lactoglobulin, egg, peanut, and gliadin.50 
Oral tolerance is an important process in which the 
body becomes able to recognize food molecules and not 
respond to them with a full-fledged antibody-immune 
response. Studies with children who have food allergies 
have shown compromised transforming growth factor-
beta and reduced numbers of the T-helper lymphocytes 
that produce this cytokine (i.e., Th3 cells) in the duode-
nal epithelium and the lamina propria.51,52 The oral tol-
erance response is also stimulated by the commensal 
intestinal microbes, and this relationship suggests a role 
of intestinal microflora in development of healthy oral 
tolerance response.53,54

The systemic immune system. The systemic 
immune system is composed of the circulating lympho-
cytes, the B cells and T cells, which circulate through 
the body in search of their target antigens. Initially, 
lymphocytes must be activated toward a specific anti-
gen. Antigens entering the body through mucosal sur-
faces activate the lymphocytes that are waiting in the 
mucosa-associated lymphoid tissues (MALT): intranasal 
and inhaled antigens activate lymphocytes in palatine 
tonsils and adenoids; and antigens taken in through the 

GI tract are taken into specialized epithelial cells called 
M (microfold) cells (Figure 17.1), which then transport 
the antigen to Peyer’s patches.55 Activation via the 
Peyer’s patches is the most common pathway for induc-
tion of the immune response. Immune responses to 
blood-borne antigens are usually initiated in the spleen, 
and responses to microorganisms in tissues are gener-
ated in local lymph nodes.

Induction of the immune system is quite complex, 
but current dogma indicates that two major pathways 
exist: cellular immunity that involves the Th1 pathway; 
and humoral immunity that involves the Th2 pathway. 
(See Figure 17.2.) The pathways are named after the T-
helper cells involved in the pathway (e.g., Th1 and Th2); 
T-helper cells are differentiated from each other by the 
products they produce (that is, the specific cytokines 
they secrete when activated). In general, the Th1 path-
way functions against invading organisms, where Th1 
cells secrete interferon- and interleukin-2, and also 
involves macrophages and cytotoxic T cells that act in 
concert to kill the invading organisms. The Th2 pathway 
is induced in response to antigenic stimuli and leads to 
secretion of interleukins-4, -5, and -6 by T-helper cells, 
which support the function of the antibody-producing B 
cells (see Figure 17.3).

Much literature has indicated that these two systems 
balance each other: when one is overexpressed, the 
other is inhibited. For example, glucocorticoids selec-
tively inhibit the Th1 pathway, and shift a person 
toward Th2 reactions, which may lead to higher suscep-
tibility to allergic responses.56 Estrogens inhibit Th1 
proinflammatory cytokines and stimulate Th2 cytok-
ines, which is suggested as the reason that autoimmune 
diseases that involve overexpression of Th1 (e.g., rheu-
matoid arthritis, multiple sclerosis) frequently remit 
during pregnancy but exacerbate during postpartum 
periods.57 Th1 and Th2 are also differentially involved 
in such conditions as psoriasis and atopic dermatitis, 
respectively.58 Genetics is known to play a role in the 
robustness of Th1 or Th2 responses, as are lifestyle and 
nutriture.59,60,61,62 In addition, early exposure to infec-
tious organisms is also implicated. For example, the 
“hygiene hypothesis” has been proposed to account for 
the increasing prevalence of atopic diseases over the 
past decade. The hygiene hypothesis suggests that 
diminished exposure to childhood infections leads to a 
decreased Th1 response, which therefore may enhance 
the Th2 response in an individual.63,64
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Figure 17.2 An overview of lymphocyte responses
From: Delves PJ, Roitt IM. The immune system—Second of Two Parts. N 
Engl J Med. 2000;343:108-117. Used by permission. ©2000 Massachusetts 
Medical Society. All rights reserved.

Figure 17.3 Role of antibodies

From: Delves PJ, Roitt IM. The immune system—Second of Two Parts. N Engl 
J Med. 2000;343:108-117. Used by permission. ©2000 Massachusetts Medi-
cal Society. All rights reserved.

The functioning of the immune system with respect 
to specific conditions will be discussed in more detail 
elsewhere, but important to this discussion is the under-
standing that many components must work together in 
the delicate balance of immune system function, and 

the immune system forms a communications link 
among different tissues with respect to surveillance and 
defense, and includes macrophage cells, T cells, and 
B cells. In the brain, glial cells function much as mac-
rophages do, removing waste and providing nutrients 
to neurons; they are affected by several neurodegenera-
tive conditions.65 Because the immune system responds 
to foreign agents, the interplay with the environment is 
crucial in its regulation and activity. In addition, several 
of the immune system-regulated cytokines have clinical 
relevance (see Figure 17.2), which may show individual 
responses depending on a person’s genetics. It is also 
important to note that the Th1 and Th2 responses also 
appear to work together to facilitate recovery from 
infection, and may support each other in other impor-
tant ways.66 In addition, emerging data indicate a role 
for a third class of T-helper cells, the Th3 cells, which 
downregulate Th2 responses.67

The Detoxification System and Defense

Drugs and toxicants have to get into the body to 
function and/or to produce toxic effects. By far the easi-
est way to evade a healthy barrier system is simply to 
slide through cell membranes by passive diffusion. 
Therefore, many drugs are designed as lipid-soluble 
molecules,68 and many of the toxic substances that are 
found in our bodies are also lipid soluble. Small, weak 
acids and bases can slip into cells by riding in with 
water in a passive manner; however, while water-solu-
ble (hydrophilic) molecules are taken into the water-
based blood and transported to the kidneys where they 
can be excreted, lipid-soluble (hydrophobic) molecules 
cannot be directly removed via the kidneys.69 The very 
nature of lipid-soluble compounds means they will be 
able to attach to cell membranes, which are composed 
of lipids, and slide through these membranes into the 
cell, where they can directly interact with important 
proteins and molecules necessary for healthy function, 
thus exerting damage within the cell. The primary 
mechanism in the body for removing lipid-soluble tox-
ins is the detoxification system, which functions to 
convert lipid-soluble substances to water-soluble metab-
olites so they can be excreted via the urine.

After a xenobiotic is taken into the body, it first 
passes through the liver. Therefore, the liver is a primary 
site for detoxification and for the majority of detoxifica-
tion enzymes, including alcohol dehydrogenase, the 
phase I cytochrome P450 enzymes (CYP P450), and the 
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phase II conjugation enzymes (e.g., glucuronidases and 
conjugases that attach glutathione, glycine, taurine, and 
sulfate). (Detailed discussions of these processes can be 
found in Chapters 22 and 31.) The position of the liver 
in this sequence accounts for the statistics showing that 
liver injury from drugs and xenobiotics leads to 2–5% of 
hospitalizations from jaundice, an estimated 15–30% of 
the cases of fulminant liver failure, and ~40% of the 
acute hepatitis cases in patients older than 50.70

Because the detoxification enzymes show such high 
variability from subject to subject, the adage “one man’s 
meat is another man’s poison” is relevant to how indi-
viduals detoxify drugs, toxicants, and environmental 
compounds. That is, individuals relate to their environ-
ments in very individualized ways with respect to the 
detoxification system, and responses can vary dramati-
cally such that one person can show intense symptoms 
at the same level of exposure that another person finds 
tolerable. Some of this variability is due to environ-
ment, lifestyle, and history, but the majority comes 
from genetics.71,72 Because the detoxification system is 
so involved in managing environmental interactions 
within the body, it may be no surprise that dietary com-
ponents can have significant effects on the activity of 
detoxification enzymes.73,74,75

Commensal Microflora and Defense

The beneficial symbiotic microflora that reside pri-
marily in the large intestine have a direct impact on 
promoting a healthy GI tract barrier and supporting 
defense functions. Much research has been focused on 
how commensal microflora, including bifidobacteria 
and lactobacilli, provide beneficial effects. For example, 
the production of short-chain fatty acids (SCFAs) by 
these bacteria appears to promote growth and differen-
tiation of intestinal mucosal cells, which results in 
decreased risk of colon cancer and attenuation of intes-
tinal permeability.76 Probiotics, which are exogenous 
sources of friendly bacteria, also appear to benefit 
patients with atopic eczema, possibly by promoting 
antigen degradation and healthy GI barrier function.77 
Intestinal microflora influence digestion not only 
through nutrient needs and the ability to digest large 
carbohydrates (such as fibers that escape hydrolysis in 
the stomach and small intestine), but also through a 
feedback effect on transit time. SCFAs may also protect 
intestinal integrity by stimulating intestinal mucosal 
cell turnover and intestinal mucosal blood flow.78

Most notably, healthy microflora is required for 
development and support of GALT function; beneficial 
symbiotic bacteria also provide protection to the body 
by acting as antagonists toward pathogens. They use 
several mechanisms to provide an environment resis-
tant to colonization by pathogens, including competi-
tive inhibition for bacterial adhesion sites. For example, 
Lactobacillus acidophilus has been shown to inhibit 
adhesion of several enteric pathogens to human intesti-
nal cells.79 Bacterial symbiotes can also produce various 
antimicrobial substances, thereby inhibiting pathogens 
by bacteriostatic and bacteriocidal mechanisms. One 
class of bacteriostatic molecules is the alpha-defensins 
class of molecules and, to date, six alpha-defensins have 
been identified.80

Transport and Circulation

Transport and circulation functions are not often 
considered a part of the body’s defense, but they are 
instrumental in supporting the body’s defense func-
tions and providing nutrients throughout the body. 
Once absorbed, nutrients must be distributed to the tis-
sues where metabolism occurs, and many nutrients 
have specific carrier proteins or structures that facilitate 
their transport. Not only does this allow the body to 
regulate nutrient delivery, but the specificity of trans-
port allows a level of defense. Defects in transport pro-
teins or specific genetic uniqueness, for example (as 
seen with polymorphisms of the apolipoproteins such 
as apo E and Lp(a)), can result in altered transport/dis-
tribution effects that alter physiological function.

The importance of healthy circulation, transport of 
nutrients to cells, and elimination of waste from tissue 
sites is shown by the mere fact that the vasculature is the 
first functional organ to form during embryonic develop-
ment, and disruptions in its formation or function are 
lethal to local tissue and the whole system.81 Large artery 
rigidity is known to contribute to morbidity and mortal-
ity associated with the most common chronic conditions 
seen today, including arterial hypertension, diabetes mel-
litus, and heart failure. Aortic rigidity precedes the devel-
opment of arterial hypertension in individuals with 
borderline hypertension.82 The microcirculation also 
plays an important role in defense mechanisms.

Transport of nutrients to the cells is not the end of 
the process. The fat-based cell membranes provide a 
barrier function within the body, separating the aque-
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ous-based extracellular environment from the aqueous-
based intracellular environment. Very small water-solu-
ble molecules can slip into the cell passively in water, 
but the concentrations of these tend to be low. There-
fore, specific transport processes are also required to get 
water-soluble nutrients across the fat-based cell mem-
branes. Many of these nutrients are taken into cells 
through an active transport process. For example, glu-
cose is taken into the cell from the blood via the GLUT2 
or GLUT4 receptors. Dysfunctions in this uptake system 
can occur. 

Maintenance of healthy cell membranes is essential 
and data have shown that the type of fat in the diet 
directly influences the fat in the cell membranes. 
Omega-3 fats have been shown to promote healthy 
function of membrane receptors by influencing the 
environment around the receptors. For example, in an 
animal feeding study, rats consuming omega-3 fatty 
acids in place of omega-6 fatty acids (in otherwise iden-
tical diets) showed lower serum triglycerides and an 
attenuated insulin-stimulated transport of glucose into 
adipocytes than the animals with the omega-6 fats.83 
Cell culture studies have shown that the amount of EPA 
as compared to linoleic acid influences membrane fluid-
ity and receptor-mediated signaling through the phos-
pholipase-C/phosphoinositol pathway.84 A compelling 
series of articles has been published addressing mem-
brane phospholipid composition and neurotransmitter 
function in depression and schizophrenia.85,86 As stated 
in one review: “This suggests that a tight relationship 
exists between essential fatty acid status and normal 
neurotransmitter function, and that altered PUFA levels 
may contribute to the abnormalities in neurotransmis-
sion seen in schizophrenia.” 

Because cell membranes are composed primarily of 
fat, and many toxicants, including most drugs, are fat 
soluble, many of these substances can cross the cell 
membrane barrier without specific transport processes. 
Therefore, as another layer of defense, cells have an 
“antiporter” system for these xenobiotics, which acts to 
pump molecules out of the cell. This antiporter system 
is called P-glycoprotein, which is a product of one of 
the multi-drug resistant genes (MDR1 and MDR2). This 
system was first described in tumor cells that became 
resistant to chemotherapeutic agents as a result of 
increased expression of this transporter. The P-glycopro-
tein transporter is found in many tissues, such as cells 
in the small intestine, liver, and kidney, and at the 

blood-brain and blood-testes barriers.87 P-glycoprotein 
functions to limit absorption of drugs and xenobiotics 
and to promote their excretion, but is also strongly 
influenced by concomitantly administered drugs.88

Circulation and transport of nutrients affect the 
functioning of the cardiovascular system, which is 
heavily influenced by factors such as homocysteine89,90 
that are influenced by nutrition. Many dietary factors 
are known to affect nitric oxide synthase, the enzyme 
responsible for generating nitric oxide (NO), which reg-
ulates vascular relaxation.91 Emerging data indicate that 
the oxygenation state of hemoglobin also regulates 
NO.92 Antioxidants in the diet can also affect oxidant 
stress, which can, in turn, alter endothelial function.93

Elimination of Waste

Metabolism of nutrients either by the host or by 
enteric or opportunistic microorganisms also results in 
the production of metabolic by-products, or waste. These 
need to be properly excreted to complete the nutrient 

Clinical Implications
Fat-soluble substances such as steroid hormones are 

transported on their own binding proteins and are vulnera-
ble to environmental influences. For example, sex hor-
mone-binding globulin, an important transport protein for 
the regulation of plasma concentration of sex steroid hor-
mones, can be influenced by many environmental factors, 
including smoking, oral contraceptive use, soy isoflavone 
intake, stress, toxic chemical exposure, and excess alcohol 
intake. All of these factors can influence the relative con-
centration of the sex hormone-binding globulin, thereby 
modifying the concentration and availability of specific sex 
hormones, such as estrogen, testosterone, or progesterone.

In the functional medicine workup, evaluation of 
whether a patient may have a transport or circulatory diffi-
culty, or a cellular resistance to the substance of concern, 
needs to be considered. Conditions that could modify the 
transport or circulation of substances include dyslipidemia, 
altered blood pressure or vascular reactivity, regional 
ischemic events, the breakdown of membrane barriers of 
defense, increased oxidative stress and injury, or the pres-
ence of chronic inflammation. Specific tailored therapies 
can be integrated into the overall treatment plan that focus 
on improving active transport by strengthening proper 
membrane barrier function and proper membrane bioener-
getics so that active transport can be maintained, by sup-
porting proper vascular endothelial function, and by 
enhancing cellular uptake through stimulation of mem-
brane receptor sites and mitochondrial and nuclear signal-
ing systems.
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cycling process. Excretion of waste products can occur by 
way of solid, liquid, or gas exchange. Aerobic metabolism 
of glucose produces carbon dioxide and water that both 
need excretion. Carbon dioxide is excreted as a gas by 
the lungs. Water is excreted as a liquid through the kid-
neys, skin, and intestines, and as a vapor through the 
lungs and skin. 

Protein metabolism results in the production of urea 
and sulfate, which are excreted through the kidneys. 
Incomplete protein metabolism results in the formation 
of amines such as trimethylamine, ammonia, or other 
middle-molecular weight nitrogenous substances that 
are excreted through the urine and skin. These nitroge-
nous compounds have strong “fishy” odors, which 
often characterize people with protein metabolic disor-
ders or hepatic or GI difficulties in managing protein in 
the diet.

Fats are ideally metabolized and excreted as carbon 
dioxide, water, and phosphate (as it relates to phospho-
lipid metabolism). Fat metabolism problems result in 
the excretion of fat in the stool (i.e., steatorrhea) or 
alterations in serum lipid levels (i.e., elevated serum 
cholesterol or triglycerides).

Fecal vs. Urinary Excretion

Many metabolites and dietary substances undergo 
further metabolic modification as they are converted to 
excretory products. This includes hormones, neuro-
transmitters, eicosanoids, vitamins, and phytochemi-
cals, as well as xenobiotics and drugs. The principal 
mechanism by which these excretory products are cre-
ated is through the detoxification/biotransformation 
pathways, although some may be secreted in kidney 
tubules without transformation. Most of this conver-
sion is done in the liver, although detoxification 
enzymes are also present in the GI mucosa, kidneys, 
lung epithelial tissue, and other tissues, which can also 
contribute to biotransformation. Once a substance has 
undergone biotransformation to its conjugate, it is par-
titioned into either the bile for excretion in the feces or 
through the kidneys to be excreted in the urine. Dehy-
dration has a serious adverse influence on detoxifica-
tion and excretion due to decreased urinary output. In 
patients with functional impairment in excretion, copi-
ous amounts of water should be administered.

Fecal excretion also plays an important role in elimi-
nating the remnants and cellular debris of enteric bacte-
ria. It is estimated that there are two to nine pounds of 

enteric bacteria in the human digestive tract. These 
organisms have their own natural life cycles and, when 
they die, their cell bodies must be excreted. Beyond 
that, enteric bacteria produce many metabolites that 
must be detoxified by the gastrointestinal biotransfor-
mation systems and excreted as secondary metabolites.

An example of the relationship between enteric bac-
teria and metabolites is the conversion of lignans and 
isoflavones by specific enteric flora into secondary 
metabolites such as equol. Equol is absorbed across the 
gastrointestinal lumen, has impact on modulating 
aspects of functional physiology, and is then excreted in 
the urine. Although the exposure to equol seems benefi-
cial to the host, there are many other examples of 
enteric bacteria metabolism resulting in the formation 
of toxic compounds that must be biotransformed and 
excreted. In addition, certain enteric bacteria also pos-
sess enzymes such as beta-glucuronidase that can 
deconjugate detoxified substances (such as estrogen 
metabolites) in the colon and render them available for 
resorption. This places an additional burden on the 
detoxification and excretory systems. 

Functionally, the excretory system can be improved 
through enhanced bowel transit time because that 
implies less contact time for absorption of toxic sub-
stances. This is clinically achieved by increasing the 
intake of insoluble fiber. Supplementing the diet with 
symbiotic microorganisms such as specific strains of lac-
tobacilli and bifidobacteria can also enhance transit 
time. For example, the L. acidophilus NCFM® strain has 
been shown to decrease incidence of pediatric diarrhea, 
significantly decrease levels of toxic amines in the 
blood of dialysis patients with small intestine bacterial 
overgrowth (SIBO), and facilitate lactose digestion in 
lactose-intolerant individuals.94

Fiber can also promote transit time and healthy 
excretion, as well as providing other positive benefits to 
a patient. The fibers classed as “prebiotics” are particu-
larly beneficial. Prebiotics are fibers that have been 
shown to preferentially promote commensal GI micro-
flora, and include fructans (such as inulin and fructooli-
gosaccharides, or FOS), arabinogalactans, and soy oli-
gosaccharides. Some fibers have been shown to 
promote short-chain fatty acid production and healthy 
microflora in the GI, but may not be officially desig-
nated as prebiotics. For example, rice fiber has been 
shown to improve bile acid excretion and decrease fecal 
bacterial enzyme activities associated with pathogens 
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and imbalanced flora, such as beta-glucuronidase, muci-
nase, and nitroreductase.95

It is important to emphasize the clinical benefit of 
introducing a dietary detoxification program that 
includes more whole fruits and vegetables and fiber-rich 
whole grains when trying to improve excretion. There 
are many detoxification-focused diets that increase the 
intake of cruciferous vegetables (broccoli, cauliflower, 
Brussels sprouts, and cabbage), red and orange vegeta-
bles, and whole fruits, including apples and berries. 
These foods contain specific phytochemicals that have 
been found to enhance detoxification. Fasting is not 
considered an optimal approach to detoxification and 
the improvement of excretion due to its lack of fiber 
content and its tendency to cause constipation. Regular 
exercise also helps in maintaining proper peristaltic 
action and promoting proper transit time. 

Summary

The theme that emerges from this discussion of 
digestive physiology is that the delivery of fuel to the 
cells and the subsequent removal of waste products pro-
duced during metabolism are much more complex than 
just examining the presence or absence of the substance 
itself. Rather, in a functional medicine evaluation, one 
has to determine whether there are difficulties in trans-
port of a substance once it has been absorbed, whether 
it is properly distributed to the appropriate tissues 
through circulation, and whether, once delivered, it can 
be taken up by cells correctly to promote proper func-
tion. Each of these processes has been found to show 
great genetic variability from person to person, and we 
now know that there are many environmental, lifestyle, 
and dietary variables that influence each of these steps 
in the maintenance of proper cellular function. 
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Chapter 18
The Biology of Inflammation: A Common 
Pathway in Cardiovascular Diseases, Part I
Peter Libby, MD

Introductioni

This primer on inflammation biology describes the 
mechanisms of innate and acquired immunity, and the 
key players in the inflammatory response, explicating 
and disentangling the connections between them—the 
better to argue the case that the entire spectrum of 
inflammatory diseases represents host defenses gone 
awry. A number of cardiovascular conditions, some 
exotic, but many common, involve an important com-
ponent of inflammation, representing host defense 
mechanisms that can cause disease. Part I of this essay 
provides a general background to the biology of inflam-
mation. The discussion will serve as a roadmap and 
glossary of inflammation that will facilitate placing this 
topic into the clinical context of cardiovascular dis-
eases. Part II, a discussion of how these concepts influ-
ence atherosclerosis and myocardial infarction, can be 
found in Chapter 27.

Inflammation is Intertwined with the 
Vasculature

Physicians in ancient times recognized the impor-
tance of inflammation in pathophysiology. Inflamma-
tion has features easily recognizable at the macroscopic 
level and grossly apparent on physical examination. 
The Latin terminology handed down from Celsus in 

classical times described the cardinal features of inflam-
mation: rubor, tumor, calor, and dolor. Rubor (redness) 
arises from increased local blood flow due to vasodilata-
tion. Calor (heat) also likely reflects increased regional 
blood flow and vasodilatation. Dolor (pain) results from 
local release of inflammatory mediators that stimulate 
nociceptors in local nerves. Tumor (swelling) reflects tis-
sue edema and often accompanies the redness and heat 
at sites of inflammation. Localized increases in vascular 
permeability, part and parcel of the inflammatory pro-
cess, contribute to the local edema manifest as swell-
ing. Aside from pain, all of these classic signs of 
inflammation relate to perturbations in the vascula-
ture. Increased blood flow, vasodilatation, and 
increased vascular permeability characteristically 
accompany sites of inflammation. Considered in this 
context, the general pathology of inflammation falls 
within the province of cardiovascular pathophysiology 
in its most fundamental aspects.

Although known to the ancients, knowledge about 
the cellular basis of inflammation required advances in 
microscopy and tissue analysis made in the 19th cen-
tury. The commercial development of aniline dyes in 
the textile industry stimulated the development of syn-
thetic organic chemistry in the 1800s. The scientific 
“spin-off” of this commercially driven research and 
development included the application of newly synthe-
sized dyes to provide contrast of stained tissues during 
microscopic examination. This technological advance 
spurred the development of cellular pathology embod-
ied in the work of Rudolph Virchow. Armed only with 
stained tissue sections and keen inductive reasoning, 
the cellular pathologists of the 19th century worked out 

i Adapted, with permission, from: Libby P. Inflammation: a common 
pathway in cardiovascular diseases. Dialogues in Cardiovascular Medi-
cine. 2003;8(2):59-73. The original article has been divided into two 
parts for this book; part II can be found in Section VI: A Practical Clini-
cal Approach, as the first piece in Chapter 27. Acknowledgment: Sup-
ported in part by a grant from the National Heart, Lung, and Blood 
Institute (HL-34636).
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the involvement of leukocytes in inflammatory reac-
tions in tissues.1

The 19th century also witnessed the birth of experi-
mental pathology. The investigation of inflammatory 
phenomena figured prominently in the early develop-
ment of this science. Elie Metchnikoff, summering in 
Messina, Italy, observed the engulfment by the leuko-
cytes of marine invertebrates of foreign bodies, a pro-
cess he called phagocytosis.2 These observations and 
Metchnikoff’s astute interpretations led to the recogni-
tion of the role of leukocytes and host defenses against 
foreign invaders. As the germ theory of disease devel-
oped in the latter part of the 19th century, the concept 
of foreign bodies extended to microbial invaders. To 
this day, much of the biology of inflammation consists 
of exchanges of messages among various classes of leu-
kocytes and with parenchymal cells. 

The molecular nature of the messages exchanged 
among cells during inflammatory reactions developed 
largely during the 20th century. During the first two-
thirds of the 20th century, much work focused on the 
purification and elucidation of the structures of low-
molecular-weight mediators of inflammation. Mole-
cules such as histamine, related to a simple amino acid, 
exemplified “autocoids” involved in inflammatory 
responses. Histamine can cause profound changes in 
vascular biology, including increased permeability of 
microvessels. Histamine also elicits the contraction of 
smooth muscle cells, manifest as vasoconstriction of 
some beds and bronchoconstriction in the airways. 
Small-molecule lipid mediators characterized during 
this period included the prostaglandins, the leuko-
trienes, the lipoxins, and platelet-activating factor 
(PAF). Some peptide mediators of inflammation of 
higher molecular weight, including bradykinin, also 
underwent purification and characterization. 

In the latter third of the 20th century, the study of 
protein mediators of inflammation and immunity bur-
geoned. Advances in protein biochemistry, and eventu-
ally molecular biology, led to the identification of the 
cytokines, now considered major messengers in host 
defenses and inflammatory reactions. Originally consid-
ered products of “professional” inflammatory cells such 
as leukocytes, traditional concepts viewed “peripheral” 
cells, such as those of the vasculature or parenchymal 
cells of various organs, as responders to signals elabo-
rated by leukocytes. More recently, we have come to 
appreciate that many cell types, notably including vas-

cular endothelial and smooth muscle cells, can produce 
as well as respond to various cytokines.3 Thus, our 
understanding of the complexity of the networks 
involved in inflammatory signaling has grown consid-
erably as scientific knowledge has advanced. 

Phagocytes: The First Line of Host Defenses

In the more than a century following Metchnikoff’s 
definition of phagocytosis, appreciation of the impor-
tance of this process has only grown as we have filled in 
the cellular and molecular mechanisms. The granulo-
cyte—or polymorphonuclear leukocyte—embodies par 
excellence the phagocyte involved in acute inflammatory 
reactions. In acute bacterial infections, chemotactic pep-
tides of microbial origin such as formyl-methionyl-
leucyl-phenylalanine (f-met-leu-phe) or anaphylatoxins 
(see below) beckoned granulocytes from the vasculature 
to the nidus of infection. Activated by these bacterial 
products and others such as endotoxin (lipopolysaccha-
rides manufactured by certain bacteria), the polymor-
phonuclear leukocyte degranulates, releasing enzymes 
that can attack the invaders. Granulocytes also manufac-
ture enzymes that produce molecules involved in killing 
microbial invaders. Various oxidases generate superoxide 
anion, O2

-, an example of a bactericidal reactive oxygen 
species. The granulocyte also releases myeloperoxidase, 
an enzyme that produces hypochlorous acid (HOCl). 
Hypochlorous acid, more commonly known as laundry 
bleach, can also kill bacteria. Although bacterial products 
may directly initiate the recruitment of granulocytes dur-
ing infection, endogenous mechanisms soon join in.

Bacterial endotoxin can stimulate the expression on 
the surface of vascular endothelial cells of an adhesion 
molecule that binds selectively to a ligand on granulo-
cytes.4 E-selectin, not normally expressed by resting 
endothelial cells, arises rapidly on endothelial cells stim-
ulated with bacterial lipopolysaccharide or certain cyto-
kines. E-selectin binds to sialyl Lewis X molecules on the 
granulocyte surface. This interaction captures the poly-
morphonuclear leukocyte flowing through post-capillary 
venules and mediates a rolling of the granulocyte on the 
endothelial surface.5 Other members of the selectin fam-
ily may serve similar roles in slowing the progress of the 
polymorphonuclear leukocyte through the microcircula-
tion. Tarrying in venules due to selectin-mediated roll-
ing, the leukocyte can then form firmer interactions by 
binding to members of another family of adhesion mole-
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cules expressed by inflamed endothelial cells: members 
of the immunoglobulin (IgG) superfamily.6 These mole-
cules, exemplified by intercellular adhesion molecule-1 
(ICAM-1), arrest the rolling leukocyte, the next step in 
the recruitment process. Once adherent, the granulocyte 
receives chemoattractant signals from beyond the endo-
thelial layer to trigger transmigration of the adherent 
leukocyte so that it can penetrate into the target tissue. 
The bacterial-derived chemoattractants, such as f-met-
leu-phe, promote this directed migration. In addition, 
host cytokines such as interleukin-8 (IL-8), manufactured 
locally in response to bacterial products such as endo-
toxin, can unite with bacterially derived chemoattract-
ants to call the polymorphonuclear leukocyte into the 
tissue invaded by bacteria.7,8 This schema of a local 
inflammatory stimulus (the bacteria) and recruitment 
of leukocytes by adherence transmigration, followed by 
activation of the effector mechanisms of the leukocyte as 
summarized above, applies not only to acute inflamma-
tion due to a bacterial infection, but serves as a general 
paradigm for localized inflammatory responses. 

Of course, bacterial invasion sometimes spreads 
beyond the local tissue. Septicemia, or blood-borne 
infection, elicits a systemic or generalized host-defense 
reaction with profound cardiovascular consequences. 
Bacterial endotoxemia wreaks havoc with homeostasis 
of blood coagulation.9 Endotoxin induces endothelial 
expression of the potent procoagulant molecule tissue 
factor.10 It also augments production of inhibitors of 
fibrinolysis such as plasminogen activator inhibitor-
1(PAI-1).11 Such changes can give rise to disseminated 
intravascular coagulation, one of the dread conse-
quences of disseminated gram-negative infection. 
Circulating endotoxin leads to widespread release of 
cytokines, such as IL-1 and tumor necrosis factor (TNF) 
(see below). These cytokines can induce fever, which in 
turn causes tachycardia. In addition, the small molecule 
nitric oxide (NO), produced by endothelial cells stimu-
lated with bacterial endotoxin as well as deriving from 
other inflamed cells including leukocytes, can promote 
vasodilatation and hypotension.12 A hyperkinetic state 
ensues with low resistance and high cardiac output 
characteristic of septic shock. This picture, all too com-
monly encountered clinically, represents an extreme 
case on a systemic or generalized scale of the acute 
inflammatory response to a bacterial invader.

Not all bacterial infections play out on a scale of 
hours to days. Chronic microbial infections represent 

an example of inflammatory responses that endure 
longer. While some of the cells and messengers in the 
dramatis personae of chronic inflammatory responses 
differ from those described above in the context of 
acute responses, many of the fundamental principles 
remain the same. Consider, for example, the classic 
chronic bacterial disease tuberculosis. The pathological 
hallmark of infection with the tubercle bacillus is a 
granuloma rather than an abscess populated by poly-
morphonuclear leukocytes. In the granuloma, the 
mononuclear phagocyte, rather than the polymorpho-
nuclear leukocyte, takes center stage. Derived from 
blood monocytes, the tissue macrophage becomes the 
key effector cell in chronic inflammatory responses. The 
tubercle granuloma can last for years, as opposed to the 
abscess populated by polymorphonuclear leukocytes in 
a pyogenic bacterial infection. The granuloma repre-
sents the results of the interaction of the parenchymal 
tissue of the infected organ with the macrophages. This 
pathology plays out in a similar fashion in atheroma, 
an example of a special case of granuloma formation 
considered below.

As alluded to above, recruitment of monocytes to 
sites of chronic infection or inflammation recapitulates 
on a slower scale the accumulation of granulocytes to 
foci of acute inflammation. In the case of the monocyte, 
adhesion molecules of the IgG superfamily, such as vas-
cular cell adhesion molecule-1 (VCAM-1), interact with 
integrin molecules on the mononuclear cell, such as very 
late antigen-4 (VLA-4). Once adherent to the endothelial 
cell, endogenous chemoattractant molecules direct the 
migration of the mononuclear phagocyte into the 
inflamed tissue. While IL-8 favors recruitment of granu-
locytes, members of another chemokine family, the CXC 
chemokines, selectively recruit monocytes. Macrophage 
chemoattractant protein-1 (MCP-1) represents an exam-
ple of a mononuclear phagocyte chemoattractant that 
helps to recruit these cells to sites of formation of granu-
loma for other chronic inflammatory processes.

Granulocytes, the typical effector cells of acute 
inflammatory responses, have eponymous granules 
packed with preformed mediators. When recruited to 
sites of acute inflammation, they degranulate, rapidly 
produce a reactive oxygen species through the “respira-
tory burst,” and die, often by apoptosis.13 At sites of 
chronic inflammation, the life history of the mononu-
clear phagocyte differs considerably. The blood mono-
cyte, recruited to a site of chronic inflammation, 
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differentiates into a macrophage. A variety of endoge-
nous stimuli favor the transition of the blood monocyte 
into a tissue macrophage involved in chronic inflam-
matory responses. Molecules such as macrophage col-
ony-stimulating factor (M-CSF) and activators of 
protein kinase-C promote monocyte differentiation. 
Equipped for prolonged combat rather than a short bat-
tle with acute invaders, the macrophage effector mecha-
nisms typically outlast those of granulocytes. 

Macrophages have a well-developed phagolysosome 
system that is well suited for combating chronic invad-
ers. For example, the macrophage can engulf particulate 
matter such as the tubercle bacillus and transport the 
engulfed particle to the lysosome, an intracellular com-
partment filled with digestive enzymes. Often in concert 
with phagocytosis, the macrophage elaborates reactive 
oxygen species, including superoxide anion (O2

-), NO, 
and hypochlorous acid.12 The macrophage appears capa-
ble of producing these small-molecule effectors of host 
defenses on a more prolonged timescale than the granu-
locyte. The mononuclear phagocyte excels at producing 
higher-molecular-weight mediators as well. The mac-
rophage, when activated, can produce large quantities of 
cytokines. In addition, the tissue macrophage produces 
abundant proteases involved in tissue remodeling, a 
property of particular importance in cardiovascular 
pathology (see below).14,15 Pus (comprised of a mixture 
of live, dying, and dead granulocytes) typifies abscesses 
at sites of acute inflammation. In granuloma, however, 
rather than committing suicide, macrophages may fuse, 
forming giant cells whose palisade of nuclei classically 
characterizes the tuberculous granuloma. Prolonged per-
sistence of the phagocytic cell predominates at sites of 
chronic, as opposed to acute, inflammatory responses.

The Innate Immune Response

The two general pathways of inflammation described 
above represent two limbs of host defense mechanisms 
now often described as “innate immunity.” The term 
innate denotes instant readiness to cope with invaders, 
circumventing the need for an instructional period as 
the acquired (antigen-specific) immune response 
requires. The types of structures on invaders that trigger 
the innate immune response include molecules with 
shared structural features, such as gram-negative endo-
toxin. The structures that recognize these relatively con-
served structures have been called “pattern-recognition 

receptors.” Families of pattern-recognition receptors 
include scavenger receptors (first characterized in the 
context of atherosclerosis),16 and a recently character-
ized family of transmembrane molecules known as toll-
like receptors (TLR).17 

Innate immunity represents a first line of defense 
against invaders capable of rapid deployment. Innate 
immunity plays out first not only within the organism, 
but also earlier during phylogeny. The innate immune 
response represents a more primitive form of host 
defense present in invertebrates and independent of the 
more selective recognition involved in adaptive immu-
nity, a more recent development during evolution.18 In 
addition to the leukocytic effector cells of acute and 
chronic inflammation described above, the comple-
ment system contributes importantly to innate immu-
nity.19,20 The alternative pathway of complement 
activation recognizes common patterns (for example, 
de-sialylated glycoconjugates on the surface of erythro-
cytes). Activation of complement by the alternative 
pathway leads to formation of the terminal membrane 
attack complex that can effectively punch holes in 
invading microbial cells. In this way, complement can 
kill bacterial and other invaders and, when unleashed 
inappropriately, host cells as well. 

Cytokines: Omnipresent Organizers of the 
Inflammatory Response

As noted above, for most of the 20th century, atten-
tion focused on small molecules as mediators of inflam-
mation. Over the last quarter century, we have become 
acquainted with large families of protein mediators of 
inflammation and immunity known collectively as 
cytokines.21 These cytokines fall into many categories. 
Originally considered exclusively as products of leuko-
cytes, many initially bore the name “interleukin.” As our 
knowledge of the biology of cytokines has increased, so 
has our appreciation that many cells can elaborate these 
multi-functional mediators. Hence, more recently recog-
nized families of cytokines often bear other names. 
Many of the cytokines categorized early on derive from 
mononuclear phagocytes, classifying them as mono-
kines. Others, produced by T lymphocytes, bore the 
name “lymphokine.” Chemoattractant cytokines fall 
into families known as chemokines.22 A related class of 
protein mediators known as colony-stimulating factors 
has overlapping characteristics with classical cytokines 
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(e.g., interleukin-3). Therefore, discussions of cytokines 
often include colony-stimulating factors. The following 
paragraphs will introduce briefly certain of the prototyp-
ical cytokines to illustrate the properties of these impor-
tant mediators. Table 18.1 shows examples of cytokines 
important in cardiovascular pathology and often cited 
in the cardiovascular literature.

Interleukin-1: The Prototypical Monokine

As is typical, the protein now known as interleukin-
1 (IL-1) represented a convergence of various activities 
found to reside in a small family of closely-related pro-
teins after years of parallel work in various laborato-
ries.23 The molecular characterization of IL-1 arose from 
the identification, purification, and eventually the 
cDNA cloning of the active principle in mediating fever 
known as endogenous pyrogen. The example of IL-1 
illustrates many features common to cytokines. Seldom 
produced by resting cells, many cell types produce this 
protein inducibly in response to inflammatory stimuli 
such as bacterial endotoxin. Initially synthesized as a 
33000 dalton precursor, interleukin-1 (IL-1), the pre-
dominant secreted form of this cytokine, requires pro-
cessing to attain its full biological activity. An enzyme 
known as interleukin-1-converting enzyme, or ICE, 
effects this conversion.24 Interestingly, ICE represented 
the prototype of a new family of proteinases known as 
caspases, so named because they are cysteinyl protein-
ases that cleave at aspartyl residues (asp) in their sub-
strates. The other isoform of IL-1, known as interleukin-
1 (IL-1), often remains associated with the cell sur-
face and does not require proteolytic processing for bio-
logical activity.

IL-1 binds to selective transmembrane receptors. 
The signaling receptor for IL-1 feeds into the same 
intracellular pathway as the pattern recognition recep-
tors, TLRs, alluded to above. IL-1 engagement of its sig-
naling receptor ultimately causes activation of a 
transcription factor known as nuclear factor-kappa B 
(NFB).25 NFB, when activated, binds to cognate 
sequences in the promotor regions of the genes encod-
ing a wide variety of inflammatory effectors. Thus, IL-1 
action unleashes a coordinate program of inflammatory 
mechanisms in many leukocytes and other host cells. In 
this way, IL-1 acts as a master regulator of the innate 
immune response, evoking the elaboration of many 
other cytokines, including augmentation of its own 
gene expression.26 Like many potent biological path-
ways, IL-1 has an endogenous inhibitor, a structural 
homologue known as IL-1 receptor antagonist. This 
endogenous molecule competes for the signaling recep-
tor of IL-1, limiting its actions. Itself induced in 
response to inflammatory signals, the IL-1 receptor 
antagonist constitutes a negative feedback loop poised 

Table 18.1 Examples of Cytokines Involved in 
Cardiovascular Inflammation

Cytokine Abbreviation(s) Important functions

Interleukin-1 IL-1 Endogenous pyro-
gen, T-cell coactiva-
tor, proinflammatory 
activation of vascular 
cells

Tumor 
necrosis factor

TNF As above, autocrine 
regulator of myocar-
diocytes

Gamma 
interferon

IFN- Macrophage activa-
tor, inducer of histo-
compatibility 
antigens, prototype 
Th1 cytokine

Interleukin-10 IL-10 Often anti-inflamma-
tory, prototype Th2 
cytokine

Macrophage 
colony-stimu-
lating factor

M-CSF Macrophage activa-
tor and co-mitogen

Monocyte 
chemoattrac-
tant protein-1

MCP-1 Macrophage 
chemoattractant

CD40 Ligand CD40L, CD154, 
gp39

As IL-1 but also 
activates caspase-1 
and induces mac-
rophage tissue factor 
expression

Interleukin -
18

IL-18 Gamma interferon 
induction
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to prevent untrammeled amplification of this potent 
proinflammatory pathway

Tumor Necrosis Factor-Alpha: A Death-linked 
Cytokine

Tumor necrosis factor- (TNF-), a close cousin of 
IL-1, exhibits augmented production and spectral and 
biological activities similar to that due to IL-1. Like IL-
1, TNF- has several surface receptors. The active sig-
naling receptor, however, elicits activation not only of 
NFB, but also of the pathway that causes programmed 
cell death, or apoptosis.27 Thus, in addition to the 
proinflammatory action that TNF- has in common 
with IL-1, it links to the control of cell death.

Interleukin-6: A “Messenger” Cytokine

A prominent target gene for activation by TNF- and 
IL-1, many peripheral cells, including vascular smooth 
muscle, can secrete copious quantities of interleukin-6 
(IL-6) when stimulated by the primary proinflammatory 
cytokines IL-1 or TNF. IL-6 activates B cells and pro-
motes their maturation, an important aspect of anti-
body production and acquired immunity. Of great 
interest in cardiovascular pathology, IL-6 serves as a link 
between the acute inflammatory response mediated by 
the primary proinflammatory cytokines and the sys-
temic reaction to acute inflammation, known as the 
“acute-phase response.”28,29 IL-6 alters the pattern of 
protein synthesis by hepatocytes. After encountering IL-
6, the liver shifts new protein synthesis from “house-
keeping” proteins such as albumen toward production 
of acute-phase reactants, which serve as readily sampled 
systemic markers of inflammation. The acute-phase 
reactants may also participate in inflammatory 
responses involved in cardiovascular pathology. For 
example, C-reactive protein (CRP), a classic acute-phase 
reactant, has garnered considerable interest recently as a 
prognostic or predictive indicator of cardiovascular 
risk.30 In addition, CRP can activate complement and 
thus actively participate in innate immunity. Serum 
amyloid-A, another prominent acute-phase reactant, 
may increase hundreds of times in the plasma of 
patients with inflammatory states. Serum amyloid-A 
can bind to high-density lipoprotein (HDL), impairing 
some of the salutary properties of this lipoprotein mole-
cule, thus potentially increasing coronary risk prospec-
tively.31 Another acute-phase reactant, fibrinogen, 

directly participates in blood coagulation. In this man-
ner, the acute-phase response may link to a thrombotic 
diathesis of considerable import in cardiovascular dis-
eases. IL-6, as an instigator of the acute-phase response, 
can in this manner serve as an important link between 
inflammation and cardiovascular events. 

Interferon Gamma: The Prototypical Lymphokine

Immune interferon, or interferon gamma (IFN-), 
contrasts with the aforementioned cytokines inasmuch 
as a much smaller gamut of cells produce this cytokine. 
Classically considered exclusively a product of activated 
T lymphocytes, even after exhaustive investigations only 
a few cell types have proven capable of producing IFN-. 
As might be expected of a cytokine derived from a cell 
type prominent in adaptive immunity, IFN- enhances 
antigen presentation by augmenting the expression of 
major histocompatibility complex antigens important 
for recognition of foreign antigens.32 However, IFN- also 
stimulates mononuclear phagocytes, among other 
aspects of the innate immune response. Nonetheless, the 
range of actions produced by IFN- shows considerably 
more selectivity than that of IL-1 or TNF, illustrating that 
all cytokines act promiscuously. 

Macrophage Chemoattractant Protein-1: 
A Typical Chemoattractant Cytokine

Several families of chemokines exist. Specialists use a 
shorthand based on the spacing of conserved cysteine 
residues in the amino acid sequence of the cytokines to 
classify these various families. MCP-1 falls into the fam-
ily of CXC cytokines, indicating that an unspecified (X) 
amino acid residue lies between neighboring cysteine 
residues.33 Chemokines typically bind to specific mem-
brane receptors grouped into similar families based on 
their ligand. The MCP-1 receptor, CXC-R2, belongs to 
the large family of heptahelical, or seven-membrane-
spanning, G protein-coupled receptors. Thus, the sig-
naling mechanism of chemokines does not generally 
overlap with those of the primary proinflammatory 
cytokines. As the spectrum of receptors on various 
classes of cells varies, so does the specificity of the tar-
gets for chemoattraction of various chemokines. MCP-
1, as mentioned above, binds selectively to cells of the 
mononuclear family. Mice lacking the receptor for 
MCP-1 show impaired recruitment of mononuclear 
phagocytes to sites of chronic inflammation. 
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The Lymphocytes: Major Mediators of 
Acquired Immunity

Thus far, our discussion of inflammatory responses 
has focused on innate or “ready-made” immunity. 
Higher organisms have added to the repertoire of host 
defenses a complex surveillance and effector system 
based on highly variable and fine structural determi-
nants known as acquired immunity. This name also 
conveys the idea that acquisition of this form of immu-
nity requires time, rather than being prefabricated as in 
the case of innate immunity. The T lymphocyte orches-
trates acquired immunity, which has both humoral 
(antibody-mediated) and cellular limbs.

Generation of the Acquired Immune Response: 
The Helper T Cell

A subset of T cells known as helper T cells, usually 
bearing the CD4 determinant, initiates most acquired 
immune responses by recognizing antigen via engage-
ment of a selective cell surface receptor. The recognition 
of antigens by the helper T cell requires presentation on 
the surface of a cooperating cell, known as the antigen-
presenting cell, or APC. The T-cell receptor does not rec-
ognize the foreign antigen in isolation, but requires pre-
sentation in the context of a structure on the surface of 
the APC, the class II major histocompatibility antigen. 
Each individual bears his or her own mix of these 
highly polymorphic molecules that serve an essential 
role in generating the immune response. Incidentally, 
histocompatibility antigens bear this name because 
they themselves are capable of generating an immune 
response to organs transplanted from different mem-
bers of a species, hence the term histocompatibility 
antigen. The engagement of the T cell’s receptor for 
antigen causes the T cell to secrete IFN-, which raises 
the level of class II histocompatibility antigens on the 
surface of potential antigen-presenting cells, priming 
them to contribute to the generation of the acquired 
immune response. Engagement of the antigen receptor 
also causes the T cell to augment its production of a 
lymphokine known as IL-2, originally termed T cell 
growth factor. The T cell activated by antigen also 
increases its expression of the cell surface that binds 
IL-2. Thus, the T cell that has encountered foreign anti-
gen in the context of its own class II molecule can 
undergo self-perpetuated clonal expansion, producing 
and responding to its own growth factor, an example of 

an autocrine growth control loop. Expanding the popu-
lation of antigen-specific T cells amplifies the response 
to a given foreign antigen—for example, to a virus.

The term “helper T cell” refers to the ability of the 
CD4 cell, when activated, to promote development of 
a full-blown immune response, both humoral and cel-
lular. Stimulation of the humoral immune response 
involves the expression on the surface of the activated 
T cell of CD154, also known as CD40 ligand.34 This 
surface molecule binds to a cognate receptor on the 
B-lymphocyte, the antigen-producing cell, causing it 
to mature into a plasma cell capable of secreting large 
quantities of antibody directed against specific anti-
gens. The IL-2 secreted by the activated T cell serves 
not only in autocrine growth, but also in “paracrine 
growth,” stimulating the proliferation of CD8 cells, 
also known as killer or cytotoxic T cells, the efferent 
limb of the cellular immune response.

Cytolytic T Cells: Effectors of the Cellular Immune 
Response

Stimulated by IL-2 secreted by the activated helper T 
cell, CD8 cells proliferate and become activated them-
selves. The CD8 cell recognizes foreign antigen in the 
context of class I MHC (major histocompatibility com-
plex) molecules. While helper T cells recognize antigen 
presented on the surface of antigen-presenting cells in 
the context of self-class II MHC, the cytolytic T cell rec-
ognizes antigen presented in the context of class I mole-
cules on the surface cells infected with viruses or, in the 
case of transplanted organs, the foreign cell itself. Rec-
ognition of the foreign antigen causes the cytolytic T 
cell to secrete a molecule known as perforin, which 
resembles the terminal membrane attack complex com-
ponent of complement, and likewise can poke holes in 
the membrane of the cell under attack.35 In addition, 
digestive enzymes, such as granzyme, arise from the 
activated killer T cell. The cytolytic T cell, usually bear-
ing the CD8 antigen on its surface, also can express Fas, 
a TNF-like molecule, on its surface. Fas engages Fas 
ligand on the cell under attack. Fas ligation, like TNF, 
causes activation of the cell-death cascade. The Fas 
pathway thus represents yet another mechanism by 
which the CD8-positive T cell can kill a cell that harbors 
a viral infection or otherwise presents foreign antigen.
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B Cells: A Source of Antibody

As described above, the effector limb of cellular 
immunity requires contact between the cytolytic T cell 
and its target. Humoral responses mediated by antibody, 
soluble molecules, do not require such cell-cell contact. 
The B cell, in receipt of “help” from T cells and aided by 
the “messenger” cytokine IL-6, becomes a plasma cell 
specialized in secreting large amounts of antibody. 

Antibody can serve several roles in host defenses. 
By binding to determinants on the surface of microbial 
invaders, antibody molecules can “fix” complement 
through the classical pathway, leading to lysis of the 
invading cell by mechanisms already discussed. Anti-
body coating the surface of bacteria also can engage the 
Fc receptors on the surface of phagocytes, targeting 
them for engulfment and destruction. This function of 
antibody, known as opsonization, was likened by the 
Irish playwright George Bernard Shaw to putting butter 
on a slice of bread before eating it.36 Antibody can also 
neutralize invaders such as viruses simply by binding 
them tightly and preventing their access to target cells.

Clinical Implications of Host Defenses 
Gone Awry

We have now outlined a series of host defense mech-
anisms ranging from primitive to highly developed and 
specific, all focused on defending the organism from 
invading pathogens and foreign bodies. These defense 
mechanisms each serve important roles in health and 
homeostasis. Individuals with congenital or acquired 
deficiencies in any of these major pathways of host 
defenses exhibit heightened susceptibility to different 
types of disease. As impaired antibody responses predis-
pose to pyogenic bacterial diseases, consider the case of 
the increased incidence of pneumococcal disease in 
splenectomized patients. Individuals with impaired cel-
lular immunity have difficulty eliminating viruses and 
intracellular bacteria, as in the case of the acquired 
immune deficiency syndrome (AIDS). Individuals with 
mutations that impair their ability to make superoxide 
anion show susceptibility to pyogenic infections, partic-
ularly Staphylococcus aureus.

Unfortunately, these powerful host defense mecha-
nisms can cause disease when expressed inappropriately 
or in excess. The entire spectrum of inflammatory dis-
eases represents host defenses gone awry. The humoral 
and cellular immune responses, appropriately directed 

against foreign invaders, become pathological when 
turned against self, as in the case of the autoimmune 
diseases. Many autoimmune diseases cause vasculitis, 
placing them within the spectrum of cardiovascular dis-
eases. Acute allograft rejection and the chronic vascul-
opathy often seen in transplanted organs represent 
another undesired consequence of the otherwise salu-
brious host-immune response. In some cases, microbial 
invaders may elicit an immune response that cross-
reacts with an endogenous host structure. Such anti-
genic mimicry may account for the association of rheu-
matic heart disease with streptococcal infections. 
Recent evidence inculpates antigenic mimicry between 
Chlamydia pneumoniae and a determinant of cardiac 
myosin as a mechanism of autoimmune cardiomyopa-
thy. Cholesterol emboli may activate complement, pro-
voking an inflammatory response with often dramatic 
clinical consequences. 

Table 18.2 lists a number of cardiovascular condi-
tions, some exotic but many common, that involve an 
important component of inflammation, representing 
host defense mechanisms that nonetheless can cause 
disease. In Part II of this essay (Chapter 27), we will con-
sider examples of some common cardiovascular diseases 
that specifically illustrate this principle.
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Table 18.2 Examples of Cardiovascular Diseases Involving Inflammation

Disease Example of Inflammatory Process in Pathogenesis

Atherosclerosis Fibroproliferation in response to macrophage-derived mediators

Unstable angina pectoris Inflammation characterized by elevated C-reactive protein without infarction

Atheroma disruption Macrophage-induced collagenolysis, T-cell inhibition of collagen synthesis

Vascular thrombosis Condition favored by acute-phase reactants fibrinogen and plasminogen 
inhibitor

Myocardial infarction Phagocyte ingestion of necrotic cells and subsequent tissue repair

Myocarditis Leukocyte infiltration and cytokine activation of cardiocytes and endothelium

Abdominal aortic aneurysm Prominent inflammation of the adventitia as well as intima-media

Cholesterol emboli syndrome Complement activation

Cardiovascular complications of lupus 
erythematosus, scleroderma, rheumatoid arthritis, 
etc.

Vasculitis

Rheumatic heart disease Pancarditis

Transplantation rejection Killer T-cell-mediated myocardiocytolysis

Allograft vasculopathy CD4-mediated fibroproliferative response to foreign antigens

“No-reflow” Leukocyte sludging due to activated endothelium

Restenosis post-arterial intervention Activation of vascular cells and leukocyte recruitment provoked by injury

Infective endocarditis Complement activation by immune complexes contributes to complications
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Introduction

The health of the human organism is determined by 
its flexibility in responding to the environment, and by 
the balance between the breakdown and use of func-
tional and structural chemicals and their replacement. 
This essential process is called metabolism. Response to 
the environment is determined primarily by 1) informa-
tion obtained through the senses and mediated by the 
brain and hypothalamus (the adrenal side), and 2) 
information obtained from food or other environmen-
tal exposures and mediated by the immune system and 
the pancreas and liver (the insulin side). The research 
literature is replete with interesting examples of the 
interconnectedness of these functions.1,2,3,4,5,6,7,8,9

Biologic function can be broadly conceptualized 
into reactions of approach or avoidance:

• Negative sensory information from the environment 
(fear, for example) leads to an avoidance reaction 
that involves withdrawal, contraction, and shutting 
down of growth and reproduction. It is mediated by 
the adrenal (stress adaptive) hormones, adrenaline, 
and cortisol. Adrenaline is primarily activating, for 
fight or flight; cortisol is primarily suppressive (e.g., 
of the immune system, of the brain as in depression, 
of growth as in osteoporosis).

• Positive environmental sensory information (e.g., 
attraction) allows for growth and reproduction and 
is represented by the hormone insulin, which allows 

for growth and storage of energy. Insulin interacts 
with a number of trophic hormones (including 
estrogen, testosterone, DHEA, and thyroid) that bal-
ance adrenaline and cortisol in different ways. Insu-
lin is triggered both by environmental signals (e.g., 
the presence of food in the GI tract) and by internal 
signals of glucose status.

The major hormones (adrenaline and cortisol) 
appear to have a critical role in maintaining life and 
balancing the metabolism but, by themselves, would 
not provide the flexibility in response to the environ-
ment that has characterized the human species. The 
minor hormones provide a much higher degree of flexi-
bility. Once we have a better understanding of how 
these hormones “dance” with each other to balance 
metabolism and respond to a changing environment, 
we can design treatment strategies that are consistent 
with the body’s attempt to create longevity and avoid 
some of the missteps previously made with regard to 
hormone replacement.10

An Evolving Model of Health Care

In medicine we have traditionally diagnosed (or 
named) a disease and then used that diagnosis to 
determine a treatment that is standardized to cover the 
majority of people presenting with that disease. This 
orientation may be partly responsible for current con-
cerns about iatrogenic morbidity and mortality.11,12,13,14 
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The functional medicine model inverts this paradigm, 
placing the patient’s genetic and environmental indi-
viduality as the fulcrum around which healthcare eval-
uation and treatment are organized. This systems 
biology approach allows for consideration of common 
mechanisms of disease across multiple systems, the 
importance of interactions within and between com-
plex systems, and the role of individually variable 
responses. This approach supports increased personal-
ization and precision in a patient’s evaluation and care 
through the integration of modern genomics, pro-
teomics, and metabolomics.

In a review article in The New England Journal of Med-
icine,15 Wylie Burke, MD, PhD, points out a number of 
ways in which medicine today is being transformed by 
the understanding of genomics and proteomics.

• Diseases are being reclassified through genomic 
understanding. For example, in the past, Duch-
enne’s muscular dystrophy, Becker’s muscular dys-
trophy, and x-linked dilated cardiomyopathy were 
considered distinct clinical entities, but are now 
being grouped as related dystrophinopathies.

• The complexity of gene-gene and gene-environ-
ment effects on disease is beginning to be appreci-
ated at a new and deeper level. He discusses, as an 
example, the effect on cystic fibrosis patients of 
Pseudomonas aeruginosa interacting with the gene 
for mannose-binding lectin, a protein that func-
tions in innate immune responses.

• Dr. Burke concludes: “The study of gene mutations 
has provided a new model of pathophysiology in 
which the molecular causes of disease are illumi-
nated by genetics. Evidence is now emerging of 
the complex interactions between genes and 
between genes and the environment in the causa-
tion of many diseases, and the study of these inter-
actions represents the next important step in 
genomic research.”

Balance and imbalance—core concepts in functional 
medicine—are not precise terms. We study biochemical 
and physiological pathways in order to determine the 
mechanisms that contribute to the functionality of dif-
ferent organ systems. When those mechanisms do not 
function properly, biologic processes and pathways 
become dysfunctional—imbalanced. As knowledge of 
molecular function unfolds, it is increasingly apparent 
that pleiotropic effects are plentiful and, therefore, that 

the common pathways leading to disease have many 
varied routes of expression—biochemical individuality 
plays a very significant role.

Hormonal balance adds yet another layer of com-
plexity to the understanding of physiologic function 
and malfunction. Major hormonal pathways affect 
basic function and survival; the minor hormones, as 
noted above, provide the flexibility that underlies the 
unique adaptivity and creativity of humans. The inter-
actions among hormones that respond to the basic 
approach/avoidance decisions of the organism help 
bring the complex functioning of the human body into 
better focus.

In order to apply the concept of genomics to the dis-
eases primarily affected by hormonal imbalances, we 
first need to follow these hormone molecules through 
their “life cycles” to describe both balance and imbal-
ance. We will then explore how they behave and inter-
act to affect common conditions of hormone imbalance.

The “Life Cycle” of Estrogen

Estradiol, the primary functioning estrogen, is pro-
duced primarily in the ovarian theca cell from andro-
genic molecules produced in the granulosa cell during 
the reproductive lifetime of the ovary. After menopause, 
estradiol is formed in small amounts in the ovary but in 
larger amounts in the periphery. It is produced by arom-
atization of testosterone by CYP 19(arom) in the ovary 
and other tissues,16 or by 17 hydroxylation by EDH 17 
B2 (17-hydroxysteroid dehydrogenase type 2) of 
estrone in the periphery. The presence of estrogen pre-
cursors and the presence and activity of these two 
enzymes determine the amount of estradiol in the cell 
and subsequently in the circulation. Relatively small 
amounts (nanograms) of estrogen compared to larger 
amounts (micrograms) of other steroid hormones have 
powerful effects, so the regulation and metabolism of 
estrogen is potentially much more important than 
other adrenal or ovarian hormones. Although the main 
contributor to the circulating levels of estrogen prior to 
menopause is the ovary, after menopause a number of 
sites produce estrogen,17 which can have significant 
local effect even if their contribution to the serum levels 
is small. A number of pathological tissues appear to 
have the ability to upregulate the production of estro-
gens, thereby increasing the local presence of estrogen 
as well.18 The two other primary forms of estrogen are 
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estrone and estriol. Estradiol and estrone are inter-con-
vertible while estriol is largely a downstream metabolite 
and is naturally present in significant amounts only 
during pregnancy. The biologic potency of these estro-
gen forms is variable not only inherently, but also in 
different tissues.

Sex Hormone Binding Globulin (SHBG)

When estradiol is released into the bloodstream, it 
binds loosely with SHBG, which is produced in the 
liver. The amount of SHBG is a major determinant of 
the amount of free estrogen and testosterone (which 
also binds to SHBG), and can therefore be a major deter-
minant in the availability of these steroids and their 
effects on target tissues. Polymorphisms of the gene 
producing SHBG have been identified; they can signifi-
cantly affect the amount of circulating estradiol.19 SHBG 
production in the liver also responds to the amount of 
estrogen and testosterone circulating through the liver, 
with higher levels of estrogen and lower levels of test-
osterone increasing the production.

Estrogen Receptors

Estrogens and estrogen-like molecules function via 
transcription-regulating nuclear proteins called recep-
tors. In the case of estrogen, the receptors are activated 
by the ligand (estrogen), forming dimers.20 The estrogen 
receptor is now known to exist in at least two forms. 
The second estrogen receptor, designated “,” has been 
shown to interact in some cells with the original estro-
gen receptor (now designated “”) to form hetero-
dimers. Thus, homodimers of alpha or beta receptors, 
heterodimers (one each of alpha and beta), and their 
ligands (estrogens and estrogen-like chemicals, those 
containing a phenolated A ring) eventually find their 
seat on the estrogen response elements (EREs) of the 
DNA, after interacting with heat shock proteins in the 
cytoplasm and regulatory proteins in the nucleus. It is 
thought that the different homodimers or the het-
erodimers, or perhaps cytoplasmic co-regulating pro-
teins determine which EREs will be triggered in a given 
tissue.21 Certain tissues contain higher numbers of  or  
receptors. Breast, endometrium, and ovarian stroma are 
-receptor-rich tissues, whereas brain, bone, intestinal 
mucosa endothelium, and prostate are -receptor-rich 
tissues.22 Thus, an estrogen receptor alpha homodimer 
found in breast or endometrium will initiate cell divi-

sion, whereas an estrogen receptor beta homodimer in 
bone may inhibit osteoclastic cell activity.

In this way an estrogenic chemical can act as a stimu-
lant or agonist in one tissue and as a depressant or antag-
onist in another. In the classic estrogen-sensitive tissues, 
breast and endometrium, DNA transcription of EREs 
codes for activities primarily related to cell division. 
Therefore, estrogen is a trophic or growth-producing hor-
mone in these tissues. In other tissues such as bone, liver, 
endothelium, skin, and brain, alpha and beta receptor 
homodimers and heterodimers can have either an ago-
nist or antagonist effect, allowing estrogen to act as 
either a growth stimulant or a suppressor of growth.

There are many chemical ligands to these estrogen 
receptors (called selective estrogen receptor modulators 
or SERMs) that occur in both natural and pharmaceutical 
forms. They may function through different interactions 
with the alpha- and beta-receptors forming different 
homo- and heterodimers. The ultimate effect in a given 
cell is the integration of the number and ratio of homo- 
and heterodimers formed, as well as the affinity of the 
estrogen or estrogen-like chemical for the - or -recep-
tor. For instance, estrone has a higher affinity for the 
ER-. This would suggest that it would be more active in 
breast, endometrium, and ovary, where it would have 
cell growth-stimulating effects (less desirable in meno-
pause and postmenopause), and less active in the ER- 
containing tissues like brain, bone, and endothelium. 
These latter organs (brain, bone, and endothelium) are 
often the targets of menopausal hormone replacement 
and would require much higher doses of estrone to have 
the desired effect. This understanding provides part of a 
rationale for administering estradiol as a replacement 
hormone rather than CEE (conjugated equine estrogens), 
estrone, or estrone-containing combinations.

The type and number of estrogen receptors are 
induced by the presence of estrogen23 and certain estro-
gen-like molecules such as tamoxifen,24 and are down-
regulated by progesterone via the progesterone receptor. 
Thus, in tissues such as the endometrium, estrogen 
receptors are seen in high numbers in the follicular 
(estrogen) phase of the menstrual cycle and are low or 
absent in the late luteal phase after progesterone recep-
tors appear. In other tissues, such as breast, progester-
one receptors are expressed throughout the menstrual 
cycle, potentially functioning to suppress estrogen 
receptors and suggesting that the two tissues may 
respond differently to progesterone stimulation. They 
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may also respond differently in the postmenopausal 
state than in the premenopausal state. Clinical and epi-
demiological data support this hypothesis.25,26,27,28,29,30

For many years it was thought that estrogen only 
functioned through the estrogen receptor, one of a fam-
ily of nuclear receptors that activate estrogen response 
elements on DNA. More recent research shows that the 
transcription of many genes is modulated by estrogen. 
Microarray studies showed that estrogen affects hun-
dreds of genes in diverse cell lines and tissues. (Nearly 
four hundred human genes are listed in the ERGD—the 
Estrogen Responsive Genes Database.31) The gene 
expression profiles change in various developmental 
stages and disease states. In fact, a gene’s responses to 
estrogen are dependent on many factors, including the 
available subtype of ER, the co-regulators, the estrogen 
exposure time, and the amount of estrogen. It is now 
known however, that estrogen has non-genomic actions 
on cells as well. These estrogen responses are thought to 
be mediated through cell membrane receptors because 
their rapid effects could not occur if mediated by the 
slower process of gene transcription.32 Examples are the 
effect of estrogen on NO (nitric oxide) production, and 
certain functions of estrogen in the brain and pancre-
atic insulin cells.

Estrogen Metabolism and Phase I Detoxification

Once the estrogen molecule has engaged with the 
cell, it must be inactivated and excreted in order for the 
feedback mechanisms that control its action to function 
normally. In other words, for a hormone to “dance” 
with other hormones, it must have a flexible response 
pattern—i.e., be able to increase and decrease rapidly. If 
functioning estrogens build up in the system, the deli-
cate ebb and flow of hormones is impaired; the result-
ing imbalance then affects monthly cycling, pregnancy, 
and lactation. Following menopause, the dance of hor-
mones continues, but to different ends—prolonging life 
and supporting structural, cardiac, and neurological 
function. Healthy hormonal balance post menopause 
still requires that the levels of hormone be tightly regu-
lated, with rapid and effective disposal of used and 
unnecessary estrogens.

The estrogen molecule is disposed of by the same 
cytochrome P450 enzyme system that is used to elimi-
nate drugs, toxins from the environment, and biologi-
cally active or unwanted food substances. This, in
combination with the very small number of estrogen 

molecules needed to have full estrogenization, suggests 
that the body views estrogen as a potentially dangerous 
toxin, unlike DHEA or progesterone. Emerging research 
is beginning to explore which estrogenic compounds 
and metabolites actually create the greatest risk.33,34

Estrogen has three major phase I detoxification fates: 
CYP 1A1 primarily converts estrogens to 2-OH estrogens; 
CYP 1B1 primarily converts estrogen to 4-OH estrogens; 
and enzymes of the CYP 2C family and 3A435 convert 
estrogen to 16-OH estrogens.36,37,38,39 These three oxidized 
molecules have the same dangerous potential as other 
phase I detoxification by-products since they are reactive 
or “sticky” molecules. They must therefore be rapidly 
detoxified using a number of phase II pathways. Because 
of the large number of P450 SNPs (single nucleotide 
polymorphisms), there is great variation in the human 
population. The resultant diversity of intermediate meta-
bolic end products and the proportions among 2-, 4-, 
and 16-OH estrogens have been shown to have potential 
in predicting the risk of estrogen-related diseases such as 
breast, uterine, and prostate cancer.40,41,42,43,44

Some of these SNPs are potentially modified by the 
environment. The activity of CYP 1A1, for instance, can 
be upregulated by the glucosinolates (such as indol-3-
carbinol) in Brassica vegetables.45 This upregulation 
increases the precursor for a powerful anti-estrogen, 2-
methoxyestrone.46 Conversely, the activity of CYP 1B1 is 
responsible for the production of 4-OH estrogens, which 
can be rapidly converted to DNA-damaging quinones.47 
CYP 1B1 can be up- and downregulated by a number of 
drugs, by lifestyle factors such as avoidance of polycyclic 
aromatic hydrocarbons,48 and by herbs (ginseng, an 
inhibitor49). CYP 2C and CYP 3A4 convert estrogen to 
16-OH estrogen, considered to be a stronger estrogen 
than estradiol. The integrated effects of the biotransfor-
mation of estrogens by these P450 enzymes can be fol-
lowed by assaying for 2-OH, 4-OH, and 16-OH estrogens.

Estrogen and Phase II Detoxification

Each of these phase I products must be further 
detoxified by phase II reactions using molecules such 
as methyl groups, sulfate groups, or glucuronides. The 
resulting phase II products are then water soluble, non-
reacting, and do not have the hormonal effect of their 
parent molecules. As water-soluble molecules, they can 
be excreted in bile (primarily) or in the urine.

Sulfation: the circulating pool of estrogen. Sul-
fated-estrogen hormones act as another pool of estro-
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gens; removal of the sulfate molecule by sulfotransferase 
(SULT) enzymes (also called EST or estrogen sulfotrans-
ferase)50 activates estrogen. Remember that very small 
amounts of estrogen appear to have large effects and 
that estrogen is viewed by the body as a toxin. Free estra-
diol is kept in the ng/dL range as compared with the 
much higher amounts of testosterone, DHEA, and 
progesterone. The large pool of available SHBG-bound 
estrogens suggests, however, that need for estrogen can 
increase and decrease rapidly. Sulfation is a potentially 
important modulator of estrogen effect.

Methylation. Methylation capability is important 
in several ways relevant to women’s health and is inti-
mately tied to estrogen metabolism in the phase II detox-
ification of estrogens. Perhaps the most important effect 
of methylation in estrogen metabolism is the production 
of 2-methoxyestrone in the liver. 2-methoxyestrogens 
appear to provide protection from other more dangerous 
estrogen metabolites (e.g., 4- and 16-OH estrogens)51 and 
are being studied as therapeutic interventions for breast 
cancer. Methylation adequacy can be evaluated by test-
ing for serum homocysteine and serum or urinary meth-
ylmalonic acid. Corrective action, using appropriate 
doses of specific B vitamins, can be assessed by the results 
of these tests.

Glucuronidation. Glucuronidation of estrogens 
occurs through the action of UDP-glucuronosyltrans-
ferase (UGT).52 Once the molecule is glucuronidated, it 
passes into the gut through the bile. In the presence of 
imbalanced bacteria producing excessive -glucu-
ronidase, the glucuronide molecule is stripped off and 
the estrogen reabsorbed; this process is called enterohe-
patic recirculation. This repeated circulation of estrogen 
through the liver may be a potent stimulation for pro-
duction in the liver of estrogen-induced proteins such 
as SHBG and clotting factors. Symbiotic bacteria and 
adequate fiber, as well as D-glucarate, will improve glu-
curonidation and excretion of estrogens.53

The “Life Cycle” of Progesterone

Progesterone is a 21-carbon steroid and an early pre-
cursor molecule in the adrenal and ovarian steroid cas-
cades. As such, it can be converted into estrogen, 
cortisol, aldosterone, and testosterone in different tis-
sues. In physiological doses this multi-pathway metabo-
lism seems to protect the patient from overexpression of 
any one end product and contributes to the low side-

effect profile of progesterone. Progesterone is produced 
in the adrenals in small amounts throughout life, in 
large amounts in the ovary following ovulation and for-
mation of the corpus luteum, and in massive amounts 
by the placenta during pregnancy.

Progesterone has numerous functions, including 
downregulation of the estrogen receptor, inhibition of 
estrogen transcription activation at the DNA level, and 
effects on cellular adhesion, on local estrogen metabo-
lism (such as the induction of enzymes converting 
E2E1), and on sulfation.

Progesterone has been shown to stimulate cell cycle 
turnover in a way additive to estrogen in normal breast 
tissue. In a study by Soderqvist54 of normal breast tissue 
(biopsy of normal volunteers without any evidence of 
disease or pathology) in women with hormonally 
proven ovulation, some women had enhanced response 
to progesterone and some had a paradoxical decrease in 
mitotic activity. The authors allude to the possibility of 
regional differences in response as well as mechanisms 
that may affect the relative risk (RR) of cancer stimula-
tion in these women. Pike, in a review of estrogen/
progestogen effects on breast cancer incidence, notes 
that cancer cells and pre-cancerous cells may respond 
differently to a particular hormonal milieu.55 Therefore 
it is simplistic to say that progesterone either prevents 
or encourages breast cancers.

Hans Selye in the 1940s discovered that progester-
one and some of its metabolites have profound anes-
thetic properties. These effects are thought to be 
primarily due to alpha 3,5,dihydroprogesterone’s (allo-
pregnanolone) actions on the GABA receptor in the 
brain.56,57,58,59 These effects are so rapid (minutes) that it 
is unlikely they are mediated via progesterone receptor 
transcriptional activity. Rather, they act at a site close to 
or identical to that of barbiturate action. Metabolism of 
these brain-active chemical metabolites occurs prima-
rily in the liver. Therefore, when progesterone is admin-
istered orally, especially in high doses, significant CNS 
effect can be expected in some patients.

Oral routes of administration of bioidentical proges-
terone have a rapid intrahepatic metabolism and short 
serum half-life, complicating the pharmacodynamics of 
treating with progesterone.60 Transdermal preparations 
have been shown in most studies to attain inadequate 
levels to create luteal-phase effects, and levels of hor-
mone in the serum vary depending upon the prepara-
tion used.61 Apparently because of selective secretion in 
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saliva, much higher levels can be obtained in the saliva 
when progesterone is given transdermally rather than 
orally. Transdermal progesterone can deposit in the 
subcutaneous fat, and this can be a problem for pre-
menopausal women who need both high luteal-phase 
levels to create the secretory changes in the 
endometrium and the rapid decline in hormone level 
leading to breakdown of the endometrial lining and 
menstruation. Transvaginal progesterone, on the other 
hand, has been shown to have a “first pass” effect in 
the uterus, perhaps explaining the apparent protection 
of the endometrial lining from overgrowth despite low 
serum levels of progesterone.62

These issues make the decision about progesterone 
therapy complex. Like estrogen, some of the metabo-
lites of progesterone are more potent in certain tissues 
than the parent hormone. Progesterone is bound in the 
circulation primarily by albumin and, therefore, test-
osterone and estrogen levels do not determine the 
amount of free progesterone available to distant tissues, 
as they do for each other through their effect on SHBG.

Progesterone Receptors

Progesterone functions through nuclear receptors 
that trigger DNA transcription in a manner similar to 
estrogen’s interaction with estrogen nuclear receptors. 
Like estrogen, progesterone functions differently in dif-
ferent tissues. In the endometrium, progesterone 
induces secretory activity and apoptosis, leading to 
breakdown of the endometrium upon withdrawal. In 
the breast, progesterone has been shown in in vitro cel-
lular experiments to induce cell cycling followed by 
growth inhibition and cellular differentiation.63,64

The “Life Cycle” of Testosterone

Testosterone is a 19-carbon steroid formed by 
hydroxylation of androstenedione in the testes, the 
ovaries, or the adrenal glands. Testosterone is the life-
force hormone. In both men and women it is a primary 
source of libido and it is associated with aggressive 
behavior. Although males and females start life with 
low levels of both estrogen and testosterone, at puberty 
they differentiate so that women have more estrogen 
and men have more testosterone. Androgens such as 
DHEA, androstenedione, and testosterone decline 
slowly over time, in both men and women.65,66 After 
menopause, estrogen levels in women fall significantly, 

while testosterone levels continue their slow decline 
with age, leaving women relatively testosterone domi-
nant after menopause. Men’s testosterone levels also 
fall, eventually leaving them relatively more estrogen 
dominant and, in fact, with higher estrogen levels than 
women of the same age after mid-life, creating what 
some have suggested is a kind of androgynous de-differ-
entiation of the sexes in old age.67

Testosterone is secreted in men and women in a 
diurnal pattern with peak output in the early morning. 
In women, however, testosterone is also secreted in 
“surges” around the time of ovulation (related to the 
midcycle increase in production of both estrogen and 
testosterone) and just before the menses (due to 
increased production of androstenedione from the cor-
pus luteum68), correlating well with women’s reported 
increased interest in initiating sex and fantasizing at 
these times. These differences should be taken into 
account when prescribing hormone replacement with 
an intention to increase libido.

Where do Postmenopausal Hormones 
Come From?

Based on use of dexamethasone suppression, ACTH, 
and HCG stimulation to separate out the adrenal from 
ovarian contributions to circulating hormone levels, it 
is thought that most of the estrogen in plasma post 
menopause comes from adrenal precursors that are aro-
matized in extra-ovarian locations. Progesterone and 
17-OH progesterone appear to have an almost exclu-
sively adrenal origin following menopause. In fact, the 
ovaries and the adrenals should be considered together 
in most situations, as estrogen feedback may actually 
occur through the effect of estrogen on hypothalamic 
CRF-producing cells.69 DHEA is primarily adrenal in ori-
gin, but the fact that even lower levels are seen in 
oophorectomized women suggests a small but signifi-
cant ovarian contribution. Testosterone, DHT, and 
androstenedione appear to be produced in both 
adrenals and in the postmenopausal ovary.70

The Pathway from Hormonal Balance 
to Imbalance

As more detailed understanding of hormonal func-
tion emerges, the importance of genetic uniqueness and 
complex interactions between hormones and between 
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the hormonal system and the environment becomes evi-
dent. The delicate balance among these hormones may 
tip into imbalance in any number of ways. However, the 
approach described by the functional medicine web will 
allow the clinician to dissect these complexities and for-
mulate appropriate therapeutic approaches.

Immune System Modulation of Hormonal Balance

The intimate interconnections between the immune 
system and the endocrine system have led some to call 
the immune system the migratory or “portable” endo-
crine system.71 It seems appropriate that the hormones 
intimately associated with reproduction in women 
would integrate with the immune system, enhancing 
allograft tolerance required for full fetal gestation to 
occur during a pregnancy. Postpartum, the complex 
interaction between the mother’s immune system and 
her child’s during breastfeeding protects mother and 
child from infection.

The effect of estrogen on the immune system is 
likely involved in the modulation of inflammation-
based diseases such as cardiovascular disease, osteoporo-
sis, and Alzheimer’s, which increase with the drop in 
estrogen seen in the postmenopause period.

“During reproductive years females tend to have a 
more vigorous immune response: higher immunoglob-
ulin concentrations, stronger primary and secondary 
responses, increased resistance to the induction of 
immunological tolerance and a greater ability to reject 
tumors and homografts.”72 Changes in resistance to 
infection, immune response, hormone levels and genet-
ics may affect a variety of diseases in women. Levels of 
estrogen before and after menopause and levels of 
estriol and progesterone during pregnancy appear to 
affect autoimmune diseases. For instance, the aug-
mented Th1 response during the reproductive years 
may explain the increased incidence but decreased 
severity of autoimmune diseases such as MS in women. 
However, hormonal changes coincident with pregnancy 
modulate improvement in the Th1-associated autoim-
mune diseases, when the Th1 and Th2 systems alternate 
dominance and become more “cooperative.”73 Due to 
the biphasic response of the immune system to estro-
gen, women during their reproductive years are more 
likely to mount a Th1 response to an infection or anti-
gen, except during pregnancy.74 This may explain the 
feeling of many women that their symptoms and signs 
associated with Th2 disorders began with a pregnancy. 

A 2004 review reported that “the Th1/Th2 balance may 
affect the susceptibility to or the course of infections as 
well as autoimmune and atopic/allergic diseases.”75

Thus, pregnancy appears to represent a unique situa-
tion for the immune system, switching from a Th1-dom-
inant environment to an often Th2-dominant 
environment. Although it has been almost universally 
held that pregnancy is a “high estrogen state,” it is in fact 
a time when ovarian production of hormones is sup-
pressed and placental production of estrogens, primarily 
estriol, and progesterone is high. Estriol may block the 
effects of estradiol on the mother’s immune system, just 
as it blocks the negative effects of estrogen for the fetus. 
Progesterone has been shown to stimulate the Th2 sys-
tem, which is responsible for activating B-cells and 
downregulating Th1. However, recent analyses of this sit-
uation have suggested that the Th1/Th2 story may be an 
oversimplification, and further research is needed.76

The Crosstalk of Other Hormones

Estrogen receptors are phosphoproteins; this means 
their function can be altered by changes in phosphory-
lation initiated by protein kinases. Substances such as 
growth factors activate the kinases and can therefore 
initiate transcription of ER-responsive genes without 
the presence of estrogens.77 This “crosstalk” has been 
shown to take place in vitro between estrogen signaling 
pathways and dopamine, epidermal growth factor, 
transforming growth factor-, insulin or IGF-1, and 
cyclic AMP.78 Progesterone has been shown to upregu-
late this crosstalk.79 This research suggests possibilities 
for the stimulation of ER-negative breast cancer cells 
and a mechanism for the increased incidence of breast 
cancer seen in the Women’s Health Initiative and other 
studies in women on progestogens. It also suggests one 
possible mechanism for the increased incidence of 
breast cancer in women with insulin resistance and dia-
betes and provides some logic to the recommendation 
to avoid milk products (a high source of IGF-1) in cases 
of breast cancer.80

Progesterone vs. Progestins

Considerable differences exist between isomolecular 
progesterone and synthetic progestins. In the U.S., because 
most therapeutic regimens include progestins, studies in 
the literature must be carefully scrutinized to determine 
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whether the progestogen (the term used to describe both) 
is (isomolecular) progesterone or a synthetic progestin.

Progesterone also plays a role in the metabolism of 
estrogens. Increased progesterone increases sulfatase 
activity, which increases free estrogen levels. Artificial 
progestins do not all have similar effects. Norethisterone 
has no effect on sulfatase activity and 19-nor-progestins 
such as NETA decrease sulfatase.81 Progesterone decreases 
conversion of E1E2 via 17-hydroxysteroid dehydroge-
nase (HSD) but does not affect aromatase activity.

Although man-made progestins clearly have a 
progesterone-like effect on the endometrium, are better 
absorbed by mouth, and have a longer half-life (with 
good clinical correlates such as the reversal of the inci-
dence of estrogen-induced cancers of the endometrium 
virtually to the level of the placebo82), newer informa-
tion suggests that the previous assumption that they 
also have the same beneficial profile in breast, blood 
vessels, and brain was probably a mistake. From the 
work of Clarkson et al.83 in cynomolgus monkeys, and 
supported by data from the PEPI trial (one of the few 
randomized studies in which isomolecular progesterone 
was compared to progestins), we know that medroxy-
progesterone acetate (MPA) markedly attenuates the 
beneficial effects of estrogens on blood vessel-dilating 
effects, as well as the accumulation of collagen in diet-
induced atherosclerotic plaques. They also showed that 
MPA increased insulin resistance. In this setting, there-
fore, progestins would be expected to increase the risk 
of coronary events and breast cancer risk seen in insulin 
resistance. It is not known how natural progesterone or 
cycling of progesterone will compare.

Progesterone has been hypothesized to be both a 
preventive and a priming factor in breast cancer pro-
gression. Progesterone induces apoptosis and cell differ-
entiation, but it also promotes a switch (cross-talk) from 
growth driven by steroid hormones to growth driven by 
peptide growth factors. These two conflicting actions 
on the breast cell might be projected to produce two 
different populations. For one, progesterone would be 
preventive; for the other, it might induce breast cancer. 
It is likely that pre- and postmenopausal women repre-
sent these two populations.

It is difficult if not impossible to mimic the ovarian 
production of progesterone therapeutically. Because of 
the difficulties of formulating a well-absorbed bioidenti-
cal hormone (until the development of micronized 
progesterone), oral progestins were substituted for 

progesterone in most of the studies done on hormone 
replacement, including the largest RCT, the Women’s 
Health Initiative. As stated before, a great deal of confu-
sion exists in the literature because progestins have 
often been substituted in research studies for progester-
one, on the assumption that they would function the 
same, without clarification of the substitution. So, bio-
identical progesterone is often credited with producing 
symptoms and risks that actually are only seen with 
artificial progestins. Artificial progestins have numerous 
side effects (mood alterations, headaches, breast tender-
ness, and bloating84) not seen as often with bioidentical 
progesterone, and they fail to provide some of the 
downstream metabolites of progesterone such as the 
brain active steroid allopregnanolone, a known GABA 
receptor agonist.85 How to formulate a clear therapeutic 
plan in the face of this often contradictory information 
is addressed in Chapter 32.

Sex Hormone Binding Globulin and Testosterone

Decreased SHBG levels are often seen in cases of hir-
sutism, acne vulgaris, and polycystic ovary syndrome, 
due to relative increases in testosterone. SHBG levels 
may be modestly reduced in hypothyroidism, acrome-
galy, Cushing’s disease, obesity, and hyperprolactinemia. 
Growth hormone decreases SHBG. Increased SHBG is 
seen in hyperthyroidism, cirrhosis of the liver, estrogen 
dominance or low progesterone, and during pregnancy 
and hormone therapy. Much of the interaction between 
hormones is mediated by these binding globulins; there-
fore, therapies that affect SHBG levels should be under-
taken with caution if the release or binding of free 
estrogen or testosterone is not an intended outcome. 
SHBG levels can also be used as a marker for the total 
amount of estrogen and testosterone traversing the liver 
(high levels suggest estrogen dominance and low levels 
suggest an increased testosterone-to-estrogen ratio). 
SHBG levels can also help in the estimation of the total 
estrogen burden when testosterone levels are normal.

“There are no agreed upon definitions of androgen 
deficiency in women, nor is there a clear-cut parameter, 
such as free testosterone level, with an accepted limit 
below which biochemical testosterone deficiency can 
be diagnosed,” according to Dr. Susan Davis of Victoria, 
Australia.86 According to some, the effect of testosterone 
in women is primarily mediated by its ability to lower 
SHBG, thereby increasing the levels of free estrogen. 
Since levels of testosterone have a positive correlation 
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with breast cancer, 87,88 careful consideration of the ben-
efits of the therapy is prudent before prescribing testos-
terone as a first line approach when women complain 
of decreased libido.

Low levels of testosterone should be considered in 
women who have undergone surgical menopause or 
loss of ovarian function secondary to radiation or che-
motherapy, autoimmune destruction of the ovary, and 
in women on birth control pills, as they suppress both 
estrogen and testosterone from the ovary and LH from 
the pituitary, which reduces the stimulus for ovarian 
stromal production of testosterone.89 In any event, test-
osterone is unlikely to have much effect on libido with-
out “priming” by estrogen, which often solves the 
problem by itself.

Clearly, in some postmenopausal women on HRT 
the addition of testosterone has an improved effect over 
estrogen alone.90 The most important role of testoster-
one in normal hormone function post menopause may 
well be its effect on relative estrogen levels. The lower 
levels but higher ratios of testosterone to estrogen in 
postmenopausal women decrease SHBG, making estro-
gen more available and thereby keeping the low levels 
of estrogens more clinically functional for longer in tis-
sues. Glucocorticoids, growth hormone, and insulin 
also lower SHBG, increasing available estrogen as well as 
testosterone. Conversely, hormones that raise SHBG 
(such as thyroxine and oral estrogens) may decrease 
available testosterone and should be evaluated as part of 
the complex interrelationship of hormones before sim-
ply adding exogenous testosterone.

Testosterone is also metabolized to estrogen in 
peripheral tissues through the aromatase enzyme path-
ways in skin, bone, and brain, making estrogen avail-
able to these tissues locally without raising blood levels 
of estrogen. This may be particularly important in the 
case of bone metabolism, where testosterone may not 
only stimulate osteoblastic bone building but increase 
the estrogen inhibition of osteoclastic reabsorption.

Detoxification and Biotransformation Interactions

Sulfation of estrogens and other steroid hormones 
provides a second pool of circulating estrogens, making 
them available to tissues with sulfatase capability. 
Patients with inadequate dietary sulfate and those with 
sulfation defects may have smaller circulating levels of 
estrogen with higher levels of free estradiol. Supplying 

sulfate groups as NaSO4 by oral supplementation may 
improve estrogen metabolism for these individuals.

Tissues with high levels of sulfatase may have ele-
vated estrogen effects in the presence of normal blood 
levels of estrogen. It has been demonstrated that vari-
ous progestins (promegestone, nomegestrol acetate, 
medrogestone, dydrogesterone, norelgestromin), 
tibolone and its metabolites, as well as other steroidal 
(e.g., sulfamates) and non-steroidal compounds, are 
potent sulfatase inhibitors. In other studies, it has been 
shown that medrogestone, nomegestrol acetate, prome-
gestone or tibolone can stimulate the sulfotransferase 
activity for the local production of estrogen sulfates, 
leading to significant reduction in free estrogens. The 
integrated effect, as postulated, would lower estrogen 
stimulation. This has led to the concept of selective 
estrogen enzyme modulators (SEEMs) of the intracrine 
production of estrogens in breast cancer cells91 and 
may explain the beneficial effect of using high-dose 
progestins in breast cancer.

Methylation capability is critical to catechol metab-
olism of dopamine, epinephrine, and norepinephrine 
and therefore may have effects on the incidence of 
depression, the interaction of estrogen and adrenaline, 
and the incidence of hot flashes mediated by norepi-
nephrine in the hypothalamus. It is also clearly related 
to dopamine-mediated diseases such as Parkinson’s.

Environmental and Nutritional Modulation 
of Hormonal Balance

A large body of evidence is accumulating that exam-
ines the role of xenobiotics on hormonal function 
through a variety of mechanisms. These substances 
have a phenolic A ring, similar to estradiol, that is able 
to interact with the ligand-binding site of the estrogen 
receptor.92 To date, identified effects include alteration 
in the cytochrome P450 family of detoxification and 
biotransformation enzymes, agonist or antagonist effect 
to native hormones via receptor mechanisms, altered 
transcription of nuclear receptors through protease-
mediated degradation, inhibitors of histone deacetylase 
activity, and altered DNA methylation.93,94,95,96 Direct, 
non-receptor-mediated inhibition of estrogen sul-
fotransferases by xenobiotics has also been described.97

Nutritional deficiencies from inadequate intake or 
depletions induced by excess oxidative stress also consti-
tute an important pathway for imbalances to develop. 
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For instance, zinc deficiency, which is one of the most 
pervasive nutrient deficiencies in industrialized socie-
ties, may have significant impact on steroid hormone 
function since the steroid nuclear receptors are zinc fin-
ger proteins that require zinc binding for proper func-
tion.98 An example of induced depletion is that of B12 
by xenobiotic epoxides; protection from this depletion 
may be provided by adequate glutathione stores.99

In Chapter 32, we will look at specific clinical corre-
lates, emphasizing the web of interconnectedness in 
the dance of hormones and the challenges of clinical 
decision making based on multiple dynamically inter-
acting variables.

Hormones and Breast Cancer

Estrogen and Breast Cancer

There has been ongoing debate between the advo-
cates and opponents of postmenopausal hormone 
replacement because of the effects of estrogen and, 
more recently, progestogens on breast cancer incidence 
and cause.100 It is difficult to determine how much of 
the literature is unbiased and how much is influenced 
by the “stakeholders.” The pharmaceutical industry 
appears to hold the purse strings on much of medical 
research, both epidemiologic and basic science.101,102

It has been said that the fact that endometrial cancer 
has a dose-response relationship to estrogen, whereas 
the dose-response relationship between estrogen and 
breast cancer does not appear to be as clear, suggests 
that the effect of estrogen on breast cancer is not a 
direct causal relationship.103 However, the presence of 
estrogen clearly increases the incidence of breast cancer, 
and there may be a time-related effect with long expo-
sures enhancing the risk.104,105 According to the 
Women’s Health Initiative, the relative risk of cancer in 
women taking at least one form of hormone therapy 
(Prempro® ) is 1.29, a non-statistically significant 
increase in the WHI, as the confidence interval (CI) 
included 1. However, this number is very close to a 
number of other studies, some of which did show statis-
tical significance.106,107 Furthermore, the rate of intralob-
ular cancer has increased while the rate of intraductal 
cancer has remained stable from 1974 to 1998. Intralob-
ular cancer is more associated with combination HRT, 
even though it has a more favorable outcome, because a 
majority of the tumors are estrogen sensitive.108

Various genes of high and low penetrance are asso-
ciated with increased or decreased incidence of breast 
cancer.109

• High-penetrance/low-frequency genes, such as  
BRCA1, BRCA 2, p53, PTEN, and LKB1, confer a 
high risk of breast cancer but do not make up the 
majority of cases of cancer in women since they are 
low frequency in the population, making up less 
than 10% of breast cancers.

• Low-penetrance/high-frequency genes, such as 
those coding for the CYP enzymes involved in both 
production and metabolism of estrogen, are less 
potent, increasing an individual woman’s risk of 
cancer only slightly; however, they are probably 
involved in the majority of cancers.110

1. 4-OH estrogens have been shown to create 
DNA-damaging quinones, and they may be a 
significant breast cancer risk factor in women 
bearing an upregulated polymorphism of the 
CYP 1B1 enzyme (research results have been 
mixed).111,112,113,114 The increased risk of breast 
cancer caused by estrogens is likely to be medi-
ated through the stimulation of cell cycle turn-
over of DNA-damaged cells. Thus, estrogen can 
increase 4-OH metabolite damage to DNA, but 
the primary contribution to breast cancer is the 
increase in the growth, immortalization, and 
failure of apoptosis of breast cancer cells.

2. CYP 1A1 can be upregulated by environmental 
toxins and result in a modest increase in some 
women.115

3. One polymorphism of 2D6 (poor metabolizers) 
has been associated with an increased risk of 
breast cancer.116

4. Polymorphisms for CYP 19 (aromatase) have 
been shown in some cases to increase risk.117

• Phase II detoxification is also important genetically. 
The following genes for phase II conjugation have 
significant effect on hormone function:
1. Glutathione transferase polymorphisms coding 

for major detoxification and antioxidation 
pathways are associated with increased breast 
cancer risk.118,119,120

2. Polymorphisms for methylation (MTHFR and 
COMT) have been discussed elsewhere and are 
also associated with increased risk.121,122
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3. Polymorphisms of sulfotransferase (SULT 1A1) 
have also been implicated in increased risk of 
bioactivation of both estrogen metabolites and 
xenobiotics.123,124

4. 17OH steroid dehydrogenase and upregulation 
of aromatase are also implicated.

• DNA repair genes such as XRCC1 399Q increase 
risk in African American women. Other XRCC vari-
ants are also associated with risk.125

• Genes associated with ER and PR receptors can 
affect breast cancer risk.126,127

• Polymorphisms for heat shock proteins (HSP70) 
and cytokines (TNF-) may also confer risk.128

Progesterone and Breast Cancer

It was long held that because progestins protected 
the endometrium they must also protect the breast. 
Studies of cell division, however, showed a very differ-
ent pattern of response in the breast as compared to the 
endometrium, with increased cell division during the 
luteal phase in breast tissue. The Women’s Health Initia-
tive (WHI) findings initially showed a statistically non-
significant increase in breast cancer (RR 1.29; CI 1.0-
1.59) that was not seen in the subsequent study of 
women on estrogens alone, where the RR was .71 (CI 
0.59-1.01). This research is often used to suggest that 
progestins increase the risk of breast cancer and there-
fore should not be used postmenopausally when the 
uterus is not present. Interpretations of this apparent 
difference between progestin-treated and non-treated 
women do not take into account the possibility of dif-
ferent levels of estrogen in these two groups.

The recent publication of the WHI,129 with its subpop-
ulation of women who (because of prior hysterectomy) 
were not given progestins, suggests a considerable differ-
ence in the incidence of breast cancer between these two 
groups. It should be remembered, however, that estrogen 
levels between these two groups were not measured and 
were possibly different. Half of women who undergo hys-
terectomy have also had bilateral oophorectomy, and 
would therefore be expected to have lower levels of both 
estrogen and testosterone.130 Estrogen levels were not 
measured in either arm of the WHI.131

Because of the conflicting information regarding the 
culpability of progesterone or progestins in the causa-
tion of breast cancer, it should not be used therapeuti-
cally in a cavalier fashion. It is likely, however, that 
progesterone has a protective effect in premenopausal 

women as the cyclic production of progesterone from 
the corpus luteum also induces differentiation and a-
poptosis, thereby maintaining the positive effects of 
estrogens (the maintenance of type III lobules which 
are less cancer prone) on the amount of at-risk tissue.132 
In postmenopausal women progesterone may have 
very different effects, especially when applied in high 
doses.133 

Insulin and Glucose Metabolism and 
Breast Cancer

Finally, another piece of the puzzle falls into place 
when we begin to consider the interrelationship of 
women’s hormones with insulin and glucose metabo-
lism. Women’s hormones affect the ability of women to 
find and store energy (glucose) for pregnancy. In an 
environment of excess calories, particularly of low 
quality, this ability turns lethal. High glycemic-index 
foods increase insulin requirements, ultimately leading 
to insulin resistance and elevated insulin levels. Hyper-
insulinemia has been shown to be a marker of increased 
risk of breast cancer.134 Further supporting the interrela-
tionship between ovarian/adrenal steroids and carbohy-
drate metabolism is the finding that progesterone 
primes the breast cell for “cross-talk” with so-called sec-
ondary hormonal factors such as the peptide growth 
factors.135 Insulin, EGF, and IGF-1 may be among these 
growth factors.

Progestins and, to a lesser extent, progesterone 
induce insulin receptors, one of the protein kinase cell 
surface receptors that are mitogenic. While this may 
improve the functioning of insulin, it may also increase 
the mitogenic stimulation of insulin. Progestogens are 
also thought to increase insulin resistance, however. 
Progestogens also downregulate IGF-1 receptors via 
induction of IGF-2.136 This may be important in the 
evolution of estrogen receptor-negative tumors.137

Obesity in the premenopausal woman often indi-
cates insulin resistance, which can lead to anovulation 
and polycystic ovary syndrome (PCOS).138,139,140 Con-
comitantly, there is a higher ovarian production of 
estrogen, making the relative contribution of fat estro-
gens unimportant, but lower levels of progesterone, 
decreasing breast cell cross-talk with IGF and insulin. In 
the postmenopausal period, however, the obese woman 
has significantly more estrogen from fat production 
than the non-obese woman and, in addition, has insu-
lin resistance, increasing the production of peptide 
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growth factors. These findings and this model of hor-
mone fluctuations may help explain why premeno-
pausal obesity is associated with decreased risk of breast 
cancer, whereas postmenopausal obesity is linked with a 
higher risk of breast cancer. When progestins are added 
in the postmenopausal woman, an even higher risk of 
breast cancer is the result. However, contradicting this 
theory is the finding that CEE and MPA increase the risk 
of breast cancer only in women who are not obese.141,142 
These relationships are complex and subgroup analysis 
in some of the large randomized studies will have to be 
done before these interrelationships are clear.

Cortisol and breast cancer. The clinical supposition 
that women under more stress are at greater risk for can-
cer has been borne out by research that shows an associa-
tion between abnormal adrenal function and breast 
cancer. Sephton et al. found that survival was diminished 
in women who had flattening of the diurnal rhythm of 
cortisol production.143 Therefore, attention to adrenal 
stress is important in the outcomes of patients with 
breast cancer.

Table 19.1 provides a summary of breast cancer risk 
factors, along with an estimation of the magnitude of 
risk for each one, reprinted with permission from a 
2005 review of the evidence.

Hormones and Heart Disease

Estrogen and NO Production

Estrogen has been shown to rapidly increase produc-
tion of NO by the endothelial cell in an estrogen recep-
tor-mediated action that is not arbitrated by the intra-
nuclear receptor.144 Because of its rapid effects, it has 
been suggested that placing an estrogen patch at the 
first sign of a heart attack or stroke might be a life-sav-
ing therapy for women. However, the induction in the 
liver of clotting factors might complicate the course of 
vessel occlusion unless prompt anti-coagulation was 
undertaken simultaneously and perhaps unless the 
genetics of the individual for clotting functions was 
known. In any event, this is not considered standard of 
care for women suffering symptoms of heart attack or 
stroke, although it holds some potential for the future. 
Administering estrogen to males was counterproductive 
in the same setting. There are other beneficial effects of 
estrogen on the initiation and progression of cardiovas-
cular disease. Estrogen is known to have beneficial 

effects on LDL and HDL cholesterol but negative effects 
on triglycerides. Vascular responsiveness to estrogen 
appears to diminish after 10–12 years post menopause, 
as estrogen levels decline, and it is not clear whether it 
can be restored.145 This effect of estrogen on NO and 
vasomotor stability has direct implication for hot 
flashes, sublingual estrogen having been shown to rap-
idly stabilize the vascular response to a hot flash,146 and 
may be related to the disappearance of hot flashes after 
around age 60 in most women.

There is also evidence that estradiol decreases angio-
tensin II-induced free radical production and that it acts 
to upregulate manganese superoxide dismutase (SOD) 
and extracellular SOD in monocytes.147

Postmenopausal hormone replacement, especially 
via oral administration, has been shown by the 
Women’s Health Initiative to have profoundly negative 
effects on the incidence of clotting, PE, heart attack and 
stroke.148 These effects appear to be largely mediated 
through upregulation of the liver’s production of clot-
ting factors especially in the subset of genetically sus-
ceptible populations. Final conclusions about the 
cardiovascular net relative risks and benefits of estrogen 
in the postmenopausal woman remain to be elucidated.

The Brain and Estrogen: Depression, Anxiety, 
and Hot Flashes

Brain symptoms and preservation of brain function 
are the two most important aspects of estrogen therapy 
faced by the discerning practitioner. The brain symptoms 
that most often lead a woman to consult her practitioner 
and cause the practitioner to consider hormone therapy 
are hot flashes and depression. Hot flashes, a brain symp-
tom caused by dysregulation of the hypothalamic tem-
perature control mechanism, are the most troublesome 
symptoms of mid-life women and the ones most likely, 
along with the insomnia that often accompanies them, 
to lead women to abandon their fears of breast cancer 
and choose to take hormone therapy. Hot flashes are also 
linked to depression in postmenopausal women.149
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Hot Flashes

Hot flashes are associated with the dysregulation of 
the hypothalamic temperature regulatory system in the 
brain. The astute woman having hot flashes will notice 
that just before the hot flash begins she experiences 
either a sensation that it is warm or that she has had an 

increase in adrenaline with associated rapid heartbeat, 
anxiety, etc. It then seems as if the temperature regula-
tory mechanism, which normally adjusts the body’s 
internal temperature, has gone wild. Instead of making 
a minor adjustment, the temperature-rheostat seems to 
have only two settings: on and off. A flush is followed 

Table 19.1 Summary of Breast Cancer Risk Factors

Breast Cancer Risk Factors
Magnitude 

of Risk

Well-confirmed factors Increasing age
Geographical region (USA and western countries)
Family history of breast cancer
Mutations in BRCA1 and BRCA2 genes
Mutations in other high-penetrance genes (p53, ATM, NBS1, LKB1)
Ionizing radiation exposure (in childhood)
History of benign breast disease
Late age of menopause (>54)
Early age menarche (<12)
Nulliparity and older age at first birth
High mammographic breast density
Hormonal replacement therapy
Oral contraceptives, recent use
Obesity in postmenopausal women
Tall stature
Alcohol consumption (~1 drink/day)

++
++
++
++
++
++
++
++
++
++
++
+
+
+
+
+

Probable factors High insulin-like growth factor I (IGF-I) levels
High prolactin levels
High saturated fat and well-done meat intake
Polymorphisms in low-penetrance genes
High socioeconomic status

++
+
+
+
+

Factors that Decrease Breast Cancer Risk

Well-confirmed factors Geographical region (Asia and Africa)
Early age of first full-term pregnancy
Higher parity
Breast feeding (longer duration)
Obesity in premenopausal women
Fruit and vegetables consumption
Physical activity
Chemopreventive agents

--
--
--
--
-
-
-
-

Probable factors Non-steroidal anti-inflammatory drugs
Polymorphisms in low-penetrance genes

-
-

++ (moderate to high increase in risk) -- (moderate to high decrease in risk)
  + (low to moderate increase in risk)   - (low to moderate decrease in risk)

Source: Dumitrescu RG, Cotarla I. Understanding the breast cancer risk—where do we stand in 2005? 
J Cell Mol Med. 2005;9(1):208-221. Used by permission.
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by sweating, increased pulse, and other disturbing 
symptoms such as chest tightness, anxiety, and finally 
coldness. These symptoms are all similar to the symp-
toms of overproduction of adrenaline. Although the 
hypothalamic temperature control mechanism appears 
to be noradrenaline regulated, the interrelationship 
between these two neuropeptides and the relationship 
of high-adrenaline or high-catecholamine states with 
women who struggle with hot flashes cannot be 
ignored. A third hormone also comes into play here: 
thyroid is known to be involved in temperature regula-
tion. The “high-adrenaline” lifestyle of the average 
American woman may explain why other cultures 
appear to suffer less with hot flashes. Estrogen and 
adrenaline counterbalance each other in the brain, both 
being brain “activators.” Estrogen increases alpha ad-
renergic receptor density in the hypothalamus150 and 
decreases it in the cortex. It decreases the seizure 
threshold151 and increases serotonin availability.152 
Estrogen increases anxiety when an imbalance with the 
anxiolytic properties of progesterone occurs. Therefore, 
estrogen and catecholamines interact in the brain and 
estrogen levels may be one of the balancing mecha-
nisms when catecholamine levels are tonically ele-
vated.153

There is also recent evidence suggesting a direct role 
of hypoglycemia as the triggering event in hot flushes. 
Through an experimental “glucose clamp technique” 
study, it was demonstrated that a drop in glucose trig-
gered a cascade mediated through norepinephrine that 
resulted in the compensatory hot flush. Estrogen is nec-
essary for mRNA transcription of the glucose transport 
protein into the brain and loss of estrogen results in rel-
ative neuroglucopenia.154 This raises important and 
practical considerations for the management of meno-
pausal vasomotor symptoms through modulation of 
glucose control. It has also been suggested that the hot 
flash is a protective counter-regulatory mechanism in 
the central nervous system and that those women who 
do not mount a significant vasomotor response have a 
greater degree of cognitive impairment in the absence 
of estrogen.155

SSRIs in the treatment of hot flashes. Currently, 
because of the published WHI findings, many women 
and their doctors are resisting hormonal treatment of 
hot flashes. Hlatky showed that after a few years only a 
subset of women continues to have difficulty with hot 
flashes and, significantly, these are the same women 

who have trouble with depression.156 One SSRI (ven-
lafaxine at a dosage of 75–150 mg per day157) reduced 
hot flashes 60–70%. This SSRI is both a serotonin and a 
norepinephrine reuptake inhibitor. Other SSRIs that 
have shown some effectiveness with reduction of hot 
flashes are paroxetine 12.5–25 mg,158 and citalopram 
20–60 mg and fluoxetine 20 mg/day.159,160 Gabapentin 
900 mg/day has also shown some effect.161 All SSRIs and 
SNRIs may have sexual side effects.162

Adrenaline and Anxiety

Adrenaline increases anxiety, increases temperature, 
and can cause downregulation of the triiodothyronine 
receptor. When adrenaline is continuously elevated, the 
body tries to balance these actions by lowering estrogen 
and thyroid. Estrogen lowering may leave the meno-
pausal woman with very low levels of estrogen and, 
through estrogen’s effect on thyroid-binding globulin, 
thyroid. There is evidence from the WHI and the HERS 
trials that women who appear to continue to struggle 
with hot flashes are also the women who will benefit 
from hormone therapy for other brain symptoms such 
as depression/anxiety.163

Depression

The World Health Organization has declared depres-
sion to be the number one illness affecting women’s 
health overall, affecting 9–12% of women worldwide. 
Gender differences in the incidence of depression (twice 
as frequent in women164) and the fact that this discrep-
ancy begins at menarche and dissipates somewhat at 
menopause implicates estrogen (or progesterone) in its 
causation. Adrenaline primarily contributes to anxiety 
and hot flashes; cortisol is associated with depression. 
Progesterone balances estrogen and has anxiolytic 
effects but, because of its close association with cortisol, 
can cause increased depression.165

Emotional lability, anxiety, and depression timed 
with the premenstrual phase of a woman’s cycle are per-
haps the most troublesome among the symptoms col-
lectively known as premenstrual syndrome, or PMS. 
This complex of symptoms affects approximately 75% 
of the female population,166 and is severe enough in up 
to 20% of women to require treatment.167 In addition, 
“[t]hree to eight percent of women of reproductive age 
meet strict criteria for premenstrual dysphoric disorder 
(PMDD).”168,169
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It has been recognized by many authors that these 
symptoms occur primarily during times of changing 
hormones: menarche, pregnancy and postpartum, pre-
menstrually, and in perimenopause.170 It makes sense 
that during these changes in hormone levels and bal-
ance there would be more challenges to the system’s 
flexibility, and a less flexible system would suffer the 
consequences of imbalances that create symptoms. In 
situations where estrogen or progesterone is adapting to 
other hormones that are out of balance, women appear 
to be vulnerable to increased symptomatology. Because 
of the interaction of the neurotransmitters, the hypo-
thalamic/pituitary hormones, and the nervous and 
immune systems, sorting out the individual woman’s 
needs during these times of change can be daunting.

Cortisol, which is stimulated by the high-adrenaline 
lifestyle and stress,171 is strongly associated with many 
types of depression.172,173 Since there is a predominance 
of the pattern of high adrenaline  high cortisol  
high insulin in our culture, one can often see the pattern 
of high adrenaline  anxiety  high cortisol  anx-
ious depression  depression. As the toxic upregulation 
of the adrenals continues, the ability to sustain adrena-
line levels fails, often leading to caffeine abuse as a 
potent blocker of adrenaline metabolism. The domi-
nance of cortisol leads to increasing problems with 
abdominal obesity, sleep disturbances, and depression. 
As cortisol dominance takes over and the ability to 
secrete adequate adrenaline declines, depression 
becomes the primary symptom and anxiety abates. As 
cortisol raises blood sugar, inducing the context for insu-
lin resistance, weight begins to distribute throughout 
the body. Since this mechanism for producing insulin 
resistance is so ubiquitous, the apple body type, though 
often thought simply to be a symptom of insulin resis-
tance, frequently is in fact a symptom of insulin resis-
tance that is initially triggered by elevated cortisol.174

Estrogen becomes involved in this scenario in a num-
ber of ways. Elevated adrenaline may be balanced by 
depressed production of estradiol within the ovary. This 
is probably mediated by the effects of cortisol, which 
decreases estrogen effect centrally as well as peripherally. 
This may lead to infertility even in the presence of nor-
mal blood levels of estrogen maintained by the numer-
ous pools to support estrogen availability. The integrated 
effect on the delicate balance that exists within the ova-
rian tissues may disturb ovulation. When estrogen is 
given exogenously, especially in the presence of a proges-

tin that does not have anxiolytic effects (such as birth 
control pills), anxiety may be severe.175 In a brain that is 
only marginally balanced, the surges of estrogen and 
progesterone in the luteal phase of the cycle may create 
the anxiety and irritability known as PMS. During this 
time of higher production of both estrogen and progest-
erone, it is likely that the imbalances between estrogen 
and progesterone are more pronounced. Postmenopaus-
ally, high adrenaline levels can depress an already low 
estrogen level below the level needed to maintain bone 
density and brain synaptic functions, making hormone 
replacement a seductive approach unless the practitioner 
realizes that the real pathology is the elevated adrena-
line. When estrogen is added, adrenaline and cortisol 
may actually decrease to some extent, thus creating a bal-
ance in the over-activated brain. This can be helpful in 
the short term, but the ultimate goal should be to lower 
adrenaline and cortisol and remove excess exogenous 
estrogen from the picture.

Thyroid Interactions

Meanwhile, the thyroid gland reactively attempts to 
balance the effects of elevated adrenaline. Adrenaline is 
a cardiac irritant, as is thyroid.176,177 When adrenaline is 
chronically elevated, the feedback mechanisms of the 
body attempt to counteract the negative effects on car-
diac irritability by lowering T4. This can lead to modest 
elevations in TSH with symptoms of hypothyroidism. 
Many clinicians have instigated treatment for “sub-acute 
or sub-clinical hypothyroidism” in this clinical context. 
When thyroid hormone is added in this situation, it is 
not unusual to see the patient “intolerant” of doses 
which the truly hypothyroid patient tolerates easily. The 
clinical approach is often to continue thyroid replace-
ment but at a lower dose, building to larger doses slowly.

However, the complexity of the problem worsens in 
this clinical context. If the excess-adrenaline state is not  
addressed and the patient’s metabolism is additionally 
required to accommodate the increase in thyroid hor-
mone levels, further compromises in the dance of hor-
mones occur. Rigidity, which is characteristic of aging, 
rather than the flexibility of a more youthful and adap-
tive system, eventuates.

Adrenaline also inhibits the function of T3 at the 
receptor level. This may explain the symptomatology of 
the perimenopausal woman who has problems with hot 
flashes but in the intervals between her “surges” feels 
cold. A more appropriate management of hot flashes 
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would be to address high adrenaline (avoid hypoglyce-
mia stimuli, perform stress-reduction activities, moder-
ate exercise, and improve sleep hygiene). To moderate 
temperature fluctuations, patients can wear layered 
clothing and instigate nasal breathing with onset of the 
hot flash. Moderation in the swings in estrogen can be 
achieved by supporting estrogen (and lowering adrena-
line) through metabolic interventions (e.g., isoflavones, 
avoidance of xenoestrogens, improvement in biotrans-
formation and excretion of hormones), all of which 
have shown some efficacy in treating hot flashes, 
although the evidence is very mixed.178,179,180,181,182

Depression, Anxiety and Hormone Therapy

Treatment of depression, which can be life threaten-
ing, is a more urgent issue and may require temporary 
or permanent hormone therapy. It appears that 80% of 
the female menopausal population will do better in the 
long run without prescribing estrogen. Another 20% 
appear to require estrogen for prevention of depression. 
These may be women who have undergone oophorec-
tomy, who have autoimmune destruction of the ovary, 
or who have physiologic depression of estrogen produc-
tion in the context of elevated adrenaline. While estro-
gen therapy is still the most effective treatment of hot 
flashes, it is not always helpful for depression and may 
exacerbate anxiety (as discussed above). However, when 
hormone levels are measured and found to be low, 
patients should be evaluated (and treated, if necessary) 
for symptoms of elevated adrenaline. If hormone levels 
appear to be low due to inadequate function of the 
ovary after menopause, replacement is in order. The 
goal should be physiologic replacement to the level of 
normal menopausal women: 15–25 ng/dL.

At this level, it may not be necessary to replace 
progesterone, provided that the woman is making ade-
quate progesterone from the adrenals and does not 
have excessive estrogen metabolites or xenoestrogen 
exposure. In the absence of adequate adrenal progester-
one, this imbalance should be corrected as well with 
bioidentical progesterone. Since progesterone is rapidly 
converted in the liver to allopregnanolone, a brain-
active GABA receptor agonist, oral administration may 
only be appropriate for patients with increased need for 
anxiolysis. Otherwise, symptoms of grogginess or even 
worsened depression may occur. It should be remem-
bered that transdermal absorption is variable and vagi-
nal and buccal absorption can be quite high, so finding 

the right dose and route of administration of progester-
one can be difficult.183,184

In premenopausal women with depression, hor-
mone therapy will more likely be aimed at balancing 
estrogen/progesterone levels by decreasing estrogen 
over-activity by improving metabolism, biotransforma-
tion, and excretion of estrogen, and by raising progest-
erone, thereby dampening swings in the levels of these 
hormones. In postpartum women, levels may need to 
be elevated by replacement and in perimenopausal 
women, also characterized by oscillating levels of these 
key hormones, the first intervention includes steps 
toward balancing metabolism.

In both pre- and postmenopausal women, it is also 
important to address the overactivity of the hypotha-
lamic-pituitary axis (HPA) system, which can become 
unresponsive to the normal downregulation feedback 
of cortisol. Cortisol levels are increased when circadian 
rhythms are interrupted, especially sleep disturbance. 
Depression frequently accompanies dysfunctional sleep 
patterns.185 Dexamethasone suppression testing is 
abnormal in this clinical context. This has been shown 
in animals to be lifelong and may be programmed in 
utero. It appears that a stressed mother programs her 
fetus to come into a stressful environment and the fetal 
brain develops with increased numbers of CRF (corti-
cotropin-releasing factor) producing cells reflected in 
increased levels of CRF in the cerebral spinal fluid. Cor-
tisol also fails to turn off the CRF production in the 
amygdala, increasing fear and anxiety responses.186 
These individuals have a lifelong struggle with overac-
tivity of the HPA and may respond to stress-reducing 
techniques such as meditation, HeartMath, mindful-
ness-based stress reduction, yoga, energy medicine, or 
other therapies that teach patients to modify the input 
to their HPA axis and thus lower cortisol and adrena-
line. Furthermore, strategies to reduce adrenaline will 
also decrease both anxiety and the stimulus to cortisol 
production.

Hormones and Autoimmune Disease

It seems probable from the increased incidence of 
autoimmune disease in women that hormones (or hor-
monal balance) play a part in the alterations of the 
immune system that are involved in a number of 
autoimmune diseases. Estrogen appears to push the 
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immune system in the direction of the proinflamma-
tory Th1 pathways, except in pregnancy.

Because pregnancy is actually a high-estriol/high-
progesterone state, estriol, functionally a weak estrogen, 
may actually act as a selective estrogen receptor modu-
lator (SERM) and progesterone clearly has anti-estrogen 
properties. The changes in the phase II detoxification 
pathways associated with pregnancy have a profound 
effect on estrogen balance, on the ratio of 2- to 16-OH 
estrogen metabolites, and on individual tissues produc-
ing and metabolizing their own estrogens (such as 
breast, synovium, and brain). 16-OH metabolites go up 
in SLE and RA patients and go down in pregnancy.187 
The decrease in TNF- during pregnancy increases a-
poptosis of activated immune cells (as does vitamin D). 
Estrogen is also thought to decrease TNF- during preg-
nancy contributing, it is thought, to the improvement 
in MS during pregnancy. However, the full complexity 
of the mechanism underlying the immune response 
changes in pregnancy has not been worked out.

Mechanisms that initiate autoimmune disease and 
those that sustain it may be different. Some studies sug-
gest that the timing of oral contraceptives is important 
in the later incidence of RA.188 One model of autoim-
mune disease that seems to fit the available informa-
tion and a functional medicine understanding of the 
interwoven web of functional interactions is as follows: 
Epitopes of triggering factors from the environment 
encounter the immune system and interact with the 
antigen-presenting system of the immune cells, espe-
cially in persons whose HLA systems are vulnerable. 
Estrogen and estriol appear to have a function in the 
presentation of antigens. Progesterone and androgens 
appear to be involved in apoptosis of activated immune 
cells; estrogen, contrarily, may be involved in sustain-
ing the inflammatory activity of the activated T cells. 
The presence of adequate amounts of DHEA (suggest-
ing the ability of the adrenals to produce appropriate 
amounts of cortisol) is necessary to quench the 
immune “fires.” When adrenal stress or fatigue is 
present, this system fails, allowing amplification of 
the inflammatory pathways.

At this point, the presence of an estrogen-dominant 
environment further complicates the immune system’s 
attempts to shut down the reactive furnace. Possible 
mediators of this process include xenoestrogens, genetic 
predisposing factors that increase inflammatory estro-
gen metabolites (such as the 16-OH or 4-OH), increased 

aromatase enzyme, and inflammatory cytokines such as 
IL-6, TNF-, and IL-1.189 Il-6 inhibits ovulation by 
interfering with the LH pulse generator and IL-1 
increases FSH and LH, further stimulating estrogen pro-
duction from the ovary. Inflammatory prostaglandins 
induced by the proinflammatory cytokines such as 
PGE2 then increase aromatase, adding to the estrogen 
fueling of the process and creating a feed-forward 
inflammatory catastrophe.

RA exemplifies this cascade effect, leading to a dis-
ease of upregulated Th1. RA worsens with pathological 
increases in estrogen, except during pregnancy (expla-
nation for this anomaly has been presented above). 
RA worsens at menopause.190 This is also true of MS.191 
During pregnancy, estriol and progesterone may func-
tion to inhibit presentation of antigens to Th1 cells, 
and increase apoptosis of activated immune cells, 
respectively.

Systemic lupus erythematosus (SLE), a disease of 
upregulated Th2, is variable in its response to pregnancy, 
sometimes getting better but often getting much worse. 
In SLE, high estrogen increases Th2 activity, whereas the 
decrease in estrogen at menopause is usually associated 
with improvement in SLE symptoms.192,193

In some autoimmune diseases, estrogen is thought 
to have a biphasic effect, and there may turn out to be a 
bell-shaped curve with regard to the effect of estrogen 
on the immune system—i.e., too much or too little 
estrogen may be equally detrimental to the normal 
functioning of the immune system. In any event, it 
would appear that the relationship of estrogen to dis-
eases of autoimmunity is complex and not fully worked 
out at this point. Statements such as the one that fol-
lows demonstrate the difficulty in interpreting informa-
tion when it is not made clear whether the estrogen 
levels are normal prior to therapy and whether the hor-
mone is given with the intention of achieving physio-
logic levels. As Salem194 pointed out:

The immune basis for these phenomena is poorly 
understood. Based on a distinctive profile of cytokine 
production, data accumulated thus far have revealed 
modulator effects for estrogen on the Th1-type and Th2-
type cells, which represent two polarized forms of the 
effector specific immune response. Recent evidence 
indicates that estrogens inhibit the production of Th1 
proinflammatory cytokines, such as IL-12, TNF-alpha 
and IFN-gamma, whereas they stimulate the production 
of Th2 anti-inflammatory cytokines, such as IL-10, IL-4, 
and TGF-beta. This can explain why estrogen suppresses 
and potentiates Th1- and Th2-mediated diseases, 
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respectively. We hypothesize that exacerbation or sup-
pression of inflammatory diseases by estrogen is medi-
ated by skewing Th1-type to Th2-type response. This 
view represents a novel mechanism for the modulator 
effect of estrogen on certain inflammatory diseases that 
can lead to beneficial or detrimental impacts depending 
on the type of immune response involved. Such a con-
cept is valuable when considering the application of 
combination therapies that include estrogen.

Hormones and Specific Gynecological 
Syndromes

Endometriosis

Endometriosis occurs in up to 20% of asymptomatic 
women and in higher percentages of women with infer-
tility. Historically, there have been two main theories for 
the initiation of endometriosis: the retrograde menstrua-
tion theory postulates that menstrual fluid carrying live 
endometrial cells flows retrograde out the tubes and 
implants on the peritoneum;195 and the coelomic meta-
plasia theory suggests that transformation of totipoten-
tial cells occurs in the coelomic epithelium of the 
peritoneum.196 It is possible that a combination of these 
is true. It has been suggested that retrograde menstrua-
tion supplies nutrients or stimulators of the endometrio-
sis process without being the source of the endometrioid 
cells. This might explain why hysterectomy dramatically 
improves the disease for most women, although some 
are still found to develop endometriosis after tubal liga-
tion or hysterectomy.

It appears that early endometriosis is regulated by 
different chemistry than late/established endometriosis. 
In early endometriosis, high levels of inflammatory 
cytokines, lymphocytes and macrophages are found in 
the peritoneal fluid, implicating inflammation or the 
immune system in the initiation of the disease. If the 
coelomic metaplasia theory is correct, a logical next 
question would be: what initiates the cellular transfor-
mation of the totipotential cells? Since the immune sys-
tem has cells that produce the cytokines that can have 
an effect on DNA, and 60% of the immune system sur-
rounds the gastrointestinal tract (which is in close 
approximation to the tissue affected by endometriosis), 
the gastrointestinal tract may also be a good place to 
look for an “upstream” approach to endometriosis.197

Recent studies have begun to dissect the mechanisms 
of cell transformation from totipotential cells and/or 
failure to remove cyclic ectopic endometrial cells in the 

peritoneal cavity. It has been demonstrated that IL-1 is 
overproduced in the peritoneal fluid and peritoneal-
derived macrophages of endometriosis patients, and 
that this overproduction stimulates the synthesis and 
secretion of migration inhibitory factor (MIF) through a 
NFB mechanism.198 Upregulation of macrophage-stim-
ulating protein (MSP) and its receptor (RON) have also 
been demonstrated by microarray mRNA transcription 
studies.199 MSP has a dual role in preventing apoptosis 
and in promoting cell scatter facilitating invasion, both 
potentially important mechanisms in establishment and 
persistence of endometriosis implants. Other direct stud-
ies have also shown resistance to apoptosis in endome-
trial cells.200,201

Matrix metalloproteinase enzymes (MMPs) and their 
complementary tissue inhibitor metalloproteinases 
(TIMPs) also have altered patterns in endometriosis. The 
metalloproteinase system has been shown to play a key 
role in normal endometrial remodeling and ultimately in 
tissue disruption leading to menstruation.202,203 Addition-
ally, some xenobiotics have been shown to interfere with 
MMP function, possibly by interfering with the usual 
progesterone suppression of the MMP production.204

Finally, others have suggested a prominent role of 
oxidative stress with activated peritoneal macrophages 
generating increased amounts of lipid peroxides and 
lipid peroxide degradation products, which promote a 
sterile inflammatory reaction.205

These findings suggest a strong immune/inflamma-
tory component of endometriosis, as well as several 
potential underlying mechanisms affecting the 
increased risk noted in women with other family 
members with endometriosis. Additionally, the xeno-
biotic effect on these underlying mechanisms may sug-
gest a contribution to the increasing incidence of 
endometriosis over the past few decades. It is likely 
that endometriosis is the final common pathway of a 
variety of possible mechanisms and represents a good 
example of the pleiotropic concept of many chronic 
processes, where multiple mechanisms converge to 
present as a common clinical disease.

If endometriosis is a benign transformation of the 
coelomic totipotential cells, it is logical to ask if there is 
a malignant form of this disease. In fact there are three 
cell types induced in this type of tumor of the perito-
neum (including the peritoneum reflecting over the 
ovary). These are the three cell types of the female geni-
tal tract: the serous (tubal), endometrial (endometrium), 
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and mucinous (cervical) cells. Benign forms of prolifera-
tion of each of these are known as endosalpingiosis, 
endometriosis, and pseudomyxoma peritonei, respec-
tively. The malignant forms of these cell types are called 
epithelial cancers of the ovary. Understanding ovarian 
epithelial cancer in this way explains why we have so 
much trouble diagnosing ovarian cancers before they 
have “metastasized.” In fact, they start out in multiple 
sites in the peritoneum and only appear to be ovarian 
because the largest bulk of tumor will be found in the 
ovary, where growth-inducing hormones such as estro-
gen are found. While malignant transformation of 
endometriosis has been seen, it is likely that the benign 
and malignant forms of this peritoneal disease are no 
more related than the benign and malignant transfor-
mation of other cell types. Further support for the con-
nection of the gut and malignant peritoneal disease is 
the common finding of an association of gastrointesti-
nal symptoms with ovarian cancer206 and the little 
known association of milk (one of the most reactive 
foods) and ovarian cancer.207

As is true in a number of transformed tissues (breast 
cancer cells, fibroids), aromatase enzyme is found in high 
levels in endometriosis.208 This would suggest that early 
endometriosis is transformed into late, hormonally stim-
ulated endometriosis by the upregulation of aromatase. 
There is an accompanying increase in prostaglandin E2 
as well, probably induced by the inflammation of the 
early upregulated proinflammatory cytokines.

Fibroids

Fibroids represent another abnormal cell type that 
seems to have the capability of upregulating estrogen in 
the local environment. Fibroids have a commonly seen 
but not reliable relationship with endometriosis.209 The 
transformation of the myometrial cell by some stimulus 
seems to occur in families, suggesting either a genetic or 
common environmental initiator. Interestingly, reports 
are beginning to appear that also point to the ability of 
certain xenobiotics to upregulate estrogen receptor 
transcription and expression of estrogen responsive 
genes in myomas.210 The reported association with 
endometriosis and the increased familial association of 
fibroids may represent a common environmental path-
way or may represent an increased genetic susceptibility 
to xenobiotics. Once the myometrial cell is trans-
formed, the same therapies that seem to improve dis-

eases of estrogen sensitivity apply to the treatment for 
regression of fibroids.

Osteoporosis

One of the statistically significant findings of the 
Women’s Health Initiative was the decrease in bone frac-
tures seen in the women on hormones.211,212 There has 
been a question, however, of how much estrogen is 
needed to produce improvement in bone strength. 
In a recent report by Ettinger et al.,213 very low dose 
(.0014 mg) transdermal estradiol has been shown to 
increase bone mineral density in older women (average 
age 66). Ettinger points out that earlier studies showing 
little improvement in women with lower doses of hor-
mone were done in surgically menopausal younger 
women. It would be expected that it would take a higher 
dose of hormone to produce normal levels of hormone 
in these women, as estradiol levels decline with age.

Osteoporosis is clearly an immune-associated 
disease. The presence of TNF- producing T cells is 
essential for priming the estrogen-deficient bone envi-
ronment to influence bone metabolism. In a study from 
the research group of Pacifici et al.,214 it has been shown 
that the increased activation of TNF- producing T cell 
in the ovariectomized mice is due to increased INF-
gamma levels, resulting from ovariectomy-induced 
enhanced secretion of IL-12 and IL-18 by macro-
phages.215 Therefore, the association of osteoporosis and 
menopause may actually be an association of changes 
in the immune system that are affected by changing 
levels of estrogen.

Summary

The research underlying the various functions of 
hormones, the causes and effects of dysfunction, and 
the influences of genetics, age, life stage, lifestyle, and 
environment on all the various factors is still a work in 
progress. Some of what has been written here may be 
superseded by new information by the time this book is 
published. However, there are some themes we can rely 
on for evaluating the fundamental clinical imbalances 
that are related to women’s hormones:

• Caution is always warranted in prescribing drugs 
that will alter function, because the unforeseen 
effects, downstream, upstream, or sidestream, may 
be critically important.
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• Each woman must be evaluated as an individual, 
for her particular situation may not reflect the 
“average” picture often described in the research.

• Effects of lifestyle and environment are powerful—
stress, diet, exogenous toxins, and the possibility of 
nutrient insufficiencies or deficiencies (from 
diverse causes) should be fully evaluated.

• All hormonal effects occur in relation to other hor-
mones in the body. Looking at a single hormone in 
isolation is usually unwise.

• The relationship of hormonal imbalance to other 
key aspects of the matrix—particularly immune 
balance and inflammation and gastrointestinal bal-
ance—must be considered. Interventions may 
begin at one of these other points if the preponder-
ance of clinical evidence points that way.

Male Hormones
Daniel Cosgrove, MD

Introduction

The products of the testis have been recognized as 
essential to male virility and male physical characteris-
tics since ancient times. Over 95% of circulating test-
osterone is made in the Leydig cells in the testis. Yet 
Leydig cells make up less than 10% of testicular volume. 
Among the seminiferous tubules are intertubular spaces 
with lymphatics, blood vessels, and Leydig cells. The 
Leydig cells receive signals and secrete testosterone. 
These regulatory signals include paracrine factors (e.g., 
cytokines, including IL-1, IL-6), corticotropin-releasing 
hormone (CRH), IGF-1, and various peptides and ste-
roid hormones.

Historically, androgens have been thought to have 
two principal effects: androgenic and anabolic effects. 
Androgenic includes the growth, development, and 
maintenance of the male reproductive tract. Testoster-
one is required for male sexual differentiation in the 
fetus and in the adolescent. It is required to maintain 
adult male sex characteristics, and spermatogenesis. 
Anabolic effects include stimulation of somatic growth, 
i.e., increased muscle and bone density.

Recently, the broader and more complex role of 
androgens has been recognized, but is still far from fully 
understood. Androgens play an important role in 
immune function, in the development and mainte-

nance of muscle and bone, and in erythropoiesis, i.e., 
bone marrow-making red blood cells.216,217,218 Testoster-
one can affect cardiovascular disease and emotional 
well-being.219,220 Low serum testosterone levels correlate 
with depression and accelerated arteriosclerosis, among 
other disease states, but to what extent lack of testoster-
one plays a causative role, or is itself a manifestation of 
a greater imbalance, is not clear.

Synthesis

Testosterones, and all mammalian hormones, are syn-
thesized from cholesterol through a series of enzymatic 
steps requiring P450 and other reactions (see Figure 19.1). 
Pregnenolone, 17-alpha-hydroxypregnenolone, progest-
erone, DHEA, and androstenedione or androstenediol are 
some of the possible synthetic steps.

Although 95% of men’s testosterone is made in the 
testis, the adrenal glands secrete DHEA and androstene-
dione, which are potential precursors to testosterone.i 
The most important (rate-limiting) step in “steroido-
genesis” is the delivery of cholesterol into the P450 
complex in the mitochondria. This is regulated by the 
StAR protein.ii

GnRH (gonadotrophin-releasing hormone) is pro-
duced in neurons in the anterior hypothalamus, adja-
cent to the pituitary in the brain. GnRH is secreted in 
pulses, which causes the pituitary to secrete luteinizing 
hormone (LH), also in pulses. GnRH activates LH secre-
tion by both direct receptor protein mechanisms as well 

i The testis secretes virtually all of these precursor hormones, but their 
concentration in the spermatic vein is proportionately the same as their 
concentration inside the testis. Winters [Winters, “Androgens in Health 
and Disease,” 2003, pg.13] has written, “One idea is these precursor ste-
roids are secreted as unnecessary byproducts in the transformation of 
pregnenolone to testosterone, because none is known to have a physio-
logical function in males” (emphasis added). This statement reflects the 
perception among many medical scientists that describing specific roles 
for these hormones, other than precursors, is speculative. There are con-
flicting reports and conclusions about the independent role of each of 
these potential precursors, especially pregnenolone and DHEA, but in 
recent years it has become more accepted to acknowledge that there is a 
complex relationship between stress and various sex steroids. Although 
the testicular secretion of these hormones is relatively minor, there is no 
doubt that DHEA circulates in the bloodstream at a concentration 
roughly 1000 times greater than testosterone. DHEA is often measured 
in mg/mL, whereas testosterone is usually measured in ng/mL. DHEA is 
discussed later in this chapter.
ii Mutations of StAR can cause an uncommon type of congenital adrenal 
hyperplasia, the lipoid type (LCAH). Instead of the usual virilization in 
most CAH, because precursors to cortisol are shifted to androgens, there 
is complete loss of adrenal and gonadal steroid production because the 
cholesterol cannot get into the mitochondria.
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as by increasing transcription. LH pulses then stimulate 
testosterone production in the Leydig cells of the testis. 
LH affects testes in a similar manner to the GnRH effect 
on the pituitary: it has immediate effects (4 hours) and 
delayed effects (about 72 hours) and these are thought 
to be a result of direct activation of cAMP, and then via 
upregulated genes, respectively.221

Figure 19.1 Synthesis of the male sex hormones in Leydig cells 
of the testis
Note: P450ssc, 3-DH, and P450c17 are the same enzymes as those needed 
for adrenal steroid hormone synthesis. 17,20-desmolase is the same as 
17,20-lyase of adrenal hormone synthesis. Source: Michael W. King, PhD, IU 
School of Medicine. From: http://web.indstate.edu/thcme/mwking/steroid-
hormones.html. Used with permission.

Feedback and Modulation of Testosterone 
Production

Although testosterone therapy is gaining in accep-
tance, the concept once promoted as an anti-aging 
approach—that simply measuring and restoring test-
osterone blood levels is adequate justification for treat-
ment—was terribly oversimplified. There are web-like 
complex interactions of many organs and signaling 
pathways with many factors affecting testosterone pro-
duction, in addition to LH. Every few years, medical sci-
entists revise their conception of the role of androgens, 
as understanding of their complexity improves.

A few facts to consider about testosterone 
production:

• Testosterone, in a sense, regulates its own produc-
tion by its negative feedback inhibition of LH secre-
tion; testosterone feedback inhibition also occurs 
via GnRH.222,223,224,225 Testosterone has an effect on 
LH within a few hours, but also downregulates 
GnRH gene expression.

• Testosterone receptors and estradiol (ER-alpha) 
receptors are on Leydig cells and each has two 
specific pathways to decrease production of 
testosterone.226,227,228

• Estradiol is very important in negative feedback to 
decrease LH. Several studies suggest estradiol may be 
required.229,230,231,232 Estradiol plays an important role 
in several functions in normal men. It is created 
almost entirely from aromatization of testosterone.

• T3 directly stimulates Leydig cell hormone produc-
tion in mice, partly by increasing StAR expression.233

• Men with prolactin (PRL) producing pituitary 
microadenomas have low plasma testosterone lev-
els because pulsatile LH secretion is suppressed.234

• Growth hormone (GH), secreted by the pituitary, 
has been reported to play some role in testosterone 
production, but it is probably minimal. GH 
increases IGF-1, and there are IGF-1 receptors on 
Leydig cells. Testosterone levels are generally nor-
mal in men with GH deficiency235 but men treated 
with GH for several months increased their plasma 
testosterone levels somewhat.236

• Corticotropin-releasing hormone (CRH), best 
known for its role in stimulating ACTH production 
from the pituitary, is secreted by Leydig cells and 
acts through high-affinity receptors on Leydig cell 
membranes to negatively regulate LH action by 
inhibiting its effect on cAMP-related androgen syn-
thesis.237 This could partially explain the mecha-
nism of testosterone deficiency in stress.

• Corticosterone reduces LH-stimulated processes in 
rat Leydig cells238 and may contribute to testoster-
one deficiency in stress.

• FSH was once thought to influence testosterone pro-
duction but it appears to have a negligible effect.239

Effects of Androgens

Brain and Cognitive Effects

Several CNS functions are regulated by testosterone (T), 
including fetal sexual development and differentiation of 
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the brain, and gonadotrophin secretion. Behavior and cog-
nition are also modulated by T. Many of the effects of T are 
mediated through the androgen receptor (AR) which is 
widely but selectively distributed throughout the brain.240 
Some of these effects are termed “activational” effects, and 
their mechanism is complex and poorly understood. Cas-
trated rats fail to demonstrate normal sexual behavior, but 
the behavior is restored by T replacement.241 Mice with 
age-related decreases in plasma T show a progressive 
impairment of spatial learning and memory related to T 
levels, which can be reversed with T supplementation.242

DHT (dihydrotestosterone) binds the AR much more 
tightly than T,243 and DHT seems to also play a role in 
the brain.244,245 DHT, unlike T, cannot be converted to 
estrogen. Estrogen, converted from T by aromatase, 
binds both alpha and beta estrogen receptors (ER) in the 
brain. Fink246 demonstrated that both estrogen and test-
osterone, but not DHT, increase serotonin in parts of rat 
brains via specific mechanisms. Shughrue later raised 
the issue of the clinical importance of this relationship:

The estrogen induction of SERT mRNA …   together 
with the correlation between sensitivity of …   serotonin 
neurons to estrogen …   provides a potential topochem-
ical handle with which to investigate testosterone/
estrogen regulation of SERT (serotonin transporter) 
gene expression. These findings are discussed in rela-
tion to the possible role of interactions between sex 
steroids and serotonin mechanisms in mood disorders, 
schizophrenia and Alzheimer’s disease.247

While the animal studies and in vitro studies help 
clarify the mechanisms, many behavioral studies with 
humans demonstrate the effects. There have been many 
studies examining the relationship between androgen 
levels and cognitive performance, but these have pro-
duced inconsistent results.248 In general, literature 
reviews and functional MRI studies suggest that men 
and women use different parts of the brain to process 
certain cognitive tasks, and these brain differences are 
differentiated in the fetus under the influence of hor-
mones. In addition, the activational effects of hor-
mones modulate the neural pathways for adults.

Cherrier and Craft249 discuss fascinating differences 
in cognitive function and recruitment of various parts 
of the brain, relative to endogenous androgens.

Men, on average, tend to use a Euclidean (distance) or 
cardinal direction (N,S,E,W) approach to spatial navi-
gation, whereas women on average tend to use land-
mark references …   . [A previous study] found that 
when young men and women were required to learn 
a route on a tabletop map, men were able to learn the 

route in fewer trials, but women remembered more of 
the landmarks located along the route.250

Studies with exogenous androgens have inconsis-
tent results, but general themes do appear. There is a 
clear pattern in those studies of humans with relatively 
low androgens at baseline (e.g., elderly or hypogonadal 
men) showing improvements in test scores of spatial 
ability and other beneficial, but selective, improve-
ments in cognitive function.251,252,253 One reason for 
apparent inconsistent results is that treating normal 
males with androgens has not been as dramatically 
effective at improving cognitive scores as studies that 
use hypogonadal men, or female-to-male transsexuals 
taking testosterone.

Muscle and Body-Building Effects

As mentioned in the introduction, androgens have 
been thought to have two principal effects: androgenic 
and anabolic effects. Recreational bodybuilders and ath-
letes discovered that certain derivatives of testosterone 
had greater anabolic than androgenic activity, and these 
became known as anabolic steroids.254,255 In the decades 
of the 1970s and 1980s there was considerable polariza-
tion of views about the anabolic effects of androgens. In 
general, the academic view was that supraphysiological 
doses of testosterone do not further increase muscle 
mass or improve muscle strength, and that anabolic and 
androgenic activity cannot be dissociated; they are 
described by the same dose-response relationship, and 
are mediated through the androgen receptor (AR).

Recent studies have now established that, in fact, 
androgenic steroids, especially when “stacked” (adding 
multiple steroids simultaneously), definitely increase fat-
free mass, muscle size, and strength,256 and the anabolic 
effects persist in a linear dose-response relationship257 
over a wide range of concentrations. The androgenic 
effects use the AR, but involve recruitment of tissue-spe-
cific coactivators and corepressors. The mechanisms are 
not entirely clear since ARs in most tissues are either sat-
urated or downregulated at physiologic testosterone con-
centrations.258,259,260

Although the potential for abuse by young athletes 
is considerable, the application of androgenic steroids 
can be helpful in various medical conditions with mus-
cle wasting and bone loss. These include autoimmune 
disorders, especially in patients who have received 
chronic glucocorticoids,261,262 but also HIV-infected 
men, patients with end-stage renal disease, ALS, and 
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others. Many studies have demonstrated great variabil-
ity in individual responses to androgens; the mecha-
nisms are not understood.263,264

Bone Effects

The skeleton is a metabolically active organ, con-
stantly undergoing remodeling under the dual control 
of metabolic and structural needs, and modulated by 
both estrogen and testosterone. Men lose bone mass 
with age, and hypogonadism is one cause of male 
osteoporosis. Low T levels are a risk factor for minimal 
trauma hip fracture.265 In young men with acquired 
hypogonadism, T replacement increases bone density.266 
The bone-building effects of T seem to be due both to T 
itself, as well as to its conversion to estrogen.267

Cardiovascular Disease

There are reports of cardiovascular events in young 
male bodybuilders using high doses of anabolic-andro-
genic steroids (AAS).268 Pathological data from men 
abusing exotic AASs should not be extrapolated to the 
legitimate therapeutic use of androgens, or to androgen 
physiology,269 although a 2004 study reported adverse 
(and long-lasting) effects on apolipoproteins and lipo-
protein(a) from self-administered AAS.270

Low endogenous testosterone is a component of the 
metabolic syndrome, characterized by obesity, glucose 
intolerance, hypertension, hypertriglyceridemia, low 
HDL cholesterol, a procoagulatory state, and an anti-
fibrinolytic state. (Many discussions of metabolic syn-
drome can be found in this book; refer to the index for 
cross-references.) Body weight, leptin, and insulin levels 
decrease with testosterone treatment in hypogonadal 
men.271,272,273 In general, providing exogenous T to eugo-
nadal men lowers HDL cholesterol, but treatment of 
hypogonadal men does not lower HDL.274,275

An elevated serum level of lipoprotein(a) is an inde-
pendent risk factor for heart disease. It is inherited, but 
not rare. Lifestyle changes such as diet and exercise 
have little effect upon Lp(a) serum levels. Supplementa-
tion with exogenous T in both hypogonadal and eugo-
nadal men lowered serum Lp(a) by over 30%.276

Both fibrinogen and plasminogen activator inhibi-
tor-1 (PAI-1) serum levels correlate with increased heart 
disease risk. Higher doses of T given to healthy men led 
to a sustained decrease of fibrinogen by 20% and 
decreased PAI-1 levels.277 In general, these effects are 

most pronounced with higher doses in normal men and 
minimally significant in the usual replacement doses 
for hypogonadal men.

Perception and Androgens

Changes in testosterone in patients undergoing 
psychological stress. The brain itself affects GnRH, 
which is produced within neurons, as described above. 
Neurons have the obvious influence of external stimuli: 
vision, hearing, and perception in general. Stress results 
in decreased serum testosterone levels. Bernton278 dem-
onstrated in 1995 that Special Forces military training 
resulted in low testosterone. More recently, Gomez-
Merino279 reported that the immune and hormonal sys-
tems were affected by a five-day military course follow-
ing three weeks of combat training. She concluded:

The impaired secretion of dehydroepiandrosterone 
sulfate (DHEA-S) and prolactin, two immunomodula-
tory hormones, was thought to be a response to the 
chronic stressors. Lowered testosterone reflects a gen-
eral decrease in steroid synthesis as a consequence of 
the physical and psychological strain.iii

The biochemical mechanism(s) by which “psycho-
logical strain” leads to decreased GnRH in the hypothal-
amus are unclear. It could be due to changes in the 
pulsing, or downregulated genes, as described above. 

Several authors writing about sailing, especially sail-
ing alone for long periods, describe decreased beard 
growth rate that returns about two days prior to arrival 
onshore and encountering women. Mike Golding, a 
well-known, world-class sailor, has written about it.

An intriguing but little known feature of sailing sin-
glehanded non-stop around the world is that due to 
the amount of time they spend alone at sea the 
amount of testosterone male skippers produce drops to 
a very low level. Aside from beard growth lack of test-
osterone in men can affect the pitch of the voice, tem-
per as well a host of more complex side issues …   . “You 
certainly don’t need to shave as much when you are 
out here because your beard slows down,” says Gold-
ing. “And it probably changes your demeanour a little. 

iii Although most anterior pituitary hormones, including growth hor-
mone (GH), adrenocorticotropic hormone (ACTH), luteinizing hor-
mone (LH), and thyroid stimulating hormone (TSH), are stimulated by 
hypothalamic releasing factors, the secretion of prolactin (PRL) is under 
inhibitory hypothalamic control. Dopamine is the predominant PRL 
inhibitory factor and disruption of hypothalamic dopaminergic path-
ways or alteration of dopamine synthesis leads to hypersecretion of PRL. 
Increased PRL is associated with lower testosterone, but in this clinical 
study, PRL levels also decreased.
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You are less prone to getting angry. It doesn’t mean 
you are not upset, but you don’t get angry.”280

Testosterone and depression. Studies that have 
examined changes in testosterone in depressed men 
have yielded mixed results, but these differences may 
relate to variability in the populations studied (age; 
healthy or ill), different assays, and timing of the mea-
sures. Small studies that compare age-matched controls 
are subject to the considerable variability among nor-
mal males. Levitt and Joffee281 found no difference in 
total and free testosterone, estradiol, and cortisol in 12 
depressed males and age-related controls. Margolese282 
reviewed the literature in 2002 and found several stud-
ies reporting significant between-group differences in 
total testosterone levels.

Barrett-Connor283 studied endogenous androgen lev-
els in 856 men 50–89 years old, as well as the prevalence 
of depression measured with the Beck Depression Inven-
tory (BDI). Bioavailable testosterone decreased with age, 
confirming two earlier studies284,285 and BDI scores 
increased with age, confirming other reports of increas-
ing prevalence of depression in older men.286,287 How-
ever, in addition, the BDI score was significantly and 
inversely associated with bioavailable testosterone, inde-
pendent of age, weight change, and physical activity.

Correlating endogenous low serum testosterone levels 
with depression does not necessarily mean that testoster-
one supplementation improves mood in hypogonadal 
men. However, Wang demonstrated that testosterone 
replacement does improve mood in hypogonadal men in 
an early small trial288 and then confirmed it with more 
recent studies.289,290 

Supraphysiological doses of testosterone treatment 
in eugonadal healthy men led to statistically significant 
increased “anger hostility scores” in a small study per-
formed by O’Connor in England.291 O’Connor contends 
that these increased scores were still well within the 
normal range, and that there was no increase in aggres-
sive behavior. 

Hypogonadism and Fertility

Testosterone has been discussed in fertility clinics for 
decades, but only recently has its role in anti-aging ther-
apies become more mainstream. Fertility literature 
describes decreased testicular function manifested by 
decreased libido, decrease in ejaculate volume, infertil-
ity, and change in beard and body hair growth. Individ-
uals with sperm counts between 10 and 20 million/mL 

are classified as having mild oligospermia.292 Pregnancies 
in this group frequently occur, and therefore these indi-
viduals are classified as subfertile rather than infertile. 
Males with sperm counts below 5 million/mL have 
severe oligospermia. Such individuals, as well as azoo-
spermic males, require an endocrine evaluation. FSH, 
LH, thyroid-stimulating hormone (TSH), prolactin, tes-
tosterone, and estradiol levels are typically obtained. 
FSH and LH values in excess of 40 mIU/mL indicate pri-
mary testicular failure, which is refractory to treatment. 
Donor sperm or adoption is usually then recommended 
to these couples. When FSH, LH, and testosterone levels 
are all low, this indicates a hypothalamic-pituitary disor-
der, and a brain MRI is indicated.293

Traditionally, it has been thought that low levels of 
testosterone might impair sexual desire but not neces-
sarily sexual functioning. “Administration of testoster-
one may increase libido but generally will not restore 
impaired sexual function.”294 The discrepancy here may 
be that the author was referring to supplementation of 
eugonadal men presenting with complaints of sexual 
dysfunction. Wang295 reported significant increases in 
sexual desire, enjoyment, percent full erection, and sat-
isfaction with erections (p<0.001 for all) in comparing 
testosterone gel supplementation to placebo in her 
study of 150 hypogonadal men; the effects remained 
from six months until the end of the treatment period. 
Shippen has claimed virtual resolution of erectile dys-
function in about 80% of his patients.296 My own clini-
cal experience with hundreds of men is that testoster-
one improves sexual function in hypogonadal men, but 
rarely is an adequate remedy alone; eugonadal men do 
not show the same response.

Testosterone and its Derivates

Dihydrotestosterone

There are two important androgens. Testosterone (T) 
is converted to dihydrotestosterone (DHT) by the 
enzyme 5-alpha-reductase. DHT blood levels are about 
one tenth of T levels, but the potency of DHT in bio-
assays is at least twice that of T. Its activity at the local 
tissue level may be more important. In these respects, 
its function is analogous to the T3 thyroid hormone.

DHT is required for prostate differentiation (fetal 
development) and function. Inhibitors of this enzyme 
are used therapeutically to diminish the development of 
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benign prostate hypertrophy (BPH).297 In fact, there is 
evidence that all men gradually develop BPH and even 
prostate cancer if they live long enough, and that treat-
ing with inhibitors of the 5-alpha-reductase enzyme such 
as finasteride (Proscar®) delays the development of BPH 
and ameliorates some of its symptoms.298 Saw palmetto is 
a popular herb available without a prescription. It has 
proved effective in treating symptoms of BPH.299,300 Its 
primary function appears to be inhibiting the 5-alpha-
reductase enzyme.

Men treated with these enzyme inhibitors do not 
experience muscle loss. And men with congenital 
absence of the enzyme have normal muscle develop-
ment at puberty (although they would lack masculin-
ization of external genitalia). It appears then that DHT 
is not necessary for the androgenic effect of testosterone 
upon muscle, so therapeutic anabolic androgens that 
cannot be converted to DHT are under investigation for 
use in patients with muscle wasting (e.g., those with 
HIV or ALS).

Hypogonadal men treated with testosterone cream 
or patches should apply the patch away from the scro-
tum or upper inner thigh. Apparently, 5-alpha-reduc-
tase enzyme concentrations are greater under the skin 
near the groin than elsewhere, and application near the 
scrotum leads to disproportionately higher serum levels 
of DHT.

DHT definitely contributes to libido and sexual 
arousal. Aggressive lowering of DHT, even without 
decreasing T, has the potential adverse effect of decreas-
ing libido and sexual arousal.

The Role of Estrogen

Estrogen plays several crucial roles in men. 
Recently, the discovery of a few men lacking aromatase 
or estrogen receptors has led to a greater understand-
ing of the role of estrogen. Certain theoretically pre-
dictable clinical features in these men have been 
described, including osteopenia, increased bone 
turnover, hyperinsulinemia, glucose intolerance, and 
abnormal lipid profiles.301,302,303,304 Estrogen appears to 
increase the risk for BPH.305 

As mentioned earlier in this chapter, estrogen has an 
important role in modulating brain function. Androgen 
and estrogen receptors are found in the brain, and aro-
matase locally in the brain appears to be important. In 
mice, aromatization of testosterone to estrogen within 
the developing brain activates the estrogen receptors 

and is necessary for normal sexual differentiation of the 
hypothalamic nuclei. As noted above, estrogen also 
appears to play a key role in negative feedback within 
the HPA axis by inhibiting LH secretion.

In 1998, Eugene Shippen306 wrote a book for laymen 
that reflects many ideas currently held by clinicians 
practicing hormone therapies. He devoted an entire 
chapter (without references) to the role of estrogen. He 
suggested that aromatization of testosterone is increased 
with aging; with liver dysfunction, especially within the 
P450 system; with zinc deficiency; with excessive alco-
hol consumption; and with obesity. Therefore, in those 
patients with elevated estradiol/testosterone ratios com-
bined with low testosterone, administering more test-
osterone only creates further excessive aromatization, 
and further increases the estradiol/testosterone ratio. 
Although this principle may be important in some 
patients, unfortunately this has led to the potentially 
inappropriate practice of prescribing aromatase inhibi-
tors routinely with testosterone prescriptions.

What has been demonstrated or refuted about Ship-
pen’s claims since the publication of his book? Obesity 
has long been known to be associated with increased 
estradiol, and estrogens are synthesized in fat cells. 
Wang’s recent study using transdermal testosterone in 
163 hypogonadal men reported progressively increasing 
serum estradiol levels from 6 to 24 months of treatment 
to “the upper limit of the male reference range.”307 This 
was in contrast to T, DHT, LH, FSH, and SHBG serum 
levels, which all appeared to stabilize and become level 
within six months.

There has been the suggestion that zinc supplemen-
tation may decrease the risk of prostate cancer.308 There 
is some evidence that zinc deficiency impairs testoster-
one synthesis309 and several animal and bench studies 
suggest that zinc modulates testosterone,310 but clinical 
studies are few, and at least one recent publication 
warns against the potentially toxic or pro-carcinogenic 
practice of “high dose” supplementation of zinc for 
prostate health.311 Zinc is a normal component of semi-
nal fluid, and severe zinc deficiency has been associated 
with infertility, but, otherwise, mild zinc deficiency in 
the Western diet is not an established cause of acceler-
ated aromatization of testosterone to estrogen. 

Acute ethanol ingestion lowers serum testosterone lev-
els and raises LH levels, suggesting a primary effect on the 
testes.312 Chronic alcoholism is associated with hepatic cir-
rhosis and elevated estradiol and gynecomastia.313 
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Alcohol use in moderation has not been demonstrated to 
be a significant cause of altered estradiol/testosterone 
ratios. In the TromsØ study,314 measuring hormone levels 
in over 1,500 patients, there was no difference between 
alcohol users and non-users, and no dose-response effect 
among users. 

DHEA

The adrenal gland’s production of DHEA (dehydroe-
piandrosterone) peaks at about age 20. Thereafter, blood 
concentrations of DHEA decline steadily throughout 
adulthood in both sexes, typically dropping to 15–20% 
of youthful levels in old age. This decline has led 
researchers to search for an association among blood 
levels of DHEA, signs of aging, and diseases associated 
with aging. Unlike testosterone, which is available only 
by prescription, DHEA is widely available as a supple-
ment. The popularity of DHEA arose from a number of 
reports in the popular press of a study conducted by 
Morales et al.315 that characterized DHEA as similar to 
the mythical fountain of youth. For three decades, there 
have been inconsistent reports about the various risks 
and benefits of DHEA supplementation, leaving many 
prudent clinicians wondering whether the hype had 
overshadowed good science.

Recently, there has been a tremendous outpouring of 
medical literature documenting many clinical benefits 
of DHEA, especially its anti-diabetes and anti-atheroscle-
rosis effects,316,317,318,319 yet clarifying its minimal or 
absent utility for body-building in younger men, despite 
ubiquitous claims on supplement-selling websites.

Although one reads repeated comments that DHEA’s 
actions are because it converts to androgens, there is 
increasing evidence that DHEA has independent sites of 
action.320 Moreover, DHEA has virtually no conversion 
to androgens in the bloodstream in men, and very little 
in women.

DHEA and cardiovascular disease. In 1986, Barrett-
O’Connor321 reported that endogenous DHEA serum lev-
els correlated with decreasing mortality, especially age-
related cardiovascular mortality. Higher endogenous 
levels of DHEA could have been a result of less stress or 
more exercise; one could not conclude that supple-
menting exogenous DHEA conferred benefit. Other 
studies failed to confirm these findings.322

More recently, Kawano demonstrated that DHEA 
supplementation (25 mg/day) in hypercholesterolemic 
middle-aged men (not selected for initial low serum 

DHEA-S) improved vascular endothelial function, mea-
sured by brachial flow index.323 Other benefits in these 
same patients included improved insulin sensitivity and 
decreased plasminogen activator inhibitor type 1 (PAI-1) 
concentration. PAI-1 and decreased insulin sensitivity 
are well-known independent risk factors for atheroscle-
rosis. DHEA administration has reduced atherosclerotic 
plaque in animal studies.324,325

In a recent human clinical study, DHEA improved 
insulin sensitivity and decreased abdominal fat in both 
elderly men and women, leading Villareal326 to con-
clude DHEA has promise as therapy for metabolic syn-
drome. The beneficial effect of DHEA on endothelium is 
apparently independent of androgen receptors. A mem-
brane-bound, G protein-coupled receptor for DHEA has 
been identified in bovine vascular endothelial cells, 
which could be one potential mechanism.327

DHEA’s role in mood and cognitive function. 
Compagnone reported in 1998 that DHEA increased den-
drite growth in mice, and had other beneficial neurologi-
cal functions independent of its role as a “precursor.” 328 
It has immediate neurotransmitter-related functions, and 
is not limited to its presumed traditional role as a steroid 
binding a cell nucleus. More recently, Suzuki and Svend-
son demonstrated that DHEA is involved in the mainte-
nance and division of human neural stem cells.329 This 
led to attempts at using it in clinical treatment of Alzhei-
mer’s disease, which were not successful.330 Clinically, 
several studies have associated low DHEA levels with 
depression or decreased mood.

DHEA is not an androgen. Recently DHEA has 
been the subject of debate in that, unlike many andro-
gen steroids (e.g., androstenedione), it was specifically 
exempted from the list of controlled substances in the 
Anabolic Steroid Control Act of 2004, which became 
law in early 2005. The legislation specifically reads:

The term “anabolic steroid” means any drug or hor-
monal substance, chemically and pharmacologically 
related to testosterone (other than estrogens, progestins, 
corticosteroids, and dehydroepiandrosterone).331

This exemption has generated justifiable debate, due 
in part to the mixed reports in the medical literature 
about the androgenic effects of DHEA, or its ability to 
easily convert to more potent androgens following 
administration. Both DHEA and DHEA-S can be con-
verted in peripheral tissues to androstenedione, testoster-
one, and dihydrotestosterone, and both are aromatized 
to estrogens.332 DHEA is a chemical precursor to tes-
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tosterone within cells (as is cholesterol), but several 
studies have confirmed that DHEA supplementation 
does not increase serum testosterone levels in men, but 
does to some extent in women.333,334

In general, muscle building and improved athletic 
performance are not an effect of DHEA. Nawata has 
written in Hormone Research, “Although DHEA and 
DHEA-S have few intrinsic androgenic actions, they have 
recently attracted widespread attention due to their 
beneficial anti-aging effects” (emphasis added).335

Virtually all testosterone is made from the testes, but 
DHEA found in the bloodstream is secreted by the adre-
nal glands. DHEA circulates at over 1,000 times the con-
centration of testosterone, yet DHEA does not simply 
convert to testosterone in the bloodstream in men, or 
castration would not lower testosterone. On the other 
hand, given even a minor conversion pathway from 
DHEA to testosterone, one might expect that adding 
DHEA exogenously might create higher androgen lev-
els, given the high serum concentration of DHEA rela-
tive to testosterone. At least one investigator has found 
evidence of increased androstenedione and DHT in sub-
jects given relatively high doses (100–250 mg) of oral 
DHEA.336 Minor improvements in strength were found 
in elderly men supplementing with 100 mg of DHEA.337

The Approach to the Patient

The remainder of this discussion is drawn from 
knowledge gained not only from familiarity with the 
medical literature (as referenced previously) but also 
from my own experiences in developing therapeutic 
and prevention-oriented strategies for patients. Opin-
ions expressed are mine.

Men with acquired hypogonadism (after trauma, for 
example) experience several well-established changes: 
alterations in body composition with decreased muscle 
mass and increased fat mass, decreased muscle strength, 
decreased bone mass (i.e., bone demineralization, which 
defines “osteoporosis” when it becomes severe), impaired 
red cell production, decreased libido, and erectile dys-
function. Psychological symptoms include depression, 
anxiety, insomnia, memory impairment, and reduced 
cognitive function.

Testosterone levels decrease with aging, so that 25–
50% of men over 65 have levels that are more than two 
standard deviations below the norms for young adult 
men. Aging men, as a group, experience the signs and 

symptoms listed above for hypogonadism in young 
men. This epidemiological association does not demon-
strate causation; one could imagine that both the lower 
serum levels of testosterone and these symptoms are all 
simply “part of the aging process.” Nevertheless, as 
reviewed earlier in this chapter, recent studies have 
shown that all of the symptoms and signs listed above 
have been shown to improve with testosterone therapy.

Defining which older men are “androgen deficient” 
and merit therapy, or have decreased testosterone as a 
normal consequence of aging, is influenced in part by 
philosophy, and there is no consensus. Part of the prob-
lem is that there is no biochemical measure of androgen 
activity, which can vary with different target tissues. In 
addition, there is no single clinical measure of androgen 
effects, and different measures (libido, muscle mass, 
bone density) respond differently to a given dose of tes-
tosterone. Therefore, treating individual men should be 
based upon the identification of specific impaired 
androgen-dependent functions, combined with low T 
levels. Successful testosterone treatment in the individ-
ual patient is measured by specific clinical improve-
ments, such as increased strength and muscle mass in a 
frail man with initially low T serum levels.

The decision to treat with testosterone is compli-
cated by the fact that many psychological and/or physi-
ological processes affect all of the signs and symptoms 
of hypogonadism, and could be solely the cause. For 
example, an obese sedentary man with poor nutrition 
presented with sarcopenia (i.e., decreased muscle mass), 
muscle weakness, increased body fat, insulin resistance, 
metabolic syndrome, osteopenia, and impaired cogni-
tive function and decreased libido. An older man with 
these symptoms would be likely to have low serum test-
osterone that is partly predictable because of age alone. 
All of these changes have been demonstrated to 
improve with testosterone, yet all of these changes 
could also be a consequence of fitness and nutrition 
issues, and all could be improved with changes in fit-
ness and nutrition, without using hormones (see Chap-
ters 13, 26, and 29).

In addition to clinical manifestations of hypogo-
nadism resulting from other causes, low serum testoster-
one can itself be a result of several medical conditions, 
including diabetes mellitus, liver disease, hemochroma-
tosis, and obesity, especially with increased abdominal 
fat. Lower T levels have been associated with several 
medications, including ketoconazole, cimetidine, and 
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glucocorticoids. Smoking and chronic alcohol use lower 
T levels.

These confounding issues may be difficult to differ-
entiate (and multiple issues may be contributing fac-
tors). Heavy alcohol use is independently associated 
with bone demineralization, and it would also be 
expected to influence body composition, nutrition, erec-
tile function, and mood. In addition, excessive alcohol 
effects testicular production of testosterone. Obviously, 
restoring T levels without addressing alcoholism would 
fail to address the fundamental cause of the imbalance.

However, in both an alcoholic and the sedentary 
obese man with poor nutrition, testosterone could, in 
combination with lifestyle changes, accelerate the 
improvement in all of the parameters measured.

Ideally, one would like to know what imbalances in 
male hormones look like clinically and how to assess 
them (key indicators), as well as where they come from 
(genetics, diet, nutrition, environmental toxins, stress, 
etc.). In reality, this will not be possible with the vast 
majority of patients, because of the enormous overlap of 
causes and indicators. Frequently, as the clinician begins 
to understand the patient as a whole person in the set-
ting of his or her life, not simply as a series of parameters 
and measures to be adjusted, the most important issues 
may not be hormones or even nutrition, per se. In the 
example above, the obese sedentary man’s wife died two 
years ago after 40 years of marriage in which she cooked 
and was the center of social relationships. This led to a 
change to a diet of fast food and processed food high in 
refined sugars and low in protein and phytonutrients. 
The subsequent depressed mood as well as social rela-
tionship changes led to decreased physical activity. His 
poor nutrition was compounded by new-onset “stress 
eating,” and the resulting weight gain and energy loss 
led to even less physical activity. The combination of 
these factors accelerated his osteoarthritis of the knees, 
which further impaired his ability to walk to the store 
and get adequate groceries. My point here is that hor-
mones, like all of these parameters, can be both cause 
and effect. A thorough history, physical exam, and labo-
ratory screening will help to pinpoint a more accurate 
and comprehensive assessment.

There may be debate about the relative importance 
of lifestyle interventions such as improving nutrition 
and fitness, decreasing stress, or improving relation-
ships. However, it is safe to say that without addressing a 
number of fundamental changes, no specific targeted 

therapy will be adequate for this individual. On the 
other hand, we could agree that addressing the root 
cause for the patient example above means getting him 
into new social interaction and helping him derive 
meaning in his life apart from his now-deceased wife, 
but solely addressing that issue is unlikely to be as effec-
tive as a combined approach. Testosterone could still 
play a role in accelerating improvement in several of the 
parameters that would be followed in this individual.

Testosterone Therapy

It is illegal to prescribe androgens for sports perfor-
mance or cosmetic muscle enhancement. The prudent 
clinician will document the diagnosis of hypogo-
nadism, and list those symptoms and signs that support 
the diagnosis. Since it has been claimed that hormones 
cause cancer, and testosterone causes prostate cancer, 
careful monitoring for cancer is crucial.

Options for testosterone therapy. Testosterone is 
currently not available orally except as modified com-
pounds that are hepatotoxic. Injections have been used 
for decades, but the inconvenience of injections, the 
marked swings of serum levels with peaks and troughs, 
and the tissue damage with potential fibrosis from 
repeated injections for years, make this choice inferior 
to topicals for most patients. Topical application is now 
available in a patch, and most recently as a gel (Andro-
Gel®  ). One of the first patches was recommended as a 
scrotal patch. Any application of testosterone near the 
groin usually results in unwanted higher DHT levels, 
apparently due to an increased concentration of the 5-
alpha-reductase enzyme subcutaneously near the groin. 
Patches are recommended for application on the upper 
torso, but there have been problems with tape, either in 
lack of adhesion or skin sensitivity. Patches are also lim-
ited for titration of the dose. The gel is increasingly the 
preferred delivery system, but AndroGel is expensive. 
Compounding pharmacies have been adding testoster-
one to creams for decades. I have been prescribing test-
osterone in creams for many years, but now that 
AndroGel is on the market, if the patient’s insurance 
will reimburse for it, and he is comfortable with the 
diagnosis of hypogonadism for his medical and life 
insurance companies, the gel becomes the best choice. 
The inexpensive creams have the advantage of simply 
adding DHEA if needed. A typical prescription is test-
osterone 50 mg and DHEA 25 mg per gram of cream; 
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apply one gram twice daily. Many men prefer to take a 
single dose, so the concentration is doubled and the 
cream is applied once daily, either in the morning or 
evening. Most men apply it in the morning.

Assessing the patient after initiating therapy. The 
patient should return in two weeks for a review of poten-
tial adverse effects (especially aggression) and perceived 
benefits, such as libido, desire to exercise, or any change 
in fatigue and energy. Laboratory tests can be obtained at 
two weeks, just to be certain the dose is not much too 
low or too high, but a recheck in 6–12 months will allow 
more accurate clinical and laboratory evaluation. At that 
time, clinical changes should be evident. Subjective 
changes in mood, well-being, libido, and erectile func-
tion should have stabilized and no longer be subject to 
placebo effect (as they might be immediately following 
the start of therapy). Body composition, weight, changes 
in exercise program, and muscle strength should be mea-
sured. For patients with low bone density, DEXA or CT 
repeat measures should wait for at least one year.

Lab measures. Virtually all published studies of test-
osterone use serum levels. Saliva testing for testosterone 
has its advocates but it has not been accepted widely. 

It is important to document the last dose. If the 
patient takes the cream twice daily, he should withhold 
his morning dose and have the blood drawn in the 
morning, about 12 hours after the last dose. If he takes 
only one dose every 24 hours, be sure to consistently 
check a level at the same time, and be aware that com-
paring T levels from blood drawn 24, 12, or sometimes 
1 hour after cream application can cause big changes in 
the serum level.

I recommend ordering baseline serum total and free 
testosterone, DHT, estradiol and DHEA-S, PSA, hemo-
globin, and iron (optimally as the panel with iron and 
transferrin saturation) as a baseline prior to therapy. 
The four hormones can be remeasured 2–6 weeks later. 
Optimally, they should also be checked six months later 
(when PSA and hemoglobin should also be rechecked), 
and then annually thereafter. It is reasonable for the 
cost-sensitive patient to not remeasure all four hor-
mones every time. Many men see their hemoglobin 
creep up from 15 g to nearly 20 g. At 17 g, I encourage 
them to give blood. The formal prescription for remov-
ing a unit is rarely necessary. Testosterone therapy is not 
a contraindication for most blood banks. If the patient 
has a strong hematopoietic response to testosterone, a 
unit of blood may have to be given twice annually. This 

may have a risk of iron deficiency but, in practice, most 
men have iron levels beyond what they need. Since iron 
is a potent oxidant, lowering the iron level through 
blood donation is an added benefit.

DHEA. A common mistake is ordering DHEA rather 
than DHEA-S, the sulfated form. DHEA-S shows more 
stable blood levels. Not all patients need DHEA therapy 
with testosterone, but some patients appear to get even 
lower levels of DHEA after therapy, presumably due to a 
feedback mechanism, and do well with both prescribed.

Estradiol measures before and after therapy can 
indicate how much conversion is occurring from T to 
estradiol, which is in part an indication of the activity 
of an individual patient’s aromatase enzyme. Estradiol 
serum level of 50 pg/mL with a total testosterone of 500 
ng/dL, i.e., about 10% (which is really 1% converting 
both measures to the same units) is fine. Prescribing 
anastrozole (Arimidex), which blocks this enzyme activ-
ity thus decreasing the estrogen/testosterone ratio, is 
very rarely necessary. Athletes using high-dose andro-
gens for bulking up may need it, but it should not be 
necessary for most men with hypogonadism. Low levels 
of estrogen may affect neurons and bone, and may lead 
to loss of teeth. Rarely, there are patients with gyneco-
mastia and/or an elevated estradiol level for whom low-
ering the testosterone dose may decrease its benefit. In 
my experience, lowering the testosterone usually works, 
and does not bring into the equation other potential 
adverse effects of another medication. 

DHT is typically about 10% of T; both are often 
measured in ng/dL. To repeat a theme, the individual 
variation in conversion of T to DHT, apparently a func-
tion of 5-alpha-reductase activity, is enormous. In a few 
patients, DHT rises dramatically and disproportionately 
to T. First, ensure the patient is not applying it near the 
groin. I recommend these patients avoid any applica-
tion from waist to knees, just to be certain. Having 
excluded an issue of application of cream or gel, these 
patients, and perhaps any patient at risk of benign pros-
tatic hypertrophy (BPH), could use saw palmetto or fin-
asteride. Saw palmetto is available without prescription. 
I recommend it to nearly all men over 50 since lower 
DHT has been associated with decreased progression of 
BPH. Finasteride is sold in 1 mg doses (Propecia®  and 
others) to decrease men’s hair loss from the scalp, and 
in 5 mg doses (Proscar and others) for BPH symptoms. 
Often half of the 5 mg pill works well to keep DHT lev-
els at 10% or less of total T.
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PSA should not rise as a result of testosterone ther-
apy. Typically PSA fluctuates perhaps 0.2 ng/mL, but an 
increase of about that amount in six months merits a 
repeat test and close scrutiny. Be cautious about com-
paring PSA results from different labs or different tech-
niques of measure. I measure PSA at least every six 
months for those patients taking any hormone therapy. 
For patients with PSA levels greater than 2.5, I measure 
free PSA (which includes total PSA in the report). Higher 
PSA levels suggest increased risk of prostate cancer, but 
lower free PSA levels also suggest increased risk. Free PSA 
is usually measured with the Beckman method, whereas 
total PSA screening is performed with another method 
that may have a different total PSA value. 

Testosterone measures and lab methodology. The 
process for measuring hormones differs among labs and 
often various choices are available at one lab. Testoster-
one levels are now available measured by “LC/MS/MS,” 
which means liquid chromatography followed by mass 
spectroscopy, and then again run through mass spec-
troscopy. This is the gold standard. Results may be a lit-
tle lower than those obtained from the traditional 
Centaur machine. The greatest variations come with 
measuring free or bioavailable T. T is nearly all bound to 
SHBG, and more loosely bound to albumin. Long dis-
cussions center around “bioavailable T” vs. “free T” 
since some T that is not totally unbound (usually with 
albumin) still has activity. SHBG tends to increase in 
men with age, but there is great variability among indi-
viduals. The lab report with “bioavailable T” often lists 
free T, albumin, and SHBG all as one report. Free and 
bioavailable are calculated values, and often not correct. 
Only a few years ago, it was discovered that SHBG has 
two binding sites, not one, so the calculations were 
wrong. In addition, genetic variations in SHBG allow 
for tight or loose binding of T, which results in less or 
more free T, but calculated values cannot take these 
variations into account.

The best measure of free T is with equilibrium dialy-
sis, so that a membrane permeable to T but not to larger 
proteins is placed for 18 hours, and then the free T on 
the other side is quantified. This technique is the gold 
standard. The report often simply has total and free T 
measures listed. Beware of labs that measure free T using 
ammonium sulfate to precipitate out all the proteins. 
This methodology should be abandoned due to great 
fluctuations in results.

Following total testosterone only may be better 
than once thought. It is not subject to the tremendous 
variation associated with methodologies for free T. In 
addition, total testosterone may better reflect overall 
body stores.

Estradiol in men requires a sensitive, accurate mea-
sure for these low concentrations. Be sure the lab is not 
using the inexpensive ELISA kits for estrogen, which are 
not sufficiently accurate.

Philosophical Considerations

Some modern clinicians might forbid Michelangelo 
to paint the Sistine Chapel. The fumes from the paint 
and the prolonged awkward positions on the scaffold-
ing, as well as anxiety about the work itself and argu-
ments with patrons and assistants, would all take a toll 
on his health. The best physicians, however, would not 
forbid the work, but would help him achieve his goals 
with greater safety and preservation of function. Strate-
gies might include getting a pad on the scaffolding, 
improving ventilation, some stretching exercises, and 
breathing exercises before arguments with church offi-
cials. The value of his work—to Michelangelo, not to 
others—and the overall cost (to him) of that work, can 
only be estimated after a good history and careful 
assessment. And only then can one make recommenda-
tions appropriate to the individual.

This little fable is meant to point out that the philos-
ophy and belief system of the doctor influence deci-
sions made on behalf of the patient. In terms of using 
hormone therapy to offset adverse effects of aging, 
some clinicians may believe there is a special intrinsic 
value in remaining natural over “artificial” and “allow-
ing nature to take its course.” Such physicians may 
rarely prescribe androgens. However, women and men 
both have diminished physical functions and greater 
vulnerability to injury and illness following their prime 
reproductive years. On average, a man loses 75% of his 
testosterone, and 40% of his lean muscle mass with age. 
Age-related frailty includes lack of balance and strength, 
leading to greater vulnerability and increasing risk of 
hip and vertebral fractures with resulting posture 
change (kyphosis) and lack of height. In addition, aging 
men as a group have less joy and more depression. An 
aging man with low testosterone can expect, as a result 
of taking testosterone, greater overall drive, including a 
greater desire to exercise, greater bone density, greater 
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muscle mass and strength, improved mood, and less 
susceptibility to depression.

For the first time in history, life after age 60 might 
fairly routinely last another 30–40 years. With less 
frailty, thoroughly screened for cancer and heart dis-
ease, the older man now has a unique opportunity to 
change roles, to continue to be highly productive, and 
to remain physically and sexually active. Certainly, the 
benefits of taking testosterone must be weighed against 
the risks of therapy, but the risks associated with doing 
nothing must also be taken into consideration. Ulti-
mately, the physician must serve the patient, helping 
him (with reasonable safety) to achieve his personal 
goals or refer him to another practitioner.

The Epidemic of Insulin Insensitivity
Dan Lukaczer, ND

Introduction

When thinking about patients from the perspective 
of fundamental clinical imbalances, insulin balance is a 
critical piece of the puzzle. In most tissues, adequate 
insulin secretion is necessary for proper glucose disposal 
and management.338 The binding of insulin to its recep-
tor in the cell membrane is the first step of a metabolic 
cascade leading to cellular glucose uptake. When insu-
lin does not bind properly or efficiently, however, the 
ensuing dysfunction leads to a series of complex effects 
on various tissues that result in a host of metabolic 
abnormalities. Insulin insensitivity may be the single 
most important underlying metabolic dysfunction 
related to chronic disease. For that reason, you will find 
it addressed a number of times in this book, from differ-
ent perspectives.

The term insulin resistance refers to a reduced sensi-
tivity of the cell to the action of insulin. Insulin resis-
tance or insensitivity results when normal insulin 
action is impaired and the cell does not “hear” the mes-
sage of the insulin signaling molecule. To overcome this 
impairment, and to maintain glucose homeostasis, the 
pancreas will attempt to secrete larger and larger 
amounts of insulin.339 There is great interindividual 
variation in the ability of insulin to mediate glucose dis-
posal. Studies have shown that insulin sensitivity can 
vary up to 10-fold in non-diabetics.340 Without this 
compensatory hyperinsulinemia, individuals who are 

insulin resistant develop glucose intolerance and diabe-
tes. However, if the pancreas can continue to secrete 
large amounts of insulin, the individual then continues 
to maintain near-normal glucose homeostasis.

Insulin resistance and the resultant hyperinsuline-
mia are surprisingly common, and may be seen in as 
many as 25% of a normal non-diabetic population;341 
most individuals who develop insulin resistance main-
tain normal to near-normal glucose control. It is esti-
mated that 60 to 70 million Americans fall into this 
category. However, up to 25% of these individuals will 
go on to develop type 2 diabetes.

Insulin Resistance and Chronic Disease

Not all individuals who are insulin resistant ulti-
mately develop diabetes. However, those who do not 
are still at increased risk for a variety of other age-
related diseases342 that include coronary heart disease 
(CHD), stroke, polycystic ovary syndrome (PCOS), 
colon and breast cancer, and cognitive decline. The 
insulin resistance syndrome (IRS), also referred to as 
syndrome X or metabolic syndrome, refers to a cluster 
of signs and symptoms that includes: varying degrees of 
impaired glucose tolerance, depressed HDL cholesterol, 
elevated triglycerides, elevated blood pressure, and 
truncal adiposity. The underlying pathophysiology of 
the syndrome involves insulin resistance and conse-
quent hyperinsulinemia.

As abdominal fat is increased, insulin sensitivity 
decreases, production of inflammatory cytokines 
increases, and the relative risk of heart disease, demen-
tia, and cognitive decline all increase. Recent publica-
tions have demonstrated the relationship among 
lifestyle, adipocyte activity, inflammation, and chronic 
disease incidence.343,344

Diabetes

There are an estimated 16 million type 2 diabetics in 
the U.S. and the overwhelming majority carry the 
underlying pathophysiology of insulin resistance.345 
The relative severity of insulin resistance and impair-
ment of pancreatic beta cell function determines the 
severity of hyperinsulinemia and when or if hyperglyce-
mia occurs. Normally, insulin has a suppressive effect 
on circulating free fatty acids (FFAs). When the insulin 
secretory response declines, circulating FFA levels 
become elevated. FFAs, in turn, stimulate hepatic glu-
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cose production. Without the normal insulin inhibitory 
signal, hyperglycemia occurs as the liver continues to 
secrete normal amounts of glucose into a greatly 
expanded plasma glucose pool.345 With increasing 
hyperglycemia there is a further reduction in beta cell 
function (possibly as a result of glucotoxicity) and a fur-
ther fall in insulin.

Type 2 diabetes mellitus affects 90%–95% of people 
with diabetes and most often appears after age 40. How-
ever, it can no longer be considered an adult-onset dis-
ease, as it is now found commonly in obese teenagers.347 
The diagnosis of type 2 diabetes, impaired glucose toler-
ance, and impaired fasting glucose is based on both the 
World Health Organization348 and the American Diabe-
tes Association (ADA)349 guidelines. (For an extended 
discussion, see Chapter 37.) According to these criteria, 
type 2 diabetes can be diagnosed either by an oral glu-
cose tolerance test (2-hour post-75-gram load) with a 
value of 200 mg/dL or greater, or by a fasting glucose 
concentration of 126 mg/dL or greater. In addition, 
there are intermediate categories of glucose tolerance. 
Impaired glucose tolerance is diagnosed by a 2-hour 
post-load oral glucose tolerance test of 140 mg/dL or 
greater but less than 200 mg/dL, and impaired fasting 
glucose is diagnosed by a fasting glucose of between 100 
and 125 mg/dL. Both individuals with impaired glucose 
tolerance (IGT) and those with impaired fasting glucose 
(IFT) are at high risk of developing diabetes. From the 
ADA position statement:

Recently, IFG and IGT have been officially termed 
“pre-diabetes.” Both categories, IFG and IGT, are risk 
factors for future diabetes and cardiovascular disease 
(CVD) …   . On the basis of expert opinion, screening 
should be considered by health care providers at 3-year 
intervals beginning at age 45 years, particularly in 
those with BMI 25 kg/m2. Testing should be consid-
ered at a younger age or be carried out more frequently 
in individuals who are overweight (BMI 25 kg/m2 iv) 
and have additional risk factors.350

This excellent ADA 2005 article provides an in-
depth look at a very complex subject.

Coronary Heart Disease

Those individuals who maintain a compensatory 
hyperinsulinemia in the face of insulin insensitivity do 
so at great biological cost. A primary consequence is 

increased risk for CHD. Metabolic syndrome is associ-
ated with CHD through three mechanisms:

1. Elevated insulin directly stimulates lipogenesis in 
arterial tissue and enhances the growth and prolif-
eration of arterial smooth muscle cells, contribut-
ing to arteriosclerosis.351,352

2. Insulin resistance and hyperinsulinemia decrease 
fibrinolysis by stimulating plasminogen activator 
inhibitor 1 (PAI-1), which is associated with an 
increased risk for coronary thrombosis. PAI-1 is 
higher in patients with CHD and is related to 
insulin resistance and insulin-mediated glucose 
disposal.353,354

3. Hyperinsulinemia leads to increased hepatic pro-
duction of triglycerides (TG) and inhibition of 
high-density lipoproteins (HDL). Elevated TG 
and depressed HDL are important risk factors for 
CHD.355,356,357

This strong relationship between insulin, TG, and 
HDL apparently results from insulin’s influence on the 
cholesteryl ester transfer protein, which promotes the 
movement of cholesteryl ester from HDL to very low-
density lipoproteins (VLDL).358 The higher the TG lev-
els, the greater the losses of cholesteryl ester from HDL 
and the lower the plasma HDL concentration. Addition-
ally, Apo A1, which is the major protein associated with 
HDL and independently associated with reduced risk of 
coronary heart disease, is catabolized in a high-insulin 
state, further degrading HDL.

Risk of Cognitive Decline

When the balance of inflammatory mediators is 
shifted through altered gene expression patterns, the 
central set points of our physiology are being influ-
enced—the so-called homeodynamic set points, which 
have to do with alterations in the neuroendocrine-
immune system. This is one “super system,” with parts 
interrelated through receptor physiology and signaling 
mechanisms that transfer information molecules 
throughout the body and modify its function. The 
endocrine system is changed; the immune system is 
changed; and the nervous system is changed, as a con-
sequence of the shift toward inflammation. “[T]here is 
accumulating evidence suggesting that inflammation is 
the bridging link between atherosclerosis and the meta-
bolic syndrome.”359 That is why the metabolic syn-
drome results in a greater risk for cognitive decline 

iv May not be correct for all ethnic groups.
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through the adverse impact of inflammatory mediators 
on neuronal function.360

Hypertension and Stroke

Insulin resistance may also play a key role in hyper-
tension. As many as 50% of the hypertensive popula-
tion may be insulin resistant.361 The sodium hypothesis 
of hypertension attributes increased peripheral vascular 
resistance to elevated intracellular sodium concentra-
tions. Based on cross-cultural comparisons, this was 
thought to be mainly due to increased dietary intake of 
sodium in salt-sensitive individuals. Intracultural stud-
ies suggest, however, that dietary salt may account for 
only a minor segment of increased blood pressure in the 
hypertensive population.362 It has been proposed that a 
larger segment of essential hypertension is caused by 
enhanced renal sodium reabsorption in the distal 
tubule promoted by hyperinsulinemia.363 Hyperin-
sulinemia may also play a role by altering internal 
sodium and potassium distribution in a direction that 
is associated with increased peripheral vascular resis-
tance.364 Insulin appears to work through other mecha-
nisms as well to increase sympathetic nervous system 
activity and thus peripheral resistance.365 This relation-
ship between insulin and blood pressure is further sup-
ported by studies that show blood pressure drops when 
the insulin dose is decreased in obese hypertensive 
patients with type 2 diabetes.366 Additionally, blood 
pressure increases when insulin treatment is initiated 
in diabetic patients.367

Polycystic Ovary Syndrome (PCOS)

Insulin resistance appears to have a critical relation-
ship to androgen hormonal modulation. Research over 
the past 10 years has linked insulin resistance and 
hyperinsulinemia with PCOS, a disorder affecting an 
estimated 6% of women of reproductive age and the 
most common cause of female infertility in the United 
States.368 Hirsutism and acne are also common conse-
quences of this disorder. Studies have shown that high 
circulating insulin may stimulate ovarian cytochrome 
P450c17 and 17,20 lyase enzymes in predisposed 
women, resulting in elevations in serum testosterone 
and free unbound testosterone, both seen in PCOS.

Insulin influences the androgenic state directly by 
affecting the metabolism of ovarian androgens, and 
indirectly by regulating circulating levels of sex hor-

mone binding globulin (SHBG). Insulin has been shown 
to lower the production of SHBG.369 SHBG binds to test-
osterone and estrogens, making them biologically 
unavailable. Lowered SHBG therefore indirectly 
increases the delivery of testosterone to tissues as 
increased amounts of testosterone are unbound and 
bioavailable.370 Studies indicate that improving insulin 
sensitivity and decreasing circulating insulin benefi-
cially affects women with PCOS.371,372

Cancer

An area of increasing research interest is the rela-
tionship of insulin resistance to cancer. One hypothesis 
has postulated a link between colorectal cancer, insulin 
resistance, and hyperinsulinemia.373,374 While the epide-
miological data are not completely consistent, the two 
largest prospective studies to date do support a modest 
correlation between colorectal cancer risk and diabe-
tes.375,376 Additional support for a promoting effect of 
insulin on colorectal carcinogenesis has been found in 
animal models, thereby providing direct evidence for a 
possible cause-and-effect relationship between hyperin-
sulinemia and colorectal cancer.377,378

Even more recently, speculation has centered on the 
link between hyperinsulinemia and breast cancer.379 It 
has been known for some time that exposure of breast 
tissue to estrogens increases the risk of breast cancer. It 
is well established that only the fraction of estrogens 
unbound to SHBG are biologically available to receptors 
on target cells. As mentioned earlier, insulin inhibits the 
formation of SHBG. While SHBG binds to both test-
osterone and estrogen, it binds preferentially to test-
osterone; therefore, decreased levels of SHBG will result 
preferentially in increased levels of free unbound estro-
gen.380 In support of this concept, some epidemiological 
studies have shown that high plasma levels of unbound 
estrogen are associated with increased risk of breast can-
cer, at least among postmenopausal women.381,382,383,384

Summary

Insulin resistance syndrome represents one of the 
most important imbalances in clinical care today. It is a 
multifactorial health condition that has become 
increasingly common in industrialized societies. It 
affects, by conservative estimates, a quarter of the U.S. 
population. It initially manifests as impairments in 
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insulin sensitivity that cause a cascade of biochemical 
changes resulting in increasing risk for a host of chronic 
degenerative diseases. Coronary heart disease, hyper-
tension, polycystic ovary syndrome, cognitive decline, 
and type 2 diabetes appear to be directly related to this 
metabolic imbalance. Certain cancers may also be caus-
ally related. The economic costs of treating these end-
stage disorders are enormous. Recognition and early 
treatment are, therefore, essential. Treatment of the 
underlying biochemical defect, loss of insulin sensitiv-
ity, and resistance to glucose disposal is of central 
importance. While genetic inheritance may determine 
propensity to the disorder, modifiable factors such as 
weight, exercise, smoking, diet, and nutrition play a 
critical role. A comprehensive strategy of lifestyle and 
dietary modifications along with nutrient supplementa-
tion is an important step in clinical management of this 
fundamental clinical imbalance.
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Chapter 20
Neurological Imbalances
Catherine Willner, MD

Introduction

It is important to understand some of the ways in 
which the nervous system is different from other organ 
systems in the body—and the extent to which its failure 
to function can be a devastating consequence both to 
the individual and to society. The cells and tissues of 
the human nervous system share many features in com-
mon with all other cellular structures in the body. In 
this sense, all principles of functional medicine can be 
applied in situations where the predominant problem 
faced by a clinician seems to be one that is neurological. 
In fact, it would be the most appropriate application of 
the principles of functional medicine to optimize func-
tioning before a specific disease related to genomic or 
environmental risk can be identified. However, getting 
to that ideal requires understanding the nervous system 
in terms of the unique biochemistry, physiology, and 
pathology that sometimes set it apart from other sys-
tems. These issues deserve special attention.

Functional medicine approaches the nervous system 
as one part of a web of interconnectedness of all bodily 
systems and functions and assesses how to optimize pro-
cesses that permit healthy functioning of the whole 
organism. Functional neurology considers this web as it 
impacts the ability of the nervous system to perform 
optimally in all of its functions. It is sometimes a struggle 
to make the leap between traditional neurology and 
these paradigms, but it is also a very exciting challenge. 
We will look briefly at certain aspects of traditional neu-
rological assessment, explore some unique characteristics 
of the nervous system, and then discuss the application 
of this knowledge to functional neurology.

Traditional Neurological Assessment

Neurologists are taught very precisely to label in 
space (anatomy), function (physiology and pathology), 
and time (pathophysiology of acute, subacute, and 
chronic), and to consider genetics and the environment 
(though we are traditionally taught little in terms of 
how to impact the latter two elements). Often, those 
disorders that we recognize as being impacted by envi-
ronmental influences are considered as irreversible or 
too delayed to alter when they result from certain toxic 
exposures or severe deficiencies. There are, of course, 
exceptions, such as disorders associated with B12 defi-
ciencies, or metabolic changes that occur with acute or 
chronic alcohol exposure, or the cognitive and other 
neurological changes associated with altered thyroid 
status. We are taught that these can be at least partially 
reversed by treatment if they are recognized early, and 
their recognition is a core aspect in traditional neuro-
logical training. However, in many circumstances, by 
the time these disorders have actually resulted in diag-
nosable conditions involving the nervous system, the 
damage is quite severe. Traditional neurology is only 
beginning to respect the more subtle aspects of meta-
bolic dysfunction and to apply methods to assess or pre-
vent early failure in the system (e.g., the use of folate to 
prevent neural tube defects).

Assessment of the temporal sequence of pathophysi-
ological events is often useful in diagnostic consider-
ations. Acute events, particularly those that occur 
suddenly such as stroke, migraine or seizure, are differ-
ent than the subacute (infection, demyelinating disor-
ders like multiple sclerosis) or chronic progressive 
disorders that involve cognition and memory (demen-
tias), movement, or other bodily functions. Those are 
usually considered the system disorders: parkinsonism, 
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cerebellar disorders, autonomic failure, peripheral neur-
opathies, and various combinations (multisystem dis-
eases or atrophy). Disorders that cause progressive loss 
of the functions of the nervous system have been tradi-
tionally labeled neurodegenerative. Some of these chroni-
cally progressive disorders are listed in Table 20.1.

Because we are living longer as a population, and 
because our population as a whole is aging, many peo-
ple are surviving much longer with these diagnoses, 
although the impact on the patient’s quality of life and 
the economic burden on society are both significant. 
However, it is important to take into consideration that 
other disorders, not specifically considered neurodegen-
erative, also are costly to manage. For example, the toll 
in terms of work attendance, activities of daily living, 
and pain caused by migraine alone is quite high.1 The 
availability of progressively more expensive pharmaceu-
ticals to treat this disorder has not solved the underly-
ing problem, although it brings symptom relief to 
many.2 As with almost every other traditionally labeled 
“neurological disease” or disorder, prevention of stroke, 
migraine, epilepsy, multiple sclerosis, peripheral neur-
opathy, the dementias, and the degenerative system dis-
orders should be as important as management.

Function and Structure: The Nervous System

Probably the most important task performed by the 
nervous system in a general sense is communication, 
which permits coordination of adaptive responses both 
within the brain and throughout the entire organism. 
This permits, for example, awareness (perception) of 
both internal and external environments and perfor-
mance in those environments. Rapid adjustment or fine 
tuning of both awareness and performance is a function 
of the unique features of that communication system. 
Though such processes are present in most other organ 

systems, the nervous system is unique because of the 
rapidity with which it can alter function, and also 
because of the greater distances from the origins of 
many signals. It is also unique because it permits aware-
ness of and interaction with the environment (con-
sciousness, memory, cognition). This system of 
communication requires electrical potentials as well as 
chemical interactions from neurotransmitters or sub-
stances more traditionally considered hormonal. And, 
the nervous system allows us to perceive and to react 
both at a conscious level and with autonomic activity, 
where conscious awareness is not required.

There are certain features of the nervous system that 
warrant consideration in this discussion:

• The nervous system has unique energy requirements 
that include fairly consistent access to oxygen and 
to glucose, though other carbon-based fuels can be 
accommodated. It is a demanding metabolic envi-
ronment with high energy requirements partly 
because of the generalized need to maintain elec-
trochemical gradients to allow generation of action 
potentials appropriately and to allow receptors to 
function normally. Mitochondrial function, as the 
source of this energy, is key to optimization of func-
tion.

• The method of communication at synapses by 
neurotransmitters and receptors requires continu-
ous recycling of both the chemicals and their 
receptors. This requires a normally functioning 
genome as well as access to substrate to make the 
enzymes, the neurotransmitters, and the receptors.

• Maintenance of the membrane structure system is 
critical to normal performance of neurons and the 
surrounding complex cellular system of glial cells. 
Discussion of their complex functions is beyond our 
scope, but one of their major functions is to provide 
insulation by forming myelin, which permits elec-
trical activity to travel appropriately to the correct 
destination at speeds in the range of 100 m/s.

• As a result of that need for insulation, both in the 
brain and at a distance, through the fiber tracts and 
the peripheral nervous system, the concentration 
of lipid is unique and high, both as cell membrane 
components and in the myelin, which insulates 
axons (the processes sent out by cells to accomplish 
this communication). The relatively high content 
of polyunsaturated fatty acid (PUFA) places the 

Table 20.1 Traditional Neurodegenerative Disorders

Dementias (Alzheimer’s, Pick’s, Lewy body disorders)
Idiopathic Parkinson’s disease
Parkinson plus syndromes (dementia, the most frequent)
Cerebellar degeneration (olivopontocerebellar atrophy)
Shy-Drager syndrome (autonomic failure)
Progressive supranuclear palsy
Motor neuron disorders (e.g., ALS)
Hereditary peripheral neuropathies
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brain at significant risk for lipid peroxidation sec-
ondary to free radical damage.

• It is also important to remember that the neurons 
are, for the most part, postmitotic tissues. Though 
potential for regeneration (especially in the periph-
ery) and plasticity of surviving neurons is one of 
the strong points of the system, the limited ability 
of the nervous system to regenerate or replace dam-
aged cells does have serious consequences.

• Certain regions of the brain, specifically the sub-
stantia nigra and the striatum, have very high 
concentrations of iron, which also increases the 
risk of peroxidation.

• Finally, the nervous system is relatively segregated 
from the rest of the body—from the bloodstream in 
particular by the blood-brain and blood-nerve barri-
ers.3 This segregation necessitates a separate source 
for immunological protection and defense, mostly 
provided in the CNS by the glial cells. When the 
system fails, the consequences can be devastating. 
(Neuroimmunology is a very complicated and fasci-
nating subject. The gut, with its unique role of inter-
action with the external environment, has similar 
types of barriers and unique defenses and many of 
the same principles of functional medicine can be 
applied. See The Gut-Liver Axis in Chapter 31).

A short summary of the features discussed above is 
presented in Table 20.2. Now, let’s consider some of the 
consequences of these features and how functional neu-
rology might approach the task of enhancing or pro-
tecting these functions, particularly in situations where 
the nervous system might be vulnerable. Our specific 
focus will be on the consequences of oxidative depen-
dence—free radical damage, neurotoxicity, and apopto-
sis (cell death).

Neurological Vulnerability: Oxidative 
Dependence and Free Radical Stress

The nervous system, with its high metabolic require-
ments, uses about 20% of the oxygen provided from 
ventilation. Oxygen and oxygen species are used in the 
body for several different functions, including their role 
in the respiratory chain for energy production, as ATP is 
manufactured by alteration of carbon bonds to form 
water and carbon dioxide. Oxidation also plays a role in 
defense against destruction or damage caused by for-
eign substances and free radical attack.

Free radical formation is a necessary and essential 
function of these systems; however, when the system is 
not balanced, that function fails. There are elaborate 
mechanisms of protection from free radical damage for 
the brain and body:4 enzymes such as SOD (superoxide 
dismutase—requiring Zn, Cu, Mn), glutathione peroxi-
dase (requiring Se), and catalase (requiring Fe); dietary 
antioxidants (Vitamins C and E, among others); and 
endogenous antioxidants (coenzyme Q10, carnitine, 
lipoic acid).

There are risks in this setting that are both genetic 
and environmental. In both acute and chronic disor-
ders, there is evidence that both energy metabolism def-
icits and glutamate-mediated excitatory transmitter 
dysfunction may be causative and integral to damage 
by reactive oxygen and nitrogen species.5

The Basics of Oxidative Stress and Neuronal 
Function

The respiratory chain provides the mechanisms for 
production of energy through the formation of high-
energy phosphate bonds. (The basics of bioenergetics are 
discussed in Chapter 16.) The system is a complex one, 
involving membranes, enzymes, cofactors, substrates, 
and the cellular organelles called mitochondria, which 
are maternally inherited and contain their own DNA 
(mtDNA is discussed further in Chapter 21). Getting 
down to absolute basics, the neurons, like every other 
cell in the body, utilize carbon-based atoms and oxygen 
to produce energy for the production of enzymes, neu-
rotransmitters, and structural components of the cell 
(such as complex receptors). One of the most important 
functions of this system is the maintenance of an electro-
chemical gradient or membrane potential, which is 
unique for cell systems that can generate an “action 
potential” or other electrical charge. The action potential 

Table 20.2 The Nervous System—Unique Features

High energy requirements, mitochondrial dependence
High metabolic turnover, excitatory transmitters
Post-mitotic state
High lipid content (specialized membranes, PUFA)
Transmembrane electrochemical gradient
Region-specific mineral concentration (Fe)
Sequestration (BBB/BNB/myelin)
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is the basis for the rapid communication capacity of the 
nervous system. As mentioned above, the necessity to 
provide insulation or sequestration for the electrical 
charge is supported by the formation of myelin, which is 
a complicated lipid structure produced by glial cells in 
the central nervous system and by Schwann cells in the 
periphery. These supporting cells (including the glia) per-
form many other protective functions as well by process-
ing or storing many of the neurotransmitters in the 
system when they are not acting as receptors.

Energy is required to accomplish all of these tasks. 
When the mitochondria fail to produce adequate 
energy, the result will be suboptimal function at many 
levels in the cells within the system in general.6 How-
ever, in addition to the impact that might be caused by 
inadequate energy availability for normal functioning, 
there is also the risk posed by the process of extracting 
such energy. The work of producing energy via the mito-
chondria has a price that includes generating free radi-
cals and other products that have to be handled by the 
system. Free radicals are dangerous to many targets, 
especially the mitochondrial DNA and lipid-laden mem-
branes (which are especially available in the nervous sys-
tem). If not appropriately managed, free radicals cause 
oxidative stress, a topic that is discussed in greater depth 
in Chapters 21 and 30. A list of common targets for free 
radical damage is presented in Table 20.3.

The generally recognized diseases associated with 
mitochondrial disorders, which were traditionally 
referred to as mitochondrial encephalomyopathies, are 
now more commonly called mitochondrial cytopathies7 
to emphasize the multisystem nature of the dysfunc-
tion. The most common of these are summarized in 
Table 20.4. There are disorders now known to be associ-
ated with defects in each of the five complexes classi-
cally described within the mitochondria.8 Though most 

of the proteins and subunits of the mitochondria are 
actually encoded by nuclear DNA, there are 13 critical 
polypeptide subunits of the electron transport com-
plexes that are formed by mitochondrial DNA.9 The 
actual mitochondrial dysfunction can be anything from 
a specific point mutation in mitochondrial DNA to 
large-scale deletions or duplications. The inheritance is 
variable from maternal, both dominant and recessive, 
to acquired or sporadic mutations. Many changes in 
function that occur with aging are thought to be related 
to the consequences of oxidative stress or various toxic 
insults, to which the mitochondria seem to be particu-
larly predisposed because of their relative absence of 
DNA-repairing enzymes.10

The heterogeneity of these disorders is related to the 
specific dysfunction, but the major organ systems 
involved are those that are most dependent on oxida-
tive metabolism: the brain and muscle (skeletal and 
heart) are the most frequently affected, though other 
tissues like the kidney and liver are also clearly at risk. 
The abnormality most often discussed in the skeletal 
muscle is the development of mitochondrial prolifera-
tion with abnormal morphology (which, along with 
patchy atrophy, gives the appearance of “ragged red” 
fibers on trichrome staining). Interestingly, these 
changes are not seen frequently with nuclear DNA 
changes, but are quite common with disorders pro-
duced by abnormalities of the mitochondrial DNA.

Glutamate Excitotoxicity and Cell Dysfunction

Glutamate, probably the most abundant free amino 
acid in the central nervous system, is the main excita-

Table 20.3 Free Radical Targets

Lipid cell membranes
Cell receptor complexes
Enzymes 
Structural proteins (neurofilaments)
DNA
Mitochondrial buffering*
Viruses, bacteria*

*Normal functions

Table 20.4 Mitochondria-related Disorders

Kearns-Sayre syndrome (ophthalmoplegia, retinal pigmenta-
tion, conduction block, dementia)

LHON (Leber’s hereditary optic neuropathy; subacute blind-
ness in young adults)

MELAS (mitochondrial myopathy, encephalopathy, lactic 
acidosis, and stroke-like episodes)

MERRF (myoclonic epilepsy, ragged red fibers)
CPEO (chronic progressive external ophthalmoplegia)
Pearson’s syndrome (sideroblastic anemia, pancreatic dysfunc-

tion, death in infancy)
NARP (neuropathy, ataxia, retinitis pigmentosa syndrome)
Maternally inherited myopathy with cardiomyopathy (spares 

the CNS)
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tory amino acid (EAA) neurotransmitter in the CNS.11 
Though the majority of glutamate is actually housed 
within the neuronal storage vesicles, there are high 
quantities in the extracellular space. The other major 
excitatory substance is aspartate. Analogous to the dou-
ble-edged sword of mitochondrial respiratory chain free 
radical production, these EAA neurotransmitters are 
critical to the brain’s plasticity of function. However, in 
excess, they are toxic to neurons. There are two major 
receptor types for glutamate, ionotropic and metabotro-
pic. Ionotropic receptors are grouped into two major 
subtypes: NMDA (N-methyl-D-aspartate) and non-
NMDA receptors (the AMPA/kainate receptor). The 
metabotropic receptor is coupled to cyclic GMP and 
modulates production of intracellular messengers, 
which also influence the ionotropic glutamate recep-
tors. Under normal circumstances, when adequate 
energy and cell function permit the electrochemical 
gradient to maintain a normal membrane potential, the 
NMDA receptor is blocked by magnesium. Loss of the 
gradient results in loss of the magnesium ion blocking 
the NMDA receptor, which, when activated by 
glutamate, results in influx of calcium into the neuron. 
Under normal circumstances, this reaction is self-limit-
ing. In models of neurotoxicity, there is an escalating 
cascade of damage leading to cell death.12

This same scenario of excitatory neurotoxicity is pos-
tulated in the mechanisms of ischemic and hypoxic 
damage as seen with stroke or hemorrhage. In this set-
ting, rather than a clear-cut loss of energy and change in 
gradient potential altering the receptor for glutamate, it 
is suspected that there might actually be increases in the 
amount of glutamate because of failure of the surround 
to modulate the substance.13 The consequence is overac-
tivation of the receptor due to excess amounts of 
glutamate, then ultimately cell failure. Both sodium and 
calcium are increased intracellularly in this setting.

Exogenous glutamate receptor agonists are known to 
produce neurotoxicity. One of the best understood mod-
els comes from clinical insights about lathyrism,i charac-
terized especially by spastic paralysis of the hind or lower 
limbs. Lathyrism results from an AMPA glutamate recep-
tor agonist found in the foods known to be associated 

with this condition; it produces a clinical syndrome sim-
ilar to or mimicking ALS, predominantly with upper 
motor neuron changes.

Once the receptor cell is activated, glutamate is nor-
mally recycled by active transport back into glial cells or 
it is to some extent sequestered in neurons.14 Its eleva-
tion extracellularly can cause continued reactivation of 
both NMDA and non-NMDA receptors, thereby allow-
ing increased levels of calcium to enter the neuron. Cal-
cium is normally buffered by intracellular buffering 
proteins such as calbindin or parvalbumin. However, 
when the buffering capacity is exceeded, the excess cal-
cium ions may catalyze the activity of specific destruc-
tive enzymes that are not normally activated. These 
include xanthine oxidase, nitric oxide synthase, and 
phospholipase, all of which produce free radicals, 
including reactive oxygen and nitrogen species.15

Sustained elevation of calcium in particular is 
thought to initiate toxic consequences, including acti-
vation of catabolic enzymes such as proteases, phospho-
lipases, and endonucleases that damage enzymes, 
membranes, and DNA.16 These can be rapidly lethal. 
High intracellular calcium also leads to uncoupling of 
the mitochondrial reactions, resulting in further pro-
duction of free radicals as well as energy failure. Other 
activations include initiation of protein kinase and lipid 
kinase cascades, which include, for example, activation 
of calcium calmodulin kinase (CaMK) and other kinases 
that modify the function of ion channels, including the 
NMDA and AMPA/kainate receptors.17 High intracellu-
lar calcium leads to formation of free radicals by several 
other mechanisms as well, including calcium-depen-
dent activation of phospholipase A2, which liberates 
arachidonic acid, leading to further free radical produc-
tion and lipid peroxidation.

Glutamate Excitotoxicity and Free Radical 
Production: The Feed-Forward Loop

During normal cell function, stimulation of the 
NMDA receptors leads to activation of nitric oxide syn-
thase (NOS). The release of nitric oxide that occurs as 
L-arginine is oxidized to citrulline by NOS is a short-
lived reaction and self-limiting under normal circum-
stances.18 Nitric oxide is a potent vasodilator and a free 
radical species itself, but is not thought to cause severe 
damage in normal physiology. As with other reactions, 
its normal role in metabolism is necessary for health. 
Once increased excitotoxicity leads to calcium-altered 

i The grass pea, Lathyrus sativus, …   [has] a high content of -N-oxalyl-L-
alpha,  diaminopropionic acid (ODAP), the compound considered to 
incite the condition known as “lathyrism,” an irreversible paralysis, if 
the seeds are consumed in excessive amounts …   . From http://www. 
hort.purdue.edu/newcrop/proceedings1993/V2-256.html#Grasspea.



Section V
Fundamental Clinical Imbalances

262

enzyme systems and free radical generation, there is 
damage of all the cell components mentioned above. 
Superoxide (O2

-), produced by xanthine oxidase, reacts 
with nitric oxide (NO), produced by NO synthase, to 
form peroxynitrite (ONOO-), one of the most potent 
reactive nitrogen species; it causes nitration of intracel-
lular proteins containing tyrosine.19 These changes 
result in further damage to structural and enzyme pro-
teins and increase the demand on the mitochondria, 
which further upregulate in response, but cannot ade-
quately counter the production of their own free radi-
cals, resulting in even more damage. Peroxynitrite is 
also indicted in other reactions within neurons,20 
including DNA deamination, strand breaks, mutations, 
and damage to the mitochondrial Complexes I and II 
and to mitochondrial aconitase. Ultimately, cell death 
occurs as a result of multiple system failures.

Because of the significant toxicity posed by perox-
ynitrite, research is being conducted concerning the 
role of the nitric oxide and NOS systems in the neuro-
degenerative disorders and their potential for manipula-
tion to prevent this cascade of damage.21 There are a 
number of disease models where induction of NOS is 
suspected as a trigger in the progression of pathology. 
Indications have been seen in the experimental model 
of multiple sclerosis (EAE, experimental autoimmune 
encephalomyelitis) and are widely demonstrated in 
models of cerebral ischemia for stroke. Aminoguani-
dine, an inhibitor of NOS, was used in the EAE model 
and resulted in a dose-dependent reduction of disease 
expression.22 Using the MPTP model (discussed in 
Chapter 21), researchers have shown that pretreatment 
with an inhibitor of NOS (7-nitosindazole) prevented 
development of parkinsonism and typical cognitive 
changes seen in baboons exposed to MPTP.23 Applica-
tion of NOS synthase inhibitors also provided protec-
tion in cortical neuron cell cultures against the toxic 
effects of beta-amyloid, which is the altered protein 
structure known to be associated with the plaques of 
Alzheimer’s disease.24,25 It is also known that exposure of 
rat microglial cells in culture to beta-amyloid results in 
the release of nitric oxide, especially in conditions of 
inflammatory upregulation.26 Arginine analogs have 
been used to interfere with this NOS pathway; however, 
most of the substances studied are potent vasoconstric-
tors that interfere with normal function, making clini-
cal application elusive.27

Similar problems have been encountered in attempts 
to identify pharmacological substances that block the 
NMDA receptors. Some of the newer anticonvulsant-type 
medications have some degree of NMDA-blocking activ-
ity. Although in theory this might be protective in many 
settings, including acute brain injury, ischemia, or surgi-
cal stress, when direct application of NMDA inhibitors 
has been attempted, significant problems with memory, 
learning, and overall functioning have resulted.28

Summary

Certain unique attributes of the nervous system, in 
combination with the complexities of mitochondrial 
function and the generation of free radical species as 
part of normal metabolic function, lead to the recogni-
tion of a delicate balance that must be fostered to per-
mit healthy human functioning. These insights also 
offer the opportunity to apply scientific principles to 
the optimization of CNS systems in an effort to mini-
mize genetic and environmental risks that can result in 
myriad neurological disorders, from migraine to stroke 
to MS to parkinsonism and dementia.
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Chapter 21
Oxidation-reduction Imbalances
Catherine Willner, MD

Introduction

In Chapter 20, we learned about the importance of 
energy to the nervous system, and we discussed its vul-
nerability to injury as a result of the oxidative stress that 
accompanies energy production. Now, we will examine 
in greater depth the structure, function, and genetics of 
the mitochondria—the energy producers of the body—
and their role in certain nervous system pathologies.

The tiny cellular organelles called mitochondria are 
present in almost all cells, with predominance in highly 
metabolically active cells such as skeletal and cardiac 
muscle and the nervous system. The relationship 
between mitochondria and the cells in which they reside 
is a unique interdependence and has much to teach 
about the important principles of energy and oxidative 
stress and their importance in functional medicine. In 
this past century, the theory that mitochondria were 
originally bacteria that formed a symbiotic union with 
early prokaryotic cells has generally come to be accepted, 
though there were historically many alternative hypoth-
eses as to their origin.1,2 Among several factors arguing 
for their origin as “oxygen-metabolizing” early bacteria 
are the many features they share with unicellular organ-
isms, including morphology, consisting of two mem-
branes and invaginations called cristae, with shapes 
typical of bacteria. Weighing in as perhaps the strongest 
argument for bacterial origin is the fact that they contain 
their own genetic material. For a very detailed and fasci-
nating review of this history, as well as the current scien-
tific status of mitochondrial functions across species, the 
work by Scheffler is an excellent resource.3 

Mitochondrial Functions

Biochemical processes that occur within mitochon-
dria are outlined in Table 21.1. The best known of these 
processes is oxidative phosphorylation, accomplished by 
the membrane-based respiratory chain, which consists 
of five subunits and requires a number of transporters 
and complex molecules. (Chapter 16 on Bioenergetics 
contains Figure 16.4, which depicts this mechanism.) 
This complex oxidizing electron transport chain is the 
primary source of the high-energy phosphate substrate 
ATP, but it is important to remember that many other 
functions also take place there. The citric acid cycle, 
amino acid biosynthesis (and, most prominently in liver 
tissue, the urea cycle), and fatty acid oxidation all make 
substrate available for oxidation within mitochondria. 
Additionally, calcium regulation or buffering and a series 
of control mechanisms for the process of programmed 
cellular demise (apoptosis) are also in the domain of 
mitochondrial control. These are biochemical processes 
that, in general, regulate energy metabolism and prepare 
for the oxidation of carbon-based structures to provide 
energy for other cellular functions. In an efficiently 
functioning mitochondrion, the downstream products 
of this process are ATP, carbon dioxide, and water. The 
presence of mechanisms impacting the ability to induce 
apoptosis makes sense because energy and calcium 
metabolism must be closely monitored to maintain 
normal cellular function, especially in the cells that 
have high energy demands. Mitochondrial function and 
the ability to support normal cellular functions, espe-
cially in highly demanding neuromuscular tissues, not 
only change with age but are at risk from environmen-
tal, intrinsic, and genetic injuries and insults. These 
functions are worthy of discussion as they relate to the 
unique genetics and structure of mitochondria because 
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understanding the physiology creates the potential for 
modifying pathology.

Mitochondrial Genetics

Mitochondria contain their own DNA (mtDNA) and 
in humans mtDNA is responsible for forming some nec-
essary substrates for energy production. A large number 
of the components necessary for this process actually 
are formed from messages contained in nuclear DNA, 
especially Complex II, which is associated with succi-
nate dehydrogenase. Many other genes that might be 
required for a bacterium to function independently 
have been relocated to or subsumed by nuclear DNA. 
Mitochondria have lost the ability to translate proteins 
as efficiently as their independently surviving counter-
parts. Mitochondrial DNA in the human is double 
stranded and circular, consisting of 16,569 base pairs;4 it 
contains approximately 37 genes in comparison to the 
thousands of genes present in bacterial DNA. For the 
most part, the functions that remain the responsibility 
of mtDNA are associated with oxidative phosphoryla-
tion. The mitochondrial genes encode for 13 polypep-
tides involved in that process, as well as ribosomal RNA 
and transfer RNA.

Mitochondria and mtDNA are primarily maternally 
inherited. (There have been exceptions reported, with 
clinical disorders such as myopathy originating from 
paternally inherited mtDNA.5) Clinical manifestations 
of mitochondrial dysfunction, discussed below, are 
highly variable and will be expressed in both females 
and males, but it is predominantly the females who pass 
on the mitochondrial and mtDNA mutations to their 
progeny. There is potential for some paternal contribu-
tion to mitochondrial (dys)function because of nuclear 
genetics, but mtDNA is involved in producing essential 
components of oxidative phosphorylation and evidence 
has mounted during the past century that mtDNA muta-
tions produce many of the clinical disorders related to 
mitochondrial dysfunction. 

The expression of these disorders is complex, not 
only because of the interaction of mitochondrial and 
nuclear genetics, but also because of how mitochondria 
reproduce within different cell lines and tissues. The 
number of mitochondria within any given cell varies on 
the basis of energy requirements for different tissues. In 
the context of athletic training or increased energy 
demands within a specific tissue, the number of mito-
chondria can increase, which requires replication of the 
mitochondria completely unrelated to cellular division. 
Additionally, there is more than one mtDNA in the typ-
ical mitochondrion, which permits variable expression 
of mutations during replication. The co-existence of 
normal mtDNA alongside mtDNA with mutations, 
whether spontaneous or inherited, is known as hetero-
plasmy. In a normal person, a completely normal 
mtDNA genome is present in all the mitochondria 
(homoplasmy). In an individual carrying mutations, 
there will be some normal and some mutated mtDNA 
within the mitochondria. These interesting features of 
mitochondrial genetics and their interactions with dif-
ferent cellular components account for variations on 
the expression of dysfunction in different tissues, in dif-
ferent family members from the same mother, and in 
changes that occur over time. For a more in-depth dis-
cussion of these interesting phenomena, excellent 
reviews are available.6,7

Mitochondrial Structure

The content of the phospholipid bilayer is composed 
of two membranes, an important factor in mitochondrial 
function. Like all membranes, the mitochondrial mem-
branes function better when fluidity is optimized. The 
inner membrane is especially unusual because of the rel-
atively high content of protein complexes forming the 
respiratory chain. Cardiolipin (diphosphatidylglycerol) is 
thought to be unique to this inner membrane; it is 
highly concentrated at these sites and appears to be 
involved in proper functioning of the respiratory chain, 
where oxidative phosphorylation occurs. As mentioned 
above, the respiratory chain is composed of five subunits 
named Complex I–V. Four of the five are predominantly 
produced by coordinated actions of nuclear and mtDNA-
generated polypeptides. Complex II is formed uniquely 
from nuclear transcription products. Two of its four sub-
units are associated with the enzyme succinate dehydro-
genase, which is one of the enzymes involved in the 

Table 21.1 Mitochondrial Operations

Oxidative phosphorylation (respiratory chain ATP production)
Citric acid cycle
Amino acid synthesis
Fatty acid oxidation
Calcium metabolism and cytoplasmic sequestration
Apoptosis
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citric acid cycle. Therefore, there is a mechanism for the 
respiratory chain to monitor CoA utilization and reduc-
ing equivalents (NAD and FAD) in the organelle. These 
substrates, nicotinamide adenine dinucleotide and flavin 
adenine dinucleotide, are derived from B vitamins (nia-
cin and riboflavin). Cytochrome c and other heme-based 
molecules are integral to the function of the respiratory 
chain and are produced within the mitochondria. 

Another very important structural and functional 
component is the ubiquinone family, specifically coen-
zyme Q10. Because this sterol-like structure is formed 
within the body using the same acetylation pathway as 
cholesterol, its formation can be disrupted by statin 
drugs, which block an early step in the metabolic path-
way of its production (HMG CoA reductase). Though 
there may be some element of selectivity of enzymes for 
substrates leading to this pathway, enabling statins to 
impact cholesterol synthesis more dramatically, this is 
incompletely documented. For more detailed analysis 
of these processes and other functions accomplished in 
and by mitochondria, a number of interesting reviews 
can be consulted.8,9,10,11,12

Mitochondropathies

Disorders of mitochondrial function cross many 
medical disciplines simply because of the presence of 
mitochondria in metabolically active tissues. Though 
there are clearly clinical manifestations isolated to sin-
gle tissues, the disorders typically attributed to mito-
chondrial dysfunction involve several tissues. They are 
intriguing because of the complex issues related to 
maternal inheritance in the mtDNA, tissue heterogene-
ity and heteroplasmy, as well as the autosomal genom-
ics relevant to nuclear DNA. The highly energy-
dependent nature of the neuromuscular system, how-
ever, naturally leads to a prominent position for these 
tissues in the pathophysiology of mitochondrial disor-
ders. Many have been named or classified by the sys-
tems involved or the symptoms associated, although, as 
the complex genetics of mitochondria have been eluci-
dated, there has been an effort to associate specific dis-
orders with specific alterations in either mitochondrial 
or Mendelian nuclear genetics, or both. In addition to 
genetic explanations for failure of energy metabolism, 
there are also disorders associated with mitochondrial 
failure caused by other factors, including those associ-
ated with use of certain antibiotics that damage 

mitochondria13,14 or pathological conditions such as 
stroke, where mitochondrial function can be altered to 
the point that apoptosis is triggered despite initial cellu-
lar survival following anoxic insult. There are also 
genetic mutations that damage other mitochondrial 
functions besides ATP production, including disorders 
of mineral storage, calcium homeostasis, and multiple 
cellular processes that can lead to apoptosis.

The earliest description of mitochondrial disorders 
associated with alterations in mitochondrial DNA was a 
report in the late 1980s of a mitochondrial myopathy 
associated with a specific large genetic deletion.15 
Leber’s hereditary optic neuropathy (LHON) within one 
specific family was then identified to be associated with 
a point mutation.16 LHON is clinically associated with 
rather sudden onset of blindness from optic atrophy, 
most often seen in males.

The more common syndromes associated with 
mtDNA defects, though all quite rare, have been named 
historically by their symptom complexes. MELAS (mito-
chondrial encephalomyopathy, lactic acidosis, and 
stroke-like episodes) typically presents during child-
hood with a clinical presentation that includes episodes 
of vomiting, headaches with migrainous features, and 
vascular events similar to stroke episodes (although 
imaging does not typically show lesions concordant 
with normal “vascular” strokes). The presence of lesions 
typical of scarring beyond vascular territories has made 
an argument for these being metabolically induced 
areas of tissue damage.17 Over time, there is progressive 
loss of function. As information about the genetics of 
mitochondria has been uncovered, the MELAS syn-
drome, like other disorders, has been found to be associ-
ated with many different mutations in mtDNA.18

MERRF (myoclonus, epilepsy, ragged red fibers) is 
characterized by those clinical features, including the 
myopathy associated with the pathological hallmark of 
ragged red muscle cells on biopsy. Ataxia and cognitive 
decline to the point of dementia are typical, as is damage 
to other energy-dependent tissues, such as hearing and 
peripheral nerves. A list of the more common syndromes 
with neurological features is presented in Table 21.2.

A very intriguing case presentation of a patient with 
myopathy developing in adulthood emphasizes the 
variability associated with mitochondrial division and 
replication. The pathology, associated with ragged red 
fibers and Complex IV-deficient fibers, increased over a 
12-year period of study.19 Progenitor muscle satellite 
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cells capable of regenerating muscle tissue showed no, 
or only very low levels of, mutated mtDNA, leading to 
an intervention that seemed to reverse the presentation 
by stimulating these progenitor cells.20 In tissues that do 
have the ability to regenerate, albeit slowly, this repre-
sents an exciting potential for possible treatment of 
these frequently devastating disorders. Though beyond 
the scope of this discussion, the treatments directed at 
these disorders have been rather disappointing, includ-
ing use of antioxidants and nutrients to support mito-
chondrial structure and function.

The autosomal inheritance related to mitochondrial 
dysfunction is more complex simply because of the vol-
ume of functions served by nuclear DNA products and 
because there can be overlap of disorders of both 
genomes, which further complicates the clinical pic-
ture. Leigh syndrome, a disorder of infancy and child-
hood involving psychomotor delay, a variety of 
cognitive changes, and seizures, can be inherited as a 
recessive, x-linked or maternal disorder. Because of the 
large number of mitochondria and their dependence on 
energy, the tissues most involved include the nervous 
system and cardiac and skeletal muscle. The liver, kid-
ney, and pancreas can also be involved in many of these 
syndromes. Exercise intolerance, frank myopathies with 
muscular weakness and wasting, arrhythmias, and a 
variety of neurological symptoms are common in these 
conditions. Leukoencephalopathy (white matter lesions 
by MRI) is fairly typical. Evaluating for dysfunction in 
these tissues is the starting point in the assessment of 
these patients, but formal neurological evaluation is 
very useful to delineate the nervous system features that 
occur so frequently. Liver and renal function should 

also be assessed, as well as lactate levels, which can be 
elevated at rest. Not all patients will present with such 
laboratory changes. Limited exercise can sometimes 
reveal early and significant elevation of lactate levels. 
When suspected, cellular DNA can be analyzed, includ-
ing in the white blood cells. As discussed above, because 
Complex II is not under the control of mtDNA, a nor-
mal or elevated level of succinate dehydrogenase can be 
diagnostic of a mitochondrial DNA disorder in the con-
text where the activity of other complexes is reduced.

There are genetic disorders of other types of mito-
chondrial function in addition to those associated 
directly with energy production, such as iron transport 
and storage. An x-linked sideroblastic anemia related to 
iron export has been identified and so have defects of 
iron storage in certain presentations of Friedrich’s ataxia. 
A mutation recognized to be related to a deficiency of 
thymidine phosphorylase, leading to accumulation of 
thymidine, may prove to be amenable to treatment.21 
Finally, genetic and environmental disorders associated 
with reduced coenzyme Q10 have been identified. They 
do respond to replacement therapy in the absence of 
other significant genetic pathologies but the clinical 
response has not been uniform in all disorders.22

These disorders of mitochondrial function can be 
inherited maternally or develop sporadically from spon-
taneous mutations and must, to some extent, exhibit 
heteroplasmy (with some normal “wild-type” mito-
chondria) to permit survival. As techniques capable of 
quantifying mtDNA damage, especially deletions, have 
become available, there has been mounting evidence 
that progressive mitochondrial dysfunction is associ-
ated with aging and is highly variable between different 
tissue types and individuals.23 Cells with high rates of 
turnover tend to exhibit less mtDNA damage, while 
cells with slower turnover, such as muscles and the ner-
vous system, show progressive increase in the frequency 
of mtDNA deletions.

Oxidative Stress

Mitochondria provide high-energy substrates at a 
cost. The process of oxidative phosphorylation, though 
an efficient pathway for the production of ATP, is also a 
major source of free radicals, which have the potential 
to damage cellular components, including any and all 
structures that can be oxidized. Phospholipid mem-
branes, DNA, enzymes, and other proteins are most 

Table 21.2 Mitochondropathies (the more common 
syndromes)

MELAS (mitochondrial encephalomyopathy, lactic acidosis, 

stroke-like episodes)

MERRF (myoclonic epilepsy with ragged red fibers)

LHON (Leber’s hereditary optic neuropathy)

KSS (Kearns-Sayre syndrome)

CPEO (chronic progressive external ophthalmoplegia)

PS (Pearson syndrome)

NARP (neuropathy, ataxia, retinitis pigmentosa)

MILS (maternally inherited Leigh syndrome)

AID (aminoglycoside-induced deafness)
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vulnerable to this type of damage. It is estimated that 
1-2% of oxygen utilized in normal mitochondria ulti-
mately forms free radicals such as superoxide, hydrogen 
peroxide, and hydroxyl radicals, which obviously puts 
the mitochondrial membranes, cardiolipin, and mtDNA 
at high risk for oxidation. Though there are elaborate 
buffering systems in place, both at the level of the mito-
chondria and within the cellular matrix, these protec-
tive processes can be overwhelmed. Free radical oxygen 
and nitrogen processes, generated as part of normal 
metabolism, can also intermix to produce peroxynitrite, 
a particularly volatile substance with great potential for 
lethal damage to cellular components. 

There are other sites at risk for oxidative stress in 
cells that utilize oxygen, including the cytochrome 
P450 system, peroxisomes, and cytosolic oxidases. 
These subcellular components have their own systems 
of protection, which can also be overwhelmed. As 
methods for assessing oxidative damage to various 
structures have become more available, we have learned 
that such damage is present in many chronic diseases, 
especially in those that involve neurological tissues. 
Because a normal membrane potential is required for 
propagating action potentials and for normal receptor 
function in neurons, the importance of healthy mem-
branes with adequate ATP is paramount to normal 
neurological function. Consider, for example, the phys-
iology of excitotoxicity mediated by the excitatory 
transmitters, glutamate and aspartate, which act at the 
NMDA (N-methyl-D-aspartate) receptor. This receptor 
complex allows calcium to enter the cell, which is a 
normal physiological mediator of numerous cellular 
processes. However, when the system malfunctions, the 
consequence of abnormal activation of these receptors 
is called excitotoxicity, and it can contribute to pathol-
ogy and ultimately cellular demise in many different 
clinical settings. An excellent review of this important 
topic was done by Waxman and Lynch in 2005.24

Neurodegenerative Disorders

The hallmark of the neurodegenerative disorders is 
progressive loss of specific populations of neurons. 
Because neurons are so energy dependent and mito-
chondria do have a significant role in programmed cel-
lular demise, specifically the process of apoptosis, 
mitochondrial dysfunction has come to be associated 
with such disorders.25 Though some of the neurodegen-

erative disorders are indeed associated with known 
genetic risks, more commonly the pathophysiology 
identified at autopsy (and in animal models of these 
disorders) involves free radicals, oxidative stress, and 
altered calcium metabolism—that is, environmental 
rather than genetic common denominators. As we now 
understand the mitochondropathies, both genetically 
and mechanistically, we see that in disorders where 
mitochondrial dysfunction is a primary pathological 
manifestation, progressive neuronal loss is often a part 
of the process. This awareness has made the role of 
mitochondria in other neurodegenerative disorders a 
reasonable hypothesis.

One of the manifestations of LHON, involving prima-
rily mtDNA (maternal) inheritance of a disorder of Com-
plex I of the respiratory chain, includes involvement of 
the basal ganglia and clinical manifestations of dystonia, 
as well as extrapyramidal features typical of parkin-
sonism that is responsive to dopamine therapy. 26,27 
Similar mutations involving a familial multisystem 
degeneration, also associated with parkinsonian features, 
was shown to be associated with mtDNA mutations.28 
However, when looking at larger populations of patients 
with Parkinson’s and/or Alzheimer’s disease, though 
there were some members of these groups that had spe-
cific mtDNA mutations, there have not been any specific 
mutations or sets of mutations that are consistent across 
the groups.29

Further evidence of the role of mitochondrial dys-
function in neurodegenerative disorders includes syn-
dromes presenting in infants and children. Leigh 
syndrome, which occurs typically in very young 
patients who are normal during very early develop-
ment, shows widespread subcortical degeneration 
involving multiple brain structures. The pathology 
includes demyelination, gliosis, and vascular prolifera-
tion and is associated with either mtDNA maternal 
inheritance or autosomally mediated mitochondrial 
dysfunction. Several different types of presentations 
have been identified.30,31 

Friedreich’s ataxia (FRDA) is an autosomal recessive 
disorder presenting typically in early adulthood with 
clinical features of progressive limb and gait ataxia, loss 
of deep tendon reflexes with axonal sensory neuropathy, 
and pyramidal (long tract) signs. It is the most common 
of the hereditary ataxias. The FRDA gene has been iden-
tified and is known to code for a specific protein, called 
frataxin. This protein is present in significant amounts 
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in the cerebellum and spinal cord. In the presence of the 
abnormal genetic response, it is not produced in ade-
quate amounts, leading to problems with mitochondrial 
function due to iron accumulation. This negatively 
impacts the activities of respiratory chain Complexes I, 
II, and III and the matrix enzyme aconitase. The result is 
mitochondrial failure, but also increased free radical oxi-
dation because of the presence of excess free iron (which 
further damages enzymes).32 Interestingly, the widely 
prevalent antioxidant enzyme superoxide dismutase 
fails to reverse this iron-based free radical damage in cell 
cultures, but there has been evidence of improved cellu-
lar function in cultures using other antioxidants, such as 
idebenone.33

Other examples of genetic dysfunction associated 
with mitochondrial mutations that lead to progressive 
neurological disorders include at least some of the 
hereditary spastic paraplegias.34 The autosomally reces-
sive Wilson’s disease is clinically associated with liver 
failure, psychiatric disease, dystonia, and rigidity similar 
to Parkinson’s symptoms. Dysfunction in a copper 
transport ATP-ase, one of which localizes to mitochon-
dria, is characteristic of this condition. There have also 
been Complex I enzyme defects identified in the liver 
mitochondria of patients with this disorder.35

Parkinson’s Disease

A closer look at Parkinson’s disease was made possi-
ble when a rather sudden clinical onset in certain 
patients was correlated with use of an illegal analog of a 
narcotic, injectable meperidine, called MPTP (1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine).36 This ultimately 
led to animal models of drug-induced Parkinson’s dis-
ease. Numerous publications about the pathology 
observed in these patients revealed that MPTP is neuro-
toxic to dopaminergic neurons by way of a reaction 
through the active metabolite, called MPP+ (1-methyl-4-
phenylpyridinium), which is formed by action of 
monoamine oxidase in glial cells. MPP+ enters neurons 
via a dopamine reuptake pathway and is identified in 
mitochondria, where it interferes with the activity of 
Complex I, leading to compromised oxidative phospho-
rylation and increasing the risk of oxidative damage sig-
nificantly.37 Compromise of Complex I activity has also 
been identified in other cells in patients with Parkin-
son’s disease, including platelets.38 Genetic markers for 
nuclear dysfunction related to Complex I have been 
identified.39 There is also evidence for mtDNA contribu-

tions in certain cases.40 However, when a larger series of 
Parkinson’s patients was evaluated, there was no obvi-
ous concordance in these findings for consistent 
mtDNA mutations.41 

What seems to be clear is that genetic mutations in 
Complex I activity impact some patients with later-
onset Parkinson’s disease. A small study using very high 
doses of coenzyme Q10 and vitamin E did demonstrate 
benefit sufficient to delay treatment with L-dopa.42 The 
lead author contends that larger studies are necessary 
before recommending use of this approach, but the 
study did demonstrate a dose-related effect; the best out-
come used the highest dose of coenzyme Q10, compar-
ing 300, 600 and 1200 mg over the course of 18 months. 
Criticisms have been levied about these early data 
because patients quickly reported improvement in activ-
ities of daily living, but one could argue that this would 
be expected if energy metabolism were improved. The 
extent to which this approach is neuroprotective is pres-
ently being debated and larger trials are anticipated.43

Part of the controversy surrounding any delineation 
of neuroprotective effects of antioxidants and other 
molecules presumed to be involved in neurotoxicity 
stems from the data surrounding the large clinical trials 
investigating the pathophysiology elucidated by the 
MPTP data.44 Inhibitors of monoamine oxidase B (MAO-
B), including selegiline, rasagiline, and others, have been 
assessed for their ability to block conversion of MPTP to 
MPP+ (an oxidative reaction), as well as for their ability 
to block oxidative metabolism of dopamine, because of 
early studies in primates in the MPTP model.45 A number 
of studies directed at modifying the pathology identified 
with MPTP have been published, leading ultimately to 
the large controlled trial within the Parkinson study 
group. The most notable of these is the DATATOP trial 
looking at treatment with vitamin E in the form of -
tocopherol and l-deprenyl (selegiline).46 This large dou-
ble-blind, placebo-controlled study showed no isolated 
benefit of vitamin E, but did confirm prior findings of 
delayed onset of disability using the presumed MAO-B 
inhibitor selegiline. Eventually, a possible dopaminergic, 
and hence symptomatic, effect of this agent was sus-
pected, which clouded the interpretation. More recently, 
the impact of these drugs has been thought to be neuro-
protective through mechanisms that block apoptosis.47 
Rasagiline has been shown to exert a number of anti-
apoptotic effects.48 In studies looking at this drug, using 
a design to reduce the confounding contribution of 
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symptomatic improvement, there are early indications 
that it is neuroprotective.49 

Dopaminergic cellular demise in Parkinson’s disease 
is associated with several well-delineated mechanisms, 
as discussed above. These include the presence of mito-
chondrial dysfunction, oxidative stress, and proinflam-
matory cytokines suggestive of chronic inflammation; 
this is a neurotoxic and probably excitotoxic effect, lead-
ing ultimately to apoptosis.50 Abnormalities in the pro-
cessing of proteins in the cell, related to the ubiquitin-
proteasome system, which may explain the presence of 
Lewy bodies in certain patients, have also been eluci-
dated.51,52 Environmental factors are now discussed fre-
quently as contributing to the pathology because of 
findings in twin studies.53 What seems to make most 
sense is that vulnerability in the function of dopaminer-
gic neurons, which are susceptible to toxicity from com-
pounds that could mimic the effect of MPTP, contributes 
to progressive cellular degeneration and mitochondrial 
dysfunction. This is not a well-documented primary 
problem in all cases, especially in those where Complex 
I likely plays a significant role. Efforts at identifying 
appropriate neuroprotective strategies include limiting 
the exposure to L-dopa, optimizing antioxidant thera-
pies, and supporting mitochondrial function with the 
goal of reducing cellular death by apoptosis. These are 
now the focus of intense debate and research. Pending 
further research, the relative safety of higher doses of 
coenzyme Q10 and the use of tolerable agents that can 
target the MAO-B or, more likely, the propargylamine 
inhibitors, are the most appropriate first course of ther-
apy. Of course, keeping the patient away from all poten-
tial neurotoxins is also vital.

Episodic Neurological Disorders

Altered energy metabolism and mitochondrial pro-
cesses also participate in several other neurological 
syndromes, including the episodic disorders, such as 
migraine. A 1995 review hypothesized a possible rela-
tionship between migraine and magnesium concentra-
tions in the brain.54 Other episodic disorders, including 
seizures, have been reviewed in terms of the possible 
contribution of mitochondrial dysfunction and the 
consequences of oxidative stress leading to progressive 
damage.55 Because of the paramount importance of 
energy for maintaining cellular function, the electro-
chemical gradient, and appropriate structure of the 
lipid bilayer within the nervous system, a role for 

mitochondrial dysfunction would be logical in epi-
sodic disorders such as migraines, seizures, and stroke.

Summary

Neuromuscular tissues are predominantly post-
mitotic, energy-dependent tissues. As such, they are 
highly dependent on normal mitochondrial function. 
Under normal circumstances, the process of oxidative 
phosphorylation generates free radicals as part of the 
production of ATP, and these dangerous byproducts are 
typically managed by a system of antioxidant protection 
within the mitochondrion as well as within the cell. 
When mitochondrial function is interrupted or dysfunc-
tional, this free radical stress escalates. Dysfunction of 
energy metabolism results in dysregulation of calcium 
within the cell, sometimes directly by changes in the 
NMDA receptor via mechanisms of excitotoxicity, and 
sometimes by other pathways. This process, which is 
normally buffered by mitochondria, further contributes 
to cellular dysfunction, escalating to produce more oxi-
dative damage and failure of mitochondrial function. At 
some point, mechanisms of apoptosis, mostly governed 
by mitochondria, lead to cell death. These mechanisms, 
in addition to others associated with cellular dysfunc-
tion (like chronic inflammation), seem to be a common 
denominator for many neurological disorders. In virtu-
ally all neurodegenerative conditions, there are some 
similarities with the changes discussed above in Parkin-
son’s disease, including those with known genetic con-
tributions such as Huntington’s disease, and the motor 
neuron disorders such as ALS (amyotrophic lateral scle-
rosis). The contributions of these various physiological 
processes are being assessed with the hope that these 
disorders can eventually be treated effectively. The abil-
ity to alter cellular dysfunction, and hence survival, is 
the goal of all neuroprotective strategies, and optimizing 
energy production without the ravages of excess oxida-
tive stress is a laudable goal. Unfortunately, approaches 
for modifying these various parameters, including use of 
antioxidants and substrates to optimize mitochondrial 
function, have produced mixed results in published 
studies.
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The Detoxification Systems—Introduction

The concept that toxins accumulate in the body and 
are the cause of various health problems has long been a 
fundamental tenet of traditional healthcare systems 
around the world. For centuries, societies have valued 
therapies that have promoted the idea of cleansing and 
detoxifying. From the simple water fast used since antiq-
uity to the sometimes elaborate detoxifying regimes of 
spas, including saunas, enemas, hydrotherapy treat-
ments, and dietary modifications, detoxification as a 
therapeutic goal has long been pursued (see Table 22.1 
for common terms used in reference to detoxification).

In the early 21st century, as society has increasingly 
been exposed to toxic compounds in the air, water, and 
food, it has become apparent that an individual’s ability 
to detoxify substances to which he or she is exposed, 
both exogenously (xenobiotics) and endogenously (prod-
ucts of metabolism), is of critical importance to overall 
health. Many of the xenobiotics to which we are exposed 
show little relationship to previously encountered com-
pounds or metabolites, and yet healthy bodies are often 
capable of managing these environmental exposures 
through complex systems of detoxification enzymes.

Public acknowledgement regarding the extent of 
environmental exposure to xenobiotics is at an all-time 
high. For example, the EPA estimates that in 1994 
alone, over 2.2 billion pounds of toxic chemicals were 
released into the environment in the United States.1 
EPA estimates for 2002 have grown to 4.7 billion 
pounds.2 Moreover, it is likely that at least 25% of the 
United States population suffers to some extent from 
heavy metal poisoning.

Table 22.1 Common Terms Used in Reference to Detoxification

Term Definition

Toxicology The science that deals with reversible 
and irreversible noxious or harmful effects 
of (chemical) substances on living 
organisms.

Biochemical 
toxicology

A field of toxicology focusing on the bio-
chemical mechanisms that underlie dys-
function or toxicity (i.e., molecular 
toxicology).

Xenobiotics Chemicals or molecules that are foreign to 
the biologic system, originating externally 
(e.g., toxic substances in the environ-
ment, phytochemicals, drugs).

Detoxification Any process of decreasing the negative 
impact of xenobiotics (toxic substances 
and nontoxins) on bodily functions. The 
process of detoxification involves biotrans-
formation of endogenous and exogenous 
molecules into excretable metabolites. 
The term detoxication is often used to refer 
specifically to the intracellular biotransfor-
mation process.

Induction Initiation of transcription of a gene lead-
ing to upregulation of a particular bio-
chemical pathway. See also upregulation.

Upregulation The increased activity (following induc-
tion) of a particular biochemical pathway 
resulting in an increased concentration of 
the product(s) of that pathway.
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Discovery of the Detoxification Reactions

The hypothesis that xenobiotics consumed by ani-
mals, including man, are transformed to water-soluble 
substances and excreted through the urine was first put 
forth in the late 18th century. For more than 100 years 
after the initial observation, research into the identifica-
tion of various metabolites continued, and many conju-
gation reactions were identified.

In his landmark 1947 monograph, Detoxification 
Mechanisms, Roger Williams brought together many 
observations and defined the field of detoxification. 
Williams described how these non-reactive compounds 
could be biotransformed in two phases: functionaliza-
tion, which uses oxygen to form a reactive site, and 
conjugation, which adds a water-soluble group to this 
reactive site.4 The original terms (functionalization and 
conjugation) describing these two steps eventually 
became known as phase I and phase II detoxification, 
respectively. The result is the biotransformation of a 
lipophilic compound into a water-soluble compound 
that can be discharged in urine. Therefore, detoxifica-
tion is not one reaction, but rather a process that 
involves multiple reactions and multiple players.

“The term ‘cytochrome P450’ first appeared in the 
literature in l962. It was a microsomal membrane-
bound hemoprotein without known physiological func-
tions at that time and was characterized by a unique 
450-nm optical absorption peak of its carbon monox-
ide-bound form …   .”5 (A remembrance of the early work 
on cytochrome P450s by one of its prominent research-
ers was published in 2003.6) A high concentration of 
this cytochrome P450 enzyme was soon found to be 
localized in the liver, and researchers discovered that it 
was responsible for converting lipophilic (fat-loving) 
toxins into biotransformed intermediates that were 
more water soluble (the phase I process).

Later research revealed that these biotransformed 
intermediates undergo further biotransformation in the 
liver by a second series of enzymes called conjugases 
(the phase II process). A good review of the history of 
these discoveries was written by Smith and Williams in 
1970.7 The conjugases are enzymes that attach mole-
cules such as glucuronic acid, sulfate, glutathione, gly-
cine, taurine, or methyl groups to the biotransformed 
intermediates. As this research continued into the 1980s 
and 1990s, investigators discovered a surprising number 
of phase I cytochrome P450s and phase II conjugases. 

For example, we are now aware that endogenously-pro-
duced hormones and other signaling molecules are not 
only detoxified by these enzymes, allowing for elimina-
tion, but also are metabolized into other signaling mol-
ecules, allowing for more variation in the activities of 
these important substances.

Scientists and clinicians still face a considerable 
challenge in understanding detoxification. The ques-
tion of how the body can handle such a range of com-
pounds it has never seen before has led to much work 
aimed at exploring the protein structure and regulation 
of various enzymes involved in detoxification.8,9 We 
now know that a battery of enzymes, each with broad 
specificity, is available for managing the work of detoxi-
fication: there are “at least 57 human P450s (termed iso-
forms) which are all encoded by separate genes …   and 
most cytochrome P450 genes are subject to genetic 
polymorphism.”10 And, “Nearly fifteen P450s are 
involved in the metabolism of drugs and other xenobi-
otics chemicals …   .”11 The whole field is very complex 
and rapidly evolving.

A Broader Definition of Detoxification

The complex systems of the detoxification enzymes 
generally function adequately to minimize potential 
damage from xenobiotics. However, dysfunction may 
occur when these systems are overloaded or imbal-
anced. Some studies have suggested an association 
between the ability of the body to adequately transform 
toxic xenobiotics and metabolites, and the etiology of 
various puzzling disease entities, such as chronic fatigue 
syndrome, fibromyalgia, and multiple chemical 
sensitivities.12 Research has also begun to validate the 
hypothesis that chronic neurologic symptoms, such 
as those seen in Parkinson’s disease, may result from 
impairment of detoxification ability.13,14,15 A link 
between compromised detoxification ability and 
certain types of cancer has been reported, although the 
research is still evolving.16,17,18 Xenobiotics implicated in 
cancer causation include polyaromatic hydrocarbons 
(often abbreviated as PAH) and asbestos. It has been 
suggested that many cases of cancer are due to compro-
mised ability to adequately detoxify xenobiotics, a con-
dition that may result from a genetic tendency toward 
lower detoxification activity, insufficient nutrient sup-
port for detoxification, and/or excessive intake of 
xenobiotics or environmental carcinogens.19,20 These 
accumulated data suggest that an individual’s ability to 
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remove toxins from the body may play a role in the eti-
ology or exacerbation of a range of chronic conditions 
and diseases.21 We still say “may” for all these putative 
interconnections, because we really do not know for 
certain. Research is emerging all the time that casts 
doubt on earlier findings and opens new avenues for 
future investigations.i Linking detoxification to a spe-
cific disease in a research study is nearly impossible 
with today’s tools, since the detoxification enzyme sys-
tem is so complex and individualized, and is involved 
in supporting so many functions in the body. As in 
countless other areas of medicine, however, clinicians 
must still make decisions for their patients in the light 
of the best information available.

New functional assessment tools are now available to 
significantly enhance our understanding of biochemical 
differences between individuals. These tools allow clini-
cians to quantitatively analyze the body’s ability to ade-
quately detoxify the compounds to which it is exposed. 
Moreover, as our understanding of the underlying bio-
chemical mechanisms involved in the regulation and 
nutritional support of the detoxification systems contin-
ues to deepen, the connections to disease are becoming 
clearer, and clinicians are gaining a better understanding 
of how to develop a therapeutic detoxification program.

Biotransformation

The conversion (biotransformation22) of toxic sub-
stances into non-toxic metabolites (and their subsequent 
excretion) takes place primarily at two major sites, 
although many systems are ultimately involved. The 
majority of detoxification occurs in the liver and second-
arily in the intestinal mucosal wall. Some also occurs in 
other tissues, but to a lesser extent. As mentioned previ-
ously, the phase I and phase II processes biochemically 
transform toxic substances into progressively more 

water-soluble, and therefore excretable, substances 
through a series of chemical reactions (Figure 22.1).

Bioinactivation vs. Bioactivation

Biotransformation leads to changes in a molecule, 
increasing its water solubility and, in most cases, has-
tening its excretion. Many biotransformation reactions 
may also be considered bioinactivation or detoxifica-
tion reactions. Bioinactivation generally means a 
decrease in the intensity of the toxic effect of a mole-
cule because its presence is more transient and the toxic 
nature of the molecule is often reduced.

However, biotransformation reactions may also 
result in products that are more toxic than the parent 
compound. Such reactions are referred to as bioactiva-
tion reactions. Bioactivation reactions are more likely to 
occur in phase I of the biotransformation system. Let’s 
look at an example of how this happens:

• The introduction of a polar moiety, which accom-
panies phase I reactions, is intended to prepare the 
molecule for conjugation reactions (phase II). How-
ever, this intermediate state is often more reactive 
than the original molecule, and it may interact 
with components of biological systems (e.g., pro-
teins or DNA). For example, the organophosphate 
pesticide parathion is transformed into paraoxon 
by a phase I oxidation reaction. The resulting mole-
cule is several times more potent a neurotoxin than 
its parent molecule.

• In a subsequent reaction, paraoxon can be hydro-
lyzed, as a result of which, the toxic effect on its tar-
get enzyme acetylcholinesterase is lost.

• Thus, the first biotransformation reaction, the oxi-
dation to paraoxon, results in bioactivation, while 
the second reaction, the hydrolysis, results in bioin-
activation.

Exposure

All organisms are exposed constantly and unavoid-
ably to exogenous xenobiotics, as well as to the by-
products of metabolism, which can also be toxic. Fat 
solubility (lipophilicity) enables these substances to be 
absorbed and it also makes elimination of many xenobi-
otics a major challenge. Elimination of xenobiotics is 
most often determined by their conversion (biotransfor-
mation) to water-soluble chemicals by enzymes in the 
liver and other tissues that facilitate their elimination.

i Most of the research available on these topics is epidemiological, ani-
mal research, or bench science, so our knowledge of real effects in real 
people is still very limited. Animal research has been emphasized 
because animal models of drug research are accepted as evidence of 
human effects. However, a 2004 review article by MacDonald in Toxico-
logical Sciences (v. 82:3-8) is replete with examples of highly significant 
differences between animal and human metabolism of drugs, particu-
larly for “false positives”: “Positive findings in long-term rodent studies 
do not necessarily predict human hazard.” Guengerich observed in a 
2003 review (Molecular Interventions, v. 3(4):194-204) that “The rele-
vance of P450 modulation to cancer risk has not been easy to establish 
in humans …   .” He reports that early research linking lung and prostate 
cancers, for example, to P450 alterations has not been reproducible.
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Figure 22.1 Liver detoxification pathways and supportive nutrients

Those highly lipophilic xenobiotics tend to readily pen-
etrate lipid cell membranes and accumulate in fatty tis-
sues. This is particularly true for lipophilic xenobiotics 
that are resistant to biotransformation (e.g., PCBs, 
DDT). Figure 22.2 demonstrates the process and 
sequencing of absorption, biotransformation, and 
excretion.

Phase I Reactions

Phase I detoxification is generally the first enzy-
matic defense against foreign compounds. In phase I, 
oxidation, reduction, and/or hydrolysis reactions are 
used to either expose or add a functional group, usu-

ally a hydroxyl (-OH), a carboxyl (-COOH), or an 
amino (-NH2) group (see Figure 22.3). The structure of 
the molecule determines which of these reactions takes 
place. Phase I reactions are responsible for beginning 
the transformation process of detoxifying xenobiotics 
such as petrochemical hydrocarbons, many medica-
tions, and some endogenous substances (including ste-
roid hormones and other end products of metabolism 
that would also be toxic if allowed to accumulate). In 
most cases, this biotransformation allows the phase I 
compound to undergo phase II conjugation reactions. 
In some cases, the compound may be eliminated 
directly after the phase I reaction.23
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Figure 22.2 Absorption, biotransformation, excretion

The phase I system is actually a group of many isoen-
zymes (several hundred variations have been identified) 
that have affinities for different substrates. Although sev-
eral types of phase I detoxification enzymes exist, the 
most common are the cytochrome P450 superfamily of 
mixed function oxidases.24 P450s are responsible for 
metabolism of most xenobiotics25 and have an extremely 
broad range of substrate specificities. The mammalian 
P450 enzymes are found predominantly in the endoplas-
mic reticulum and mitochondria in most cells.26,27 The 
greatest abundance is in the liver; however, significant 
cytochrome P450 activity occurs in the gut wall, kidneys, 
lungs, and even the brain. Many forms of P450 enzymes 
have been isolated and their DNA sequences determined, 
providing evidence that these P450 enzymes are distinct 
gene products.28 They are “involved in the metabolic oxi-
dation, peroxidation, and reduction of many endoge-
nous and exogenous compounds including xenobiotics, 
steroids, bile acids, fatty acids, eicosanoids, environmen-
tal pollutants, and carcinogens” and have been linked to 
the “development of numerous diseases and disorders 

including cancer and cardiovascular and endocrine 
dysfunction …   .”29

Figure 22.3 Overview of possible types of phase I bio-
transformation reactions

The cytochrome P450 enzymes use oxygen and 
cofactor NADH (reduced nicotinamide adenine dinucle-
otide, which is the active form of niacin) to add a reac-
tive hydroxyl radical. As a consequence of this step in 
detoxification, reactive molecules (which may be more 
toxic than the parent molecule) are produced. If these 
reactive molecules are not further metabolized by phase 
II conjugation, they may cause damage to proteins, 
RNA, and DNA within the cell. Several studies have 
shown evidence of associations between induced phase 
I cytochrome P450 activities and/or decreased phase II 
activities and an increased risk of diseases such as 
cancer30 and Parkinson’s disease.31,32

Although phase I activities detoxify both endogenous 
and exogenous molecules, most information on them 
has been derived from studies of drug metabolism. 
(Understanding and assessing the metabolism of endo-
genous molecules is a more difficult research pursuit.) 
Thanks to the rapid progress of technology, ongoing data 
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collection is helping to elucidate the specific roles of 
many of these P450s in drug metabolism. Since environ-
mental xenobiotics are detoxified by the same enzymes 
as drugs, there may be much we can learn from this 
research about where we might detect the effects of envi-
ronmental xenobiotics on detoxification. Figure 22.4 
shows the predominant interactions of drugs with nine 
P450 enzymes; these percentages represent the number 
of interactions of the substances with the enzymes, from 
data collected as of June 2001.33 (This figure represents 
only a very small subset of the data published; the report 
is 365 pages long and identifies substrates, inducers, 
inhibitors, reactions, and other information for an amaz-
ing number of drugs and drug types.)

Figure 22.4 Percentages of cytochrome P450s involved in 
drug interactions

Phase II Reactions

The major phase II detoxification activities in 
humans include:

• Glucuronide conjugation (proceeds via enzymatic 
reactions in which active glucuronic acid is used)

• Sulfate conjugation (proceeds via enzymatic reac-
tions in which active sulfate is used)

• Glutathione conjugation or mercapturic acid for-
mation (an enzymatic process resulting from the
conjugation of reactive intermediates with glu-
tathione; the conjugated product is then converted 
into mercapturic acid and excreted)

• Amino acid conjugation
• Acetylation
• Methylation

In most cases, phase II reactions decrease the biolog-
ical activity and subsequent toxicity of the parent mole-
cule. Biotransformed molecules are combined with 
endogenous hydrophilic compounds, creating sub-
stances with sufficient hydrophilic character to allow 
rapid excretion. These “conjugation reactions” can 
occur with a variety of substances, and involve cofactors 
derived from the organism’s metabolism (e.g., glucu-
ronic acid, sulfate, glycine, or glutathione—see Table 
22.2). In phase II conjugation, the biotransformed met-
abolic intermediate is conjugated with a polar group 
provided by one of these cofactors, which is attached to 
the active site that was added (most often as an -OH) or 
unmasked during the phase I reactions.

Clinical Implications of Biotransformation

Cytochrome P450 enzymes oxidize the xenobiotic 
entity and transform it into a reactive electrophile ready 
for conjugation with the polar cofactor during phase II 
of the detoxification process. Because the biotrans-
formed xenobiotics most often are more reactive than 
their parent molecules, this process plays a significant 
role in establishing or increasing the toxic nature of a 
xenobiotic. This reactive biotransformed intermediate 
may exert toxic effects within the liver (or systemically, 
if it escapes from the hepatocyte) if not immediately 
transformed further by one of the several conjugating 
enzymes (phase II detoxification). These effects may 
include one or more of the following reactions:

1. Covalent binding of the reactive metabolite to: 
• Proteins (e.g., cross linking of structural pro-

teins; change in conformation of receptors, 
membrane pumps, enzyme carrier proteins, or 
peptide hormones).

• Lipids (e.g., cell membrane phospholipid binds 
to reactive intermediate forming lipid-soluble 
xenobiotic and initiating lipid peroxidation).

• Nucleic acids (e.g., irreversible binding to DNA, 
initiating carcinogenesis).

Data f rom Rendic S. Summary of  information on human CYP enzymes: 

Human P450 metabolism data. Drug Metab Rev. 2002;34:83-448.
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2. Creating (or increasing) oxidative stress: 
• Cytochrome P450 enzymes are oxidases which, 

in the process of xenobiotic biotransformation, 
generate reactive oxygen species (superoxide, 
peroxide, or hydroxyl radicals) in excess of the 
normal flux of reactive oxygen species gener-
ated by mitochondrial respiratory activity.

• Xenobiotics, once biotransformed, are reactive 
electrophiles which are quenched by cellular 
antioxidant defenses (superoxide dismutase, 
catalase, glutathione peroxidase). This excess 
demand for antioxidant activity can lead to 
depletion of cellular antioxidant defenses, thus 
increasing oxidative stress.

Phase I detoxification requires little nutritional sup-
port to be fully active. In fact, during fasting or starva-
tion, phase I activity may increase substantially while 
circulating xenobiotics are freed from both adipose and 
lean tissue, resulting in a significant increase in toxic 
stress. Therefore, traditional approaches to fasting or 
detoxification involving minimal nutritional support 
for an extended period of time may have negative clini-
cal consequences in chronically ill patients. For excre-

tion of xenobiotics to be effective, phase I activity 
requires antioxidant support and phase II activity 
requires specific nutritional support.

Importance of Balancing Phase I and Phase II 
Detoxification

Proper functioning of both phases is essential 
because the reactive intermediate metabolites produced 
during phase I may be more harmful or toxic than the 
original substance. The two phases must be functioning 
in balance to successfully complete the detoxification 
process. The amounts and types of steroids, fatty acids, 
and other endogenous molecules involved in cellular 
communication can also be greatly influenced by 
altered or compromised detoxification status of an indi-
vidual. Therefore, the balance of activities between the 
phase I and phase II processes is of fundamental impor-
tant in detoxification and, as shown in Figure 22.1, less 
tissue damage from oxidant stress and free radical gen-
eration occurs when these reactive intermediates are 
promptly and efficiently acted upon by a phase II reac-
tion. If phase II reactions are inhibited in some way, or 
if phase I has been upregulated without a concomitant 

Table 22.2 Major Phase II Detoxification Activities in Humans

Reaction Enzyme Localizationa Substrates

H2O Epoxide hydrolase Microsomes Epoxides
Cytosol

Glutathione Glutathione transferases Microsomes Electrophiles

Glucuronic acid (UDPGA)b Glucuronyl transferases Microsomes Phenols, thiols, amines
Carboxylic acids

Sulfuric acid Sulfotransferase Cytosol Phenols, thiols, amines (PAPS)b

Methyl group
(SAM)b

N- and O-methyl transferases Cytosol
Microsomes

Phenols, amines

Acetic acid
(Acetyl-CoA)b

N-acetyl transferases Cytosol Amines

Amino acids
(Acetyl-CoA, taurine, glycine)

Amino acid transferases Microsomes Carboxylic acids

a Microsome refers to membrane-associated activities, but these activities may be localized to the cellular membrane or to internal membranes; cytosol 
refers to soluble activities present in the cytosolic portion of the cell.
b Abbreviations in parentheses are co-substrates: UDPGA = urindine-3,5’-diphosphoglucuronic acid; PAPS = 3’-phosphoadenosine 5’-phosphosulfate; 
SAM = S-adenosylmethionine; CoA = coenzyme A.
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increase in phase II, the optimal balance may be com-
promised (imbalanced detoxification). Furthermore, the 
phase II reactions require cofactors that are consumed 
during the process and must be replenished through 
dietary sources and energy in the form of ATP.34

The Role of the Intestine in Detoxification

Most literature on detoxification refers to liver 
enzymes and to the liver as the site of the majority of 
detoxification activity for both endogenous and exoge-
nous compounds. However, the gastrointestinal lining 
is the first point of contact for the majority of xenobiot-
ics. Over the course of a lifetime, the gastrointestinal 
tract processes more than 25 tons of food, which repre-
sents the largest load of antigens and xenobiotics con-
fronting the human body.35 Furthermore, because most 
drugs are consumed orally, the gastrointestinal tract is 
also the body’s first contact with many drugs. It is not 
surprising, then, that the gastrointestinal tract has 
developed a complex set of physical and biochemical 
systems to manage this load of exogenous compounds. 
Several factors influence how much of a chemical ends 
up in the systemic circulation, thus requiring detoxifi-
cation by the liver.

The gastrointestinal tract initially provides a physi-
cal barrier to exogenous components, but it also influ-
ences detoxification in several other ways.36,37 (An 
extended discussion of this subject can be found in 
Chapter 31.) Gut microflora can produce compounds 
that either induce or inhibit detoxification activities. 
Pathogenic bacteria can produce toxins that enter the 
circulation and increase toxic load (more information 
about toxic load can be found further along in this 
chapter). Moreover, in a process called enterohepatic 
recirculation, the gut microflora also has the ability to 
remove some of the conjugation moieties. Once moi-
eties such as glucuronyl side chains are removed, the 
xenobiotic may revert to its original form and re-enter 
the circulation, leading to an increased toxic load.

Detoxification enzymes such as CYP3A4 and the 
antiporter activities (Figure 22.5) have been found in 
high concentrations at the tip of villi in the intes-
tine.38,39 Adequate first-pass metabolism of xenobiotics 
by the gastrointestinal tract requires integrity of the gut 
mucosa. Compromised barrier function of the mucosa 
will more easily allow xenobiotics to transit into circula-
tion without an opportunity for detoxification. Support 

for healthy gut mucosa is instrumental in decreasing 
toxic load.

Figure 22.5 Phase III metabolism: The antiporter

Recently, antiporter activity (p-glycoprotein or mul-
tidrug resistance) was re-defined as the phase III detoxifi-
cation system in some literature, although the term has 
not caught on with everyone in the scientific field.40 
Antiporter activity is an important factor in the first-pass 
metabolism of pharmaceuticals and other xenobiotics. 
The antiporter process is an energy-dependent efflux 
pump that pumps xenobiotics out of a cell, thereby 
decreasing the intracellular concentration of such sub-
stances.41 Since many of the detoxification enzymes are 
located at or near the cell membrane barrier, if a xenobi-
otic is not metabolized the first time it is taken into a 
cell, the process of pumping it out of the cell and back 
into the intestinal lumen and then taking it into the cell 
again (a recirculation process) affords the cell another 
opportunity to metabolize the substance before it gets 
too far within the cytosol, where it can do damage. Anti-
porter activity in the intestine appears to be co-regulated 
with the intestinal phase I CYP3A4 enzyme, providing 
further support for its role in detoxification.

Two genes encoding antiporter activity have been 
described: multidrug resistance gene 1 (MDR1) and mul-
tidrug resistance gene 2 (MDR2). The MDR1 gene prod-
uct is responsible for drug resistance of many cancer 
cells and is normally found in epithelial cells in liver, 
kidney, pancreas, small and large intestine, brain, and 
testes. MDR2 activity is expressed primarily in the liver 
and may play a role similar to that of intestinal MDR1 
for liver detoxification enzymes; however, its function is 
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Gut Lumen
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The antiporter acts as a pump to transport the xenobiotic back into the gut lumen,

allowing another opportunity for metabolism by CYP3A4 in the enterocyte.
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currently undefined. One downside to the antiporters 
has been the observation that they are sometimes over-
expressed in cancer cells, allowing those cells a protec-
tion against chemotherapy. For this reason, clinical trials 
are underway to evaluate the use of inhibitors of anti-
porter activity in cancer cells to enhance the activity of 
chemotherapeutic agents in resistant cancers.42,43,44 A 
third, similar gene has also been described (MDR3), but 
its role in detoxification has not been elucidated.45,46

Regulation of Detoxification Activities

Detoxification systems help manage exposure to 
exogenous compounds, and a number of factors influ-
ence the activity of the enzymes involved in this pro-
cess. Specific detoxification pathways may be induced 
or inhibited, depending on the presence of various 
dietary or xenobiotic compounds, the age and sex of 
the individual, lifestyle habits such as smoking, and 
genetics. Furthermore, disease can also influence activ-
ity of the enzymes. In some disease states, detoxifica-
tion activities appear to be induced or upregulated, but 
in other conditions these activities may be inhibited 
from acting or not produced at high levels.

Induction Activities

Several situations can cause induction of phase I and 
phase II enzyme activities. When the body is faced with 
a high xenobiotic load, the phase I and/or phase II 
enzymes involved in detoxifying the compound(s) can 
be induced, leading to a greater amount of enzyme and 
a faster rate of detoxification. Inducers can upregulate 
selectively, affecting only one enzyme or one phase of 
detoxification, or broadly, affecting multiple activities.47

For example, polycyclic hydrocarbons from ciga-
rette smoke and aryl amines from charbroiled meats 
result in dramatic induction of the CYP1A1 and 
CYP1A2 enzymes. This leads to a substantial increase 
in phase I activity, with little or no induction of phase 
II enzymes.48,49,50 Also, taking phenobarbitol for epi-

lepsy can eventually lead to chronic induction of 
phase I. Induction of some phase I activities without 
co-induction of phase II may lead to an uncoupling of 
the phase I and phase II balance and, therefore, a 
higher level of reactive intermediates that can cause 
damage to DNA, RNA, and proteins.

Many compounds in the flavonoid family (found in 
fruits and vegetables) are capable of inducing multiple 
phase II activities. For example, ellagic acid in red grape 
skin has been shown to induce several of the phase II 
enzymes while decreasing phase I activity.51,52 Crucifer-
ous vegetables (the Brassica family, such as cabbage, 
bok choy, broccoli, and Brussels sprouts), garlic oil, 
rosemary, and soy all contain compounds that can 
induce several phase II enzyme activities.53,54,55,56 Com-
monly, the glutathione S-transferase and glucuronyl 
transferases are co-induced by these multifunctional 
inducers. In general, this increase in phase II supports 
better detoxification in an individual and helps pro-
mote and maintain a healthy balance between phase I 
and phase II activities. This enhancement of phase II 
activity has been proposed to explain, at least in part, 
the ability of fruits and vegetables to protect against 
many cancers.57,58,59,60

Inhibition Activities

Both phase I and phase II enzyme activities can also 
be inhibited. Inhibition can occur by competition 
between two or more compounds for the same detoxify-
ing enzyme. Increased toxic load can lead to inhibition 
of a number of compounds by simply overwhelming 
the systems and competing for multiple detoxification 
enzyme activities—a process called competitive inhibi-
tion. Some compounds selectively inhibit only one 
detoxifying activity, such as quinidine, which competi-
tively inhibits CYP2D6 activity. Cimetidine is an exam-
ple of a compound that can bind directly to the heme 
iron of the cytochrome P450 reactive site to inhibit 
phase I metabolism. Much has been written about 
grapefruit juice, which contains high amounts of the 
flavonoid naringenin, and its ability to inhibit first-pass 
metabolism of many drugs that are detoxified through 
the CYP3A4 enzyme-antiporter system in the intes-
tine.61,62 Table 22.3 lists some pharmaceutical inhibitors 
of phase I cytochrome P450 enzymes; a more complete 
list of inhibitors and inducers of P450 enzymes can be 
found in the Appendix.

Factors influencing detoxification:
Diet and lifestyle
Environment (xenobiotic exposure)
Genetic polymorphisms
Age and gender
Disease
Medications (competitive inhibition)
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A common mechanism of inhibition for some of the 
phase II enzymes is depletion of necessary cofactors. In 
humans, sulfation is particularly susceptible to inhibi-
tion due to compromised cofactor status. The serum sul-
fate concentration is a balance between (1) absorption 
of inorganic sulfate and its production from cysteine, 
and (2) elimination of sulfate by urinary excretion and 
sulfation of low molecular weight substrates. In 
humans, the serum sulfate level varies dramatically over 
24 hours, and is decreased in individuals who are fast-
ing or ingesting high levels of substances that are 
metabolized by sulfation (such as acetaminophen). 
Humans excrete approximately 20 to 25 millimoles of 
sulfate in 24 hours; therefore, sulfate reserves must be 
maintained through dietary intake of sulfur-containing 
amino acids or inorganic sulfate, both of which have 
been shown to support increased serum sulfate levels.63

Detoxifying Enzymes and Genetic Polymorphism

A significant amount of data has now accumulated 
demonstrating that widespread genetic polymorphisms 
for the expression of cytochrome P450 enzymes exist 
within the human species.64,65 Population studies have 
shown great variations in individual metabolizing abil-
ity for all detoxification pathways, including both cyto-
chrome P450 systems and conjugating pathways.66,67 A 
well-described polymorphism in this category is a low 
activity form of CYP2D6, an enzyme that is an impor-
tant metabolizer of many narrow-spectrum drugs, 
including antiarrhythmics, antidepressants, and anti-
psychotics. Individuals with this polymorphism com-
prise 5–10% of Caucasian populations and are referred 
to as poor metabolizers (PMs). This impairment may 
affect the metabolism of more than 25 therapeutic 
drugs and a wide range of xenobiotics, to different 
degrees within different individuals.68 Because each of 
us has two alleles (two genes encoding a specific gene), 
it is possible to have one gene that encodes the wild 
type (average activity) and another one with a SNP that 
encodes lower activity. Individuals who receive two ver-
sions of the gene encoding a slower CYP2D6 activity 
have a severely limited ability to metabolize xenobiotics 
that require this enzyme.69 Research has suggested that 
adverse side effects occurring from drugs that need 
CYP2D6 activity for elimination may be reduced by 
decreasing dosages in those individuals who are slow 
metabolizers of CYP2D6.70

On the other end of the spectrum are individuals 
described as extensive metabolizers (EMs). Such individ-
uals require a higher dose of certain drugs to achieve 
therapeutic effects and may have a more robust capabil-
ity to handle certain environmental toxins. Although 
apparently less common than PMs, EMs have been 
identified for CYP2D6. Heritable polymorphisms are 
also known for several conjugating enzymes (phase II 
detoxification) that are extensively involved in the 
metabolism of exogenous chemicals.71 For example, 
genetic polymorphisms of the glutathione-S-transferase 
(phase II, glutathione conjugation) enzyme family are 
known to occur,72 and are regarded as a significant fac-
tor conferring susceptibility to environmental toxins. 
The role of these genotypic variants in the development 
of functional illnesses such as chronic fatigue syndrome 
or fibromyalgia may be significant, but the subject has 
not been well studied.

Table 22.3 Some Pharmaceutical Inhibitors of Phase I 
Cytochrome P450 Enzymes

Pharmaceutical P450 Enzyme Inhibited

H2-Receptor Blockers
Cimetidine All Cytochrome P450s

Antiarrhythmics
Quinidine
Propafenone

CYP2D6
CYP2D6

Antibiotics
Erythromycin
Clarithromycin
Troleandomycin
Fluoroquinolones

CYP3A4
CYP3A4
CYP3A4
CYP1A2

Antidepressants
Nefazodone
Fluoxetine
Norfluoxetine
Paroxetine
Sertraline

CYP3A4
CYP2D6, CYP2C19, CYP3A4

CYP2D6, CYP1A2
CYP2D6
CYP2D6

Antifungals
Itraconazole
Fluconazole
Ketoconazole

CYP3A4
CYP3A4
CYP3A4



285

Chapter 22
Detoxification and Biotransformational Imbalances

Distinguishing phenotypic variability from poly-
morphic genetic variability adds to the complexity of 
understanding human individuality. “Genotypic vari-
ability is easy to identify by means of polymerase chain 
reaction-based or DNA chip-based methods, whereas 
phenotypic variability requires direct measurement of 
enzyme activities in liver, or, indirectly, measurement of 
the rate of metabolism of a given compound in vivo. 
There is a great deal of phenotypic variability in human 
beings, only a minor part being attributable to gene 
polymorphisms.”73,74

Metallothioneins and Genetic Polymorphism

One of the most important detoxification systems in 
all species, from bacteria to humans, depends upon the 
production of a family of at least four different proteins 
known as metallothioneins (MTs). MTs are highly 
unusual proteins composed of about 30% cysteine. 
They are responsible for storage, transfer, and detoxifi-
cation of intracellular metal ions.75 The primary role of 
MTs in the absence of toxic metals is the transport and 
short-term storage of zinc and copper. However, the 
importance of MTs in protection against and elimina-
tion of toxic metals is also well described. MTs are 
known to efficiently bind several toxic metals (particu-
larly cadmium and mercury) and act as a transporter of 
the toxic metal to the liver or kidneys where glu-
tathione conjugation and subsequent excretion of the 
toxic metal may then take place. Because MTs form 
high-affinity complexes with several metals, they may 
prevent toxic metals from reacting with other biomole-
cules or acting as free radical catalysts, thus attenuating 
their toxicity.76

There is a wide variation in the concentration of 
MTs between species. Humans, for example, have about 
ten times the concentration of MTs in their organs as do 
rats or mice. Additionally, genotypic polymorphisms for 
expression of certain MTs within a species have been 
demonstrated. Mutant mice and rat models have been 
identified with complete absence of the genes for one 
out of four MT isoforms. In these MT-deficient animals, 
susceptibility to the toxic effects of heavy metals is 
increased by 60- to 100-fold. In contrast to this, it has 
been shown in animal models that resistance to heavy 
metal toxicity may be conferred in mutants possessing 
multiple copies of MT genes in their chromosomes. 
These animals may be capable of more prolific upregu-
lation of MT production.77

Genetic polymorphisms for MT expression also exist 
in humans.78 Human cancer cell lines are known to be 
highly polymorphic in their ability to express MT 
genes. This is a primary reason that cancer patients vary 
in their resistance to metal cancer chemotherapeutic 
drugs.79 Some laboratories have begun to offer test pan-
els to assess MT function. These assays may provide 
clinically significant means to screen an individual’s 
susceptibility to metal intoxication. Importantly, gene 
expression for MT production is highly inducible (e.g., 
through zinc supplementation, fasting, and exer-
cise).80,81,82,83 Because of this, working with factors that 
induce optimal production of MTs may be important 
during a heavy metal detoxification regimen.

The emerging field of toxicogenomics will undoubt-
edly revolutionize medicine and pharmacology on sev-
eral fronts.84 Assessing a patient’s genetic susceptibility 
to environmental toxins or adverse drug reactions will 
enable clinicians to tailor their interventions and will 
likely lead to more effective treatments for patients with 
a variety of complex disorders.

Age, Gender, and Disease Influences

Several other factors also influence expression and 
the resultant activity of many detoxification enzymes. 
For example, similar to many other proteins, detoxifica-
tion activities are under strict developmental control. 
The phase I CYP3A enzymes and the phase II enzymes 
catalyzing glucuronidation, sulfation, and glutathione 
conjugation are present in the human fetus. At birth, 
these enzymes are capable of catalyzing most biotrans-
formation reactions, but the rate of these reactions is 
generally slower than in adults. Within the first two 
weeks of life, phase I and phase II detoxification systems 
become more fully expressed.85 However, as the body 
ages, the phase I and II detoxification pathways decline 
in efficiency and effectiveness, likely contributing to 
many of the health effects associated with aging.86,87

Gender also affects the type, amount, and activity 
of various detoxification enzymes. The CYP3A family 
of detoxification enzymes is particularly sensitive to 
hormones. The CYP3A4 enzyme appears to be regu-
lated, at least in part, by progesterone or the ratio of 
progesterone to estrogen. For example, premenopausal 
women generally show 30% to 40% more CYP3A4 
activity than men or postmenopausal women.88 Preg-
nant women also appear to have increased levels of 
CYP3A activity as well. CYP3A4 is the major phase I 
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detoxification pathway for the anti-epileptic agents 
phenobarbital and phenytoin. Researchers have sug-
gested this hormone regulation of CYP3A explains why 
many women require a higher dose of antiepileptic 
medications during their pregnancy.89

Disease and health status of the individual also 
affect detoxification activities. Because the majority of 
detoxification occurs in the liver, it is not surprising 
that impairment of normal liver function due to alco-
holic disease, fatty liver disease, biliary cirrhosis, and 
hepatocarcinomas can lead to lower detoxification 
activity in general. The phase I and phase II enzyme 
activities are localized differently within a cell. Phase I 
activities are associated with membrane, but the major-
ity of phase II activity occurs in the cytosol (fluid com-
ponent of the cytoplasm). Different types of phase I and 
phase II activities may be localized differently in the 
organ systems as well, which is the case in the liver. This 
compartmentalization means that a disease that influ-
ences one region of the liver may affect some activities 
more than others. Moreover, influences on cell mem-
brane integrity (for example, from dietary lipids or oxi-
dation of membrane lipids) could influence phase I 
activity more than phase II. Therefore, the amount of 
decrease in detoxification activity resulting from disease 
or loss of integrity of the tissue may vary from one 
isozyme to another.

Some conditions can actually increase or induce 
detoxification system function. The phase I activity of 
CYP2E1 is a good example of this. CYP2E1 catalyzes oxi-
dation of ethyl alcohol to acetaldehyde, and also detoxi-
fies many of the small carbon-chain molecules, including 
ketone bodies, that result from gluconeogenesis and the 
breakdown of fatty acids. CYP2E1 is increased in insulin-
dependent diabetes, in morbidly obese individuals, and, 
conversely, during starvation.90,91 The reason CYP2E1 is 
induced in morbidly obese individuals and during starva-
tion is not fully understood; however, it may have to do 
with the role CYP2E1 plays in metabolism of products 
from gluconeogenesis and energy metabolism and may 
influence how these pathways become imbalanced dur-
ing altered metabolism. The full range of changes in 
other detoxification systems in response to health status 
is not fully understood.

Induction of various P450 isoenzymes can be detri-
mental when carcinogens are not capable of causing 
genetic damage until they undergo activation to a reac-
tive (electrophilic) intermediate.92 For example, it has 

been shown that the risk for hepatic carcinoma is associ-
ated with the degree or activity of a particular isoenzyme 
of the cytochrome P450 system.93 Another example is 
seen in individuals with a high inducibility phenotype 
for phase I CYP1A1. These individuals appear to have a 
higher risk for cancer, regardless of exposure to smoking 
or other known carcinogens.94 As many cancers can be 
related to environmental exposure or dietary intake, it is 
apparent that individual detoxification ability can be an 
important factor in their development.95

Effects of Medications

The consequences of defective drug metabolizing 
enzymes and pathways in a patient are varied:

• Inefficient elimination of an active drug or toxic 
substance may cause a functional overdose.

• Inefficient activation or increased elimination of a 
drug may result in a lack of efficacy.

• Symptoms of toxicity, with idiosyncracies unrelated 
to the substance, may appear.

• Exacerbation of symptoms in chronic conditions 
may occur.

• Association with an apparently spontaneous dis-
ease has been noted.96

Various medications such as SSRIs, macrolide anti-
biotics, and H2 blockers (e.g., cimetidine) may inhibit 
one or more of the phase I enzyme systems (Table 
22.3).97 When this occurs, endogenous and exogenous 
toxicants may remain in the body untransformed, thus 
causing toxic reactions. In 1998, using a meta-analysis 
procedure, researchers from the University of Toronto 
reported that fatal adverse drug events from correctly 
prescribed medications are much more common than 
previously identified and may be between the fourth 
and sixth leading cause of death in hospitals in the 
United States.98 These researchers attempted to exclude 
adverse events associated with errors in drug adminis-
tration, drug abuse, and accidental poisoning. The 
authors of the study suggest that these adverse drug 
events may result from factors such as age, gender, and 
multiple drug exposure. Unfortunately, no data exist to 
correlate adverse drug events with detoxification pro-
files. However, accumulated data suggest that individu-
als with inhibited or compromised detoxification 
pathways would be more susceptible to adverse drug 
events.99 There is considerable discussion in the 
research literature of ways to integrate into clinical prac-
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tice genotyping for the purposes of enhancing drug 
safety and maximizing drug efficacy.100 Gene expression 
profiling for anticancer drugs,101,102 antidepressants and 
antipsychotics,103 and many others is now available in 
research settings; the challenge will be to bring the 
technology—and the expert interpretation of the data—
into the clinical setting.

Functional Assessment of Phase I and II 
Detoxification and Toxic Load

The detoxification system in humans is extensive, 
highly complex, and under myriad regulatory mecha-
nisms. Until recently, science has had difficulty calcu-
lating and objectively analyzing the individual response 
to toxic compounds. In any large population exposed to 
the same low levels of carcinogens, some individuals 
will develop cancer while others will not. The variabil-
ity that one finds here and in other diseases appears to 
be associated, in part, with the individual’s ability to 
detoxify various pro-carcinogens and other xenobiotics. 
Therefore, it is not only the level of the toxin in the 
environment, but also the total amount of toxin in the 
individual—and his or her response to that load—that 
is significant.

Toxic Loadii

Understanding how xenobiotics affect human 
health is germane to the concept of total load. Total load 
describes the total of all exposures and influences that 
bear on human physiology. Since these factors often 
determine the efficiency of the body’s detoxification 
system, nutrient status and organ reserve, they are cen-
tral to any question of how xenobiotics affect humans. 
The concept of total load suggests that the totality of 
factors can seriously affect an individual’s system of 
metabolic management.

For many years, efforts to understand how xeno-
biotics affect human health focused on determining 
whether or not a substance produced cancer in labora-
tory animals. Once studies confirmed this finding for 
animals, researchers applied these studies to humans. 
While these efforts provided much insight into detoxifi-
cation, metabolism, and cell biology, in many ways 
they now detract from more pertinent questions, such 

as: What is the capacity of xenobiotics to alter the func-
tion of biological systems, and how does this contribute 
to illness? According to the latter perspective, cancer, as 
an end-stage manifestation of chemical exposure, seems 
to be only a second-order issue, since so many physio-
logical events precede its development.

In the early 1990s, two seminal volumes published 
by the National Academy of Sciences raised concerns 
about the functional changes induced by exposure to 
low levels of xenobiotics. These volumes, Environmental 
Neurotoxicology104 and Biologic Markers in Immunotoxicol-
ogy,105 highlight two important issues—functional 
changes result from low-level chemical exposure, and 
their effects can multiply when an individual is exposed 
to more than one agent.

An animal study about the lethal dose of lead and 
mercury dramatically illustrates this latter point—the 
multiplicity of toxic effects. In this study, scientists 
administered LD1 of mercury combined with the LD1 of 
lead to animals. (LD1 is the acute dose leading to death 
of 1% of a test population. LD50 refers to the dose that 
produces a fatal response in 50% of the animals and is a 
typical measure used in toxicology.) Remarkably, the 
LD1 of mercury + LD1 of lead resulted in LD100, or 
100% mortality, within five days.106 This study demon-
strated a profound difference in outcome between low-
toxicity substances administered in combination and 
low-toxicity substances administered alone.

Given the ubiquitous nature of chemicals in the envi-
ronment, it is likely that single exposure is more the 
exception than the rule. It is also likely that, despite con-
siderable research, we actually know very little about the 
true effects of chemicals on human function, because so 
little research is done on chemical synergy. More impor-
tant, considering the little we know about factors that 
influence physiologic function and their synergistic 
effect on chemical function, determining the effect of 
chemicals on human function is extremely difficult.

However, working within the concept of total load, 
it is clear that assessing both the sources of foreign sub-
stances and the patient’s ability to deal with and process 
those foreign substances is central to the question of 
how toxicants and xenobiotics differentially affect 
humans. Rea107,108 has succinctly outlined the following 
factors that influence the total load phenomenon:

• Xenobiotics (insecticides, herbicides, drugs, sol-
vents, metals, etc.)ii Excerpted from Clinical Nutrition: A Functional Approach (2nd Ed). Insti-

tute for Functional Medicine, Gig Harbor, WA: 2004.
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• Infections (streptococcus, pseudomonas, parasites, 
etc.)

• Toxins (aflatoxin, fusarium, penicillium toxins, 
ergot toxins, etc.)

• Biological inhalants (molds, algae, pollens, foods, 
etc.)

• Physical phenomena (electromagnetic fields, ioniz-
ing radiation)

• Lifestyle (drinking, smoking, etc.)
• Mechanical problems (biomechanical dysfunction, 

such as nasal, intestinal, or other obstruction)
• Hormonal aberration (DHEA, cortisol, estrogen, 

progesterone, testosterone, etc.)
• Psychosocial factors (stress, coping skills, belief sys-

tems, psychological trauma)

While nutritional status is not a direct part of the 
total load, the factors noted above are widespread and 
influenced by nutritional status. Rea, who has followed 
more than 20,000 patients with chemical sensitivity, 
reported laboratory evidence that nutrient abnormali-
ties are widespread among these patients. He noted that 
nutrient supplementation was central to restoring phys-
iologic balance; however, reducing total load was also 
essential to patient recovery. His findings suggest that 
total load and nutrient metabolism are inseparable com-
ponents of any program designed to manage the physi-
ological alteration associated with chemicals.

Challenge Testing

In assessing an individual’s detoxification ability, 
one evaluates the functional capacity of his or her 
detoxification systems. The complexity of those systems 
(and the biochemical uniqueness of each individual) 
suggests that a single test or type of assay to fully assess 
detoxification status may not be possible. For some 
enzyme activities, such as CYP2D6, which is primarily 
influenced by genetics, determination of slow or fast 
metabolism is possible with one gene analysis. How-
ever, to understand the detoxification profile of a par-
ticular individual at a moment in time, other 
approaches are necessary.

Measuring functional capacity and performance of an 
organ system or biochemical pathway is not new. Exer-
cise EKG and the oral glucose tolerance tests are two 
common challenge tests in which functional capacity 
and, therefore, organ reserve are appraised. A challenge 
test differs substantially from the more commonly used 

clinical assessments, such as the liver tests found in most 
serology panels.

The standard liver tests SGOT, GGPT, and SGPT mea-
sure liver pathology—not liver metabolic function.109 
Elevation of these enzymes in the serum occurs as a 
consequence of hepatocyte damage. Because the major-
ity of detoxification occurs in the liver, a clinician may 
make the assumption that elevated liver enzymes may 
also mean compromised detoxification ability. However, 
because the different detoxification activities are com-
partmentalized and detoxification occurs in other tissues 
as well, establishing a definitive link between elevated 
liver markers and altered detoxification is not always 
possible; altered detoxification can be demonstrated 
without any changes in these liver enzyme markers and, 
conversely, these markers may be altered and some 
detoxification functions may be performing adequately.

Challenge tests measure the detoxifying ability of an 
individual when challenged with a test substance. These 
tests allow assessment of the metabolic capacity of the 
detoxification systems, and thus provide a functional 
view of an individual’s ability to adequately deal with 
his or her environment.

To evaluate the various metabolic pathways of 
detoxification discussed above, probe substances (see 
Table 22.4), whose detoxification pathways are well 
established, are ingested. Their metabolites are mea-
sured in the urine, blood, or saliva. This type of test 
takes into account the myriad factors influencing 
detoxification capacity, and remains the standard 
today. 110,111,112,113

Probe substances. Many environmental toxins, such 
as those in polyaromatic hydrocarbons used as pesti-
cides, several carcinogens in cigarette smoke, and the 
polyaromatic amines found in charbroiled beef, are 
detoxified by CYP1A2 activity. Genetics, nutrition, medi-
cations, and environmental factors (including alcohol, 
heavy metals, and smoking) can all influence the induc-
ibility of this enzyme system. 114,115,116,117,118,119,120

Research over the past 20 years has shown that the 
caffeine challenge test is a useful, non-invasive way to 
assess CYP1A2 detoxification activity.121 Elevation or 
depression of the rate of caffeine clearance suggests 
upregulation or downregulation, respectively, of the 
phase I system. For this challenge test, a defined 
amount of caffeine is ingested, after which two to three 
saliva samples are obtained at specified times. Caffeine 
is almost completely absorbed by the intestine, and its 
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rate of clearance is measured in saliva.122,123 Dietary 
elimination of caffeine-containing foods and medica-
tions should be instituted 24 hours before the test.

As previously mentioned, phase II reactions involve 
a number of distinct conjugating substances. The most 
important appear to be amino acid conjugation, glu-
tathione conjugation, glucuronidation, and sulfation. 
Acetaminophen has been used as a probe substance to 
assess glucuronidation and sulfation. Acetaminophen is 
primarily metabolized directly through the phase II sul-
fation and glucuronidation pathways to form urinary 
acetaminophen sulfate and acetaminophen glucu-
ronide, respectively.124 (Figure 22.6 depicts acetami-
nophen detoxification in humans.) If these pathways 
are inhibited or compromised due to depleted cofactor 
status, the acetaminophen is metabolized through an 
alternate pathway requiring a phase I biotransformation 
followed by conjugation with glutathione and conver-
sion to acetaminophen mercapturate. The biotrans-
formed intermediate, N-acetyl-p-benzoquinoneimine 
(NAPQI), is a highly hepatoxic substance and, if not 
rapidly cleared by glutathione conjugation, can result 
in severe toxicity.125 The standard emergency treatment 

for acetaminophen overdose is to use high levels of 
N-acetylcysteine to detoxify NAPQI.

Figure 22.6 The detoxification of acetaminophen in humans

The major metabolites from the detoxification of 
acetaminophen are acetaminophen glucuronide and 
acetaminophen sulfate. Acetaminophen mercapturate is 
a minor metabolite and N-acetyl-p-benzoquinoneimine 
(NAPQI) is a hepatotoxic intermediate that may accu-
mulate if phase I activity is induced and/or the phase II 
glutathione conjugation pathway is unable to further 
metabolize NAPQI to the mercapturate for excretion.

Several amino acids are used as conjugation moieties 
for amino acid conjugation, including glycine, taurine, 
arginine, and ornithine. The glycine conjugation path-
way appears to be a major amino acid conjugation 
pathway in humans and, therefore, can be a means of 
evaluating amino acid conjugation activity. The glycine 
conjugation pathway can be assessed using either aspi-
rin or sodium benzoate as probe substances. Aspirin is 
readily degraded into salicylic acid, which is eventually 

Table 22.4 Examples of in vivo Probes for Drug Metabolizing 
Enzymes

Enzyme Probe Drug(s)

CYP1A2 Caffeine

CyP2C9 Tolbutamide

CYP2C19 Mephenytoin, Proguanil

CYP2D6 Sparteine, Dextromethorphan, 
Debrisoquine

CYP2E1 Chlorzoxazone

CYP3A4 Erythromycin (breath test), 
Midazolam, 6-Hydroxycortisol

N-acetyl transferase Sulphadimidine, Isoniazid, Caffeine

Glucuronyl transferase Oxazepam, Acetaminophen

Sulfation Acetaminophen

Glycination Benzoic acid, Salicylate

Serum Glucose Glucose MetabolismG6P

G1P Glycogen

UDPG

UDP
UDPGA

O
II

NHCCH3

O
II

NHCCH3

PAPS

O
II

NHCCH3
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OH
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Glutathione (HSG)

O
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Cytochrome P450s
(e.g., CYP2EI)

The major metabolites from the detoxification of acetaminophen are acetaminophen glucuronide
and acetaminophen sulfate.  Acetaminophen mercapturate is a minor metabolite and

N-acetyl-p-benzoquinoneimine (NAPQI) is a hepatotoxic intermediate that may accumulate if
Phase I activity is induced and/or Phase II glutathione conjunction pathway is unable to further 

metabolize NAPQI to the mercapturate for excretion.
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conjugated and metabolized through glycine conjuga-
tion and glucuronidation to form salicyluric acid (the 
major metabolite) and salicyl glucuronides (minor 
metabolites), respectively (Figure 22.7).126 Alternatively, 
in individuals with salicylate sensitivities, the common 
food preservative sodium benzoate can be used to assess 
phase II glycine conjugation.127 Either way, the metabo-
lites are then measured in the urine.

Figure 22.7 The detoxification of aspirin in humans

These probe markers serve as useful, well-researched 
challenge substances for functional evaluation of four 
important phase II detoxification pathways.128 As with 
the caffeine challenge, foods and medications contain-
ing aspirin, acetaminophen, and sodium benzoate are 
eliminated 24 hours prior to challenge tests utilizing 
those substances. Using a combination of probe sub-
stances to measure sulfation, glucuronidation, glycina-
tion, and activation of phase I activity, a clinician is 
provided with an assessment of an individual’s detoxifi-

cation capacity that offers insight into the unique 
response and possible sensitivity the patient may dis-
play to his or her environment.

For most toxins in need of detoxification, multiple 
pathways are involved. Under optimal conditions, there 
is a particular affinity of a xenobiotic for a particular 
pathway. The body may compensate for an underdevel-
oped, or bottlenecked, pathway. Alternative pathways 
may be less desirable because of incomplete detoxifica-
tion or accumulation of toxic intermediates, as described 
above. Not only are the sufficiencies of the various indi-
vidual pathways important, but the relative balance of 
phase I and phase II detoxification is critical, as it deter-
mines the longevity of the biotransformed intermediates.

Testing for the Presence of Toxic Elements

Testing for the presence of the most common toxic 
elements, mercury (Hg), lead (Pb), arsenic (As), cad-
mium (Cd), aluminum (Al), and nickel (Ni), can be an 
integral part of the overall assessment.129 These toxic 
elements are largely undetected by standard laboratory 
analyses. Furthermore, toxic symptoms may occur due 
to low-level but chronic exposure.130 In addition to sub-
tle (but cumulative) metabolic toxicity, these heavy 
metals may impair other detoxification pathways so 
that negative effects of xenobiotics are intensified. For 
example, antimony exposure depletes hepatic glu-
tathione in rat models, resulting in impaired phase II 
glutathione conjugation activity, which affects the abil-
ity of the body to detoxify other toxic compounds that 
require conjugation with glutathione.131

Elemental analysis of hair and provocative urine 
testing (e.g., DMSA oral) provide the most reliable mea-
sures of the presence of toxic metals.132 Serum testing 
can also be valuable for lead, mercury, aluminum, and 
cadmium, as well as other toxic metals. Identification 
and removal of toxic elements such as these may result 
in a positive clinical outcome for patients experiencing 
fatigue and cognitive disorders. Excretion of the ele-
ments can be monitored in urine.

A Clinical Perspective on Detoxification

Several decades of extensive research into detoxifica-
tion of xenobiotics has resulted in an evolution of our 
clinical understanding of detoxification.133,134 Chapter 
31 presents a discussion of the clinical approach to 
improving detoxification. Before approaching the ques-

The major metabolite from detoxification of aspirin is the glycine conjugate salicyluric acid.

Salicyl phenolic glucuronide and salicyl acyl glucuronide are minor metabolites.
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tion of intervention, however, a solid understanding of 
the metabolic systems involved in detoxification—and 
the common influences upon them—is vital. Although 
the research is far from mature, there are many indica-
tors that clinicians should be aware of.

Substances that induce or upregulate phase I, such 
as alcohol, smoking, coffee, and certain medications, 
can have a deleterious effect upon the balance of phase 
I to phase II activity, because the phase II pathways may 
be unable to keep up with the increased demand. The 
result would be an increase in activated intermediates 
and free radicals, which can react with and damage pro-
teins, RNA, and DNA, further promoting a cycle of 
imbalanced detoxification in the individual.

The phase II conjugation enzyme systems are depen-
dent on the presence of adequate amounts of cofactors 
and conjugation moieties, such as glutathione, sulfate, 
and glycine. Therefore, nutritional insufficiency of these 
cofactors could be deleterious to adequate balance 
between phase I and phase II activity. Moreover, the 
phase II activities are highly dependent on the presence 
of adequate energy in the form of ATP to carry out the 
conjugation reactions, so depletion of ATP reserves can 
also influence the balance of phase I to phase II activities.

Clinical Presentation

There are a number of common warning signs indi-
cating that toxicity may be a factor for patients:

• A history of increasing sensitivity to exogenous 
exposures (toxic xenobiotics)

• Abundant use of medications
• Significant use of potentially toxic chemicals in the 

home or work environment
• Sensitivity to odors
• Musculoskeletal symptoms (similar to fibromyalgia)
• Cognitive dysfunction
• Unilateral paresthesia
• Autonomic dysfunction and recurrent patterns 

of edema
• Worsening of symptoms after anesthesia or 

pregnancy
• Paradoxical responses or sensitivity to medications 

or supplements135

Several specific clinical examples are summarized 
below.

Gilbert's syndrome. Gilbert’s syndrome (GS), 
thought to be a condition with little morbidity, is a 

genetically-induced, nutritionally-exacerbated meta-
bolic disorder that affects the way bilirubin is processed 
by the liver, causing jaundice. GS is caused by an alter-
ation of activity in one of the glucuronyl transferase 
enzymes that catalyzes the phase II conjugation step of 
glucuronidation.136 A study published in 1992 suggested 
that GS can predispose people to bioactivation and 
potential toxicity of drugs for which glucuronidation 
constitutes a major, alternate pathway of elimination.137 
Unfortunately, other than one study of zinc sulfate in 
2002,138 a recent PubMed search on Gilbert’s syndrome 
brings up no significant recent follow-up on those early 
findings. Further research would be highly desirable, 
especially since there are at least 10 versions of glucu-
ronyl transferase, and it is not known what effect each 
has on the other. 

Chronic fatigue syndrome. Research reported in 
the mid-1990s on the etiology of chronic fatigue syn-
drome (CFS) suggested that there might be a relation-
ship between impairment of detoxification pathways 
and symptomatology, partly as a result of toxic expo-
sure.139,140 Correction of these imbalances and deficien-
cies has been of significant benefit to some patients.141 
A clinical trial published in 1995 used a food elimina-
tion diet and nutritional modulation to support detoxi-
fying pathways; significant improvement in subjective 
symptomatology as well as phase I and II activities was 
reported.142 Unfortunately, the research base on this 
issue is still sparse and unconvincing; interest in the 
investigation of toxicity as a cause and improved detox-
ification as a therapeutic response appears to have 
waned of late. Both the etiology of the condition and 
the nature of effective treatments are as yet unclear. 
Many researchers have hypothesized that multiple 
causes may require that treatment approaches be 
adapted to the various sub-group characteristics, once 
they can be clearly defined.143,144,145

Encephalopathy and pancreatitis. These two con-
ditions provide examples of how xenobiotics can influ-
ence the clinical picture. Exposure to various solvents is 
correlated with development of chronic toxic encephal-
opathy, which may present as diverse neuropsychiatric 
disorders. A genetic defect in one of the glutathione 
transferase enzymes (and therefore GSH-conjugation 
deficiencies) results in lowered detoxification capacity 
and greater likelihood of encephalopathy.146,147 Idio-
pathic pancreatitis can be associated with upregulation 
of the cytochrome P450 enzymes in many patients. 
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Patient histories often include exposure to diesel fumes, 
paint solvents, and trichloroethylene. This type of 
xenobiotic exposure also seems to accentuate the sus-
ceptibility to ethanol-related pancreatitis.148

Chronic degenerative diseases. Detoxification has 
clinical implications for chronic degenerative diseases as 
well. Research on the etiology of Parkinson’s disease has 
shown defects in the ability of patients to adequately 
metabolize sulfur-containing xenobiotics.149 This altered 
detoxification may then render susceptible individuals 
at higher risk for neurotoxicity when exposed to sulfur-
containing compounds.150 The combination of genetic 
susceptibility, reduced detoxification capacity, and 
increased exposure to neurotoxins creates an increased 
risk of damage that may lead to clinical disease over the 
course of time. Connections to Alzheimer’s, Parkinson’s, 
and other motor neuron diseases have also been 
made.151,152 Genetic makeup is certainly a major factor, 
but strong support for nutritional and environmental 
factors is vital.153 Research has supported the relation-
ship between compromised detoxification ability, lupus 
erythematosus, and rheumatoid arthritis.154

Detoxification and hormone-related conditions. 
It is clear that the modern abundance of chemicals in 
our environment results in the eventual exposure of 
nearly everyone to toxic compounds via water, air, and 
food. Many xenobiotics that show toxic effects are lipo-
philic. These substances can accumulate in the body 
and are found stored in the highest concentrations in 
reproductive, liver, and adipose tissues. For example, 
human seminal fluid may contain compounds such as 
pentachlorophenol, hexachlorobenzene, DDT metabo-
lites, and PCBs. Adipose tissue also can contain PCBs, 
DDT metabolites, and chlordane.155 In one study of 
hexachlorobenzene content in adipose tissue, it was 
shown that the median levels actually increased by 50% 
over levels determined five years previously.

The functional changes resulting from these xenobi-
otic accumulations can be profound. The compounds 
naphthalene, anthracene, and biphenyl have strong 
affinities for glucocorticoid and androgen receptors 
after being acted upon by hepatic conjugation reac-
tions.156 Combinations of xenobiotics may have effects 
on hormonal activity far beyond the sum of their indi-
vidual activities.157

Since various drugs or chemicals may have an inhibi-
tory or stimulatory effect on detoxification capacity, 
detoxification of other molecules through the same 

pathway(s) may be slowed down or speeded up, as in the 
case of cigarette smoking inducing certain phase I P450 
isoenzymes. These same enzymes are involved in the 
detoxification of estrogen. As a consequence, it has been 
noted that serum estrogen levels are lower in women 
who smoke. This fact may in part explain the increased 
incidence of osteoporosis and menopausal symptoms in 
women smokers as compared to non-smokers.158

Supporting the Detoxification Systems

Chapter 31 will provide more guidance on the clini-
cal approach to detoxification. In general, a program 
that supports healthy detoxification processes should 
do the following:

• Remove foods and beverages that are likely to con-
tain toxins, food allergens, or antigenic challenge. 
(Antigens, as well as other endogenously produced 
and exogenous agents, increase the total xenobiotic 
load that must be handled by the detoxification 
pathways or other systems.)

• Eliminate or reduce ongoing toxic exposures in 
home and/or workplace.

• Meet basic daily nutritional needs, including ade-
quate, high-biological-value protein content.

• Possibly provide increased amounts of the nutrients 
that function as cofactors for, or are otherwise 
required in, the enzymatic steps that occur in the 
biotransformation of toxic substances.

• Provide adequate hydration with clean water to 
promote elimination of biotransformed molecules.

• Consider interventions such as sauna or chelation, 
when specifically indicated, to reduce toxic load.

Nutrients critical to effective detoxification include:
• Efficient sulfation reactions require (among other 

things) vitamin A, adequate protein in the diet, and 
adequate sources of dietary sulfur (sulfur-containing 
amino acids, and foods such as garlic and onions).

• Glucuronidation reactions require magnesium and 
may be inhibited by smoking, fasting, and possibly 
high fructose intake. As this is a membrane-bound 
enzyme system, the integrity of the lipid bilayer is 
important for efficient glucuronidation.

• Glutathione reactions are some of the most crucial 
in the deactivation of xenobiotics. Synthesis of the 
glutathione cofactor requires adequate vitamins B6 
and B12, magnesium, and folate. Glutathione 
transferases may be inhibited by a number of 
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dietary constituents, including alcohol and plant 
phenols, or induced by Brassica family compounds. 

• Amino acid conjugation may be enhanced by 
administration of the cofactor amino acids (e.g., 
glycine or taurine).

Table 22.5 provides a list of plant compounds that 
influence detoxification.

Needs for additional nutrients or enhanced amounts 
of cofactors may be assessed by laboratory analyses such 
as determination of the amount of a nutrient or metab-
olite, assay of an activity dependent on the nutrient, 

and/or challenge testing. Individuals with increased 
phase-I-to-phase-II ratios and/or low urinary or serum 
sulfate may require nutritional antioxidant support as 
well as enhanced conjugating nutrient support. Gly-
cine, taurine, and sulfhydryl donors (e.g., glutathione, 
N-acetylcysteine, methionine, cystine, and cysteine) 
should be considered in planning a detoxification 
regime for those individuals. In the absence of testing 
availability, certain circumstances discovered through 
the history and physical exam may also serve as general 
indicators of an individual’s nutritional insufficiencies.

Table 22.5 Plant-derived Compounds that Influence Detoxification

Flavonoids The flavonoid class of plant compounds contains a wide range of biologically active components. Examples 
include naringenin, which is found in grapefruit and inhibits the activity of CYP1A2 and CYP3A4. Naringenin is a 
very powerful inhibitor; a single glass of grapefruit juice has been shown to contain enough inhibitory activity to 
decrease up to 30% of CYP3A4 activity for 12–24 hours.a Pharmaceutical companies have promoted the use of this 
inhibitory activity to enhance the availability and clinical activity of some drugs. Unfortunately, this activity may 
also increase the toxicity of other compounds that are metabolized by these cytochrome P450 enzymes. Rutin and 
quercetin have been shown to act synergistically with ascorbic acid and tocopherol, and protect against oxidation 
injury induced by glutathione deficiency.b,c Rutin and its aglycone, quercetin, are flavonoids found in tea, onions, 
and some citrus foods that also inhibit cytochrome P450 activity.d Conversely, the flavonoids tangeretin and nobi-
letin, found in orange juice, have been shown to induce CYP3A4.e Rosmarinus officinalis (rosemary) contains the fla-
vonoids carnosol, carnosic acid, rosmanol, and ursolic acid, which possess high antioxidant activity. These 
polyphenols have been shown to scavenge inflammation-induced nitric oxide and peroxynitrite radicals.f Carnosol 
and carnosic acid stimulate the phase II detoxification enzymes glutathione-S-transferase and quinone reductase, 
and suppress DNA damage from xenobiotics.g

a Yee GC, Stanley DL, Pessa LJ, et al. Effect of grapefruit juice on blood cyclosporine concentration. Lancet. 1995;345:955-56.
b Negre-Salvayre A, Affany A, Hariton C, Salvayre R. Additional antilipoperoxidant activities of alpha-tocopherol and ascorbic acid on membrane-like systems are potentiated by 
rutin. Pharmacol. 1991;42:262-72.
c Skaper SD, Fabris M, Ferrari V, et al. Quercetin protects cutaneous tissue-associated cell types including sensory neurons from oxidative stress induced by glutathione 
depletion: cooperative effects of ascorbic acid. Free Rad Biol Med. 1997;22:669-78.
d  Hollman PCH, deVries JHM, van Leeuwen SD, et al. Absorption of dietary quercetin glycosides and quercitin in healthy ileostomy volunteers. Am J Clin Nutr. 
1995;62:1276-82.

Monoterpenoids Monoterpenoids such as d-limonene are derived from citrus foods, in particular lemon, and have a number of 
interesting effects on the detoxification systems. In animal models, limonene increases levels of CYP2C; however, it 
inhibits the activity of CYP2E1.h These monoterpenoids induce the phase II detoxification glutathione and glucu-
ronidation activities, which may account for their ability to improve resistance to glutathione depletion by chronic 
acetaminophen administration and inhibit tumorigenesis in animal models.i,j

Curcumin Curcumin is the yellow pigment and an active component in the spice turmeric (Curcuma longa). Curcumin has a 
wide range of biological activities that include acting as a potent antioxidant, antiinflammatory agent, and anti-
mutagen.k,l Curcumin has also been shown to induce glutathione production and glutathione-S-transferase activ-
ity, and may inhibit some cytochrome P450 activities.m,n

Forskolin As many xenobiotics are stored in the adipose tissue, enhancement of lipolysis during a detoxification regimen can 
be of significant benefit. This natural product, derived from Coleus forskohlii, may be useful in increasing the cAMP 
levels, which can indirectly assist (via adenylcyclase) with lipolysis.o,p

Indole-3-
carbinol

Indole-3-carbinol is found in the Brassica family of vegetables (cabbage, Brussels sprouts, broccoli). Metabolites of 
indole-3-carbinol are readily formed after its ingestion, and they inhibit the activity of the CYP1A1 and CYP1A2 iso-
forms in humans.q Indole-3-carbinol metabolites also have the capacity to enhance the phase II glutathione path-
ways, thereby providing a means to clear xenobiotics more efficiently.r 
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Summary

We are inevitably exposed to higher levels of xenobi-
otics in food, water, and air; many of us also bear an 
increased endogenous toxic load from faulty digestion, 
poor dietary habits, and metabolism of many medica-
tions (competitive inhibition). Thus, our individual 
detoxification profiles may be highly relevant to our 
risk of disease and dysfunction. Research is opening up 
an extremely important field of inquiry into the identi-
fication and proper counseling of individuals with vari-
ous genetic susceptibilities or inadequacies that may 
require dietary, environmental, or supplemental modifi-
cation to accommodate their biochemical individuality.

Studies of detoxification function show that the 
enzymes that control the various phase I and phase II 
processes vary significantly from person to person, even 
in healthy people.159,160 There are numerous pharmaco-
genetic variants affecting detoxification disposition that 
are manifested only upon drug or environmental chal-
lenge. This new understanding of detoxification brings 
us to a greater appreciation of Roger Williams’s mid-20th 
century work and his popularization of the term and 
concept of “biochemical individuality.”161 Differences 
in detoxification capacities based upon individual 
genetic predispositions, environmental exposures, and 
nutritional insufficiencies can have a profound effect 
upon susceptibility to a wide variety of diseases (and 
upon our ability to respond to interventions, whether 
pharmaceutical, nutritional, or botanical). Xenobiotics 
may act as immunotoxic agents, suggesting a biochemi-
cal connection between the immune, nervous, and 
hepatic detoxification systems.162 A very intriguing 
question is how many of the diseases we now consider 
idiopathic—of unknown origin—might be linked to 

atypical detoxification reactions? Disordered detoxifica-
tion may have wide-ranging impact upon hepatic, 
renal, cardiovascular, neurological, endocrine, and 
immune system function. It certainly feels safe to say 
that the complicated interrelationships involved in 
exposure to various substances, genetically determined 
detoxification pathways, alteration of the pathways by 
foods, drugs, and chemicals, and sensitivity of tissues to 
secondary metabolites from toxic substances, play an 
under-recognized role in contributing to the develop-
ment and perpetuation of many health problems.

Identifying slow, fast, or otherwise imbalanced indi-
vidual detoxification pathways can be extremely impor-
tant. Laboratory assessment of detoxification gives the 
health professional more precise and definitive tools for 
assessment, a better understanding of an individual’s 
unique metabolic detoxification capacity, and the 
opportunity to tailor nutritional support and environ-
mental factors to reduce symptoms associated with met-
abolic toxicity.
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Chapter 23
Immune Imbalances and Inflammation
Robert Rountree, MD

Teach thy tongue to say ‘I do not know’
and thou shalt progress.

—Moses Maimonides, ca 1200 A.D.

Discovery consists in seeing what everyone else has
seen and thinking what no one else has thought.

—Albert Szent-Gyorgyi, MD, PhD
Nobel Laureate (Physiology or Medicine), 1937

Introduction

The Inflammatory Response

One of the most enduring clinical observations made 
by the physicians of antiquity was that the human body 
responds to trauma or infection in a predictable manner, 
a phenomenon called inflammation. Written descrip-
tions of this phenomenon date as far back as the Ebers 
papyrus (1550 BC), but the first concise, empirical defi-
nition has been attributed to Cornelius Celsus, circa 
30–40 AD, who described its cardinal signs as redness 
and swelling with heat and pain (rubor et tumor cum 
calore et dolore). Galen of Pergamum (ca. 129–199 AD) 
later added a fifth sign: disturbed function (et functio 
laesa). Two centuries later, it was proposed that excessive 
secretion (fluor), should also be added to this group.1

Whether the stimulus is a laceration, a burn, or an 
inhaled speck of pollen by a person with atopic syn-
drome, a remarkably similar combination of signs is 
elicited. These similarities imply that only a limited 
number of physiological pathways are required to pro-
duce this pattern, but superficial appearances can be 
deceptive. It is true that there is considerable overlap in 
effector mechanisms, but the machinery that runs those 
effector mechanisms is extremely complex. In fact, we 
cannot fully comprehend how this machinery works—
much less how to gracefully manipulate it—without 

first making some significant revisions in the scientific 
paradigm used to interpret its actions.

Even though it lacks an identifiable single conductor, 
inflammation is nevertheless a highly orchestrated event 
that utilizes an intricate reciprocity between the innate 
and acquired/adaptive branches of the immune system.2 
It relies on the basic process of signal transduction to 
convert information that specialized molecular sensors 
perceive as constituting foreignness, danger, or damage 
into a series of enzymatically catalyzed biochemical cas-
cades.3 In turn, the downstream metabolites unleashed 
by these cascades activate the transcription of messenger 
proteins that are then dispatched to inform and instruct 
the larger cellular community of the host regarding the 
nature of the impending threat. What follows is a verita-
ble symphony of intercellular dialogue, consisting of the 
enlistment and coordination of an integrated network of 
cell types whose mission is to defend their host and 
repair the damage caused by intrusions from pathogenic 
microbes or toxic biologic substances resulting from ther-
mal, electromagnetic, mechanical, or chemical injury.4,5,6

Immune Imbalance, Inflammation, and 
Chronic Disease

It has become increasingly evident that the process 
described by Celsus is a sword with two very sharp 
edges. The immune system’s ability to mount an ade-
quate inflammatory response is critical to survival—its 
absence is tantamount to a death sentence. When the 
immune system operates in a balanced fashion, the pro-
cess is self-limited and largely beneficial. But the dys-
function that results from a wide variety of systemic 
imbalances can lead to a loss of regulatory control, in 
which case the process becomes perpetual and destruc-
tive to the host.7 The most obvious examples of this 
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outcome can be found in chronic inflammatory disor-
ders such as rheumatoid arthritis, inflammatory bowel 
disease, and eczema, or the granulomatous response to 
tuberculosis and other intracellular infections.

As it turns out, however, these conditions are only 
the tip of the iceberg and the consequences of imbal-
anced immune function are much more pervasive 
than previously appreciated.8,9 Inflammation is now 
understood to be a central aspect of the pathophysiol-
ogy of a wide range of conditions from obesity,10 dia-
betes mellitus,11 atherosclerosis,12,13 and hypertension, 
to Alzheimer’s and Parkinson’s diseases, cancer,14,15 
depression,16,17,18,19 and autism. Support is increasingly 
growing for the contention that all chronic illness has 
a significant inflammatory component. Even the 
frailty associated with biological aging (and perhaps 
aging itself) appears to result from the cumulative 
effects of inflammation.20,21,22

All of this tells us that the physiology of inflamma-
tion is not a locally isolated phenomenon, but instead is 
a process that is closely intertwined with the overall 
health of the individual.23,24,25 Consequently, the revela-
tions that emerge from investigating how these mecha-
nisms operate under normal and abnormal conditions 
are proving to have profound implications for every 
branch of medicine. Before we can adequately and intel-
ligently assume the task of safely and effectively influ-
encing the course of chronic inflammatory disorders, it 
is essential for us to fully understand the underlying 
mechanisms at work. Since the tenor of the interaction 
between immune cells and foreign substances deter-
mines whether the outcome will be quiescent tolerance 
or the initiation of an inflammatory cascade,26 it is criti-
cal that we understand what influences this interaction 
on a structural and biochemical level. It has become 
increasingly clear to researchers in the life sciences that 
structure and function are inextricably interrelated. 
Consequently, we must have a working knowledge of 
the normal molecular biology of inflammatory triggers, 
effector cells, and their mediators before we can truly 
understand how this process goes awry.

The Cellular and Molecular Biology of 
Immunity and Inflammation

Knowing how specific three-dimensional structures 
interact with immune and other effector cells to acti-
vate the inflammatory response, and how various medi-

ators act on a molecular level to amplify or dampen that 
response, will help us find precise ways to modify the 
body’s reactions when interventions are needed. Such 
interventions could involve prevention, modulation, or 
augmentation of immune function; whatever the strat-
egy, the overriding principle—according to the tenets of 
functional medicine—is to achieve a positive outcome 
without causing additional harm in the process. To bet-
ter appreciate the critical role that triggers and media-
tors play in this process, it is essential to understand the 
overall context in which the immune system operates.

Innate and Acquired Immunity: Development 
and Function

The primary roles of a healthy, balanced immune 
system are:

1. identify potentially infectious or injurious sub-
stances (e.g., necrotic cellular debris),

2. distinguish self-antigens (i.e., nonthreatening) 
from nonself-antigens (i.e., threatening),

3. assess the potential level of threat posed by infec-
tious, toxic or nonself-antigens,

4. mount a response that is appropriate to the level of 
threat, and

5. repair any damage that ensues from adversarial 
encounters.

The primary responsibility for identifying infectious 
or injurious substances is assigned to the innate arm of 
the immune system.27,28 For this reason, the sentinel 
agents of innate immunity, including macrophages, 
dendritic cells, and related antigen-presenting cells 
(APCs), are widely distributed throughout mucosal sur-
faces, connective tissues, and organs.29 Natural killer 
cells, which constitute between 5 and 15% of periph-
eral circulating lymphocytes, are also involved in 
innate immunity.30,31,32

Rather than identifying every possible antigen, 
APCs express cell surface receptors for patterns unique 
to microorganisms, allowing for rapid identification 
of pathogens without the need for prior exposure to 
them. APCs are typically activated and are able to ini-
tiate an inflammatory response within minutes to a 
few hours after injury.33 An important skill possessed 
by dendritic cells is their ability to migrate (under the 
influence of chemokines, TNF-, IL-1 and other 
inflammatory cytokines) from epithelial and mucosal 
surfaces to draining lymph nodes or to far-flung sys-
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temic sites, which gives them access to increasingly 
large venues for broadcasting warning messages about 
locally generated infractions.34,35

In contrast, the tasks of the acquired/adaptive arm 
are to provide an expandable army of clones that can 
(1) amplify the cascade initiated by activated APCs, 
and/or (2) functionally recognize pathogens missed by 
the innate system.36 Accomplishing the second task 
relies on an exquisite sensitivity for distinguishing 
between self- and nonself-antigens. This requires a high 
level of refinement and training, enabling the lympho-
cytes to become efficient but extremely obedient killing 
machines. Without this training, they could attack 
their host (which is exactly what happens in autoim-
mune disorders). The early phases of training are under 
control of the thymus. This training has been referred 
to as “self-referential,” in that it exclusively relies on 
internal cues for preparing the lymphocytes to recog-
nize a potentially vast array of external cues that it may 
encounter throughout the life of the host. Lympho-
cytes that fail in their early training and react to self-
antigens are rapidly eliminated.

The later phases of training involve “mentoring” by 
APCs and regulatory lymphocytes. Exposure to a patho-
gen allows APCs to capture it and subsequently process 
and display its peptide fragments in the MHC II (major 
histocompatibility complex) sites on their surface mem-
branes. Contact with these MHC-peptide complexes on 
mature dendritic cells acts to prime lymphocytes so that 
they will be able to recognize the pathogen during subse-
quent exposure. Because of its reliance on clonal expan-
sion, the acquired immune system may take days or even 
weeks before its reaction to infectious and other nonself 
triggers becomes apparent. Rejection of a transplanted 
organ or delayed hypersensitivity reactions are typical 
examples, while IgE-mediated, type I allergic reactions 
are an obvious exception to this generalization.37

Innate immunity and chronic inflammation. For 
many years it was thought that the innate system was 
mostly involved in the acute inflammatory response, 
and that the primary mediator of chronic inflammation 
was the acquired immune system (i.e., B and T lympho-
cytes). However, new evidence indicates that an over-
stimulated or dysfunctional innate system—acting in 
conjunction with affected vascular and connective tis-
sues—plays at least as prominent a role in instigating 
and perpetuating chronic conditions.38,39,40 For example, 
dendritic cells can function both as initiators and active 

modulators of the immune response by ongoing induc-
tion of lymphocytes.41 Although increased numbers of 
activated B and T lymphocytes are typically found 
wherever there is chronic inflammation (e.g., the syno-
vitis associated with rheumatoid arthritis or the persis-
tent dermatitis with eczema), both cell types are under 
the direct control of dendritic cells.42

Dendritic cells can also actively participate in the 
ongoing tolerization of T lymphocytes against self-anti-
gens. This suggests that the loss of tolerance that appears 
in autoimmunity or transplant rejection, or the increased 
tolerance that occurs with cancer, could—paradoxi-
cally—both be manifestations of dysregulation by den-
dritic cells.43,44,45 Recognizing this has led to renewed 
interest in the specific pathways involved in the activa-
tion, maturation, and subsequent deactivation of den-
dritic cells and other APCs.

Molecular Triggers of the Immune Response 
and their Receptors

As previously noted, one of the primary triggers for 
the innate immunologic reaction is a group of specific 
microscopic structures. These structures have been 
termed pathogen-associated molecular patterns (PAMPs). 
PAMPs are highly conserved, “generic” motifs that are 
abundant in many different microorganisms, including 
viruses, bacteria, and fungi. Since they are not normally 
found in vertebrates, their presence serves as a major 
warning signal to APCs and phagocytes. PAMPs include 
bacterial lipopolysaccharides (LPS, aka endotoxin) from 
gram-negative cell walls; teichoic and lipoteichoic acids 
(LTA) predominantly from gram-positive bacteria; flagel-
lin, pilin, and N-formyl-methionine found in bacterial 
proteins; peptidoglycan, mannans, glucans, glycolipids, 
and zymosan from fungal cell walls; double-stranded 
RNA from viruses; unmethylated cytosine-guanine dinu-
cleotide sequences (CpG DNA) found in bacterial and 
viral genomes.

APCs and other innate immune cells recognize 
PAMPs through a variety of transmembrane and intra-
cellular glycoprotein receptors. While these receptors 
can identify over 1,000 different structures, they have 
no capacity for recognizing self-associated antigens. In 
other words, they are incapable of reacting to host tis-
sues. There are two main classes of pattern-recognition 
receptors, signaling and endocytic. In addition, a series 
of soluble pattern-recognition receptors circulate in the 
bloodstream, where they function as opsonins that can 
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bind to microbes, initiating the complement cascade 
and phagocytosis.46

Toll-like receptors (TLRs) are the primary signaling 
pattern-recognition receptors.47,48 At least nine different 
TLRs have been identified. Typically appearing in pairs, 
different cell types express different TLR combinations, 
translating into varying abilities of an APC to respond 
to a particular bacteria, virus, fungus, etc. A significant 
feature of the TLR system is its presence in all multicel-
lular organisms, indicating the ancient and fundamen-
tal role it has played throughout evolution. (In contrast, 
specific antigen recognition by antibodies—acquired/
adaptive immunity—occurred much later in the course 
of evolution and is only found in vertebrate species.) 
TLRs are members of the larger superfamily of interleu-
kin-1 receptors, with which they share the same intra-
cellular subunit and many of the same downstream sig-
naling molecules.49,50,51,52,53

Intracellular Signaling Pathways and their 
Gene Products

These highly specialized pathogen sensors trans-
duce the warning signals conveyed by foreign macro-
molecules into a flurry of activity by intracellular 
protein kinases and related enzymes that employ phos-
phorylation and similar catalytic processes to turn on a 
network of intracellular biochemical pathways.54,55,56,57 
In most cases, this leads to the activation in the cytosol 
of nuclear factor-kappa B (NFB) by uncoupling it from 
I-kappa B inhibitor proteins, which are subsequently 
degraded.58 This allows the translocation of NFB to the 
nucleus, where it binds to specific gene promoter 
regions on DNA, resulting in the increased transcrip-
tion and translation of proinflammatory cytokines, 
type II inducible cyclooxygenases, inducible nitric 
oxide synthases, various adhesion molecules (VCAM, 
ICAM, etc.), and metalloproteinases.59,60,61

Interestingly, even though activation of the NFB 
family of transcription factors is a constant feature of 
this process, ligand binding to different pairs of TLRs 
results in the synthesis of different types and mixtures 
of cytokines. For example, TLRs that bind to viral com-
ponents (e.g., TLR-3 and TLR-8) lead to increased pro-
duction of interferons.62 Zymosan from fungal cell walls 
will bind to a different combination of TLRs (TLR-2/
TLR-6) than bacterial endotoxins (TLR-4/TLR-4).63 Both 
lead to increased production of proinflammatory cyto-
kines, including IL-2, TNF- and IL-8, but the specific 

profile will be slightly different depending on the initial 
trigger. Since NFB is upregulated in all these situations, 
this indicates the collateral involvement of a large net-
work of additional receptors, transcription factors and 
co-regulatory molecules that determine the specific 
gene promoter regions to which NFBs are able to bind. 
For example, endotoxin’s effects are also mediated 
through LPS binding protein and CD14, both of which 
collaborate with TLR4 to stimulate the synthesis of 
proinflammatory cytokines.64 Similarly, the effects of 
fungal beta-glucans are also mediated through binding 
to dectin-1, a recently identified transmembrane lectin 
APC receptor that collaboratively promotes the activa-
tion of TLR2 signaling.65

Additional Innate Receptors: Endocytic Receptors, 
Scavenger Receptors, and RAGEs

In addition to signaling pattern-recognition recep-
tors, endocytic receptors also play a critical role in the 
innate inflammatory response. Located on the surface 
of macrophages and other phagocytes, these multili-
gand receptors facilitate the binding, engulfment and 
degradation of pathogens and cellular debris. The pre-
dominant members of this class include a superfamily 
of macrophage scavenger receptors and receptors for 
advanced glycosylation end products (RAGEs). Mac-
rophage scavenger receptors, like toll-like receptors, are 
also glycoproteins that bind to many of the same 
PAMPS, including endotoxin from gram-negative and 
lipoteichoic acid from gram-positive bacteria. However, 
they also “scavenge” negatively-charged endogenous 
substances that have been chemically altered or modi-
fied, such as oxidized LDL, HDL, and other lipids, glyco-
oxidized adducts (i.e., advanced glycosylation end prod-
ucts), and amyloid E-protein.66 RAGEs differ from scav-
enger receptors in that they bind exclusively to 
endogenously generated molecules, including AGEs, 
amyloid fibrils, and prion-derived peptides.67

Like TLRs, scavenger receptors and RAGEs utilize 
activated NFB as the central conduit for increasing 
transcription and translation of proinflammatory cyto-
kines and enzymes. The normal role of signaling and 
endocytic scavenger receptors is to assist with host 
defense, cell adhesion, and removal of debris from sys-
temic circulation. However, considering that they are 
activated by many of the same triggers associated with 
chronic inflammation, it is not surprising to find that 
genetic variants, resulting in an upregulation of their 
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expression, have been linked to a seemingly disparate 
group of conditions, including atherosclerosis, Alzhei-
mer’s disease, and cancer (e.g., prostate).68,69 This is con-
sistent with the converse observation—for example, 
polymorphisms in toll-like receptor 4 that downregulate 
its response to LPS are associated with decreased produc-
tion of proinflammatory cytokines and an increased risk 
of contracting severe bacterial infections, but a decreased 
risk of developing atherosclerosis.70 Similarly, a person 
with increased expression of macrophage scavenger 
receptors and RAGEs would be more vulnerable to the 
inflammatory effects of a diet high in free radicals, oxi-
dized fat, and refined carbohydrates.71

NFB-mediated Gene Activation: Final Common 
Pathway for Inflammatory Responses

In summary, the innate immune system depends 
heavily on signals provided by all of these receptors to 
determine the need for possible defensive action. Con-
sequently, this signal transduction network and its 
downstream cascades of enzymatic activation are 
increasingly being recognized as a major crossroads that 
links inflammatory triggers with the effector cells and 
mediators that achieve their effects.72 Directly in the 
center of this crossroads is the NFB protein family, 
which appears to be upregulated in almost every acute 
and chronic inflammatory disorder, whether it is appen-
dicitis, pancreatitis, periodontitis, tuberculosis, cancer, 
diabetes, inflammatory bowel disease, rheumatoid 
arthritis, neurodegenerative disease, COPD, osteolytic 
bone disease, or muscular dystrophy.73,74,75,76,77,78,79

NFB proteins can be activated by a variety of physi-
ologic and nonphysiologic stimuli, including exposure 
of cells to PAMPs,80 reactive oxygen species (particularly 
oxidized lipids),81 reactive nitrogen species, glycated 
proteins,82 homocysteine, gliadin, arsenic, lead, iron or 
nickel, polycyclic aromatic hydrocarbons,83 polychlori-
nated biphenyls (PCBs), cigarette smoke,84 TNF-, IL-1, 
IL-18, interferon and other inflammatory cytokines, 
activated B and T lymphocytes, adenosine, bradyki-
nin,85 angiotensin II, ionizing radiation, mechanical 
lung ventilation, and even simple mechanical stretch-
ing of muscle fibers.86 Although the acute activation of 
NFB plays a central role in both innate and acquired 
defenses against infection, it can become constitutively 
activated with chronic oxidative stress or with aging (in 
which case, constitutive expression does not just appear 
in hematopoietic cells, but in a wide range of tis-

sues).87,88,89 Although this constitutive activation would 
appear to be invariably detrimental, the discovery that 
it can also occur in healthy lymphoid tissue raises the 
possibility that low-level gene promotion by NFB may 
exert a beneficial influence in maintaining immuno-
logic homeostasis.90

Depending on the type of cell involved, reactive 
oxygen species, heavy metals, and other toxins can acti-
vate numerous other transcription factors besides NFB, 
such as AP-1, a collective term for a group of dimeric 
proteins with varying subunits (e.g., Jun, Fos, or Acti-
vating Transcription Factor) found in endothelial cells 
that regulate many of the same genes as NFB, includ-
ing cytokines, chemokines, matrix metalloproteinases, 
adhesion molecules, and inducible nitric oxide syn-
thase. Also expressed in endothelial cells are hypoxia-
inducible transcription factors (HIF-1, HIF-1, and HIF-
2), which strongly influence transcription of numerous 
proinflammatory vascular genes.108

The issue of NFB’s beneficial effects is extremely signifi-
cant in light of current efforts to synthesize pharmaceutical 
agents to inactivate NFB.91,92,93 Glucocorticoids are the best 
known example of such agents.94 One of the main therapeu-
tic effects of glucocorticoids is to increase the intracellular 
synthesis of I-kappa B, which binds to and inhibits NFB.95 
The potent anti-inflammatory effects of glucocorticoids are 
well known, as are their side effects. A designer pharmaceu-
tical agent that is even more effective than glucocorticoids 
at inhibiting NFB would be predicted to have even more 
negative consequences. In contrast, a large number of natu-
rally occurring phytochemicals derived from foods and 
botanical medicines have been found to downregulate NFB 
without completely inhibiting it. These substances include 
alpha-lipoic acid,96 vitamin C, vitamin E, N-acetylcysteine,97 
cat’s claw extract,98 silymarin from milk thistle, flavonoids 
from citrus,99 resveratrol from purple grape skin,100,101 cur-
cumin from turmeric,102,103 green and black tea polyphe-
nols,104 ginkgolides from Ginkgo biloba, parthenolide from 
feverfew,105 boswellic acid from Boswellia serrrata,106 and 
baicalin from Chinese skullcap.107 Even simple caloric restric-
tion (which reduces oxidative stress), can reduce NFB acti-
vation. Considering that many of these foods or herbs have 
been safely consumed for long periods of time—in some 
cases over a thousand years—without reports of significant 
adverse efforts, exploring their therapeutic potential as 
immunomodulators should be an extremely high priority 
for immunologists, pharmacologists, and clinicians.)
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The Role of Danger Signals in Immune Activation

It is important to point out that simple exposure to 
PAMPs is often insufficient for activating an immune 
response. This is especially important with regard to 
commensal bacteria in the intestines. Most of these bac-
teria possess macromolecules that are theoretically 
capable of binding numerous receptors on antigen-pre-
senting cells. Although many of these potential triggers 
are masked by secretory IgA or mucin glycoproteins, a 
significant level of interaction with dendritic cells and 
macrophages still occurs on a regular basis.109 However, 
in healthy individuals, the inflammatory response to 
these bacteria is kept under control and tolerance is the 
rule.110,111 What accounts for this ongoing truce between 
immune cells and their mortal enemies that allows a 
lifetime of relatively quiet cohabitation?

Inhibition of toll-like receptor signaling by intracellu-
lar proteins like interleukin-1 receptor-associated kinase-
M (IRAK-M) and regulatory effects of suppressor lympho-
cytes and their associated cytokines (e.g., TGF-, IL-4 and 
IL-10) clearly play a role in keeping the peace and main-
taining homeostasis in the innate system.112,113,114,115,116 
Intestinal macrophages—the largest such reservoir in the 
body—have been found to display profound inflamma-
tory anergy without limitations in their phagocytic or 
bacteriocidal activity.117 This appears to result from 
downregulation of their ability to produce proinflamma-
tory cytokines by TGF- and other non-specific suppres-
sor factors, all of which may be induced by exposure to 
high concentrations of soluble dietary antigens.

Even though tolerance is the norm, the state of calm 
is relatively fragile and can easily be disrupted, a situa-
tion that most likely occurs on a frequent and regular 
basis.118,119,120 While most of those disruptions are not 
clinically evident, they can manifest as transient autoim-
mune phenomena sometimes associated with bacterial 
and viral infections, such as rashes and arthralgias. A 
breach in tolerance can also lead to persistent post-infec-
tion problems like rheumatic valvular disease, post-strep-
tococcal glomerulonephritis, or immune-mediated 
behavioral problems like tics and obsessive-compulsive 
disorder associated with PANDAS syndrome (Pediatric 
Autoimmune Neuropsychiatric Disorders associated with 
Streptococcal Infections).121

It may be that the source of disruption leading to 
activation or intolerance is not just a stranger, but a 
stranger combined with molecular indications of threat: 

“stranger plus danger.” A theory championed by the 
immunologists Charles Janeway and Polly Matzinger 
(among others) is that when the message of foreignness 
transmitted by PAMPs is accompanied by specific dan-
ger signals, the result is robust activation of APCs.122,123 
Without the presence of these additional signals, innate 
immune cells might be less likely to respond to a poten-
tial inflammatory trigger.124 To use an analogy, consider 
a street cop in a rough neighborhood, who has become 
inured to the minor thefts of petty criminals. However, 
he doesn’t hesitate to swing into action when alerted by 
alarms from a bank being robbed.

Sources of danger signals. Injured or dying cells—a 
sequela of trauma, postischemic reperfusion, or acceler-
ated apoptosis—release a wide variety of substances that 
might communicate danger messages.125,126 Crystalline 
uric acid (monosodium urate), a degradation product of 
DNA and RNA, is a strong candidate to be one of the 
principal endogenous danger signals. Well known for its 
role in the excruciatingly painful inflammation of acute 
gouty arthritis, uric acid has been shown to stimulate 
the maturation of dendritic cells and enhance their abil-
ity to present foreign antigens to T lymphocytes.127 
Mammalian DNA is immunologically “cloaked” by 
methyl groups, but undermethylated DNA (found in sys-
temic lupus erythematosus and other autoimmune dis-
orders) is also thought to act as a danger signal in certain 
contexts.128 Other candidates for communicating danger 
are heat shock proteins (HSPs), pluripotential molecular 
chaperones that are elaborated by cells subjected to a 
wide variety of physical and emotional stressors.129 
Among many other actions, HSPs have been found to 
stimulate the maturation of dendritic cells and also to 
initiate an acute inflammatory response by binding 
directly to toll-like receptors.130

Individuals who are less physically fit tend to be less 
adept at producing HSPs; as a consequence, their 
immune systems are less effective at mounting an 
appropriate inflammatory response to bacterial or viral 
invasion. This may offer a partial explanation for why 
people who exercise more are often more resistant to 
infection. Another implication of these findings is that 
the biochemical events set in motion by non-patho-
genic stressors—such as severe or persistent emotional 
turmoil—could result in the loss of tolerance to normal 
intestinal flora, thus paving the way for inflammatory 
bowel disease or possibly even atherosclerosis.131
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Loss of Tolerance, Th1/Th2 Imbalance, and the 
Role of Normal Gut Flora

Despite the growing body of data illuminating the 
phenomenon, it is clear that much remains to be 
understood about oral tolerance. Of equal importance 
to the factors that can disrupt the peace and lead to a 
loss of tolerance are those that can help to restore and 
maintain it. The latter is a concept that is just starting 
to be exploited through the use of probiotic bacteria, 
which have been shown to enhance the tolerizing 
effects of suppressor T cells, but undoubtedly work 
through numerous other mechanisms as well.132,133 
Certain species of lactobacilli have even been shown to 
produce IL-10, which exerts similar immunomodula-
tory and anti-inflammatory effects as regulatory lym-
phocytes. Research on the tolerizing effects of very low 
doses of specific orally administered antigens such as 
type II collagen (in rheumatoid arthritis) and myelin 
basic protein (in multiple sclerosis) has also been prom-
ising, although there are many unknowns about the 
most effective dosage and length of administration 
required to achieve a clinical effect.134

An emerging body of literature postulates that one 
reason for the rising tide of atopic syndrome, inflam-
matory bowel disease, and autoimmune disease (e.g., 
type 1 diabetes, multiple sclerosis) in modern societies 
is the lack of exposure to tolerizing amounts of anti-
gens in the first year of life.135,136,137,138,139 Numerous 
studies show that children who are raised on farms, 
have multiple siblings, spend time in day-care centers, 
or live with cats or dogs in the first 6 to 12 months of 
life are less likely to develop allergies than children 
from relatively sterile urban environments.140 In con-
trast, offspring of mothers who took antibiotics during 
pregnancy are more likely to be atopic.141 The “hygiene 
hypothesis” suggests that an infant’s immature 
immune system requires a certain level of inoculation 
by dietary antigens to become fully competent.142,143 In 
this case, competence is defined as the balanced expres-
sion of cell-mediated immunity, driven by Th1 cyto-
kines (INF-, IL-2, and IL-12), with that of humoral 
immunity, driven by Th2 cytokines (IL-4, 5, 6, and 10). 
Since Th1 cytokines exert counter-regulatory effects on 
Th2 lymphocytes and vice versa, it is critical that both 
subsets are equally active (or equally suppressed) to 
achieve balanced immune functioning.144,145,146,147

Under normal circumstances, the neonatal immune 
system is somewhat biased towards Th2 dominance. 
After birth, the intestinal flora develops in conjunction 
with growth factors present in colostrum and breast 
milk.148,149 Exposing the gut to small amounts of antigens 
from helminths or “friendly” microbes, including 
saprophytic mycobacteria and lactobacilli, results in 
interactions between the normal flora, dendritic cells, 
and macrophages in the gastrointestinal-associated lym-
phoid tract.150,151,152,153,154,155 This serves to program and 
mature the APCs, which induce CD4+CD25+ regulatory 
lymphocytes (Tr1 and Th3 cells) to secrete IL-10, TGF- 
and other regulatory cytokines; they, in turn, exert a 
modulatory effect on both Th1 and Th2 lymphocytes 
along with enhanced production of secretory IgA.156,157 
The net effect of activating regulatory lymphocytes is 
suppressed immune responses to ingested anti-
gens.158,159,160,161 In the absence of such regulatory pro-
gramming, a subset of children with polymorphisms in 
innate receptors such as TLR2 or NOD2 have a higher 
risk of developing atopic syndrome or inflammatory 
bowel disease. Interestingly, even though regulatory lym-
phocytes appear to be activated by specific antigens, they 
respond in a “generic” non-antigen specific manner—a 
phenomenon referred to as bystander suppression.

The obvious question is whether Th1/Th2 imbal-
ances or similar dysregulated immune function can be 
prevented in utero or during the neonatal period. While 
no one is recommending feeding dirt to children, 
administration of probiotic bacteria to both pregnant 
women and neonates decreased the incidence of atopic 
syndrome in several clinical trials.162,163 The apparent 
success of this approach has led to increased interest in 
the possibility that restoring immune tolerance in the 
gut could also reverse disorders of immune dysregula-
tion, such as inflammatory bowel disease, autoimmune 
arthritis, or asthma, even after they have become firmly 
established.164,165,166 In addition to the use of specific 
strains of probiotic bacteria, trials are also underway 
with the use of helminth-derived antigens. While some 
of the findings are mixed and many questions remain 
about the specifics of this strategy, early results do sug-
gest sufficient beneficial effects to warrant further study.
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Acquired/Adaptive Immune Responses 
and Inflammation

As previously discussed, repeated exposure to specific 
pathogens or other antigens can also activate the 
acquired, antigen-specific immune response primarily 
mediated by B and T lymphocytes. This type of response 
is familiar as the etiology of the Gell and Coombs 
schema of hypersensitivity reactions, including type I 
IgE-mediated immediate allergic reactions; type II anti-
body-/complement-mediated cytotoxic reactions; type 
III immune complex-/complement-mediated reactions; 
and type IV cell-mediated (T-cell, macrophage) delayed 
reactions.167 Each category of unbalanced or excessive 
immune responses is associated with a specific group of 
inflammatory disorders, such as atopic syndrome and 
anaphylaxis (type I), hemolytic transfusion reactions 
(type II), serum sickness and connective tissue disorders 
with associated vasculitis, synovitis, endocarditis, and 
glomerulonephritis (type III), and contact dermatitis or 
thyroiditis (type IV).168

Although innate responses are usually distinguished 
by their immediacy of onset relative to the acquired 
response—type I reactions excepted—their ultimate 
manifestations often share many overlapping features 
with acquired responses and can have almost identical 
signs and symptoms. For example, the dermatitis caused 
by exposing a sensitized individual to the Rhus antigen 
from a poison ivy plant can appear very similar to a 
localized sunburn. Even though the specific constella-
tion of physiologic and biochemical pathways that are 
activated may vary considerably depending on the spe-
cific type of injury, the portal of entry and the region or 
system of the body that is affected, the overall process 
maintains a recognizable thematic consistency. This uni-
fying theme is the restoration of health and homeostasis 
by defending tissues against invasion by pathogens and 
repairing the damage incurred by that invasion.

Endogenous Inflammatory Mediators and their 
Physiologic Effects

Since it is designed to defend and repair the body 
against pathogens and trauma, the inflammatory 
response could accurately be defined as a process with a 
purpose. Whether initiated by the release of debris from 
injured or necrotic cells, the activation of macrophages 
and monocytes by PAMPs, AGEs or oxidized LDL, or the 
exposure to environmental or autologous antigens, a set 

of common pathways will be invoked, leading ulti-
mately to the increased production of proinflammatory 
cytokines. As key players in this process, these messen-
ger molecules transmit alarm signals that activate 
numerous cell types, including additional leukocytes, 
platelets, local endothelial cells, and fibroblasts. Activa-
tion of phospholipase A2 in membranes of leukocytes 
and platelets liberates arachidonic acid, which then 
undergoes rapid enzymatic conversion into prostaglan-
dins, thromboxanes, and leukotrienes.169,170 Mast cells, 
basophils, and other leukocytes degranulate, releasing 
histamine and proteolytic enzymes. Activated endothe-
lial cells release pro-coagulant factors. The complement 
cascade is activated and bradykinin is liberated from 
high molecular-weight kininogen.

The net effect of all these events is hypersensitiza-
tion of sensory nerve fibers to noxious stimuli, an 
increase in local vascular perfusion, hyperpermeability 
of post-capillary venules, an increase in coagulability, 
smooth muscle relaxation (vasodilatation) or contrac-
tion (bronchoconstriction), and mobilization of addi-
tional leukocytes. Once mobilized by chemokines, 
leukocytes become sticky and attach to endothelial 
adhesion molecules (VCAM-1, etc.) on the vascular 
wall, roll (under the influence of selectins), become 
superadherent (under the influence of ICAM-1), and 
extravasate into the injured area. Activated platelets 
release thromboxanes, become sticky, clump together 
and adhere to rough surfaces of the extracellular matrix 
exposed by injury to the endothelium.

As noted previously, these complex and diverse 
physiologic shifts are united by common goals. 
Increased blood flow allows the rapid removal of debris 
and pathogens. Increased capillary permeability permits 
the migration of leukocytes to the site of injury. Shifting 
fluids into the extravascular compartment results in 
dilution of toxins and pathogens. Increased coagulation 
causes the formation of microthrombi, which assist in 
walling off the injured area. Complement split products 
bind to pathogens, thereby increasing their susceptibil-
ity to phagocytosis (i.e., opsonization). Pain activates a 
withdrawal reflex, preventing additional trauma. 
Increased temperature has an antiseptic effect.

The acute-phase response: systemic effects of 
local inflammation. In addition to the local conse-
quences of an inflammatory reaction, there are addi-
tional systemic effects known as the acute-phase 
response. As previously discussed, activation of TLRs 
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on tissue macrophages and other leukocytes by patho-
gens results in increased production of IL-6, IL-1- and 
TNF-. These proinflammatory cytokines then travel 
via the systemic circulation to the liver, where they 
induce synthesis of a group of proteins called acute-
phase reactants.171 Increased levels of glucocorticoids 
work synergistically with IL-6 and IL-1- to further 
stimulate hepatic protein synthesis. During an acute 
inflammatory response, collective production of these 
proteins is dramatically elevated, and can range up to 
45 grams per day.172

There is an initial, rapid increase in C-reactive pro-
tein (from 100 to 1000 fold in 24-48 hours) and man-
nan-binding protein (MBP), both of which function as 
soluble pattern-recognition receptors, adding further to 
the body’s ability to recognize PAMP structures on for-
eign invaders. C-reactive protein acts as an opsonin by 
binding to phospholipids in microbial membranes. This 
increases phagocytosis along with activation of the clas-
sic complement cascade. Similarly MBP participates in 
opsonization by binding to mannose found in bacterial 
and fungal cell walls. There is also a rapid increase in 
serum amyloid A, which influences leukocyte adhesion, 
migration, proliferation, and aggregation.173

Over time, these rapidly released proteins are joined 
by a slower increase in hepatic production of proteins 
involved in coagulation (fibrinogen, prothrombin, plas-
minogen-activator inhibitor-1), transport proteins (fer-
ritin, ceruloplasmin, and haptoglobin), hepcidin, anti-
proteolytic proteins (-1-antitrypsin, -2-macroglobu-
lin), complement (CH50, CH100), and complement 
components (C3 and C4). Elevations in the erythrocyte 
sedimentation rate, a commonly used clinical marker for 
the presence of an acute-phase response, are primarily a 
reflection of elevated plasma fibrinogen, and tend to 
change relatively slowly. In contrast, C-reactive protein 
levels can change rapidly and tend to be a much more 
precise marker of the overall degree of inflammation.174

The liver’s need for the raw materials to synthesize 
these proteins contributes to an overall state of catabo-
lism, exemplified by the diversion from plasma of 
amino acids that are normally used for skeletal muscle. 
The endocrine system in turn, releases a host of hor-
mones that induce catabolism and gluconeogenesis, 
including adrenocorticotropic hormone, cortisol, cate-
cholamines, growth hormone, insulin, glucagons, and 
thyroxin. In addition to myalgias, muscle wasting, and 
cachexia, other systemic consequences of this acute-

phase response include anorexia, lethargy, dysthymia, 
anemia (inhibition of erythropoietin), leukocytosis, 
thrombocytosis, hypoalbuminemia, hyperglycemia, 
hyperlipidemia (primarily hypertriglyceridemia), 
increased plasma glutathione, increased inducible 
nitric oxide synthase, hypercupremia, hypozincemia, 
and hypoferremia. Activation of toll-like receptors and/
or systemic elevations of pyrogenic cytokines (prima-
rily IL-6 but also IL-1- and TNF-) raise prostaglandin 
E2 in the hypothalamic thermal control center, which 
responds by increasing body temperature.175 It has been 
of great clinical interest to recognize that surgical 
trauma creates a scenario identical to this acute-phase 
reaction (with all of its attendant morbidity), and that 
the intensity of the response corresponds to the extent 
of the trauma. Strenuous exercise and childbirth can 
also produce mild acute-phase reactions.

Counter-regulatory Control Mechanisms

Although the intrinsic goal of this process is to 
restore homeostasis by fighting off infection and 
repairing tissue, it is obvious that the acute-phase 
reaction can quickly become detrimental if it contin-
ues unabated. As with oral tolerance, the immune sys-
tem provides numerous checks and balances to keep 
the acute-phase response from getting out of control. 
One of the most extensive anti-inflammatory counter-
regulatory mechanisms is mediated by two peroxi-
some proliferator-activated receptors, PPAR and 
PPAR. These nuclear receptor transcription factors 
were first discovered as ligands for lipid- and glucose-
regulating pharmaceutical agents—PPAR for fibrates, 
and PPAR for thiazolidinediones—and were therefore 
thought to primarily be involved in control of metab-
olism. It was then determined that fatty acids and 
eicosanoids were natural PPAR ligands; for example, 
leukotriene B4 (LTB4) activates PPAR, while prostag-
landin J2 binds to PPAR. When these mediators are 
released during the inflammatory cascade, they bind 
to and activate effector cells, but also bind to PPARs, 
which then negatively interfere with NFB-driven pro-
duction of multiple inflammatory gene products. 
Research now shows that increased activity of PPARs 
can lower overall oxidative stress and reduce the 
inflammation found with asthma, cardiovascular dis-
ease, and cancer.176,177,178,179,180,181,182,183,184

(As with NFB, significant efforts are being made to 
find potent pharmaceutical agents that stimulate PPAR 
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activity; however, as evidenced by the severe hepatoxic-
ity exhibited by some of these agents, such an approach 
is fraught with difficulties. Part of the problem may be 
that the effects of activating PPARs are not exclusively 
anti-inflammatory—in certain contexts, they can exert 
inflammatory effects as well. However, for reasons that 
are not completely understood, dietary essential fatty 
acids, including fish oil (EPA/DHA)185 and 9,11 isomers 
of conjugated linoleic acid (CLA) have also been found 
to activate PPARs without any associated toxicity. 
DHEA, an endogenous androgenic steroid that is widely 
used as a dietary supplement, has been shown to upreg-
ulate PPAR without evidence of hepatotoxicity in nor-
mal therapeutic doses, which may explain some of 
DHEA’s purported “anti-aging” effects. Similarly, diin-
dolylmethane, a glucosinolate derivate from cruciferous 
vegetables, appears to be a specific ligand for PPAR, and 
may exert influence on lipid and glucose metabolism.)

Other critical counter-regulatory control points 
involve:

1. downregulation of TLR activation by IRAK-M;186,187

2. modulation of cytokine activity, by increased pro-
duction of lipoxins,188,189,190 resolvins, transforming 
growth factor-beta, and/or other anti-inflammatory 
cytokines (IL-4, IL-10);191

3. neutralizing effects of circulating cytokine receptors 
(e.g., IL-1 receptor antagonist, soluble TNF- recep-
tor); and

4. dampening of the intracellular signaling pathways 
induced by eicosanoids or cytokines (e.g., inhibi-
tion of phospholipase A2 by uteroglobin and other 
endogenous mediators).192

Obviously, the scales that hold inflammatory medi-
ators in one tray and anti-inflammatory mediators in 
the other must be extremely precise in their measure-
ments.193 All it takes is a slight tip in the balance and 
the entire system can become disrupted—hence the 
great care that must be taken when one attempts to 
manipulate this system with pharmaceutical agents.

Loss of Regulatory Control: A Maladaptive State 
Resulting in Chronic Inflammation

While the overall trend is similar, different people 
who have the same illness (or undergo similar degrees of 
trauma) can experience wide variations in their produc-
tion of acute-phase reactants. This indicates that each 
component of the inflammatory response is subject to 

individual regulatory control, which is a reflection of 
the interplay between genetic predisposition and envi-
ronmental influences. It follows then that one of the 
predominant factors in determining the overall health 
of an individual is whether the person’s immune system 
is operating in a fundamentally balanced or imbalanced 
fashion.194 When the immune system is acting in a bal-
anced and appropriate way, the vast majority of inflam-
matory reactions to ongoing insults do not create 
significant or noticeable perturbations in a person’s 
overall state of health. These reactions are adaptive in 
the sense that they are part of a self-regulating cyber-
netic loop.195 In other words, they are in a continuous 
state of readjustment based on feedback about current 
conditions in the internal and external environment.196

Inflammatory reactions become problematic when 
they are (1) extreme, as in the case of sepsis, dissemi-
nated intravascular coagulation, anaphylaxis, and ana-
phylactic shock; (2) progressively destructive, as in the 
deleterious sequelae of reperfusion after myocardial or 
neural ischemia, certain chemical injuries, sunburn, or 
frostbite; or (3) persistent or recurrent, as in the case of 
allergy or autoimmune disease. In these scenarios, the 
largely beneficial response to acute injury transforms 
into a detrimental pattern that injures the very same tis-
sues that it was designed to heal. Simply put, the dam-
age caused by an inflammatory response to injury can 
sometimes be equivalent to—or greater than—than the 
original injury.

Many chronic inflammatory diseases are character-
ized by elevated levels of C-reactive protein,197 INF-, 
IL-1, IL-6,198 and TNF-, i.e., the very same mediators 
expressed during the acute-phase reaction.199,200,201 
Although the elevations may not be as high as they are 
in the acute phase, they are distinct and reproducible. 
It’s as if the acute-phase reaction has been dampened, 
but never adequately extinguished. Instead of an 
inferno, a better analogy would be a slow, smoldering 
fire with intermittent eruptions. A wealth of evidence 
has now accumulated showing this is the case for a wide 
range of conditions, including asthma, eczema, osteoar-
thritis, rheumatoid arthritis, systemic lupus erythema-
tosus, thyroiditis, neurodegenerative disorders, diabetes 
mellitus, and cardiovascular disease.202,203,204,205,206,207

In the examples given above, the pattern of reaction 
may not serve any overtly useful purpose at all. Conse-
quently, this situation can be described as maladaptive. 
No longer part of a carefully orchestrated cybernetic 
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feedback system, the pattern operates without the self-
regulating constraints that normally prevent it from 
being harmful. This shift from a balanced state of 
dynamic immunologic activity that is oriented toward 
maintaining homeostasis, to a state of chronic imbal-
ance, can be likened to a planned, controlled burn in a 
dry forest that leaps past strategically placed barriers 
and becomes an expanding conflagration. A particularly 
deleterious aspect of a maladaptive inflammatory reac-
tion is that it can become stuck in a recursive, “feed-for-
ward” cycle, independent of the triggers that initially 
set it in motion. In addition to intracellular protein 
kinase-based cascades, a host of extracellular cascades 
can also be activated, including complement, kinino-
gen-bradykinin, and coagulation (fibrinogen), all of 
which serve to amplify the inflammatory response.

Anaphylaxis, self-amplifying cascades, and the 
butterfly effect. Anaphylaxis is perhaps the most dra-
matic example of how remarkably efficient this self-
amplification process can be. Initial exposure to anti-
genic epitopes present in hymenoptera venom, certain 
foods, latex, drugs, etc., leads to activation of T-helper 2 
lymphocytes, which utilize IL-4 and related cytokines to 
transform B lymphocytes into plasma cells that secrete 
IgE antibodies specific to the epitope. These IgE anti-
bodies bind to Fc receptors on the surface of mast cells 
found in the respiratory mucosa, gastric mucosa, skin, 
and connective tissue.208

In susceptible (e.g., atopic) individuals, re-exposure 
from ingestion or inhalation of the epitope results in 
binding to ligand recognition sites on the IgE antibod-
ies. When two or more IgE antibodies are bound, this 
cross-linking aggregation activates membrane-linked G 
proteins, which in turn activate tyrosine kinases. This 
initiates a cascade of phosphorylation reactions involv-
ing numerous intracellular proteins, resulting in 
increased intracellular levels of cGMP, an influx of Ca++ 
into the cell, and—within minutes of the initial expo-
sure—subsequent degranulation, which liberates an 
array of vasoactive and smooth muscle-constricting 
mediators including histamine, heparin, TNF-, and 
adenosine, followed by de novo synthesis of additional 
proinflammatory cytokines, prostaglandins, and leuko-
trienes.209 Once released into the extracellular environ-
ment, these mediators then activate additional mast 
cells through “non-antigenic” pathways, a process of 
recruitment that allows a local phenomenon to rapidly 
escalate until it involves multiple organ systems.210

As mentioned earlier in this discussion, the linear 
cause-and-effect paradigm that has long dominated con-
ventional medicine does not fully encompass the com-
plex network of physiologic reactions that occur in 
situations like anaphylaxis, sepsis, or disseminated intra-
vascular coagulation, or the mechanisms by which 
streptococcal pharyngitis leads to rheumatic valvular 
disease. A linear model would liken anaphylaxis to a 
“domino effect,” in which an initial trigger sets into 
motion a series of sequential events. But this model falls 
short in its ability to predict when the reaction will 
occur and what the speed of onset and severity—the 
overall trend—will be once it develops. For example, it is 
well known that anaphylaxis is not a dose-response phe-
nomenon: the relative severity of anaphylactic reactions 
is independent of the amount of antigen involved. In 
some situations, extremely minute quantities of antigen 
(e.g., a sudden whiff of peanuts from the package 
opened by a passenger in the next row on an airplane) 
are sufficient to activate a fatal response within minutes.

But why does a person have different reactions to 
the same food at different times? And why does the 
reaction self-attenuate in some situations but not oth-
ers? A more sophisticated explanatory model might 
approach these questions by exploring in great detail 
every aspect of the initial conditions in which the reac-
tion was triggered. In other words, seemingly peripheral 
information such as the person’s mood, the tempera-
ture of the room, or the time of day when the reaction 
occurred might be given equal weight to the level of 
antigenic exposure. This emphasis on having a thor-
ough knowledge about the context in which a problem 
developed is based on a concept called the “butterfly 
effect,” which describes the tendency of a complex sys-
tem to be highly sensitive to initial conditions.

Inflammation: a complex response to simple 
phenomena. Complex systems like the human body 
are prone to acting in unpredictable ways. The butterfly 
effect suggests that—in the right context—a butterfly 
flapping its wings could set off a series of events that 
result in a tornado in some other part of the world. In 
other words, when the right force is applied at the right 
time to a susceptible object, this tiny shift in initial 
conditions leads to a disturbance in the overall balance 
of the system that results in a series of interconnected, 
self-amplifying, exponentially expanding reactions 
that become dramatically more powerful and on a 
much larger scale than the original shift in energy. 
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This concept is the essence of chaos theory, and it pro-
vides a potential framework that can encompass all of 
the complex physiological pathways described in this 
chapter, without pretending to fully comprehend the 
specific ways in which these pathways work in every 
conceivable situation.211,212,213,214,215 As will be discussed 
later, the scientific paradigm represented by chaos the-
ory is not limited to the study of inflammation and 
immune disorders, but applies to the entire discipline 
of functional medicine. The important point here is 
that a minuscule disruptive event can be sufficient to 
create a severe or chronic inflammatory condition.216 
But it is also true that a relatively minor intervention—
if carefully conceived—can sometimes create a positive 
perturbation that leads to a restoration of balance. For 
example, simply taking a probiotic supplement can 
cause major changes in the gut flora, resulting in a 
series of physiologic events that ultimately decreases 
the person’s systemic allergic symptoms.

Returning to the example at hand, after considering 
how destructive mast cell degranulation can be—not 
just in the case of anaphylaxis but also because of its 
major role in a wide range of immunologic reactions—it 
is tempting to perceive this entire system as nothing 
more than a dangerous remnant from a less hygienic 
past. Perhaps IgE and the weapons it unleashes were 
useful when humans were under continuous assault by 
helminths and other parasitic infections, but it’s hard to 
believe that they are necessary in the age of modernity. 
Or are they? Again, it’s important to point out that the 
inflammatory process has a purpose: to maintain the 
overall health of the individual. In fact, several studies 
have shown that mast cells play a critical role in the 
innate immune response against bacterial infection. 
They also help modulate Th1 delayed hypersensitivity 
reactions. And, considering the diverse range of cyto-
kine receptors they display, and their ubiquity in the 
body, it is likely that they interact with other cell types 
in essential ways that we do not yet understand. The 
ultimate conclusion is that no single aspect of the 
inflammatory process—no single cell type, no individ-
ual eicosanoid, cytokine, adhesion molecule, or tran-
scription factor—is inherently bad. This concept 
strongly challenges interventions derived from a 
monocular perspective focusing on the elimination of 
individual mediators without recognition of the poten-
tial for “collateral” damage in such a process.

The Drug-Disease Model of Inflammation: 
History and Current Issues

Clearly, determining the myriad exogenous and 
endogenous factors involved in catalyzing and perpetu-
ating the transformation from acute to chronic inflam-
mation is one of the most pressing issues in medicine 
today. The answers to the questions about what factors 
allow the inflammatory process to get out of control 
and stay out of control, and what interventions are the 
most effective, safest, and most easily implemented to 
prevent and treat chronic inflammation, have major 
ramifications for every branch of medicine, from 
pathology to public health policy. One of the defining 
features of functional medicine is the unique perspec-
tive it provides for exploring these issues. By reviewing 
how the disease-centered model came to dominate the 
diagnosis and treatment of chronic inflammatory disor-
ders, we can analyze the shortcomings inherent in that 
approach, and clinicians can achieve a better under-
standing of how the functional medicine perspective 
differs and what it has to offer.

Value Systems and the Goals of Scientific Research

Consider the implications of the following statement: 
“Many of the key enzymes and proteins in the arachi-
donic acid signaling cascade were identified, and rational 
drug design is in progress to interact with these tar-
gets.”217 Implicit in the quotation is an intimate reciproc-
ity long shared by the disciplines of immunology and 
pharmacology (and, by implication, the pharmaceutical 
industry).218 For example, an immunologist might start 
the discovery process by investigating specific inflamma-
tory mediators (e.g., leukotrienes), then explore up-
stream to find the biochemical pathways involved in 
their production (metabolic conversion from arachi-
donic acid precursors), followed by the enzymes that 
catalyze the rate-limiting, regulatory steps in those path-
ways (e.g., 5'-lipo-oxygenase). This information is shared 
with pharmacologists, who then develop synthetic 
agents that inhibit the activity of those regulatory 
enzymes (e.g., zileuton, a 5'-lipo-oxygenase inhibitor) or 
block the receptors activated by the mediators (e.g., 
montelukast). Reports regarding the clinical effects of 
those drugs then serve as feedback for further refining 
the immunologists’ understanding of how exogenous 
and endogenous factors modify the inflammatory cas-
cade. In turn, this information is used to develop anti-
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inflammatory agents with a higher degree of specificity 
for their targets, with the expectation that this specificity 
will translate into improved efficacy.

An alternate version of this process might begin with 
identification of a plant extract or synthetic drug that 
appears to have anti-inflammatory or immunomodula-
tory properties. Working downstream, pharmacologists 
attempt to elucidate the mechanisms by which the 
extract or drug exerts its effects. Eventually, this leads to 
a greater understanding of which endogenous mediators 
are being affected, what specific pathways are involved, 
and what factors influence the activity of those path-
ways. The ultimate goal of this process is to develop a 
patentable substance that can be extracted and isolated 
from the plant or synthesized in the laboratory.

Contrast the strategies described above to the fol-
lowing goals:

• identify anti-inflammatory substances in com-
monly eaten foods or inexpensive, readily obtain-
able supplements and herbs;

• disseminate that information widely so that it can 
be used to improve the overall health of the popu-
lation; and

• search for common dietary and environmental trig-
gers that are contributing to our epidemic of 
inflammatory disease and then use that informa-
tion to shape public policy.

Unfortunately, achieving these latter goals requires 
heavily funded research and education initiatives. 
Because natural products, dietary interventions, and 
lifestyle changes do not involve patentable drugs, they 
don’t attract the same kind of support that pharmaceu-
tical research does. The challenge is to find ways to 
achieve these goals, to ease the burden of chronic dis-
ease on our population, and thereby to help ease the 
cost burden of health care as it is practiced today.

NSAIDs and the Development of the 
Pharmaceutical Industry

The development of nonsteroidal anti-inflammatory 
drugs (NSAIDs) can serve as a model for how the phar-
maceutical industry originated in, but then moved 
away from, access to therapeutic natural products. The 
narrative stretches back approximately 2500 years to 
the time of Hippocrates of Cos (460–377 BC). Even as 
he was attempting to understand the mechanisms 
behind the various diseases of his day (many of which 

later turned out to be immune system disorders), 
Hippocrates engaged in empirical medicine by prescrib-
ing an extract made from a popular folk remedy of his 
day to alleviate pain (dolor) and fever (calor) in his 
patients. One of the main ingredients in this extract was 
willow bark (Salix alba), an herb that had already been 
used for over a thousand years. In the 1820s, after 
another two millennia of popular use, a glycoside called 
salicin was isolated from the bark. In 1839, Karl Löwig 
mixed salicin with hydrochloric acid (similar to the gas-
tric environment) and produced salicylic acid. Later 
identified in many other plants, salicylates were deter-
mined to be the active constituent responsible for the 
herb’s anti-inflammatory properties. Salicylic acid 
quickly came into widespread use as a panacea for a 
wide range of illnesses.

In 1853, the French chemist Charles Gerhardt was 
able to synthesize a crude version of acetyl-salicylic acid 
(ASA) by adding an acetyl group to salicylic acid. Several 
years later, Carl Kraut managed to refine the process and 
produce a pure form of ASA. However, the clinical signif-
icance of this compound was not appreciated until 1897, 
when Arthür Eichengrun, a chemist with the German 
dye production company Friedrich Bayer, instructed his 
colleague, Felix Hoffman, to repeat Gerhardt’s acetyla-
tion experiments with the hope that a pure version of 
ASA might provide a more tolerable alternative to sali-
cylic acid. Eichengrun then tried the drug on himself, 
after which he conducted clinical trials that showed it 
caused much less gastric discomfort and nausea than its 
precursor. In 1899, he subsequently renamed this drug 
aspirin, to denote an acetylated form of salicylic acid 
obtained from Spiraea, the former Latin genus for mead-
owsweet, which—like willow bark—is a rich source of the 
parent compound. (Unfortunately, when the Nazis came 
into power, Eichengrun—a Jew—was sent to a concentra-
tion camp, and the credit for discovering aspirin went to 
the “Aryan” Hoffman and his superior, Heinrich Dreser. 
However, the true story eventually emerged and Eichen-
grun’s role was reinstated.)219,220

Aspirin achieved distinction as the first major syn-
thetic drug ever sold in tablet form—an event which 
spawned the modern pharmaceutical era. Aggressively 
marketed around the world, aspirin quickly became 
extremely popular and has continued to be one of the 
most successful synthetic medicines in history: over 100 
billion aspirin tablets are now taken each year all over 
the planet.221 Salicylates in willow bark, meadowsweet, 
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and numerous other plants were eventually found to 
work by inhibiting cyclooxygenase (originally called 
prostaglandin H2 synthase), the rate-limiting enzyme 
involved in the conversion of arachidonic acid into 
proinflammatory prostaglandins and thromboxanes.222

Indomethacin, one of aspirin’s first commercially 
viable successors, was synthesized in 1963. Although it 
was a very potent drug, its usefulness was limited by sig-
nificant GI toxicity. In 1969, after 15 years of evaluating 
a host of potential competitors through an extensive 
trial and error process, ibuprofen was introduced as an 
effective and well-tolerated aspirin alternative. In 1971, 
not long after ibuprofen’s release, Dr. John Vane discov-
ered that the mode of action of aspirin, ibuprofen, and 
indomethacin was to block the production of prostaglan-
dins: short-lived, locally-acting chemical mediators (also 
called autocoids) that are now known to be present in all 
inflamed tissue.223 He later determined that the specific 
enzyme blocked by all of these drugs was cyclooxygen-
ase—a feat for which he shared the Nobel Prize in 1982 
and was knighted in 1984. The desire to find ever-safer 
and more potent alternatives led to a detailed study of 
structure-function relationships between cyclooxygen-
ase, salicylates, and ibuprofen. Out of this research 
emerged a plethora of related cyclooxygenase inhibitors 
that came to be referred to as NSAIDs.

Within a few short years, NSAIDs became the treat-
ment of choice for many manifestations of the inflam-
matory response, particularly fever and pain. They also 
became, and remain, the standard of care for treating 
inflammatory arthritides and many types of nociceptive 
pain (i.e., pain caused by injury to tissues). In addition, 
some of them have been shown to play a role in preven-
tive medicine. Because of its antiplatelet properties, 
low-dose aspirin has proved to be particularly effective 
at preventing myocardial infarctions and other throm-
botic disease. More recently, it has been shown to help 
prevent neoplasms of the colon and breast.

Despite these advantages, NSAIDs also have signifi-
cant limitations. They have no discernible impact on 
many inflammatory manifestations, including allergic 
reactions, urticaria, asthma, and atopic syndromes. In 
fact, NSAIDs are frequently implicated in allergic drug 
reactions. They are minimally effective for neuropathic 
pain, fasciitis, or tendonitis (even though they are often 
prescribed for these problems). They also commonly 
produce side effects, including gastrointestinal hemor-
rhage, edema, and renal damage. Less appreciated by 

mainstream practitioners—despite extensive documen-
tation in the medical literature—is the fact that NSAIDs 
can increase small intestine permeability and create a 
chronic inflammatory enteropathy. By accelerating the 
translocation of macromolecules and pathogenic 
microbes from the GI tract into the systemic circulation, 
NSAIDs inadvertently increase the total antigenic load. 
This, in turn, leads to the increased formation of anti-
gen-antibody complexes that can initiate inflammatory 
reactions, either in the bloodstream or after their deposi-
tion in connective tissues or basement membranes.

Concerns about the limitations of NSAIDs resulted 
in a push for safer and more effective alternatives. Labo-
ratory research in the 1980s and early 1990s at Wash-
ington University, St. Louis, conducted by Needleman, 
Siebert, Fu and Masferrer, and at the University of Roch-
ester, led by Donald Young and his colleagues, led to the 
discovery that there were two isoforms of cyclooxygen-
ase with distinctly different functions. According to the 
model developed by these researchers, COX-1 is a ubiq-
uitous, constitutively expressed intracellular enzyme 
located in the endoplasmic reticulum that plays a pri-
mary “housekeeping” role in maintaining healthy gas-
tric mucosa and renal blood flow. It is the only COX 
isoform expressed in platelets, where it catalyzes pro-
duction of precursors to thromboxane A2, a potent pro-
aggregatory agent.224

COX-2 shares a 60% sequence homology with COX-1. 
Under normal conditions it is barely detectable. However, 
after exposure to certain inflammatory triggers—includ-
ing trauma, free radicals, cytokines, growth factors, and 
endotoxins from pathogenic microbes—it is rapidly 
induced, appearing in the endoplasmic reticulum and 
nuclear membrane of macrophages, synoviocytes, and 
many other cells.225 An important distinction is that 
COX-2 expression is readily blocked by glucocorticoids, 
which generally do not affect COX-1 activity.

The working model postulated that COX-1 is a 
“good” enzyme and that COX-2 is primarily—perhaps 
exclusively—responsible for producing the mediators 
responsible for pain and inflammation. Since both iso-
forms catalyze the same biochemical reactions and pro-
duce the same end products, the presumption is that 
the difference in their biologic effects results from the 
site of action and the level of mediators produced—i.e., 
COX-1 produces a constant but low level of pros-
tanoids, in contrast to COX-2, which, after induction, 
produces much higher levels.226
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Since drugs like aspirin and ibuprofen nonselec-
tively inhibit both COX-1 and COX-2, it is axiomatic 
that their anti-inflammatory properties are accompa-
nied by the undesirable side effects previously men-
tioned, including gastric ulceration and renal toxicity. 
Young and Needleman’s model implied that an ideal 
anti-inflammatory drug could bypass these effects, pro-
vided that it specifically inhibited COX-2 when used at 
normal therapeutic doses. This concept was utilized to 
synthesize celecoxib, the first of the selective COX-2 
inhibitors, which was introduced to the market in 1998. 
Celecoxib was followed soon after in 1999 by rofecoxib 
and later by valdecoxib. Bolstered by the initial positive 
results of the CLASS and VIGOR trials, and heavily pro-
moted as safe and effective alternatives to nonselective 
NSAIDs, within a few years of their release these agents 
became some of the top-selling drugs in the world, each 
generating $2.5–3 billion in annual sales.

The popularity of COX-2 inhibitors provided more 
evidence for the successful strategies used to market 
them than evidence of their clinical effectiveness. The 
reality was that they never lived up to their promise. 
Serious questions have been raised about the hypothesis 
that prostanoids involved in inflammation are exclu-
sively produced by COX-2, and that COX-1 is exclu-
sively responsible for producing the prostanoids that 
protect renal function and the gastric mucosa. In point 
of fact, COX-1 has been found to be inducible in certain 
inflammatory states and COX-2 appears to participate 
in several beneficial housekeeping roles throughout the 
body, especially in the CNS and the renal cortex, where 
its constitutive expression is widespread.227

A major concern has been that, even though COX-2 
inhibitors are 10–20 times more expensive than nonse-
lective NSAIDs, they have never been found to be any 
better at relieving pain or inflammation. Furthermore, 
when used in higher doses or for long periods of time, 
they can still cause GI injury, and are associated with an 
increased risk of myocardial infarction and other 
thrombotic events.228 (The mechanism for this effect is 
not fully understood, but is most likely related to the 
preferential blockade of prostacyclin production by 
endothelial COX-2, without the concomitant inhibi-
tion of thromboxane by COX-1. This leads to a relative 
increase in thromboxane activity compared to prostacy-
clin—the exact opposite of the effect that is achieved by 
low-dose aspirin.229,230) It was no surprise to many 
informed observers when, in September 2004, Merck 

and Company suddenly withdrew rofecoxib from the 
world market after a clinical trial testing its potential to 
prevent recurrence of colonic polyps showed a signifi-
cant increase in heart attacks and strokes in study par-
ticipants after 18 months of use.

Linear Thinking, Magic Bullets, and Limitations 
of the Disease-Specific Paradigm

This story about a fundamental pathophysiologic 
process and the evolution of a class of drugs used to 
modify that process reveals how a conglomeration of 
personalities, empirical knowledge, scientific discover-
ies, and economic incentives all mesh together to create 
a consensus based on what appears to be a logically 
derived, evidence-based standard of care that may, in 
reality, turn out to be deeply flawed. The rapid rise and 
fall in popularity of COX-2 inhibitors and the ongoing, 
aggressive search for similar pharmaceutical agents 
show how easy it is for a kind of mass delusion to 
develop, both within the medical community and 
among the general public. It illustrates the limitations 
inherent in the conventional paradigm, which contin-
ues to focus on overly simplistic solutions for complex 
problems—solutions that, unfortunately, continue to be 
disproportionately influenced by the profit motive.231

The ongoing wish to discover therapeutic “magic 
bullets” is a direct consequence of thinking about dis-
ease as a linear process. (A line with branches, perhaps, 
but still a line.) It presupposes that the best way to con-
trol a pathologic process is to figure out which physio-
logic pathways have become dysfunctional, identify 
the most influential steps in those pathways, and then 
control, shut down or eliminate those steps. In most 
cases, this control is achieved with potent synthetic 
pharmaceutical agents. A consequence of this way of 
thinking is that every disease tends to get paired with 
the specific drug used to treat it. In some cases the pair-
ing is very useful, but in others it is misleading or even 
counterproductive. It might be useful to consider type 1 
diabetes mellitus a primary insulin deficiency, even 
though its pathophysiology is more complex than that. 
(Consider that, before the discovery of insulin, salicy-
lates were commonly used as a relatively successful 
treatment for hyperglycemia.) However, despite being 
cast in the same mold as type 1, type 2 diabetes melli-
tus is not simply a matter of insulin deficiency. Simi-
larly, rheumatoid arthritis is no more a methotrexate 
deficiency than eczema is a corticosteroid deficiency, 
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even though such relationships are frequently implied 
in the medical literature.

This model is based on a Newtonian view of the 
world in which diseases are classified as discrete, self-
contained entities for which the differences between each 
disease are more important than the similarities. For 
example, it would be extremely unlikely for a conven-
tional practitioner to consider the similarities between 
seemingly disparate diseases like rheumatoid arthritis, 
ulcerative colitis, and multiple sclerosis, even though all 
three conditions could be seen as different manifesta-
tions of the chronic inflammatory response. Studies 
showing that people with psoriasis are predisposed to 
the metabolic syndrome might appear anomalous until 
one considers that the chronic inflammation associated 
with psoriasis can exacerbate insulin resistance.

Even though parallels may exist, each disease is 
thought to develop and progress on its own linear path-
way of cause and effect. This perspective is exemplified 
by the ascendance of specialty (and subspecialty) medi-
cine, where physicians work with one bodily system (or 
perhaps one organ or even one disease), as though each 
disease could somehow be extracted from the surround-
ing ocean of physiological processes in which it formed. 
According to this model, an individual is born with a 
set of genes that determine the risk of developing a spe-
cific disease. Although that risk can be modified by 
environmental factors, the person’s genetic predisposi-
tion plays the dominant role. Once the genes have been 
fully expressed and a disease has developed, the patho-
logic process cannot be reversed, only controlled.

The War Against Inflammation: Negative 
Consequences of Treating Symptoms Instead 
of Correcting Underlying Dysfunction

In metaphoric terms, inflammatory diseases are 
viewed as a kind of war that needs to be fought with the 
most powerful weapons available. The most desired out-
come is to win that war by shutting off the inflamma-
tory process as quickly as possible. Since the end 
justifies the means, one should be prepared to accept a 
certain degree of collateral damage. In this case, collat-
eral damage translates into side effects from the treat-
ment being administered. So long as the side effects are 
not immediately debilitating (based on the practition-
er’s assessment, not the patient’s), they should be con-
sidered a necessary evil in the fight against disease.

For example, disease-modifying, anti-rheumatic 
drugs (DMARDs) such as methotrexate or leflunomide 
are being recommended increasingly early in the course 
of rheumatoid arthritis, even in cases of relatively mild 
severity. The effectiveness of these drugs for providing 
relief of inflammatory signs and symptoms is heavily 
emphasized to justify their use as first-line therapies. 
However, another fact that receives much less attention 
is that both of these drugs have a very narrow therapeu-
tic window because of their severe toxicity. Among 
other things, they are potent immunosuppressive 
agents associated with a significantly increased risk of 
developing malignant neoplasms.

Similarly, monoclonal antibodies against various 
cytokines, such as TNF- and its receptors, are increas-
ingly being used as a therapeutic target for rheumatoid 
arthritis and other autoimmune disorders. The dramatic 
clinical successes associated with these drugs obscures 
three important facts: (1) cytokines are multifunc-
tional—they are not inherently good or bad; (2) cyto-
kines rarely act alone—they act in concert, as integral 
parts of a large, complex signaling network; (3) different 
combinations of cytokines can have very different 
effects, depending on the specific receptor cells they are 
activating. Understanding this leads to the conclusion 
that any attempt to block a single aberrant message 
without changing the imbalanced system that created it 
in the first place will inevitably lead to untoward long-
term consequences.

For example, infliximab, a TNF- blocker used to 
treat RA, Crohn’s disease, and psoriasis, increases the 
risk of developing tuberculosis, sepsis, and pneumonia, 
indicating that TNF- is a critical part of the host 
defense against certain pathogens.232,233 Similarly, natali-
zumab is a monoclonal antibody that binds to and 
inhibits -4--1 integrin, an adhesion molecule that is 
expressed by activated lymphocytes and monocytes. 
Blocking this adhesion molecule prevents the migration 
of leukocytes across the blood-brain barrier—a process 
that is thought to be an essential step in the inflamma-
tory demyelination found in multiple sclerosis. 
Although the drug initially showed great promise in 
decreasing the number of relapses and new lesions in 
people with MS, it had to be given intravenously once a 
month and was extraordinarily expensive. However, 
soon after its introduction to the market, it was volun-
tarily withdrawn by the manufacturer and further clini-
cal trials were stopped following reports of three 
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confirmed cases (including one fatality) of progressive 
multifocal leukoencephalopathy that developed in 
patients after taking the drug.234 These problems clearly 
illustrate the potentially dire consequences that can 
result from isolated approaches to interfering with the 
inflammatory cascade that do not consider the impact 
of the intervention on the entire system.235

Interventions for Chronic Endothelial 
Inflammation: Statins vs. Diet and Lifestyle 
Changes

Another current example of thinking inside the box 
is the use of statin drugs to prevent cardiovascular dis-
ease. For many years, it has been assumed that the pri-
mary therapeutic action of statins results from their 
ability to lower serum cholesterol by competitively 
inhibiting the 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase enzyme responsible for catalyzing 
the reduction of HMG-CoA into CoA and mevalonate, a 
cholesterol precursor. However, there is an increasingly 
large body of evidence that the lipid-lowering properties 
of statins are actually secondary to their anti-inflamma-
tory effects, which appear to be at least partially 
achieved through the downregulation of NFB. Statins 
are now being increasingly repositioned as anti-inflam-
matory drugs with the potential to treat cancer, multiple 
sclerosis, or Alzheimer’s disease.236,237

This begs the obvious question: if cardiovascular dis-
ease is primarily a chronic inflammatory disorder238,239 
(see Chapters 18 and 27, for a focused discussion of the 
inflammatory basis of CVD), why do we continue to 
utilize a class of expensive prescription drugs based on a 
concept of pathophysiology that is flawed and out-
dated? From a public health standpoint, wouldn’t it be 
more cost effective (not to mention logical) to investi-
gate the benefits of carefully designed diets that are rich 
in phytochemicals with known anti-inflammatory 
effects, and lower in inflammatory triggers such as 
trans fatty acids and refined carbohydrates?240,241,242 The 
benefits of such an approach would appear to be illus-
trated by numerous studies showing that a Mediterra-
nean diet can decrease mortality to a much greater 
extent than statins, and at a fraction of the cost.243,244 
However, despite these major challenges to their title as 
the standard of care for prevention of cardiovascular 
disease, statins continue to be prescribed to larger and 
larger percentages of the population, thus discounting 
the value of diet and nutrition. (The many benefits of 

diet and nutrition as therapeutic strategies for both pre-
vention and management of chronic disease are thor-
oughly explored in Chapter 26.)

Compartmentalized Thinking and the 
Suppression of Innovation

One of the biggest problems that emerges from this 
kind of compartmentalized thinking is that it stifles 
innovation and discourages the use of interventions 
that require stepping out of the box to get a broad over-
view.245 Dr. David Horrobin, a pioneer in the use of 
dietary essential fatty acids as biological response modi-
fiers for psychiatric disorders and chronic inflammatory 
diseases, addressed this issue in an elegant essay titled, 
“The Philosophical Basis of Peer Review and the Sup-
pression of Innovation.”246 In his article, Horrobin 
described the potentially detrimental effects of the peer 
review process, which can become so focused on main-
taining acceptable standards of research methodology 
that it loses sight of the larger goal of medicine, which 
is to find, in his words, “improved ways of curing, 
relieving, and comforting patients.” In another edito-
rial, Horrobin says that our current system of research 
inhibits progress and discourages research into the 
potential benefits of natural substances:

No drug that does not have the support of a substan-
tial company is likely to be funded. No drug can attract 
such corporate support unless it is fully patent pro-
tected. In this climate, there can be few trials of nutri-
ents or biochemical intermediates, of novel uses for old 
drugs, and of natural products, which were all major 
sources of past therapeutic success. We have taken drug 
discovery procedures from patient-orientated clinicians 
and handed them over to large bureaucracies who will 
work only with patent-protected products that give an 
adequate financial return. No wonder that real progress 
is so slow.247

An open and prepared mind is needed to recognize 
valuable information that may not fit neatly into any of 
the prevailing ideas in health care today. It is, in part, the 
goal of this book to prepare the way for new thinking.

Cookbook Medicine: Behaviorism, Practice 
Guidelines, and Diagnosis-based Protocols

Several decades ago, similar issues about the most 
effective strategies for solving problems were confronted 
in the field of cognitive psychology. For many years a 
“stimulus-response” model was thought to be the basic 
unit of behavior. The stimulus-response unit assumes 
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that similar stimuli will elicit similar behavioral 
responses. Despite its popularity, this model proved to 
have many limitations in predicting how humans might 
react to various situations. In 1960, Miller, Galanter and 
Pribram challenged the paradigm by proposing an alter-
nate unit called the TOTE model (Test-Operate-Test-
Exit).248 The obvious flexibility and widespread applica-
bility of the TOTE unit led to its adoption as a funda-
mental concept in information-processing theory. 
Instead of organizing around fixed response patterns, the 
TOTE model emphasizes the importance of having a 
fixed goal as the desired outcome. A range of different 
behaviors can be employed as a “test” to see if they 
achieve the goal. If they do not, the behavior is immedi-
ately “exited” (without applying a value judgment) and 
another attempt is instituted, repeating the process until 
the goal is ultimately achieved. In essence, the stimulus-
response model is organized around a fixed methodol-
ogy, which implies a variable outcome, in contrast to the 
TOTE model, which maintains a fixed goal, but allows a 
variable range of behaviors to achieve that goal.

The stimulus-response unit has many parallels with 
the protocol model that has increasingly come to domi-
nate clinical care. In the protocol model, the “stimulus” 
is a diagnosis, which is linked to a set of algorithms or 
“behaviors” that are recommended interventions based 
on a standard of care called practice guidelines. These 
practice guidelines are derived from an expert consen-
sus regarding current evidence. In reality, they represent 
a fixed methodology (often pejoratively referred to as a 
“cookbook” approach) to a given stimulus. The problem 
with such an approach is self-evident: if every individ-
ual with a problem is treated the same way, then the 
outcomes are likely to be highly variable. For example, 
if every individual with a blood pressure of 140/90 is 
treated with a thiazide diuretic—per current practice 
guidelines—some will improve, some will have no 
response at all, others will have allergic reactions, others 
will develop severe hypokalemia, and a few will have 
idiosyncratic reactions that cannot be explained by the 
known mechanism of action of the drug.

Patient-centered Functional Medicine: 
Teleology Replaces Dogma

The patient-centered approach espoused by func-
tional medicine is very different from the protocol 
model. The validity of clinical protocols based on a pre-

determined, generalized standard of care is not a given. 
Instead, the assumption is that each patient is an indi-
vidual who may require a unique set of interventions 
for solving the problem(s) at hand. If the goal of solving 
the problem is paramount, then the practitioner does 
not have to be bound to a specific methodology. In 
other words, functional medicine emphasizes teleology 
over dogma. Rather than pursuing increasingly regi-
mented and standardized treatments for specific dis-
eases, functional medicine clinicians seek to identify 
the underlying patterns and processes that led to the 
development of disease or dysfunction in the first place. 
This model gives the practitioner much more leeway in 
designing interventions that are tailored for a specific 
patient. It also makes a considerable demand on the 
practitioner to stay current with emerging knowledge in 
many fields: biochemistry and physiology, genetics and 
genomics, behavioral change and environmental medi-
cine, to name some of the most important ones. Inter-
ventions based on improving function can draw on an 
expanded database that includes information from 
diverse sources—bench science and clinical research, 
drugs and diet, nutritional supplements and botanical 
medicines. Suddenly, the therapeutic armamentarium is 
much larger and much more flexible.

The functional medicine matrix provides a tool for 
information gathering and clustering that can help to sift 
and sort the larger volume of data that comes to the cli-
nician’s attention in this model. (See the final section of 
the book, Putting It All Together, for a discussion on using 
the matrix.) Potential imbalances in various bodily sys-
tems and environmental inputs are identified and used 
to construct a web-like map that illustrates a person’s 
overall condition and helps to pinpoint general areas 
where interventions may be most needed and most 
widely effective. A rich and colorful picture of a person’s 
life emerges. The matrix tool makes it abundantly clear 
that it is, indeed, more important to know what kind of 
person has a disease than what kind of disease a person 
has (to paraphrase William Osler). Gathering informa-
tion in this manner allows the practitioner to maintain 
an open mind about what is happening in the life of the 
patient, and a high degree of flexibility about how to 
work with any conditions that may be present. The 
assumption is that one can always reach for a deeper 
understanding of how an individual’s health has gone 
awry—there will always be other questions to ask.
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While it is respectful of the full range of therapeutic 
options and possibilities, functional medicine is not 
complementary and alternative medicine (CAM)—a 
very broad field containing numerous systems, disci-
plines, and modalities with specialized and often quite 
distinct beliefs and practices. Rather, functional medi-
cine creates a shared arena, based in Western medical 
science, that is available to conventional and CAM 
practitioners alike. Clinicians take from functional med-
icine concepts and approaches that can be applied 
within their scope of practice, whatever it may be. Func-
tional medicine includes diagnostic techniques and 
interventions that are science based at minimum and 
evidence based whenever possible; many of those prac-
tices have been validated in clinical trials, and others 
are extrapolated from current research findings about 
the potential underlying mechanisms involved in a par-
ticular disease process. Functional medicine does not 
eschew a conventional understanding of the pathologi-
cal basis of disease, since the clinical utility of these 
concepts—especially for treatment of acute condi-
tions—is undeniable. In fact, as illustrated by the dis-
cussion of basic concepts of inflammation, a thorough 
understanding of pathophysiology is a prerequisite to 
mastery of this material. However, it is understood that 
the lack of placebo-controlled, double-blind studies to 
support an intervention does not constitute a prima 
facie rationale for automatically discounting that inter-
vention if the underlying science is strong. (See Chap-
ters 5 and 6 for a full discussion of how functional 
medicine uses science and the research base.)

Functional Medicine Applied to Immune 
Imbalances

An example will help illustrate these concepts. 
Rather than immediately reaching for the prescription 
pad for patients with hypertension, a functional medi-
cine practitioner will ask an array of questions geared 
toward identifying any underlying imbalances that 
might be contributing to the person’s elevated blood 
pressure. The informed practitioner will be particularly 
cognizant of current research that strongly suggests 
hypertension is actually a chronic inflammatory disor-
der, for which oxidative stress is one of the primary trig-
gers. Consequently, very important questions include:

• What kind of diet does the person have? Particu-
larly, what is the intake of refined carbohydrates, 
and is there exposure to rancid fats?

• What kind of exercise does the patient engage in? 
For how long and how often?

• Has there been any exposure to heavy metals, pesti-
cides, or other environmental toxins that might be 
an ongoing source of oxidative stress?249

• What is the intake of antioxidants and essential 
fatty acids (that might have a mitigating effect on 
the disorder)?250,251,252,253

• What about electrolytes and trace elements, espe-
cially magnesium?

• Are there any unresolved stresses in the person’s life 
that might be causing hypothalamic-pituitary-adre-
nal imbalances that, in turn, could be adversely 
affecting the renin-angiotensin system, which 
could be upregulating NFB-mediated transcription 
of inflammatory mediators?254,255,256,257

• What coping strategies are utilized?
• How well does the patient sleep at night?
• Are there any symptoms suggestive of sleep apnea?

Similarly, a patient might present with an initial 
complaint of recurrent, painful, and swollen joints in 
the hands, knees, and/or feet, accompanied by redness 
and warmth. The traditional medical model would steer 
a practitioner to order a blood test for rheumatoid fac-
tor and start the person on an NSAID. What then 
should the practitioner do if the NSAID is ineffective 
and/or the blood test comes back negative? The con-
ventional choice would most likely involve switching to 
a more potent pharmaceutical agent and expanding the 
array of immunological tests performed in search of an 
alternate diagnosis to rheumatoid arthritis—in other 
words, looking for another box in which to place the 
person.

A functional medicine practitioner, on the other 
hand, will likely seek more detailed information about 
the person’s lifestyle and dietary habits. An extensive his-
tory would be taken to look for any stressful events (both 
emotional and physical) that might have occurred before 
the symptoms first appeared.258 Potential exposures to 
environmental toxins would be explored.259 A review of 
systems would be performed with particular attention 
paid to issues such as gastrointestinal symptoms or reac-
tions to food.260,261,262 The search for previous medical 
problems might extend even as far back as infancy with 
questions regarding the presence of colic, frequent ear 
infections, heavy use of antibiotics, or NSAIDs.
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Functional Medicine’s Origins in Systems Biology, 
Complexity Theory, and Cybernetics

In contrast to a mechanistic, Newtonian model, 
this kind of approach is modeled on current theories 
about systems biology, quantum mechanics, and non-
linear dynamics (also called chaos or complexity the-
ory).263,264,265,266,267,268 According to Hiroaki Kitano, in 
his article, “Systems Biology: A Brief Overview,”

System-level understanding, the approach advo-
cated in systems biology, requires a shift in our notion 
of “what to look for” in biology. While an under-
standing of genes and proteins continues to be 
important, the focus is on understanding a system’s 
structure and dynamics. Because a system is not just 
an assembly of genes and proteins, its properties can-
not be fully understood merely by drawing diagrams 
of their interconnections.269

After closely examining the constellation of physio-
logic events involved in inflammation (both acute and 
chronic), one cannot help but agree with Maimonides’ 
adage that there is much more that we don’t know than 
what we do know about the way this process with a pur-
pose works—about how all the different parts and path-
ways manage to interact in an effective manner. Despite 
its extreme degree of complexity, it does follow recog-
nizable and predictable trends.270 One of those trends is 
the tendency for the situation to recur if the underlying 
conditions that set it off in the first place are still 
present. This suggests the ultimate futility of chasing 
down one enzyme or inflammatory mediator at a time 
to extinguish an aberrant inflammatory response. One 
is reminded of the hydra, a mythological beast from 
Argolis with many heads from which it spewed a deadly 
venom. When one head was severed, it would simply 
grow another one.

By examining the concatenation of events involved 
in inflammation, one can conclude that not just the 
immune system, but the entire human organism is a 
complex adaptive system, composed of multiple inter-
acting and self-regulating cybernetic loops.271,272,273 The 
neurologic, endocrine, and immune systems each have 
their internal feedback loops, and these dynamically 
interact with all the other systems. Dr. Albert Szent-
Györgyi, the noted Hungarian biochemist who first iso-
lated ascorbic acid and flavonoids, postulated that liv-
ing systems possess a kind of organizing force called 
syntropy, that acts as a counterbalance to the disintegra-
tive force called entropy. Somewhat controversial at the 

time, his concept of syntropy now appears to be a pre-
scient forerunner of complexity theory.

When humans develop a disease, it is not random 
occurrence, but rather a behavioral pattern that emerges 
as a result of an underlying imbalance in one or more of 
these systems. It is a fallacy to think of a disease as an 
object that can be placed in a container. The measles 
virus can be placed in a test tube, but the infectious dis-
ease we call measles cannot. Measles is not a thing; it is 
a behavioral process, the result of a complex interaction 
between a person’s immunologic genotype and his or 
her external and internal environments. Unfortunately, 
by nominalizing disease processes, our current system 
of medical nomenclature ends up limiting our con-
cepts—and therefore our choices—about the most effec-
tive way to approach those processes. It is much more 
difficult to find a single, effective, safe cure for a disease 
than it is to look for ways to modify the disease process.

Functional medicine draws from complexity theory 
by focusing on the recognition of repeating patterns 
that might be influencing the person’s condition. These 
patterns are more accurately described as an intercon-
necting web rather than a series of crisscrossing lines. In 
the same way a tree branches out into complex, but 
repeating “holographic” patterns called fractals, an 
inflammatory disorder can also be expressed in repeat-
ing patterns that may appear random on initial evalua-
tion, but with closer examination can be found to 
possess a consistent internal coherence.274,275 The most 
useful strategy in such a situation is to analyze the over-
all trend of the pattern—in which direction is it 
headed? Is it slowing down, stabilizing, or accelerating? 
What external or internal factors could be responsible 
for this trend? And, most important, what can be done 
to influence the trend without causing major disrup-
tions in the person’s physiology?

Supporting Homeostasis/Homeodynamics 
and Self-healing

Similar to Szent-Györgyi’s notion of syntropy, an 
American physiologist, Walter Cannon, PhD, recog-
nized in the 1930s that the human body possesses a cer-
tain “wisdom” that continuously returns it to a state of 
internal equilibrium. He called this state “homeostasis,” 
from the Greek words meaning “to remain the same.” 
Homeostasis is achieved by a series of behavioral adjust-
ments based on information about the body’s internal 
and external environments. As described in Chapter 9, 
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we propose using the more accurate term “homeody-
namics,” to indicate that most bodily processes actually 
fluctuate continually within a certain viable range in 
order to respond to environmental influences. This pro-
cess of information feedback was termed “cybernetics” 
by Dr. Norbert Weiner, the mathematician/philosopher. 
Homeodynamics coupled with cybernetics provides a 
rational, scientific underpinning for the notion that 
each patient possesses an inherent ability for self-heal-
ing, for returning to a state of healthy balance.276,277,278 
Placing a stronger emphasis on the patient’s role in the 
healing process creates a partnership between patient 
and practitioner. In this model, the practitioner’s role is 
both healer and educator, helping patients make appro-
priate decisions regarding their goals for emotional, 
mental, and physical health—and identifying appropri-
ate means for achieving them.

Modifying Processes Rather than Curing Diseases

Consider the example of celiac disease, also called 
gluten enteropathy. According to the linear disease 
model, it results from a genetic intolerance to low 
molecular-weight lectins (gliadins) found in wheat, bar-
ley, and rye. Exposure to these proteins results in 
chronic inflammation of the small intestine villi, lead-
ing to malabsorption, often accompanied by diarrhea, 
malaise, and weight loss. Additional complications can 
include anemia, osteoporosis, and gastrointestinal lym-
phoma. Theoretically, all one needs to do is eliminate 
gluten and the condition will eventually resolve.

This information is accurate, but it is not an ade-
quate description of the phenomenon. It does not 
explain the high degree of phenotypic variability of the 
condition for which many people can be asymptomatic, 
despite regular ingestion of gluten-containing foods.279 
A significant percentage of people who have the MHC 
class II “celiac genes” (i.e., HLA DQ2 and HLA DQ8) 
won’t develop the disorder, and not everyone with the 
disorder can be found to have the genes. It also does not 
fully address the wide range of extraintestinal inflam-
matory manifestations associated with gluten-sensitiv-
ity, including dermatitis herpetiformis, thyroiditis, type 
1 diabetes, and neurologic dysfunction such as cerebel-
lar ataxia. When these conditions are associated with 
celiac disease, they are referred to as manifestations of 
an autoimmune process, which clearly involves more 
than a simple inflammatory reaction to gluten.280,281,282

A closer look at the pathophysiology reveals that the 
condition we call celiac disease results from a complex 
interaction between not one but several HLA and non-
HLA genes, in combination with dietary gluten and 
other environmental factors that are not yet fully 
understood. One of those “environmental factors” may 
be the microbial ecology in the person’s intestines. A 
person with a healthy balance of normal flora relative 
to pathogens may be less susceptible to developing 
overt reactions to gluten. Or, it could be that a person 
who is exposed to a lot of environmental toxins or has a 
high baseline level of oxidative stress may be more 
prone to becoming symptomatic or developing autoim-
mune manifestations.283 These are hypotheses that are 
well worth investigating.

By thinking of this problem as a disorder process 
rather than a disease, the possibilities for working with 
it begin to expand beyond a simple elimination of glu-
ten. For example, a practitioner of functional medicine 
might recommend that a person with celiac disease go 
beyond simple elimination of gluten and undergo a 
bowel restoration program designed to remove poten-
tial pathogens, replace deficient digestive enzymes, 
repair inflamed intestinal mucosa, and reinoculate the 
microflora with probiotics.284 (This is the 4R program, 
described fully in Chapter 28.) In addition, a program 
might be instituted for modifying the inflammatory 
process. Omega-3 fatty acids,285,286 antioxidants,287 and 
anti-inflammatory phytochemicals such as biofla-
vonoids could be used.

As mentioned in the earlier discussion on oral toler-
ance, this kind of intervention was illustrated by several 
studies conducted in Finland in which children with 
intractable eczema were given a course of probiotic bac-
teria (lactobacillus GG). The children who received the 
probiotics showed a significant improvement in their 
skin condition.288 Why would a product designed to 
improve bowel health be considered a therapeutic inter-
vention for a skin disorder? Now that we have explored 
the complex underlying patterns of inflammatory and 
immune imbalance, we can perceive the body as an 
interconnecting web of cybernetic loops, wherein it is 
perfectly logical to think of the gastrointestinal tract as 
a potential trigger or mediator (or modulator) for 
inflammatory reactions that could appear anywhere 
else in the body.
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Summary

Acute inflammation is the body’s normal physio-
logic response to injury or invasion by pathogens. 
Chronic inflammation is a maladaptive immunologic 
process responsible for a wide variety of seemingly dis-
parate diseases. A close examination of the molecular 
biology of inflammation reveals an extraordinarily 
complex process that utilizes signal transduction net-
works linked to a series of intricately regulated enzy-
matic cascades and intercellular messenger molecules 
that is best understood through the lens of complexity 
theory and non-linear dynamics. Inflammatory diseases 
result from imbalances in this network and are not iso-
lated phenomena that can be separated from the con-
text in which they developed.

The butterfly effect tells us that the same trigger can 
have vastly different results depending on the context 
in which that trigger appears. Similarly, the same inter-
vention can have vastly different effects depending on 
the individual who receives that intervention. Conse-
quently, the problem of excessive or chronic inflamma-
tion is not adequately addressed by isolating individual 
inflammatory autacoids and using potent pharmaco-
logic agents to inhibit the production or actions of 
those substances. Instead, a wider lens is needed to view 
the entire landscape of an individual’s life.

Within that landscape can be recognized the follow-
ing: (1) antecedents such as genetic polymorphisms and 
epigenetic factors that could increase the person’s pre-
disposition to immunologic dysregulation and imbal-
ances, (2) acute or recurrent exogenous triggers 
resulting from a person’s lifestyle or environmental 
exposures that might be responsible for activating an 
inappropriate inflammatory response, and (3) endoge-
nous mediators that are being overexpressed in 
response to those triggers. The ongoing presence of 
these triggers and mediators fuels the fire and perpetu-
ates the pathology of inflammatory disease.

The functional medicine practitioner’s role is to 
become a conductor of the client’s metabolic sym-
phony, someone who relies on the individual’s inherent 
syntropic ability to help restore homeodynamic bal-
ance. The most direct and practical ways to accomplish 
this are:

1. help the client to make dietary and lifestyle 
changes that will reduce exposure to harmful 
inflammatory triggers, and

2. employ a rational mixture of antioxidants, biologi-
cal response modifiers, or/and other therapeutic 
nutrients and supplements (including enzymes, 
prebiotics, and probiotics) to assist the person’s 
immune system in moving back toward balance.
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Chapter 24
Digestive, Absorptive, and Microbiological Imbalances
Thomas Sult, MD

Introduction

Imbalances in the gastrointestinal system are vital 
to understand and detect, as visits for GI distress of one 
kind or another account for a very significant number 
of healthcare visits.1 Further along in the book (see 
Chapter 28), we will explore the functional medicine 
approach to clinical care for these disorders. Here, we 
want to review and analyze the role that each element 
of the GI system plays in achieving health, so that we 
can understand where imbalances arise and how they 
manifest in the patient. We’ll begin with a brief review 
of the basic structures and functions involved in diges-
tion and absorption.

Structures of the Digestive System

The digestive or alimentary tract starts at the mouth 
and ends at the anus. It is composed primarily of the 
tubular structures: the mouth, esophagus, stomach, 
three parts of the small intestine (duodenum, jejunum, 
ileum), and four parts of the large intestine (cecum, 
ascending, transverse and descending colon). With the 
ancillary organs included (salivary glands, liver, gall 
bladder, and pancreas), the digestive system is formed. 
While not considered integral parts of the digestive sys-
tem structures, the nervous, endocrine, and immune 
systems have considerable input to and receive output 
from that system.

As we will see, there are many opportunities for mis-
steps and malfunctions in this complex, multi-stage pro-
cess. Although space precludes an exhaustive discussion 
of all the activities involved in digestion, we will discuss 
some of the most clinically pertinent areas of interest.

The Brain

It may seem odd to list the brain as being one of the 
structures involved in the digestive process, but we 
learned long ago from Pavlov and his dogs that the 
brain can start the digestive process.

The “Second Brain”

Michael Gershon, MD, in his book, The Second Brain, 
writes, “We now know that there is a brain in the 
bowel, however inappropriate that concept might seem 
to be. The ugly gut is more intellectual than the heart 
and may have a greater capacity for feeling.” This sec-
ond brain is the enteric nervous system (ENS). While 
the brain “exerts considerable neuroregulatory influ-
ence,” reports Gershon, it is often trumped by the ENS.2 
Chapter 28 contains a detailed discussion of the ENS by 
Dr. Gershon.

The Mouth

Mastication, or chewing, is the process of cutting, 
grinding, and mixing the food bolus with saliva. Saliva 
is a complex mix of lubricants, enzymes, and antimicro-
bials. An under-recognized and very important function 
of the saliva is the antimicrobial component. Saliva con-
tains several anti-infective agents including thiocyanate, 
lactoferrin, secretory IgA (sIgA), and lysozyme. These 
agents help prevent infective agents from hitchhiking 
with the food bolus into the lower GI tract, thus pre-
venting infection and dysbiosis. Salivary sIgA is the pri-
mary immunoglobulin of the mucosal immune system; 
its levels are improved by pleasant emotions.3 Interest-
ingly, overtraining in athletes will lower sIgA, resulting 
in upper respiratory infection (URI).4 It appears that this 
effect can be muted with the use of acupuncture.5 In the 
elderly, moderate exercise has been shown to improve 
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sIgA, possibly reducing the age-associated lowered resis-
tance to URI.6 Pathogen-specific sIgA has been reported 
in response to bacteria and fungal species.7,8

Connecting the mouth to the stomach is the esoph-
agus. Dysmotility disorders of the esophagus are com-
mon. The origin of these phenomena is not known, but 
evidence exists to suggest that ENS autoimmunity is 
partly responsible; however, controversy still exists.9

The Stomach

The stomach holds food in storage and further 
mixes the food bolus with HCl and gastric digestive 
enzymes. These enzymes continue the process of diges-
tion that was begun in the mouth. Proteins are broken 
down into peptides. Lipids are broken down into free 
fatty acids. This prepares the food bolus, or chyme, for 
delivery to the small intestine.

The stomach produces HCl in the parietal cells via 
an ATP-dependent process. (This is the site of action of 
the proton pump inhibitors or PPIs.) This acid environ-
ment favors the unfolding, or denaturation, of proteins 
to facilitate enzymatic breakdown. Pepsinogen is con-
verted to pepsin and many microorganisms are 
destroyed by the low pH.

These processes are under both neural and hormonal 
control. The primary central nervous system (CNS) influ-
ence on gastric secretion and motility is the vagus nerve. 
The primary hormonal influence is gastrin. The vagus 
nerve is the dominant CNS input, but is still a minority 
influence on the GI system. The ENS has inputs to the GI 
system that are orders of magnitude larger.10

Gastrin is produced in the antrum of the stomach in 
G cells. Its secretion is stimulated by the presence of pro-
tein in the gastric lumen. It is inhibited by a pH lower 
than 3. Gastrin stimulates gastric motility and the release 
of gastric acid and pepsinogen. It also plays a role in the 
proliferation of gastric mucosal cells, especially the acid-
secreting cells. One is left to wonder what the long-term 
implications of chronic acid suppression might be on the 
total number of acid-secreting cells and gastric motility.

The Small Intestine

The stomach, which is both adapted to and secretes 
acid, differs substantially from the duodenum, which is 
adapted to a neutral pH environment. The chyme that 
is deposited into the duodenum from the stomach has a 
very low pH that must be neutralized. A sophisticated 

feedback system exists to perform this function. Within 
the duodenum is a set of sensing cells that communi-
cate with the hormonal system, the nervous system, 
and the ENS.11 When acid is sensed within the duode-
num, S cells release secretin. Secretin then stimulates 
the pancreas to release bicarbonate. Secretin also slows 
gastric empting until the pH is in a neutral range. At 
that point, secretin is no longer released and the stom-
ach begins to empty again. In this way, the rise and fall 
of pH in the duodenum regulates the ebb and flow of 
chyme from the stomach into the duodenum.

I-enteroendocrine cells of the duodenum and 
jejunum secrete cholecystokinin. This hormone, 
released in response to protein and fat, is responsible 
for the flow of pancreatic enzymes and gallbladder con-
traction.12,13 Excessive cholecystokinin can stimulate 
hypertrophy and hyperplasia of the pancreas.14 The reg-
ulation of pH, motility, and enzyme secretion is likely 
too complicated for a simple hormone system. A com-
plex network of nerves and ganglia exists to provide 
control and feedback for duodenal, hepatic, and pan-
creatic function. In fact, the distal stomach seems to be 
involved in these neuro loops as well. They function in 
concert with, and independently from, the CNS. In 
addition, they appear to be able to override the effects 
of the CNS in many circumstances.15,16,17,18

It now appears that the endocrine release serves as a 
backup system to the ENS, which is the primary minute-
to-minute control system.19 In addition, it appears that 
most of the neurotransmitters recovered in blood are 
derived from the ENS rather than the central nervous 
system. Not surprisingly, common side effects of many 
neuro/psychoactive drugs, including antidepressants, 
are GI related20,21 and may even have therapeutic GI 
effects.22

Small intestine motility. The motility of the gut 
involves a complex and highly organized set of events. 
Each segment of the gut shows coordinated and inde-
pendent activity that propels the chyme from the 
duodenum to the large intestine, and mixes the chyme 
with the digestive “juices” within the gut lumen. The 
“slow” waves of the small intestine range from 10–12 
cycles per minute at the proximal (duodenal) end to 6–9 
cycles per minute at the ileum. It is highly likely that 
this activity is coordinated by the ENS.23,24,25,26 This con-
trol is likely related to functional heterogeneity in the 
myenteric plexus that corresponds to the anatomical 
heterogeneity of the gut.27 In part, this is accomplished 
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via Hox genes and their regulation by intercellular sig-
nals. This pathway organizes the gut structure by utiliz-
ing cell autonomous programs, directed by transcription 
factors, allowing cells of the embryonic gut to affect the 
developmental fate of their neighbor cells. Both tempo-
ral and spatial expressions of relevant genes are orches-
trated in this way. The result is the establishment of 
major structural components of the gut such as sphinc-
ters and muscle layers.28 It is likely that differences in 
enzyme and transporter protein distribution are simi-
larly regulated.

It is now recognized that many disorders of motility 
are in reality an inflammatory process of the ENS. A par-
tial list of such disorders includes: paraneoplastic, infec-
tious and achalasia disorders; congenital hypertrophic 
pyloric stenosis; chronic intestinal pseudo-obstruction; 
Hirschsprung’s disease and chronic idiopathic constipa-
tion; neurological disorders; and probably irritable 
bowel syndrome. Several causes have been identified, 
including viral antigen expression in the enteric neural 
environment, molecular mimicry (onconeural anti-
gens), and the role exerted by cellular and humoral 
autoimmunity.29 Inflammatory bowel disease (IBD) and 
infection are associated with disordered smooth muscle 
and secretory function. Inflammation-induced changes 
of the ENS have been reported in IBS and chronic infec-
tious colitis, and are responsible for the dysmotility of 
these conditions.30 Gall bladder function is a complex 
and coordinated event, with implications for motility. 
Cholesterol has a direct inhibitory effect on gall bladder 
smooth muscle cell membrane causing impaired con-
traction. Inflammation within the gall bladder wall has 
a similar effect.31

The Large Intestine

From the terminal ileum, the chyme moves through 
the ileocecal valve and into the large intestine. This 
segment of the gut has two primary responsibilities: fer-
mentation (ascending colon) and absorption (descend-
ing colon). Gut organisms in the ascending colon act 
on carbohydrate fractions (resistant starch) left in the 
chyme. They produce short-chain fatty acids that are 
used as fuel for the enterocyte. A fraction of the short-
chain fatty acids is absorbed by diffusion, transported 
via the portal vein, and utilized by other tissues for 
energy. While the importance of short-chain fatty acids 
to humans is not yet fully mapped out, it may be that 
absorption of these fatty acids accounts for some of the 

cardiac and anti-cancer benefits of fiber.32 Consump-
tion of fibers may influence changes in the microflora 
of the gut. These changes may mediate immune inter-
actions in several ways. First, the bacteria may influ-
ence immunity through direct contact with immune 
cells. Second, the production of short-chain fatty acids 
may play a role. And third, enhanced mucin produc-
tion may alter immunity.33 The primary functions of 
the descending colon are the absorption of water and 
electrolytes, and the formation of the stool.

The Guardian of the Interior

There are two routes of entry into the body from 
the intestines. The first is the portal system. Blood from 
the splanchnic arteries is enriched with nutrients at the 
small intestine. It then collects in the portal vein and is 
delivered to the liver. This is the major entry for water-
soluble nutrients, such as amino acids, short-chain 
fatty acids, and water-soluble vitamins. The second 
route is via the lymph system: the nutrients (or other 
substances) collect at the basolateral membrane and 
move into the lymph channels, entering the blood cir-
culation at the thoracic duct. This mechanism bypasses 
the liver, its first pass effect, and therefore its detoxifica-
tion ability. The lymph is the primary entry method for 
lipid-soluble substances.

About 70% of lymph tissue in the body is associated 
with the gut, which is logical since the gut is the major 
portal of entry to the body. Antigens that have survived 
acidification, enzymatic breakdown, and microbial 
defenses are examined by the gut-associated lymphoid 
tissue (GALT). Development of the GALT is dependent 
upon intestinal microbes. The development of the GALT 
is not, however, an antigen-specific process. Various 
types of intestinal microbes under certain types of stress 
conditions guide GALT development,34 thus blurring 
even further the line between the bacteria and the 
human, and lending more support to the notion of the 
“undiscovered organ” (see Chapter 28 for more discus-
sion on gut flora and GALT).

The GALT is comprised of a network of uniquely 
arranged B cells, T cells, and phagocytes, which sample 
the luminal antigens. This activity takes place at special-
ized epithelia which are called follicle-associated epithe-
lia (FAE). These FAE coordinate responses between the 
immune cells and other mucosal barrier components. 
The primary “sampling” cell is the M cell. Recently, 
non-Peyer’s patches-associated M cells, termed villous 



Section V
Fundamental Clinical Imbalances

330

M cells, have been discovered. These villous M cells are 
able to process antigens from a variety of bacteria and 
mount an antigen-specific immune response. This 
seems to be an independent component of mucosal 
immune integrity.35 The GALT is composed of organ-
specific, tissue-homing T cells. These T cells are induced 
in mesenteric or Peyer’s lymph nodes but not in periph-
eral lymph nodes. The GALT dendritic cells gain their 
ability to confer gut-homing capacity on the T cells 
from the intestinal mucosal microenvironment. Addi-
tionally, these same dendritic cells seem to be involved 
in immunogenic vs. tolerogenic responses and Th1 vs. 
Th2 subpopulation selection.36 At least in part, chemo-
kines are responsible for lymphocyte trafficking within 
the GALT. They also play a role in intestinal segmental 
specialization and lymphocyte subset selective localiza-
tion. The result is direction and differentiation of intes-
tinal effector and memory lymphocytes within the 
GALT, along with homeostatic and inflammatory local-
ization of lymphocytes to the intestines.37

Antigens not recognized as beneficial will be pro-
cessed by the GALT. Through constant vigilance, the 
GALT differentiates food and commensal bacterial anti-
gens from pathogenic antigens. The mucosal barrier 
microenvironment heavily influences the immune 
response that results from antigen interaction.38 Gener-
ally, the GALT will inhibit the development of allergy 
and autoimmunity. The GALT reaction to enteric anti-
gens is to induce both mucosal and systemic immunity. 
It has been shown that oral antigens from bacterial 
lysates may reduce the frequency and seriousness of 
diarrhea, mucosal infection, and diverticulitis. This is 
accomplished by increasing IgA and cytokines at the 
mucosal and luminal level.39 But the response to food or 
pathogenic antigens starts out the same. It is the 
microenvironment that determines whether the final 
response will be tolerogenic or immunogenic. Food 
antigens, when presented with an adjuvant, will induce 
an immunogenic response. More disconcerting is that a 
chronic intestinal infection or inflammation may in 
itself be an adjuvant.40 This may lead to multiple food 
allergies or sensitivities. Whether it is the adjuvant 
nature of chronic inflammation or some other mecha-
nism that results in auto-antibodies to mucin in ulcer-
ative colitis (UC) is unclear. In any event, once present, 
they serve to differentiate UC from Crohn’s disease. 
Additionally, they perpetuate chronic mucosal inflam-
mation in UC.41 The pathogenesis of UC is related to a 

disturbance in immune regulatory T cells. A serum fac-
tor from a UC patient was shown to be interleukin-7, 
which has been shown to induce T cell proliferation in 
the thymus.42

Nutritional elements have been shown to enhance 
the function of the GALT. A combination of arginine, 
n-3 fatty acids, and nucleotides was able to signifi-
cantly reduce sepsis and multi-organ failure in trauma 
patients. One paper suggested that “Immunonutrition 
[as a] …    strategy available to clinicians caring for 
trauma patients …   should be strongly considered …   .”43 
At least in parenterally fed mice, glutamine supplemen-
tation may improve GALT volume and function. Argin-
ine may improve CD4 cell percentages but not volume 
of the GALT.44 Recent studies have shed some light on 
these issues. Specific nutrients may be able to enhance 
enteral blood flow in a site-specific manner. In rats, an 
immune-enhanced enteral diet, enriched with arginine, 
fish oil, and RNA fragments, was able to increase blood 
flow to the ileum. Because the GALT is located prima-
rily in the terminal jejunum and ileum, this may affect 
GALT activity.45

Unfortunately some pathogens have developed 
strategies to take advantage of these GALT features and 
are able to penetrate the defenses.46 Translocation is the 
process of a large molecule moving through a biologic 
barrier. This is also known as leaky gut.47 In the presence 
of a leaky gut, translocation may result in allergy, 
autoimmunity, or high levels of inflammatory immune 
complexes delivered to the liver, resulting in detoxifica-
tion pathway stress. This process has been linked to 
arthritic conditions. Some of these symptoms and dis-
eases are related to immune interactions between gut 
luminal microbes and HLA tissue types.48,49,50 Alterna-
tively, this leakiness may overwhelm the liver detoxifi-
cation systems and allow the escape of toxic substances 
into the systemic circulation, resulting in distant effects 
such as encephalitis.51

Digestion and Absorption

Digestion is largely an intraluminal, extracellular 
process. Primary functions of the digestive system are:

• Breakdown of complex foods and absorption of 
nutrients (monosaccharides, monoacylglycerols, 
fatty acids, amino acids, vitamins, minerals, water, 
and phytonutrients).
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• Barrier to keep out unwanted substances and organ-
isms (bacteria and toxins).

• Site for specialized cells that produce mucus, fluids, 
digestive enzymes, intrinsic factor, peptide hor-
mones, and other “neurotransmitters.”

• Production of other cells that have sensing 
functions.

• Communication of information about the environ-
ment to the endocrine and immune systems.

The control of pancreatic and gall bladder function 
by the ENS and hormonal system has been described 
above. The structural aspects of the small intestine also 
contribute to digestion and absorption. Due to the cir-
cular folds of the mucosa, the villi and the microvilli, 
the area of the cylindrical intestine, is increased about 
600 times to a total area of 200 square meters. This pro-
vides for greater concentrations of epithelial-derived 
enzymes and greater surface area for absorption.52

Absorption occurs by four general mechanisms:
• The first mechanism is passive diffusion, which is 

the primary absorption route for water, short-chain 
fatty acids, and gases such as H2 and CO2. Passive 
diffusion can be bi-directional, moving down the 
concentration gradient in an energy-independent 
manner.

• The second mechanism is mediated transport, both 
passive and active, involving specific carrier or 
transport proteins at the cell membrane. Frequently, 
the transport protein on the luminal or brush bor-
der membrane (BBM) side of the enterocyte differs 
from the transport protein on the basolateral mem-
brane (BLM) side of the enterocyte.53 The simplest 
mediated transport is facilitated diffusion. The 
transport protein can be regulated, but the transport 
is down an established electrochemical gradient. 
The active mediated transport mechanisms involve 
energy expenditure. They may involve uniport 
pumping of one item, symport pumping of two 
items in the same direction, or antiport exchange of 
items in and out of the cell. These systems may use 
primary or secondary energies to accomplish the 
task. An example of primary energy use is the Na/K 
ATPase pump. This system pumps Na out of and K 
into cells at the expense of ATP, where 1 mol of ATP 
pumps 3 mol of Na and 2 mol of K (an antiport). In 
the secondary energy utilization system, an estab-
lished electrochemical gradient is used to power the 

system. An example of this is the SGLT1 transporter. 
In this system, glucose is transported against its con-
centration gradient by co-transporting Na out of the 
cell with its concentration gradient (a symport).54 
By using the “stored” energy from the Na/K ATPase 
pump, the cell can concentrate glucose without the 
use of additional ATP. Single nucleotide polymor-
phisms (SNPs) at the level of the transport protein 
gene, or proteomic problems with regulation of 
these sites may lead to various diseases.55 Addition-
ally, SNPs and proteomic or other problems with the 
brush border enzymes or their regulation may 
involve defects in enzyme synthesis, alterations in 
intracellular transport, and catalytically altered 
apoenzyme.56

• A third mechanism of absorption is pinocytosis. 
This is a receptor-mediated process. It is the general 
route of absorption for intact proteins and other 
large molecules. Smaller molecules may “hitch-
hike” with these larger molecules in the solution of 
the involuted vacuole. Pinocytosis is subject to all 
of the genomic, proteomic and metabolomic pro-
cesses, and is affected by SNPs and errors of recep-
tor-mediated processes.

• The last route of absorption is paracellular, involv-
ing the absorption of substances between the 
enterocytes at the “tight junctions.” It is normal for 
water to be absorbed in this way, and electrolytes 
go with the water via “solvent drag.” Epithelial cells 
possess the capacity to alter the permeability of the 
tight junction. This process is controlled by cyto-
plasm factors.57 It now appears that the cytoskele-
ton is in direct communication with the tight 
junction and helps to control its function.58 Unfor-
tunately, it is possible that a loss of integrity of the 
tight junctions, through inflammation or infection, 
will allow the absorption of substances in an unreg-
ulated manner. These substances, when present at 
the basolateral membrane, may be immunogenic, 
create a toxic burden, or both.

Increased permeability has been observed in several 
disorders and may be both an effect and a mediator of 
disease. One study reported the sensitivity of intestinal 
permeability for prediction of relapse in Crohn’s disease 
at 81%.59 Bowel disorders with increased permeability 
include inflammatory bowel disease, Crohn’s disease, 
food allergy, and celiac disease. Systemic diseases with 
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increased permeability include inflammatory joint dis-
ease, rheumatoid arthritis, ankylosing spondylitis, 
Reiter’s syndrome, chronic dermatological conditions, 
schizophrenia, and allergic disorders.60,61

The small intestine is able to respond to environ-
mental changes with significant alterations in brush 
border enzymes and enterocyte transporter and receptor 
proteins. When hibernating hamsters were examined, 
these proteins were optimized to deal with the extremes 
of hibernation vs. feeding in an energy-efficient man-
ner.62 When rats are challenged with various dietary 
compositions, the expression of villous enzymes, trans-
porters, and receptor proteins changes rapidly to opti-
mize utilization of the foods available.63 The distribution 
of enzymes and transporter and receptor proteins is not 
random.64 The small intestine is a regionally task-specific 
organ, with longitudinal controls in place to ensure cor-
rect mixing and digestion of chyme. If a significant 
bolus of undigested food reaches the ileum, the “ileal 
brake” will stop the progression of food until adequate 
breakdown has occurred (another function of the ENS). 
The expression of transporter and receptor proteins is 
also region specific.

The enterohepatic circulation of bile acids is an 
example of such a process. Bile is produced in the liver 
and stored in the gall bladder. With proper stimulation, 
it is released into the duodenum to aid in digestion. 
While it is reabsorbed by passive diffusion throughout 
the entire length of the intestine, there are receptor-
mediated transport mechanisms found only in the dis-
tal ileum.65,66 This ensures an ample supply of bile acids 
throughout the colon during digestion. This system is 
very efficient and results in the loss of only about 1% of 
the bile to the feces. Liver organ reserve may be taxed 
by any situation that increases transit time in excess of 
bile salt reabsorption. The average liver synthesis of bile 
acids is 0.5 grams per day, yet some 50 grams flow 
though the gut each day. Essentially, the same 4 grams 
of bile acids are recirculated through the gut some 12 
times per day. If the gut were to lose a larger percentage 
of bile to the fecal mass, the digestion of fats would be 
impaired. The major excretory pathway of cholesterol 
out of the body is via the 1% of unrecirculated bile. Bile 
acid sequestrant medication, used to lower cholesterol, 
may contribute to liver stress and poor digestion of fats 
due to excess bile acid loss to the fecal mass.

Organisms of the Gut

Within the gut is a population of about 400 different 
microbial species; however, 30 to 40 species account for 
about 99% of the intestinal load. The absolute numbers 
of these microorganisms is vast; they outnumber our 
own human cells by at least an order of magnitude.67,68 
It is estimated that the total weight of these microbes is 
two to nine pounds, placing this among the body’s larg-
est “organs.” These microbes have several functions and 
seem to be truly symbiotic and mutualistic. At least one 
species has the ability to bind to specific receptors on 
the enterocyte.69 It is interesting that the population of 
genetic subgroups, within a species of bacteria, varies 
with its position within the colon. This suggests signifi-
cant sub-specialization by sites within the gut.70 This 
population of microbes may be termed the “undiscov-
ered organ.”71

The traditional view of these microorganisms is that 
they are single living and not cooperative; however, 
recent advances in microbiology tell us that they are 
cooperative, not only within a species but among vari-
ous species.72,73 They also exhibit complex life cycles.74 
They live in single cell or planktonic forms and colonial 
forms known as biofilms. Biofilms are highly ordered, 
often multi-species films exhibiting cooperation and 
specialization within the film.75 They exhibit complex 
structures that are achieved by poorly understood mech-
anisms that appear to involve bacteriophage-induced 
cell death. These bacteriophages appear to live within 
the bacterial genome as prophages. Some evidence sug-
gests these phages are controlled in a manner that cre-
ates reproducible three-dimensional structures including 
microcolonies, channels, and matrix.76 The structure is 
protective and forms nutrient flow channels.

The expressed genetic heterogeneity of two forms of 
the same species is often significant.77 The interactions 
of various microorganisms is dependent on their plank-
tonic vs. biofilm states. In one example, when Candida 
is in its filamentous form, Pseudomonas was able to 
attach, therefore forming a dense biofilm, and killing 
the Candida. When Candida was in its yeast form, no 
binding, biofilm, or kill occurred.78 The expression of 
certain genes, or lack thereof, has been reported to be 
involved in both virulence and drug resistance.79,80,81 
The biofilm was originally thought to be a simple diffu-
sion barrier to antibiotics.82 It is now clear that specific 
components of the biofilm interact with antibiotics in a 
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neutralizing way. 83 These interactions are not mediated 
by beta-lactamase. Pathogenic microbes have been 
shown to preferentially increase the thickness of their 
biofilm matrix layer when exposed to antibiotics.84 Bio-
film formation is now recognized as the major reason 
for resistance to pathogenic and opportunistic bacterial 
and fungal strains.85

While not confirmed, it is likely that the probiotic 
species within the gut live in a mix of individual plank-
tonic forms and complex multispecies biofilms, which 
are thought to play a key role in the protective func-
tions of probiotics. Probiotic species that are able to pro-
duce biofilms have been studied.86,87,88 The mechanism 
of biofilm formation involves breaks in the peptidogly-
can cell wall through an autolysin mechanism, result-
ing in colony formation and biofilm production.89 In 
addition to forming biofilms, probiotic species seem to 
inhibit the formation of invasive biofilms. Lactobacillus 
demonstrates a significant ability to inhibit biofilms of 
undesirable species.90

Several other naturally occurring biofilm inhibitors 
are now recognized. They seem to work by inhibiting a 
set of “quorum sensing” signaling molecules.91 Several 
components of the innate immune system, including 
lactoferrin, are able to prevent biofilm formation.92 
Lactoferrin is active against a broad spectrum of bacteria, 
fungi, and protozoa. The effects are both direct cidal 
activity, due to its binding to specific receptors, and iron 
binding and sequestration.93 Specific fractions of human 
milk have anti-biofilm activity that works by blocking 
microorganism lectins that are active in biofilm forma-
tion.94 Cellulase has been used as a biofilm inhibitor. 
Investigators believe it may be effectively used in combi-
nation with other agents to treat biofilm contamination 
of medical devices.95 Several extracts from marine algae 
have been shown to significantly inhibit several species 
of biofilm forming organisms.96 Salicylates are also potent 
inhibitors of biofilm formation.97 Other prostaglandin 
inhibitors have shown promise as biofilm inhibitors. 
Several NSAIDs were able to inhibit biofilm formation in 
C. albicans, with aspirin showing the greatest effect. It is 
well known that prostaglandins are produced in C. albi-
cans and they play a key role in colony formation. Now it 
seems prostaglandins play an important role in fungal 
biofilm formation.98

It has been pointed out that nature has been doing 
“biological warfare” for millennia.99 The more rapidly 
evolving probiotic species may be better adapted to 

fighting off invading species than our own more slowly 
changing immune systems. Components of probiotic 
biofilm have significant anti-infective, anti-adherent 
qualities, and possibly anti-tumor activity. The morpho-
genetic autoregulatory substance farnesol inhibits bio-
film formation in C. albicans. In the case of the anti-
tumor activity, at least one component appears to be a 
conserved transduction pathway, the same farnesol 
pathway. Inhibition of this pathway induced apoptosis 
in epidermoid cancers with reduction of ras oncogene 
expression and lowered PPAR activity.100

Clinical Implications of GI Imbalance

Probiotics

Both prevention and management of some human 
diseases may be addressed with the use of probiotic bac-
teria. Preliminary findings of several recent human tri-
als suggest probiotics may help both gastrointestinal 
and systemic conditions.101 When this protective probi-
otic biofilm is disrupted by any number of perturbing 
factors, it may be replaced with a dysbiotic set of organ-
isms that create their own biofilm. Because biofilms 
often exhibit unique forms of antibiotic resistance, it is 
often difficult to eradicate these invading species.102,103 
This construct of biofilm formation lends new insight 
into a complex problem and suggests new ways of inter-
vening, including the use of biofilm inhibitors or probi-
otics capable of defeating the biofilms of the dysbiotic 
species. Perhaps both these interventions will be cou-
pled with antimicrobial and prebiotic techniques.

With the complexity of the microorganism interac-
tions and the high order of both microorganism-to-
microorganism, as well as microorganism-to-human 
symbiosis, what else are these probiotics able to do? 
They have a large number of functions:

• They produce cytochrome P450-like enzymes and 
help with detoxification.

• The presence of increased numbers of P450-like 
enzymes from bacterial origin may induce the 
expression of liver P450 enzymes.104 How might 
bacteria communicate with the human liver to 
induce genetic expression of P450? It appears 
that conserved communication pathways are 
common to both prokaryotes and eukaryotes. Sig-
nal molecules from prokaryotes are able to affect 
pathways within the eukaryotes, even in complex 
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organisms.105 The discovery of these conserved 
pathways may explain a great deal of the symbiotic 
nature of these relationships.

• Probiotics have also been shown to produce some B 
vitamins and vitamin K.

• They aid in digestion, enhance absorption of nutri-
ents, combat diarrhea, and interact with immune 
system components to improve resistance.106,107

• Additionally, probiotics exert antimutagenic, anti-
tumor, and immunomodulation effects. Probiotics 
have shown antitumor activity in several trans-
plantable tumors in mice.108

• They may also modulate the leakiness of the gut.109 
This could help practitioners with the task of treat-
ing inflammatory ENS neuropathies.

The Gut-Brain Axis

The distinction between pure inflammation and ENS 
interaction is blurring. The gut contains the greatest con-
centration of immune tissue in the body. These immune 
cells are intertwined with the greatest concentration of 
nerves outside of the CNS. Both the immune cells and 
the nerves seem to be in intimate communication with 
the mucosal epithelia via a large array of signaling mole-
cules. These interactions control both physiologic and 
pathophysiologic features of gut function.110,111 It is now 
known that bi-directional ENS and CNS communication 
is commonplace, occurring via neuronal, immunologi-
cal, and endocrinological pathways. This has been 
termed the brain-gut axis. Disturbances of immune, 
endocrine, CNS, or ENS inputs can have significant bi-
directional consequences. The same neurotransmitters 
influence gastrointestinal, endocrine, immune, behav-
ioral, and emotional function.112 While psychological 
stress has been shown to induce relapse of established 
intestinal disease, new evidence suggests that psycholog-
ical stress can induce intestinal inflammation in a previ-
ously healthy host.113 These new findings suggest that, 
for instance, a component of depression may be in the 
gut, and a component of IBS may be in the head.

Inflammatory Enteric Neuropathy

It may be that serum anti-ENS antibodies to detect 
the early stages of inflammatory degenerative enteric 
neuropathy may be helpful.114 ENS inflammatory neur-
opathy exhibits dense infiltrates of inflammatory 
immune cells. These inflammatory reactions are located 

at the neural microenvironment. It appears that symp-
toms of inflammatory ENS neuritis may develop acutely 
or indolently. An example of the acute form may be the 
development of IBS after an acute illness, while the indo-
lent form may be the slow, progressive development of 
paraneoplastic syndromes.115 Degenerative and genetic 
mechanisms also play a critical role in ENS pathology 
underlying gut dysmotility. It is highly likely that the 
same or similar neurotoxic events that occur in the CNS 
are at work in the ENS. This has been demonstrated for 
glutamate. Excessive stimulation by glutamate has 
resulted in both acute and delayed cell death by both 
necrosis and apoptosis. This may be an important mech-
anism of gut damage from anoxia, ischemia, and excito-
toxins present in food.116

Controlling the Inflammatory Environment

Control of the inflammatory environment plays a 
critical role in GI health. While exhaustive lists of 
inflammatory mediators and excitotoxins have been 
developed, simpler strategies for the management of 
inflammation may be available. Control of leakiness of 
the gut and antigen presentation at the lamina propria 
within the gut may help balance T-helper cell popula-
tion distribution and thus control inflammation.117 
Additionally, control of leakiness of the gut wall may 
reduce inappropriate gut luminal content/immune 
interactions, thus reducing immune-mediated inflam-
mation, both locally and at a distance.118 Clinically, if 
we are able to improve gut leakiness and improve T-
helper cell populations to a more tolerogenic form, this 
may lead to improved inflammatory mediators within 
the gut. This may be accomplished by using oligo-anti-
genic diets, anti-inflammatory agents, and factors that 
improve microbial balance.
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Chapter 25
Structural Imbalances
Alex Vasquez, DC, ND

Introduction

When discussing the “structural” aspect of the func-
tional medicine matrix, we commonly think of the 
musculoskeletal system; this is appropriate since the 
majority of the body is comprised of the bones, muscles, 
and interconnecting joints that form our limbs, torso, 
neck, and craniomandibular complex. Structural consid-
erations are also relevant for several nonmusculoskeletal 
conditions. In some patients, aspects of their “structural 
imbalances” or “structural dysfunction” may be readily 
apparent and obviously relevant to their primary health 
concern. In other patients, structural imbalance may be 
more subtle and/or less obviously relevant to their clini-
cal situation. It is important to distinguish subtle from 
unimportant; many structural imbalances and dysfunc-
tions may go undetected, or may be categorized as “not 
relevant,” if they lie outside the practitioner’s awareness 
or scope of training and specialty. Examples of these 
important subtleties and breaches of structural integrity 
include the slight increases in intestinal permeability 
associated with eczema, inflammatory bowel disease, 
and several types of arthritis,1 and the proprioceptive 
defects and subtle aberrations of joint motion that may 
contribute to chronic back and neck pain and predis-
pose to recurrent injury and therapeutic recalcitrance.2,3

The more we know about micro- and macrophysiol-
ogy, the more we are challenged when attempting to 
draw clear boundaries between organ systems and bio-
chemical vs. nutritional vs. structural vs. neurologic pro-
cesses. It is increasingly clear that all musculoskeletal 
conditions involve numerous overlaps with other ele-
ments of the matrix. The best way to convey the inter-
connectedness of the structural aspect of the matrix with 
these other elements is simply to discuss and give exam-
ples of each with an appreciation of the bi-directional 

linkage whereby one aspect affects the other. The sec-
tions that follow provide a brief review of those aspects 
of the matrix that most strongly affect and are affected 
by structural imbalances. A graphic representation of 
these interconnections is provided in Figure 25.1. (In a 
sense, this whole book provides the underlying evidence 
for these multifaceted and multidirectional interconnec-
tions, but Chapter 10 addresses the issue directly.)

Figure 25.1 Interconnectedness of structural aspects of the 
matrix with other elements

Environmental Inputs

Our use of the phrase “environmental inputs” 
implies our appreciation of the roles of diet, nutrition, 
exercise, and trauma in human health and disease. We 
should add the importance of sun exposure as an envi-
ronmental factor with relevance for a wide range of clin-
ical problems, since insufficient sun exposure generally 
leads to a deficiency of vitamin D, which can exacerbate 
inflammation,4 musculoskeletal pain,5,6 and increase the 
risk of inflammatory diseases such as rheumatoid arthri-
tis.7 (To compensate in part for lack of sun exposure, 
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administration of vitamin D in doses of 4,000 IU per day 
for adults can reduce inflammation, alleviate musculo-
skeletal pain, and ameliorate a wide range of health 
problems.8) Other environmental and lifestyle factors, 
such as repetitive overuse, can promote tissue inflamma-
tion and trauma to articular tissues, thus accelerating 
joint degeneration by inducing chondrocyte senescence 
via oxidative mechanisms.9 As an intangible environ-
mental input, exposure to psychoemotional stressors is 
consistently associated with an increased propensity 
toward allergic and inflammatory diseases.10

The American/Western style of eating (commonly 
referred to as SAD, for the standard American diet) is 
characterized by foods with an excess of linoleic and 
arachidonic acids, an overabundance of foods with high 
glycemic loads and indices, and a deficiency of phytonu-
trients. Since arachidonic and linoleic acids and high-
sugar foods are proinflammatory, the American diet can 
be described as inherently proinflammatory and thus 
contributory to the scourge of painful musculoskeletal 
conditions that plagues Westerners.11 Therefore, treat-
ment programs for patients with inflammatory disorders 
must include advice for a health-promoting, anti-
inflammatory diet in order to shift the balance of their 
physiology away from inflammation and catabolism 
and toward homeostasis and anabolism.12

Moderate regular exercise, increasingly less common 
in our over-stressed and over-scheduled times, stimu-
lates the release from muscle tissue of cytokines (“myo-
kines”) that produce a net anti-inflammatory effect.13 
Exercise also helps to maintain a coordinated neuro-
muscular system and avoid or correct the underlying 
proprioceptive defects that contribute to chronic mus-
culoskeletal pain, particularly in the low back, knees, 
and ankles.14 As an external therapeutic intervention, 
spinal manipulation can also be placed in this category 
of environmental inputs; it is noteworthy that spinal 
manipulation has also been shown to benefit non-
musculoskeletal systems, particularly pulmonary and 
gastrointestinal.15 Environmental inputs can help shift 
the balance toward—or away from—a localized or sys-
temic inflammatory response. In summary, the envi-
ronment can be therapeutically manipulated to reduce 
the prevalence and severity of painful inflammatory 
musculoskeletal disorders.

Gastrointestinal Status

On a microscopic level, the integrity of the intestinal 
mucosa deserves attention, since increased intestinal 
permeability can promote macromolecule absorption, 
which can lead to immune complex deposition and sys-
temic immune dysfunction that can exacerbate muscu-
loskeletal inflammation.16 In this way, the status of the 
gut influences the status of the musculoskeletal system, 
and the converse is also true. From a therapeutic stand-
point, some patients note a subjective improvement in 
gastrointestinal function following chiropractic-type 
spinal manipulation,17 and this exemplifies how the sta-
tus of the musculoskeletal system can influence the sta-
tus of the GI system. It is increasingly clear that the gut 
shares a bi-directional linkage with the nervous system, 
and therefore the nervous system, via the musculoskele-
tal system, can be used as a modulator of gastrointesti-
nal function. A full discussion of these issues from the 
clinical perspective can be found in Chapter 28, includ-
ing a detailed discussion of the enteric nervous system 
(the gut-brain connection).

Mind, Spirit, Emotions, and Community

Musculoskeletal pain and inflammation can cause at 
least three types of secondary depression. First, inflam-
matory mediators released from degenerative tissues and 
systemic inflammation have psychoactive effects that 
can contribute to fatigue, somnolence, anxiety, depres-
sion, dementia, and psychosis.18,19 Second, patients with 
acute or chronic musculoskeletal disorders are, of course, 
frequently in pain and are commonly less able to pursue 
hobbies and activities that would otherwise give them 
pleasure. Third, decreased mobility can contribute to a 
reduction in social contact, and the sense of social isola-
tion that results can lead to mental and emotional dis-
tress.20 In these ways, musculoskeletal dysfunction can 
adversely affect mental and social health.

Treatments aimed at improving musculoskeletal 
health can have positive emotional, mental, and social 
benefits. Exercise helps alleviate depression, and group 
exercises can provide a valuable source of social contact, 
which may further alleviate depression and promote 
social health.21 High-dose vitamin D supplementation 
corrects the vitamin D deficiency that is common in 
patients with musculoskeletal pain,22 provides an 
important anti-inflammatory benefit,23 and alleviates 
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musculoskeletal pain.24 Other effects of vitamin D reple-
tion include lessening the severity of depression25 and 
enhancing mood, sociability, and overall sense of well-
being.26 The proteolytic enzyme bromelain provides 
anti-inflammatory benefits, helps to alleviate the pain 
of osteoarthrtitis, and enhances an overall sense of well-
being.27 Full-body soft tissue massage and myofascial 
manipulation can help to alleviate depression and 
insomnia, enhance mood, and lessen the severity of 
premenstrual syndrome for women.28 Similarly, EPA 
and DHA from fish oil can ease joint pain and inflam-
mation while also providing an antidepressant bene-
fit.29 Meditative relaxation appears capable of reducing 
inflammatory responses by neurogenic mechanisms,30 
and it is reasonable for orthopedic patients to regularly 
practice meditation and relaxation techniques.

Immune and Inflammatory Imbalances

The muscles and joints that comprise the bulk of the 
structural aspect of the matrix are commonly affected by 
inflammatory and immune imbalances. Musculoskeletal 
rheumatic diseases such as rheumatoid arthritis and the 
enteropathic spondyloarthropathies clearly exemplify 
the effects of a dysregulated immune system upon the 
structures of the peripheral joints and spine, respectively. 
In patients with inflammatory musculo-skeletal disor-
ders, emphasis should be placed first on normalizing and 
then on optimizing immune function by addressing the 
underlying factors that have synergized to affect immun-
odysregulation and create or intensify autoimmunity. 
Suppressing immune response with immunosuppres-
sants such as prednisone, anti-inflammatory drugs such 
as NSAIDs (which promote joint destruction and 
chondrolysis31,32), or selective COX-2-inhibiting drugs 
(which consistently elevate the risk of cardiovascular 
death33,34,35) should not be the first treatment approach. 
Rather, addressing the underlying causes of proinflam-
matory imbalance is a more reasonable clinical approach 
for immune-mediated pain and inflammation than sim-
ply suppressing the inflammatory consequences that 
result. Many (and perhaps most) diseases categorized 
under “immune and inflammatory imbalance” will have 
a propensity to affect the structural/musculoskeletal sys-
tems, since inflammatory conditions generally exacer-
bate joint inflammation and degeneration.

Hormones and Neurotransmitters

Endocrine disturbances can contribute to immune 
dysfunction, which can then contribute to a systemic 
inflammatory response that leads to structural imbal-
ances in the gastrointestinal tract and musculoskeletal 
system. Absolute or relative excesses of estrogen and 
insufficiencies of testosterone, cortisol, and DHEA are 
common in patients with inflammatory/rheumatic 
disorders.36,37,38,39,40 Detection and correction of thyroid 
autoimmunity may alleviate inflammatory musculo-
skeletal disorders, such as adhesive capsulitis.41 As an 
endocrine disease, diabetes mellitus can contribute to 
carpal tunnel syndrome and adhesive capsulitis, and the 
elaboration of proinflammatory mediators from adipose 
tissue (adipokines) underscores the importance of weight 
optimization as part of the treatment for patients with 
inflammatory disorders.42 Massage therapy has been 
shown to have “neuroendocrine” effects by raising levels 
of dopamine and serotonin and by alleviating depres-
sion, anxiety, and insomnia.43 Any discussion of the 
effects of the nervous system on the musculoskeletal 
system must emphasize the importance of neurogenic 
inflammation as a major contributor to joint inflamma-
tion and cartilage degeneration. Indeed, sensory nerves 
exacerbate local tissue catabolism via the direct release of 
inflammatory and degeneration-inducing signals, 
including cytokines and prostaglandins.44 Thus the neu-
roendocrine and musculoskeletal systems can affect each 
other in a bi-directional manner, and this interaction 
allows for the establishment of a feed-forward cycle 
wherein trauma-induced tissue injury results in immuno-
genic inflammation and associated pain, the latter of 
which then triggers neurogenic inflammation, which 
then amplifies the ongoing immunogenic inflammation.

Detoxification

The link connecting musculoskeletal pain with 
impaired detoxification has not been fully characterized. 
However, detoxification programs are empirically benefi-
cial for relieving aches and pains and many other specific 
and nonspecific complaints.45 Many dietary, lifestyle, 
and interventional modalities can facilitate the removal 
of endogenous and exogenously acquired toxicants and 
can therefore be thought of as promoting detoxification 
of these substances; many of these same modalities are 
beneficial for patients suffering from musculoskeletal 
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pain and inflammation. Health-promoting vegetarian 
diets have been shown to alleviate the pain and inflam-
mation of rheumatoid arthritis,46 and such diets can also 
promote urinary alkalinization,47 which enhances the 
excretion of toxic xenobiotics and poisons.48 Moderate 
exercise can help alleviate the pain of and disability 
caused by conditions such as fibromyalgia and osteoar-
thritis,49 and exercise promotes the lymphatic flow and 
lipolysis that are generally considered essential for the 
mobilization of fat-stored xenobiotics. Detoxification 
programs are discussed in greater detail elsewhere in this 
text (see Chapters 22 and 31).

Oxidative Stress and Energy Production

Inflammatory musculoskeletal disorders are com-
monly associated with increased oxidative stress,50 
which can impair mitochondrial function, leading to 
expedited chondrocyte senescence and an overall 
reduced synthesis of the proteoglycans that form carti-
lage.51,52 This supports the rationale for using dietary 
and supplemental antioxidant therapy in the treatment 
and prevention of degenerative or symptomatic muscu-
loskeletal conditions. More specifically, nutrients that 
support mitochondrial function may be of value in 
reducing oxidative stress resulting from impaired 
energy metabolism.53 An excellent example of this con-
cept and its clinical application is the use of niacina-
mide in the treatment of osteoarthritis; niacinamide is 
known to support mitochondrial function, and it is safe 
and effective in the treatment of osteoarthritis.54 

Structural Interconnections

Subtle structural dysfunction can lead to clinical con-
ditions of sufficient severity that intervention is war-
ranted. In addition to deficits in proprioceptive function 
that contribute to low-back and lower-extremity pain 
and injury,55,56 subtle restrictions in or excesses of joint 
mobility, particularly of the spinal column, may lead to 
chronic pain. Clinically, the technique of motion palpa-
tion is a validated method of joint assessment and can be 
used to quantify and qualify subtle abnormalities in axial 
and peripheral joint function.57,58 Restrictions in motion 
can be ameliorated with manual manipulative therapy,59 
and excesses in motion can be addressed by therapeutic 
exercise and ergonomic modifications.60 This approach is 
particularly relevant for patients with, for example, 

chronic back and neck pain wherein deficits in proprio-
ception and imbalances in muscle strength and tension 
can be alleviated with a multicomponent intervention 
that includes spinal manipulation, proprioceptive 
retraining, targeted muscle strengthening, and post-
isometric stretching.61 Intra-articular adhesions and 
entrapment of synovial folds and intra-articular menisci 
are anatomical contributors to localized pain that call 
for a physical rather than pharmacologic intervention, 
and these can be alleviated with manipulative therapy,62 
although some cases of entrapped synovial folds may be 
treated surgically.63

Summary

Several important considerations are relevant to the 
prevention or alleviation of musculoskeletal pain, the 
most common reason for considering the structural 
aspect of the matrix. Frequently overlooked causes of 
musculoskeletal pain and/or overt or subclinical inflam-
mation include vitamin D deficiency, consumption of a 
proinflammatory diet, lack of exercise, excess adipose 
tissue and resultant elaboration of adipokines, proprio-
ceptive deficits, subtle joint dysfunction (including 
intraarticular adhesions), and entrapment of intraartic-
ular menisci and synovial folds. All of these are cor-
rectible with nonpharmacologic and nonsurgical 
means; addressing them successfully will help improve 
the patient’s overall health and reduce the impact of 
these problems on other aspects of the functional medi-
cine matrix. (See Chapter 29 for further discussion of 
clinical approaches to structural imbalances.)
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Chapter 26
Clinical Approaches to Environmental Inputs
� Diet and Nutrition
� Micronutrient Insufficiency Leads to DNA and Mitochondrial Damage

Diet and Nutrition
Mark Hyman, MD

Introduction

Functional medicine is neither a new healthcare dis-
cipline nor a new subspecialty of medicine; it does not 
fundamentally alter our current understanding of the 
biomedical sciences. Rather, it applies what we have 
learned from the scientific literature—and from clinical 
medicine—through a different model, interpreting the 
findings in the context of both genetics and environ-
ment, and looking at functionality from the deepest 
levels of physiology and biochemistry to the most obvi-
ous psychosocial influences on health. 

Guided by the organizing framework or matrix of 
functional medicine, clinicians are empowered to offer 
effective solutions for difficult and complex clinical 
problems. Space travel was not based on belief or super-
stition, but on physics. The first man to venture into 
space did so based on scientific theory, and he did so 
successfully, using established scientific principles, 
despite the fact that it had never been done before. 
Analogously, medicine, as we know it, is poised at the 
edge of a new frontier. Scientific inquiry has taken us 
deep into the realm of biology, and new principles and 
concepts have emerged. These new principles and con-
cepts will set the stage and provide the tools for navigat-
ing inner space, where the complex interplay of genes, 
molecules, and environment promotes health and cre-
ates disease. While we await future research to unify 
and weave together diverse strands of scientific discov-
ery and undoubtedly shed new light on this matrix, the 

weight of current evidence already provides a roadmap 
and some extremely useful tools.

The matrix of functional medicine (discussed in 
Chapter 34) is an evolving prism or lens for under-
standing medicine, but we must not confuse the lens 
with the object of perception. The profound complex-
ity of biologic systems, and their interplay with the 
environment, is far too vast to be encompassed by any 
one theory. However, the matrix—the principles, the 
environmental inputs, the fundamental physiological 
processes and the core clinical imbalances—is a remark-
ably robust model for addressing the epidemic of 
chronic degenerative diseases, the myriad chronic syn-
dromes, and the environmental, lifestyle, and immune 
disorders that are the plagues of the 21st century. By 
applying these principles to the everyday problems that 
affect our patients, we enter uncharted territory with 
respectful caution, an attitude of open inquiry, free of 
dogma, and ready for discovery.

Understanding the intersection of diet and disease, 
and the role of nutrition in both the creation and ame-
lioration of disease, is both practical and instructive. It 
is practical because nutrition is the single most powerful 
clinical tool in preventing and treating disease. It is 
instructive because food (along with oxygen) is the key 
substrate for life and influences every biologic process 
and every core clinical imbalance. The duality of nutri-
tional influences on health is striking. On one hand, 
our current diet is the principal agent of chronic degen-
erative disease in our time. On the other hand, when 
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the current science of clinical nutrition is applied art-
fully, it has the power to prevent, reverse, and even cure 
many of our chronic diseases. 

Dietary Influences on Health: Creating Imbalance 
or Balance

A one-size-fits-all approach to nutritional advice has 
proved problematic. Likewise, popular interest in nutri-
tion and the vast market for dietary “cure-alls” and 
“quick fixes” has led to a confusing, often contradic-
tory, array of “expert” advice. Even in the clinical set-
ting, practical application of nutrition must take into 
account diversity of nutritional needs across the genetic 
and chronological spectrum, food preferences of indi-
viduals from different cultural backgrounds, the com-
plex psychological aspects of food, and the lack of 
effective tools for matching dietary recommendations 
to the individual. Despite those limitations, there are 
some basic nutritional principles upon which most sci-
entists and nutritional experts agree. There are also a 
number of therapeutic nutritional strategies that can be 
applied widely and successfully in the treatment of 
chronic disease. Understanding the role of nutrition in 
creating and correcting the core clinical imbalances is 
essential for knowing how to influence the basic bio-
logic functions of health and disease.

Food plays a dual role—it can help and it can harm. 
A standard American diet (SAD) contributes to degener-
ative and immune disorders. It is a diet rich in refined 
sugars such as high fructose corn syrup, saturated fat, 
and trans-fatty acids, and low in fiber, legumes, nuts, 
fruits and vegetables, essential fatty acids, essential 
nutrients, and phytonutrients. The pH of our modern 
diet is low (acidic), and the sodium:potassium ratio is 
very high. This dietary pattern has been very clearly and 
strongly linked to chronic disease. Conversely, a diet 
that is better adapted to our evolutionary needs can 
ameliorate dysfunction and improve health. A healthful 
diet is primarily plant based; rich in fruits, vegetables, 
nuts, seeds, and legumes; high in fiber, essential fatty 
acids and nutrients; and low in saturated fat, trans fats, 
refined sugars, and carbohydrates. It should have an 
alkaline pH and a low sodium-to-potassium ratio.1

Frankly, we could stop right there. Changing dietary 
patterns in the manner just described would go a long 
way toward reversing our epidemic of chronic disease. 
However, most of us live in the real world, where our 
patients are seldom able to so completely alter their 

dietary habits. Most of our patients already have many 
of the dysfunctions and diseases of contemporary life, 
and we must treat them with all the skill at our com-
mand. Therefore, we will take this opportunity to delve 
deeply into clinically relevant issues surrounding food 
and nutrients, so that we can equip ourselves with 
knowledge and practical clinical approaches for manag-
ing our patients (and ourselves) more effectively.

Genetic and Evolutionary Influences on 
Dietary Choices

Food and its components (including macronutrients, 
micronutrients, phytonutrients, food additives, and 
contaminants) can act directly or indirectly to affect 
gene expression and consequently influence health 
and disease. This is the new field of nutrigenomics. Food, 
then, must be recognized to contain information as well 
as energy. Nutrients impact cell signaling and other 
informational processes. Critical aspects include the 
influence of nutrients on second messenger balances 
(cGMP:cAMP); their role in information processing; reg-
ulation of growth factors; production of cytokines; and 
apoptosis, particularly in relation to cancer.

Individual genetic predispositions will often dictate 
unique dietary requirements. Although foundational 
principles can be applied to nearly all individuals, 
refinement of dietary inputs is necessary to accommo-
date specific individual needs (influenced not only by 
genes, but also by environment and age). Two of the 
clearest examples of the links between genetics and diet 
in the cause and cure of disease are celiac disease and 
metabolic syndrome. Both have a genetic connection; 
both are strongly linked to multiple dysfunctions and 
diseases across organ systems; and both can produce a 
vast array of presenting complaints.

Gluten. Numerous immune and inflammatory dis-
orders occur as a result of exposure to gliadin, a unique 
protein found in wheat and other grains. Up to 30% of 
Northern Europeans carry the HLA DQ8 or DQ2 gene 
and 1% express the syndrome of celiac disease.2 Wheat 
protein is a relatively new food in European popula-
tions and may explain the development of an immune 
response in reaction to gluten in the diet. Avoidance of 
gluten alleviates the symptoms and frequently reverses 
the immune dysregulation, systemic inflammation, 
and autoimmunity associated with its ingestion. In 
addition to a direct upregulation of the inflammatory 
response, gluten may trigger a cascade of other imbal-
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ances leading to increased oxidative stress, thyroid dys-
function, infertility, and menstrual disorders. Further, 
it has been shown to initiate the formation of neuroac-
tive peptides or gluten exorphins,3 which affect cogni-
tive function and contribute to morbidity in the 
autistic spectrum disorders. 

Metabolic syndrome. The effects of a shift away 
from our evolutionary diet are dramatically manifested 
in the transition from a wild, omega-3 fatty acid-rich 
diet, abundant in vitamins, minerals, phytonutrients 
(from whole foods), and fiber to a diet high in processed 
foods, refined sugars and flours, and nearly absent of 
phytonutrients, vitamins, and minerals. Current research 
suggests that this shift in our dietary pattern has led to 
the current pandemic of obesity, metabolic syndrome, 
and diabetes,4,5 as well as to associated imbalances in 
nearly every core physiologic system, contributing to car-
diovascular disease, cancer, and dementia. Today’s mod-
ern diet not only lacks many essential components of 
healthful nutrition, required by our genetic and evolu-
tionary development, but it also contains substances 
never before ingested by humans, notably high fructose 
corn syrup and trans-fatty acids. Both of these common 
substances further enhance the tendency toward insulin 
resistance and a cascade of hormonal dysfunctions 
(including pancreatic, thyroid, adrenal, and sex steroid 
imbalances) that, in turn, lead to increased inflamma-
tion, oxidative stress, hepatic congestion, impaired 
detoxification, and structural imbalances of the cell 
membranes—a daunting litany and one that will be ech-
oed throughout this chapter as we examine our subject 
from many different perspectives. The good news, how-
ever, is that shifting from a processed and refined diet to 
a whole-foods, plant-based diet, devoid of refined sugars 
and carbohydrates, trans-fatty acids, and processed foods, 
directly influences and reverses the cascade of hormonal 
dysregulation central to the metabolic syndrome. Addi-
tionally, such dietary patterns have been shown to 
reduce oxidative stress and inflammation, while improv-
ing detoxification and membrane structural integrity.

Clinical Nutrition: A Young Science

Nutrition is a young science, poised to provide 
answers to aid practicing physicians in preventing, con-
trolling, and treating the exploding global burden of 
chronic disease. The view of nutrition as simply a source 
of energy or calories to prevent malnutrition, and micro-
nutrients to prevent deficiency diseases, is being sup-

planted by a new conception of nutrition in health and 
disease. Macro- and micronutrients and other non-nutri-
tive substances in food are integral to understanding the 
causes, prevention, and treatment of disease. Nutrients 
are the fundamental substrates for our physiology and 
biochemistry; they are both etiologic factors and correc-
tive tools. Translating basic science, epidemiological 
research, and small randomized trials into practical 
nutritional policy and advice remains challenging. How-
ever, when the data are viewed collectively, an important 
set of guiding concepts emerges that help us organize our 
interpretation and clinical utilization of the data. 

While on a foundational level, the first law of ther-
modynamics holds, further investigation has revealed 
the “calories-in, calories-out” model of energy balance 
to be overly simplistic. Nutrients play a key role in 
bioenergetics beyond calorie content. A deeper under-
standing of bioenergetics illustrates that caloric content 
of food is only part of the story. Macronutrient compo-
sition of the diet asserts influence on thermoregulation, 
with variable effects on obesity, challenging the simple 
calorie-counting approach. In addition, the upregulated 
metabolism of detoxification and toxic overload creates 
significant energy costs. 

The functional medicine practitioner’s core ques-
tions. While the concept of fundamental clinical im-
balances is a useful navigational tool for assessing and 
treating common clinical problems, it is, at best, an 
approximate description of a very complex biologic sys-
tem—the human organism. An input or intervention 
designed to affect one organ or function may subse-
quently affect the entire interrelated and interdepen-
dent system—the whole human being. The practitioner 
must be skilled at interpreting the complex array of 
symptoms, tests results, and responses to treatment. 
While such complexity presents a challenge to the clini-
cian, it is important to keep in mind that the essence of 
functional medicine is contained within two very sim-
ple questions: What harms us? What makes us thrive? 

These key questions facilitate thinking about every 
clinical problem and provide access to the whole func-
tional medicine matrix. They underlie the principles, 
the environmental inputs, the fundamental physiologic 
processes, and the core clinical imbalances. These two 
questions can be applied to every inquiry, for every ill-
ness, and for the promotion and creation of optimal 
health. And they are of paramount interest when con-
sidering clinical nutrition. 
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Exploring the first question, what harms or disturbs 
a person, may identify problems such as poor diet, 
chronic stress, toxic exposures, allergies, and/or infec-
tions. Delving into this question requires careful his-
torical inquiry, focused testing, and environmental 
assessments, all of which we will explore as our discus-
sion proceeds. The second question—what is currently 
missing and ultimately necessary for the full and vital 
expression of life—concerns food, water, air, vitamins, 
minerals, conditionally essential nutrients, light, sleep, 
rest, rhythm, and love. 

The amount and particular balance of these “ingre-
dients” differs for each individual. Wherever there is an 
imbalance, it is the result of something creating harm, 
or of some essential life-sustaining ingredient that is 
missing. In this context, understanding both what is 
present and what is missing in your patient’s diet must 
be understood. (To borrow a turn of phrase from Ken-
neth Pelletier, PhD, “food as slayer and food as healer” 
are both likely roles.) Keeping these concepts in mind 
will help the practitioner filter new data and under-
stand the context of this emerging research and infor-
mation in the field of nutrition.

An exhaustive review of nutrition and its effects on 
health and disease is beyond the scope of the chapter. 
However, by using the model of chronic disease to illus-
trate the role nutrition plays in disease causation and in 
each of the fundamental processes that underlie our 
physiological, biochemical, and genomic functioning, 
we can glimpse the potential of nutritional intervention 
to influence the global burden of chronic disease. Fortu-
nately, even before we begin our journey, we can sum-
marize (see Table 26.1) the most important general 
nutritional advice that clinicians can give to their 
patients. If we do nothing more than guide patients in 
these directions, we will have accomplished a great deal.

The Global Burden of Chronic Disease: 
The Role of Diet and Lifestyle

Chronic disease has replaced infectious and acute ill-
nesses as the leading cause of death in the world, both in 
developed and developing countries.6 In 2002, the lead-
ing chronic diseases, including heart disease (17 million), 
cancer (7 million), chronic lung diseases (4 million), and 
diabetes (1 million), caused 29 million deaths worldwide. 
These ailments are almost entirely attributable to lifestyle 
risk factors such as poor diet, sedentary lifestyle, tobacco, 

and alcohol use. The misperception that these diseases 
affect primarily developed and affluent societies has led 
to a misappropriation of resources, which fails to deal 
with the exponential growth of chronic lifestyle- and 
diet-related disease. The major global health policy mak-
ers and agencies do not allocate appropriate resources to 
prevention of lifestyle problems because they have yet to 
fully acknowledge the extent of the problem, or perhaps 
because perceived or real economic concerns govern 
their actions. Heads of state, health ministries, the World 
Health Organization, academic and research institutions, 
non-governmental organizations, private donors, the 
World Bank, and the United Nations allocate only a frac-
tion of their resources to chronic disease prevention, 
despite a rich evidence base for the role of lifestyle and 
diet in the prevention of the major chronic diseases. An 
examination of the nutritional literature and direct com-
parison to other efforts at prevention (pharmacologic) is 
needed to highlight the powerful, cost-effective, and crit-
ical role nutrition plays in causation, prevention, and 
treatment of chronic disease. 

Table 26.1 General Nutritional Advice

Eat More of:
Eat Less 

(or None) of:
Beneficial 

Dietary Habits

• Anti-inflamma-
tory foods

• Detoxifying 
foods

• Fiber

• Food you love 
that makes you 
feel nourished

• High-quality, 
healthy protein

• Omega-3 fats

• Real, organic 
food

• Vegetables and 
fruit

• Nuts and seeds

• Legumes

• Whole grains

• High fructose 
corn syrup

• High glycemic-
index foods

• High glycemic-
load meals

• Trans or hydro-
genated fats

• Eat breakfast

• Eat protein and 
fat with every 
meal (especially 
breakfast)

• Eat something 
every 3–4 hours

• Finish last meal 
at least 2–3 
hours before 
bedtime

• Improve pH 
balance through 
intake of alkaline 
(plant-based) 
foods

• Lower the 
dietary sodium: 
potassium ratio

• Take a multi-
vitamin and 
other nutrients 
as needed
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Diet, Lifestyle, and Chronic Disease—the 
Emerging Research

An emerging body of literature provides a firm foun-
dation for practice and public policy in nutritional and 
lifestyle interventions for chronic disease.7 A single 
nutrient, food, or lifestyle habit when studied as an iso-
lated intervention—while helpful—may not show sig-
nificant effect but, when assessed collectively, the power 
of lifestyle over pharmacologic approaches for primary 
and secondary prevention is clear. Adherence to health-
ful lifestyle practices in an elderly population (specifi-
cally, a Mediterranean diet pattern, moderate physical 
activity, non-smoking status, and moderate alcohol con-
sumption) was associated with nearly a 70% reduction 
in all-cause and cause-specific mortality.8 Other observa-
tional studies9 showed similar data including an 83% 
reduction in coronary artery disease,10 91% reduction 
in diabetes in women,11 and a 71% reduction in colon 
cancer in men.12 While more difficult in design and 
execution, a few randomized trials have confirmed the 
effectiveness of diet and lifestyle in disease prevention. 
The Lyon Diet Heart Study13 showed a 79% reduction in 
heart disease in patients with established heart disease 
after a few years of following a Mediterranean diet. The 
PREMIER group used an intervention of increased activ-
ity, weight loss, and Dietary Approaches to Stop Hyper-
tension (DASH), which reduced blood pressure over six 
months.14 In a secondary prevention trial, an integrated 
lifestyle approach of a plant-based diet, exercise, smok-
ing cessation, and stress reduction demonstrated a 50% 
reduction in cardiac events.15 A large systematic review 
of all pharmacologic and dietary interventions on total 
and cardiovascular mortality analyzed 97 studies with 
137,140 patients in the intervention groups and 138,976 
in the control groups. The largest reductions in all-cause 
and cardiovascular mortality resulted from fish oil, fol-
lowed by statins.16

Long-term assessment of outcomes in dietary trials 
is difficult; determining the precise effects of trans fat 
intake, carbohydrate quantity and quality, and alcohol 
consumption on chronic disease burden can be particu-
larly challenging. Yet randomized trials of a healthful 
lifestyle can be (and already have been) used to assess 
shorter-term effects on clinical outcomes, biochemical 
markers of risk, and intermediate endpoints. Where 
these are not possible, a careful analysis of basic science 
research, along with available clinical and epidemiolog-

ical research, should be used to help form a picture of 
the overall role of dietary influences on disease. A ran-
domized trial comparing a Mediterranean diet (whole 
grains, vegetables, fruits, nuts, olive oil, fish) vs. a con-
trol group following a “cardiac healthy” diet primarily 
focused on achieving less than 30% fat, exemplified the 
importance of intermediate markers of disease. Even 
after controlling for weight loss and physical activity, 
the authors found that inflammatory markers, insulin 
resistance, and endothelial function improved in the 
treatment group.17 

The evidence is already undeniable that healthful 
dietary patterns such as those we have been discussing 
are associated with a decrease in chronic disease burden 
and all-cause mortality. The harmful effects of trans and 
certain saturated fats, refined carbohydrates, and other 
food additives or toxins are also well supported in the 
medical literature. The effects of diet can be viewed 
through their impact on processes such as gene expres-
sion, cell-signaling and informational systems, and 
bioenergetics. Our understanding of the many complex 
effects of these processes is being expanded continu-
ously as the research base evolves. For the clinician, the 
concepts of nutritional imbalances, inflammation, oxi-
dative stress, hormone imbalance, digestive function, 
impaired detoxification, mitochondrial function, and 
energy balance serve to focus our analysis of the dietary 
influences on health, and provide a context and method 
for interpreting and integrating new data into the prac-
tice of functional medicine.

Dietary Influences on Cardiovascular Disease: 
A Unified Theory of Causation

Cardiovascular disease (CVD) is a recurring theme in 
this book; it serves as a measure of our chronic disease 
burden (see the Introduction section) and as a primary 
example of the inflammation model of disease (Chap-
ters 18 and 27). It is a central condition in the detailed 
functional medicine case study that wraps up our Put-
ting It All Together section (Chapter 37). Here, we will 
discuss the profound causative influence of diet and 
nutrients on CVD. This thematic emphasis seems 
appropriate, because CVD is the leading killer in the 
United States today.
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The effects of diet on health can be viewed in 
two ways: 

• First, understanding the effects of diet on condi-
tions such as cardiovascular disease can provide a 
more effective approach to assessment and therapy. 
This view also helps to illustrate the limitations of 
our current disease classification system, which 
does little to provide a unifying concept for the 
underlying dysfunctional biochemistry and physi-
ology in any particular condition. 

• Second, the effects of diet on each of the core clini-
cal imbalances of the functional medicine matrix 
can provide a unique and novel prism through 
which to see both the common underlying causes 
and also many new therapeutic opportunities for 
chronic diseases that cross many organ systems. 

Cardiovascular disease, both because of its high 
prevalence and its intimate connection to diet, is the 
model used here to describe the relation between par-
ticular foods and clinical imbalances. The effect of diet 
as both etiologic agent and therapeutic agent will then 
be explored. There are many gateways to using the 
functional medicine matrix in clinical practice. The 
old classification of disease should not be discarded, 
but rather seen within the context of a patient-cen-
tered, function-oriented model. Functional medicine 
provides a useful meta-framework for interpretation of 
the relevant data leading to new and unique under-
standing and treatments.

Historically, cardiovascular disease has been described 
as predominately an arterial pathology, with focus placed 
on the health and disease of the vascular tree, and the 
treatment on opening or bypassing the arterial blockage. 
However, the origins of cardiovascular disease are now 
seen predominantly as nutritional, neuroendocrine, oxi-
dative, and inflammatory. The development and rupture 
of plaque in the arterial wall are processes related to a 
cascade of events that occurs over decades; these pro-
cesses are primarily endocrine and immune in nature. 
The hallmarks of cardiovascular disease (hypertension, 
coagulopathy, and endothelial dysfunction) are second-
ary to upstream inputs controlled, in the main, by diet. 
The diet directly influences insulin sensitivity, oxidative 
stress, inflammation, lipid status, methylation, cardio-
cyte cellular energetics, membrane stability, and electro-
physiologic dysfunction; these are the root functions 

that are imbalanced in all chronic degenerative diseases 
and cardiovascular disease in particular.

CVD and Diet: The Evidence for Causation and 
Reversal

Willett and Hu, in “Optimal Diets for the Preven-
tion of Coronary Disease,”18 reviewed the extensive lit-
erature of the last two decades on the dietary influences 
on cardiovascular disease. They looked at dietary fats, 
carbohydrates, micronutrients, and phytonutrients. 
Their conclusions were summarized in three practical 
strategies:

1. substitute non-hydrogenated unsaturated fats for 
saturated and trans fats,

2. increase the consumption of omega-3 fatty acids 
from fish, fish oil supplements, or plant sources, 
and

3. consume a diet high in fruit, vegetables, nuts, and  
whole grains and low in refined grain products. 

Further, they predicted that such a diet, together 
with regular physical activity, avoidance of smoking, 
and maintenance of a healthy body weight can pre-
vent the majority of cardiovascular diseases in Western 
populations. 

While these conclusions are relatively simple, the 
science behind them is complex. Both observational 
and interventional studies confirm links between diet 
and insulin resistance. Primary genetic lipid disorders 
are rare and the majority of cardiovascular disease in 
our society is linked to metabolic syndrome, which is 
propagated by a diet high in refined sugar, carbohy-
drates, and saturated and trans fats, and low in fiber and 
phytonutrients. This leads to insulin resistance at the 
membrane level, hyperinsulinemia, impairment of fatty 
acid oxidation, upregulation of inflammatory cytokines 
such as interleukin-6 (IL-6) and tumor necrosis factor- 
(TNF-), coagulopathy, reduction in adiponectin, and 
endocrine dysfunction in adrenal, thyroid, and sex ste-
roid hormones. In a prospective study of 181 consecu-
tive patients presenting to the emergency room with 
myocardial infarction, two-thirds had either undiag-
nosed diabetes or impaired glucose tolerance after a 2-
hour glucose tolerance test.19 In a cross-sectional study 
of 234 men, a direct correlation was seen between the 
glycemic milieu and cardiovascular risk, even in those 
with normal glucose tolerance. Likewise, even within 
the current definition of normal glucose tolerance, the 
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degree of stenosis on the angiogram was shown to be 
directly related to the level of glucose and insulin after 
a glucose load.20 A high glycemic-index and glycemic-
load diet is clearly associated with atherothrombotic 
risk.21,22 Trans-fatty acids have well-documented, spe-
cific atherogenic, inflammatory, and pro-thrombotic 
effects.23,24 Though diet is the predominant influence on 
the key processes of glucose metabolism, lipid balance, 
inflammation, methylation, and oxidative stress, any 
trigger that affects these functions can lead to cardio-
vascular disease (see Figure 26.1). Examples of other 
important influences include infections, environmental 
toxins, stress, smoking, and allergens. 

Figure 26.1 Influence of diet on risk of coronary heart disease

Diet is both the agent of dysfunction and the agent 
of healing in cardiovascular disease. With the exception 
of smoking and lack of exercise, nearly all the modifi-
able risk factors for coronary heart disease in the 
INTERHEART25 study of 52 countries (a case-control 
study with 15,152 cases and 14,820 controls) were 
caused by and remediable through diet, including 
abnormal lipids, hypertension, diabetes, and abdominal 
obesity. Many clinical trials have demonstrated the ben-
efits of diet in improving either clear endpoints such as 
myocardial infarction and death, or intermediate end-
points such as lipid levels, inflammatory markers, oxi-
dative stress, and glucose metabolism. 

Eating the right fats is key to prevention and treat-
ment of coronary artery disease. Dietary n-6 and n-3 
fatty acid balance plays a critical role in cardiovascular 

health.26 Linoleic acid downregulates LDL-C production 
and enhances its clearance. Eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) improve vascular 
endothelial function, lower blood pressure and triglyc-
erides, improve insulin sensitivity, activate PPARs, stabi-
lize cardiac membranes (thus reducing cardiac arrhyth-
mias),27 and reduce inflammation and platelet sensitiv-
ity. A Mediterranean-style, low glycemic-load diet28 
(whole grains, fruits, vegetables, nuts, higher fiber 
foods, olive oil, and a lower ratio of n-6 to n-3 fatty 
acids) improved endothelial function and vascular 
inflammatory markers in patients with metabolic syn-
drome. After two years’ adherence to the diet, there was 
global improvement in the endothelial function score, 
as a measure of blood pressure and platelet aggregation 
response to L-arginine; lipid and glucose parameters; 
insulin sensitivity; and circulating levels of high-sensi-
tivity C-reactive protein (hs-CRP) and interleukin-6 
(IL-6), -7 (IL-7), and -18 (IL-18). A lipid-lowering dietary 
portfolio of soy, almonds, plant sterols, and viscous 
fiber was equivalent to a low-fat diet plus a statin (lova-
statin) in lowering lipids, and was more effective in low-
ering C-reactive protein and homocysteine.29 A dietary 
and lifestyle intervention in women with android obe-
sity demonstrated reductions in markers of inflamma-
tion, oxidative stress, and platelet aggregation, which 
can be indicators of insulin resistance.30

The DASH and PREMIER31 trials clearly established 
the beneficial effects of a plant-based diet on reduction 
in cardiac risk factors. Consumption of a diet high in 
fruits and vegetables, whole grains, fish, poultry, and 
low-fat dairy products had a significant inverse associa-
tion with the risk of cardiovascular disease.32 Conversely, 
eating a diet high in red and processed meats, refined 
grains, high-fat dairy products, sweets, and desserts had 
a significant positive association with coronary artery 
disease (CAD).33 Ornish’s 10% fat atherosclerosis-reversal 
diet may have been effective more for its plant-based, 
fiber-, vitamin-, mineral- and phytonutrient-rich food, 
than because of any absolute effect from reduction of 
fat. The total fat content of the diet is less important 
than the type of fat; risks increase with higher levels of 
saturated and trans fats and decrease with high levels of 
omega-3 and monounsaturated fats.34 Increasing dietary 
protein from plant foods (soy, nuts, legumes, and seeds) 
and low-fat animal sources may have additional benefi-
cial effects on the reduction of cardiovascular risk.35 
Homocysteine and impaired methylation have been 
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linked to cardiovascular disease,36 and plant-based 
diets rich in whole grains, fruits, and vegetables reduce 
homocysteine and its adverse effects. Not only does the 
composition of the diet affect cardiac risk factors, the 
timing and frequency of meals is also important.37 The 
specific ideal amounts or ratios of protein, fat and 
carbohydrate are not entirely clear, nor are they crucial 
to health, so long as the basic concepts of a healthful 
diet outlined above are maintained. The effects of this 
diet are multiple and support the normalization of func-
tion and restoration of balance. This dietary pattern 
improves insulin sensitivity, reduces inflammation and 
oxidative stress, lowers homocysteine, LDL-C and tri-
glycerides, raises HDL-C, improves endothelial function, 
lowers blood pressure, is anti-coagulant, anti-arrhyth-
mic, and improves mitochondrial function and cardio-
cyte energetics. Cardiovascular disease is perhaps the 
clearest example where diet is both the cause and the 
cure. It reminds us of Hippocrates’ ancient admonition, 
“Leave your potions in the chemist’s crucible if you can heal 
your patient with food.”

The Role of Diet-Gene Interactions in Health 
and Disease

Nutrigenomics

Having established the incontrovertible link between 
diet and disease, using CVD as the example, let’s return 
to the link between diet and genetic expression in gen-
eral. The genomic era in medicine will mark a turning 
point in our understanding of the etiology and treatment 
of disease. The human genome consists of approximately 

30,000 genes, which in turn contain approximately 5 
million single-nucleotide polymorphisms (SNPs). Over 
1,000 human disease genes have been identified, 97% of 
which cause monogenic diseases. Unfortunately, the ill-
nesses that plague humans in the 21st century are not 
monogenic diseases. The chronic illnesses that cause the 
most significant mortality and morbidity in the world, 
including cardiovascular disease, diabetes, obesity, can-
cer, and neurodegenerative diseases, are polygenic and 
result from the complex interaction between multiple 
genes and multiple environmental factors. The most 
important factor, one that influences gene expression 
multiple times every day, is our diet. 

Nutrigenomics is an integrative field of science 
where the questions of nature and nurture may finally 
be elucidated. It is in the intersection of the environ-
ment with the genome where nutrigenomics provides 
key insights into the variations in disease patterns 
within a population. Such insights allow us to under-
stand how common dietary chemicals affect the equi-
librium between health and disease through their 
influence on the structure or function of an individual 
genome. Kaput38 proposes five tenets for this field of 
genomic research:

1. Common dietary chemicals act on the human 
genome, either directly or indirectly, to alter gene 
expression or structure. 

2. Under certain circumstances and in some individu-
als, diet can be a serious risk factor for a number of 
diseases. 

3. Some diet-regulated genes (and their normal, com-
mon variants) are likely to play a role in the onset, 
incidence, progression, and/or severity of chronic 
diseases. 

4. The degree to which diet influences the balance 
between healthy and disease states may depend 
on an individual’s genetic makeup. 

5. Dietary intervention should be based on knowledge 
of nutritional requirement, nutritional status, and 
genotype.

Regulation of Post-translational Gene Expression

Multiple mechanisms exist through which diet 
influences gene function, or expression, and structure. 
These include direct effects on gene expression, tran-
scription and translation and post-translational influ-
ence on gene products, epigenetic effects, and DNA 
repair. Indirect effects include selective alteration of 

Practical Dietary Guidelines for the Reduction of 
Cardiovascular Disease

• Replace saturated and trans fats with monounsaturated 
and polyunsaturated fats.

• Increase intake of omega-3 fatty acids from fish or 
plant sources.

• Increase intake of fruits, vegetables, whole grains, 
legumes, nuts and seeds.

• Increase intake of fiber.
• Reduce glycemic load of diet by reducing or eliminat-

ing refined sugars and flours.
• Eat regular meals and snacks.
• Eat real, unprocessed food low in added sodium.
• Use low-fat animal products in moderation (low-fat 

dairy and poultry).
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gene expression through transcription factor systems 
that regulate the activation of sets of genes under differ-
ent environmental conditions. Some nutrients can bind 
to or activate specific transcription factors, while other 
nutrients affect redox balance to indirectly affect tran-
scription factor activity.

Key examples can illustrate the clinical utility of 
understanding these SNPs and the role of nutrients in 
gene expression. Vitamins act as powerful regulators of 
post-translational gene expression through their actions 
as coenzymes in many common diseases (for example, 
the effects of folate on methylenetetrahydrofolate 
reductase or MTHFR). Dietary fat and carbohydrate can 
regulate expression of the LDL phenotype (effects of 
trans-fatty acids and insulin resistance on LDL particle 
size). Dietary fat and antioxidants regulate inflamma-
tion through their effect on a class of nuclear receptors 
involved in gene transcription (for example, the effects 
of omega-3 fatty acids, trans fat, and antioxidants on 
the family of nuclear receptors called peroxisome prolif-
erator-activated receptors, or PPARs).

Bruce Ames, in a landmark paper on nutrients and 
gene expression, stated that “the molecular basis of dis-
ease arising from as many as one-third of the mutations 
in a gene is an increased Michaelis constant, or Km 
(decreased binding affinity) of an enzyme for the vita-
min-derived coenzyme or substrate, which in turn low-
ers the rate of the reaction.”39 The implication is that 
many diseases arising from SNPs may be treated 
through the intake of high doses of substrates (nutri-
ents) for particular reactions in order to accommodate 
for variant enzymes. He describes over 50 diseases 
where high-dose vitamin therapy can reduce the inci-
dence of disease from variant enzymes. (This chapter 
concludes with a contribution from Dr. Ames discussing 
the potential genotoxicity of micronutrient insuffi-
ciency.)

An abundance of research surrounds the methylene-
tetrahydrofolate 677CT (MTHFR) polymorphism. The 
variant enzyme results in a smaller pool of 5-methyltet-
rahydrofolate and an accumulation of homocysteine, 
which has been associated with an elevated risk of car-
diovascular disease. A higher frequency of the 677CT 
polymorphism has been associated with cardiovascular 
disease, neural tube defects, Down syndrome, migraines, 
diabetic nephropathy, congenital cardiac malforma-
tions, dementia, male infertility, cervical dysplasia40 and 
other conditions. Paradoxically, in colon cancer, the 

677CT (MTHFR) polymorphism reduces colon cancer 
risk, but only in the presence of adequate folate.41

Another common polymorphism, ALDH2 or mito-
chondrial aldehyde dehydrogenase (NAD+), has been 
associated with intolerance to alcohol and an increased 
risk of vasospastic angina, dementia, and oral, esoph-
ageal, and stomach cancer.42 The enzyme catalyzes the 
NAD-dependent oxidation of ethanol. The Glu487-to-
lysine variant has a 150-fold increase in the Km for its 
NAD cofactor. This leads to high blood acetaldehyde 
levels in alcohol consumption and in the absence of 
adequate niacin, and increases the risk for carcinogene-
sis and neurotoxicity. Multiple genes may interact to 
increase risk. In the presence of the ALDH2 variant and 
the Apo E 4 variant allele, the age of Alzheimer’s onset is 
significantly reduced. Long-term niacin use may have 
the potential to reduce this risk. This underscores the 
importance of multiple polymorphisms of low pene-
trance combining in any one individual to affect risk. 
It is the interplay with the environment (diet, exercise, 
stress, environmental toxins) that affects the outcome 
in the individual. Most polymorphisms have a relative 
risk for the related disease of < 2. Therefore, an inte-
grated approach using nutrition, exercise,43 and stress 
management tools is more likely to optimize gene 
expression and reduce the risk of chronic disease. 

A major challenge in nutrigenomics-focused 
research on human disease prevention is that random-
ized trials are often not easy or feasible due to practical 
or ethical considerations. Combining gene analysis of 
polymorphisms with observational studies can help 
strengthen causal connections between dietary factors 
and disease prevention.44 For example, higher urinary 
levels of isothiocyanates from cruciferous vegetables 
have been associated with lower risks of lung cancer. 
The strongest risk reduction was found in those with 
polymorphisms for glutathione S-transferase genes that 
delayed the elimination of the isothiocyanates, perhaps 
increasing their benefit.45
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Diet and the Fundamental Physiological 
Processes: Enhancing Optimal Function 
and Reducing Disease

Human life, particularly, in health and disease,
is the result of countless independent forces impinging

simultaneously on the total organism and setting in
motion a multitude of inter-related responses.

—René Dubos

An exhaustive review of the dietary influences on 
human biology would require a separate volume entirely, 
but much of the background and scientific support for 
this approach to patient care has been outlined earlier 
in this textbook. We will now examine some specific 
instances where food creates imbalance and where a 
change in diet can promote healing. The fundamental 
role of food in health and disease can be appreciated, and 
a context for its application in diagnosis and therapy can 
be understood through the exploration of examples 
within each of the core physiologic dysfunctions of the 
functional medicine matrix. Each subsequent section 
will end with clinical suggestions for assessment and 
therapy. These recommendations are not exhaustive, but 
rather demonstrative of an approach to translating the 
science into clinical practice. 

A common theme will appear—that very similar 
interventions will address the causes and become the 
treatment for most of the chronic diseases of the 21st 
century. Modifications, adjustments, inclusions, and 
exclusions will always be required, depending on the 
genetics, history, and stage of dysfunction of your 
patient, but the basic principles of a diet that supports 
health will be the same: an organic, whole-foods diet, 
rich in a variety of fruits and vegetables, fiber, whole 
grains, legumes, nuts and seeds, lean animal protein, 
and monounsaturated and omega-3 fatty acids; and low 
in processed foods, sugar, high fructose corn syrup, 
trans-fatty acids, caffeine, and alcohol. (Clinicians can-
not ignore the need for exercise and stress manage-
ment, of course, but those are covered elsewhere in the 
book.) Even when delineation of “ideal” percentages of 
macronutrients or micronutrient doses for an individ-
ual patient is not possible, following the guiding princi-
ples of providing the basic nutritional substrates for 
optimal function will yield remarkable clinical results. 
Controversies do exist about the specific components of 
a healthy diet (for example, whether soy is helpful or 
harmful, or whether all saturated fats are harmful). 

However, the science of nutrition and nutrigenomics 
provides a firm foundation upon which to create 
improved clinical outcomes in chronic disease. 

Functional Medicine and Nutrition: A Natural 
Partnership

The principles, processes, and imbalances of func-
tional medicine are best understood as didactic tools 
that help clinicians better explain the mystery of biol-
ogy and human function using a lens that is more 
refined and developed, but nonetheless only an approxi-
mation of reality. The web-like physiology and biochem-
istry of the human being is complex and densely 
interconnected. Any input, harmful or helpful, enters 
the system and creates a multitude of interrelated 
responses. A single input, such as gluten, in a susceptible 
individual can trigger damage to the intestinal mucosa, 
impairing nutrient absorption and creating B12, min-
eral, and vitamin D deficiencies, in addition to upregu-
lating the gut-associated lymphoid tissue (GALT) and 
activating a systemic immune response that can, in turn, 
lead to oxidative stress and imbalances in thyroid and 
sex hormones. Inflammation may in turn affect nuclear 
PPARs through TNF-, increasing insulin resistance, 
impairing fatty acid oxidation, and leading to changes 
in body composition. What an extraordinary outcome 
from the ingestion of a single component of some very 
common foods! 

This is only one example of what occurs repeatedly in 
living systems, where there is an infinite array of macro-
scopic and microscopic, physical and meta-physical 
inputs, both beneficial and harmful. Humility in the face 
of the vast mystery of human life and function must be 
our guide. 

We cannot fully master the practice of medicine and heal-
ing, but we can be guided by three simple principles that 
make the challenge less daunting: 

1. One input (environmental or genetic) may cause 
many diseases, and one disease may be caused by 
many inputs.

2. Always consider the two key questions of functional 
medicine: What harms this patient? What makes this 
patient thrive? 

3. The science behind functional medicine can be diffi-
cult to understand, but it can also be relatively simple 
to practice.
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The functional medicine matrix provides a way to 
sift and sort data obtained from the medical literature, 
the patient history, and the biochemical and physio-
logic assessments of laboratory work and physical 
examination. It is a framework that helps to organize 
our thinking and our approach to patients. It is a funda-
mentally new and refreshing way of providing innova-
tive and effective solutions for what ails our patients in 
the 21st century.

The Matrix: Dietary Influences on Hormonal 
Balance

The influence of diet on hormone balance is vast 
and includes the differential effects of specific types of 
carbohydrates and fats, amino acids, fiber and gut flora, 
as well as micronutrient effects on hormone synthesis, 
receptor function, metabolism, and detoxification. 
Anti-nutrients—harmful foods and non-nutritive sub-
stances in our food supply, including xenobiotics, exog-
enous hormones, and antibiotics—have powerful 
effects on hormone function. The most striking and 
useful clinical examples of dietary influences on hor-
monal balance will be reviewed, including effects on 
the master hormones (insulin, cortisol, and adrenlin), 
on thyroid function, and on sex hormone balance. We 
will also review the ways in which diet can create imbal-
ance or restore optimal function. Specific diagnostic 
and therapeutic strategies will be presented.

The master hormones. Hormonal signals act both 
as a symphony of endocrine signals governing diverse 
functions throughout the organism, and as a hierarchi-
cal system where dysfunction in the “governing” hor-
mones leads to dysfunction throughout the system. The 
key governing hormones regulated by dietary inputs, 
which interact in an immediate and direct feedback sys-
tem, are insulin, cortisol, and adrenalin. These, in turn, 
influence sex steroid hormones, thyroid hormones, 
growth hormone, and others. (See Sidebar for common 
symptoms of HPA axis dysfunction.)

Perhaps the most visible intersection of diet and hor-
mones is the influence of diet on glucose metabolism in 
the metabolic syndrome. To review briefly what has been 
thoroughly discussed elsewhere in this book, in the con-
text of genetic predisposition or in the face of over-
whelming exposure to refined carbohydrates (180 
pounds of sugar consumed per person per year in the 
United States), a chronic state of hyperinsulinemia, 
hypercortisolemia, and hyperadrenalism is induced, with 

its cascade of adverse biologic effects. A high glycemic-
load diet increases central adiposity, elevates triglycerides 
and LDL-C, and reduces HDL-C. It also upregulates 
inflammatory cytokines such as IL-6 and TNF-, 
increases advanced glycation end products and oxidative 
stress, and elevates PAI-1 and fibrinogen. Other problems 
include non-alcoholic steatohepatitis and impaired 
detoxification; PCOS in various presentations (including 
anovulation, infertility and hirsutism); endothelial dys-
function leading to cardiovascular disease; dementia and 
cancer (including hormonal cancers); and other chronic 
morbidities resulting from obesity. Dietary factors46 other 
than high glycemic-load carbohydrates that contribute 
to the epidemic of metabolic syndrome include lack of 
dietary fiber, essential fatty acid deficiency, caffeine, 
excess saturated and trans-fatty acids, protein insuffi-
ciency,47 micronutrient deficiencies (vitamin E, biotin, 
the B vitamins, zinc, bioflavonoids, alpha-lipoic acid, 
arginine, carnitine, and inositol), and deficiency of anti-
oxidants.48 High glycemic-load diets not only increase 
insulin resistance but shift the hypothalamic-pituitary-
adrenal (HPA) axis toward sympathetic overactivity, with 
increases in cortisol, ACTH, and norepinephrine, and 
decreased heart rate variability.49,50 Table 26.2 provides 
some therapeutic strategies for managing insulin resis-
tance, and Table 26.3 provides a list of laboratory tests 
for assessing indicators of the condition.

Symptoms of Adrenal and HPA Axis Dysfunction

• Cravings for salt and/
or sweets

• Dark circles under the 
eyes

• Dizziness upon 
standing

• Fatigue 
• Feeling stressed
• Feeling tired but 

wired
• Feeling weak and 

shaky
• Frequent infections 

(catching cold 
easily)

• Headaches
• Heart palpitations
• Hypoglycemia
• Impaired ability to 

tolerate exercise

• Low blood pressure
• Mental fogginess or 

trouble 
concentrating

• Need to start the day 
with caffeine

• Non-restorative sleep
• Panic attacks or being 

easily startled
• Poor tolerance for 

alcohol, caffeine, and 
other drugs

• Sleep problems—dif-
ficulty either falling 
asleep or staying 
asleep

• Sweaty palms and 
feet when nervous

• Water retention
• Weak muscles
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Other secondary hormones and neuropeptides51 
are influenced by dietary macronutrient quality and 
balance, stress, and physical activity, all of which also 
influence appetite and energy balance. There exists an 
intricate and dynamic cross talk between the gut endo-
crine system (ghrelin, peptide YY, cholecystokinin 
(CCK), proglucagon products), the adipocytokines, 
adipo-hormones (leptin, adiponectin, resistin), and the  
hypothalamic neuropeptides (neuropeptide Y (NPY), 
 melanocyte stimulating hormone (MSH), agouti-

related protein (AgRP), cocaine and amphetamine-regu-
lated transcript (CART), orexin). In summary, these cell-
signaling molecules act either directly or indirectly to 
inhibit or stimulate food intake, and in turn are influ-
enced by meal composition, food quantity, and timing. 

Influences on hormonal signaling from food go 
beyond their caloric aspects. A low glycemic-load diet 
over two years with a 10% weight loss caused less 
reduction in resting energy expenditure or metabolic 
rate than a low-fat diet with an identical 10% weight 

Table 26.2 Therapeutic Strategies: Insulin Resistance

Dietary Recommendations

Nutrient Supplementation Lifestyle Changes
To Minimize 

the Causes of IR
To Improve 

Insulin Sensitivity

Eliminate refined flours and 
sugars

Increase fiber to 50 g/day Increase levels of magnesium, 
chromium, vanadium, vitamin 
E, biotin, B complex

Engage in regular stress man-
agement practices such as 
yoga, deep breathing, medita-
tion, guided imagery, etc.

Engage in regular exercise: 
cardiovascular exercise for 
30–45 minutes, 5–6 days/
week; and strength training 
10–30 minutes, 3 days/week.

Eat smaller, more frequent 
meals (3 meals and 2–3 
snacks).

Eat no later than 2–3 hours 
before bedtime.

Eliminate sodas and sweetened 
drinks

Use predominantly soluble 
fiber**

Take a high-potency multi-
vitamin/mineral daily

Eliminate artificial sweeteners* Reduce the glycemic load of 
meals

Alpha-lipoic acid, 200 mg, 
twice a day

Eliminate junk food and pro-
cessed foods

Eat beans or legumes daily Supplement EFAs: EPA, DHA 
(fish oil), ALA (flaxseed or oil), 
GLA (borage or evening prim-
rose oil)

Eliminate trans or 
hydrogenated fats

Have protein and fat with 
every meal or snack

Ginseng may help regulate 
insulin, blood sugar, and adre-
nal function

Limit alcohol to 3 drinks per 
week

Have lean protein for breakfast Arginine may improve insulin 
resistance

Limit caffeine Eat omega-3 fats daily Other herbal or nutritional sup-
plements may be helpful: 
green tea, fenugreek, cinna-
mon, Gymnema sylvestre, bitter 
melon, and garlic

Have 2 tbsp ground flaxseed 
daily

Reduce saturated fat from 
animal foods (meat, poultry, 
dairy)

*Artificial sweeteners can trigger insulin response from brain signals and can fuel cravings for sweets.

**Soluble fiber slows sugar absorption from the gut, and is found in legumes, nuts, seeds, whole grains, vegetables, and fruit.
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loss, as well as greater reductions in insulin resistance, 
serum triglycerides, C-reactive protein, blood pressure, 
and self-reported hunger. This demonstrates that 
changes in dietary composition can affect the physio-
logic adaptations that defend body weight.52 Regular 
meal frequency (5–6 small meals a day) results in lower 
total energy intake, greater post-prandial thermogene-
sis, and lower fasting total and LDL cholesterol and 
postprandial insulin profiles.53

The sex hormones. Sex hormones are influenced by 
diet in many ways. One prime example is estrogen, and 
conditions related to estrogen/progesterone imbalance, 
including hormonal cancers, endometriosis, premen-
strual syndrome, uterine fibroid tumors, fibrocystic 
breasts, cervical dysplasia, and infertility. Improving hor-
monal balance can be accomplished by nutritional and 
lifestyle interventions such as increasing fiber, reducing 
fat, increasing intake of phytoestrogens, weight loss, and 
exercise. Certain nutrients and phytonutrients may 

enhance specific pathways of estrogen metabolism and 
detoxification (e.g., isoflavones, essential fatty acids, 
indole-3-carbinol, B vitamins, magnesium, limonene, 
and antioxidants). While diet can lead to suppression of 
hormones in diseases like anorexia nervosa, the focus 
here will be on modulation of excess endogenous and 
exogenous estrogens through diet. Table 26.4 provides a 
summary of symptoms, risk factors, and therapeutic 
strategies for hormonal imbalance in women.

These interventions affect many of the underlying 
physiological causes for hormonal imbalance, primarily 
the following:

• Diet can modulate estrogen synthesis, receptor activ-
ity, and detoxification and metabolism of estrogens. 
Briefly, estrogen is detoxified and metabolized pre-
dominantly through phase I (hydroxylation) and 
phase II (methylation and glucuronidation). 
Hydroxylation produces either 2-hydroxyestrone 
(2-OH), 4-OH or 16-OH. 2-OH is a weak estrogen 
and may have anti-cancer properties. 16-OH and 
4-OH metabolites have estrogenic and carcinogenic 
properties. Methylation renders the metabolites 
more inert, and glucuronidation is the major 
excretory pathway. All these detoxification pathways 
are influenced by diet. [A comprehensive review of 
women’s hormones can be found in Chapter 19 
(Part I) and Chapter 32 (Part II).]

• Dietary causes of hormonal imbalance include 
excess energy intake and obesity, leading to 
increased conversion of androgens to estrogen 
by aromatase. 

• Hyperinsulinemia increases ovarian testosterone 
production and reduces sex hormone binding glob-
ulin (SHBG), increasing free estrogen levels. 

Table 26.3 Laboratory Testing for Insulin Resistance Indicators

Test to be Performed
Results to be 

Concerned About

75 g glucose tolerance test 
with insulin levels

FBS > 90; fasting insulin > 8; 
2-hour BS > 140; 
2-hour insulin > 40

Ferritin > 200

Fibrinogen > 350

High-sensitivity C-reactive 
protein

> 1.0

Homocysteine > 8.0

Liver function tests Elevated AST, ALT, GGT

Low serum magnesium < 2.0

NMR lipid profile (assess-
ment of lipid particle size)

Small LDL and HDL particles 
and large VLDL particles

Total cholesterol, HDL-C, 
LDL-C, triglycerides

HDL levels < 50 for men, 
< 60 for women; 
triglycerides > 100; 
triglyceride/HDL ratio > 5

Uric acid > 7.0

Symptoms and Signs of Insulin Resistance
• Sugar cravings
• Hypoglycemia (night sweats, irritability, palpitations, 

dizziness, fatigue relieved by eating)
• Post-prandial fatigue after carbohydrate meals
• Chronic fungal infections
• Fatigue
• Central obesity (waist-to-hip ratio > 0.8 in women and 

0.9 in men)
• Polycystic ovary syndrome or infertility
• Hypertension
• Family history of diabetes, hypoglycemia, or 

alcoholism
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Table 26.4 Hormone Imbalance in Women: Symptoms, Risk Factors, and Therapeutic Strategies

Common Symptoms Risk Factors

Therapeutic Strategies

Dietary 
Recommendations

Nutrient 
Supplementation

Lifestyle 
Changes

Premenstrual 
Syndrome: 
• Backache, joint or 

muscle pain
• Depression
• Edema, swelling, 

puffiness, or water 
retention

• Feeling bloated 
• Feeling unable to cope 

with ordinary 
demands

• Headaches
• Monthly weight 

fluctuation
• Mood swings
• Premenstrual food 

cravings (sugar or salt)
• Tender, enlarged 

breasts
• Irregular cycles, 

heavy bleeding, 
light bleeding

• Infertility
• Premenstrual 

migraines
• Breast cysts or lumps 

or fibrocystic breasts
• Uterine fibroids

Perimenopause 
or Menopause:
• Bloating or weight 

gain around the mid-
dle, facial hair

• Dry skin, hair and 
vagina

• Hot flashes
• Insomnia
• Joint pains 
• Loss of libido or sex 

drive
• Mood swings or 

depression or anxiety
• Night sweats
• Palpitations
• Trouble with memory 

or concentration

• Use of birth control pill 
or other hormones

• Family history of 
breast, ovarian or uter-
ine cancer

• Exposure to pesticides 
(food, water, air)

• Obesity

Eliminate or reduce:
• Alcohol consumption 

at no more than 3 
glasses a week

• Artificial sweeteners
• Dairy products
• Processed foods 
• Refined sugars and 

carbohydrates
• Saturated/trans fats
• Xenobiotics, anti-

biotics and hormones 
in food 

• Antioxidants and 
phytonutrients (vita-
min E, resveratrol, cur-
cumin, NAC, green 
tea, selenium, etc.)

• Calcium, magnesium 
and vitamin D

• Indole-3-carbinol
• Methylation cofactors 

(folate, B6, B12)
• Multivitamin/mineral
• Omega-3 fatty acids
• Probiotics

• Regular exercise
• Stress management
• Weight reduction

Increase or 
emphasize: 
• 1–2 cups/day of crucif-

erous vegetables 
(broccoli, collards, 
kale, etc.)

• Fiber, up to 25–50 g/
day; include legumes, 
whole grains, vegeta-
bles, nuts, seed, fruits 

• Filtered water (reverse 
osmosis) to eliminate 
xenoestrogens 

• Garlic for sulfur and 
to help with 
detoxification

• Intake of omega-3 
fatty acids (wild 
salmon, sardines, 
herring, flaxseed)

• Organic foods to 
minimize intake of 
xenoestrogens, hor-
mones, and antibiotics

• Phytoestrogen con-
sumption (soy, flax) 

*Follow guidelines 
for balancing glucose 
metabolism (Table 
26.2).
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• High-fat diets promote C-16 hydroxylation over 
C-2 hydroxylation. 

• Antioxidant-deficient diets may promote the oxida-
tion of catechol estrogens (2-OH and 4-OH) yield-
ing toxic reactive molecules called quinones. 

• Alcohol interferes with estrogen detoxification, 
increasing estradiol levels and the risk of breast 
cancer.54 

• Environmental toxins are a significant source of 
exogenous estrogen exposure (xenoestrogens), 
many of which find their way into our food supply 
through pesticides and herbicides. Hormones used 
in commercial livestock and milk production also 
increase exposure to environmental estrogens.55 
Even antibiotics found in the food supply may be 
associated with increased breast cancer risk by alter-
ing gut flora involved in enterohepatic circulation 
of estrogens.56

Fortunately, diet can also promote normalization of 
estrogen metabolism through diverse mechanisms: 

• Dietary fiber and lignins (found in flaxseed, the 
bran layer of grains, beans, and seeds) reduce the 
enterohepatic circulation of estrogen by binding 
unconjugated estrogens and enhancing fecal 
excretion. They also increase serum levels of SHBG 
and improve the balance of intestinal flora, reduc-
ing intestinal  glucuronidase and deconjugation 
of estrogens. 

• Reducing glycemic load can diminish adverse 
effects on sex hormones. 

• Essential fatty acids (EFAs) increase C-2 hydroxyla-
tion and decrease C-16 hydroxylation in breast 
cancer cells. 

• Probiotics found in food (yogurt and fermented 
products) and in supplements may help normalize 
estrogen metabolism by reducing  glucuronidase, 
producing bacteria, and promoting the formation 
of anti-carcinogenic enterolactones from lignins. 

• Indole-3-carbinol, a compound found in crucifer-
ous vegetables such as broccoli, Brussels sprouts 
and cabbage, increases the protective 2-OH estro-
gens. Clinically, it may help in the prevention and 
treatment of estrogen-related cancers and has been 
shown to reverse cervical dysplasia. 

• Phytonutrients, often mislabelled phytohormones, 
modulate hormonal response through multiple 
mechanisms, including competitive inhibition at 

the receptor sites, increasing plasma SHBG levels, 
decreasing aromatase activity, and shifting estrogen 
metabolism from the C-16 to the C-2 pathway. 
The main dietary sources are isoflavones from soy,i 
kudzu root, legumes, and clover, and lignans from 
flaxseeds, other seed oils, whole grains, legumes 
and vegetables.

• Other beneficial phytonutrients include curcumin, 
which can increase hepatic glutathione, and glu-
tathione-S-transferase, hence facilitating the detoxi-
fication of quinones from the oxidation of catechol 
estrogens. Antioxidants in food and supplements 
may also help reduce the oxidation of catechol 
estrogens into quinones.

• Multiple plant compounds may inhibit or modu-
late NFB: soy isoflavones have been shown to have 
anti-tumor and health-promoting effects57 that may 
be a function of their effects on NFB. NFB is a 
critical gene transcription factor, the activation of 
which induces the expression of IL-6. Interleukin 6 
(IL-6) is an inflammatory cytokine controlled in 
part by hormonal feedback mechanisms. Excess 
IL-6 production stimulates tumorigenesis (breast, 
prostate, colon, lung, and ovary) and accelerates 
aging in general.

Other dietary factors promote hormonal balance, 
including methylation cofactors, folate, pyridoxine, and 
cobalamin. Elevated intracellular levels of B6 decrease 
gene transcription responses when estrogen binds to the 
estrogen receptor. Methylation cofactors are also critical 
in DNA synthesis, repair, and methylation. 

Testing hormonal function is a complicated subject, 
and is discussed in depth by Dr. Bethany Hays in her 
contributions to this book (Chapters 19 and 32). In 
terms of basic assessment approaches, the following are 
useful laboratory tests:

• 24-hour urine for estrogen metabolism
• 2:16 OH estrogen ratios
• FSH, LH, estradiol, progesterone, free testosterone, 

SHBG
• Homocysteine

i Basic science and clinical data on soy are varied, yet both epidemiolog-
ical and experimental data in animals and humans, with historically 
consumed levels of isoflavones, demonstrate protective effects through 
modification of estrogen receptor activity, increases in SHBG, and lower 
rates of hormone-dependent cancers. Soy isoflavones may help to 
restore balance by integrating hormonal ligand activities and by inter-
fering with signaling cascades.
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• TSH, free T4, free T3, thyroid peroxidase antibodies
• SNPs involved in hormone metabolism and detoxi-

fication, such as MTHFR, CYP 1B1, COMT, and 
GSTM1

The Matrix: Dietary Influences on Oxidative 
Stress, Mitochondrial Function, and Energy 
Metabolism 

Oxidative stress, with its resultant mitochondrial 
injury, is a vital common pathway in the pathophysiol-
ogy of disease. Thousands of peer-reviewed papers 
delineate the role of oxidative stress in nearly every dis-
ease, acute and chronic. Exhaustive epidemiologic evi-
dence suggests that dietary antioxidants are protective 
against most of the age-related diseases, including car-
diovascular diseases, neurodegenerative diseases, can-
cers, and inflammatory disorders. Interventional 
studies of antioxidants in the prevention of disease are 
mixed,58 often because of design flaws and confound-
ing factors. Regardless of the current controversies sur-
rounding antioxidant supplementation, recognizing 
clinical and laboratory manifestations of oxidative 

stress and mitochondrial dysfunction is essential. Spe-
cific dietary and nutraceutical interventions can reduce 
oxidative stress and enhance mitochondrial function 
and bioenergetics (see Tables 26.5, 26.6 and 26.7 for 
detailed information on common symptoms, associ-
ated conditions, and dietary, nutritional supplementa-
tion, and lifestyle/environment recommendations).

Oxidation and reduction (redox) are basic biochemi-
cal reactions that exist throughout nature. In humans, 
this process is controlled through the exogenous and 
endogenous exposure or production of oxidants and 
antioxidants. Redox balance is intimately involved in 
the control of cell signaling and gene transcription, 
apoptosis, and aging in each cell and for the total 
organism. Dietary, environmental, and even psycholog-
ical factors influence redox status. The biology of aging 
(and hence all age-related degenerative disease) is inti-
mately connected to uncontrolled oxidation, mito-
chondrial injury, DNA mutations, and cell death. 
Oxidants cause damage to biomolecules, including 
DNA, organelles, cell membranes, lipids, and proteins. 

Table 26.5 Oxidative Stress and Mitochondrial Dysfunction: Symptoms, Associated Conditions, and Contributing Factors

Common Symptoms 
of Oxidative Stress

Common Conditions 
Associated with 
Oxidative Stress

Consequences of 
Free Radical Attack

Dietary Sources of 
Oxidative Stress and 
Mitochondrial Injury

• Allergies

• Anxiety

• Depression

• Digestive problems

• Dizziness

• Fatigue

• Headaches

• Hypoglycemia

• Irritability

• Lowered resistance to 
infection

• Muscle and joint pains

• Muscle weakness

• Poor mental function and 
cognition

• ALS

• Alzheimer’s disease

• Asthma

• Cancer

• Cardiovascular disease

• Chronic fatigue syndrome

• Diabetes

• Fibromyalgia

• Iron overload (or 
hemochromatosis)

• Multiple chemical 
sensitivity

• Multiple sclerosis

• Occupational exposures

• Osteoarthritis

• Parkinson’s disease

• Rheumatoid arthritis

• Breaking apart and clump-
ing together of proteins

• Breaking off proteins from 
cell membranes, destroy-
ing the integrity of the cell

• Changes in immune 
function

• Damage and disruption of 
organelles and the nuclear 
membrane

• Damage to DNA and 
mutations

• Fusion of proteins and 
fats in cell membranes 
causing damage to cell 
communication

• Inactivation of enzymes

• Increased permeability of 
cell membrane 

• Charbroiled foods and 
polycyclic aromatic hydro-
carbons 

• Excess sugar/glucose 

• Excess alcohol that can lead 
to an increase in cytokines

• Exposure to petrochemi-
cals and heavy metals in 
the diet

• Overeating; excess caloric 
intake

• Processed and nutrient-
poor foods in the diet 

• Rancid fats from the diet

• Under-nutrition and nutri-
tional deficiencies
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The single most important factor regulating the 
redox balance is diet. Reactive oxygen species (ROS) are 
generated in the mitochondria as a by-product of the 
conversion of calories and oxygen into the body’s 
usable energy source—ATP or adenosine triphosphate. 
Our cells contain 100,000 trillion mitochondria. They 
consume 90% of our oxygen intake. Forty percent of 
each cardiocyte is filled by mitochondria. Fatigue is a 
central component of most diseases, a phenomenon 
directly related to oxidative stress and mitochondropa-
thy. Endogenous antioxidant mechanisms such as SOD,

catalases, and GSHPx are dependent on essential dietary 
nutrients as cofactors (Zn, Cu, Mn, vitamin C, and Se). 
Exogenous antioxidants (dietary antioxidants, polyphe-
nols, phytonutrients, and conditionally essential nutri-
ents) protect DNA, molecules, mitochondria, and cells 
from excess oxidative damage. Endogenous oxidant 
production is directly tied to caloric intake—hence, the 
reduction in age-promoting cell signaling and gene 
transcription found in caloric restriction.59 (Caloric 
restriction is the only clearly established method to 
enhance longevity in animal models.)

Table 26.6 Oxidative Stress: Therapeutic and Protective Strategies

Lifestyle and 
Environment Changes

Nutritional
Supplementation

Botanical
Antioxidants

• Minimize environmental toxin 
exposures

• Minimize ionizing radiation (ultra-
violet, x-rays, radon)

• Reduce exposure to tobacco 
smoke (first- or secondhand)

• Reduce air pollutants with HEPA or 
ULPA filters (carbon monoxide and 
nitrogen dioxide)

• Avoid excessive or insufficient 
exercise 

• Improve inadequate sleep/wake 
rhythms/cycles

• Treat chronic infections

• Reduce internal sources of 
oxidative stress, i.e., gut ecology 
imbalances

• Improve liver and gut 
detoxification 

• Reduce exposure to fungal toxins 
from environmental and internal 
molds and fungi 

• Reduce stress; cortisol and stress 
both increase inflammation

• Deep breathing to increase oxy-
genation of tissues and cells

• Mixed carotenoids including beta- 
and alpha-carotene, lutein, lyco-
pene, and zeaxanthin

• Mixed tocopherols 400 to 800 IU/
day—including d-alpha-, gamma- 
and delta-tocopherols

• Proanthocyanidins 50–100 
mg/day

• Selenium 100–200 mcg/day

• Vitamin A 5,000 to 10,000 IU/day

• Vitamin B complex 

• Vitamin C 500–2000 mg/day 

• Vitamin D 400 IU to 1200 IU/day 

• Zinc 15–75 mg/day 

Botanical antioxidant pigments:
• Carotenoids (lycopene, beta-, 

alpha-, and gamma-carotene, 
lutein, astaxanthin, zeaxanthin, phytoene, phyto-
fluene) in orange and yellow vegetables

• Green tea polyphenols

• Anthocyanidins (berries, grapes)

• Quercitin (fruit and vegetable rind)

• Curcuminoids (turmeric)

• Trans-resveratrol (phytoalexin from grapes)

Herbal antioxidants:
• Ashwagandha (Withania somnifera), ancient 

Ayurvedic adaptogen 

• Blueberry and bilberry (Vaccinium myrtillus)

• Chocolate (Theobroma cacao) 

• Cranberry (Vaccinium 
macrocarpon)

• Garlic (Allium sativum)

• Ginger (Zingiber officinales)

• Ginkgo (Ginkgo biloba)

• Grape seed (Vitis vinifera)

• Green tea (Camellia sinensis)

• Hawthorne (Crataegus oxyacantha)

• Horse chestnut (Aesculus 
hippocastanum)

• Milk thistle (Silybum marianum)

• Purple grape (Vitis labrusca)

• Rosemary (Rosmarinus officinalis)

• Spinach

• Turmeric (Curcuma longa)
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A nutrient-poor, calorie-rich, high glycemic-load, 
antioxidant-deficient, refined diet (generally, the stan-
dard American diet, or SAD) increases ROS and all of 
their downstream biologic effects. Exogenous food addi-
tives, petrochemicals, heavy metals, and iron excess or 
deficiency also increase oxidative stress. Dietary factors 
(or any factors) that increase inflammation (trans and 
saturated fats, deficiencies of essential fatty acids, high 
glycemic load, lack of fiber, etc.) also increase oxidative 
stress through cell-signaling pathways involving NFB 
and other key transcription factors.60 

In susceptible individuals, dietary antigens (gluten, 
dairy, eggs, etc.) trigger imbalances in Th1 and Th2 
cytokines, thus increasing oxidative stress. Cell mem-
brane and mitochondrial membrane function, critical 
in cell signaling and signal transduction, is determined 
in part by the quality of membrane fatty acids. Fluid 
monounsaturated and polyunsaturated (omega-3) fatty 
acids support normal membrane function and help to 
balance the inflammatory prostaglandin cascade. ROS 
can also trigger cell signals that increase inflammation 
through regulation of gene transcription factors such as 
NFB, and modulation of the PPAR family of nuclear 
receptors leading to a feed-forward cycle of inflamma-
tion, oxidative stress, mitochondrial injury, and acceler-
ated disease processes and aging. 

Dietary interventions to reduce oxidative stress and 
mitochondrial damage must take into consideration the 
way in which the redox system functions. By design, it 
is dependent on multiple antioxidants from the diet, 
endogenous antioxidants and their cofactors, as well as 
relatively higher levels of dietary phytonutrients such as 
polyphenols. Each antioxidant becomes oxidized in the 
process of reducing ROS. In turn, it is reduced down the 
chain, thereby preventing uncontrolled oxidative stress 
reactions. This occurs in every cell and tissue and is 
dependent on an adequate supply of the basic dietary 
antioxidants such as vitamin C, the tocopherols, carot-
enoids, and the proper substrates for synthesis and recy-
cling of glutathione (glutamine, glycine, cysteine, sele-
nium, and phytonutrients) and lipoic acid. Glutathione 
is the final common pathway for the reduction of oxi-
dants, and also plays a critical role in detoxification. 
Glutathione is depleted and oxidative stress increased 
in most chronic disease.61

It must be remembered, however, that reduction
and oxidation together are involved in cell signaling. 
Quenching all ROS is not the objective. Creating redox 
balance is central to the prevention and treatment of 
disease, however difficult to clinically assess or measure. 
Diagnosing oxidative stress and acquired mitochondrial 
dysfunction is both difficult and important as a target 
for therapy. (Table 26.8 contains a list of tests that can 
be used to detect problems in these areas.) Further, it is 
difficult to determine whether oxidative stress is the 
cause or consequence of age-related disease.62 Indeed, it 
is both, and modulation of redox status through dietary 
macronutrients, micronutrients, and phytonutrients is 
an important clinical therapeutic tool. 

Dietary strategies to balance redox status must begin 
by increasing intake of a variety of antioxidant-rich 
foods,63 as well as foods that provide phytonutrients 
such as flavonoids and polyphenols (found in teas, red 
wine, cocoa).64,65 The concept of a “metabolic tune-up” 
was introduced by Bruce Ames, PhD. This important 
strategy focuses on the use of supplements to optimize 
function by reducing DNA damage and mitochondrial 
oxidative decay, and improving the Km of enzymes by 
providing higher doses of the corresponding micronu-
trient co-enzyme.66 While evidence in large controlled 
human clinical trials is limited, the intelligent use of 
nutraceuticals in modulating redox status and optimiz-
ing function is safe and can be clinically effective.

Table 26.7 Supplements to Enhance Mitochondrial Function

Basic 
Mitochondrial Support

Enhanced 
Mitochondrial Support

• Amino acids: arginine, 
aspartic acid, cysteine

• B complex vitamins

• Biotin 1000–2000 
mcg/day

• Calcium 800–1200 
mg/day

• Magnesium 400–600 
mg/day

• Pantothenic acid 50–500 
mg/day 

• Riboflavin 10–100 mg/day

• Thiamine 10–100 mg/day

• Zinc 20–50 mg/day

• Acetyl-L-Carnitine 500 to 
4000 mg/day

• Alpha-lipoic acid 100 to 
600 mg/day

• Coenzyme Q10, 50 to 
1200 mg/day

• Creatine 2–4 g/day

• N-acetylcysteine (or NAC) 
500 to 2000 mg/day

• NADH 5 to 20 mg/day

• Reduced glutathione 300 
to 600 mg/day
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The Matrix: Dietary Influences on Detoxification

Diet and detoxification intersect in two important 
ways. Diet is a source of many environmental and natu-
ral toxins. Diet also is the source of amino acids, fiber, 
nutrients, and phytonutrients critical for facilitating 
elimination of both metabolic and environmental tox-
ins through phase I and phase II detoxification, as well 
as through gastrointestinal and renal excretion. Diet 
interacts with many phase I and phase II genes regulat-

ing detoxification and can be used as an aid in coping 
with the increased burden of environmental and dietary 
toxins. A number of degenerative and chronic diseases 
have been linked to toxic overload, or impaired detoxifi-
cation; these include the neurodegenerative diseases, 
cancers, chronic fatigue, fibromyalgia, and endocrine, 
autoimmune, and inflammatory disorders. (Analysis of 
these topics and the evidence behind them can be found 
in Chapters 22 and 31.)

The major sources of food toxins include the petro-
chemical residues in our food and water from certain 
farming practices, mercury from industrial waste (often 
found in predatory fish), lead in our water supply, 
advanced glycation end products from food prepara-
tion, polycyclic aromatic hydrocarbons from char-
broiled meats, trans fat, and naturally occurring plant 
toxins such as aflatoxins. Minimizing the exposure to 
these toxin sources is important; however, the most 
important role for diet is providing the substrates and 
cofactors for optimal detoxification through cellular, 
hepatic, gastrointestinal, and renal mechanisms.

With the advent of four million synthetic com-
pounds, heavy metals, and the metabolic/digestive 
waste from the planet’s billions of people (not to men-
tion the commercially raised livestock), our innate 
detoxification-coping capacities have been exceeded. All 
humans in the 21st century store chemical toxins, and 
about 25% store heavy metals in our tissues. Managing 
this toxic burden is metabolically expensive, and 
requires adequate nutrients and cofactors that support 
detoxification pathways. The major categories of toxins 
are chemical toxins, heavy metals, microbial com-
pounds (from bacteria, yeast, or other organisms), and 
the breakdown products of normal protein metabolism. 
The heavy metals most implicated in disease are lead, 
mercury, cadmium, arsenic, nickel, and aluminum. The 
chemical toxins include toxic chemicals and volatile 
organic compounds (VOCs), solvents (cleaning materi-
als, formaldehyde, toluene, benzene), drugs, alcohol, 
pesticides, herbicides, and food additives. Bacteria and 
yeast in the gut produce waste products, metabolic prod-
ucts, and cellular debris that can interfere with many 
body functions and lead to increased inflammation and 
autoimmune diseases. These include endotoxins, toxic 
amines, toxic derivatives of bile, and various carcino-
genic substances such as putrescine and cadaverine. 
Last, the body must rid itself of the by-products of nor-
mal protein metabolism, including urea and ammonia.

Table 26.8 Testing for Oxidative Stress and Mitochondrial 
Dysfunction

Testing for 
Oxidative Stress

Testing for 
Mitochondrial Dysfunction

• 4-hydroxy-2(E)-nonenal 
(4-HNE)

• Antioxidant enzyme assays 
of superoxide dismutase 
(SOD), glutathione peroxi-
dase (GSHPx), and catalase

• Assessment of iron over-
load: transferrin satura-
tion, ferritin, serum iron 
and total iron binding 
capacity

• Assessment of antioxidants 
(blood levels) can occa-
sionally be helpful (e.g., 
vitamin A, vitamin E, 
CoQ10, and beta-
carotene)

• F2-isoprostanes 

• Lipid peroxides (TBARS) in 
urine or serum 

• Malondialdehyde (MDA)

• Myeloperoxidase 

• Serum lactoferrin 

• Urinary 8-hydroxy-2-deox-
yguanosine (8-OH-2DG)

• Urinary hydroxyl markers, 
including catechol and 
2,3-dihydroxybenzoate 
measured after an aspirin 
and acetaminophen 
challenge

• Whole blood or intracellu-
lar glutathione and 
reduced glutathione

• Cardio metabolic stress 
testing: VO2max

• Muscle biopsy (rarely)

• Organic acids
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The detoxification system is comprised of the skin, 
liver, kidneys, intestines, and lungs. It relies on the right 
balance of macronutrients, fiber, micronutrients, and 
phytochemicals to be effective. For example, methylation 
cofactors are essential for phase II detoxification. Ade-
quate protein nutrition is required to supply the amino 
acids used in phase II reactions such as glutathione and 
glycine conjugation and sulfation. Phytochemicals 
(including, for example, the glucosinolates in cruciferous 
vegetables and the catechins in green tea) increase the 
activity of glutathione-S-transferases. Teas may have 
other benefits such as binding metals in the diet.67 
Polyphenols68 (flavonoids in berries and other plant 
foods with deeply colored pigments) enhance the expres-
sion of  glutamylcysteine synthetase, increasing intracel-
lular glutathione concentration, which is depleted in 
many chronic diseases. Catechol-O-methyltransferase 
(COMT) and cytochrome enzymes, including 1B1, detox-
ify toxic estrogen metabolites. These enzymes can be 
facilitated through dietary intervention with methyla-
tion cofactors and indole-3-carbinol from cruciferous 
vegetables. These gene-environment interactions influ-
ence the risks of cancer, osteoporosis, cardiovascular dis-
ease, neurodegenerative disease, depression, and more.69

The functional capacity to metabolize and excrete 
toxins varies from person to person and determines the 
rate and amount of toxin accumulation. The total load—
all the exposures and influences that tax an individual’s 
physiology—need to be considered when trying to create 
optimal health. Even low-level toxins have a profound 
effect on cells, biological systems, and their proper func-
tioning, so efforts at limiting exposure are important, 
and maximizing the effectiveness of our detoxification 
capacity and elimination organs is critical. The clinical 
approach to detoxification must be individualized, based 
on biochemical and genetic variations from patient to 
patient (as well as differences in their environmental 
exposures). However, there are some basic principles that 
encourage mobilization of toxins, maximize their excre-
tion, and minimize their redistribution in other sites in 
the body. It is important to ensure these aspects of 
healthy detoxification are working well together. They 
depend on the right food, exercise, adequate sweating, 
vitamins, minerals, accessory (or conditionally essential) 
nutrients, hyperthermic or heat treatments like saunas or 
steam baths, stress management, and occasionally heavy 
metal chelation treatments with medications like DMSA 
for removal of accumulated mercury, arsenic, and lead.

The translation of the science of detoxification into 
clinical practices is not mature; however, the applica-
tion of that science to common health problems can be 
a remarkably effective tool for the clinician. (Please refer 
to Chapter 31 on Detoxification and Biotransformation 
for a more comprehensive discussion of these and addi-
tional relevant issues.) Assessment of exposures, testing 
endogenous detoxification capacity, identifying a 
patient’s detoxification-related SNPs, and performing 
provocation tests for heavy metals are all useful evalua-
tion approaches. Table 26.9 contains a list of tests by 
which toxic load and detoxification capacity can be 
assessed, and the suggestions provided in Table 26.10 
can help to correct impaired detoxification systems, 
maximize endogenous detoxification capacity, and 
safely eliminate stored toxins. Treatment choices need 
to be individualized for each patient, depending on 
symptoms, genetic predispositions, environmental 
exposures, functional capacity, dietary habits, concomi-
tant illnesses, and medications. 

Table 26.9 Assessing Toxic Burden and Detoxification Capacity

• Detoxification SNPs can be evaluated: phase I (CYP 1A1, 1B1, 
etc.) and phase II (COMT, NAT, GSTM1, GSTP1, etc.).

• Detoxification challenge tests can assess functionality (provo-
cations with caffeine, aspirin, acetaminophen).

• Detoxification enzymes can be measured:
– Reduced glutathione
– Glutathione peroxidase 
– SOD (superoxide dismutase)

• Heavy metal toxicity can be assessed:
– RBC or whole blood
– Hair analysis 
– Chelation challenge with DMSA

• Chemical antibodies to various toxins and metals can occa-
sionally be useful.

• Organophosphates can be identified through a 24-hour urine 
collection.

• Organochlorine residues can be identified through a fat 
biopsy. This is used mostly for research purposes, but certain 
labs process clinical specimens.

• Urinary d-glucarate can be used to assess exposure to indus-
trial toxins or xenobiotics.

• Urinary organic acids—specific compounds can be 
measured:
– Sulfates
– Pyroglutamate
– Orotate

• Urinary porphyrins, by-products of damaged hemoglobin, can 
be clues to damage done by chemical or heavy metal toxins.

• Urinary trimellitic anhydrides (TMA) can be used to assess 
exposure to volatile organic compounds (VOCs).



367

Chapter 26
Clinical Approaches to Environmental Inputs

Table 26.10 Detoxification Strategies: Dietary, Environmental, and Lifestyle Approaches

Avoiding and Removing Toxins Dietary Support for Detoxification Nutritional Supplementation

• Avoid excess exposure to environmen-
tal petrochemicals (garden chemicals, 
dry cleaning, car exhaust, secondhand 
smoke)

• Clean and monitor heating systems for 
release of carbon monoxide, the most 
common cause of death by poisoning 
in America 

• Drink filtered water (reverse osmosis or 
carbon filter)

• Enhance lymphatic flow with regular 
exercise, yoga, or lymphatic massage

• Facilitate excretory functions: 1–2 
bowel movements a day; 6–8 glasses of 
water a day; sweat regularly and pro-
fusely with exercise and the use of 
steam baths or saunas

• HEPA/ULPA filters and ionizers to 
reduce dust, molds, volatile organic 
compounds, and other sources of 
indoor air pollution

• House plants

• Minimize EMR (electromagnetic radia-
tion) and ionizing radiation

• Organic food and animal products 
to avoid petrochemical pesticides, 
herbicides, fumigants, hormones, 
and antibiotics 

• Reduce heavy metal exposure (preda-
tory and river fish, water, lead paint, 
thimerosol-containing products, etc.)

• Reduce or eliminate the use of toxic 
household and personal care products 
(aluminium-containing underarm 
deodorant, antacids, and pots and 
pans)

• Remove allergens from the diet and the 
environment 

• Treat gut infections and imbalanced 
gut ecology—often a source of endo-
toxins

• Bioflavonoids in grapes, berries, and 
citrus fruits

• Burdock root for liver detoxification 
and increasing the production of urine 
and sweat

• Celery increases urine flow

• Chlorophyll in dark green leafy vegeta-
bles and in wheat grass

• Cilantro can help remove heavy metals

• Cruciferous vegetables (cabbage, 
broccoli, collards, kale, Brussels 
sprouts) 1 cup daily

• Curcuminoids (turmeric and curry)

• Dandelion greens help liver detoxifica-
tion, improve the flow of bile, and 
increase urine flow

• Foods that contain the monoterpene 
limonene (citrus peel, caraway, and dill 
weed oil) can boost glucuronidation 
used for hormones and many medica-
tions

• Fresh vegetable juices (carrots, celery, 
cilantro, beets, parsley, ginger)

• Garlic (a few cloves a day)

• Green tea boosts liver detoxification 
(increases GST enzymes)

• High-quality, sulfur-containing pro-
teins (found in eggs, whey protein, gar-
lic, onions)

• Increase fiber intake through use of 
beans, whole grains, vegetables, fruits, 
nuts and seeds

• Pycnogenol in grape seeds is a power-
ful antioxidant that can protect against 
toxic by-products of detoxification

• Rosemary has carnosol, a potent 
booster of detoxification enzymes

• Try decaffeinated green tea in the 
morning

• Try herbal detoxification teas contain-
ing a mixture of burdock root, dande-
lion root, ginger root, licorice root, 
sarsaparilla root, cardamom seed, cin-
namon bark, and other herbs

• Alpha-lipoic acid 100–600 mg/day

• Amino acids (taurine 500 mg 2x/day, 
glycine 500 mg 2x/day)

• B-complex vitamins 

• Bioflavonoids

• Carnitine 1000–3000 mg/day in 
divided doses

• Daily high-potency multivitamin/min-
eral formula 

• Essential fatty acids to facilitate glucu-
ronidation

• Extra-buffered vitamin C with mineral 
ascorbates in powder, capsule, or 
tablets during periods of increased 
detoxification

• Milk thistle (silymarin) 70 to 210 
mg/day

• Mixed carotenoids 15,000 to 25,000 
U/day

• Molybdenum 50 to 200 mcg/day

• N-acetylcysteine 500 to 1000 mg/day 

• Probiotics to help normalize gut flora 
and reduce endotoxins

• Selenium 200 mcg/day

• Zinc 30 to 50 mg/day
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The Matrix: Dietary Influences on Inflammation

Inflammation and immune dysfunction are both 
cause and manifestation of core physiologic distur-
bances that are intimately associated with accelerated 
aging and chronic disease. The inflammatory response 
cuts across all organ systems and medical specialties, 
and wears many different guises. For that reason, the 
subject is addressed frequently in this book, from a 
number of different perspectives. For in-depth discus-
sions of the underlying physiology, as well as the assess-
ment and management of the inflammatory process, 
see Chapters 18, 23, and 27. In this chapter, we draw 
many of those threads together to examine the role of 
diet as an underlying common influence on the inflam-
matory process.

Inflammation can function both as a systemic trigger 
for, and as a mediator in, all the major degenerative dis-
eases, including cardiovascular disease, neurodegenera-
tive disease, and the increasingly prevalent allergic and 
autoimmune disorders. Diet and exercise are the two 
major modulators of the inflammatory response. Other 
inflammatory triggers include infections, gut dysbiosis, 
toxins, stress, environmental allergens, and trauma. 
Cytokines (interferon, interleukins, tumor necrosis fac-
tor, etc.) and eicosanoids (prostaglandins, prostacyclins, 
leukotrienes, thromboxanes) are the messenger mole-
cules of the immune system. They upregulate or down-
regulate inflammation, depending on the needs of the 
organism. A maladaptive shift toward inflammation 
occurs in the face of specific inputs (high glycemic-load 
diet, intake of food allergens, inflammatory fats) and in 
the absence of other inputs (omega-3 fatty acids, exer-
cise, etc.). 

While inflammation has many causes, two factors 
stand out in our 21st century epidemic of chronic disease: 

• first, the increase in inflammatory response second-
ary to a high glycemic-load diet, and the resultant 
metabolic syndrome;

• second, and closely related, is our sedentary lifestyle. 

A host of other autoimmune, allergic, and inflam-
matory disorders are related to diet in two major ways: 
genetic or acquired food sensitivities or allergies, and 
macronutrient, micronutrient, and phytonutrient mod-
ulation of the inflammatory response.

Chronic, age-related degenerative diseases. 
Inflammation is central to all of the degenerative dis-
eases that represent the leading causes of death in the 

21st century. Elevations of inflammatory markers such as 
C-reactive protein and IL-6 have been found to increase 
all-cause mortality,70 cardiovascular and neurodegenera-
tive diseases, many cancers, macular degeneration, diabe-
tes, and hypertension. Identifying all the proximal 
triggers of inflammation in patients is important. Often, 
dietary factors are the most significant modulators of 
inflammation. A high glycemic-load diet,71 metabolic 
syndrome,72 and a sedentary lifestyle are responsible for 
the majority of inflammation and degenerative disease. 
Additional dietary factors that contribute to inflamma-
tion include saturated and trans-fatty acids,73 caffeine,74 
alcohol in excess,75 deficiency of antioxidants, micronu-
trient deficiencies, and a low-fiber diet (which adversely 
affects gut flora and increases exposure to metabolic and 
environmental toxins). Pharmacologic modulators of 
inflammation have been proposed, including aspirin, 
non-steroidal anti-inflammatories (NSAIDs), and non-
traditional anti-inflammatories such as statins, thiazo-
lidinediones, and fibrates. However, a comprehensive 
lifestyle approach—including the modulation of diet by 
reduction in saturated76 and trans fats and glycemic load; 
use of multivitamins,77 supplemental antioxidants78 (key 
cell-signaling factors in gene transcription of inflamma-
tory mediators), omega-3 fatty acids,79 fiber,80 and probi-
otics;81 and the addition of regular exercise82—can 
collectively reduce systemic inflammatory mediators to a 
greater degree than pharmacologic interventions. Inter-
ventions that reduce inflammation reduce overall mor-
bidity and mortality across the disease spectrum.

Testing for indicators of inflammation. A general 
assessment of inflammation is provided by C-reactive 
protein and sedimentation rate. Since those will not 
localize the source of inflammation, other approaches 
are used to further clarify the clinical picture; these 
include testing for celiac disease (discussed below) and 
antibody testing for both autoimmune conditions (thy-
roid, anti-thyroglobulin, anti-nuclear, and other anti-
bodies) and chronic infections (including polymerase 
chain reaction, or PCR, testing and assessment of yeast 
overgrowth and fungal organisms). Stool and vaginal 
cultures can be done, as well as urinary organic acids for 
yeast metabolites (which are all inhibitors of metabolic 
function). Indicators of gut inflammation can be 
assessed through urinary organic acids and stool analy-
sis (dysbiosis), hydrogen breath testing (small bowel 
bacterial overgrowth), and lactulose-mannitol challenge 
(intestinal permeability).
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Food allergy, GALT, and immunity: Relationships 
to chronic disease. In addition to the factors discussed 
above, two other diet-inflammation relationships have 
important clinical relevance: food sensitivities of vari-
ous types, and the role of diet in gut microecology and 
GALT activation. 

Food allergy is not a single disease, nor is it caused 
by one pathophysiologic disturbance. Food allergy (or 
sensitivity) can be defined as an adverse immunological 
or hypersensitivity response to food. This response may 
be antibody or cell mediated. There are also many food 
reactions that are not immunologically mediated, 
including food intolerances (e.g., lactose) and food sen-
sitivities (e.g., preservatives, additives, MSG, sweeteners 
such as aspartame, sulfites, etc.). Classic food allergy83 
has been recognized as IgE dependent and is acute in 
onset (urticaria, asthma, or anaphylaxis); food sensitivi-
ties tend to be either IgE associated and delayed in onset 
(atopic dermatitis) or cell mediated and both delayed 
and chronic (celiac disease). 

Some recognition has been given to the role of IgG-
mediated immune response and chronic disease,84 but 
the research has been sparse and inconclusive, due to 
the pleiomorphic nature of individual responses to 
foods. Using elimination/provocation diets and, to 
some degree, IgG food antibody testing,85 clinicians 
have identified inflammatory triggers responsible for a 
wide array of chronic symptoms not mediated by the 
classic IgE food allergy pathway. Conditions responsive 
to elimination diets include: headaches, IBS, fatigue, 
autoimmune disorders, chronic sinusitis, arthritis, 
inflammatory skin disorders, fibromyalgia, and CFIDS. 
While these disorders are often multifactorial, persistent 
immune activation of the GALT by foods can be a per-
petuating factor. Food sensitivities or chronic GALT 
activation can be primary or secondary, cell-mediated 
responses, antibody-mediated responses, or both. How-
ever, in most cases, some precipitating event disturbs 
the gut mucosal integrity, leading to GALT activation 
that is then mediated by genes, food proteins, and 
microbial antigens. This initiates either a Th2 allergic 
response or a Th1 autoimmune response. Systemic 
inflammation then ensues, along with a wide host of 
common and often difficult-to-treat ailments. Elimina-
tion diet is one of the most powerful and underutilized 
tools available to the clinician for addressing chronic 
symptoms. (Elimination diet as a clinical tool is dis-
cussed in Chapter 35.) 

Oral tolerance to common food antigens is impaired 
when the gut mucosal barrier is disturbed. This barrier 
must achieve a fine balance among very different and 
vitally important functions: fending off microbial anti-
gens from gut flora, mounting a rapid response to patho-
gens, allowing assimilation of innocuous food antigens, 
and facilitating (or suppressing) inflammatory responses. 
Changes in diet to promote normalization of gut flora 
and to reestablish normal gut mucosal barrier integrity 
are critical in addressing the morbidity of chronic allergic 
and inflammatory diseases. Because health and disease 
function in a web-like manner, discerning cause or effect 
in any particular disease may be difficult (or even irrele-
vant). An approach that removes offending agents and 
restores balance within the core systems will yield 
remarkable clinical results. Food allergy or sensitivity 
may be the cause or the result of disturbed gut mucosal 
integrity. To resolve the clinical problem at hand, atten-
tion must be paid to both removing the offending aller-
gens (forever, in the case of a genetically programmed 
immune response such as in celiac disease, or tempo-
rarily, in the case of an acquired IgG food sensitivity 
because of an intestinal insult), and restoring normal gut 
microecology and mucosal integrity. 

Gluten—a pervasive influence. The relationship 
between gluten and chronic disease represents a classic 
food-disease connection. Unfortunately, the variable 
nature of clinical response to this single food antigen 
can obscure the diagnosis. Genetic susceptibility to glu-
ten is found in up to 30% of those of European descent, 
yet in only 1% of the population is the disease fully 
expressed. There appears to be a graded response to glu-
ten from mild to life threatening. The list of conditions 
associated with celiac disease is long.86 (See Table 26.11.)

Screening for celiac disease is important in the face of 
any inflammatory, autoimmune, or chronic disease. Typ-
ical screening is done for IgA and IgG antigliadin anti-
bodies and IgA antiendomysial antibodies; tissue 
transglutaminase (tTG) antibodies can be tested for in 
questionable cases. Total IgA should always be measured 
to rule out IgA deficiency. If IgA deficiency is present, 
tTG IgG can be helpful. These tests lack 100% sensitivity 
(or specificity). Intestinal biopsy for villous atrophy is the 
gold standard,87 but lesions can be patchy and there is 
evidence that clinical symptoms and non-local manifes-
tations can be independent of mucosal pathology.  
Occasionally useful is testing for HLA DQ2 and HLA 
DQ8 genotypes (which are present in 95% of celiac 
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cases), especially in the face of IgA deficiency.88 Stool 
testing for local IgA anti-gliadin antibodies or tTG can 
be confirmatory in suspicious cases where serum IgA or 
IgG and tTG are negative. A 12-week trial of elimina-
tion/provocation is, however, the most useful diagnos-
tic approach.

The intersection of inflammation and clinical disease, 
and the opportunities for disease management, are, per-
haps, the most fruitful, effective, and satisfying areas of 
functional medicine. The increasing prevalence of two 

major clinical problems—chronic degenerative diseases, 
and chronic inflammatory and immune diseases—are 
both intimately tied to diet and lifestyle, and those tools 
promise the greatest clinical effect when applied intelli-
gently. Tables 26.12 and 26.13 summarize some of the 
most common conditions associated with inflammation 
and the major causes of inflammation, and they provide 
suggestions for nutrient supplementation, botanical anti-
inflammatory agents, and lifestyle changes.

Table 26.11 Clinical Presentations of Celiac Sprue

Common Features Less Common Features Associated Conditions Complications

Adults
• Iron-deficiency anemia

• Diarrhea

Children
• Diarrhea

• Failure to thrive

• Abdominal distention

General
• Short stature

• Delayed puberty

Gastrointestinal
• Recurrent aphthous 

stomatitis

• Recurrent abdominal pain

• Steatorrhea

Extraintestinal
• Folate-deficiency anemia

• Osteopenia or osteoporosis

• Dental-enamel hypoplasia

• Vitamin K deficiency

• Hypertransaminasemia

• Thrombocytosis (hypo-
splenism)

• Arthralgia or arthropathy

• Polyneuropathy

• Ataxia

• Epilepsy (with or without 
cerebral calcification)

• Infertility

• Recurrent abortions

• Anxiety and depression

• Follicular keratosis

• Alopecia

Definite associations
• Dermatitis herpetiformis

• IgA deficiency

• Type 1 diabetes

• Autoimmune thyroid 
disease

• Sjögren's syndrome

• Microscopic colitis

• Rheumatoid arthritis

• Down syndrome

• IgA nephropathy

Possible associations
• Congenital heart disease

• Recurrent pericarditis

• Sarcoidosis

• Cystic fibrosis

• Fibrosing alveolitis

• Lung cavities

• Pulmonary hemosiderosis

• Inflammatory bowel disease

• Autoimmune hepatitis

• Primary biliary cirrhosis

• Addison's disease

• Systemic lupus 
erythematosus

• Vasculitis

• Polymyositis

• Myasthenia gravis

• Schizophrenia

• Refractory sprue

• Enteropathy-associated 
T-cell lymphoma

• Carcinoma of the orophar-
ynx, esophagus, and small 
bowel

• Ulcerative jejunoileitis

• Collagenous sprue

Information from Farrell RJ, Kelly CP. Celiac sprue. N Engl J Med. 2002;346:180-88.
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Table 26.12 Inflammation: Major Causes and Associated Conditions

Common Conditions 
Associated with Inflammation

Major Causes of Inflammation

• Allergies

• Asthma

• Attention deficit disorder (ADD)

• Autism

• Autoimmune diseases (lupus, rheumatoid arthritis, auto-
immune thyroiditis)

• Cancer

• Cardiovascular disease 

• Chronic fatigue syndrome (CFS)

• Cystitis 

• Dementia

• Dermatitis (eczema, psoriasis, acne)

• Diabetes

• Emphysema and bronchitis

• Fibromyalgia

• Glomerulonephritis

• Inflammatory bowel diseases (IBD)

• Inflammatory liver disease (hepatitis from alcohol, sugar, 
viruses)

• Irritable bowel syndrome (IBS)

• Neurodegenerative disease (Alzheimer’s, Parkinson’s, MS, ALS)

• Obesity

• Osteoarthritis

• Prostatitis

• Reflux (GERD)

• Sinusitis

• Allergens
– Environmental allergens (dust, animal dander, pollens, etc.)
– Common food allergens and sensitivities: 

Citrus
Corn and corn products
Dairy products—milk, cheese, yogurt
Gluten grains—wheat, barley, oats, rye, spelt, kamut
Yeast
Eggs

• Dysglycemia and insulin resistance (the major dietary causes of 
inflammation)

• Environmental allergy (pollens, dust, molds, animals)

• External (exogenous) toxins 
– Synthetic compounds (air pollution, water pollution, food 

additives, pesticides
– Prescription drugs, drugs of abuse, cosmetics, household 

chemicals
– Naturally occurring compounds (microbial toxins, 

mycotoxins)
– Plant toxins
– Heavy metals (e.g., lead, mercury, arsenic, cadmium)

• Infection—acute or chronic 

• Internal (endogenous) toxins, gut-derived: 
– Ammonia
– Nitrites
– Amines such as cadaverine and putrescine

• Lack of blood flow 

• Malnutrition

• Nutrient deficiencies (e.g., omega-3 fatty acids, zinc, 
vitamin C, folate)

• Oxidative stress

• Physical injury or trauma

• Psychological stress
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Table 26.13 Managing Inflammation: Dietary Suggestions, Anti-inflammatory Phytonutrients, and Lifestyle Recommendations

Dietary and Nutrient Suggestions Anti-Inflammatory Phytonutrients Lifestyle Recommendations

• Elimination Diet for assessment (to 
identify inflammatory triggers) and 
treatment (to relieve the inflammatory 
burden)*

• Balanced B complex

• Essential fatty acids (flax, fish, and 
evening primrose oil)

• Mixed carotenoids 15,000–25,000 
IU/day

• Multimineral supplement 

• Vitamin A 5000 to 10,000 IU/day

• Vitamin C 500 to 2000 mg/day

• Vitamin E mixed tocopherols 400 to 
800 IU/day

Bioflavonoids 
• Ginkgo biloba 

• Pycnogenol or grape seed extract

• Quercetin

• Rutin

Immune tonic herbs 
• Astragalus

• Garlic

• Licorice

• Siberian ginseng (Eleutherococcus 
senticosus)

Immune tonic mushrooms 
• Hakumokuji (Tremella fuciformis)

• Kawaratake (Coriolus versicolor)

• Maitake (Grifola frondosa)

• Reishi (Ganoderma lucidum)

• Shitake (Lentinula edodes)

• Tochukaso (Cordyceps sinensis)

Other anti-inflammatory and immune-
boosting herbs and compounds 
• Aloe vera

• Boswellia (Boswellia serrata)

• Capsaicin

• Enzymes (bromelain and other 
proteolytic enzymes)

• Ginger (Zingiber officinale)

• Glucosamine and chondroitin sulfate

• Green tea (Camellia sinensis)

• Immune-active whey proteins with 
immunoglobulins and natural antibody 
complexes

• Niacinamide

• Probiotics

• Turmeric (Curcuma longa)

• Correct insulin resistance—see recom-
mendations in Table 26.2

• Exercise

• Reduce obesity

• Relaxation, meditation, laughter: exper-
iment and explore 
– Autogenic training
– Breathing techniques
– Chukra therapy (group laughing 

session)
– Guided imagery
– Hypnosis
– Journaling
– Laughter—what makes you laugh?
– Meditation
– Mindfulness
– Prayer
– Psychotherapy
– Relaxation techniques
– Support groups
– Yoga

*Please see the Appendix for a comprehensive elimination diet protocol.
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The Matrix: Dietary Influences on Digestive 
Function

The health of the gut determines what nutrients are 
absorbed and therefore it is directly linked to the health 
of the total organism. It is often said that we are what 
we eat, but it is more accurate to say we are what we 
absorb. Chronic intestinal inflammation may lead to 
nutrient malabsorption and the resultant effects of 
chronic micronutrient deficiencies. Regardless of the ill-
ness, the role of gut health is critical. Gut imbalances 
can create, or fuel, an upregulated immune system, and 
nutritional imbalances from improper absorption can 
adversely affect the entire organism. This makes the gut 
a primary target for clinical intervention in the treat-
ment of disease and the creation of health. 

Intestinal health can be defined as the optimal 
digestion, absorption, and assimilation of food in the 
context of a balanced microecology, and an intact intes-
tinal barrier function. These processes are continuously 
influenced by dietary and environmental inputs. The 
well-recognized inflammatory disorders—asthma, aller-
gic rhinitis, inflammatory bowel disease, arthritis, and  
autoimmune diseases—and the recently recognized 
inflammatory disorders—cardiovascular disease, diabe-
tes, obesity, neurodegenerative disease, and cancer—can 
often be traced back to the gut. When a clinician thinks 
“inflammation,” the next thought must be “the gut.”

Causes of gut dysfunction. Over 100 million Amer-
icans have digestive disorders. There are more than 200 
over-the-counter (OTC) remedies for digestive disorders, 
many of which—most unfortunately—can create addi-
tional digestive problems. Visits for intestinal disorders 
are among the most common to primary care physi-
cians. Rampant intestinal ill health is not a normal con-
dition of human beings. It is the result of major changes 
in our evolutionary diet and the effect on the balance of 
the intestinal ecosystem. Cordain and colleagues, in 
“Origins and Evolution of the Western Diet: Health 
Implications for the 21st Century,”89 outline the data 
that connect changes in our food patterns since the 
agricultural revolution to the diseases of today. The col-
lision of our ancient genome with a modern diet is a 
significant causal factor in modern diseases. Cordain 
claims that seven fundamental nutritional characteris-
tics of our diet have changed, and that these explain the 
dramatic rise in chronic and degenerative diseases:

1. glycemic load, 
2. fatty acid composition,
3. macronutrient composition,
4. micronutrient density,
5. acid-base balance,
6. sodium-potassium ratio, and
7. fiber content. 

Among many other adverse influences on health, 
these changes have affected the gut by changing the 
microenvironment of the intestinal tract. Problems can 
arise from inadequate stomach acid, poor digestive 
enzyme function, inadequate nutrient absorption, 
destruction of healthy bacteria, overgrowth of abnor-
mal bacteria or yeasts, fermentation of starches, and dis-
turbed signals to the enteric nervous system90 of the 
gut, secondary to stress, various toxins, and antigens. 
Recent research has connected gut problems to symp-
toms and diseases far outside the gut: allergies, asthma, 
eczema, arthritis, headaches, autism, fibromyalgia, 
chronic fatigue and more.

The intestine is an “intelligent” organ. In addition to 
its role in digestion, absorption, and assimilation of 
nutrients, it interacts directly with the environment and 
protects the host from external threats through the 
microflora, the mucosal intestinal barrier, and the local 
immune system.91 It is a complex ecosystem, much like 
the rainforest; if its balance is disturbed, its problems can 
create a ripple effect throughout the entire system. The 
forces that disturb the equilibrium are rampant: poor 
diet, food allergens, toxic food components, viruses, bac-
teria, parasites, overgrowth of yeast, use of medications 
(especially antibiotics, anti-inflammatories, and acid 
blocking drugs), various illnesses, and stress. 

Investigating gut dysfunction. We must ask some 
key questions to understand why the gut may be mal-
functioning; the answers will help the clinician design a 
program to correct underlying dysfunctions: 

• Are digestive enzymes and acid production ade-
quate to break food down to its component parts 
and make the food particles small enough for 
absorption?

• Is the gut mucosal barrier working properly, selec-
tively absorbing the right things (amino acids, sug-
ars, fats, vitamins, and minerals, etc.), and keeping 
out the harmful things (undigested food particles, 
microbial particles, or toxins)?
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• Does the microflora have the right kind and 
amount of good healthy bacteria, located in the 
right places along the digestive tract?

• Are the components of the microflora in proper 
balance, without undue competition from poten-
tially harmful bacteria, yeasts, and parasites?

• Is the microflora getting the right kind and amount 
of fiber (both insoluble and soluble) and nutrients 
to stay healthy and flourishing?

• Are problems in the gut causing stress on the liver 
and immune system because toxins or allergens are 
being absorbed through a leaky gut or disturbed 
intestinal barrier?

The process of answering these questions will iden-
tify the starting point(s) to help the patient restore 
intestinal health and treat the host of disorders that 
manifest as direct intestinal symptoms or symptoms 
from more distant sites. 

Therapeutic options for digestive imbalances. The 
term “functional foods” has entered the nutritional and 
popular lexicon to indicate a food that “is shown to ben-
eficially affect one or more target functions in the body 
beyond adequate nutritional effects in a way that is rele-
vant to either the state of well-being and health, or to a 
reduction in disease incidence.”92 This paradigm—that 
there are foods and nutrients that impair gut function 
and others that enhance it—is a useful lever to impact 
chronic health complaints that exist across multiple 
organ systems.

 A number of these foods and nutrients have been 
studied and found to repair and heal the intestinal 
mucosal barrier, improve microflora balance, and mod-
ulate the proinflammatory state of the GALT.93,94 Impor-
tant examples include:

• Glutamine improves gut and systemic immune 
function, especially in patients in prolonged states 
of parenteral nutrition; helps heal GI mucosa after 
damage from radiation or chemotherapy; and 
reduces episodes of bacterial translocation and 
clinical sepsis. 

• Arginine is a precursor for nitric oxide, and has 
demonstrated benefits in inflammatory bowel dis-
eases, as well as intestinal diseases resulting from 
trauma, critical illness, or cancer. 

• Zinc leads to improvements in children with GI dis-
eases; prevents childhood mortality; and corrects 
deficiencies linked to anorexia, hypogeusia, poor 

growth, alopecia, delayed sexual maturation, skin 
diseases, and severe diarrhea. 

• Vitamin A plays an important role in epithelial cell 
integrity, immune function, and retinal function. 
Deficiencies are implicated in the risk of diarrhea, 
respiratory infections, impaired gut function, and 
death in children. 

• Probiotics enhance mucosal immune defense, pro-
tect against microbial translocation and coloniza-
tion, and improve inflammatory bowel disease and 
atopic disease. 

• Prebiotics (fermentable starches such as inulin and 
fructose oligosaccharides) have many potential 
health benefits, such as improved bowel function, 
increased mineral absorption, and lowered risk of 
colon cancer, though human studies are limited. 

• Gamma linolenic acid leads to progressive improve-
ment in rheumatoid arthritis with long-term use; 
suppresses human T-cell proliferation, tumor 
growth, and metastasis; normalizes nerve conduc-
tion and sciatic endoneurial blood flow; and sup-
presses oxidative damage associated with diabetes 
(when administered with vitamin C). 

Clinically, functional medicine finds some of its 
most powerful applications with inflammatory diseases 
mediated by gut dysfunction and improved by repairing 
gut function. Applying basic principles of functional 
medicine such as the 4R program (see Chapter 28 for an 
in-depth presentation of this gut repair approach) can 
correct many conditions related to food allergy and gut 
dysbiosis (often synergistically related). While many 
types of interventions to restore gut balance may be 
necessary—including elimination of food allergens and 
heavy metals, use of herbs, medications, enzymes, pro-
biotics, essential fatty acids, amino acids and various 
nutrients, and the addition of stress management and 
exercise to the patient’s lifestyle—improving diet is crit-
ical. By restoring our dietary patterns to correct the 
adverse evolutionary shifts discussed above, many of 
the dietary causes of gut dysfunction and related ill-
nesses can be corrected. 

A number of clinical tools can be extremely useful in 
improving gut function. While more clinical research is 
needed, these interventions are based on the most fun-
damental principle of functional medicine: remove 
what harms and provide what heals. The details may be 
different from person to person, but the concept will 
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guide diagnosis and therapy. This is an area of medicine 
where some clinical applications that are logical exten-
sions of the underlying science have outpaced the clini-
cal research literature; fortunately, the positive clinical 
outcomes from this approach warrant its application 
where conventional approaches routinely fail.

Elimination diet. One of the most powerful tools 
for identification of problems and for beginning a GI 
repair program is the elimination diet (discussed more 
fully in Chapter 35). This is typically a trial of an oligo-
antigenic diet (elimination of a number of the most 
common dietary triggers, to reduce intake to those 
foods least likely to cause or mediate any ongoing 
inflammatory reaction). A well-structured elimination 
diet, besides getting rid of possible triggers of inflamma-
tion and immune irritation, offers the patient the 
opportunity to experience a much healthier approach 
to eating. It is usually a mostly plant-based diet that 
includes organic and unprocessed foods that are high in 
vitamins, minerals, antioxidants, anti-inflammatory 
phytochemicals, fiber, and essential fatty acids and that  
excludes saturated and trans fats, sugar, empty calories, 
and the 4,000 food additives, hormones, antibiotics, 
and xenobiotics (foreign toxic chemicals) that are 
everyday fare for most Americans. Many common ail-
ments will resolve with a brief (2–6 week) elimination 
diet. Even in those patients without particular symp-
toms or obvious allergies, an elimination diet can give 
the immune system a rest and allow for deeper healing 
and repair throughout the body.

Other dietary approaches to improving digestive 
function include replacing hydrochloric acid and diges-
tive enzymes, where needed; increasing fiber; adding 
both probiotics and prebiotics; treating infections and 
dysbiosis; using nutrients that help heal the gut; and 
changing lifestyle and eating habits. Interestingly, how 
we eat can be just as important as what we eat. If we are 
stressed, or eat in a hurry, or eat too much at the wrong 
time of day, our “gut brain” gets confused. This “second 
brain” (as the gut is often called) turns on signals that 
make us gain weight, and that impair digestion and 
absorption of nutrients, relax gut muscles that prevent 
reflux (the lower esophageal sphincter), and tighten 
muscles that should relax to let the food pass from the 
stomach (the pylorus), increasing reflux. By following a 
few simple guidelines, digestion can improve signifi-
cantly and patients can even lose weight. Table 26.14 
provides suggestions for increasing fiber and making 

dietary and lifestyle changes; Table 26.15 presents infor-
mation on the use of probiotics and prebiotics; Table 
26.16 addresses yeast infections; Table 26.17 addresses 
parasitic infections; Table 26.18 addresses bacterial infec-
tions; and Table 26.19 provides information on gut-
healing nutrients. 

Restoring the integrity of the digestive ecosystem 
can be fairly straightforward for many patients, but 
steps should be taken in the proper sequence and thera-
peutic strategies should be initiated and evaluated sys-
tematically. The following are useful guidelines in 
planning your patient’s gut healing program: 

• Day 1: Start the elimination diet first; have the 
patient follow it one or two weeks to assess the 
effect on digestive function. It may be continued 
for four weeks or longer, depending on the 
response.

• Day 3: Start digestive enzymes and a trial of hydro-
chloric acid (HCl) if appropriate (see symptoms) 
after two days on the elimination diet.

• Day 7: Start probiotics to reintroduce healthy bac-
teria back into the digestive system.

• Day 14: Attempt to identify the source of dysbio-
sis—yeast overgrowth, small bowel bacterial over-
growth, parasites, H. pylori, etc. (through testing or 
further analysis of symptom patterns and history). 
Testing prior to initiating a program may be indi-
cated in some patients, although often an elimina-
tion diet is effective in identifying the problems 
and further testing is not needed.

• If indicated by findings in the previous step, ini-
tiate non-prescription or prescription medications 
for identified sources of infection at least two weeks 
before beginning the next step.

• Day 28 (or later, depending on whether any medi-
cations have been introduced): Start the “repair 
phase” of gut healing by adding healing nutrients, 
essential fatty acids, and any other components 
that you have determined are necessary for restora-
tion of the integrity of the gut lining. Continue on 
this phase for at least two months. Use probiotics 
for at least three months and consider a long-term 
reduced maintenance dose.
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Table 26.14 Therapeutic Strategies for Healing the Gut: Changing Dietary and Lifestyle Habits

Suggestions for Increasing Fiber Dietary and Lifestyle Changes

• 2 tbsp/day of ground flaxseed. Use a coffee grinder just for the 
flaxseed. Grind 1/2 cup at a time and keep tightly sealed in a 
glass jar in the fridge or freezer. Sprinkle on salads and on grain 
or vegetable dishes, or mix in a little unsweetened applesauce.

• Beans (all forms of legumes) are the highest sources of dietary 
fiber.

• Increase vegetable intake—with few calories, high levels of 
antioxidants, and protective phytochemicals, these are excel-
lent fiber sources. 

• Use whole grains such as brown rice or quinoa.

• Include a few servings of low glycemic-index fruits to the 
diet daily (berries are the highest in fiber and other protective 
phytochemicals).

• Include a handful of nuts each day: almonds, walnuts, pecans, 
or hazelnuts.

• Consider a good fiber supplement containing soluble and 
insoluble fibers and no sweeteners or additives, if necessary.

• Start slowly. Switching abruptly to a high-fiber diet can cause 
gas and bloating. Increase the total amount gradually, up to 
50 g/day.

• Chew each mouthful 25 to 50 times, or at least try! This 
releases EGF (epithelial growth factor), needed for repair and 
healing of the digestive lining.

• Eat slowly and do not do anything else while eating. Remem-
ber, it takes 20 minutes for the brain to get the message that 
the stomach is full.

• Take pleasure in meals; take time to enjoy eating with friends 
or family; create simple mealtime rituals such as a blessing or 
soothing environment.

• Pick beautiful and attractive foods that please all the senses.

• Eat regularly, at least every 3–5 hours. Studies have shown that 
people overeat if they are extremely hungry. Hypoglycemia 
can cause swings in blood sugar and carbohydrate cravings.

• Mix it up—try to avoid mono-meals. Have a variety of fruits 
and vegetables, protein-rich foods, whole grains, and small 
amounts of healthy oils and fats in each meal.

• Never eat standing up.

• Stop eating three hours before bedtime. Late-evening eating 
can increase reflux and promote weight gain. 

• Breathe! Activate the parasympathetic “gut brain” by taking 5 
deep breaths before eating—5 seconds in and 5 seconds out 
for 5 breaths.

• Get a water filter (reverse osmosis is the best) to avoid intake of 
pathogenic microbes. Portable carbon filters in water bottles 
are available for those on the move.

• Wash all fruits and vegetables thoroughly and peel all fruits 
and vegetables that are not going to be thoroughly cooked.

• Wash hands after being outside, and always before and after 
handling food.

• Wash hands after handling raw food and soak utensils and cut-
ting boards if they were used for slicing raw fish, meat, or 
poultry to reduce exposure to salmonella.

Stress Reduction
Dealing with stress is critical to repairing the digestive system. The 
connections between the brain and the gut are powerful. The 
enteric nervous system or the “gut brain” has more neuro-
transmitters than the brain. These chemical messengers play a 
critical role in proper GI function, or malfunction. Tools such as 
meditation, yoga, or other relaxation therapies can retrain the 
“automatic” nervous system and overcome the dangers of exces-
sive stress, and its effect on our digestion and feeding behavior.
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Table 26.15 Using Probiotics and Prebiotics

Role of Healthy Flora Probiotics Prebiotics

• The microflora of the human adult con-
sists of >100,000 billion bacteria and 
>400 different species.

• The microflora synthesizes vitamins and 
nutrients (biotin, B12, folic acid, pan-
tothenic acid, pyridoxine, riboflavin, 
vitamin K, butyric acid and amino 
acids).

• These microbes produce short-chain 
fatty acids (SCFAs), the substrate fuel 
for intestinal epithelial cells.

• They improve digestion and absorption 
of nutrients by producing digestive 
enzymes.

• The microflora metabolizes environ-
mental and internal toxins; for example, 
they convert mercury into less toxic 
forms. 

• They prevent other microbes from colo-
nizing the gut (which is what happens 
with traveler’s diarrhea), and they can 
metabolize bacterial toxins.

• They make it difficult for potential 
invaders by competing for nutrients.

• They stimulate immune function by 
increasing antibody production (includ-
ing producing natural antibiotics to kill 
pathogenic microbes), and by produc-
ing anti-cancer compounds like 
n-butyrate.

• The microflora converts food phy-
tochemicals into protective com-
pounds (e.g., flaxseed lignans are 
converted into enterolactones that have 
anti-cancer properties).

• Charbroiled foods containing polycy-
clic aromatic hydrocarbons, and afla-
toxin (the toxic mold on peanuts) can 
be neutralized by the microflora.

Therapeutically, probiotics have been 
found useful in diarrhea, in controlling 
asthma, allergies and eczema, and in 
reducing leaky gut and inflammatory mol-
ecules (cytokines). Supplementing preg-
nant women and then their infants for six 
months with a Lactobacillus GG resulted in 
a 50% reduction in asthma, eczema, and 
allergy in the children at 2 years of age.*

Start a 6- to 12-week course of a probiotic 
to restore normal symbiosis or ecological 
balance:
• Take 5–10 billion organisms a day on an 

empty stomach in divided doses (twice 
a day). Preparations include freeze-
dried bacteria packaged in powders, 
tablet, or capsule form.

• In treatment of more severe GI dysfunc-
tion, daily doses of 50 billion or more 
organisms have been used.

• Look for reputable, refrigerated brands 
of mixed flora including Lactobacillus 
acidophilus, Lactobacillus rhamnosus or 
GG, and Bifidobacterium bifidum.

• Some products contain no live flora 
because they are very susceptible to 
damage from heat, processing, or 
improper storage.

• Some strains do not colonize the gut 
well.

• Try some strains backed by research 
such as Lactobacillus GG (Culturelle®), 
and the DDS-1 strain of Lactobacillus 
acidophilus.

* Kalliomaki, M. Probiotics in primary prevention 
of atopic disease: a randomized placebo-con-
trolled trial. Lancet. 2001;357:1076-79.

In addition to supplementing with healthy 
bacteria (probiotics), studies have shown 
that providing good food for the flora can 
improve outcomes. The food for probiot-
ics is called prebiotics and includes mostly 
nondigestible plant components that are 
used by the flora for nourishment. Some 
common foods that fill these criteria 
include fructose-containing oligosaccha-
rides, which occur naturally in a variety of 
plants such as onion, asparagus, burdock 
root, Jerusalem artichoke, chicory, and 
banana.** Or consider supplements of 
fructose-containing oligosaccharides such 
as inulin or chicory root.

** Roberfroid MB. Prebiotics: preferential sub-
strates for specific germs? Am J Clin Nutr. 
2001;73(2 Suppl):406S-9S.
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Table 26.16 Identifying and Treating GI Yeast Infections

Predisposing Factors and 
Associated Conditions

Symptoms of Yeast Infection Therapeutic Strategies

Predisposing factors: 
• Altered bowel flora

• Decreased digestive secretions

• Dietary factors including a high-sugar, 
high-fat, low-fiber diet

• Impaired immunity

• Impaired liver function

• Nutrient deficiency

• Prolonged antibiotic use

• Psychological stress

Past history: 
• Chronic antibiotic use for infections 

or acne

• Chronic vaginal yeast infections

• Oral birth control pills

• Oral steroid hormones

Demographics: 
• Female

• Age 15–50 years

Associated conditions: 
• Eczema

• Irritable bowel syndrome

• Psoriasis

• Sensitivity to foods, chemicals, or other 
allergens

General symptoms: 
• Craving for foods rich in carbohydrates 

or yeast

• Chronic fatigue

• Loss of energy

• General malaise

• Decreased libido

Gastrointestinal symptoms: 
• Thrush

• Bloating and gas

• Intestinal cramps

• Rectal itching

• Altered bowel function

Genitourinary symptoms: 
• Vaginal yeast infections

• Frequent bladder infections

• Interstitial cystitis

Hormonal symptoms: 
• Menstrual irregularities, pain, 

bleeding, etc.

• Premenstrual syndrome

• Thyroid dysfunction

Nervous system symptoms: 
• Depression

• Irritability

• Inability to concentrate

Immune symptoms: 
• Allergies

• Chemical sensitivities

• Suppressed immune function

• Deal with predisposing factors (such as 
chronic use of antibiotics, steroids, hor-
mones—stop unless absolutely medi-
cally necessary).

• Trial of yeast-control diet: elimination of 
refined carbohydrates, sugar, and fer-
mented foods.

• Test for yeast overgrowth.

• Nonprescription antifungals include 
oregano, garlic, citrus seed extract, ber-
berine, tannins, undecylenate, Isatis 
tinctoria, and caprylic acid.

• Antifungal prescription medications 
include nystatin, fluconazole, itracona-
zole, and terbinafine. 

• Immunotherapy

• Identify potential environmental toxic 
fungi (stachybotrys, strains of aspergil-
lus, chaetomium, and penicillium).

• Utilize the 4R Program (Chapter 28) 
and institute stress reduction and stress 
management practices (addressed in 
previous tables in this chapter).

Adapted from the Textbook of Natural Medicine, Pizzorno and Murray, Churchill Livingstone, 1999.
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Table 26.17 Identifying and Treating GI Parasitic Infections

Signs and Symptoms of 
Parasitic Infections

Common Parasites Therapeutic Strategies

• Abdominal pain and cramps

• Constipation

• Diarrhea

• Excessive flatulence

• Fatigue

• Fever

• Food allergy

• Foul-smelling stools

• Gastritis

• Greasy stools

• Headaches

• Hives

• Increased intestinal permeability

• Indigestion

• Irritable bowel syndrome and irregular 
bowel movements

• Low back pain

• Low levels of secretory IgA 

• Malabsorption

• Poor appetite

• Weight loss

• Giardia lamblia*

• Entamoeba coli and Endolimax nana

• Blastocystis hominis

• Entamoeba histolytica*

• Cryptosporidium species*

• Dientamoeba fragilis

• Entamoeba hartmani

*Bold-faced parasites are considered 
more dangerous, but other minor para-
sites can often be the cause of symptoms.

General approaches:
• Drink filtered water.

• Wash and/or peel fruits and vegetables, 
especially if eaten raw, or consider soak-
ing them in a dilute hydrogen peroxide 
solution of 1 teaspoon of 3% hydrogen 
peroxide and 2 quarts of water, then 
rinse with filtered water.

• Avoid salad bars and street vendors.

• Wash hands carefully with soap and 
water before eating and after coming in 
from outdoors, especially if working in 
the garden or dirt. 

• If eating out, eat only freshly prepared 
foods, not things that have been sitting 
out for a while or microwaved.

• Wash sponges in the dishwasher daily.

• Thoroughly wash all cutting boards and 
kitchen surfaces after use.

Non-prescription approaches:
• Take digestive enzymes for a few 

months—parasites often cause malab-
sorption and maldigestion.

• Avoid vitamins during treatment 
because vitamins help the parasites 
flourish.

• Herbal therapies include Artemisia 
annua, oregano, and berberine-con-
taining plants (Hydrastis canadensis, 
Berberis vulgaris, Berberis aquifolium, and 
Coptis chinensis).

Prescription medications:
• Humatin (paromomycin) in adult doses 

of 250 mg 3x/day for 14 days and Bac-
trim®  DS or Septra®  DS (trimethoprim 
and sulfamethoxazole) every 12 hours 
for 14 days. 

• Yodoxin (iodoquinol) 650 mg 3x/day 
for 14 days. Yodoxin is antifungal as 
well as being anti-parasitic.

• Flagyl®  (metronidazole) 500 mg 3x/
day for 10 days with meals.
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Table 26.18 Identifying and Treating GI Bacterial Infections

Small Bowel Overgrowth Helicobacter Pylori

The upper portion of the intestine is generally sterile. Small 
bowel overgrowth of bacteria or other organisms can lead to 
irritable bowel syndrome, food allergies, inflammatory diseases 
and autonomic dysfunction.* Symptoms can be similar to low 
stomach acid and ineffective digestive enzymes (indigestion, 
bloating, and fullness after eating), but can also include signs 
associated with yeast overgrowth, nausea, diarrhea, arthritis, 
and autoimmune diseases. 

Testing
• Hydrogen breath testing for small bowel bacterial 

overgrowth

• Organic acids: indican, D-lactate

Treatment
Repair the digestive system:
• Follow general guidelines for improving gut function (see 

previous tables).

• Avoid easily fermentable foods, including sugars, starches, 
and soluble fiber (until the problem is corrected).

• No wheat or sucrose; no lactose (milk sugar).

• Additional restrictions depend on symptoms and response 
and may include: no gluten grains, no cereal grains, no 
potatoes, no fruit, juices and honey, no legumes; cook all 
vegetables.

Non-prescription preparations:
• Oregano, citrus seed extract, isatis, or berberine compounds.

• Special spices for the gut include garlic, onions, turmeric, 
ginger, cinnamon, sage, rosemary, oregano, and thyme. All 
these can be added to the diet to support healthy digestive 
functioning.

Prescription medications:
Occasionally prescription medication may be needed. Some of 
the useful compounds include:
• Rifaximin 200–400 mg 3/day** (non-absorbed antibiotic)

• Metronidazole 250 mg 3x/ day for 7 days (for anaerobes or 
bacteria that don’t like oxygen, like Bacteroides or Clostridia 
species)

• Tetracycline 500 mg 2x/day for 7 days (also for anaerobes)

• Ciprofloxacin 500 mg 2/day for 3 days (for aerobes)

• Bismuth (as in Pepto-Bismol® )

• Antifungal preparations (as above)

The role of this bacterium as the cause of stomach ulcers has been 
clarified. It is found in 90–100% of people with duodenal ulcers, 
70% of people with gastric ulcers, and in about 50% of people 
over the age of 50. It may be associated with stomach cancer, 
inflammation throughout the body, and possibly with heart dis-
ease. It is often acquired in childhood and can be the cause of life-
long gastritis or stomach inflammation. For many patients, it is 
also implicated in reflux and heartburn, although studies have 
been inconclusive. Genetic and nutritional differences among 
individuals can affect whether or not H. pylori causes gut symp-
toms or cancer. For those with elevated C-reactive protein, 
chronic digestive symptoms, or a family history of gastric cancer, 
treatment is advisable. Currently, most physicians treat only docu-
mented ulcers, possibly overlooking many people who could ben-
efit from treatment. 

Low stomach acid predisposes to the growth of H. pylori, as do 
low antioxidant defense systems. Low levels of vitamin C and E in 
gastric fluids promote the growth of H. pylori. 

Testing
• Breath testing

• CLO test or intestinal biopsy

• H. pylori antibodies

• Stool antigen test 

Treatment
Non-prescription preparations:
• Bismuth subcitrate 240 mg 2x/day before meals for 2 weeks. 

It can cause a temporary harmless blackening of the tongue 
and stool.

• DGL or deglycyrrhizinated licorice can help eradicate the 
organism and relieve symptoms.

• Myrrh gum resin

Prescription medications: 
• Amoxicillin 1 g 2x/day, Clarithromycin 500 mg 2x/day, 

omeprazole 20 mg 2x/day for 10 days

• Prevpac®  (lansoprazole-amoxicillin-clarithromycin combina-
tion) one 2x/day for 14 days

• Helidac®  (bismuth-metronidazole-tetracycline combination) 
one 4x/day with meals for 2 weeks

• Tritec®  (ranitidine bismuth citrate) 400mg 2x/day for 28 days

*Lin HC. Small intestinal bacterial overgrowth: a framework for understanding irritable bowel syndrome. JAMA. 2004;292(7):852-58. Pimentel et al. 
Eradication of small intestinal bacterial overgrowth reduces symptoms of irritable bowel syndrome. Am J Gastroenterol. 2001;96(8):2505-6.

** Baker DE. Rifaximin: a nonabsorbed oral antibiotic. Rev Gastroenterol Disord. 2005;5(1):19-30.
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Not following all of these steps, and/or not follow-
ing them in order, can lead to more digestive upset in 
the short term, and may not allow full healing, even if 
the patient feels better initially. This approach is 
designed to move systematically through a gut repair 
program and to prevent relapse.

Dietary Influences on Sarcopenia 

Sarcopenia,95 or “poverty of the flesh,” is the term 
we use to describe the decline in muscle mass and 

strength seen in “healthy aging.” Sarcopenia differs 
from wasting (an involuntary weight loss due to in-
adequate caloric intake), or cachexia (general physical 
wasting and malnutrition usually associated with 
chronic disease), or a cytokine-driven loss of lean body 
mass with the maintenance of weight. Conventionally, 
sarcopenia is perceived as a loss of muscle solely 
related to decreased activity, common in the aging 
population, and it is associated with a progressive 
increase in dysfunction and disability. The economic 

Table 26.19 Testing for Gut Function; Gut-Healing Nutrients

Testing for Gut Function Gut-Healing Nutrients

Comprehensive digestive stool analysis 
Hydrogen breath testing for small bowel overgrowth
Intestinal permeability (lactulose-mannitol challenge)
Organic acid urine testing for dysbiosis
Parasitology analysis

Complete blood count: This common test can give many clues 
to underlying infection. It shows the different types of white 
blood cells and their responses to different organisms. Useful 
indicators include the following:
• Anemia with an elevated mean corpuscular volume (MCV) can 

be sign of B12 or folate deficiency. B12 is absorbed in the small 
intestine, and if there is chronic inflammation, bacterial over-
growth, or a parasite, it is often poorly absorbed, resulting in 
an elevated MCV. Anything over 95 may indicate B12 malab-
sorption or folate deficiency. Anemia with a low MCV may 
indicate iron deficiency from intestinal blood loss or malab-
sorption as found in celiac disease.

• A low neutrophil and high lymphocyte count can be a sign of 
chronic yeast or viral infections. A low total white blood cell 
count can also be a sign of stress to the immune system.

• Eosinophils are elevated in parasitic infections or from expo-
sure to allergens. Further testing for parasites or allergies 
should follow.

Homocysteine and methylmalonic acid—these can help pick up 
B12 or folate deficiency secondary to malabsorption or inade-
quate intake.

25-OH vitamin D is an important fat-soluble vitamin that is defi-
cient in malabsorption states.

Specialized gut support products and nutrients are often neces-
sary for gut healing and repair. These are the final tools for cor-
recting digestive problems, healing a leaky gut, and reducing 
relapse or recurrence of digestive and immune problems. These 
should be taken for 1-3 months, depending on the severity of 
symptoms and response to treatment. These compounds needed 
for gut repair can be divided into four main categories:

Gut food:
Glutamine 1,000–10,000 mg a day. This is a nonessential amino 
acid that is the preferred fuel for the lining of the small intestine 
and can greatly facilitate healing. It can be taken for one to two 
months. It generally comes in powder form and is often com-
bined with other compounds that facilitate gut repair.

Nutrients and antioxidants:
• Zinc 20–50 mg

• Vitamin A 5000–10,000 IU/day

• Vitamin B5 pantothenic acid 100–500 mg/day

• Vitamin E 400 to 800 IU/day in the form of mixed tocopherols

These can be taken separately, or as part of a good high-potency 
multivitamin.

Essential fats and oils:
• GLA (gamma-linolenic acid) 2-6 g/day

• Gamma-oryzanol (rice bran or rice bran oil) 100 mg three 
times a day

• Omega-3 fatty acids 3 to 6 g a day of EPA/DHA

Anti-inflammatories and gut detoxifiers:
• N-acetylcysteine 500 mg twice a day

• Reduced glutathione 300 mg twice a day

• Quercetin 500 mg twice a day and other bioflavonoids 

These potent anti-inflammatories and detoxifiers are key to 
restoring balance in the gut lining by protecting it from oxidant 
damage and helping with detoxification within the gut.
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costs of sarcopenia have been estimated to be between 
$11.8 and $26.2 billion per year, or approximately 
1.5% of total health care expenditures.96 

While physical activity and strength training are 
central to reversing sarcopenia and its related dysfunc-
tion (see the Exercise sections of Chapters 13 and 29), 
nutritional, hormonal, immune, and metabolic factors 
play a large role as well, so it is a good example of a con-
dition that involves multiple areas of the functional 
medicine matrix. Understanding these relationships 
opens the door to interventions other than increased 
activity that correct underlying causes of sarcopenia. 

The dynamics of the aging muscle are regulated by 
factors influenced by dietary intake—insulin resis-
tance, oxidative stress, inflammation, protein nutri-
tion, sex hormone balance, and mitochondrial 
function. Any input that influences these metabolic 
and hormonal factors will have an effect on sarcope-
nia. Old concepts of decreased protein synthesis in 
aging have been challenged. Older men were found to 
have higher rates of protein synthesis than younger 
men, dispelling the notion that sarcopenia is due to 
inadequate basal or fasting protein synthesis.97 There-
fore, other factors that shift the balance from anabo-
lism to catabolism must be considered. 

Protein intake, digestion, absorption, assimilation, 
and utilization (and hence muscle protein synthesis) are 
affected by the amount and quality of protein intake, as 
well as by age. One-third of women and men over 60 
years of age eat less than 0.8 g/kg of protein per day (the 
RDA) and approximately 15% eat less than 75% of the 
RDA for protein. Factors that influence protein diges-
tion and absorption include hypochlorhydria,98 use of 
acid-blocking medications, zinc deficiency, food aller-
gies, celiac disease, and dysbiosis. Supplementation 
with essential amino acids may enhance protein syn-
thesis in healthy elderly adults. However, consumption 
of these amino acids, along with non-essential amino 
acids and carbohydrates (as frequently found in protein 
drinks), impairs the anabolic response of muscle pro-
teins to the positive effects of amino acids.99 Ensuring 
adequate digestion, protein intake, and availability of 
essential amino acids is important for maintaining nor-
mal muscle mass with aging.

Sarcopenia is related to a reduction in anabolic 
stimuli (physical activity, CNS activity, reductions in

estrogens, androgens, growth hormone, and insulin 
sensitivity) and an increase in catabolic stimuli (sub-
clinical inflammation and oxidative stress).100 Hor-
monal changes with age are affected by diet and 
environment, and include decreases in estrogen, test-
osterone, and growth hormone. Estrogen and testoster-
one are anabolic, and they inhibit catabolic cytokines 
(including IL-1 and IL-6). Insulin inhibits protein break-
down. Insulin resistance, which increases with age, high 
glycemic-load diets, visceral fat mass, and inactivity, 
impairs the protective effect of insulin. Inflammation 
has also been linked to catabolism and sarcopenia 
through increases in IL-6, IL-1, and TNF- in healthy 
aging adults. This may be mediated through direct cata-
bolic effects, anorexia of aging triggered by inflamma-
tion, inducing insulin resistance or lowering growth 
hormone and insulin-like growth factor-1 concentra-
tions, and increasing apoptosis.101 Oxidative stress 
contributes to sarcopenia through damage to cellular 
components, including DNA, proteins, lipids, cell mem-
branes, and the sarcoplasmic reticulum.102 

Interventions that improve protein intake and diges-
tion, reduce insulin resistance, inflammation and oxi-
dative stress, and improve hormonal balance can reduce 
age-related sarcopenia and loss of function, particularly 
when combined with physical activity and stress man-
agement.103 The web-like nature of our physiology is 
clearly evident in the pathophysiology of sarcopenia. 
This understanding can be used to design a comprehen-
sive approach to normalize function. Each patient 
should, of course, have a personalized assessment and 
plan, but the following suggestions indicate some 
dietary and lifestyle strategies for preventing and revers-
ing sarcopenia:

• Ensure adequate protein intake (0.8 gm/kg to 1.2 
gm/kg depending on activity level).

• Consider essential amino acid supplementation 
without non-essential amino acids or carbohydrates.

• Improve insulin sensitivity.
• Reduce inflammation.
• Reduce oxidative stress.
• Improve hormonal balance.
• Initiate resistance and aerobic conditioning.
• Initiate stress management to mitigate the catabolic 

effects of chronic cortisol exposure.
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The Risks in our Food Supply

Harmful Foods: Dietary Components as a 
Causative Factor in Disease

A number of foods and non-nutritive substances in 
our diet adversely affect our health and need to be 
reduced or eliminated. Some have well-documented 
risks, such as trans fatty acids, while others pose poten-
tial risks. Other components of our diet have also been 
shown to cause (or have the potential to cause) harm, 
including refined polyunsaturated oils, fake fats (Oles-
tra, Simplesse® ), refined sugars, high fructose corn 
syrup, refined carbohydrates, artificial sweeteners, food 
toxins, and genetically engineered foods.

Trans-fatty acids (trans fat). In many controlled 
metabolic studies, trans-fatty acids104 (found in stick 
margarine, vegetable shortening, commercially baked 
goods, deep-fried foods, fast foods, and many restaurant 
foods) raise LDL-C and lower HDL-C compared to cis-
fatty acids,105 and raise the total cholesterol-to-HDL 
ratio (TC/HDL) twice as much as saturated fat. Trans fat 
also increases plasma lipoprotein(a) and triglycerides, 
and impairs endothelial function by inhibiting the 
enzyme delta-6-desaturase, which may adversely affect 
essential fatty acid metabolism and prostaglandin bal-
ance. High intakes of trans fat can promote insulin resis-
tance and increase the risk of type 2 diabetes.106 Trans-
fatty acids may also increase the risk of colon and breast 
cancer,107,108 allergic diseases in children,109 and neuro-
degenerative diseases.110 Trans-fatty acids adversely 
affect plasma markers of inflammation in healthy men 
including elevations in C-reactive protein, interleukin-
6, tumor necrosis factor-alpha, and E-selectin.111,112 
Elimination of trans-fatty acids from our diet may help 
to reduce the incidence of cardiovascular disease, neu-
rodegenerative diseases, obesity, diabetes, cancers, and 
inflammatory disorders.

Fake fats. Olestra and Simplesse may have adverse 
health effects by reducing availability of fat-soluble 
vitamins, including serum retinol, 25-hydroxyvitamin 
D, alpha-tocopherol, phylloquinone, and carotenoid 
concentrations,113 in addition to the risk of stool 
incontinence.

High fructose corn syrup. High fructose corn syrup 
(HFCS) consumption increased >1,000% (0.292kg/per-
son/year to 33.4kg/person/year) from 1970 to 1990 and 
now represents >40% of caloric sweeteners added to 

foods and beverages.114 The introduction of HFCS into 
the food supply is associated with the beginning of the 
obesity epidemic. While other factors for this epidemic 
(including reduced levels of physical activity, increased 
portion sizes, eating outside the home and at fast-food 
restaurants) certainly play a very important role, changes 
in the types of foods eaten, and the overall “toxic food 
environment,”115 including the effect of HFCS in soft 
drinks and other sweetened beverages, merit serious con-
sideration as an etiologic factor in the obesity epidemic.

The digestion, absorption, and metabolism of fruc-
tose differ in significant ways from glucose. Fructose is 
absorbed through a nonsodium-dependent process and 
enters the cell in an insulin-independent manner. In 
high doses, it becomes an unregulated source of carbon 
precursors (acetyl-CoA) for hepatic lipogenesis, specifi-
cally triacylglycerol (triglyceride) synthesis. This is asso-
ciated with reductions in HDL and increases in the 
more atherogenic LDL-B particles. It is important to 
note that reductions in LDL-C with high-carbohydrate 
diets are often associated with conversion from LDL-A 
to LDL-B, and that change is associated with increased 
cardiovascular risk. Increased consumption of HFCS 
may be a cause of increasing dyslipidemias that may be 
better treated by reducing HFCS than by statin therapy. 

Fructose does not stimulate insulin secretion or the 
consequent increase in leptin, which serves as a counter-
regulatory afferent signal for reductions in appetite. 
While glucose is transported into the brain, affecting 
neuroregulatory appetite signals, fructose is not. Ghrelin, 
a gastric peptide that stimulates appetite, is not reduced 
with fructose consumption. Fructose may also decrease 
adiponectin levels, the adipocyte peptide. Adiponectin 
improves insulin sensitivity independent of obesity. 
Thus, the normal regulatory mechanisms associated with 
carbohydrate (as well as fat or protein) consumption do 
not function optimally in a diet high in HFCS, leading 
to increased appetite, energy intake, and weight gain. 
This effect is seen predominately in liquid vs. solid foods. 
Fructose consumption is associated with insulin resis-
tance, increased energy intake, impaired metabolism, 
weight gain, dyslipidemias, and hypertension.116 Though 
more research is needed to further clarify the metabolic 
and endocrine effects of fructose consumption, sufficient 
data exist on the adverse consequences of fructose on 
body weight, adiposity, and the metabolic indexes associ-
ated with insulin resistance to recommend dramatic 
reductions of HFCS in our food supply. (It is important to 
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note that the quantities of fructose consumed in fruit are 
significantly lower than in sweetened beverages, and 
the metabolic effects of fructose in fruit are modified by 
increased intake of fiber, micronutrients, phytonutrients, 
and antioxidants.)

Refined carbohydrates and sugars. Foods with a 
high glycemic index (GI) or glycemic load (GL) lead to 
obesity,117 heart disease,118 diabetes, cognitive impair-
ment,119 dementia, and cancer (colon, breast, prostate, 
pancreas).120 Insulin resistance or metabolic syndrome 
affects 80 million Americans.ii,121 In 1997, the average 
American “consumed a record average 154 pounds of 
caloric sweeteners. That amounted to more than two-
fifths of a pound—or 53 teaspoonfuls—of added sugars 
per person per day …   .”122 This is a sharp contrast to the 
estimated 20 teaspoons per year eaten by our genetically 
similar Paleolithic ancestors. This pattern of eating car-
ries with it multiple adverse effects, including weight 
gain, increased caloric consumption, increased hunger, 
decrease in the efficiency of energy utilization,123 and 
adverse effects on the mesolimbic dopaminergic system, 
which links sugar consumption and drug addiction 
through stimulation of similar neural reward path-
ways.124 These foods also increase catecholamines, corti-
sol, inflammatory markers such as C-reactive protein, 
interleukin-6 and tumor necrosis factor-, and markers 
of coagulopathy such as PAI-1 and fibrinogen. High GI 
foods or GL meals lead to hyperinsulinemia, elevated 
triglycerides, low HDL, hypertension, elevated waist-to-
hip ratio or visceral obesity, decreased adiponectin, 
autonomic dysfunction, non-alcoholic steatohepatitis, 
hyperuricemia, and hormonal disorders such as poly-
cystic ovary syndrome in women and infertility and 
low testosterone in men, as well as mood swings, anxi-
ety, depression, and fatigue. 

Unfortunately, despite this litany of adverse effects, 
refined carbohydrates and sugars are ever present in our 
diet. White bread, sugar, pasta, white rice, and white 
potatoes are quickly absorbed starches with a high glyce-
mic index.125 Consumption of these foods has increased 
dramatically since the introduction of the food pyramid 
that advises us to eat 6–11 servings of rice, bread, cereal, 

and pasta a day. Soft drinks or sugar-sweetened bever-
ages and alcohol in excess contribute to the problem as 
well. Care should be taken in reading food labels to 
identify sugar in other guises, such as high-fructose corn 
syrup, sucrose, glucose, maltose, dextrose, lactose, fruc-
tose, corn syrup, or white grape juice concentrate. Sugar 
is sugar by any other name; this includes honey, barley 
malt, maple sugar, sucanat, natural cane sugar, or dehy-
drated cane juice. Food processors do not have to state if 
there is added sugar in their products. They are required 
only to list the total grams of sugar. It is best to avoid or 
reduce hidden sugars in all foods, including (but not 
limited to) ketchup, salad dressings, luncheon meats, 
canned fruits, bread, peanut butter, crackers, soups, sau-
sage, yogurt, relish, cheese dips, chewing gum, and 
breakfast cereals, and to choose foods with a low glyce-
mic index or meals with a low glycemic load.126

Harmful Non-Nutritive Food Additives: 
Intentional and Unintentional

Artificial sweeteners. Aspartame (NutraSweet® ),127 
neotame, acesulfame potassium, saccharin, sucralose, 
and dihydrochalcones are consumed by two-thirds of 
adults and are significant components of our diets. 
Questions remain about their safety, including both 
short- and long-term risks. The manufacturers of these 
products largely publish the safety data;iii and post-mar-
ket surveillance and monitoring are limited. Aspartame, 
an excitotoxin,128 provides an example of the potential 
problems of non-nutritive sweeteners in our diet. Some 
studies suggest adverse effects,129,130,131 including toxicity 
from methanol and formaldehyde132 derived from the 
amino acids in aspartame. Methanol, a toxic alcohol, 
is present in small quantities in aspartame; however, 
when heated (in a soda can on a hot day, or in a hot 
truck during transport, for example) more methanol is 
created, leading to the possibility of more serious toxic 
effects. Other effects include stimulation of hunger 
through the cephalic phase insulin response; a number 
of studies have shown that aspartame ingestion may 
actually lead to increased food/calorie intake.133,134 Ani-
mal and human studies show that aspartame may dis-
rupt brain chemistry135 and induce neurophysiological 
changes that might increase seizure risk,136 depres-

ii Estimates range from 47 million to over 100 million, depending on the 
criteria used. Recent data suggest that even those who do not meet the 
current criteria for glucose intolerance (2-hour sugar >140mg/dl) have a 
graded increase for cardiovascular risk and angiographic lesions. It is 
likely that over 90% of the 65% of Americans who are overweight (fig-
ure from U.S. population data) have some degree of insulin resistance, 
making the prevalence much greater. 

iii Of 166 studies, 74 had at least partial industry-related funding and 92 
were independently funded. While 100% of industry-funded studies 
conclude aspartame is safe, 92% of independently funded research iden-
tified aspartame as a potential cause of adverse effects.



385

Chapter 26
Clinical Approaches to Environmental Inputs

sion,137 and headaches.138,139 While conclusions have yet 
to be reached with regard to the specific outcomes in 
humans or safe dosage effects, the existing evidence 
warrants vigilance. Until better data on long-term risks 
of non-nutritive sweeteners are available, physicians 
should caution their patients about the use of such sub-
stances, in light of the conflicting safety data. 

Sorbitol, malitol, and xylitol are common non-
absorbed sugar alcohol sweeteners found in food; they 
can be responsible for increased intestinal gas produc-
tion, bloating, and abdominal pain.

Intentional food additives. The FDA has approved 
the use of almost 4,000 food additives. Most of these are 
studied as single agents in animal models to determine 
risk, but it is humans who consume them, in large quan-
tities and in multiple combinations that have never been 
studied. A 1985 study reported that the average Ameri-
can consumes 13–15 grams of these per day—nearly 
three teaspoons full or about five pounds of additives a 
year. The main types of food additives include coloring 
agents, antioxidants, emulsifiers, stabilizers, stimulants, 
flavorings, preservatives, and artificial sweeteners. Spe-
cific additives that can cause symptoms include tartra-
zine (FD&C yellow #5), sulfites, nitrates and nitrites, 
BHT, BHA, and aspartame. 

Tartrazine is banned in Sweden because of adverse 
reactions, including hives, asthma, eczema, and other 
allergic conditions. This is a common coloring in foods 
and many drugs, including some antihistamines, antibi-
otics, steroids, and sedatives. Sulfites are common in 
wine and dried fruits, and are sprayed on fresh foods 
such as salad bars and shrimp; they often cause allergic 
reactions, including hives, asthma, and even death. 
Detoxification of sulfites is impaired with molybdenum 
deficiency. Nitrates and nitrites are known gastric car-
cinogens. BHT (butylated hydroxytoluene) and BHA 
(butylated hydroxyanisole) are the most common anti-
oxidants in prepared and packaged foods; they can 
cause hives. 

MSG, a common flavor enhancer found in many 
commercially prepared foods, is responsible for the 
“Chinese restaurant syndrome,” and can cause other 
symptoms and reactions, including headaches, trouble 
thinking, memory loss, and fainting spells. This addi-
tive is especially dangerous, as it often lurks covertly.

Petrochemical pesticides, herbicides, fumigants, 
hormones, and antibiotics. The Environmental Protec-
tion Agency (EPA) has been monitoring human expo-

sure to toxic environmental chemicals since 1972, 
when they began the National Human Adipose Tissue 
Survey (NHATS). This endeavor involves the analysis of 
levels of various toxins in fat tissues from cadavers and 
elective surgeries (ever wonder what happens to fat 
removed during liposuction?). In 1982, five of the most 
toxic chemicals were found in 100% of samples: OCDD 
(a dioxin), styrene, 1,4-dichlorobenzene, xylene, and 
ethylphenol. Nine additional chemicals were found in 
91–98% of samples, including benzene, toluene, ethyl-
benzene, DDE (a breakdown product of DDT, banned in 
the U.S. since 1972), three dioxins, and one furan. Poly-
chlorinated biphenyls (PCBs) were found in 83% of the 
population. A Michigan study found DDT in over 70% 
of four year olds, probably received through breast milk. 
In the context of our global economy, it’s possible to eat 
food that was picked a day before in Guatemala, Indo-
nesia, or Asia, where the use of pesticides is much less 
regulated. Many of these chemicals are stored in fat tis-
sue, making animal products concentrated sources. One 
hundred percent of beef, as well as 93% of processed 
cheese, hot dogs, bologna, turkey, and ice cream are all 
contaminated with DDT. Children fed an organic diet 
have significantly lower pesticide levels in urine sam-
ples than children fed a conventional diet.140

Beyond chemicals, other potential hazards in foods 
include hormones and resistant microorganisms, or 
bacteria. Dairy products contain various growth hor-
mones (BGH) and residues of synthetic estrogens, such 
as diethylstilbestrol (DES), used to stimulate growth. 
Antibiotic-resistant bacteria that originated from ani-
mal sources have been isolated in humans. We now 
have trans-species (chicken to human) resistance of bac-
teria. “The Union of Concerned Scientists recently esti-
mated that, each year, 24.6 million lb (11.2 million kg) 
of antimicrobials are given to animals for non-therapeu-
tic purposes and 2 million lb (900,000 kg) are given for 
therapy; in contrast, 3 million lb (1.3 million kg) are 
given to humans.”141 

The potential health risks of these substances 
include problems with immunity, such as decreased 
resistance to infection and increased autoimmunity, 
toxin-associated cancers, neurologic damage and neuro-
degenerative diseases such as Parkinson’s disease,142,143 
and hormonal disruptions such as infertility and thy-
roid disorders.144,145

Mercury. Predatory fish (swordfish, shark, tile fish, 
king fish, tuna) consumption is a significant source of 
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mercury exposure in our diet and has been associated 
with toxic effects on the immune, nervous, cardiovascu-
lar, renal, gastrointestinal, and dermatologic systems.146 
Mechanisms of toxicity include damage to DNA, RNA, 
mitochondria, enzymes, immunopathology, and autoim-
munity. Mercury can act as a metabolic uncoupler, hap-
ten or immune-sensitizing small molecule, and enzyme 
inhibitor by binding irreversibly to the sulfhydryl-con-
taining proteins. Avoidance of mercury-containing fish is 
an important way to reduce risk. The Environmental Pro-
tection Agency (EPA) has established guidelines for safe 
fish consumption; these are provided on their website.147 

Genetically engineered foods. The scientific litera-
ture documenting the benefits and risks of genetically 
modified (GM) foods is replete with opinion and weak 
on science.148 There are many claims for potential bene-
fits and few published studies about potential risks. 
Unfortunately, there are no clear conclusions on harm 
or benefit. 

Proposed benefits include: improvement in fruit and 
vegetable shelf life and organoleptic quality; improved 
nutritional quality and health benefits in foods; 
improved protein and carbohydrate content of foods; 
improved fat quality; improved quality and quantity of 
meat, milk and livestock; the use of GM livestock to 
grow organs for transplant into humans; increased crop 
yields; improvement in agriculture through breeding 
insect-, pest-, disease-, and weather-resistant and herbi-
cide-tolerant crops; use of GM plants as bio-factories to 
yield raw materials for industrial uses; use of GM organ-
isms in drug manufacture, in recycling and/or removal 
of toxic industrial wastes. 

Controversies and risks proposed include: alteration 
in nutritional quality of foods, potential toxicity, possi-
ble antibiotic resistance from GM crops, potential aller-
genicity and carcinogenicity from consuming GM 
foods, environmental pollution, unintentional gene 
transfer to wild plants, possible creation of new viruses 
and toxins, limited access to seeds due to patenting of 
GM food plants, threat to crop genetic diversity, and 
religious, cultural and ethical concerns.149 Unfortu-
nately, financial and political interests cloud open sci-
entific inquiry, and fear of harm interferes with honest 
evaluation of potential benefits. Prudence suggests cau-
tion until further, and more long-term, studies are com-
pleted to evaluate the risks to human health. We can 
hope that a significant portion of those studies will be 
funded by a completely disinterested source.

In addition to guidelines provided throughout this 
chapter, the following suggestions can help all of us 
minimize the risks in our food supply:

1. Eliminate trans fats.
2. Eliminate artificial sweeteners and HFCS.
3. Eat organic plant and animal foods to minimize 

risk of ingesting petrochemicals, hormones, and 
antibiotics.

4. Eliminate large predatory fish such as tuna, 
swordfish, tile fish, and shark (see EPA fish advi-
sory for mercury content of food to reduce intake 
of mercury).

5. Minimize intake of GMO or genetically modified 
foods until further data clarify the safety profile.

We can also become more aware of preserving the 
healing components of food through proper storage 
and preparation. Nutrients are highest in fresh, local, 
and organic foods. Food handling may damage nutri-
ents through excessive exposure to heat, light, air and 
water. For example, essential oils are damaged by high 
heat and exposure to light; nuts and seeds oxidize if left 
at room temperature. Phytonutrients are delicate and 
may need special preparation to maximize their healing 
potential. Microwaving foods increases the advanced 
glycation end products (AGEs), thereby increasing oxi-
dative stress and inflammation when microwaved foods 
are consumed. Here are a few guidelines for maintain-
ing maximum healing properties of foods:

• Choose fresh, whole, unprocessed foods.
• Choose foods that are organic and locally grown 

when possible.
• Include a wide diversity of colorful plant foods to 

maximize the intake of phytonutrients, vitamins, 
and minerals.

• Avoid high-heat preparation of fruits and vegeta-
bles and overcooking.

• Do not microwave food.
• Store food in airtight, dark containers to reduce 

oxidation.
• Keep oils and oil-containing foods (nuts and seeds) 

in dark, airtight containers in cool or cold storage 
to prevent oxidation.
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Summary 

Diet and Nutrition in the Clinical Setting: The 
Clinician’s Role

The clinician provides treatment. The skilled ther-
apeutic use of diet and nutrition, while powerful, can be 
a challenging tool to apply in the management of dis-
ease. Despite the fact that specific dietary programs or 
interventions may not have been thoroughly studied, a 
collective view of the current body of literature provides 
a rich and solid foundation for dietary recommendations 
that address the underlying causes of disease and restore 
normal physiologic functions. When analyzed from an 
evolutionary perspective, diet can be understood, not 
just as a source of energy, but also as the central way in 
which our genes interact with our environment. Part of 
the clinician’s job is to communicate this clearly to 
patients, along with basic knowledge about the risks in 
our common dietary patterns and in our food supply. 

The known and unknown components in our diet 
influence, in a moment-to-moment way, the biologic 
mediators and cellular communication that determine 
health or disease. Understanding this unique quality of 
food gives the practitioner a sharp tool with which to 
attack chronic disease. Food, and the amino acids, fatty 
acids, carbohydrates, fibers, vitamins, minerals, and phy-
tonutrients contained within it, directly influence hor-
mone and neurotransmitter functioning, including the 
HPA axis, insulin, adrenal, thyroid, and sex hormones; 
redox status and mitochondrial bioenergetics; inflamma-
tory and immune mediators; detoxification enzyme 
functions, digestive function and gut ecology; as well as 
cell membrane status, sarcopenia, and structural health. 
In short, diet provides the clinician with an effective 
point of access to the entire functional medicine matrix.

Understanding these processes gives the practitioner 
a new way to assess and treat common clinical prob-
lems. The process of finding the “right diet” for an indi-
vidual patient can be daunting; however, a careful 
medical and family history, physical examination, and 
focused testing can help clarify a patient’s unique 
needs. Those needs may also change over the course of 
the patient’s life, or the course of an illness. What might 
agree with them at one moment, might not at another, 
and then might again later. This is the art of applied 
nutritional science. 

The clinician educates. Most people accept that too 
many calories, or too much fat, or too much sugar is 
bad for them, and they are aware that reducing their 
intake of those foods may prevent obesity and cancer. 
However, the deeper relationship between food and 
health and disease is still a surprise to many patients. 
The role of the clinician is to delineate for the patient 
the ways in which diet creates imbalance, and can also 
be used to create balance, reverse dysfunction, and 
restore health. Clinicians can use food to resolve many 
of their patients’ difficult chronic conditions. From a 
practical perspective, the most powerful and pervasive 
therapeutic tools a clinician has are diet and nutrition. 
These have a greater effect in the prevention and treat-
ment of chronic disease than any medication or ther-
apy, except perhaps exercise. 

The clinician helps patients change behavior. The 
prevailing belief is that patients want easy answers and 
are unwilling to change dietary or lifestyle habits. My 
assertion is that we, as clinicians, have too often abdi-
cated the role of mentor in helping patients change. (A 
vital piece of the puzzle is provided in Chapter 36, 
where information is presented on one very successful 
method of helping patients to change unhealthy behav-
iors.) Patients are often willing to change or adjust their 
diet if they are given the right information and are 
taught to choose and prepare healing foods and to 
understand how to balance their metabolism through 
food. If both patients and practitioners are empowered 
with the belief that changing dietary habits can help to 
resolve their symptoms and create good health, then 
change becomes simpler. Admonishing the patient to 
lose weight and exercise, without translating that 
advice into practical information adapted to the 
patient’s environment, resources, and psychological 
readiness, is not helpful and is often strikingly unsuc-
cessful. Clinicians may need to “reinvent” their clinical 
practices to become more effective at achieving these 
goals. The anachronistic model of an eight-minute 
office visit is neither effective, nor cost-effective, in 
helping patients to change. New models must be 
explored, including group-delivered care, group-
delivered education, nutritionist referrals, cooking 
classes, collective guided experiences with elimination 
or detoxification diets, and networking with commu-
nity resources for exercise and stress management. The 
days of therapeutic nihilism in nutritional therapy have 
come to a close. A new opportunity is available to use 
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nutritional science and its clinical application to 
empower patients, enhance clinical outcomes, reduce 
costs, and transform our healthcare system. 

Training Programs

• Applying Functional Medicine in Clinical Practice 
(AFMCP), The Institute for Functional Medicine 
(www.functionalmedicine.org)

• Rosenthal Center for Complementary and Alterna-
tive Medicine, Columbia University 
(www.rosenthal.hs.columbia.edu)

• The University of Arizona Program in Integrative 
Medicine (integrativemedicine.arizona.edu)

• The Continuum Center for Health and Healing, 
Beth Israel Medical Center (www.healthand
healingny.org)

A listing of internet-based resources for health-
care practitioners is available in the Appendix.

Micronutrient Insufficiency Leads to DNA 
and Mitochondrial Damage
Bruce N. Ames, PhDiv

Introduction

An optimum intake of micronutrients and metabo-
lites, which varies with age and genetic constitution, 
would tune-up metabolism and contribute to a marked 
increase in health, particularly for the poor, young, 
obese, and elderly, at little cost. The focus for this tune- 
up would be in three areas:

• Preventing DNA damage. Deficiency of vitamins 
B12, folic acid, B6, C or E, or iron or zinc appears to 
mimic radiation in damaging DNA by causing sin-
gle- and double-strand breaks, oxidative lesions or 
both. Half of the population may be deficient in at 
least one of these micronutrients. 

• Preventing other problems associated with com-
mon micronutrient deficiencies of, for example, 
iron, zinc or biotin, which can cause mitochondrial 
decay with oxidant leakage leading to accelerated 
aging, DNA damage, and neural decay. 

• Repairing mitochondrial oxidative decay, which 
is a major contributor to aging and increased 
mutagenic oxidants. This decay can be ameliorated 
by feeding old rats the normal mitochondrial 
metabolites acetylcarnitine and lipoic acid at 
high levels. 

Intake of the 40 essential micronutrients (vitamins, 
minerals, and other biochemicals that humans require) 
is commonly thought to be adequate. Classic deficiency 
diseases such as scurvy, beriberi, and pernicious anemia 
are rare. The evidence suggests, however, that much 
chronic metabolic damage occurs between the level 
that causes acute micronutrient deficiency disease and 
the recommended dietary allowances (RDAs). In addi-
tion, the prevention of more subtle metabolic damage 
may not be addressed by current RDAs. When one 
input in the metabolic network is inadequate, repercus-
sions are felt on a large number of systems and can lead 
to degenerative deficiency disease. This may, for exam-
ple, result in an increase in DNA damage (and cancer), 
or neuron decay (and cognitive dysfunction) or mito-
chondrial decay (and accelerated aging and degenera-
tive diseases). The optimum amount of folic acid or zinc 
that is truly ‘‘required’’ is the amount that maximizes a 
healthy lifespan; that amount is likely to be higher than 
the amount needed to prevent acute deficiency disease. 
The requirements of the elderly for vitamins and metab-
olites are likely to be different from those of the young, 
but this issue has not been seriously examined. An opti-
mal intake of micronutrients and metabolites also varies 
with genetic constitution. A tune-up of micronutrient 
metabolism should give a marked increase in health at 
little cost. It is a distortion of priorities for much of the 
world’s population to have an inadequate intake of a 
vitamin or mineral, at great cost to individual health 
and to the economy, when a year’s supply of a daily 
multivitamin/mineral pill as insurance against deficien-
cies costs less than a few packs of cigarettes. The poor, 
and the obese, in general, eat the worst diets and have 
the most to gain from multivitamin/mineral supple-
mentation and improvement in diet.

iv This study was supported by the National Foundation for Cancer 
Research Grant M2661, The National Center for Minority Health and 
Health Disparities Grant P60 MD00222, The Department of Defense 
Prostate Cancer Research Program W81XWH-05-1-0106 and The 
National Center for Complementary and Alternative Medicine R21 
AT001918 and Research Scientist Award K05 AT001323. This paper has 
been adapted in part from Ames, BN. A role for supplements in optimiz-
ing health: the metabolic tune-up. Arch Biochem Biophys. 
2004;423:227-34.
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The Calorie-Rich, Micronutrient-Poor Diet

For most of human evolution, calorie shortage was 
likely to have limited population growth, and as food 
was mostly calorie-poor and unprocessed, micronutri-
ents may have been fairly adequate. The advent of agri-
culture changed that, and diets became less varied. The 
introduction of the potato to Europe from South Amer-
ica in the late 1500s markedly increased the European 
population over the next few centuries, as the cultiva-
tion of potatoes spread and as cultivars were selected 
that thrived in each climate. “In 1845 close to 40% of 
the population of Ireland lived chiefly on potatoes. The 
emergence of the ‘potato people’ occurred against the 
background of the quadrupling of the population after 
1700 …   .”150 Rice was clearly the main factor enabling 
high population density in Asia. The introduction of 
the sweet potato from the New World to New Guinea 
also was associated with a marked increase in the popu-
lation.151,152 Now carbohydrate and fat calories come 
with few micronutrients and are remarkably inexpen-
sive, soft drinks with a high content of sugar are con-
sumed instead of water, and the U.S. and other 
countries have an obesity epidemic associated with 
micronutrient malnutrition.153

Why Micronutrients?

Although optimal nutrition will benefit many 
degenerative diseases, and although optimal nutrition 
clearly involves more than micronutrients (e.g., fiber), 
there are important reasons for focusing on micronutri-
ents and health, particularly DNA damage and mito-
chondrial damage:154,155 

• More than 20 years of effort to improve the Ameri-
can diet have not been notably successful, particu-
larly for the poor, although the effort should 
continue. A parallel approach that focuses on 
micronutrient malnutrition is overdue and might 
be more successful, because it should be easier to 
convince people to take a multivitamin/mineral 
pill as insurance against ill health than to change 
their diet appreciably.

• A multivitamin/mineral pill is inexpensive, recog-
nized as safe, and supplies the range of vitamins 
and minerals that a person requires, although not 
the essential omega-3 fatty acids. Inadequate 
intakes of omega-3 fatty acids are widespread and 
are important for brain function.156 Fish oil supple-

ments with these essential fatty acids are available 
and inexpensive. Inadequate fiber intakes, both sol-
uble and insoluble, are widespread.157 Fiber supple-
mentation is also inexpensive.

Fortification of food is another approach that is use-
ful, e.g., the recent U.S. folate fortification. However, for-
tification of food does not allow for differences between 
individuals. For example, menstruating women need 
more iron than men or older women, who may be get-
ting too much. That is why two types of vitamin pills are 
marketed: one with iron and one without. With more 
knowledge, it seems likely that a variety of multivitamin 
pills will be developed reflecting more specific knowl-
edge about needs that vary with age, sex, genetics, etc.

DNA Damage from Vitamin and Mineral 
Deficiencies

DNA damage, which is a cause of cancer (although 
not the only one), is recognized as deleterious and can 
be assayed easily and relatively inexpensively in human 
white cells during intervention studies, in contrast to 
cancer. Our strategy in the laboratory has been to use a 
variety of human cell lines in culture, to cause growth 
limitation by deficiency of a particular micronutrient 
and then to measure DNA damage by a variety of 
assays, followed by human intervention studies. We are 
also developing improved assays for measuring DNA 
damage in humans. Deficiency of vitamins B12, folic 
acid, B6, niacin, C or E, and iron or zinc appears to 
mimic radiation in damaging DNA by causing single- 
and double-strand breaks, oxidative lesions, or both. 
Half of the population may be deficient in at least one 
of these micronutrients.158,159 Micronutrient deficiency 
may contribute to some of the increased cancer in the 
quarter of the population that eats the fewest fruits and 
vegetables (five to nine portions a day is advised), when 
compared to the quarter with the highest intake. Eighty 
percent of American children and adolescents and 68% 
of adults do not eat five portions a day.160 A major 
source of some vitamins such as folate is fruits and veg-
etables. Low folate intake has been associated with sev-
eral types of cancer (see below). Heart disease is also 
associated with low fruit and vegetable intake and some 
of this effect appears due to micronutrient content.161
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Folate

Folate deficiency causes disruption of DNA synthe-
sis, repair, and methylation, which leads to chromo-
some breaks due to massive incorporation of uracil in 
human DNA.162 Subsequent single-strand breaks in DNA 
form during base-excision repair; two nearby single-
strand breaks on opposite strands cause the chromo-
some to break. The level of folate at which we see high 
uracil and breaks was, before the recent flour supple-
mentation, the level that 25% of the U.S. population 
and close to 50% of poor urban minorities experienced 
due to poor diets.

Our current understanding of folate deficiency and 
its relationship to cancer illustrates the importance of 
considering the findings of all types of research—epide-
miological, molecular, clinical, and interventional—
when investigating the link between diet and cancer. 
There is much epidemiological evidence indicating that 
low folate intake increases the risk of many types of 
cancer.163 As shown in Table 26.20, reduced folate intake 
has been associated with a higher risk of colon can-
cer,164,165 and long-term use of a folate-containing sup-
plement has been shown to lower the risk of colon 
cancer by 75%.166 There is also some evidence that low 
folate intake increases the risk of breast cancer,167,168 
pancreatic cancer in smokers,169,170 and gastric, ovarian, 
and oesophageal cancers.171,172

In vitro studies have shown that folic-acid deficiency 
causes a dose-dependent increase in uracil incorpora-
tion into human lymphocyte DNA.173 Folate adminis-
tration reduces both DNA uracil incorporation and the 
occurrence of chromosome breaks in human cells.174 Ex 
vivo experiments have shown that all the markers of 
chromosome damage in human lymphocytes are mini-
mized at folic-acid concentrations that are higher than 
the RDA.175,176,177 Folate supplementation above the RDA 
has also been shown to reduce chromosome breakage in 
humans.178,179 In other studies, chromosome breaks 
have been linked to cancer.180

A clue to the folate-cancer connection was the discov-
ery of a polymorphism (C677T) in the gene that encodes 
methylene-THF reductase (MTHFR)—the enzyme that 
reduces methylene-tetrahydrofolate (CH2=THF) to 
methyl-THF. This polymorphism decreases the activity of 
MTHFR, which increases the methylene-THF pool at the 
expense of the methyl-THF pool, resulting in decreased 
incorporation of uracil into DNA and a decreased num-

ber of chromosome breaks. It is a common polymor-
phism in populations of people who live in northern 
regions of the world, with 5–25% of individuals being 
homozygous for this polymorphism and up to 50% 
being heterozygous.

Several studies have shown a two- to four-fold 
lower risk of colon cancer in individuals who are 
homozygous for the 677T allele of methylene-THF 
reductase (MTHFR-TT), compared with individuals 
who are homozygous for the C677 allele and have a 
high folate intake.181,182,183,184,185,186,187 At low folate lev-
els, however, the MTHFR-TT genotype does not seem 
to be protective and might even be a risk factor. Other 
studies show an increased risk for developing adenom-
atous polyps among individuals with the MTHFR-TT 
genotype.188,189,190 Adult acute lymphocytic leukemia 
(ALL)191 and childhood ALL192 have also been inversely 
associated with the MTHFR-TT genotype, indicating 
that folate deficiency might promote ALL. (See Table 
26.20.)

Unfortunately, the MTHFR-TT genotype is not all 
good news. As the lower level of MTHFR decreases the 
methyl-THF pool, it increases serum levels of homocys-
teine—a risk factor for endothelial cell damage and car-
diovascular disease.193 Individuals who are homozygous 
for this allele have a two-fold increase in plasma 
homocysteine levels.

Low dietary intake of folate, B12, or B6 has been 
associated with a higher risk for developing cervical 
squamous epithelial lesions in a case-control study.194 In 
contrast to studies mentioned above, individuals with 
the MTHFR-TT genotype also had a higher incidence of 
cervical cancer. The authors suggest this is due to a lack 
of inhibitory methylation—that results from a decreased 
methyl-THF pool—of human papillomavirus (HPV), 
which is a significant cause of cervical cancer.195

Why is this polymorphism so frequent in popula-
tions in northern Europe? Although it is credible that 
these populations were, historically, chronically folate 
deficient because of their diet, cancer and heart disease 
come too late in life to select for individuals with a 
lower risk. The MTHFR-TT genotype might be selected 
for based on its ability to reduce uracil incorporation 
into sperm DNA, which consequently results in less 
DNA damage in offspring.196,197 Levels of nonmethyl-
THFs are positively associated with sperm count and 
density.198 Folate levels are therefore also important for 
male reproductive function, and further support the 
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concept that folate deficiency can cause DNA damage. 
Germ-line damage to the sperm has also been linked to 
childhood cancers.199 Further studies are required to 
determine if ALL is higher in children whose fathers 
have a poor diet.200

Vitamins B12 and B6

Vitamin B12 deficiency would be expected to cause 
chromosome breaks by the same uracil-misincorpora-
tion mechanism that is found with folate deficiency.201 
Both B12 and methyl-THF are required for the methyla-
tion of homocysteine to methionine. If cells are defi-

cient in either folate or B12, homocysteine accumulates. 
When B12 is deficient, tetrahydrofolate is trapped as 
methyl-THF, reducing the methylene-THF pool, which is 
required for methylation of deoxyuridine monophos-
phate (dUMP) to deoxythymidine monophosphate 
(dTMP). B12 deficiency, like folate deficiency, therefore 
causes uracil to accumulate in DNA (author’s unpub-
lished observations). In a study of healthy elderly men202 
and young adults, increased chromosome breakage was 
associated with low dietary intake of either B12 or folate, 
or with elevated levels of homocysteine.203,204,205 B12 sup-
plementation above the RDA was necessary to minimize 
chromosome breakage.206,207

Table 26.20 Evidence for Folate, B6, and B12 Deficiency and Cancer Risk

Type of Cancer Comments References

Colorectal cancer, 
adenomas

Lower intake of folate was associated with higher risk of colon cancer; long-term use of 
folate supplement lowers the risk of colon cancer by 75%.
No association was seen between folate, B6, and B12 and risk of colorectal hyperplastic 
polyps.

165, 166, 316

*See below.

Breast cancer Strong inverse association was seen between folate intake and risk of breast cancer 
among women who drink alcohol, which interferes with folate absorption.
No association was seen between folate and B6 and breast cancer.

167, 168

214

Pancreatic cancer Risk of pancreatic cancer in smokers was inversely associated with dietary folate. 169, 170

Oesophageal and
gastric cancers

Folate and vitamin B6 were inversely associated, and vitamin B12 was positively associ-
ated, with these cancers in a case–control study.

172

Acute lymphoblastic
leukemia—children

Acute lymphoblastic leukemia (ALL) was inversely associated with the variant MTHFR 
genotypes, indicating a role for folate in the development of ALL.

192

Acute lymphocytic
leukemia—adults

A significant reduction in risk of ALL was found in those with the MTHFR 677TT geno-
type, indicating that folate deficiency might be a risk factor.

187

Cervical cancer Risk of invasive cervical cancer was elevated for women with higher serum homo-
cysteine.
Dietary intakes of folate, B6, and B12 were inversely related to the risk of developing 
cervical dysplasia.
No statistically significant association between folate, B12, and cervical cancer was 
found.

217

194

213

Prostate cancer Lower intake of B6 was associated with prostate cancer. 215

Lung cancer Lower intake of B6 (higher B6 serum level) was associated with lung cancer. 216

Ovarian cancer Low dietary folate intake was associated with ovarian cancer, especially among woman 
who consumed alcohol (2 drinks/day).

171

*Ulrich CM, Kampman E, Bigler J, et al. Lack of association between the C677T MTHFR polymorphism and colorectal hyperplastic polyps. Cancer Epidemi-
ology, Biomarkers and Prevention. 2000;9:427-433.
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Vitamin B6 deficiency would also be expected to 
result in uracil misincorporation. B6 deficiency causes 
a decrease in the enzyme activity of serine hydroxy-
methyl transferase, which supplies the methylene 
group for methylene-THF.208 Several studies have shown 
that, in individuals with the MTHFR-TT genotype, vita-
min B6 intake is associated with protection against 
colon cancer and/or adenomas.209,210,211

Recent epidemiological studies have indicated an 
association between B6 or B12 deficiency and cancer 
prevention, but results are mixed.212,213,214 In one case–
control study of diet and cancer, vitamin B6 deficiency 
was associated with prostate cancer.215 A significantly 
lower risk of lung cancer was found in men with higher 
serum B6 levels.216 Compared to men with the lowest 
vitamin B6 concentrations, men in the highest quintile 
had about one-half the risk of lung cancer. No associa-
tions were made between B12, folate, or homocysteine 
and lung cancer. Serum homocysteine levels were found 
to predict the risk of developing invasive cervical cancer 
in a large case-control study.217

Oxidation, Micronutrients, and Cancer Risk

Oxidants are mutagens and are produced as by-
products of normal mitochondrial energy produc-
tion.218 Radiation is a known oxidative mutagen. Anti-
oxidant micronutrients, such as vitamins C and E, 
might function as anti-mutagens and anti-carcino-
gens.219,220 The evidence that supplementation with 
these vitamins lowers cancer risk is inconclusive.

Both experimental and epidemiological data indi-
cate that vitamin C protects against stomach can-
cer.221,222,223 This is a plausible conclusion, as oxidative 
damage from inflammation caused by Helicobacter pylori 
infection is a risk factor for stomach cancer.224 Fruit and 
vegetable intake—the main dietary source of vitamin 
C—is also inversely associated with stomach cancer. 
Mayne and colleagues have also reported an inverse 
association between vitamin C and oesophageal adeno-
carcinoma.225 Many other studies, however, have 
reported no effect of vitamin C on cancer risk. A thor-
ough review of intervention studies showed both 
positive226 and negative227 studies, and so the evidence 
is inconclusive.228 There are several reasons why a posi-
tive effect might not have been observed. The blood cell 
saturation of vitamin C occurs at about 100 mg/day in 
humans.229 Evidence indicates that this level minimizes 
DNA damage.230,231,232,233 Perhaps the differing results 

from various studies were caused by differences in 
whether vitamin C reached tissue saturation levels in 
the population that was studied. If only a small propor-
tion of the population had inadequate tissue saturation 
by vitamin C intake, a real effect would be missed. 
Other factors that might explain the difference in 
results include failure to adequately assess vitamin C 
intake, failure to assess whether people were using vita-
min supplements or failure to take into account the 
effect of modifiers such as body-mass index or smoking 
(which decreases plasma vitamin C levels).234

Many studies have investigated the effects of vitamin 
C supplementation in humans using biomarkers of oxi-
dative damage to DNA, lipids (lipid oxidation releases 
mutagenic aldehydes), and protein.235,236,237,238,239 For 
example, intervention studies with antioxidant supple-
ments (100 mg per day of vitamin C, 28 mg per day of 
vitamin E, and 25 mg per day of-carotene) were found 
to decrease DNA strand breaks in lymphocytes, as mea-
sured by the comet assay.240 Subsequent studies showed 
-carotene by itself was ineffective at reducing the num-
ber of DNA breaks,241 but that vitamin C was effective 
alone.242

Studies in rats have shown that spontaneous oxida-
tive damage occurs at a rate of about 66,000 DNA 
adducts per diploid cell243,244 and, unlike uracil misin-
corporation, is likely to occur with equal frequency on 
both strands. Repair of oxidative adducts by glycosy-
lase results in transient single-strand breaks in DNA. 
Increased oxidative damage is therefore associated 
with low vitamin C intake.245 Individuals who are defi-
cient in both folate and antioxidant intake would have 
higher levels of both oxidative damage and uracil 
incorporation in their DNA, and be expected to have a 
high level of double-strand DNA breakage. Radiation 
(an oxidative mutagen) and folate deficiency have 
been shown to act synergistically in causing chromo-
some breakage in tissue-culture cells.246

Smoking is another producer of oxidative stress. A 
smoker needs to consume 40% more vitamin C than a 
non-smoker in order to maintain a comparable blood-
plasma level of vitamin C.247 Several studies have exam-
ined the associations between paternal smoking, vita-
min C intake, oxidative damage to sperm DNA, and 
childhood cancer in the offspring. Smoking depletes 
vitamin C, which is required to protect DNA in sperm 
against oxidative damage.248,249,250 Smokers, or men with 
low ascorbate intake, have lower seminal-plasma ascor-
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bic-acid levels and higher levels of oxidative DNA dam-
age in their sperm than either nonsmokers or men with 
adequate ascorbate intake.251,252

Unfortunately, there have been few studies that 
have rigorously examined the effect of paternal vitamin 
C level by itself on cancer in offspring. Nevertheless, 
there is evidence that children with fathers who smoke 
have an increased rate of childhood cancer.253,254,255,256 
An epidemiological study from China makes a particu-
larly strong case that ALL, lymphoma, and brain cancer 
are each increased three- to four-fold in children of 
male smokers.257 The associations were strongest in men 
with the highest number of pack years of smoking. It 
seems likely, given the available evidence, that the can-
cer risk to offspring of male smokers would be higher 
when dietary antioxidant intake is low. 

Inadequate Heme Synthesis Causes Mitochondrial 
Decay and Oxidative DNA Damage

Heme biosynthesis is predominantly in the mito-
chondria. Interfering with heme synthesis causes spe-
cific loss of heme-a, a component of complex IV, with 
consequent release of oxidants.258,259 Iron deficiency 
(25% of menstruating women in the U.S. ingest < 50% 
of the RDA) also causes release of oxidants and mito-
chondrial decay,260 presumably through lack of heme-
a.261 The poor tend to have the lowest levels and 
intake.262,263 Biotin deficiency, which is quite common in 
the population264,265 also causes defective mitochondrial 
complex IV and oxidant leakage (Atamna et al., in prep-
aration). There is evidence that deficiency of cop-
per,266,267 a component of complex IV, or pantothenate268 
(Atamna et al., in preparation) leads to a decrease in 
complex IV. Zinc deficiency causes marked release of 
oxidants with marked oxidative damage to DNA,269,270 
due to the inactivation of -aminolevulinate dehy-
dratase, an enzyme of heme biosynthesis containing 
eight zinc atoms (Atamna et al., in preparation). Zinc 
deficiency is associated with cancer in both humans and 
rodent models.271 Zinc intake inadequacy (10% of peo-
ple in the U.S. ingest < 50% of the RDA) in human cells 
in culture causes oxidative DNA damage, inactivation of 
tumor suppressor protein, p53 (a zinc protein) and inac-
tivation of oxidative DNA repair; these effects can 
multiply to cause severe genetic damage.272,273 The con-
sequences of these various deficiencies are likely to be 
accelerated aging, neural decay, and cancer.274,275 

Common micronutrient deficiencies are likely to 
damage DNA by the same mechanism as radiation and 
many chemicals, and appear to be orders of magnitude 
more important.276,277,278 The need to set micronutrient 
requirements to minimize DNA damage has been 
reviewed by Fenech.279 We have compared radiation 
with folate deficiency to try to put risks in perspec-
tive.280 The poor and others at risk are not served if huge 
resources are put into minor hypothetical risks281 and 
major risks are not addressed.

Dark Skin, Vitamin D, and Calcium Deficiency

The hormone vitamin D is formed in the skin with 
the aid of ultraviolet (UV) light from sunlight; however, 
too much exposure to UV light is dangerous. Humans 
who originate from northern areas with little UV radia-
tion have light skin to maximize their exposure to UV 
rays, whereas people from southern areas have dark skin 
to minimize their UV light exposure. Northern popula-
tions in the U.S. are exposed to insufficient sunlight 
and individuals are often chronically vitamin-D defi-
cient unless they drink vitamin D-fortified milk or take 
a supplement. Dark-skinned people who don’t drink 
fortified milk and who live in northern cities, such as 
Boston, Detroit, Cleveland, Chicago, and Seattle, are the 
people most at risk unless they take a supplement. 
“Although both dark- and light-skinned individuals 
can produce vitamin D in response to UV light, this 
response is much more limited in dark-skinned individ-
uals. The 25-hydroxyvitamin D, or 25(OH)D, levels in 
African-Americans and Hispanics are, therefore, lower 
than Caucasians in the U.S.”282 In a study in Boston, 
80% of African-Americans and 60% of Hispanics were 
vitamin D deficient283 (and M. F. Holick, personal com-
munication). Vitamin D is necessary for calcium mobili-
zation for bone formation, and brittle bones are a 
consequence of vitamin D deficiency. In addition, there 
is an inverse relationship between vitamin D intake or 
levels and several types of cancer, primarily colorectal 
cancer and colorectal adenomas; there is also evidence 
for a connection with prostate cancer.284,285,286,287,288 A 
higher intake of calcium has been shown to lower risk 
for colorectal adenoma recurrence.289 A plausible mech-
anism by which vitamin D deficiency could increase 
cancer is the known inhibitory effect of vitamin D 
metabolites on cell proliferation, an essential compo-
nent of carcinogenesis.290 African-Americans have 
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almost double the prostate cancer rate of whites and 
also have lower levels of the vitamin D metabolite 
25(OH)D in their blood.291 Recent epidemiological stud-
ies suggest that much of the increased cancer rate in 
African-Americans is due to vitamin D deficiency.292

Dark-skinned people such as African-Americans and 
some Hispanics tend not to drink milk as adults, 
because of lactose intolerance. Europeans and other 
northern people domesticated cows thousands of years 
ago and developed the ability as adults to metabolize 
lactose, which is a major sugar in cow’s milk. Most of 
the rest of the world cannot use lactose as adults and 
therefore show lactose intolerance when they drink 
cow’s milk and tend to avoid it; 70% of African-Ameri-
cans, 53% of Mexican-Americans and 90% of Asians are 
lactose intolerant compared to 15% of northern Europe-
ans and their descendants. As African-Americans and 
Hispanics also tend not to take vitamin supplements, 
these individuals are all the more likely to be calcium 
and vitamin D deficient.293 Most nutrient deficiencies 
also correlate well with poverty and low education. 
However, in some cases, such as vitamin D or calcium, 
it is clear that genetics is an important contributor. Afri-
can-Americans have lower calcium, magnesium, potas-
sium, and folate intakes than whites.294 The vitamin D/
calcium story illustrates why understanding genetics is 
important in some cases to develop appropriate inter-
ventions for the populations and individuals at risk.

Multivitamins in Humans

Evidence is accumulating that a multivitamin/min-
eral supplement is good insurance, and would markedly 
improve health (e.g., heart disease, cancer, immune 
function, and cataracts), particularly for the poor, the 
young, the obese, and the elderly.295,296,297,298,299,300,301,302, 

303,304,305,306,307 The caveat is, of course, that too much of 
many of the minerals (e.g., iron, zinc, copper, selenium) 
and some of the vitamins (e.g., vitamin A, -carotene) 
are toxic, though taking a multivitamin/mineral as 
insurance is not of concern. Mae West’s dictum about 
sex, “Too much of a good thing is wonderful,” doesn’t 
apply to micronutrients. Advice to take a multivitamin 
should always be coupled with advice to eat a good diet, 
as we also need fiber, omega-3 fatty acids, and other 
ingredients in a balanced diet.308 It is also good to keep 
in mind Mark Twain’s caution: “The main distinguish-
ing characteristic between man and the lower animals is 
the desire to take pills.”

Delaying the Mitochondrial Decay of Aging

Oxidative mitochondrial decay is a major contribu-
tor to aging.309,310,311,312,313 We are making progress in 
reversing some of this decay in old rats by feeding them 
the normal mitochondrial metabolites acetylcarnitine 
(ALC) and R-lipoic acid (LA) at high levels. The princi-
ple behind this effect appears to be that, with age, 
increased oxidative damage to protein causes a defor-
mation of the structure of key enzymes with a conse-
quent lessening of affinity (Km) for the enzyme 
substrate.314 The effect of age on decreasing the binding 
affinity of carnitine acyltransferase for ALC or acetyl 
CoA can be mimicked by reacting it with malondialde-
hyde (a lipid-peroxidation product that increases with 
age). Feeding the substrate ALC with LA, a mitochon-
drial antioxidant, restores the velocity of the reaction 
(Km) for ALC transferase and mitochondrial function.315 
LA is an effective inducer of phase II antioxidant 
enzymes, including glutathione synthesis, as well as 
being a potent antioxidant.316,317,318

In old rats (vs. young rats), mitochondrial membrane 
potential, cardiolipin level, respiratory control ratio, and 
cellular O2 uptake are lower; oxidants/O2, neuron RNA 
oxidation, and mutagenic aldehydes from lipid peroxida-
tion are higher.319,320,321,322,323,324,325,326,327 Ambulatory activ-
ity and cognition decline with age.328,329 Feeding old rats 
ALC with LA for a few weeks restores mitochondrial 
function; lowers oxidants, neuron RNA oxidation and 
mutagenic aldehydes; and increases rat ambulatory activ-
ity and cognition (as assayed with the Skinner box and 
Morris water maze).v,330,331,332 ALC and LA are also effec-
tive in improving the aging rat heart.333 A recent meta-
analysis of 21 double-blind clinical trials of acetylcar-
nitine in the treatment of mild cognitive impairment 
and mild Alzheimer’s disease showed a modest efficacy 
vs. placebo.334 A meta-analysis of four clinical trials of 
lipoic acid for treatment of neuropathic deficits in diabe-
tes showed significant efficacy vs. placebo.335 One should 
keep in mind, however, that a micronutrient-poor diet, 
as pointed out above, accelerates mitochondrial decay.

v Dr. Ames is one of the founders of Juvenon (www.juvenon.com), a com-
pany that has licensed the University of California patent on acetylcar-
nitine + lipoic acid for rejuvenating old mitochondria (Ames and T. 
Hagen, inventors), sells acetylcarnitine + lipoic acid supplements, and 
does clinical trials on them. Ames’s founder’s stock was put in a nonprofit 
foundation at the founding in 1999. He is the director of Juvenon’s Scien-
tific Advisory Board, but has no stock in the company and has not taken, 
and will not take, any reimbursement from the company.
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Public Health

A metabolic tune-up via micronutrient supplementa-
tion is likely to have great health benefits, particularly 
for those with inadequate diets, such as many of the 
poor, young, obese, and elderly, who are most vulnera-
ble to micronutrient insufficiency. Unfortunately, these 
needs are not being addressed adequately by the medical 
community. The issues discussed here highlight the 
need to educate the public about the crucial importance 
of optimal nutrition and the potential health benefits of 
a simple and affordable daily multivitamin/multi-min-
eral supplement. Tuning up metabolism to maximize 
the human health span will require scientists, clinicians, 
and educators to abandon the outdated paradigm of see-
ing micronutrients as merely preventing deficiency dis-
ease, and explore more meaningful ways to prevent 
chronic disease and achieve optimal health through bet-
ter nutrition. It is becoming clear that unbalanced diets 
will be the major contributor to ill health in the popula-
tion, with smoking following close behind.
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The Biology of Inflammation: A Common Pathway in Cardiovascular Diseases, Part II
Peter Libby, MD

Introductioni

Recognition that inflammatory pathways play a cen-
tral role in circulatory pathophysiology furnishes a new 
dimension to understanding even the most familiar and 
clinically compelling cardiovascular diseases, notably 
atherosclerosis and acute myocardial infarction, both of 
which are discussed in detail. In addition, these inflam-
matory aspects of cardiovascular diseases may provide, 
in some cases, new therapeutic opportunities to fore-
stall the development or the consequences of various 
cardiovascular conditions. Seemingly far afield at the 
outset, contemporary inflammation biology has con-
crete clinical ramifications for the practitioner. Learning 
to redirect inappropriate inflammatory responses may 
help us to improve patient outcomes in years to come. 
This essay will illustrate how inflammatory pathways 
contribute to two common and clinically compelling 
cardiovascular diseases. The first example, atherosclero-
sis, affects the blood vessels. The second, acute myocar-
dial infarction, affects the heart itself. 

Atherosclerosis: A Chronic Cardiovascular 
Inflammatory Disease

In the past, most considered atherosclerosis a type 
of lipid storage disease caused by excessive cholesterol 
accumulating in arteries in bland pools of extracellular 
lipid. Recent work, however, has heightened interest in 
inflammatory aspects of atherosclerosis, not only at a 
fundamental level, but also in relation to the clinic. 
Actually, atherosclerosis involves inflammation at all 
stages, ranging from the earliest steps in atheroma for-
mation, straight through to the ultimate clinical com-
plications of this common affliction.

Inflammation and the Initiation of Atherosclerosis

The first steps in atherogenesis recapitulate host 
defenses against microbial pathogens, as explicated in 
Part I of this discussion (see Chapter 18). However, in 
this caricature of a normal host defense pathway, lipids 
appear to play an important role as a trigger. Lipopro-
teins enter the arterial intima, where they can undergo 
modification by oxidation, creating oxidized forms of 
lipids that can incite inflammation.1 Another type of 
modification of lipoproteins arises by chemical conden-
sation with glucose residues and subsequent chemical 
reactions that yield advanced glycation end products 
(AGEs).2 Hyperglycemia such as that encountered in 
diabetics accelerates formation of AGEs. AGE-modified 

i Adapted, with permission, from: Libby P. Inflammation: a common 
pathway in cardiovascular diseases. Dialogues in Cardiovascular Medi-
cine. 2003;8(2):59-73. The original article has been divided into two 
parts for this book; part I can be found in Section IV: Fundamental 
Physiological Processes, as Chapter 18. Acknowledgement: Supported 
in part by a grant from the National Heart, Lung, and Blood Institute 
(HL-34636). 
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proteins can also stimulate inflammation. Recent evi-
dence has renewed interest in the possibility that infec-
tious agents themselves may participate in athero-
genesis.3 Viral or bacterial pathogens may trigger the 
localized inflammatory response inculpated in the initi-
ation of atherosclerosis. Modified lipids, glycated pro-
teins, and infectious agents and their products alike can 
elicit the expression of proinflammatory cytokines from 
cells resident in the arterial wall, including endothelium 
and vascular smooth muscle cells.4 The proinflamma-
tory cytokines thus produced can elicit on the endothe-
lial surface the expression of adhesion molecules, such 
as VCAM-1, specialized in the recruitment of mononu-
clear cells. VCAM-1 binds just the sub-classes of leuko-
cytes found in early atheroma, monocyte/macrophages, 
and T lymphocytes. Experiments in animals with defec-
tive VCAM-1 molecules show reduced atherosclerosis in 
response to hypercholesterolemia, supporting a role for 
this adhesion molecule in lesion formation.5 

Once adherent, the mononuclear cell enters the 
artery wall in response to chemoattractant stimuli. In 
the case of tissue microbial invasion, postcapillary 
venules typically serve as the portal for entry of the 
leukocyte into the affected tissue. In the case of athero-
sclerosis, the artery wall itself being the site of the 
inflammatory response, the chemoattractants such as 
MCP-1 cause the leukocyte to enter the arterial intima. 
Once resident within the intimal layer, the monocyte 
undergoes differentiation into a macrophage. In the 
context of atherogenesis, the macrophage takes on a 
special phenotype, the lipid-laden foam cell. Engorge-
ment with lipid cannot occur by binding of LDL parti-
cles to the classic LDL-receptor. Cholesterol loading 
rapidly reduces the expression of the LDL-receptor. This 
autoregulation mechanism prevents foam cell forma-
tion. In atheroma, macrophages express a variety of 
“scavenger receptors” that evade this regulatory step, 
continue to be expressed despite cellular lipid accumu-
lation, and permit foam cell formation by facilitating 
entry of modified lipoprotein particles into the phago-
cyte.6 While resting monocytes express only low levels 
of scavenger receptors, after exposure to certain inflam-
matory mediators found in atheroma, such as M-CSF, 
macrophages express higher levels of these receptors 
that facilitate foam cell formation.7 Mutations in vari-
ous scavenger receptors limit evolution of fatty lesions 
in hypercholesterolemic mice.8,9 Leukocyte adhesion, 
chemoattraction, and activation thus occur within the 

nascent atheroma, replicating the steps in a typical 
inflammatory response. The foam cell-rich fatty streak 
represents the first stage of atheroma formation.

Inflammation and Evolution of Atheromatous 
Plaque

If inflammatory stimulation persists, fatty streaks 
can progress to more complicated forms of atherosclero-
sis, such as the fibro-fatty plaque. Fibrogenesis results 
from elaboration by arterial smooth muscle cells of 
extracellular matrix macromolecules, including col-
lagens, elastin, and various proteoglycan molecules. 
Smooth muscle cells in the plaque arise from precursors 
resident in the intima in humans. Lesional smooth 
muscle cells may also arise by migration of medial 
smooth muscle cells into the intima, across the demar-
cating internal elastic lamina. In some types of arterial 
pathology, bone marrow-derived precursors may also 
give rise to smooth muscle cells involved in fibrous 
lesion formation.10 A variety of peptide growth factors 
can stimulate smooth muscle migration and prolifera-
tion, as well as regulate their biosynthesis of extracellu-
lar matrix macromolecules that form the fibrous part of 
complex atherosclerotic plaques. Protein mediators that 
stimulate smooth muscle migration and division 
include platelet-derived growth factor and basic fibro-
blast growth factor (bFGF).11 Although named growth 
factors, in practical terms, these proteins could just as 
well be called cytokines, as no strict difference separates 
these two categories of biological mediators.

Cytokines such as IL-1 or TNF can augment the 
production of growth factors such as PDGF or bFGF by 
smooth muscle cells, providing a direct link between 
inflammation and the control of growth of vascular 
smooth muscle cells. PDGF in vivo probably promotes 
smooth muscle migration to a greater extent than pro-
liferation. PDGF can also augment collagen production 
by vascular smooth muscle cells, consistent with its 
role in lesion evolution.

Atherosclerotic lesions also contain considerable 
numbers of T lymphocytes.12 These T cells bear markers 
of activation. Atherosclerotic lesions contain IFN-, a 
typical product of activated T cells. Smooth muscle cells 
and macrophages in human lesions also express class II 
histocompatibility antigens, an indicator of stimulation 
by IFN-. The reader can surmise from the foregoing 
summary of the cellular immune response that the ath-
erosclerotic lesion thus contains all of the cells involved 
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in acquired immunity. Antigens found in atherosclerotic 
plaques, such as modified lipoproteins and heat shock 
proteins (produced by cells in the atherosclerotic lesion), 
can act as antigens, stimulating an ongoing cellular 
immune response in the atheroma. In addition to innate 
immunity (activated macrophages) and the afferent 
limb of cellular immunity mediated by helper T cells, 
cell death mediated by Fas ligation and/or cytolytic T 
cells may also contribute to apoptosis of smooth muscle 
cells and macrophages, now clearly demonstrated in 
advanced human atherosclerotic lesions.13 In illustrating 
the basic biology of chronic immune responses, this 
essay invoked the example of the granuloma engen-
dered by infection with the tubercle bacillus. In many 
ways, the atheroma resembles a specialized form of gran-
uloma—noncaseating, but with a lipid core. Many of the 
cellular biology and pathophysiological responses in the 
atheroma resemble those in the infectious granuloma. 
In addition, many of the molecular mediators, the 
cytokines and growth factors, participate in both pro-
cesses. Thus, the atheroma, far from being a bland 
accumulation of lipids, rather resembles a smoldering 
chronic inflammatory response, another example of 
host defenses gone awry.

Inflammation and the Acute Complications of 
Atherosclerosis

Atheromata seldom cause acute clinical manifesta-
tions because of their obstructive, space-occupying 
properties. Such substantial stenoses may cause stable 
angina pectoris, but most acute coronary syndromes 
result from thrombosis-complicating plaques. In fact, 
many acute coronary syndromes result not from highly 
stenotic lesions, but from lesions that may cause lesser 
degrees of stenosis. Clinical data supporting this view 
have emerged from angiograms performed following 
lysis of the culprit clot by thrombolytic therapy. A sub-
stantial minority of lesions that precipitate acute myo-
cardial infarction produces stenoses of less than 50% 
once the occlusive thrombus has undergone lysis. Serial 
angiographic studies have also shown that the culprit 
lesion of acute myocardial infarction often showed 
modest degrees of stenosis on antecedent angiograms. 
Other serial angiographic studies have shown that a 
substantial number of human atherosclerotic plaques in 
coronary arteries evolve rapidly and discontinuously, 
rather than slowly and smoothly in time.

We now recognize that most thrombotic complica-
tions of atherosclerosis that cause acute events result 
from the physical disruption in the atherosclerotic 
plaque. One form of disruption, superficial erosion, 
may involve concomitant inflammation, although 
opinions on this point differ. However, all observers 
agree that a fracture of the fibrous cap, the most com-
mon cause of fatal acute myocardial infarction in 
humans, arises at sites of heightened inflammatory 
responses.14,15 Analysis of 20 culprit lesions of fatal acute 
myocardial infarctions showed that T lymphocytes and 
macrophages predominated at sites of clinical plaque 
rupture, causing fatal thrombi. Smooth muscle cells and 
macrophages in these zones of fatal plaque disruption 
showed expression of the class II histocompatibility 
antigen HLA-DR. This result supports a role for acti-
vated T cells and macrophages in clinically significant 
plaque disruption. Interruption in collagen synthesis by 
smooth muscle cells caused by the T cell product IFN- 
(the inducer of class II histocompatibility molecules) 
may account for weakness and fragility of the plaque’s 
fibrous cap at places of rupture. Autopsy studies have 
shown that the presence of T lymphocytes correlates 
inversely with indices of the synthesis of fibrillar forms 
of collagen, the extracellular matrix macromolecule 
that lends strength to the plaque’s fibrous cap.

Weakening the fibrous cap results not only from 
decreased collagen synthesis, but from augmented col-
lagen degradation as well. Activated macrophages 
secrete several types of proteinases that can attack the 
extracellular matrix molecules responsible for the integ-
rity of the plaque’s fibrous cap. Macrophages exposed to 
inflammatory cytokines step up their production of col-
lagenases of the matrix metalloproteinase (MMP) family 
and lysosomal enzymes capable of dissolving arterial 
extracellular matrix macromolecules. These findings 
provide a firm foundation for involvement of inflam-
mation in weakening of the plaque’s fibrous cap and 
plaque disruption and thrombosis.

Once the fibrous cap fails, blood coagulation factors 
undergo activation by contact with tissue factor 
expressed by macrophages in the plaque’s lipid core.16 
The expression of the tissue factor gene requires activa-
tion by inflammatory mediators. As discussed in the 
context of gram-negative sepsis, bacterial lipopolysac-
charide can induce tissue factor expression in human 
monocyte/macrophages. T cells, found adjacent to mac-
rophages in fatally disrupted human atherosclerotic 
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plaques, can activate tissue factor expression on mac-
rophages by producing CD154 (CD40 ligand).17 Once 
again, pathways first unraveled in the context of cellu-
lar immune responses appear to participate importantly 
in aspects of atherogenesis, this time regulating the 
thrombogenicity of the plaque’s lipid core.

Atherosclerosis and Inflammation: Therapeutic 
Implications

The foregoing discussion has illustrated the pivotal 
role of inflammation in all phases of atherosclerosis, 
lesion initiation, progression, and complication. This 
central role of inflammation and immunity in athero-
genesis suggests that anti-inflammatory therapies might 
have a role in the management of this ubiquitous dis-
ease. Indeed, we have advanced the notion that lipid-
lowering therapy exerts its benefit in atherosclerosis in 
part by acting as a specific anti-inflammatory interven-
tion directed at the relevant instigation stimulus in this 
disease. Experimental studies have validated the con-
cept that lipid lowering causes inflammation associated 
with atherosclerosis to subside.18 Human observations 
have shown decreases in inflammatory markers such as 
CRP with lipid lowering. While much of this benefit 
probably accrues due to lipid lowering itself, some of 
the pharmacologic agents used in lipid management 
may have direct effects independent of their hypolipi-
demic actions. For example, statins may possess so-
called “pleiotropic” effects. By interfering with intracel-
lular signaling pathways, statins may interrupt certain 
inflammatory pathways. However, many in vitro studies 
of pleiotropic actions of statins employ concentrations 
not likely achievable under clinical circumstances. 
Other classes of agents used to manage atherosclerotic 
risk factors, including the fibric acid derivatives and thi-
azolidinediones (such as the insulin-sensitizing “glita-
zone” drugs), may have direct anti-inflammatory effects 
mediated by binding to nuclear receptors known as per-
oxisome proliferator-activated receptors (PPARs).19 Once 
again, although based on substantial in vitro evidence, 
the clinical relevance of these nonlipid-dependent 
effects of PPAR agonists remains speculative at a clinical 
level.

Acute Myocardial Infarction: An Inflammatory 
Cardiac Disease

The previous section discussed how inflammation 
can set the stage for acute coronary syndromes in con-
cluding myocardial infarction. However, myocardial 
infarction itself unleashes an inflammatory response at 
the level of the ventricular myocardium. Tissue injury 
can stimulate the innate immune response. Tissue 
necrosis elicits recruitment of the leukocyte emblematic 
of the acute inflammatory response, the granulocyte. 
The inflammatory response mediated by granulocytes 
in infarcting myocardium may actually extend the 
injury. These specific granules of neutrophils contain a 
form of collagenase (MMP-8) that can cleave interstitial 
collagen in the myocardium, favoring expansion of the 
infarct zone, the first step in myocardial remodeling. 
Such infarct expansion correlates with worsened clinical 
outcome. The reactive oxygen species released by the 
activated neutrophil can heighten local tissue injury in 
the infarcting myocardium. In addition, endothelial 
damage following on neutrophil activation can contrib-
ute to the “no-reflow” phenomenon and microvascular 
dysfunction that currently represents an obstacle to 
reperfusion therapies. Strategies that limit neutrophil 
accumulation following coronary ligation can alleviate 
some of the consequences of reperfusion injury.

Within days after acute myocardial infarction, the 
acute inflammatory response gives way to a more 
chronic reaction. Macrophages supplant polymorpho-
nuclear leukocytes as the principal inflammatory cell 
type. The macrophages also contribute to tissue remod-
eling. Production of interstitial collagenases and other 
proteolytic enzymes can accentuate tissue remodeling 
initiated by granulocyte-derived proteinases. Adminis-
tration of inhibitors of matrix metalloproteinases can 
limit left ventricular remodeling following experimen-
tal coronary ligation. Targeted disruption of the gene 
encoding MMP-9 can likewise limit infarct expansion.

The macrophage in the infarct can phagocytize dead 
cardiac myocytes and their debris. The macrophage also 
releases fibrogenic mediators that elicit tissue repair. 
Granulation tissue, comprised of stromal cells prolifer-
ating in response to protein growth factors migrating 
into the infarcted zone in response to these mediators, 
leads to scar formation replacing zones of coagulation 
necrosis of cardiac myocytes.
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Angiogenesis also characterizes granulation tissue, 
replacing infarcted myocardium. Inflammatory media-
tors released by leukocytes infiltrating the infarcted 
zone may promote the production of angiogenic pep-
tides such as acidic fibroblast growth factor (aFGF), 
bFGF, and vascular endothelial growth factor (VEGF). 
Thus, the “mopping up” operation affected by the 
chronic inflammatory cells may also promote collateral 
growth as part of the normal reparative mechanism in 
the aftermath of an acute myocardial infarction.

The tissue injury of acute myocardial infarction elic-
its an acute-phase response. CRP and serum amyloid-A 
levels in peripheral blood in the throes of an acute coro-
nary event correlate with prognosis. Thus, the degree of 
the inflammatory response mounted in response to an 
ischemic insult to the myocardium can have consider-
able clinical consequence.

The exposure to immune cells of antigens usually 
contained within cells due to acute ischemic injury 
can elicit immune responses as well. Antimyosin anti-
bodies can instigate autoimmune myocarditis in exper-
imental models. The postpericardiotomy syndrome 
(Dressler’s) may represent an autoimmune response 
engendered by myocardial injury. The above examples 
illustrate how inflammatory responses participate in 
many aspects of acute myocardial infarction and its 
clinical complications.

Summary

The general pathway of inflammation plays out in 
most cardiovascular diseases of clinical import. The rec-
ognition of the role of inflammatory processes in cardio-
vascular diseases furnishes a new dimension to the 
understanding of their pathophysiology; it also provides 
us with a model for understanding the inflammatory 
and innate immunity responses in other conditions. The 
inflammatory aspects of cardiovascular diseases may 
provide, in some cases, new therapeutic opportunities to 
forestall the development or the consequences of vari-
ous cardiovascular conditions (see, for example, the dis-
cussion on essential fatty acids that concludes this 
chapter). Contemporary inflammation biology has con-
crete clinical ramifications for the practitioner. Learning 
to redirect inappropriate inflammatory responses may 
help us to improve patient outcomes in years to come.

Inflammation and Autoimmunity: A 
Functional Medicine Approach
Alex Vasquez, DC, ND

Introduction

Numerous diseases and clinical entities can be cate-
gorized under the headings of “allergy,” “autoimmune 
diseases,” and “inflammatory imbalances,” and these 
conditions can range from mild allergies such as sea-
sonal rhinitis to acute inflammatory emergencies such 
as vision-threatening temporal arteritis or neuropsychi-
atric lupus. Whether we call these conditions “allergic” 
or “autoimmune” is somewhat irrelevant; what is more 
important is recognizing that these conditions repre-
sent mild or severe forms of immune system dysfunction, 
wherein the immune system has begun over-respond-
ing to normally benign immunogens, whether envi-
ronmental or endogenous. From this perspective, we 
can approach the evaluation and treatment of immune 
dysfunction patients with a unique set of questions. 
After determining the nature of the immune dysfunc-
tion, its severity, and target immunogen(s)—and once 
we have ruled out or appropriately managed acute 
emergencies—we can ask: What factors have contributed 
to the genesis and perpetuation of the immune dysfunction? 
Rather than merely suppressing the manifestations 
of ongoing immune dysfunction with the use, for 
example, of corticosteroids and antihistamines, what 
interventions are appropriate to help normalize/optimize 
immune function? Beginning the clinical assessment and 
therapeutic intervention with these questions leads us 
in a much different direction than does the prescrip-
tion pad and consideration of which dose of which 
drug to administer.20

Very much like the nervous system and the gas-
trointestinal tract, the immune system represents an 
interface between a complex, ever-changing external 
environment and an internal system that is striving to 
maintain homoeostasis and defend its boundaries from 
potentially harmful foreign substances. Influences from 
within and without may alter the status of this immuno-
logic interface and result in dysfunction to which we 
then affix various labels: allergic, inflammatory, or 
autoimmune. Restoration of health may be attained 
by pursuing higher levels of concordance between the 
internal and external milieus, such as better matching 
of environmental conditions and nutritional intake to 
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basic physiological needs.21 Previous conceptualizations 
of allergic and rheumatic disorders failed to appreciate 
the interconnectedness of various body systems and 
thus relied on pharmacologic interventions to suppress 
manifestations of underlying dysfunction. Treating all 
allergic disorders with “antihistamine” monotherapy 
and treating rheumatic disorders with immunosuppres-
sants are two common examples of standard approaches 
that mask but do not normalize underlying immune 
dysfunction. In order to integrate new data and inter-
vene more effectively, we must appreciate the complex 
interconnectedness of body systems and their relation-
ship to the external environment. In functional medi-
cine, we work to remediate dysfunction whenever 
possible, rather than relying on pharmacologic symp-
tom suppression.

Multiple Manifestations of Immune and 
Inflammatory Imbalance

As discussed in other sections of this book, inflam-
mation is a complex process with numerous complica-
tions and implications, the final details of which have 
yet to be elucidated. The section of this chapter on 
essential fatty acids (EFAs) examines many of the com-
mon underlying processes that link a number of dis-
parate conditions that all have an inflammatory cause 
or mediator. Here, we will consider this topic from a 
number of points on the functional medicine matrix, 
because complex patients with inflammation and 
immune problems may present with widely varying 
clinical pictures.

Where do we begin? When faced with complex 
patients who seem to be “hypersensitive to every-
thing”—including common foods and their own body 
tissues—we are faced with a daunting task. We have all 
seen patients in clinical practice who have some evi-
dence of multiple food allergies along with evidence 
of autoimmunity, most commonly thyroiditis. Other 
patients may present with inflammatory neuropathy or 
atopy, along with a history of environmental exposure 
(e.g., mold or mercury), particularly following a series 
of stressful life events. With patients such as these, 
there is generally no single “right” place to begin; 
rather, the treatment plan must be multifaceted to 
address numerous aspects contributing to immune 
dysregulation. With the necessity of a multifaceted 
approach in mind, we begin with a detailed history to 

listen for which areas are a high priority. In any group 
of patients with the same diagnostic label (e.g., multi-
ple sclerosis or rheumatoid arthritis), the etiologies of 
their individual diseases might be quite different. By 
starting with an appreciation of the major influences in 
mind, we can better listen to our patients and therefore 
intervene more accurately. However, before the patient 
interview begins, we must already have an appreciation 
of the factors that can adversely affect immune regula-
tion, so that we can ask appropriate questions during 
the interview.

What factors influence immune function and, when 
adversely altered, might predispose to immune dysfunction? 
What are the history, signs, and symptoms of each? What 
are the appropriate methods of assessment and intervention? 
How might these factors interact synergistically, such that a 
few minor perturbations might result in disastrous health 
consequences? An attempt to articulate answers to these 
questions is provided below; emphasis is placed on the 
areas considered most relevant for this discussion in 
general, though considerations beyond this list may be 
relevant for individual patients.

Psychoemotional Influences 

That emotional and mental forms of stress can 
influence immune function is well established in the 
research literature and in our practical life experiences. 
We’ve all seen and experienced the sequential onset of 
infectious illness following acute or chronic stress. A 
few pertinent examples will serve to make the point: 

• Military cadets in intensive training characterized 
by acute mental stress, sleep deprivation, and phys-
ical exertion show a greatly increased susceptibility 
to infectious disease, particularly cellulitis and 
pneumonia.22 

• Mental-emotional factors can also play a role in 
the development of allergy. In a prospective case-
control study, children exposed to the stress of 
international relocation were more likely to devel-
op atopic sensitization.23 

• Stress may promote the development and exacer-
bation of inflammatory bowel diseases by effecting 
reductions in protective mucus and secretory IgA 
and by increasing mucosal permeability; the sub-
sequent reduction in mucosal defense increases 
antigen absorption, promotes sensitization to sub-
threshold exposure to immunogens, and results in 
clinical relapse.24 Loss of sIgA leaves the respira-
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tory, gastrointestinal, and genitourinary tracts less 
defended and more vulnerable to microbial colo-
nization and antigen absorption.

• Mild emotional stress appears to increase bacterial 
and yeast adherence to mucosal surfaces, poten-
tially leading to overgrowth, infection, and clinical 
manifestations associated with Helicobacter pylori, 
Candida albicans, Escherichia coli, Haemophilus influ-
enzae, and others. The primary mechanism appears 
to be the stress-induced increase in salivary adhe-
sion molecule sulfo-Lewis-a, which links microbes 
to mucosal glycoprotein MUC5B.25 

• Mental-emotional stress commonly leads to sleep 
disturbance and insomnia, both of which exacer-
bate the body’s inherent inflammatory tendency, as 
evidenced by increases in the inflammatory marker 
CRP in sleep-disturbed patients.26

Conversely, relaxing, pleasant experiences appear to 
reduce inflammatory responses, promote normalization 
of neuroendocrine status, and allow humoral and cellu-
lar elements of the immune system to function compe-
tently. Music therapy has been shown to increase salivary 
secretory IgA, decrease plasma cortisol, decrease symp-
toms in patients with bronchial asthma, and reduce 
latex-induced wheal in patients with latex sensitiza-
tion.27 In a controlled clinical trial with 50 human sub-
jects, stress reduction was shown to reduce experimental 
neurogenic inflammation.28 

In sum, a shift in the balance of emotional experi-
ence away from relaxation and toward stress appears to 
increase susceptibility to allergy, infection, and neuro-
genic inflammatory responses. Clinically, we see that 
many immune-mediated disorders are exacerbated by 
stressful events, and that some patients must adopt a 
less stressful lifestyle if healing of their ailment is to 
be attained. Optimization of the patient’s psychoemo-
tional environment, frequent implementation of 
stress-reduction and meditative techniques, and the 
establishment and preservation of restorative sleep are 
important to shift the inherent tendency of the body 
away from inflammation and in the direction of 
health and homeostasis.

Endocrinologic Influences

Several hormones have immune-modulating effects 
and show characteristic patterns of imbalance in patients 
with inflammatory and atopic disease. Clinically, we 

observe that many patients with immune dysfunction 
have relatively lower levels of cortisol, dehydroepi-
androsterone (DHEA), and testosterone, and more rarely, 
“subclinical” deficiencies of progesterone may be seen. 
Relative elevations in estradiol and/or exposure to estro-
gen-like compounds (xenoestrogens) are also common 
among patients with autoimmune disorders. Proof of 
principle is found in clinical trials and case reports dem-
onstrating successful treatment of various allergic and 
autoimmune disorders when patients are treated with 
hormones such as testosterone, DHEA, and cortisol. Cor-
tisol is a well-known immunoregulatory hormone, and it 
becomes immunosuppressive when administered or pro-
duced in supraphysiologic amounts or as a potentiated 
analog such as prednisone. Given that cortisol is immu-
noregulatory, and that chronic mental-emotional stress 
suppresses endogenous cortisol production,29 a possible 
mechanism by which mental-emotional stress leads to 
the exacerbation of immune dysfunction is immediately 
apparent. Low endogenous production of cortisol 
appears to exacerbate many inflammatory, allergic, and 
autoimmune disorders, and administration of bioidenti-
cal cortisol in physiologic doses can lead to clinical 
improvement.30,31 

DHEA levels are low in patients with systemic lupus 
erythematosus and the inflammatory bowel diseases 
(Crohn’s disease and ulcerative colitis32); DHEA adminis-
tration can lead to clinical improvement.33,34 Compared 
to disease-free control groups, men with rheumatic/
autoimmune diseases show lower levels of testosterone35 
and higher levels of estradiol,36 thus leading to a signifi-
cant reduction in the testosterone/estradiol ratio; reversal 
of this trend is clinically desirable. A clinical trial involv-
ing postmenopausal women with rheumatoid arthritis 
showed that androgen administration led to significant 
subjective and objective improvements.37 The clinical 
significance of progesterone’s role in immune function is 
much less clear, particularly since paradoxical responses 
to progesterone are seen in certain patient groups.38 Hor-
monal assessment and appropriate intervention are valu-
able considerations in patients with allergic and 
rheumatic diseases. 

Environmental and Xenobiotic Influences

Environmental contributions to autoimmune and 
inflammatory disorders deserve high priority in the 
evaluation and treatment of all patients with rheumatic 
diseases, which, again, are manifestations of immune 
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dysfunction. The major considerations under the head-
ing of “environment” include diet, nutrition, ultraviolet 
and ionizing radiation, exogenous microbial products 
(i.e., inhaled mycotoxins and bioaerosols), and xenobi-
otics such as mercury, herbicides, pesticides, and the 
plethora of industrial, military, and petrochemical toxi-
cants.39 

• “Food allergies” (within which, for ease of discus-
sion, we include intolerances and sensitivities as 
well as classic allergies) can precipitate a wide range 
of inflammatory disorders, including arthritis and 
inflammatory bowel disease.40 In particular, sensi-
tivity to wheat gluten can trigger lupus,41,42 thyroid 
autoimmunity,43,44 and several other autoimmune 
endocrinopathies.45 Given that food allergies can 
damage the mucosa of the small intestine and thus 
promote macromolecular absorption, these reac-
tions can also promote the development of addi-
tional food allergies via enhancement of antigen 
absorption, which promotes immune sensitization. 

• Mercury is a type-1 sensitizing agent associated with 
autoimmune diseases46 such as multiple sclerosis47 
and with atopic disease such as eczema.48 Occupa-
tional exposure to the insecticide DDT is associated 
with reductions in serum IgG (suggesting immune 
suppression), as well as increases in serum antinu-
clear antibodies (suggesting immune dysregula-
tion).49 Indeed, the paradox of immunosuppression 
and concomitant autoimmunity is the classic mani-
festation of xenobiotic-induced immunotoxicity. 

• Chronic exposure to mold from water-damaged 
buildings can induce neuronal autoimmunity and 
systemic inflammation, resulting in a clinical pic-
ture that may be labeled “multiple sclerosis” or 
“idiopathic peripheral neuropathy.”50 

• Vitamin D insufficiency is epidemic in the United 
States and is extremely prevalent (> 90%) among 
patients with chronic musculoskeletal pain;51 this 
condition induces a systemic inflammatory response 
and causes skeletal pain by promoting the develop-
ment of an unmineralized collagen matrix which 
hydrates, swells, and compresses sensory nerves in 
the periosteum. Insufficient sun exposure—whether 
from indoor living, sunscreen use, or nonequatorial 
latitudes—can result in a vitamin D deficiency that 
is easily correctible with oral supplementation in the 
range of 4,000 IU per day for adults.52 

Thus, when evaluating patients with inflammatory, 
allergic, and autoimmune disorders, attention must be 
given to the environment in which the patient exists—
including xenobiotic and dietary exposures, as well as 
the sufficiency or insufficiency of sun exposure and 
vitamin D intake. 

Gastrointestinal and Mucosal Influences: Occult 
Infections

As discussed in depth in Chapter 28, impaired diges-
tion and increased mucosal permeability can alter the 
intestinal milieu and promote macromolecule absorp-
tion, and these alterations may precipitate systemic 
inflammatory imbalance. More specifically, intestinal 
colonization with either pathogenic or immunogenic 
microbes such as yeast, gram-negative bacteria, proto-
zoa, and amoebas may provoke an immune response 
that cross-reacts with human body tissues, inducing a 
systemic inflammatory disease.53 Additional details are 
abundant in the research literature, strongly implicat-
ing altered bowel microflora, “dysbiosis,” as the genesis 
for many chronic health problems.54 

While most of this research is specifically relevant 
for the gastrointestinal tract, the mucosal surfaces of the 
nasopharynx, sinuses, lower respiratory tract, and the 
genitourinary mucosa must be considered, along with 
the patient’s domestic, occupational, and recreational 
environments as sources of microbe-induced immune 
dysfunction. More recently, occult dental infections 
have become recognized as a source of proinflammatory 
immunogenic stimulation that contributes to a wide 
range of chronic health problems.55,56,57,58 Regardless of 
their origin—whether endogenous (i.e., mucosal or den-
tal) or exogenous (e.g., mold bioaerosols from water-
damaged buildings)—many microbial products are 
clearly capable of initiating clinical disease and immune 
dysfunction in humans.59 

In situations where further investigation is indi-
cated, most practitioners begin searching for occult 
infections by assessing the gastrointestinal tract with 
comprehensive stool and parasitology analysis per-
formed by a specialty laboratory (three stool samples 
from three days, analyzed separately). Abnormal 
microbes are then eliminated and health-promoting 
microbes are replaced with probiotics (see the 4R pro-
gram discussion in Chapter 28). Empiric antimicrobial 
therapy against bacteria, amoebas, protozoas, and yeast 
may be implemented if test results are negative and 
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clinical suspicion of occult infection or gastrointestinal 
colonization remains high. Thereafter, consideration of 
and assessment for occult dental infections by dental 
specialists (“biologic dentists”), occult infections in the 
respiratory and genitourinary tracts, and toxic micro-
bial exposures from the patient’s occupational, residen-
tial, and recreational environments can be pursued. 
Mucosal integrity of the small intestine can be assessed 
easily and accurately with the lactulose-mannitol assay. 

Nutritional Influences

While it is true that consumption of foods to which 
a person is reactive can precipitate and exacerbate a 
wide range of inflammatory disorders, it is also true that 
certain foods and cultural styles of eating can either 
promote or retard the development of inflammatory 
and autoimmune disorders. The standard American 
diet, commonly referred to as SAD, is inherently proin-
flammatory due to its excess of sugars and arachidonic 
acid and its insufficiency of omega-3 fatty acids and 
phytonutrients.60 In vitro evidence shows that corn oil, 
a rich source of the omega-6 fatty acid linoleic acid, 
induces an inflammatory response in hepatic Kupffer 
cells and an upregulation in inflammatory gene tran-
scription that is consistent with data in humans linking 
vegetable oil consumption with inflammatory and 
malignant diseases.61 Supplied in high amounts in dairy 
products, beef, pork, and other foods of land-animal 
origin, arachidonic acid is the precursor to the proin-
flammatory prostaglandins and leukotrienes that partic-
ipate in the genesis and progression of essentially all 
inflammatory conditions; diets low in arachidonate 
tend to have a relative anti-inflammatory effect. 

Consumption of meals with a high glycemic load 
and foods with a high glycemic index induces an 
inflammatory response demonstrated by elevations in 
C-reactive protein and other markers of inflammation. 
Whole, natural foods such as fruits, vegetables, nuts, 
seeds, and berries are generally rich sources of phytonu-
trients that have antioxidant and anti-inflammatory 
properties.62 Certain dietary components, such as vita-
min D, green tea, rosemary, grape seed extract, resvera-
trol, selenium, and zinc, are also inhibitors of the NFB 
proinflammatory cascade. 

Modern diets are characteristically deficient in 
omega-3 fatty acids, and thus most of our patients are 
likewise deficient in these fatty acids that have anti-
inflammatory benefits mediated by inhibiting proin-

flammatory prostaglandin production, increasing pro-
duction of anti-inflammatory prostaglandins, and 
modulating genetic expression.63 Harmonization of 
human physiology with a nutritional environment of 
whole natural foods, abundant exercise, and sufficient 
vitamin D is an important goal in the promotion of 
health and alleviation of disease.64 Within the frame-
work of a health-promoting diet, customization will be 
necessary for patients who are allergic to otherwise 
“healthy foods” such as citrus fruits and shellfish.

Neurogenic Influences

Neurogenic inflammation may play a major role in 
many allergic and autoimmune/inflammatory disor-
ders, yet the importance of addressing the nervous sys-
tem in the treatment of inflammatory conditions seems 
to be underappreciated by many healthcare practition-
ers. Neurogenic inflammation, the release of proinflam-
matory mediators by sensory terminals of the periph-
eral nervous system,65 appears to play a role in diverse 
allergic and rheumatic diseases, including asthma66 and 
rheumatoid arthritis.67 Since neurogenic inflammation 
can be inhibited by interference with nociceptive input 
transmitted via afferent C fibers, and since intense 
mechanoreceptor stimulation by spinal manipulation 
interferes with nociceptive input transmitted via affer-
ent C fibers,68 it appears possible that spinal manipula-
tion could help produce a neurogenically mediated 
anti-inflammatory benefit. Similarly, the overall bene-
fits and anti-inflammatory effects of relaxation and 
stress reduction are partly mediated by reductions in 
neurogenically mediated inflammation.69 

Additional evidence reviewed by Meggs70 shows that 
neurogenic inflammation is a contributing factor in sev-
eral common clinical entities, including migraine, rhini-
tis, and the multiple chemical sensitivity syndromes. The 
phenomenon of “neurogenic switching” as described by 
Meggs71 is the mechanism by which sensory input, 
chemical exposure, or tissue damage in “location A” can 
be transmitted neurologically to produce pain, inflam-
mation, and tissue degeneration in “location B,” and the 
occurrence of this phenomenon has been demonstrated 
in vivo.72 Indeed, neurogenic inflammation and its trans-
mission to distant sites may be a significant factor in 
many inflammatory disorders encountered in clinical 
practice, and its amelioration via mechanoreceptor stim-
ulation and stress-reduction techniques is worthy of con-
sideration and additional research.
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Therapeutic Interventions and Alternatives 
to NSAIDs

In late 2004 and early 2005, we witnessed the end of 
what can be referred to as the “cyclooxygenase para-
digm” of inflammation. The specific targeting of the 
inflammation-induced cyclooxygenase-2 isoenzyme 
(COX-2) by selective pharmaceutical drugs rose and fell, 
leaving behind a legacy of human tragedy, exorbitant 
expenses, and suggestions of collusion between the 
pharmaceutical industry and the U.S. FDA, both of 
which failed to protect the public from medications 
that were well established as hazardous soon after their 
release onto the healthcare market.73,74,75 By demonizing 
and targeting COX-2, the pharmaceutical industry over-
looked the beneficial roles of one of this enzyme’s major 
products—prostacyclin, which reduces both blood pres-
sure and platelet aggregation. The widespread cardio-
vascular catastrophe that ensued due to the chronic 
administration of these COX-2 inhibitors injured at least 
160,000 patients and killed an estimated 26,000–55,000 
patients.76 Previous to the introduction of COX-2 inhibi-
tors, it was estimated that nonsteroidal anti-inflamma-
tory drugs killed at least 16,500 arthritis patients per 
year.77 Likewise, many surgical treatments for muscu-
loskeletal pain carry excess risk and insufficient efficacy. 
For example, Bernstein and Quach78 concluded in their 
2003 review, “Arthroscopy for degenerative conditions 
of the knee is among the most commonly employed 
orthopedic procedures, but its effectiveness (like the 
effectiveness of many surgical operations) has never 
been proven in prospective trials.”

For all these reasons, it seems vital that clinicians 
consider alternatives to some of these conventional 
interventions. Safe and effective natural interventions 
for the treatment of musculoskeletal pain are well sub-
stantiated in the biomedical research literature and 
have been recently reviewed elsewhere. 79,80,81,82 Manipu-
lative, nutritional, and botanical interventions are 
briefly outlined in the sections that follow.

Manual Therapies

Spinal manipulation. Naturopathic, chiropractic, 
and osteopathic physicians receive training in manually 
applied manipulative therapies, the best known of 
which is spinal manipulation. The conclusion that chi-
ropractic management of low-back pain is superior to 
pharmaceutical and surgical management in terms of 

greater safety, greater effectiveness, and reduced cost 
has been consistently documented for more than a 
decade.83 In a randomized trial involving 741 patients, 
Meade et al.84 reported, “Chiropractic treatment was 
more effective than hospital outpatient management, 
mainly for patients with chronic or severe back pain. …    
Secondary outcome measures also showed that chiro-
practic was more beneficial.” A three-year follow-up 
study by these same authors85 in 1995 showed, “At 
three years the results confirm the findings of an earlier 
report that when chiropractic or hospital therapists 
treat patients with low-back pain as they would in day-
to-day practice those treated by chiropractic derive 
more benefit and long term satisfaction than those 
treated by hospitals.” In 2004, Legorreta et al.86 reported 
that the availability of chiropractic care was associated 
with significant cost savings among 700,000 patients 
with chiropractic coverage, compared to 1 million 
patients whose insurance coverage was limited to medi-
cal treatments. A literature review by Dabbs and 
Lauretti87 found that spinal manipulation is safer than 
the use of NSAIDs in the treatment of neck pain. Con-
trasting the rates of manipulation-associated cere-
brovascular accidents to the adverse outcomes of 
pharmaceutical and surgical treatments for spinal pain, 
Rosner88 noted, “These rates are 400 times lower than 
the death rates observed from gastrointestinal bleeding 
due to the use of nonsteroidal anti-inflammatory drugs 
and 700 times lower than the overall mortality rate for 
spinal surgery.” Similarly, in his review of the literature 
comparing the safety of chiropractic manipulation in 
patients with low-back pain associated with lumbar disc 
herniation, Oliphant89 stated that, “The apparent safety 
of spinal manipulation, especially when compared with 
other [medically] accepted treatments for [lumbar disk 
herniation], should stimulate its use in the conservative 
treatment plan of [lumbar disk herniation].” 

Mechanisms of action of spinal manipulation 
include the following:

1. releasing entrapped intra-articular menisci and syn-
ovial folds; 

2. acutely reducing intradiscal pressure, thus promot-
ing replacement of decentralized disc material;

3. stretching of deep periarticular muscles to break the 
cycle of chronic autonomous muscle contraction 
by lengthening the muscles and thereby releasing 
excessive actin-myosin binding;
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4. promoting restoration of proper kinesthesia and 
proprioception;

5. promoting relaxation of paraspinal muscles by 
stretching facet joint capsules; 

6. promoting relaxation of paraspinal muscles via 
“postactivation depression,” which is the tempo-
rary depletion of contractile neurotransmitters;

7. temporarily elevating plasma beta-endorphin;
8. temporarily enhancing phagocytic ability of neu-

trophils and monocytes; and 
9. activation of the diffuse descending pain inhibitory 

system located in the periaqueductal gray matter. 

While this list of mechanisms of action is certainly 
not complete, for purposes of this section it is sufficient 
to point out that joint manipulation in general and spi-
nal manipulation in particular have objective mecha-
nistic effects that correlate with their clinical benefits. 
Additional details are provided in numerous published 
reviews,90 textbooks, and the unsurpassed treatise by 
Leach.91 When evaluated by the parameters of safety, 
effectiveness, and cost effectiveness, spinal manipula-
tion is clearly a valuable and rational primary therapy 
for the treatment of spine-related pain and inflamma-
tion, such as neck pain and low-back pain. Clinicians 
should provide timely referral for manipulative therapy 
for their patients with spinal pain, if those skills are not 
within their own repertoire.

Other manual therapies and physiotherapeutic 
interventions. There is a growing body of research on 
massage, hydrotherapy, and other physiotherapies for 
the effective treatment of pain and inflammation associ-
ated with aging92 or overexertion,93 or caused by physi-
cal injuries such as frozen shoulder94,95 and by diseases 
such as rheumatoid arthritis,96 osteoarthritis,97 and 
asthma.98 Massage can also be safe and effective in the 
treatment of low-back pain.99 Regardless of the approach 
recommended, a referral to a skilled practitioner is vital.

Nutritional Supplementation

Glucosamine and chondroitin sulfate. Articular 
cartilage is produced endogenously from nutrients that 
are biochemically transformed into glucosamine and 
chondroitin—the “building blocks” from which carti-
lage is built. Oral supplementation with glucosamine 
and chondroitin is intended to enhance cartilage anab-
olism and counteract the cartilage catabolism seen in 
inflammatory and degenerative processes.100 Clinical 

trials with glucosamine and chondroitin sulfates have 
shown consistently positive results with osteoarthritis 
of the hands, hips, knees, temporomandibular joint, 
and low back. For example, in a three-year, placebo-
controlled clinical trial, glucosamine sulfate was supe-
rior to placebo for pain reduction and preservation of 
joint space in patients with knee osteoarthritis.101 The 
adult dose of glucosamine sulfate is generally 1,500–
2,000 mg per day in divided doses, and the dose of 
chondroitin sulfate is approximately 1,000 mg daily. 
Both treatments are safe for multi-year use. Rare adverse 
effects include allergy and nonpathologic gastrointesti-
nal upset. Clinical benefit is generally significant fol-
lowing 4–6 weeks of treatment, and is maintained for 
the duration of treatment. Glucosamine does not 
adversely affect glucose metabolism or insulin resis-
tance in diabetics.

Niacinamide. More than 50 years ago, pioneering 
clinical studies by Kaufman102 showed that niacinamide 
was effective in the treatment of osteoarthritis. Confir-
mation of these results was recently provided in a dou-
ble-blind, placebo-controlled study documenting that 
niacinamide therapy improved joint mobility, reduced 
objective inflammation as assessed by ESR, reduced the 
impact of the arthritis on the activities of daily living, 
and allowed a reduction in medication use.103 Inhibi-
tion of joint-destroying nitric oxide appears to be an 
important mechanism of action in the antirheumatic 
effect of niacinamide; however, the nutrient may also 
provide an antiarthritic benefit via enhancement of 
mitochondrial function and reversal of aging pheno-
types that characterize chondrocyte senescence. The 
standard dose of niacinamide for the treatment of joint 
pain is 500 mg given orally six times per day. Hepatic 
dysfunction is rare when daily doses are kept below 
3,000 mg per day, yet Gaby104 recommends measure-
ment of liver enzymes after three months of treatment 
and yearly thereafter. 

Proteolytic enzymes. Enzyme preparations con-
taining pancreatin, bromelain, papain, amylase, lipase, 
trypsin, and alpha-chymotrypsin are well absorbed into 
systemic circulation following oral administration and 
provide numerous health benefits, particularly in the 
treatment of conditions associated with inflammation 
or infection (cellulitis, diabetic ulcers, sinusitis, and 
bronchitis).105 For example, in a double-blind, placebo-
controlled trial with 59 patients, Taub106 documented 
that oral administration of bromelain significantly 



Section VI
A Practical Clinical Approach

416

promoted the resolution of congestion, inflammation, 
and edema in patients with acute and chronic refrac-
tory sinusitis; no adverse effects were noted. Reporting 
from the Tulane University Health Service Center, 
Trickett107 reported that a papain-containing prepara-
tion benefited 40 patients with various injuries (e.g., 
contusions, sprains, lacerations, strains, fracture, surgi-
cal repair, and muscle tears); no adverse effects were 
seen. In a recent open trial of patients with knee pain, 
Walker et al.108 found a dose-dependent reduction in 
pain and disability, as well as a significant improve-
ment in psychological well-being in patients consum-
ing bromelain orally. Although administration of single 
enzymes may be appropriate for clinical use, enzyme 
therapy is generally delivered in the form of polyen-
zyme preparations containing pancreatin, bromelain, 
papain, amylase, lipase, trypsin, and alpha-chymo-
trypsin. Tablets are administered between meals to 
preserve enzymatic action and enhance absorption.

Botanical Anti-inflammatories

Devil’s claw (Harpagophytum procumbens). Sup-
ported by centuries of use and numerous clinical trials, 
Harpagophytum is a moderately effective botanical 
analgesic suitable for clinical utilization. Clinical trials 
showing that Harpagophytum does not alter eicosanoid 
metabolism in humans suggests that this botanical 
works centrally or peripherally on the nervous system, 
and a recent experimental study shows that compo-
nents of Harpagophytum have an antinociceptive effect 
in the spinal cord.109 In a recent meta-analysis of 12 
clinical trials, Harpagophytum was found to be clinically 
valuable and with adverse effects comparable to pla-
cebo.110 In patients with osteoarthritis of the hip and 
knee, Harpagophytum is just as effective yet safer and 
better tolerated than the drug diacerein. In a study 
involving 183 patients with low-back pain, Harpago-
phytum was found to be safe and moderately effective 
in patients with “severe and unbearable pain” and 
radiating pain with neurologic deficit.111 Most recently, 
Harpagophytum was studied in a head-to-head clinical 
trial with the notorious selective COX-2 inhibitor 
Vioxx (rofecoxib); the data indicate that Harpagophy-
tum was safer and at least as effective.112 About 8% of 
patients may experience diarrhea or other mild gas-
trointestinal effects, and fewer patients may experience 
dizziness; Harpagophytum may potentiate anticoagu-
lants. Treatment should be continued for at least four 

weeks, and many patients will continue to improve 
after eight weeks from the initiation of treatment.113 
Products are generally standardized for the content of 
harpagosides, with a target dose of at least 30 and pref-
erably up to 60 mg harpagosides per day. Chrubasik114 
noted that while Harpagophytum appears to be safe and 
moderately effective for the treatment of musculoskel-
etal pain, different proprietary products show signifi-
cant variances in potency and clinical effectiveness. 
Overall, the data suggest that Harpagophytum is better 
than placebo and at least as good as commonly-used 
NSAIDs,115 suggesting that Harpagophytum should be 
clinically preferred over NSAIDs due to the lower cost 
and greater safety.

Cat’s claw (Uncaria spp). Like many other botani-
cals, Uncaria species, including Uncaria tomentosa and 
Uncaria guianensis, have been used for centuries, and 
modern research is providing proof of safety and effi-
cacy. Uncaria demonstrates multifunctional anti-
inflammatory benefits by reducing inflammation 
mediated by NFB, TNF-, COX-2, and PGE-2. Thirty 
patients with osteoarthritis of the knees benefited from 
highly concentrated, freeze-dried aqueous extraction 
of Uncaria guianensis dosed at one capsule of 100 mg 
daily; reduction in pain was approximately 36% at four 
weeks.116 A year-long study of patients with active 
rheumatoid arthritis (RA) treated with sulfasalazine or 
hydroxychloroquine showed “relative safety and mod-
est benefit” of Uncaria tomentosa (UT).117 No major 
adverse effects have been noted; however, headache 
and dizziness are more common in patients receiving 
Uncaria than in patients in placebo groups. Based on 
its historical use as a contraceptive, this herb should 
not be used during pregnancy or by women desiring to 
conceive. Commercially prepared products contain 
between 250 and 500 mg per dose and are standard-
ized to 3.0% alkaloids and 15% total polyphenols and 
administered 1–3 times per day. Other studies with 
Uncaria tomentosa have shown enhancement of post-
vaccination immunity and enhancement of DNA 
repair in humans.

Willow bark (Salix spp). Actions of willow bark are 
manifold, including antioxidative, anticytokine, along 
with cyclooxygenase- and lipoxygenase-inhibiting 
effects. In a double-blind, placebo-controlled clinical trial 
in 210 patients with moderate/severe low-back pain 
(20% of patients had positive straight-leg raising test), 
extract of willow bark showed a dose-dependent analge-
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sic effect, with benefits beginning in the first week of 
treatment.118 In a head-to-head study of 228 patients 
comparing willow bark (standardized for 240 mg salicin) 
with Vioxx®  (rofecoxib), treatments were equally effec-
tive yet willow bark was safer and 40% less expensive.119 
The daily dose ranges from 120 to 240 mg of salicin, and 
products should include other components of the whole 
plant for enhanced efficacy. Except for rare allergy, no 
adverse effects are known. Use during pregnancy and 
with anti-coagulant medication is discouraged. 

Boswellia (Boswellia serrata). Boswellia shows anti-
inflammatory action via inhibition of 5-lipoxygenase 
with no effect on cyclooxygenase. A recent clinical 
study showed that Boswellia was able to reduce pain 
and swelling while increasing joint flexion and walking 
distance in patients with osteoarthritis of the knees.120 
While reports from clinical trials published in English 
are relatively rare, a recent abstract from the German 
medical research121 stated, “In clinical trials promising 
results were observed in patients with rheumatoid 
arthritis, chronic colitis, ulcerative colitis, Crohn’s dis-
ease, bronchial asthma and peritumoral brain edemas.” 
Minor gastrointestinal upset has been reported, but oth-
erwise this botanical is very well tolerated. Products are 
generally standardized to contain 37.5–65% boswellic 
acids, which are currently considered the active constit-
uents with clinical benefit. The target dose is approxi-
mately 150 mg of boswellic acids thrice daily; dose and 
number of capsules/tablets will vary depending upon 
the concentration found in differing products. 

Ginger (Zingiber officinale). Ginger is a well-known 
spice and food with a long history of consumption and 
use as an anti-inflammatory and antinausea agent. 
Components of ginger inhibit 5-lipoxygenase as well as 
cyclooxygenase. With its dual action in the reduction of 
inflammation-promoting prostaglandins and leuko-
trienes, as well as its ability to inhibit nitric oxide 
production, ginger has been shown to safely reduce the 
pain and disability associated with osteoarthritis, rheu-
matoid arthritis, muscle aches, osteoarthritis of the 
knees, and migraine headaches. Doses up to 1 g of gin-
ger per day have been safely used during pregnancy to 
reduce nausea and vomiting122 and hyperemesis gravi-
darum.123 Doses for the treatment of rheumatic condi-
tions have ranged from 1 g (one-half teaspoon) of 
powdered ginger up to 50 g per day of fresh or lightly 
cooked root. The volatile principles of ginger often cre-
ate a warm or burning sensation in the stomach that is 

mild and reducible with food consumption, and 
research suggests that ginger has a protective benefit 
against gastric ulceration. No significant adverse effects 
due to ginger are known; the presence of cholecystitis 
or the use of Coumadin/warfarin are relative contrain-
dications due to ginger’s mild cholagogic and anticoag-
ulant actions, respectively.

Summary

The data surveyed in this section will provide most 
clinicians with an expanded perspective on the causes of 
and available treatments for clinical entities character-
ized by pain, inflammation, and immune dysregulation. 
While alternatives to NSAIDs were reviewed, their use as 
first-line therapy for pain and inflammation is of sec-
ondary importance to the larger and more comprehen-
sive goal of attaining overall health improvement and a 
reduction in any systemic inflammatory tendency initi-
ated and perpetuated by occult infections, food allergies, 
hormonal aberrations, hypovitaminosis D, xenobiotic 
exposure, and a proinflammatory dietary pattern. 

Clinicians implementing the clinical approach out-
lined here can conceptualize the strategy as containing 
two specific arms that can be implemented simulta-
neously for optimal clinical improvement. First, the 
patient’s overall health and environmental status must 
be evaluated and optimized to the greatest extent pos-
sible (common sense may lead us to question the use 
of anti-inflammatory drugs while the patient contin-
ues to consume a proinflammatory diet, for example). 
Second, while both patient and doctor are engaged in 
characterizing and optimizing the patient’s overall 
health—e.g., searching for and eliminating occult 
infections and treating nutritional deficiencies (such 
as vitamin D) and nutritional excesses (such as iron 
overload124)—specific nutritional and botanical anti-
inflammatory and analgesic interventions can be 
employed to effect a more rapid resolution of swelling, 
discomfort, and tissue injury. This dual approach to 
restoring overall health and reducing symptoms is 
gratifying for both the doctor and the patient. A com-
prehensive approach, inclusive of the nutritional and 
botanical therapies described herein, can be supported 
by peer-reviewed research in the biomedical literature 
and is safe and cost-effective.125
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Essential Fatty Acids
Robert H. Lerman MD, PhD

Introduction

Essential fatty acids (EFAs) are of critical importance 
for two basic reasons. First, they are essential constitu-
ents of all cell membranes and thus are determinants of 
membrane stability, receptor action, membrane-bound 
enzyme activity, hormone binding, cell fluidity, signal 
transduction, and ion channel function.126 Second, they 
are precursors of eicosanoids, second-messenger media-
tors involved in inflammation. It is the latter aspect 
that will be emphasized in this chapter. Evidence will be 
presented indicating the role of fatty acids and their 
derivative compounds in several inflammatory disor-
ders, including cardiovascular disease, inflammatory 
bowel disease, rheumatoid arthritis, bronchial asthma, 
psoriasis, and renal disease.

Whereas acute inflammatory reactions are usually 
protective and part of the normal innate immune 
response, uncontrolled chronic inflammatory processes 
are detrimental127,128 and lead to disease. The functional 
medicine use of EFAs in these conditions is an impor-
tant therapeutic tool; understanding the common 
pathophysiology involved in inflammation allows the 
functional medicine practitioner to manage seemingly 
disparate disorders in a consistent fashion. While the 
emphasis will be placed on fatty acids as precursors to 
eicosanoids, the value of these essential constituents via 
their membrane functions should not be overlooked. 
Nevertheless, it is important to understand that whereas 
supplementation with essential fats to suppress inflam-
mation is of great value, such management should not 
be construed as definitive. Always, the clinician must 
search for and, when possible, determine and correct 
the underlying cause(s) of dysfunction in order to pro-
duce sustained reversal of illness.

Definitions and Pathways

PUFAs, Eicosanoids, Prostanoids, Isoprostanes, 
and Resolvins

Polyunsaturated fatty acids (PUFAs) include the 
essential fatty acids (EFAs) and their derivatives, collec-
tively referred to as “essential fats” to emphasize the fact 
that many of these PUFAs are critical to life.129 Linoleic 

acid (LA; 18:26) and -linolenic acid (ALA: 18:33) are 
the EFAs, the precursors of the 6 and 3 fatty acid fam-
ilies, respectively. EFA derivatives include compounds 
with 20 or more carbon atoms and 3 to 6 double bonds. 
Eicosanoids (from eicosa meaning “20” in Greek) are 
local-acting, hormone-like lipid mediators with brief 
half-lives, produced by oxidation of the 20-carbon 6 
fatty acids, AA (AA; 20:46) and di-homo-gamma-lino-
lenic acid (DGLA; 20:36), as well as by the 20-carbon 
3 fatty acid, eicosapentaenoic acid (EPA; 20:53). 
These fatty acids are acquired only by ingestion of essen-
tial fats from foods or supplements. (Figure 27.1 shows 
the arachidonic acid cascade.)

Figure 27.1 Arachidonic acid (AA) cascade

There are three main enzymatic pathways for syn-
thesis of eicosanoids.130 Some compounds are also 
formed non-enzymatically. Among the enzymatic path-
ways, cyclooxygenase (COX), also known as prostaglan-
din synthase, generates endoperoxides, which are 
converted into prostanoids: prostaglandins (PGs), 
thromboxanes (TXs), and prostacyclins (PGIs). The 
lipoxygenase (LOX) pathway leads to production of 
hydroperoxyeicosatetraenoic acids (HPETEs) and 
lipoxins. The so-called “third pathway” has drawn less 
attention and is mediated by cytochrome P450 enzymes 
to form a number of hydroxy fatty acids, HETEs, and 
epoxy acids. The main eicosanoids are the PGs, LTs (leu-
kotrienes), and TXs. Most cells synthesize eicosanoids 
but the type of compound depends upon the particular 
cell. Platelets produce TXA2, a potent platelet aggregator 
and vasoconstrictor, from AA, and TXA3, a weaker plate-
let aggregator, from EPA. Endothelial cells produce PGI2, 
a potent vasodilator and platelet aggregation inhibitor, 
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from AA, and PGI3 with lesser vasodilatory and aggrega-
tion inhibitory effects, from EPA. Leukocytes produce 
LTB4, a powerful chemotactic, vasoconstrictive, vascular 
permeability, and neutrophil aggregation factor, from 
AA, and LTB5, with very weak chemotactic and vasocon-
strictor activities, from EPA.131

Free radical-catalyzed peroxidation of AA leads to 
the formation of isoprostanes by the non-enzymatic 
pathway. Most of these eicosanoids are either biologi-
cally active or are converted into metabolites that have 
biological activities. F2-isoprostanes are potent vasocon-
strictors. Measurement of F2-isoprostanes is one of the 
most reliable approaches for assessing oxidative stress 
status in vivo.132 Neuroprostanes are similar compounds 
formed from free radical-mediated oxidation of DHA, 
which is highly enriched in neurons. F4-neuroprostanes 
appear valuable as a marker of oxidative stress in the 
brain in neurodegenerative diseases.133 Isoprostanes are 
mediators of hypertension (HTN) and tissue ischemia.

Recently, resolvins, docosatrienes, and neuroprotec-
tins have been identified in spontaneously resolving 
inflammatory exudates.134 In initial studies, animals 
had been treated with aspirin, and the compounds iso-
lated from the resolving exudates were termed aspirin-
triggered resolvins. Subsequent studies indicated that 
these oxygenated products were also generated from 
EPA and DHA without aspirin. They possess potent anti-
inflammatory, pro-resolving, protective, and immuno-
regulatory properties. They dampen inflammation and 
neutrophil-mediated injury and are considered self-pro-
tective mediators. Of note, DHA has been shown to be a 
substrate for human COX-2 in the formation of this 
class of compounds.135 Expect to hear much more about 
them in the future.136

Eicosanoid Precursors

AA is the principal eicosanoid precursor, as the 
membranes of most cells contain substantially more AA 
than other eicosanoid precursors.137 It is the precursor 
of proinflammatory and pro-aggregatory eicosanoids; 
EPA is the precursor of eicosanoids with antagonistic 
effects. (Figure 27.2 shows dietary influences on the EFA 
pathways.) DGLA is the precursor of 1-series eicosanoids 
with principally inflammatory modulating effects. 
DGLA may be converted to AA via the enzyme delta-5 
desaturase (D5D), an enzyme that generally has low 
activity in humans. Thus, most AA is of dietary origin; 
its primary source in the U.S. diet is from animal prod-

ucts. DGLA comes mainly from dietary LA and requires 
conversion to gamma-linolenic acid (GLA) by delta 6-
desaturase (D6D), an enzyme whose activity may be 
impaired by a number of factors,138 such as starvation, a 
very low-protein diet, high alcohol intake, smoking, 
stress-related hormones (corticosteroids and catechola-
mines), and intake of excessive saturated fat and/or 
trans fatty acids, as well as aging in males, ionizing radi-
ation, some viral infections, atopic eczema, and type 1 
diabetes. Vegetable and marine oils potently suppress 
both D6D and D5D, with effects of fish oils being 
greater.139 A calorie-restricted intake may increase D6D 
activity three-fold and a very high-protein diet activates 
it.140 When D6D is inhibited, bypassing that metabolic 
step by providing GLA from evening primrose oil or 
borage oil will allow substrate for DGLA with ultimate 
series-1 eicosanoid formation.

Enzymes and Inhibitors

Phospholipase A2 (PLA2) activation is responsible for 
the initial mobilization of AA from membrane phospho-
lipids.141 PLA2 is located at the cell membrane and may 
be inhibited by drugs such as cortisone, and by natural 
agents such as licorice, vitamin E, and quercetin.142 Two 
separate isoforms of COX, COX-1 and COX-2, catalyze 
the same reactions. COX-1 is a constitutive enzyme and 
its activity doesn’t change much once the cell is mature. 
COX-2 is highly inducible in response to inflammatory 
stimuli143 and is highly expressed in inflamed tissues. It is 
believed that eicosanoids produced by COX-1 activity are 
essential for physiological functions, while those pro-
duced by COX-2 lead to various pathological changes in 
body tissues. COX-2 is upregulated by cytokines, mito-
gens, and endotoxins and produces PGs involved in 
inflammatory processes. Non-steroidal anti-inflamma-
tory drugs (NSAIDs) such as aspirin, indomethacin, and 
ibuprofen are non-selective COX inhibitors, inhibiting 
both COX-1 and COX-2 activities.144,145,146 COX-1 derived 
eicosanoids are required for the protection of gastrointes-
tinal mucosa, maintenance of renal function, and con-
trol of hemostasis. COX enzymes may be inhibited not 
only by medications but also by many natural agents 
including ginger,147 turmeric (Curcuma longa),148 melato-
nin,149 green tea,150 quercetin,151 and cayenne.152 Certain 
natural products (including hops fractions) act upstream, 
possibly at the level of NFB, to reduce the production of 
COX-2.153 5-LOX is modulated by the EPA/AA ratio and 
inhibited by drugs such as colchicine,154 as well as by
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Figure 27.2 Dietary sources and the AA cascade

natural agents such as vitamin E,155 onion (quercetin),156 
cloves (eugenol),157 turmeric (curcumin),158 resvera-
trol,159 garlic (Allium sativa),160 and Boswellia serrata.161

Recently, selective COX-2 inhibitors have come 
under fire, as they were found to increase myocardial 
infarction and stroke risk.162 The proposed mechanism 
for this increased risk is as follows. Non-selective COX 
inhibitors, but not selective COX-2 inhibitors, signifi-
cantly inhibit TXA2-dependent platelet aggregation.163 
Unopposed COX-2 inhibition reduces biosynthesis of 
prostacyclins, which are vasodilators and potent sys-
temic inhibitors of platelet aggregation in healthy 
humans. In addition, inhibition of PGI2 and PGE2 in the 
kidney leads to sodium and water retention, thus ele-
vating blood pressure.164

Anti-inflammatory Effects of Dietary 
Omega-3 Fatty Acids

The first evidence of the importance of 3s in 
inflammatory conditions arose from epidemiologic 
observations of the Inuit, indicating a low incidence of 
coronary heart disease, inflammatory bowel disease, 
asthma, and severe psoriasis. These people traditionally 

got their fat almost exclusively from marine mammals 
(primarily whale and seal meat) and fish. ALA suppresses 
the metabolic products of LA, a mechanism by which 
even the essential 3 fatty acid (in flaxseed oil) has an 
anti-inflammatory effect. A more powerful anti-inflam-
matory effect is obtained by providing EPA (as in fish 
oil). As the conversion of ALA to EPA is slow and lim-
ited,165 provision of EPA provides a more rapid and effec-
tive benefit in inflammatory conditions. Diets enriched 
with fish oil-derived fatty acids consistently raise plasma 
and membrane EPA levels.166 EPA inhibits conversion of 
DGLA to AA and displaces AA in membrane phospholip-
ids, thus decreasing AA availability for inflammatory 
eicosanoid formation. Omega-3 fatty acids have greater 
affinity for COX and LOX than 6s. EPA also exerts anti-
inflammatory effects by inhibiting the 5-LOX pathway 
in neutrophils and monocytes and inhibiting the LTB4-
mediated function of neutrophils.167

Not only do 3 fatty acids reduce inflammation via 
the eicosanoid pathways, but they also suppress cyto-
kines, the first messenger molecules. Flaxseed oil given 
over four weeks reduced TNF- and mononuclear cell 
IL1- production by 30%. Fish oil proved more effective 
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over the same time period, reducing mononuclear cell 
TNF- and IL1- by 74% and 80%, respectively.168

Fish oils are also PPAR agonists, similar to the thia-
zolidinedione class of drugs used in diabetes manage-
ment.169 Thiazolidinediones have anti-inflammatory 
effects.170 As diabetes and metabolic syndrome are asso-
ciated with inflammation, this activity of fish oils may 
also serve to dampen inflammation in genetically pre-
disposed people. The interaction with genetic predispo-
sition should not be forgotten, as the sensitivity to anti-
inflammatory effects of fatty acids is influenced by indi-
vidual genotypic characteristics.171

Despite the growing evidence of their importance, 
data are accumulating that as a nation we are consum-
ing insufficient quantities of 3 fatty acids.172

Anti-inflammatory Effects of GLA Alone and in 
Combination with EPA

Not only is DGLA the precursor to the 1-series 
eicosanoids with inflammatory modulating properties, 
but it is also the precursor to other molecules—15-
hydroxyeicosatrienoic acid (15HETrE) and 15-OH-
DGLA—that block synthesis of AA products via inhibi-
tion of 5-LOX and 12-LOX.173,174 Neutrophils from sub-
jects supplemented with GLA produce less of the 
inflammatory mediator LTB4. In view of these effects, 
dietary supplements of GLA have been used to reduce 
the inflammatory response. Concern has been raised 
that GLA may increase AA in serum and lead to a proin-
flammatory response. By combining EPA with GLA (3.0 
g/d of GLA and EPA over three weeks), proinflammatory 
AA metabolite synthesis was reduced, and potentially 
harmful increases in serum AA were not induced, while 
serum levels of EPA were significantly increased.175 Pis-
chon et al. found that 6 fatty acids do not inhibit the 
anti-inflammatory effects of 3 fatty acids and that the 
combination of both types of fatty acids may be associ-
ated with the lowest levels of inflammation.176 
Although more data are needed, the combination of 
GLA and EPA appears to be a reasonable approach in 
inflammatory conditions.

Effects of Fish Oils in Inflammatory Conditions

Rheumatoid arthritis. In rheumatoid arthritis (RA), 
joints are destroyed by abnormal multiplication of 
synoviocytes. COX-2 is induced in the synoviocytes 
and cartilage with release of PGE2, PGF2, PGI2 and TXA2 

from the synoviocyte.177 PGE2 is involved in joint 
destruction by stimulating bone resorption. TXA2 
upregulates TNF- and IL1- synthesis. These cyto-
kines, in turn, upregulate release of factors implicated 
in irreversible joint damage in RA, such as collagenase 
and stromelysin.178 As described previously, fish oil 
inhibits TXA2, thus inhibiting TNF- and IL1- synthe-
sis, and thereby reducing destructive enzymes such as 
collagenase. In addition to the effects of fish oils on 
inflammation, as noted earlier, this mechanism pro-
vides an additional rationale for fish oil supplementa-
tion in patients with RA. There have been at least 13 
randomized controlled trials in RA, using 2.6–7.1 g/d 
for 12–52 weeks, with improvement reported in all 
these studies.179 The clinician and patient should be 
aware that these effects are generally delayed for 2–3 
months. EPA + DHA, 90 mg/kg/day (3:2 ratio), is asso-
ciated with a shorter period to response than 45 mg/
kg/d. Thus, it is prudent to load initially with the 
higher dose, but use a lower dose for maintenance.180

Diet, as mentioned previously, is the major source 
of AA. Accordingly, Adam et al.181 investigated the 
effects of a combination of fish oils with a diet low in 
AA. RA subjects were placed on either a Western diet 
(WD) with meat or meat products more than twice a 
week or an “anti-inflammatory diet” (AID) low in AA. 
Subjects were given menhaden oil (30 mg/kg) or corn 
oil, in a crossover design with 3-month treatments and 
a 2-month washout period. With AID during placebo 
treatment, there was a 14% decrease in the number of 
tender and swollen joints. The addition of fish oil led 
to a further reduction in number of tender (28% vs. 
11%) and swollen (34% vs. 22%) joints in AID com-
pared to WD groups. The authors concluded that “a 
diet low in AA ameliorates clinical signs of inflamma-
tion in patients with RA and augments the beneficial 
effect of fish oil supplementation.”

Measurement of the fatty acid profile in RA may be 
helpful. Cleland et al.182 reported that a peripheral 
blood mononuclear cell (PBMC) EPA  1.5% of total 
fatty acids is associated with suppression of TNF-and 
IL-1. This equates to a plasma phospholipid EPA  
3.2%, an indicator of effective EPA fortification. The use 
of fish oil with pharmacologic management in RA has 
led to reduced NSAID use and dose reduction in poten-
tially toxic medications. In RA patients not on medica-
tion, the PGI2 level (assessed by measurement of urinary 
2,3-dinor-6-keto-PGF1) was approximately eight times 
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higher than in a medicated group using NSAIDs, ste-
roids, and disease-modifying antirheumatic drugs 
(DMARDs), and the TX/PGI2 ratio was lower.183 While 
not proven, fish oil could offset this TXA2/PGI2 imbal-
ance from COX-2 inhibitors and potentially reduce car-
diovascular disease risk.

There is moderate support for GLA in RA for reduc-
tion of pain, tender joint count, and stiffness.184 GLA 
(2.8 g/d of GLA as FFA) was also used alone in a study of 
56 active RA patients over six months and was well tol-
erated and effective.185 The dosages of fish oil and GLA 
are important. Anti-inflammatory effects have not been 
demonstrated at 1.0 g/d EPA+DHA. No significant 
change from baseline in tender joint count was found 
with 1.4 g EPA + 0.211 g DHA + 0.5 g GLA over four 
months in a double-blind, placebo-controlled trial.186

Inflammatory bowel disease. EFA supplementation 
in the management of patients with inflammatory 
bowel disease (IBD) is indicated to offset the effects of fat 
malabsorption, poor intake, and increased catabolism 
leading to EFA insufficiency or deficiency. We have doc-
umented evidence of plasma fatty acid abnormalities in 
47 patients with chronic intestinal disorders, mostly 
Crohn’s disease, compared with 56 controls.187 On the 
whole, these patients exhibited indices of EFA status 
between those of patients with severe whole-body EFA 
deficiency and those of healthy subjects. More than 25% 
of the patients had biochemical evidence of EFA defi-
ciency by at least one criterion. EFA supplementation is 
indicated not only to correct fatty acid insufficiency but 
also to provide anti-inflammatory support.188 Fish oil use 
for immunomodulation is based on the hypothesis that 
IBD is due to an abnormal immunological response to 
altered antigen exposure, either viral or bacterial, involv-
ing T and B cells, cytokines, and complement, resulting 
in chronic, self-perpetuating inflammation. Early in the 
pathogenesis of IBD, multi-focal gastrointestinal infarc-
tions may occur, suggesting a role for platelets and TXA2. 
Thus, the rationale for the use of fish oil includes its 
effects on reducing TXA2 production, with resultant 
inhibition of IL-1 and TNF- production, as well as its 
effects on reducing LTB4, and possibly its function as a 
free radical scavenger.189

There have been at least three double-blind studies 
in Crohn’s disease using 2.7–5.1 g/d fish oil for periods 
of 12–52 weeks. In one study where the lowest dose was 
given, there was no benefit. In two studies, there were 
significant decreases in relapses.190 The best form of 

fatty acids for maximal therapeutic effect is not clear. 
Evidence suggests that an enterically coated free fatty 
acid (FFA) form of 3s is preferable. Absorption studies 
of the triglyceride vs. ester vs. FFA forms indicated 
absorptions of 60%, 20%, and 95%, respectively. In 
addition, a study utilizing enterically-coated FFA cap-
sules in patients with Crohn’s disease, in remission, 
found that an enteric-coated fish-oil preparation con-
taining 1.8 g EPA and 0.9 g DHA was effective in reduc-
ing the rate of relapse.191 Fifty-nine percent of subjects 
in the fish oil group were still in remission after one 
year, vs. 26% in the placebo group.192

In seal oil, the 3 fatty acids, EPA, docosapen-
taenoic acid (DPA; 22:53), and DHA, are preferen-
tially in the sn-1 or sn-3 positions on triglycerides, 
whereas in fish oil, EPA or DHA are preferentially in 
the sn-2 position. Fatty acids in the sn-2 position are 
not easily hydrolyzed in the intestine and are absorbed 
mainly as monoglycerides. However, fatty acids in the 
sn-1 and sn-3 positions are absorbed directly into the 
mucosa. DPA is the most potent inhibitor of platelet 
TXA2 formation and platelet aggregation.193 Seal oil 
providing 5.4 g/d EPA+DPA+DHA was instilled into the 
duodenum over 10 days in 10 IBD patients, nine with 
associated joint pain. Joint pain index, disease activity, 
and serum cholesterol decreased.194 In a subsequent 
study, seal oil was compared with soy oil (10 mL three 
times daily over 10 days) via a nasoduodenal feeding 
tube in 19 patients with IBD. Follow-up of this short-
term duodenal administration of 3-rich seal oil over 
six months indicated significant, prolonged beneficial 
effects in IBD-related joint pain. The soy oil, on the 
other hand, led to a tendency to exacerbation.195

In ulcerative colitis patients, four double-blind stud-
ies have been reported using 1.8–5.4 g/d EPA+DHA for 
12–52 weeks. One at the lowest dose had no benefit, 
one resulted in significant decrease in corticosteroids, 
and two led to benefit (histology, disease activity, 
decreased steroids). Also, two open studies reported 
benefit. The dose of fish oil is important, as indicated by 
the double-blind, placebo-controlled trial of Middleton 
et al.,196 who provided 1.6 g GLA + 270 mg EPA + 45 mg 
DHA or placebo to 63 patients over 12 months. No dif-
ferences were noted in sigmoidoscopic grades and 
relapse rates were similar (placebo 38%, EFAs 55%).

Renal disease. IgA nephropathy is an immune com-
plex-mediated glomerulonephritis. It is the most com-
mon primary glomerulonephritis worldwide and leads 
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to end-stage renal failure in 20–40% of patients. It is 
characterized by mesangial cell proliferation, matrix 
expansion, and IgA deposition in mesangial regions of 
the kidney. There is no definitive treatment for this 
condition. Omega-3 PUFAs, corticosteroids, and angio-
tensin-converting enzyme (ACE) inhibitors are under 
investigation. By mechanisms previously described 
above, fish oils exert anti-inflammatory effects in this 
condition. Other possible mechanisms for benefits in 
this condition include blood pressure lowering, reduc-
tion in serum lipids, and decreased vascular resistance. 
In addition, studies using an animal model of acute 
mesangial glomerulonephritis revealed that 3 PUFAs 
are readily incorporated into renal cells and result in 
decreased glomerular cell proliferation in vitro and in 
vivo. Also, DHA inhibits cultured rat mesangial cell pro-
liferation, suggesting that this fatty acid regulates pro-
liferation in the absence of cytokines, growth factors, 
or inflammatory mediators from other cell types.197 In 
IgA nephropathy, studies of the efficacy of 3 PUFAs 
have led to varying results. However, the largest ran-
domized clinical trial provided strong evidence that 
treatment for two years with 1.8 g of EPA and 1.2 g of 
DHA per day slowed the progression of renal disease in 
high-risk patients, with benefits persisting after 6.4 
years of follow-up.198

Animal studies and preliminary human studies have 
suggested a role for fish oil in the treatment of lupus 
nephritis. However, a double-blind, cross-over study in 
26 patients with lupus nephritis followed for over two 
years indicated that fish oil dietary supplementation 
had no significant effect on proteinuria, glomerular fil-
tration rate, disease activity index, or steroid consump-
tion.199 However, it did have a significant effect on lipid 
levels. There were methodologic difficulties in the study 
related to carryover effects and possible effects of the 
olive oil placebo.

In a double-blind clinical trial, 86 subjects randomly 
received either 6 g/d of fish oil or soy oil during the first 
three months after renal transplantation. Although lower 
lipid levels and a trend towards lower cytokine expres-
sion were found in the fish oil-treated group, treatment 
with fish oil did not influence acute rejection rate and 
had no beneficial effect on renal function or graft sur-
vival.200 In another study, the use of combined treatment 
with a low-dose statin along with fish oil (1 g/d) was 
more effective than the statin treatment alone for chang-
ing the lipid profile after renal transplantation.201

Over 50% of all hemodialysis access grafts become 
thrombosed within a year after placement, and over 
75% require a salvage procedure to maintain patency. 
The cost to maintain dialysis access for patients in the 
U.S. is over $1 billion per year. Fish oil supplementation 
appears to significantly enhance graft survival. In a 
study of 24 subjects, given either 4 g of fish oil (1.76 g 
of EPA and 0.96 g of DHA) or a placebo (4 g of corn oil), 
75.6% of the grafts in the fish oil group were patent at 
one year vs. only 14.9% for the control group (P<.03).202

Psoriasis. Elevated levels of AA and its proinflamma-
tory metabolites such as LTB4 are found in psoriatic skin 
lesions, suggesting a therapeutic role for fish oils in this 
condition. Six of seven open studies using 1.1–13.5 g 
EPA + 1.7–3.6 g DHA over 6–27 weeks reported improve-
ments. However, results of five double-blind studies 
using 1.6–3.1 g EPA + 1.0–1.9 g DHA/d over 8–17 weeks 
were mixed. Two led to improvement and three to no 
benefit. In an attempt to overcome methodologic issues 
of oral supplementation, EPA + DHA in triglyceride form 
were administered IV and compared with 6 fatty acids 
given IV over 10–15 days in two studies. At 3 doses of 
4.7–9.4 g/day (2.1–4.2 g EPA+DHA/d), there was a signif-
icantly larger decrease in clinical symptoms, although 
some regression of psoriatic lesions occurred with 6 
fatty acids as well. In the larger (83 patients) of the two 
double-blind randomized trials, there was a higher 
response rate with 3s than 6s (37% vs. 23%).203

Bronchial asthma. Airway wall inflammation is 
present in mild asthma and is a prominent feature in 
fatal asthma attacks.204 LTs have been implicated in the 
pathogenesis of bronchial asthma, with cysteinyl LTs 
(CysLT) considered the most important class of such 
molecules. CysLTs are 100–1,000 times more potent 
bronchoconstrictors than histamine, and CysLT recep-
tor antagonists such as montelukasts are used therapeu-
tically in asthma management.205 LT production is 
increased with enhanced activity of key enzymes in 
CysLT synthesis, and markedly increased amounts of 
AA in eosinophils are recruited to areas of asthmatic 
inflammation. LTA4 is the only LT synthesized and 
secreted by inflammatory cells. It is converted to LTC4 
in human mast cells, basophils, and eosinophils. LTC4, 
in turn, is converted to LTD4 and LTE4 in the extracellu-
lar fluid. These latter three appear to be most important 
in asthma pathogenesis. Dysregulated production of 
CysLTs is often coupled with increased bronchial 
smooth muscle sensitivity to their bronchoconstrictor 
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activity. Calabrese et al.206 have found that the synthesis 
of CysLTs is increased in cells obtained by bronchial lav-
age from asthmatic patients. The expression of LTC4 
synthase is increased in eosinophils in these bronchial 
washings. Also, they report that these eosinophils from 
inflamed airways have increased AA content, some 4–10 
times higher than that measured in peripheral blood 
cells. The elevated AA is related to high secretory phos-
pholipase A2 (sPLA2), five times higher in patients with 
mild persistent asthma than in normal subjects. Secre-
tory PLA2 released in airways of asthmatics might func-
tion as a proinflammatory mediator. Thus, in 
asthmatics, large increases in the amount of AA occur in 
eosinophils recruited to an inflammatory area, and 
enhanced activity of key biosynthetic enzymes in CysLT 
synthesis leads to excessive CysLT production.207

In view of the effects of 3 fatty acids and of GLA 
(as precursor to DGLA) on LT formation, supplementa-
tion of these fatty acids has been studied in asthmatic 
patients. In a randomized, double-blind parallel group 
study in 23 atopic subjects with mild to moderate 
asthma, patients received placebo (olive oil) and low-
dose and high-dose combinations of GLA and EPA for 
four weeks. Both combinations significantly suppressed 
ex vivo LTB4 and TNF- biosynthesis when compared 
with placebo.208 However, studies to date do not provide 
a definitive conclusion regarding the efficacy of 3 
fatty acid supplementation as a treatment for asthma in 
children and adults.209 Omega-3 fatty acids have not 
consistently improved symptom severity, lung func-
tion, airway responsiveness, or medication use in asth-
matic patients.210 In a 12-month, double-blind, 
controlled trial of borage vs. corn oil in 54 subjects 
with stable asthma, increased generation of polymor-
phonuclear (PMN) 15-HETrE, decreased PMN AA, and 
decreased ex vivo LTB4 generation by PMNs were seen.211 
Again, the study did not reveal statistically significant 
suppression of asthma scores. A promising controlled 
study212 involved supplementation with 3 fatty acids 
in the first 18 months of life in infants at high risk of 
developing asthma. The treatment group had a 9.8% 
absolute reduction in parent-reported wheeze-ever 
(P=0.02) and a 7.8% lower prevalence of wheeze for 
more than 1 week (P=0.04). Wheeze-ever, doctor visits 
for wheeze, bronchodilator use, and nocturnal cough-
ing were significantly reduced in children in higher 
plasma 3 fatty acid quintiles.213 A five-year follow-up 
study is under way.

Coronary artery disease (CAD). It is now well 
accepted that coronary artery disease is an inflamma-
tory condition (see discussion above by Libby). Myocar-
dial infarction occurs most often as a result of rupture of 
a vulnerable plaque with subsequent acute thrombosis, 
despite lack of severe coronary artery narrowing. Vul-
nerable plaque is characterized by a large lipid core, rich 
in inflammatory cells, and a thin fibrous cap with com-
promise of its structural integrity by matrix-degrading 
enzymes, such as metalloproteinases.214 Eicosanoids are 
involved in various aspects of the atherosclerotic pro-
cess. Their critical importance is seen in their involve-
ment in platelet function, and is underscored by the 
benefits of approaches to block their activity, as with 
aspirin. The pathophysiological role of TXA2 via the 
COX pathway is well established in the thrombotic pro-
cess of acute coronary syndromes. Platelet activation 
occurs in acute ischemic syndromes and in stable 
angina with greatly increased TX production.215 TXA2 
from AA in platelets produces platelet aggregation and 
vasoconstriction, whereas TXA3 from EPA is almost bio-
logically inactive. TXA2 is one of the most potent vaso-
constricting and platelet-aggregating substances 
known.216 Both prostacyclin I2 from AA and prostacy-
clin I3 from EPA via the same pathway in endothelial 
cells are anti-aggregatory and vasodilatory. The AA 
product in leukocytes, LTB4, is proinflammatory, 
chemotactic, promotes cell adhesion, and can amplify 
the inflammatory response. The EPA product from leu-
kocytes, LTB5, is anti-inflammatory, non-adhesive, and 
non-chemotactic.

PGs are vasoactive lipid mediators formed in response 
to stimulation of vascular smooth muscle cells by a vari-
ety of chemical agonists. Different receptor subtypes 
mediate the contractile and relaxing effects of PGs and 
TXA2 on coronary vascular smooth muscle.217

Fish intake and CAD. Several studies have con-
firmed a relationship between fish intake and CAD mor-
tality, including the Chicago Western Electric Study, 
which reported an inverse association between fish con-
sumption and death from coronary heart disease, espe-
cially non-sudden death from myocardial infarction at 
year 30 in the follow-up of 1,822 men free of heart dis-
ease at the start of the study.218 Many subsequent stud-
ies have found that the main cardiovascular benefit of 
fish intake was reduction in sudden cardiac deaths.

Fish intake does not have to be high to confer pro-
tection, according to several other studies. Ingestion of 
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as little as one to two fish dishes per week has been 
found to reduce the incidence of CAD. In the 20-year 
prospective Zutphen Study of middle-aged men in the 
Netherlands, the consumption of about two fish meals 
weekly was associated with a 50% reduction in CAD 
mortality compared with men who ate no fish at all.219 
Protective effects were not noted until the fifth year of 
the study. However, not all studies have confirmed an 
inverse relationship between fish intake and CAD mor-
tality.220 A confounding factor in negative studies may 
have been smoking history. In the Honolulu Heart Pro-
gram study of Japanese men, this was addressed. In the 
high-smoking group, the risk factor-adjusted relative risk 
for CAD mortality among those with intake of two or 
more servings of fish per week was half that of those 
with low fish consumption.221 The Physicians Health 
Study of over 20,000 male physicians without evidence 
of prior cardiovascular disease found no association 
between dietary fish or 3 intake and risk of MI or death 
from cardiovascular disease over a four-year follow-up. 
However, it did find a relationship between fish intake 
and sudden cardiac death at the 11- and 17-year follow-
ups. Their prospective data at year 11 suggested that 
consumption of fish at least once per week may reduce 
the risk of sudden cardiac death in men by about 50%.222 
There was also a significantly reduced risk of total mor-
tality with fish consumption. At the 17-year follow-up, 
baseline blood levels of long-chain 3 fatty acids were 
inversely related to the risk of sudden death.223 Com-
pared with men whose blood levels of long-chain 3 
fatty acids were in the lowest quartile, the adjusted rela-
tive risk of sudden death was 0.28 among men with lev-
els in the third quartile and 0.19 in the fourth quartile.

Not all studies confirm beneficial effects of fish oil in 
cardiovascular disease. The Diet and Reinfarction Trial 
(DART) included 2,033 men randomly assigned to 
receive or not receive advice to increase their intake of 
fatty fish. Those instructed to increase fish intake were 
told to consume 300 grams of fish (or equivalent fish oil 
capsules) per week (~ 3 fish meals/week). After two years, 
the group encouraged to eat fish had a 29% lower death 
rate than the control group.224 However, there was an 
increased risk in all-cause mortality and stroke death 
over the next three years in those given fish advice.225 
In another study, 3,114 men under 70 with angina were 
randomly allocated to four groups, including one 
advised to eat two portions of oily fish each week or to 

take three fish oil capsules daily, and another given no 
specific dietary advice. After 3–9 years, men advised to 
eat oily fish, and particularly those supplied with fish oil 
capsules, had a higher risk of cardiac death.226

However, the large GISSI-Prevenzione clinical trial of 
11,323 men and women with myocardial infarction 
provides convincing evidence of the benefits of fish oil 
supplementation. Dietary supplementation with 3 
PUFA (1 g/d), but not vitamin E, significantly lowered 
the risk of cardiovascular death by 17–30%, and the 
overall risk of death by 14–20%.227 All subjects received 
advice to increase their consumption of fish, fruit, raw 
and cooked vegetables, and olive oil. Compared with 
people in the worst dietary score quartile, the odds ratio 
for those in the best score quartile was 0.51.228 Total 
mortality was significantly lowered after three months 
of treatment (relative risk 0.59) and the reduction in 
risk of sudden death was statistically significant by four 
months (relative risk 0.47). The early effect of low-dose 
3s on total mortality and sudden death supports the 
hypothesis of an antiarrhythmic effect.229

ALA and CAD. The two populations with the 
world’s lowest CAD mortality are the Japanese and the 
Cretans. Both have high ALA intake, the Japanese from 
canola and soybean oils, and the Cretans from walnuts 
and possibly purslane.230 ALA supplementation was 
studied in the Lyon Heart Study, which compared the 
effects of a Mediterranean ALA-rich diet with a diet sim-
ilar to the prudent American Heart Association guide-
lines. A total of 605 patients who survived a first MI 
were randomly assigned to an experimental or control 
group. In the experimental (Mediterranean diet) group, 
butter and cream were replaced by a canola oil-based 
margarine containing 5% ALA. They had significantly 
higher plasma ALA and EPA and lower LA and AA levels 
than controls. After 27 months of follow-up, there were 
16 cardiac deaths in the controls and only three in the 
experimental group. There were 17 non-fatal MIs in 
controls and five in the treated group. Overall mortality 
was 20 in controls and eight in the experimental group. 
The study was terminated because the data were so 
compelling that it was deemed unethical to continue 
the investigation.231 In an editorial, Alexander Leaf 
stated that “relatively simple dietary changes achieved 
greater reductions in risk of all-cause and coronary 
heart disease mortality in a secondary prevention trial 
than any of the cholesterol-lowering studies to date.”232
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Singh et al.233 studied 1,000 patients with CAD in a 
randomized, single-blind trial, half assigned to an Indo-
Mediterranean diet rich in whole grains, fruits, vegeta-
bles, walnuts, and almonds and the remainder to a step I 
National Cholesterol Education Program prudent diet. 
The mean intake of ALA was twice as high in the inter-
vention group (1.8 g vs. 0.8 g per day) related to intake of 
mustard or soybean oil. There were significantly fewer 
total cardiac end points in the intervention group than 
the controls (39 vs. 76 events, p<0.001). Sudden cardiac 
deaths were also reduced (6 vs. 16, p=0.015), as were 
non-fatal myocardial infarctions (21 vs. 43, p<0.001).

Thus, the role of 3s in the secondary prevention of 
CAD is clearly supported by randomized clinical trials. 
However, their role in primary prevention will need to 
await future clinical trials.234

Mechanisms of Omega-3 Fatty Acid Effects on 
Cardiac Risk Factors

Several mechanisms may be involved in the appar-
ent favorable effect of 3 fatty acids on risk and poten-
tial mortality from MI, in addition to the reduction in 
inflammation elucidated above. These mechanisms 
include:

• reduction in platelet clumping,
• reduction in triglyceride levels,
• reduction in arrhythmias, and
• reduction in blood pressure.

In addition, 3s may:
• increase LDL particle size, rendering them less 

likely to oxidize;
• retard growth of atherosclerotic plaque by inhibit-

ing both cellular growth factors and the migration 
of monocytes;

• exert a direct cytoprotective effect against 
ischemia, free radical-induced damage, and lipid 
peroxidation;

• enhance insulin action;
• increase systemic arterial compliance; and
• help to reduce pulse pressure and total vascular 

resistance.235

Omega-3 fatty acids are incorporated into platelet 
membranes, leading to decreased platelet aggregation, 
probably due to inhibition of the synthesis of TXA2. 
Also, there may be a minor decrease in platelet number 
and a slight prolongation of the bleeding time, an effect 
similar to and synergistic with that of aspirin. An intake 

of about 15 ml/d of marine oils causes anti-thrombotic 
changes in platelet membranes. Despite their effects on 
platelet function, standard doses of fish oil (3–4 g or 1.2 
g of EPA + DHA) are unlikely to increase risk of hemor-
rhagic stroke.236 Bleeding times have remained in the 
upper limit of normal with fish oil intakes as high as 9 
g/d (EPA+DHA 6 g/d). Fish oil retards the growth of the 
atherosclerotic plaque by inhibiting both cellular 
growth factors and the migration of monocytes.237

Triglycerides are consistently lowered by 30% or 
more with 3 fatty acid supplementation in subjects 
with elevated or normal triglyceride levels. Triglyceride 
synthesis may be inhibited, although enhanced break-
down may play a role.238 Reductions in triglycerides 
have been achieved with a fish oil dose equivalent to 
200 g of fatty fish or in response to ingestion of about 
three fish meals per week (300 g of fatty fish per week). 
Hypertriglyceridemia may contribute to atherosclerosis 
by increasing the expression of cell adhesion molecules 
(CAMs).239 ICAMs mediate attachment of leukocytes 
and ICAM-1 is a predictor of risk for MI. Thus, fish oil 
may reduce high triglycerides and CAMs. HDL choles-
terol does not change much in response to 3 fatty acid 
supplementation, but there is suggestive evidence that 
the cardioprotective HDL2 subfraction does.

Fish oil has been shown to exert a mild blood pres-
sure-lowering effect in both normal and mildly hyper-
tensive individuals, possibly related to promotion of 
beneficial nitric oxide synthesis in the endothelium.240 
As low a dose as 3 g of EPA and DHA was shown to be 
associated with a drop of 5 mm Hg systolic and 3 mm 
diastolic.241 A 1% increase in blood ALA was associated 
with a 5 mm drop in blood pressure.242 A meta-analysis 
of 1,356 subjects concluded that fish oils are associated 
with a small but significant lowering in blood pres-
sure.243 This appears to occur in patients with preexist-
ing heart disease, lipid abnormalities or hypertension, 
but not in healthy subjects with normal blood pressure.

There is considerable evidence that 3 fatty acids 
prevent cardiac arrhythmias, including inhibition of 
ventricular fibrillation and consequent cardiac arrest. 
Documentation comes from experiments in cultured 
myocytes, experiments in animals, epidemiologic corre-
lations, and clinical trials.244,245 Within minutes of the 
addition of 3 fatty acids in tissue culture systems, sus-
ceptibility to arrhythmias is reduced. Also, heart rate 
variability, an independent risk factor of arrhythmic 
events and mortality, is increased by 3 fatty acids. A 
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significant increase in heart rate variability occurred 
when post-MI patients were given 5.2 g of 3 fatty acids 
daily for 12 weeks.246

Effects of fish oils on restenosis after angioplasty or 
coronary artery bypass graft have been variable. An 
effect, if present, is considered weak.247

Optimal Fat Intake

How much fat should be consumed? Ornish has rec-
ommended 10% of calories as fat in a vegetarian diet.248 
Yet, the people of Crete eat a higher fat diet with 40% of 
calories as fat and have one-twentieth the mortality from 
CAD compared with Americans.249 Furthermore, the 
Greenland Inuit rarely develop CAD, despite a diet high 
in fat and cholesterol. It must be concluded that it is the 
type of fat that is most important, not the amount.

Summary

An understanding of the common threads in the 
pathogenesis of CAD, RA, IBD, psoriasis, and asthma 
allows the practitioner to utilize fatty acid supplementa-
tion in these and other disparate inflammatory condi-
tions. Such conditions may be approached with a 
consistent strategy, manipulating diet, fatty acids, and 
other supplements to safely lower inflammatory media-
tors, while attention is given to treating underlying fac-
tors in disease etiology.
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Digestion and Absorption
Thomas Sult, MD

Introduction

Functional medicine is a holographic approach to 
health care: the whole (the macrocosm) is contained 
within each of the parts (the microcosm). When any 
part is not functioning at an optimal level, the system 
as a whole is degraded. This is why we always address 
underlying functionality (the micro level)—there, we 
can see how system failure in one area affects the per-
formance of other areas that may seem, at a macro 
level, to be unrelated. Using this approach, we often 
cross multiple conventional boundaries when discuss-
ing treatment. Here, we will explore digestion and 
absorption, what impairs the functionality of these vital 
processes, and what can be done to optimize them as 
part of an integrated approach to improving general 
physiologic function.

In this essay, we will briefly review some of the most 
important influences on digestion and absorption. Fur-
ther on in the chapter, an in-depth discussion of micro-
flora, mucosal integrity, and the gut-activated lymphoid 
tissue (GALT) will be provided. The chapter will close 
with a detailed presentation of the 4R program for gut 
restoration and repair. There will necessarily be some 
overlap as these topics are introduced and analyzed by 
different authors, but different perspectives help all of 
us to arrive at a comprehensive understanding of this 
complex system.

 “As a group, functional gastrointestinal disorders 
are the most common gastrointestinal disorders seen by 
both generalists and specialists.”1 They account for a 
very significant number of healthcare visits. Many of 
the so called “idiopathic GI syndromes” such as IBS 
have been found, in many cases, to have treatable 
causes.2 Many of these idiopathic GI syndromes have 
been found to be postinfectious or autoimmune.3 

The GI system is the primary gateway by which the 
external environment interacts with the body. It serves 
as both portal and obstruction to the entry of sub-
stances into the human body, working continuously to 
distinguish beneficial from harmful influences, allow-
ing entry to the former and denying entry to the latter. 
An undamaged esophagus is a potent barrier, but the 
selectively permeable membrane that lines the GI tract 
from stomach to anus is critical to the homeodynamic 
function of the body. Even small aberrations in its func-
tion can have problematic results. 

Function and Dysfunction in Digestion 
and Absorption

Digestion and absorption are under tight regulatory 
control. Both the neuronal and hormonal systems are 
involved with this regulation. Most of the moment-to-
moment control is provided by the neuronal system, 
with feedback and amplification from the hormonal 
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system.4 Problems of digestion and absorption may 
occur mechanically, in functions such as mastication, 
motility, or permeability, and often originate from 
genetic polymorphisms, post-translational errors, or 
enzyme kinetic issues. Most often, GI complaints are 
caused by multiple interdependent dysfunctions.5

Loss of digestion and absorption efficiency and 
integrity may lead to cascading multisystem failure. 
Maldigestion can lead to symptoms of gas, bloating, 
diarrhea, pain, and/or constipation—that is, general 
irritability of the system. Gut irritability, left untreated, 
may lead to leaky gut and the development of food 
allergies, bacterial or yeast overgrowth, and the produc-
tion of toxins. Toxins may accelerate the irritation and 
leakiness, resulting in toxic molecules entering the por-
tal and then systemic circulation. This creates stress on 
systemic defenses, leading to immune, hormonal, or 
inflammatory imbalance. If systemic stress is left 
unchecked, and eventually outstrips the body’s general 
adaptation response, adrenal insufficiency may occur.

Complex inflammatory interactions have been 
implicated in dysmotility disorders and autoimmune 
phenomena of the gut.6 Errors of enzymatic control or 
suboptimal genetic predisposition may lead to addi-
tional problems.7 The distribution of enzymes and 
transporters within the gut is clearly purposeful.8,9 
Environmental changes10 as well as food availability 
changes have a great influence on enzyme and trans-
porter expression and distribution.11 Additionally, this 
distribution changes with age, again in a seemingly 
purposeful manner.12 

Antigen load at the level of the lamina propria within 
the gut is another area of great concern.13 With increas-
ing leakiness of the GI wall, more antigen/immune inter-
actions occur.14 This results in increasing recruitment and 
production of inflammatory mediators. These mediators 
place the systemic immune system at a higher level of 
“irritability,” resulting in a lowered threshold for addi-
tional immune interactions.15

Symptoms and Conditions

Symptoms that may cause the clinician to suspect 
digestion and absorption as the focal problem include 
abdominal pain, gas, bloating, constipation, or diarrhea. 
GI disorders that should trigger the same suspicion 
include irritable bowel syndrome (IBS), infectious entero-
colitis, celiac disease, Crohn’s disease, and other irritable 

bowel diseases. Systemic disorders that should also raise 
red flags concerning digestion and absorption include 
allergy, arthralgias, acne, autism, anxiety, depression, 
fatigue, myalgias, palpitations, neurologic disorders, 
immune deficiency disorders, and certain cancers.

Complex Interactions

If there are a finite number of basic imbalances that 
affect the GI system, assessing for each and treating 
appropriately should have profound impact on digestion 
and absorption. Indeed, clinically, this is the case, but 
the permutations are complex. Some imbalances can be 
both cause and effect. Inflammation, for example, may 
be caused by and may also contribute to leaky gut, co-
morbid conditions (such as infection or systemic dis-
ease), food allergy, aberrations of the enteric nervous 
system (ENS), autoimmunity, or molecular mimicry. In 
turn, any of these conditions could be an expression of 
others from the same list. To help explain this complex 
interacting model, I use the analogy of the bike wheel. 
A typical wheel has 36 spokes. With even one spoke 
broken, the whole wheel will be thrown out of balance, 
making it likely that other spokes will break under the 
additional stress. In a short time, the wheel will be so out 
of true that it will no longer fit between the forks. At that 
point, the entire bike is useless. Similarly, our patients 
experience cascading multisystem failure.

Enzymatic Function

Digestion is the mechanism for extracellular (and 
essentially extra-organism, as the gut lumen is techni-
cally external to the body) enzymatic breakdown of food. 
To accomplish this requires sufficient basic resources. 
Enzymes, HCl, soaps, bile salts, and transport proteins 
are needed. Where do the enzymes come from? Salivary 
enzymes are produced in the mouth; the stomach also 
produces enzymes; and a significant source of digestive 
enzymes comes from the pancreas. However, the major-
ity of enzymes actually originate from the small intestine 
microvilli. When assessing digestive function, these key 
components must be considered.

Gastric acid secretion. Common symptoms of low 
gastric acidity include bloating, belching, burning, and 
flatulence, within moments of ingesting a meal. Nausea 
after taking supplements, post-adolescent acne, iron 
deficiency, chronic intestinal infection, and undigested 
food in the stool are also possible symptoms. Gastric 
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acidity is known to decrease with age; approximately 
10% of people over 60 will have low levels.16 

HCl has many functions within the gut, but two are 
of prime importance:

• HCl sterilizes the food bolus. The pH of the stom-
ach can reach as low as 1. This level of acidity is 
capable of killing many hitchhiking microbes. 

• The acid environment of the stomach favors the 
unfolding or denaturation of proteins. This opens 
sites of enzymatic action on the proteins and pre-
pares them for degradation by gastric and pancre-
atic enzymes.

It is common in clinical practice to see patients on 
acid-suppression therapy. They frequently say they have 
not improved, despite taking their medication for long 
periods of time. The underlying mechanism of acid 
indigestion in the elderly is the loss of mucus-secreting 
protection out of proportion to the loss of acid secreting 
parietal cell function. This results in a back-diffusion of 
activated HCL without sufficient mucous-barrier func-
tion to protect the lining cells of the stomach. In the 
absence of overt ulcer disease, it is reasonable to con-
sider HCl repletion therapy with meals, but to continue 
acid suppressors until functional improvement of the 
mucous secreting cells can be achieved. In many cases, 
symptoms will resolve and patients will feel better in a 
matter of days.

Gastric enzymes. The primary function of gastric 
pepsins is to degrade proteins into peptide fragments, 
preparing them for downstream enzymatic breakdown. 
Low gastric pepsin activity will delay protein break-
down and result in symptoms of protein maldigestion.

Small intestine phase. Pancreatic enzymes are 
released into the small intestine lumen by a complex reg-
ulatory mechanism. This mechanism involves elements 
of the ENS (enteric nervous system) and hormonal sys-
tems. Impaired regulation of these systems may result in 
poorly coordinated or insufficient release of enzymes. 
The result of either dysfunction may be complex protein, 
fat, and carbohydrate maldigestion, with symptoms of 
gas, bloating, abdominal pain, and diarrhea.

Under normal circumstances, the pancreatic enzymes 
break proteins into mono-, di-, and tri-peptides and 
oligopeptides. All but the oligopeptides are absorbed by 
specialized receptor/transporter sites within the gut. The 
oligopeptides must be further broken down at the level 
of the brush border of the small intestine. An insuffi-

ciency of brush-associated proteolytic enzymes will again 
result in protein maldigestion. This brush border enzyme 
concentration may be reduced due to polymorphic 
genetic inheritance, or by inflammatory or infectious 
causes. If there is a regulatory or polymorphic problem 
with the receptor/transporter sites within the gut, malab-
sorption will result. Therapeutic approaches to restoring 
enzymatic function include ensuring adequate provision 
of cofactors to improve “mass action,” and reducing 
inflammation and treating infections to minimize the 
presence of perturbing factors.

While some digestion of fats does occur in the 
stomach, most is accomplished in the small intestine. 
Bile salts “saponify” the fats (i.e., make them into a 
“soap”) and break them into smaller packets for enzy-
matic degradation; therefore, adequate bile acids are 
essential for fat digestion. Liver congestion or inflam-
mation from toxic load or cholestasis may result in 
poor bile delivery. The common practice of cholecys-
tectomy may also hinder fat digestion by leaving the 
patient with a constant trickle of bile rather than a 
bolus at appropriate times. This creates a relative bile 
insufficiency. Bile salt repletion may be very helpful in 
such patients. As with proteins, if the pancreas is 
unable to secrete sufficient enzymes, digestion will suf-
fer. Fat maldigestion is an unpleasant syndrome charac-
terized by gas, bloating, foul-smelling and floating 
stool. Digestive enzymes taken as supplements may be 
of benefit to patients with these problems. Enzymes are 
complex proteins and therefore are susceptible to the 
acidic and enzymatic breakdown that happens in the 
stomach. For that reason, one should consider enteric-
coated or acid-resistant enzyme supplements.

Clinical Practice

Based on the fundamental mechanisms of patho-
genesis outlined above and in prior sections of this 
book (see, for example, Chapters 17 and 24), the goals 
of treatment should be to place the patient on a thera-
peutic oligoantigenic elimination diet, reduce inflam-
mation, improve gut permeability, improve digestive 
constituents, optimize absorption, modulate immune 
interactions, and improve GI microflora (discussed sep-
arately later in this chapter).
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Foods as Triggers—Allergy and Sensitivity

The complex mechanisms of sorting out nutrients 
from non-nutrients at the level of the gut mucosa are 
not clearly understood. It is clear that many foods can 
become allergens. IgE-mediated food allergy is seen in 
about 5–7.5% of children and 1–2% of adults.17 Food 
intolerances appear to be considerably more common.18 
Food intolerance has been linked to a number of condi-
tions. While not an exhaustive list, we will discuss below 
a few examples of common food/illness interactions.

Asthma is a common medical problem responsible 
for many deaths and considerable disability, with a dis-
proportionate impact on the inner-city poor.19 It has 
increased in prevalence and severity in recent years, 
with increasing levels of morbidity and mortality, thus 
driving the search for new treatment approaches.20 
Although most of the increase has been attributed to air-
borne, rather than food, allergens,21 and to our increas-
ingly artificial habitats,22 the role of dietary factors has 
been investigated,23 and several studies link foods to 
asthma. The mechanism underlying diet and asthma is 
not clear, but oligoantigenic diets help improve the con-
dition.24 In addition to the elimination of problem 
foods, the inclusion of certain beneficial foods has had 
favorable effects on the severity of asthma. Including 
more vegetables in the diet seems to reduce asthma,25 
and the incorporation of fish oils also reduces asthmatic 
symptoms.26,27 The mechanism of fish oils appears to 
involve the inhibition of leukotriene biosynthesis.28

Atopic dermatitis is another common problem 
with abundant evidence that, at least in some individu-
als, the culprit is food intolerance. In one multicentered 
trial of 1,085 children with atopic dermatitis, an elimi-
nation diet was as effective as oral sodium cromoglycate 
in controlling symptoms.29 A review of the literature on 
treatment of eczema/dermatitis syndrome (AEDS) with 
dietary approaches suggests that, for patients with IgE 
serum antibodies or multiple food sensitizations, food 
elimination is efficacious.30 In fact, it is common for 
parents to use food elimination techniques on their 
children with dermatitis even before seeing a pediatric 
dermatologist. In one study, as many as 75% of children 
seen at a pediatric dermatology clinic had tried an elim-
ination diet, and 39% of those reported a favorable 
response.31 Not all food intolerances are immediate. 
Prolonged observation may be needed to reveal food 
sensitivity. When workups that include common tests 

such as skin prick or blood testing are not diagnostic, 
elimination-provocation food challenges with pro-
longed observation after re-introduction may be 
helpful.32 Once again, it is not just the elimination of 
problem foods but also the inclusion of beneficial foods 
that seems important. In a dog model of dermatitis, fish 
oils were able to reduce the need for steroids to suppress 
symptoms,33 although orally-administered essential 
fatty acids alone have not always been shown effective 
in the treatment of dermatitis.34

Childhood migraine,35,36 migraine with epilepsy,37 
and migraine with hyperkinetic behavior38 have all 
been studied and shown to respond to an oligoanti-
genic diet. In all of these studies, a significant pro-
portion of the children improved. In one study, as an 
incidental finding, several of the children had enuresis, 
which also improved for about half of them. 

Gluten. Many studies have linked foods and food 
components to neurologic conditions, with gluten as 
one of the most frequently implicated substances. Glu-
ten ataxia accounts for as much as 40% of sporadic 
ataxia and responds to gluten elimination even in the 
absence of gluten enteropathy.39 In another study, the 
investigators suggest that “Antigliadin antibody test-
ing is essential at first presentation of patients with 
sporadic ataxia.”40 

Gluten is clearly a common problem in human ill-
ness.41 In addition to ataxia, it has been implicated in 
neuropathy.42 MRI changes within the brain have been 
seen in gluten sensitivity, including white matter lesion 
similar to MS.43 Skin conditions such as dermatitis 
herpetiformis44 and lupus45 have been reported. All 
have responded to the elimination of gluten.

Dairy. Cow’s milk proteins can cause allergic reac-
tions in some people. In newborns, a syndrome similar 
to pyloric stenosis has been described.46 In another 
study, cow’s milk proteins were able to induce a signifi-
cant immune response with the production of several 
inflammatory cytokines.47 Of interest is that probiotic 
bacterial species are able to mute at least some of these 
responses.48

Elimination Diet

Clinically, the therapeutic importance of an ade-
quate trial of an elimination diet cannot be overstated. 
With this one therapeutic modality, the practitioner can 
reduce food antigenicity and inflammatory reactions, 
improve gut permeability, rebalance Th1 and Th2 



439

Chapter 28
Clinical Approaches to Gastrointestinal Imbalance

cytokines, rebuild the brush border, and improve diges-
tion and absorption. This diet is designed to remove 
commonly offending foods, such as gluten, dairy, and 
other substances. Because reactions can be immediate 
or delayed, a careful observation period is essential. 
(More detailed discussions of the elimination diet can 
be found in Chapters 26 and 35 and the Appendix.) 
Implementation is simple but not necessarily easy for 
patients and their families. Patients are asked to elimi-
nate a list of specific foods from their diets for a period 
of at least four weeks. This period of time is needed 
because some of the reactions are not due to simple 
allergy. Some improvements stem from the reduction 
of the antigenic load at the level of the gut, and the 
resultant T-helper cell Th1 vs. Th2 immune shifting. 
While the simple sensitivities may take hours to days to 
improve, the Th subtype rebalancing may take weeks to 
clear antigens from the gut and show improved symp-
toms on a clinical scale.

No one likes to change dietary habits, but it is an 
essential part of treating the chronically ill patient. It is 
imperative to stress the importance of complete adher-
ence to the plan. When patients are prescribed an elimi-
nation diet, they will typically start “negotiating” the 
terms. They will want to have this food or that, or will 
want to eat “just a little” of another. I tell them a story 
about a friend of mine who is allergic to cats. He was 
having dinner in a home where there were cats. The 
cats had been removed the day before, and the house 
had been cleaned and dusted twice. Despite all of this 
effort, this person had watery eyes in five minutes, 
wheezes in 10, and a full-blown asthma attack in 20 
minutes. He was forced to leave the dinner party. Food 
allergies and sensitivities can, of course, be more subtle 
and more distant from the trigger—thus decreasing that 
very obvious link between cause and effect that my 
friend experienced. But, as clinicians, we must remem-
ber, and we must teach our patients, that the allergy 
cascade is often an amplification process. The degree of 
allergic response is not always a result of total antigen 
load; exposure alone can trigger it. In the highly sensi-
tized individual, very small quantities of an allergen 
will produce, in some cases, an anaphylactic reaction.

While we will not be able to remove every possible 
antigen from the diet, we should strive to reduce the 
total antigenic load as much as possible. Strict adher-
ence to the elimination diet will help in this regard. 
After the exclusion period, foods should be reintro-

duced slowly and thoughtfully. The tendency of the 
patient is to jump back into a regular diet. The most 
important information-gathering part of the elimina-
tion diet is the reintroduction period. By introducing 
one new food every three or more days, patients can 
catalog any new or recurrent symptoms, whether they 
manifest immediately or over a period of several days. 
This systematic process allows the patient and the prac-
titioner to build a list of problem foods. These should be 
avoided during the GI rebuilding period and, in some 
cases, permanently deleted from the diet.

Inflammation Reduction

Inflammation at the level of the gut mucosa plays 
a pivotal role in the development of GI diseases and 
other systemic diseases.49,50,51 Therefore, it is prudent 
to optimize inflammatory balance within the gut. 
The gut inflammation regulatory system is complex 
but approachable. As has been described by Plotkin,52 
complex relationships often exist in nature; clinically, 
we can exploit them even without full understanding 
of their complex interdependence. Inflammation is 
regulated by multiple processes within the body. No 
single anti-inflammatory agent will suppress or inhibit 
the entire inflammatory spectrum. To that end, choos-
ing complex food sources of anti-inflammatory agents 
often suits the functional practitioner best.

Many foods (and active constituents of foods) have 
been shown to have anti-inflammatory activity and, 
interestingly, many have a bi-functional role in the 
inflammatory cascade. That is, they are anti-inflamma-
tory in one instance and proinflammatory in another. 
Such substances are called adaptogens. They may be 
advantageous to clinicians who are often working with-
out full and accurate information at the level of the 
micro-milieu. Digestive enzymes can function in this 
manner. Several investigators have demonstrated anti-
inflammatory effects of enzymes found in brome-
lain,53,54,55 but pancreatic enzymes in the face of intesti-
nal ischemia will cause an inflammatory response56 
(probably to protect the organism from invasion). The 
biliary system tends to blunt this response with chole-
cystokinin, especially in the face of acute pancreatitis.57

Other anti-inflammatory foods, herbs, and spices 
include:

• Essential fatty acids (thoroughly reviewed in Chap-
ter 27) clearly play an important role in helping to 
reduce many forms of inflammation. 
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• Curcumin shows anti-inflammatory activities.58 
• Several Chinese herbal extracts have anti-

inflammatory activity.59,60,61 
• Cat’s claw appears to have anti-inflammatory 

activity.62 
• Many other Western herbal extracts have also 

shown anti-inflammatory activity.63 
• Green tea has also been studied extensively. Its 

anti-inflammatory activity appears robust.64,65,66 
• Cruciferous vegetables show not only anti-inflam-

matory effect but also anti-mutagenic effects.67,68

Including foods and food substances rich in anti-
inflammatory nutrients along with an elimination diet 
may help to create a synergistic response in controlling 
inflammation.

Gut Permeability

Leaky gut (LG), or intestinal hyperpermeability, is a 
common clinical syndrome, implicated in a wide array 
of conditions. Several lines of research suggest a signifi-
cant role for LG in health and disease. One aspect is 
cytokine balance. Th1 vs. Th2 balance appears to be 
influenced by antigen presentation at the gut mucosal 
level.69 While inflammation appears to play a role in 
the development of LG, NSAIDs have been shown to 
enhance rather than retard its development. Blockade 
of the COX-2 receptor has been associated with an 
upregulation of COX-2 receptor numbers and may be 
responsible for this. Complex nutraceutical approaches 
to inflammation reduction, as briefly mentioned 
above, may have the effect of reducing inflammation 
without upregulating COX receptors.

Arabinogalactans from a variety of sources, including 
kiwi and larch, have positive effects on cell growth and 
gut function. Kiwi has been shown to be a potent pro-
liferant of epithelial cells and for that reason seems 
helpful in LG.70 Larch has several important benefits to 
LG including immunologic, metabolic, and growth fac-
tors.71 Soluble and insoluble fibers also exert a positive 
effect on LG; insoluble fiber helps with bulk formation 
and waste elimination, and soluble fiber improves short-
chain fatty acid production, a key nutrient for entero-
cytes and promotion of probiotic growth. Glutamine 
and bioactive peptides have also been shown to help 
ameliorate LG. See Chapter 31 for an extensive discus-
sion on leaky gut.

Heavy Metals

Heavy metal accumulation may also play a part in 
poor digestion, due to its association with degraded 
enzyme function, dysbiosis, and bacterial or fungal 
overgrowth. The primary site of heavy metal poisoning 
is at the level of the metalloenzyme, the site of catalytic 
function within the enzyme. In simplest terms, the 
heavy metal displaces the mineral at the metallo-
enzyme site, resulting in degraded or absent enzymatic 
function. These heavy metals also have antibiotic activ-
ity. (The historic use of mercury salts is an example of 
this.) The antibiotic function tends to alter the gut 
microflora and thus can lead to dysbiosis.

Detoxification is most commonly thought of as a 
biotransformation process for organic or immune com-
plex clearance, but specific pathways exist for the 
detoxification of toxic metals. They appear to have the 
same polymorphic enzymatic functionality as other 
enzyme systems and the consequent SNP (single nucle-
otide polymorphism) variability. Unfavorable SNPs will 
commonly lead to an elevated burden of toxic metals 
without excessive exposure. For example, some autistic 
patients have elevated provoked urine toxic metals, 
while the rest of the family tests in the normal range.72 
These same children will often have dysbiosis that is 
very difficult to eradicate. Upon the discovery of the 
toxic load and treatment thereof, the dysbiosis can gen-
erally be treated more successfully.

Optimization of Absorption

Absorption is accomplished by several means. Most 
are under regulatory control. This would suggest that 
mass action and Le Chatelier’s principle would dictate 
mitigation of absorption difficulties with presentation 
of adequate substrate for the receptor/transporter mole-
cule and/or its cofactors. Also, some forms of absorption 
are energy dependent. There may be direct or indirect 
energy utilization. In any case, a metabolic disturbance 
that adversely affects energy balance will negatively 
affect absorption. 

An important engine for absorption is the Na/K-
ATPase pump. This pump powers many of the energy-
dependent absorption pathways. Unfortunately, most 
of the work on Na/K-ATPase has been done on skeletal 
muscle and not on enterocytes. Nonetheless, regulation 
of Na/K-ATPase has been shown to be similar across tis-
sue types. Magnesium, a commonly deficient mineral,73 
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is required for active transport into the cell by Na/K-
ATPase. Magnesium-deficient animals and humans 
have been found to have reduction in Na/K-ATPase 
activity.74 Potassium, a key ion in the Na/K-ATPase 
pump, is frequently deficient, especially in the presence 
of certain diuretics. Deficiency of potassium has been 
associated with poor Na/K-ATPase activity.75 Thyroid 
hormone is involved in the expression of genes that 
encode for Na/K-ATPase. Problems with thyroid func-
tion, whether low thyroid hormone or poor peripheral 
conversion of T4 to T3, may adversely affect activity of 
this critical absorption pathway. Insulin is a potent 
stimulator of Na/K-ATPase activity. The prevalence of 
insulin resistance in our culture may play an untoward 
role in nutrient absorption because of its regulation of 
the ATPase enzyme. Additionally, catecholamines play a 
significant role in the regulation of ATPase activity.76 It 
may be that, in the chronically unwell, adrenal insuffi-
ciency could lead to underactivity of Na/K-ATPase activ-
ity, leading to poor absorption. Adrenal insufficiency 
may play another role in absorption abnormality by 
altering glucocorticoid metabolism. Glucocorticoid ste-
roids (GCS) are potent stimulators of Na/K-ATPase. In 
adrenal exhaustion, the low concentration of GCS may 
inhibit this enzyme.77

Even this very brief review of energy-dependent 
nutrient absorption makes it clear that optimization of 
all elements of the functional medicine web is critical 
to improving the performance of the digestion and 
absorption system.

Modulation of Immune Interactions

As we know, a majority of the lymphatic tissue in 
the body is closely associated with the gut. The gut asso-
ciated lymphoid tissue or GALT (discussed further on in 
this chapter) is estimated to represent as much as 70% 
of the total body reserves of lymphoid tissue. Gut 
pathology has also been associated with dysregulation 
of the GALT.78 Additionally, systemic symptoms and dis-
ease states have been associated with this same dysregu-
lation.79 Oral tolerance is an important mechanism of 
immune regulation and appears to be regulated by the 
development of a healthy GI microflora and proper tim-
ing of antigen presentation. (See Figure 28.1.) Breast 
feeding appears to optimize both of these variables. In 
the perinatal period, this appears to be an important 
mechanism for immune regulation.80 

Figure 28.1 Developing oral tolerance
Source: Ann N Y Acad Sci. 2002 May;964:13-45. Figure 1. © 2002 New 
York Academy of Sciences, USA. Used with permission.

The events that lead to cell priming and Th1/Th2 
development are complex. (A thorough discussion of 
issues surrounding immune and inflammatory balance 
can be found in Chapter 23.) It had been thought that 
the cytokine environment was the primary skewing 
agent. It is now recognized that the cytokine environ-
ment probably amplifies the skewing, but the antigen 
itself (and the way it is presented) is the primary skew-
ing agent.81 This suggests that an intact gut mucosa will 
have a role to play in Th skewing. If antigen concentra-
tion at the presentation site is controlling this balance, 
and if improving the barrier function of the gut will 
limit the type and quantity of antigen presentations, 
then Th development will be affected.

In fact, the part played by HLA antigens and their 
interaction with GI microflora has been explored.82 Kleb-
siella has been implicated in the pathogenesis of ankylos-
ing spondylitis (AS), but not all persons with Klebsiella 
have AS. HLA B-27 has also been implicated in the patho-
genesis of AS, yet not all persons with HLA B-27 have AS. 
From a functional medicine perspective, it seems likely 
that—in those persons with HLA B-27 and GI coloniza-
tion with Klebsiella and leaky gut—the environment for 
the development of AS is ripe. The increased interaction 
of Klebsiella and the GALT will intensify the likelihood of 
cross-reactive immune responses between Klebsiella and 
human determinate sites in the spine, thus resulting in 
the clinical features of AS.
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Laboratory Testing in Gastrointestinal 
Functional Medicine

Gastric Analysis 

Gastric analysis is basically an assessment of gastric 
pH. The normal pH of the stool is between 1 and 2.3. 
Acid secretion is stimulated by the vagus nerve, the 
mechanical distention of the stomach, and partially 
digested proteins.

Normally functioning stomach: Once the pH 
reaches approximately 2, feedback mechanisms turn 
off the parietal cell acid secretion mechanism. pH con-
trol of the stomach is essential to optimal digestion, as 
described in other sections of this text. Additionally, 
pepsin 1 and 2 function optimally at a pH between 2 
and 3. Above 5, pepsin is essentially inactive.

Gastric analysis can be accomplished in several 
ways. The Heidelberg analysis is performed when the 
patient swallows a small capsule and the gastric acidity 
is tracked by radio telemetry.83 Various protocols exist to 
challenge the acid-secreting capacity of the gastric 
mucosa during the test.

Another option for gastric analysis: 
1. The patient is put on a food and liquid fast for 

approximately eight hours.
2. A small caliber nasogastric (NG) tube is placed via 

the nostril into the stomach.
3. In the case of an NG tube, an aspirate is collected 

and the pH is checked. Normal fasting pH should 
be between 1 and 2.3.

4. The patient is challenged with bicarbonate solution 
(various protocols exist). The pH should reach 7 
within five minutes after ingestion.

5. Patient should be lying on the left side (in an effort 
to keep the bicarb solution in the stomach as long 
as possible).

6. The pH should be measured by aspiration every five 
minutes. 

7. The pH should reach less than 2 within 20 minutes.
8. Repeat up to four times to measure reserve of pari-

etal cell activity. 

Fat Absorption Test 

If secretions from the pancreas and liver are ade-
quate, absorption of dietary fat is almost complete. To 
assess for adequacy of digestion and absorption of fats, a 
fecal fat analysis can be done. Excessive fecal fat is 

called steatorrhea. This condition should be suspected 
when the patient has large, “greasy,” and foul smelling 
stool. Steatorrhea can be caused by digestive disorders, 
such as failure of the pancreas or biliary secretion sys-
tem,84 by absorption problems, or by transport of fat 
across the intestinal mucosal membrane. While this test 
will help with the diagnosis of gross or profound fat 
malabsorption, it is not sensitive to subtle problems of 
fat absorption.

Procedure:85,86

1. A diet consisting of approximately 100 g of fat 
per day should be started three days prior to col-
lection of stool and should end on the last day of 
stool collection.

2. No ethanol should be consumed during this time.
3. Collect stool for 72 hours commencing on the third 

day of the high-fat diet.
4. Send stool for fat analysis.
5. Normal range is 5–7 g of fat per 24 hours.

Enzyme Function 

Various schemes have been proposed for pancreatic 
enzyme testing. Recently, an enzyme known as pancre-
atic elastase 1 (PE1) has been shown to have a very high 
correlation with more invasive tests to determine pan-
creatic function. PE1 is unique to the human pancre-
atic secretion and is not affected by pancreatic enzyme 
supplements. For these reasons, PE1 is a good test of 
baseline pancreatic function.87,88 Most healthy patients 
will have a PE1 greater than 500 mcg/g. A PE1 greater 
than 200 mcg/g is considered normal. A PE1 of 100–
200 mcg/g shows mild to moderate dysfunction. A PE1 
of less than 100 mcg/g reflects moderate to severe pan-
creatic hypofunction. Chymotrypsin is another marker 
for testing pancreatic function. While it is affected by 
enzyme supplementation, it may be a good guide to 
follow the adequacy of enzyme supplementation.89 
Both chymotrypsin and fecal elastase-1 can be deter-
mined by a single random stool collection.90

Microbiology Testing 

The merits of optimal GI microflora are discussed 
in the next part of this chapter. Of the nearly 400 spe-
cies of bacteria that inhabit the gastrointestinal sys-
tem, most of them are anaerobic. Bifidobacteria 
account for approximately ¼   of the total flora. Other 
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species found in large amounts include acidophilus 
and E. coli. Although it is well known that overgrowth 
of a pathogen can cause problems, it is less well under-
stood that the presence of beneficial bacteria, or the 
substances that favor the growth of beneficial bacteria, 
can reduce the risk of conditions associated with 
inflammation.91,92,93,94

Stool culture has been used for years to assess the 
relative balance of beneficial vs. harmful microbes. Aer-
obic culture is common and readily available. It may be 
used to assess for beneficial and pathogenic bacteria, as 
well as for imbalance.95,96,97

Measurements of Inflammation in the Gut

Eosinophil protein X (EPX): EPX is a measure of 
eosinophil activity within the intestinal mucosa that 
can be evaluated by a non-invasive test on a stool sam-
ple. EPX is elevated in inflammatory bowel disease and 
can be useful for evaluating disease activity and pre-
dicting relapse.98,99,100 Levels can also be elevated in a 
number of other common conditions (e.g., intestinal 
parasitic disease,101 atopic dermatitis,102 and eosino-
philic gastroenteritis103), however, so its specificity is 
not very high.

Calprotectin: Calprotectin is a marker of leukocyte 
activity. It is well correlated with indium-111 (111In) 
labeled lymphocyte excretion testing and endoscopic 
biopsy assessment of leukocyte activity that is evaluated 
via a simple stool sample. Elevated calprotectin can 
help distinguish irritable bowel syndrome from inflam-
matory bowel disease104,105 and is also seen in bowel can-
cer and polyp disease. Elevated calprotectin levels can 
also predict relapses of inflammatory bowel disease.106 

Intestinal Permeability Testing

Mannitol-lactulose test: Mannitol is a small, non-
metabolized sugar that is readily absorbed and excreted 
in urine unchanged. Lactulose is a large, non-metabo-
lized sugar that is generally not absorbed and is excreted 
in stool. Lactulose can be absorbed paracellularly if the 
tight junctions between cells are “leaky.” This test uses a 
known mixed dose of mannitol and lactulose. The 
recovery of each in urine is related to cellular absorp-
tion (mannitol) and paracellular leakiness (lactulose). 
The degree to which each is recovered is related to the 
degree of impaired barrier function of the GI mucosa; 

this relationship has been demonstrated in a variety of 
conditions.107,108,109,110,111

Food Allergy Testing

Another way of assessing leaky gut is via food allergy 
testing. If a patient is allergic to a large number of foods 
tested, leaky gut may be implicated. When intestinal per-
meability is increased, abnormal interactions between 
the gut luminal content and the immune system are 
more common.112 If these interactions involve partially-
digested food constituents, food allergy may develop. In 
cases of multiple food allergies, one should have a high 
degree of suspicion about leaky gut. Likewise, if a patient 
is placed on an elimination diet and initially improves, 
only to regress in one to six months, leaky gut should be 
suspected. The patient may have improved due to a 
lower overall immune load and then relapsed when the 
unresolved leaky gut resulted in more interactions with 
the new or resumed foods, resulting in allergy/intoler-
ance of these new substances. A fully referenced discus-
sion of leaky gut is presented in Chapter 31.

Visualization

Esophagogastroduodenoscopy (EGD).113 This is a 
fiber optic test that allows visualization of the mucosa 
of the esophagus, stomach, and duodenum, and also 
biopsy evaluation. Biopsies may help with finding 
abnormalities that are not readily apparent to the 
naked eye. At times, the mucosa will appear normal, 
but a biopsy will show microscopic inflammatory 
changes or infiltrates with lymphocytes, eosinophils, 
or other leukocytes. In the case of eosinophils, it is sug-
gestive of allergic or parasitic phenomenon. A number 
of chemical tests may also be performed on the biopsy, 
the most common of which is the urease test for 
detecting H. pylori. The gold standard for diagnosing 
celiac disease is a biopsy of the duodenum.

Colonoscopy.114 This test allows fiber optic visualiza-
tion of the colon. The same observations made about 
EGD apply. Biopsies can show inflammation and can 
differentiate inflammatory from non-inflammatory 
changes. The character of the infiltrate can also be help-
ful. As an example, an infiltrate of predominantly eosin-
ophils may suggest an allergic or parasitic process, and 
cryptitis is typically seen in inflammatory bowel disease.
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Summary

Based on the above discussion, we can identify some 
general guidelines for optimizing digestion and absorp-
tion, although it’s important to remember that treat-
ment in the functional medicine paradigm must be 
adapted to each patient’s antecedents, triggers, media-
tors, and genetic predispositions.

1. An oligoantigenic elimination diet is an important 
first step, and can have significant clinical impact. 
Patients should follow the protocol shown in the 
Appendix for at least four weeks to clear the GI 
environment of antigens and toxic materials. Then, 
a careful and paced reintroduction of foods should 
be undertaken. This reintroduction is a vital part of 
the treatment intervention. The more careful the 
reintroduction of food types, the more specific the 
information gained from the challenge process.

2. The reduction of inflammation is extremely impor-
tant. Use balanced anti-inflammatory strategies 
that do not increase leakiness of the gut. Many 
anti-inflammatory herbs and food have been iden-
tified. A complex and multi-targeted approach 
seems most likely to be successful.

3. The reduction of gut permeability should help to 
reduce dysfunctional immune/gut lumen interac-
tions. This may reduce autoimmune activity by 
reducing molecular mimicry, and may balance Th1 
vs. Th2 skewing. It will also reduce inflammatory 
immune complex formation. Several herbs and 
nutrients are known to reduce gut permeability, 
and the use of the elimination diet alone has been 
shown to reduce gut permeability.

4. Optimization of digestive constituents helps to 
break down food components, reduce the antige-
nicity of food constituents, and optimize the 
chyme for absorption. Enzymes typically have a 
fairly narrow pH range in which they operate effi-
ciently. It is important to keep this in mind as you 
attempt to replete a patient with enzyme defi-
ciency. Repletion will improve sterilization of the 
food bolus and help with unfolding of proteins for 
further enzymatic digestion. Bile is important for 
the saponification of fats. With the prevalence of 
gall bladder disease, relative bile salt deficiency is 
common. While the liver may be making bile salts 
normally, they are trickled into the duodenum 

rather than pumped in as a bolus at the appropriate 
time during fat ingestion.

5. Optimization of absorption by insuring adequate 
enzymatic and energy cofactors will improve repair 
and regeneration at all levels. The primary motive 
force for energy-dependent absorption is via the 
Na/K-ATPase pump. Steps should be taken to opti-
mize the efficiency of this system.

6. Balancing immune interactions will have local and 
systemic effects on health. Leaky gut and abnormal 
immune interaction with the gut lumen contents 
are sources of autoimmunity that can be influenced 
through the use of herbal and food-based strategies 
designed to stabilize immune components. In addi-
tion, enzymes may be capable of cleaving immune 
complexes and reducing their inflammatory activity.

7. Stress management. While many of the so called 
“functional GI disorders” have now been found to 
have organic causes, the mind is still an active par-
ticipant in the process. “Stress and emotions may 
trigger neuroimmune and neuroendocrine reac-
tions via the brain-gut axis.”115 Helping patients 
achieve a sense of control over their illness can be 
powerful. Hypnosis, meditation, and other stress-
management techniques may have a positive 
impact on GI health.

Balance of Flora, GALT, and Mucosal 
Integrity
Patrick Hanaway, MD

Introduction

The gastrointestinal tract, the tube within a tube, 
connects us to our environment through a dynamic 
interface that is larger than a doubles tennis court. Over 
the course of our lifetimes, we will ingest many tons of 
macronutrients, micronutrients, chemicals, and toxins. 
(Experts vary on the tonnage, but figures range from 30 
to 60 tons of food consumed in the lifetime of the aver-
age well-nourished adult.116) These materials provide the 
building blocks for everything human. Imbalances in 
our functional ability to make the most of these nutri-
ents have ramifications for every aspect of our being. 
Imbalance in the gastrointestinal system has implica-
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tions that extend far beyond gastrointestinal symptoms; 
thus, the clinician must be vigilant to gastrointestinal 
dysfunction in nearly every clinical interaction.

Classically, the functions of digestion and absorp-
tion are considered the principal roles of the gastro-
intestinal epithelium. The quality of discernment that 
Traditional Chinese Medicine (TCM) attributes to the 
“Small Intestine Official” is manifested through its abil-
ity to separate the wheat from the chaff,117 but also in 
the embedded relationship of the innate and adaptive 
immune system within the gastrointestinal system. The 
impact of diet and nutrients on the balance of commen-
sal flora is considerable. Digestion and absorption pro-
vide proper macronutrients and micronutrients, while 
responses such as appropriate physiologic inflamma-
tion, the development of oral tolerance, the production 
of neurochemicals by the “second brain” (Michael 
Gershon’s term for the enteric nervous system118), and 
the appropriate excretion of waste must all function 
effectively and in balance with each other in order to 
foster health and well-being.

Dysfunction within the gastrointestinal system mani-
fests in typical digestive diseases such as gastroesoph-
ageal reflux disease (GERD), irritable bowel syndrome 
(IBS), inflammatory bowel disease (IBD),119 non-alcoholic 
steatohepatitis (NASH),120 and even colorectal cancer 
(CRC).121 Gastrointestinal dysfunction can also manifest 
as imbalanced immunologic function, thus creating and/
or contributing to both atopic illness122 (including allergy 
and asthma) and autoimmune dysfunction123 (including 
rheumatoid arthritis, type 1 diabetes, and Hashimoto’s 
thyroiditis). Other diseases of immune dysregulation and 
gastrointestinal dysfunction now include the autism 
spectrum disorders.124 The evolution of these diseases 
begins long before the presentation of symptoms and 
thus the opportunity for prevention and early interven-
tion can have tremendous impact on the burden of suf-
fering and disease.

Dietary approaches provide the most effective 
means of restoring balance within the gastrointestinal 
system and there are many opportunities to bring 
these tools to patients. However, the profound dietary 
changes experienced by humans over the past 10,000 
years—and greatly accelerated over the past 100 
years—conflict with the nutritional input that our 
genetic structure evolved to maximize.125 This discor-

dance creates a much more complex array of clinical 
needs that require support for the whole being to 
regain balance and optimal function.

Functional medicine allows us to intervene along a 
continuum from illness to wellness, where the approach 
is of value at each level—addressing treatment of disease, 
relief of symptomatic imbalance even before pathologic 
disease has manifested, prevention, and optimal well-
ness. The determination of appropriate therapeutic 
approaches is contingent upon the degree of imbalance 
that is present. Observation of history, signs, and symp-
toms (including noting the patient’s own antecedents, 
triggers, and mediators) helps with initial understanding. 
Diagnostic testing helps to further illuminate and clarify 
the degree of dysfunction. 

Diagnostic considerations include, first and fore-
most, an extensive health history to gain an under-
standing of dietary inputs, utilization of antibiotics, 
laxatives, fiber, herbs, etc. In addition, one must elicit 
the current pattern of bowel movements, including fre-
quency, history, abdominal pain, gas, bloating, relation-
ship to meals, and duration. It is amazing how many 
patients consider their altered bowel movements to be 
normal. Western medicine does not have a defined 
norm of bowel movement frequency, while other forms 
of healing such as Ayurveda and Traditional Chinese 
Medicine view the regular functioning of the gas-
trointestinal tract to be a critical barometer of health 
and well-being, with one well-formed bowel movement 
per day as the norm.126 Other diagnostic considerations 
include the evaluation of stool to gather information 
on parameters of digestion, absorption, inflammation, 
infection, and altered gut flora (known as dysbiosis).

Let us look more closely at the specific imbalances 
faced by clinicians as we examine how they manifest in 
pathophysiology and how they can be balanced to opti-
mize health.

Gut Flora

Cordain127 describes the dietary patterns most com-
mon today, and compares them with the characteristics 
of ancestral diets. He notes alterations in glycemic load, 
fiber content, essential fatty acid composition, pH bal-
ance, and macronutrient/micronutrient composition, 
all of which have tremendous effects on the balance of 
the commensal flora within the gastrointestinal tract.
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 The critical functions of the commensal flora are:
• Metabolic processes:

– fermentation, 
– vitamin synthesis, 
– energy production;

• Trophic stimulation:
– epithelial cell differentiation,
– immunomodulation;

• Pathogen protection:
– competing for nutrients, space, adherence,
– producing bacteriocidins.

New evidence is evolving that the persistent interac-
tions between host and bacteria that take place in the 
gut may constantly reshape the immune system.128 Cli-
nicians see the profound effects of altered commensal 
flora in the nearly 15% of the population who are 
affected by IBS, a functional GI disorder.129 It is also 
becoming clear that the immune dysregulation of IBD is 
profoundly influenced by the role of gut flora.130 Symp-
tomatic evaluation of patients who have alterations in 
bowel patterns defined by the Rome II Criteria (see 
Table 28.1) meet the definition of IBS.131

Studies have demonstrated the alteration in com-
mensal flora present in IBS in both colonic biopsy 
samples132 and stool analysis.133 There is considerable 
research on optimal methodology for evaluating gut 
flora. Dysbiosis can be measured by stool analysis and 
culture, but 99% of colonic flora are facultative anaer-
obes and only ~50% will be picked up by culture meth-
ods. Alterations in the distribution of metabolic by-
products of bacterial fermentation, including n-butyrate, 
proprionate, and acetate, can provide a proxy for the dis-
tribution of colonic flora. Decrease or absence of normal 
Lactobacillus, Bifidobacter, and E. coli species in stool cul-
ture is an indication of imbalance.134 

Recent studies on the pathogenesis of IBS have evalu-
ated the common association with small bowel bacterial 
overgrowth (SBBO), also known as bacterial overgrowth 
of the small intestine (BOSI) and small intestinal bacte-
rial overgrowth (SIBO). SBBO is noted when the coliform 
and anaerobic bacteria from the large intestine produce 
deleterious effects within the delicate environment of 
the small intestine. A simple breath test is performed by 
measuring hydrogen and methane gas produced after 
oral administration of lactulose. As gut bacteria ferment 
the lactulose, the gas production increases. Typically, the 
gas production will increase when the fermentable sub-
strate has passed into the large intestine, but patients 
with SBBO have this increase in gas production much 
earlier. Intestinal dysbiosis has been noted to be present 
in 78% of IBS patients who tested positive for SBBO. 
When treated with antibiotic therapy, 48% of patients 
no longer met the Rome Criteria for IBS.135 Studies have 
recently begun to evaluate probiotic therapy to improve 
the rate of SBBO, but results are not yet available.

It is well recognized that several other chronic dis-
eases have a high degree of overlap with IBS, including 
fibromyalgia, interstitial cystitis, and chronic fatigue 
syndrome.136 Studies in patients with fibromyalgia have 
shown that 100%137 and 77%138 of patients also have 
SBBO. It has been postulated that the immune response 
to bacterial antigens present in the small intestine pro-
vides a framework for understanding the hypersensitiv-
ity present in both IBS and fibromyalgia.139 Thus, we 
begin to see that alteration in the distribution of gut 
flora is associated with clinical syndromes outside of the 
gastrointestinal tract. It is useful and important to mod-
ulate the gut flora for improved health by supplement-

Table 28.1 IBS—Rome II Criteria

12 or more weeks of continuous or recurrent abdominal pain 
or discomfort,

plus at least two of the following: 
1. Relieved by defecation 

and/or 
2. Associated with change in frequency of stool 

and/or 
3. Associated with a change in form (appearance) of stool 

and an absence of alarm symptoms:
• Anemia

• Fever

• Heme-positive stools

• New or recent onset if > 50 years old

• Nocturnal symptoms

• Palpable abdominal or rectal mass

• Persistent diarrhea or severe constipation

• Recent antibiotic use

• Weight loss
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ing the diet with prebiotics and probiotics. Assessment 
of the overall microbiota community with stool culture 
allows for initial evaluation and the opportunity for 
evaluating treatment efficacy.

The word probiotic (derived from the Greek and 
meaning “for life”) was first used in 1965 to describe a 
function that is opposite to that of antibiotics. It has 
subsequently been defined as “a preparation of or a 
product containing viable, defined microorganisms in 
sufficient numbers, which alter the microflora (by 
implantation or colonization) in a compartment of the 
host and by that exert beneficial health effects on the 
host.”140 A probiotic must be of human origin, be non-
pathogenic in nature, be resistant to destruction by gas-
tric acid and bile, adhere to intestinal epithelial tissue, 
and be able to colonize the gastrointestinal tract (if only 
for a short period).141 Other common desirable proper-
ties include being able to produce antimicrobial sub-
stances, modulate immune responses, and influence 
human metabolic activities.

A prebiotic has been defined as “a non-digestible 
food ingredient which beneficially affects the host by 
selectively stimulating the growth of and/or activating 
the metabolism of one (or more) health-promoting bac-
teria in the intestinal tract, thus improving the host’s 
intestinal balance.”142 Prebiotics induce antimicrobial 
effects via their selective stimulation of commensal 
strains that modulate immune function and compete 
with pathogens for receptors. Specific prebiotics are 
now being developed to help promote the growth of 
beneficial bacteria and selected probiotics.143 Combina-
tions of prebiotics and probiotics are collectively known 
as synbiotics.

The most common probiotic bacteria are:
• Bifidobacterium—25% of adult colonic bacteria and 

95% of a breastfed newborn;
• Lactobacillus—several beneficial strains (GG, NCFM, 

acidophilus) have been identified;
• Saccharomyces boulardii—a patented yeast product 

that inhibits growth of pathogens.

Probiotic supplementation has been shown to be 
beneficial in antibiotic-associated diarrhea, necrotizing 
enterocolitis (NEC),144 cancer prevention,145 health 
promotion,146 and H. pylori prevention.147 Recently, 
researchers have also demonstrated the beneficial

effect of probiotics for improving symptoms in IBS,148 
and for normalizing imbalances with inflammatory 
cytokine ratios.149 Probiotics are moving into the main-
stream of treatment options for IBS, as well as IBD.150 
Disease-specific activity and modulation of the immune 
system are bacterial species- and subspecies-dependent 
processes. Thus, the overall community of bacterial 
flora becomes a critical determining factor for promot-
ing health and preventing/treating disease. 

As the human host is highly adaptive to the pres-
ence of commensal bacteria, there is a dynamic learn-
ing opportunity that continues to unfold as probiotics 
and prebiotics are utilized therapeutically and preven-
tively. What is the optimal endpoint for treatment? 
New quantitative molecular techniques with 16S ribo-
somal RNA probes are now being developed to charac-
terize and quantify the 400+ bacterial families present 
within the colonic environment.151 Questions abound 
regarding what constitutes optimal flora. This is an 
important limitation for treatment planning and 
health-promotion efforts. In the future, nutritional 
interventions may target probiotic strains based upon 
their specific characteristics to activate an inhibitory 
mucosal response. Until that time, phenotypic markers 
of digestion, absorption, inflammation, and dysbiosis 
will help clarify the patient’s progress.

In addition to the benefit of probiotic therapies in 
IBS and IBD, additional studies have successfully used 
probiotics as a preventive strategy for infants at risk for 
atopic illness. Based upon the immunologic imbalance 
of T-helper cells offered in the hygiene hypothesis, 
researchers in Finland gave probiotics to infants with a 
family history of atopic illness and demonstrated a 50% 
reduction in incidence.152 A follow-up study at four years 
confirmed these findings.153 Isolauri and her colleagues 
showed that the anti-allergenic and anti-inflammatory 
activity of supplemental probiotics was mediated, at 
least in part, by a decrease in intestinal permeability.154 
These findings have been confirmed in children with 
moderate to severe atopic dermatitis, with the improve-
ment in intestinal permeability correlating with 
improvements in the severity of eczema.155
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The innate immune system discriminates between 
potential pathogens and commensal bacteria by using a 
number of pattern-recognition receptors (PRRs). Mam-
malian cells express a series of toll-like receptors (TLRs) 
that recognize bacterial and microbial structures, 
including DNA.157 When infection or pathogens are 
present, the inflammatory response can increase intesti-
nal permeability. This allows for increased sampling of 
gut flora by the immune system—a physiologic process 
of checks and balances. In the presence of an alteration 
of the gut flora, immune dysregulation, or a genetic pre-
disposition, there is a sustained chronic inflammation 
and release of calprotectin from neutrophils.158 Con-
versely, the presence of healthy commensal flora and/or 
probiotics has been shown to have an anti-inflamma-
tory effect on the gastrointestinal epithelium.159

Mucosal Integrity

Significant permeability changes in the gut mucosa 
can have profound effects on anatomic and immuno-
logic barriers to disease.160 Intestinal hyperpermeability, 
also known as leaky gut, can lead to increased inflam-
matory cytokine production and a propagation of 
inflammation within the intestine.161 There is a great 
deal of evidence linking increased intestinal permeabil-
ity with multiorgan system failure, systemic disease, 
and immune dysfunction.162 Animal models also dem-
onstrate that stress significantly increases intestinal per-
meability.163 Studies have focused on animal models 
and the results are now being brought to bear on cases 
of trauma and sepsis.164 Studies on ischemia and reper-
fusion injury have confirmed a disturbed intestinal 
barrier165 and increases in intestinal permeability corre-
late with multiple organ failure.166 

The assessment of intestinal permeability is per-
formed with a standardized double sugar test. The 
patient drinks a mixture of lactulose and mannitol. The 
larger lactulose molecule is only minimally absorbed (in 
the healthy patient) and the smaller mannitol molecule 
is absorbed through the microvilli of the duodenum 
and jejunum. Absorbed sugars are then excreted 
through the urine and measured individually. The rela-
tive ratio of urinary lactulose/mannitol is used as the 
determinant of increased permeability. Decreased levels 
of mannitol are indicative of poor absorption and may 
be an indication of microvilli damage.

While some have questioned the more simplistic 
model of leaky gut, the gastroenterology literature has 
validated the value of the double sugar test in studies 
using histology and electron microscopy.167 Studies have 
demonstrated that the bacterial translocation across the 
gastrointestinal epithelium induces antibodies to bacte-
rial components with antigenic cross-reactivity to HLA 
antigens.168 Klebsiella has been associated with ankylos-
ing spondylitis when cross-reactivity occurs with the 
HLA-B27 antigen.169 Similarly, Proteus mirabilis has been 
associated with reactive arthritis and is known to cross-
react with the HLA-DR4 antigen.170 There is currently 
anecdotal evidence that the modification of gastrointes-
tinal flora with antibiotics can have an effect on these 
arthritidies, although formal studies to confirm or deny 
this relationship are not currently available. 

It has also been observed that a number of inflam-
matory conditions, such as asthma, eczema, psoriasis, 
and Crohn’s disease, all affect the epithelial surfaces. 
Alterations in barrier defense and epithelial permeabil-
ity are present in each of these diseases.171 Further clini-
cal studies have demonstrated that there is an increase 
in intestinal permeability in asthma, suggesting that the 
entire mucosal immune system is affected.172 Interven-
tion trials have not been reported, but anecdotal data 
from researchers and naturopathic physicians have sug-
gested that there is a subset of asthmatic and atopic 
patients (~10–20%) who improve with treatments to 
decrease intestinal permeability. 

The first approach to decreasing intestinal perme-
ability is to effectively remove any inflammatory stimuli 
from the mucosal surface of the intestine. This entails an 
understanding of tools to assess digestive function, as 
well as the diagnostic tools that can be utilized to 
identify/quantify the degree of intestinal permeability. 
Sources of inflammation and increased intestinal perme-

Hygiene Hypothesis Reconsidered
Recent analyses have questioned the primacy of Th1/

Th2 imbalance in the presence of both allergic (Th2) and 
autoimmune (Th1) diseases. Mammalian evolution has 
kept us in close contact with relatively harmless microor-
ganisms over a very long period of time. In fact, it is clear 
that our innate immune system has evolved to recognize 
these old friends as harmless. However, in affluent coun-
tries, we may not have the necessary “friends” present to 
consistently stimulate the maturation of regulatory T cells 
(Treg)—the heart of the hygiene hypothesis. Thus, immuno-
regulation as determined by the Teffector /Treg balance may be 
a more crucial factor than Th1/Th2 balance.156
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ability include infections and pathogens (including Can-
dida), altered commensal flora (i.e., dysbiosis), celiac 
disease, lactose intolerance, and food allergies. Once the 
implicated agent has been effectively removed, clinical 
symptoms often begin to improve within 3–5 days, the 
turnover time of the intestinal epithelium.

Therapeutic agents include probiotics—to utilize 
their anti-inflammatory nature—along with the cultiva-
tion of appropriate metabolic substrates to assist in the 
differentiation of the epithelial lining. After removing 
the source of initial injury and inflammation, glutamine 
is one of the most powerful agents used to supply energy 
to enterocytes and colonocytes.173 L-glutamine is a very 
useful clinical tool, but it is also a substrate for lympho-
cytes and macrophages, in addition to being a precursor 
of nitric oxide. Thus, it is necessary to ensure that 
inflammation is resolved before treating with this power-
ful trophic factor. Glutamine has also been noted to be a 
substrate for Candida synthesis, so this should be evalu-
ated before initiating therapy. 

Mucosal Immune System

As has been noted, the intestine is the primary 
immune organ in the body, containing nearly 70% of 
the immune cells—more than 106 lymphocytes/g of tis-
sue.174 The gut-associated lymphoid tissue (GALT) repre-
sents the largest mass of immunocompetent cells 
within the human body. The regulatory function occurs 
in several areas—e.g., the more organized Peyer’s 
patches and the diffusely distributed intra-epithelial 
lymphocytes (IELs). These critical components of the 
innate immune system sample the luminal contents of 
the gastrointestinal tract, coordinate host responses, 
and synthesize inflammatory mediators as they differ-
entiate between potential pathogens and commensal 
bacteria. Much of this process is mediated by the 
recently discovered toll-like receptors (TLRs), a sub-set 
of pattern recognition receptors that recognize different 
bacterial components and quickly respond with differ-
ential stimulation of the adaptive immune response. 

The dialogue between host and bacteria at the 
mucosal interface plays an important part in the devel-
opment of a competent immune system. Microbial col-
onization of the gastrointestinal tract affects the 
composition of the GALT. Many diverse interactions 
between microbes, epithelium, and gut-associated lym-
phoid tissue are involved in creating the memory of the 

immune system. For instance, commensal flora are inti-
mately involved in the development of oral tolerance, 
part of the body’s acceptance of something as self.175 
The ability to recognize food particles and commensal 
bacteria is critical for educating the adaptive immune 
system properly.

Immunologic Cross-Talk

Inflammatory bowel disease (IBD) is an important 
example we can use to understand how to evaluate 
imbalance within the mucosal immune system. Three 
factors are required for abnormal physiology to evolve 
into inflammatory bowel disease: altered intestinal per-
meability, access of gut contents to immunologic cells 
within the GALT and the MALT (mucosa-associated 
lymphoid tissue), and an abnormal immune response. 
Alterations in mucosal integrity that do not include an 
abnormal immune response will also tend to cause dys-
function within the system, though in a much more 
subtle manner. Luminal contents that can have a stimu-
latory effect on the immune system include bacteria, 
bacterial antigens, food antigens, and toxins. Transloca-
tion of bacteria can stimulate a physiologically normal 
inflammatory response when function is healthy and 
balanced.176 When a significant number of pathogenic 
bacteria translocate across the epithelial lining, there is 
an overt inflammatory response from the gut-associated 
lymphoid tissue. The upregulation of inflammatory 
cytokines provides the body with a rapid response to 
invasion (see Chapter 23). Multiple mechanisms of 
cross-talk between the bacteria and epithelia that differ-
entiate between the process of recognition and oral tol-
erance vs. effectively responding to pathogenic bacteria 
have been described.177

Oral Tolerance

Oral tolerance has been defined as the immunologic 
hypo-responsiveness to an antigen encountered through 
the enteric route, usually through oral administration.178 
The mucosal immune system is able to tolerate an abun-
dance of dietary antigens and commensal bacteria, 
while still effectively repelling pathogens. Desensitiza-
tion methods have been used to deal with allergic reac-
tions, including food allergies, since the 1960s. Studies 
have been done in humans that apply the principles of 
oral tolerance to autoimmune and allergic diseases. In 
at least one such study, ~80% of patients with food 
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allergies were desensitized to increasing doses over 
time;179 however, treatments for autoimmune diseases 
such as IDDM, multiple sclerosis, and Reiter’s syndrome 
have been less effective. Several trials with rheumatoid 
arthritis were effective, with therapeutic responses to 
oral collagen challenge.180 The reason for this therapeu-
tic effect is not clear, though it has been postulated that 
the source of initial antigen exposure may also be oral. 
Animal studies also seem to indicate that the relation-
ship of maternal fatty acid ingestion during pregnancy 
may influence the induction of neonatal immunological 
tolerance. This means that mothers who had increased 
n-6/n-3 fatty acid ratios while pregnant had offspring 
with an increased prevalence of allergy.181

Different bacteria induce different immunologic 
responses. Nonpathogenic bacteria also elicit different 
cytokine responses from epithelial cells, inducing differ-
ential effects on the GALT and the adaptive immune 
system.182 We can see from this dynamic interplay 
between the gut flora and the GALT that the immuno-
logic response system can be modified, based upon 
dietary changes (in the form of prebiotics) and benefi-
cial bacteria (in the form of probiotics).

One of the factors noted in the degree of immune 
response is the adhesion capacity of antigens to epithe-
lial cells.183 Strong adhesion of antigens to the epithelial 
cells is seen with increased immune response. Now it is 
seen that IBD patients are not tolerant of their own gut 
flora184 but, interestingly, the administration of fecal 
flora derived from healthy controls has been shown to 
be effective.185 A continuum of symptoms from IBS to 
IBD has been proposed186 that includes alterations in gut 
flora, immune dysregulation and inflammation, altered 
mucosal permeability, and stress-induced symptoms. 
Epidemiologic evidence seems to bear out that some of 
the rapid increase in IBD may be due to large numbers of 
IBS patients, and the continuously increased risk of IBD 
detection in IBS patients favors a true association 
between the two.187

Food Allergies

These data indicate that commensal flora may play a 
paradoxical role in immune regulation, depending upon 
the antigen, intestinal permeability, degree of inflamma-
tion, and maturation of the GALT. This phenomenon is 
particularly important in early infancy. The intestinal 
barrier is more permeable with a physiologic inflamma-
tion present, as noted by elevated fecal calprotectin lev-

els over the first six to 12 months of life. The cytokine 
profile is polarized toward humoral immunity (antibody 
production) and away from cell-mediated immunity. 

This immunologic imbalance sets up the situation in 
which the immature gut is much more sensitive to oral 
antigens and food allergy. It is clear that allergic reac-
tions to food are much more common in the first few 
years of life.188 It has been postulated that the increased 
prevalence of formula feeding and subsequent loss of 
the critical immunologic factors present in breast milk 
have contributed to the increase in the incidence of 
immune-based disorders, such as allergy and asthma.189 
The studies by Isolauri et al. discussed earlier strongly 
support this hypothesis, as the prebiotic effect of breast 
milk encourages the growth of bifidobacteria and leads 
to significant differences in gastrointestinal flora at six 
months of age.190

The environmental setting of low-grade inflamma-
tion and increased mucosal permeability induces 
changes in antigen handling that lead to sensitization. 
This implies that allergic response to dietary antigens is 
caused by a failure of the GALT to maintain oral toler-
ance to these antigens.191 It would follow that the role 
of probiotics in the treatment of food allergies in adults 
would be of benefit.192 In general, the clinical approach 
to working with food allergies is to evaluate the client 
with an elimination/challenge diet (described briefly in 
the first part of this chapter and more extensively in 
Chapter 35). The removal of an antigen that is recog-
nized as foreign for 21 to 28 days should improve symp-
toms, but it is necessary that all offending antigens be 
removed. Thus, a modified elimination diet may not 
have the requisite restrictions to be effective. 

After removal of potentially offending food antigens 
for three to four weeks (the time period may be 
increased up to several months if needed), the patient 
carefully adds back a new food once every few days; fre-
quency recommendations vary, but 2–4 days between 
foods is a common range for the reintroduction process. 
This time frame allows for recognition of delayed 
hypersensitivity responses. This methodical process is 
usually limited to the most common food allergens, 
including cow’s milk, wheat, egg, corn, soy, and tree 
nuts; however, it can be adapted to eliminate and chal-
lenge any suspicious foods. This elimination/challenge 
process is the gold standard of allergy testing. No com-
mercially available allergy tests, regardless of methodol-
ogy, are as accurate. Patients are strongly encouraged to 
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follow through with the elimination/challenge diet, but 
it is imperative that the clinician help the patient to 
embrace the process with adequate preparation and a 
positive attitude. 

Considering the diversity of immunologic path-
ways, it is clear that using a single entity (such as serum 
IgG levels) to measure food allergies would be incom-
plete.193 Functional assays to measure lymphocyte stim-
ulation have not demonstrated good reproducibility. A 
recent study did demonstrate clinical utility in the utili-
zation of IgG levels as a diagnostic tool to determine a 
modified elimination diet in patients with IBS. In com-
parison with a group receiving a sham diet, the patients 
whose diets were based upon eliminating foods with 
IgG reactivity were 30% improved.194 In her commen-
tary on this study, Isolauri notes the profound impact of 
low-grade inflammation and altered mucosal integrity 
on antigen transfer and the development of allergies: “A 
healthy gut microbiota is thus an indispensable compo-
nent of gut barrier function.”195

Once again, probiotics may have a therapeutic role in 
the case of food allergies. Bacteria produce a number of 
enzymes and products to assist with the metabolism of 
food. For example, Lactobacillus rhamnosus GG was able 
to hydrolyze casein and reduce the production of IL-4 in 
atopic infants with cow’s milk allergy.196 Probiotics mod-
ify the structure of potentially harmful antigens and 
lower their potential for harm. Current studies are now 
underway to evaluate the feasibility of creating a group 
of probiotic bacteria with the capacity to break down glu-
ten in such a manner that people diagnosed with celiac 
disease will still be able to eat wheat products.197

Commensal bacteria have effects that extend across 
a range of immunologic imbalance. We have discussed 
the importance of commensal flora on stabilizing gut 
flora, promoting the integrity of the intestinal barrier, 
supporting host resistance to pathogenic bacteria, and 
modulating immune response. All of these qualities 
extend to the therapeutic use of probiotics. The anti-
inflammatory and immunomodulatory effects of probi-
otics provide the basis for therapeutic intervention. 
Beneficial effects have been demonstrated in IBD,198 
IBS,199 atopic illness,200 and food allergies.201 

Stool Analysis

Evaluating the effectiveness of probiotics in normal-
izing the gut flora may not be as simple as measuring 
the change in bacterial counts in stool culture at the 

species level, although these are the best clinical tools 
that we have right now. Microbial analysis of stool sam-
ples provides clinical insight into the flora population 
of the distal colon. Quantitative growth on the agar 
plate reflects the levels of bacteria in the distal colon. 
Results obtained from fecal samples demonstrate that 
50–80% of total microscopic composition is recovered 
by fecal culture. There is good agreement on the degree 
of biodiversity when fecal cultures are compared with 
16S rDNA sequence analysis.202

The predominant beneficial bacteria in the large 
intestine are Bifidobacteria, strict anaerobes that consti-
tute as much as 25% of the overall colonic flora in 
healthy adults. In the colon, obligate anaerobes such as 
Bifidobacteria predominate over facultative anaerobes 
such as Lactobacilli by 1000:1. Recovery of these organ-
isms in stool culture should therefore ideally be in the 
3+ or 4+ ranges. Lactobacilli, facultative anaerobes, have 
culture growth at 1+ or 2+ in healthy adults. Non-
pathogenic E. coli populate the distal colon, although 
they are usually found in reduced quantities, compara-
ble to levels of Lactobacilli. A growth of non-pathogenic 
E. coli from 1+ to 2+ is therefore considered normal.203 

To date, it has been assumed (though not con-
firmed) that probiotics adhere to the gastrointestinal 
mucosa.204 Only in vitro studies have been able to detect 
the presence of adhesive substances from probiotics 
and demonstrate adherence to tissue cells.205 It is clear 
that probiotics exert a number of beneficial effects; 
however, effects from supplementation may occur from 
transient passage through the GI tract rather than 
actual colonization. Studies have shown that 3–14 days 
after exogenous supplementation ceases probiotics are 
no longer recovered from the stool.206 It is therefore 
doubtful in the absence of supplementation that bene-
ficial bacteria will be recovered unless they are of indig-
enous origin.207 One can assess levels of beneficial 
bacteria when taking probiotics to ensure that they are 
delivered to the colon and thus are able to exert their 
beneficial effects on the host. Alternatively, one can re-
evaluate the stool microbiology on a patient who has 
been treated for dysbiosis to ensure that the imbalance 
in stool flora has been corrected.

Probiotic Treatment

Probiotic dosage will vary based upon the indication 
for treatment (and/or prevention) and the age of the 
patient. Strain-specific effects are just beginning to be 
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published and efficacy data on one sub-species or strain 
may not be applicable to another, even within the same 
species. Current data suggest that the intestinal flora in 
IBD is not normal, even as we strive to better under-
stand the exact nature of the term “normal flora.”208 
Epidemiologic data support the idea that insufficient 
protective commensal flora may impair immune system 
homeostasis.209 Intervention studies are beginning to 
prove this therapeutic approach. Studies have demon-
strated efficacy for maintenance treatment of pouchitis 
using 450 billion colony-forming units (cfu) per day.210 
Much higher doses are currently being studied for treat-
ment of IBD.211 Additional trials have demonstrated 
efficacy as adjunctive212 and primary therapy213 for 
ulcerative colitis, using doses of 10–75 billion cfu/day.

Treatment of IBS with probiotics has also been 
shown to be efficacious in six of eight trials, with 
response depending upon dosage and strain of probi-
otic used.214 Several studies of IBS treatment with probi-
otics have utilized doses of 25–75 billion cfu/day of 
lactobacillus and bifidobacter, demonstrating decrease 
in flatus and improvement in quality-of-life symptom 
scores.215,216,217 Post-antibiotic therapies have been rec-
ommended at 20–25 billion cfu/day to help normalize 
commensal flora.218 Treatment is usually for 3–4 weeks 
and can begin during antibiotic treatment, as long as it 
is not taken concomitantly. Benefit in reducing antibi-
otic-associated diarrhea has also been demonstrated.219

In addition to studies on strain-specific effects, stud-
ies are needed to evaluate the appropriate dosages for 
various conditions. It has been assumed empirically 
that higher dosages may be effective for treatment of 
disease, and lower dosages are useful for health promo-
tion and disease prevention. A meta-analysis of the util-
ity of Lactobacillus in childhood diarrhea demonstrated 
its efficacy in reducing diarrhea an average of 0.7 days, 
with a reduction of bowel movements by 1.6/day on 
Day 2. A further evaluation of dose response was per-
formed, demonstrating that the reduction in diarrheal 
days was directly correlated with dosages above 10 bil-
lion (1010) cfu and up to 150 billion (1011) cfu per day.220 
Synbiotics (the combination of prebiotics and probiot-
ics) seem to be effective at lower dosages.221

A recent review summarizes the evidence that the 
immunostimulatory effect of probiotics extends far 
beyond the gastrointestinal tract to distant mucosal sur-
faces, including the respiratory and genito-urinary sys-
tems.222 Further research has shown that probiotics 

enhance cell-mediated immunity in elderly patients, 
particularly in people whose immune systems showed 
poor response before treatment.223 

Probiotics are extremely safe, even at high doses.224 
No pathogenic or virulence properties have been identi-
fied for Lactobacilli or Bifidobacteria.225 To date, there are 
no documented cases of septicemia associated with Bifi-
dobacteria. While Lactobacillus has been associated with 
bacteremia, it has only been documented in severely 
immunocompromised patients, with prolonged hospital-
ization and after surgery.226 Data from Finland do not 
demonstrate any increase in bacteremia over the past 10 
years of rapidly increasing probiotic consumption.227

Prebiotic Treatment

Fructooligosaccharides (FOS) may act as a fermenta-
tive substrate. Because they particularly favor the Bifi-
dobacteria population in the gut, regular ingestion can 
help these organisms become predominant. A dose of 
4 g/day appears sufficient to have this effect in vivo.228 
Even at a dose five times higher (i.e., 20 g/d), there is a 
negligible amount of intact FOS found in the stool, 
indicating that FOS have been nearly completely fer-
mented in the colon.229 

Summary

It is clear that there is a dynamic relationship 
involving the gastrointestinal flora, environmental 
inputs (food and other nutrients), and the health of the 
immune system. Recent research has taught us a great 
deal about the role of diet and commensal bacteria in 
promoting health. It appears that Nobel-laureate Eli 
Metchnikov may have been correct in his assertion that 
live bacterial cultures are “the elixir of life.” We are 
unlocking a number of secrets about immune system 
functioning, but we keep coming back to a simple inter-
vention that has an ever-expanding opus of research to 
support it, and an extremely low toxicity ratio. 

Future studies will help us to clarify the best strains 
and the best dosages for individual patients and specific 
conditions. Assessment of commensal flora and a 
genomic scan for markers of immunologic dysregula-
tion will be more accurate and more widely available. It 
appears, however, that the diagnostic and therapeutic 
tools we have to work with today can make a tremen-
dous difference in reducing the burden of suffering for 
our patients. If “form follows function,” as Buckminster 
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Fuller was fond of saying, then the form of our immune 
system may be following the precise functions that our 
commensal flora is dictating. 

We have the opportunity to encourage breastfeed-
ing, decrease unnecessary antibiotic and antimicrobial 
usage (especially in the first two years of life), improve 
oral tolerance with a healthy n-6/n-3 fatty acid ratio, 
and support the development of a healthy commensal 
flora. These actions on behalf of our immune systems 
will pay dividends for years to come.

The Enteric Nervous System
Michael D. Gershon, MDi

The Enteric Nervous System is Independent

The behavior of scientists and lemmings can some-
times have more in common than the scientists would 
like to admit. The actions of isolated lemmings are 
rarely exceptional; however, when they form a herd, 
lemmings have been known to stampede and follow the 
mass of their colleagues off a cliff. The actions of iso-
lated scientists are also unexceptional and dictated by 
the scientific method, but like lemmings, scientists can 
abandon rational thought and follow their colleagues 
into the mass acceptance of a mistake. The history of 
the enteric nervous system (ENS) is a good example of 
the lemming approach to scientific thought. The idea 
that the gut contains an intrinsic nervous system (the 
ENS) that can, when it is called upon to do so, control 
the behavior of the bowel is old enough to have cele-
brated the beginnings of two new centuries.230,231,232 The 
concept of intrinsic enteric neuronal control of gas-
trointestinal activity dates from the formulation of the 
“law of the intestine” by Bayliss and Starling as the 19th 
century came to a close. This “law” holds that increases 
in intraluminal pressure result in oral contraction and 
anal relaxation of the gut that persists in the face of 
ablation of the entire extrinsic innervation of the 
bowel. Bayliss and Starling attributed the “law of the 
intestine” to the “local nervous mechanism” (the ENS) 
of the gut, which had previously been shown by Auer-

bach (the myenteric plexus)233,234 and Meissner (the sub-
mucosal plexus)235 to be very large.

The “law of the intestine” is now called the peristal-
tic reflex and does not require the presence of the brain, 
spinal cord, dorsal root, or cranial nerve ganglia for its 
manifestation. Trendelenburg clearly demonstrated, 
while World War I raged in Europe, that the peristaltic 
reflex can be evoked in loops of guinea pig small intes-
tine isolated in vitro.236 In 1921, Langley established the 
ENS as a separate but equal division of the autonomic 
nervous system, which he defined.237 Parasympathetic 
nerves were classified as those with cranial and sacral 
preganglionic connections to the central nervous sys-
tem (CNS), while sympathetic nerves were those with 
thoracic and lumbar connections. Because Langley 
believed that the CNS did not directly innervate most 
enteric neurons, these neurons were grouped into their 
own autonomic division, called the ENS. After Langley, 
the lemming effect eclipsed the ENS, and it was almost 
universally dismissed as a collection of parasympathetic 
relay ganglia in the wall of the bowel. This eclipse has 
now blessedly ended and research on the ENS has effec-
tively resumed, to the great practical benefit of clinical 
medicine.238,239,240,241

The ENS is Structurally and Chemically 
Similar to the CNS

The ENS has many unique organizational features. 
It lacks internal collagen, and enteric neurons are sup-
ported, not by Schwann cells, as in the remainder 
of the peripheral nervous system, but by enteric 
glia.242,243,244,245,246 The small intestine contains at 
least as many neurons (>108 in humans) as the spinal 
cord,247,248 and these neurons exhibit a phenotypic 
diversity that is unparalleled in other peripheral gan-
glia. By now, every class of CNS neurotransmitter has 
also been found in the ENS.249,250 The ENS thus resem-
bles the brain, and is, like the brain, too complex to be 
easily understood. Much of this complexity is mani-
fested in microcircuits that are notoriously difficult to 
define.251 Progress, however, has been made, and the 
rate has recently been accelerating.

i Article reprinted by permission from: Gershon MD. Nerves, reflexes 
and the enteric nervous system: Pathogenesis of the irritable bowel syn-
drome. J Clin Gastroenterol. 2005;39(4; Supp 3):S184-93. ©2005 Lippin-
cott Williams & Wilkins.
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Neuronal Detection of Intraluminal 
Conditions is Transepithelial

In order for the ENS to regulate the behaviors of the 
bowel, it is obviously necessary for it to be apprised of 
conditions (pressure, pH, nutrient concentrations, etc.) 
prevailing in the enteric lumen; nevertheless, nerve 
fibers do not enter the gastrointestinal lumen or even 
its epithelial lining. Sensation must therefore be accom-
plished transepithelially.252,253,254 The ability of entero-
endocrine cells to act as sensory transducers helps to 
make this possible. Enterochromaffin (EC) cells are the 
best characterized of these transducer cells.255,256,257 Pro-
digious quantities of serotonin (5-hydroytryptamine; 
5-HT) are stored in EC cells. The bowel contains about 
95% of the body’s serotonin and EC cells contain most 
of that 5-HT. What 5-HT is present in the gut that is not 
in EC cells is in the ENS, the myenteric plexus of which 
contains descending serotonergic interneurons.258,259 
Two isoforms of tryptophan hydroxylase (TpH1 and 
TpH2) have been identified.260 Because of the presence 
of EC cells, the mucosa contains TpH1 and enteric neu-
rons, like their counterparts in the CNS, contain 
TpH2.261,262 The 5-HT storage granules of EC cells are dis-
tinctly basolateral in their intracellular distribution.263 
This distribution means that serotonin is primarily 
secreted from the basolateral surface of EC cells into the 
lamina propria (Figure 28.2). Here, the secreted 5-HT 
has access to nerve fibers.264,265,266 The constitutive and 
stimulated secretion of 5-HT into the gut wall by EC 
cells has recently been confirmed in real time by means 
of electrochemical detection with small carbon elec-
trodes.267 EC cells constitutively secrete a great deal of 
5-HT and even more in response to stimulation. 5-HT 
thus overflows into the portal circulation and intes-
tinal lumen and this overflow increases postprandi-
ally.268,269,270,271,272,273,274,275 The copious amounts of 5-HT 
that EC cells secrete may be necessitated by the large 
and variable distance that separates EC cells from the 
nerves that respond to them.276 The enteric epithelium 
is constantly in the process of replacement; stem cells in 
intestinal crypts and gastric glands generate new cells, 
while old cells slough into the lumen. Nerves are not 
specialized to synapse with moving targets, and epithe-
lial cells move from stem cell to sloughing zones. A 
paracrine method of 5-HT secretion thus has to suffice, 
in which specificity is determined by the ligand-recep-
tor relationship, rather than by the anatomy. The large 

quantity of secreted 5-HT assures that a sufficient con-
centration reaches neural receptors. The mechanism is 
analogous to Niagara Falls. Because a great deal of water 
flows over Niagara, all boats in the vicinity of the Falls 
get wet. This type of signaling requires an efficient 
mechanism to remove 5-HT from the extracellular 
space. Signaling has to be terminated and 5-HT must be 
removed from contact with receptors, lest they desensi-
tize. 5-HT is also toxic;277 therefore, its overflow must be 
kept within tolerable limits.

Figure 28.2 Release of 5-HT from EC cells
Pressure or other stimuli release 5-HT from EC cells. The primary direction of 
5-HT secretion (arrows) is into the lamina propria.

SERT-Mediated Uptake Terminates Responses 
to 5-HT

In contrast to acetylcholine (ACh), which is catabo-
lized by extracellular acetylcholinesterase, there are no 
extracellular enzymes that catabolize 5-HT. Reuptake is 
therefore required to terminate responses to 5-HT.278,279 
Diffusion of 5-HT away from its sites of action is too 
slow to prevent excessive potentiation of responses and 
eventual receptor desensitization. 5-HT, moreover, car-
ries a charge at physiologic pH and thus will not cross 
the lipid bilayer of a plasma membrane. A specific sero-
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tonin reuptake transporter (SERT) is present in the 
plasma membranes of serotonergic neurons,280,281,282 
which mediates the transmembrane transport of 5-HT. 
The enteric mucosa, however, lacks a serotonergic inner-
vation. Instead of nerves, therefore, other cells of the 
gastrointestinal mucosa must undertake the uptake of 
5-HT (Figure 28.3). These cells appear to be enterocytes, 
which in mice, rats, guinea pigs, and humans have all 
been found to express SERT.283,284,285,286 Mucosal and neu-
ronal SERT are identical. Enterocytes probably catabolize 
the 5-HT after they take it up, not only by oxidative 
deamination catalyzed by monoamine oxidase, as in the 
brain, but also by O-glucuronidation.287,288

Figure 28.3 5-HT is taken up by enterocytes
Following its action in the lamina propria, 5-HT is taken up by enterocytes 
(gray arrows). This uptake terminates serotonergic signaling and thus pre-
vents excessive stimulation of receptors and receptor desensitization.

Tricyclic antidepressants, serotonin selective 
reuptake inhibitors, and cocaine inhibit SERT.289 These 
compounds all exert gastrointestinal effects,290,291,292 but 
these actions are prevented from being catastrophic by 
the enteric expression of other transporters that can 
substitute for SERT; these molecules catalyze the uptake 
of 5-HT with a lower affinity than that of SERT, but they 
have a high capacity.293 Backup transporters include 
organic cation transporters, the distributions of which 

resemble that of SERT, and the dopamine transporter, 
which is located in enteric dopaminergic neurons.294 
The basic serotonergic signaling unit of the mucosa 
thus consists of EC cells as the sensory transducers, 
5-HT as the first messenger of sensory transduction, 
5-HT receptor-expressing processes of intrinsic and 
extrinsic primary afferent nerves in the lamina propria 
as the receptive elements, and SERT-expressing entero-
cytes as the signal terminators.

Intrinsic Primary Afferent Neurons Enable the ENS 
to Mediate Reflexes Independently of CNS Input

The brain requires peripheral sensors to regulate 
behavior. Information from these sensors, of course, is 
transmitted to the CNS by means of dorsal root and 
cranial nerve ganglion cells. An analogous system oper-
ates in the gut. Independence from the CNS requires 
that the ENS be able to respond to sensors that detect 
luminal stimuli, and this ability, in turn, depends on 
the presence of intrinsic primary afferent neurons 
(IPANs), which are to the bowel what dorsal root and 
cranial nerve ganglion neurons are to the CNS. IPANs 
transmit information from sensors, such as EC cells, to 
the processing neurons of the ganglionated enteric 
plexuses (Figure 28.4). Both submucosal and myenteric 
IPANs have been described.295,296,297,298 Mucosally-driven 
peristaltic and secretory reflexes appear to critically 
depend on submucosal IPANs.299,300,301 Stretch-driven 
reflexes302,303 and giant migrating contractions, which 
are ultrapropulsive,304 may be mediated by myenteric 
IPANs. Both submucosal and myenteric IPANs are cho-
linergic in rodents305,306,307 and humans.308 Interestingly, 
myenteric IPANs display a characteristic bursting pat-
tern of activity (about four action potentials per burst) 
when stimulated via the mucosa.309 The significance of 
this bursting activity, in terms of the types of motility 
dependent on myenteric IPANs, has yet to be deter-
mined. Submucosal IPANs evidently secrete calcitonin 
gene-related peptide (CGRP) together with ACh.310,311,312 
Fast excitatory neurotransmission is cholinergic, while 
CGRP mediates slow excitatory neurotransmission,313 
which increases the excitability of submucosal ganglia. 
Inhibition of CGRP-mediated slow excitation thus 
interferes with the circumferential spread of excitation. 
In the guinea pig bowel, most myenteric IPANs exhibit 
a Dogiel Type II morphology and contain the calcium-
binding protein, calbindin.314,315,316 Calbindin, however, 
does not mark myenteric IPANs in all species.317 In 
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humans, myenteric IPANs have been reported to con-
tain somatostatin, substance P, and another calcium 
binding protein, calretinin.318 Certain differentiation 
antigens are commonly expressed by IPANs, dorsal 
root, and cranial nerve sensory ganglion cells;319 never-
theless, submucosal and myenteric IPANs differ from 
dorsal root and cranial nerve sensory ganglion neurons 
in that IPANs are innervated, while dorsal root and cra-
nial nerve sensory ganglion neurons are not; IPANs 
may thus be dual function cells, able to act as interneu-
rons as well as initiators of enteric reflexes.320,321,322,323,324

Figure 28.4 5-HT secreted by EC cells activates IPANS
5-HT secreted by EC cells activates intrinsic primary afferent neurons (IPANs) 
of the submucosal plexus. These cells, which are analogous in function to 
sensory neurons of dorsal root and cranial nerve ganglia, initiate peristaltic 
and secretory reflexes. The receptor activity that mediates stimulation of 
these cells by 5-HT is called 5-HT1P. Neither 5-HT3 nor 5-HT4 receptors acti-
vate submucosal IPANs; thus, neither of these receptors, by themselves, ini-
tiates peristaltic or secretory reflexes.

5-HT1P Receptor Activity Stimulates 
Submucosal IPANs

The submucosal IPANs that initiate peristaltic and 
secretory reflexes are activated in the mucosa by a 
uniquely enteric receptor activity, called 5-HT1P

325,326,327,328 
(Figure 28.4). Because a distinct 5-HT1P receptor has not 
yet been cloned, it is defined operationally and by its 
transduction mechanism; the 5-HT1P site is thus referred 
to here as a “receptor activity.” 5-HT1P receptor activity 
has not been described in the CNS, although it has been 
reported to be present in skin and lymphoid tissue as 
well as the gut.329 5-HT1P receptor activity is activated by 
indoles with an unsubstituted hydroxyl moiety at the 5 
or 6 position and is not affected by most conventional 
5-HT antagonists. Hydroxylated indalpines have also 
been reported to be relatively selective 5-HT1P agonists, 
while a dipeptide, N-acetyl-5-hydroxytryptophyl-5-
hydroxytryptophan amide (5-HTP-DP) and renzapride 
have been reported to be 5-HT1P antagonists.330,331 Renza-
pride, which is also a 5-HT4 agonist332 and a 5-HT3 antag-
onist,333 is, of course, not at all selective. Submucosal 
IPANs are activated by mucosal stimulation and 5-HTP-
DP blocks this activation.334 5-HTP-DP also inhibits the 
initiation of peristaltic and secretory reflexes.335,336,337,338 
In addition to its role in activating submucosal IPANs, 
5-HT1P activity mediates slow responses of enteric neu-
rons to 5-HT and slow excitatory serotonergic neu-
rotransmission in the ENS.339,340,341 It seems likely that 
drugs that affect 5-HT1P activity would not be good for 
the regulation of intestinal motility. Because 5-HT1P 
activity initiates reflexes and activates submucosal IPANs, 
a 5-HT1P antagonist might induce paralytic ileus by 
blocking peristaltic and secretory reflexes. Similarly, a 
5-HT1P agonist might, by activating submucosal IPANs, 
lead to severe diarrhea. 5-Hydroxyindalpine, for exam-
ple, is a 5-HT1P agonist and has been identified as the 
metabolite of indalpine in a clinical trial that induced 
unacceptable diarrhea.342 Although drugs that activate 
IPANs are likely to be prokinetic and compounds that 
prevent their activation are likely to inhibit motility, 
neither would probably be useful in therapy. Agents that 
exhibit either of these effects would be expected to be 
difficult to control, leading respectively to unacceptable 
constipation or diarrhea. In contrast, the distal terminals 
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of IPANs are a more attractive site at which to target a 
therapeutic agent because drugs that act at this site 
would strengthen or weaken neurotransmission in 
enteric microcircuits but would rely on natural stimuli 
to initiate reflexes.

5-HT4 Receptors are Presynaptic and 
Strengthen Neurotransmission in 
Prokinetic Pathways

The secretion of ACh and CGRP from stimulated 
submucosal IPANs is increased by 5-HT.343,344,345 5-HT 
thus potentiates the effects of both of these transmit-
ters and enhances neurotransmission from submucosal 
IPANs to second order neurons (Figure 28.5). The 
spread of excitation within the bowel from a point of 
application of a mucosal stimulus is thus made greater 
and propulsive peristaltic and secretory reflexes are 
enhanced. 5-HT4 receptors mediate the 5-HT-induced 
increase in ACh and CGRP release from submucosal 
IPANs. Similarly, 5-HT4 receptors also increase the secre-
tion of ACh at nerve-nerve synapses in the myenteric 
plexus,346,347 as well as at motor nerve-smooth muscle 
junctions.348 All of these effects of 5-HT4 receptor stimu-
lation are prokinetic. Electrophysiologic recordings 
reveal that 5-HT4 receptor agonists, such as tegaserod, 
renzapride, and cisapride, increase the amplitude of fast 
excitatory postsynaptic potentials (EPSP) or, in patch-
clamp recordings, fast excitatory postsynaptic currents 
in myenteric neurons in response to presynaptic stimu-
lation.349,350,351 5-HT4 antagonists, such as GR113808, do 
not affect the EPSPs or ESPCs, which are mediated ACh 
acting at nicotinic receptors; however, 5-HT4 antago-
nists prevent the enhancement of EPSPs or ESPCs elic-
ited by 5-HT or 5-HT4 agonists. 5-HT4 agonists do not 
evoke postsynaptic responses and thus exert no direct 
effects on enteric neurons. Postsynaptic responses to 
5-HT are all mediated by other subtypes of 5-HT recep-
tors. The 5-HT-induced fast depolarization (or fast 
inward current in patch-clamp recordings) is 5-HT3 
mediated.352,353 The 5-HT-evoked slow depolarization 
(or slow inward current in patch-clamp recordings) is 
5-HT1P mediated.354,355,356,357 The postsynaptic locations 
of the 5-HT3

358,359 and 5-HT1P receptors,360 determined 
by immunocytochemistry, are consistent with their 
pharmacological actions.

Figure 28.5 5HT4 receptors are presynaptic
5-HT4 receptors are presynaptic and are found at the terminals of submu-
cosal IPANs, at synapses within the myenteric plexus, and at the neuromus-
cular junction. 5-HT4 stimulation enhances the secretion of ACh and CGRP 
from stimulated nerve endings. The effect of activating 5-HT4 receptors is to 
strengthen the neurotransmission in prokinetic pathways.

In contrast to 5-HT3 and 5-HT1P receptors, enteric 
plasmalemmal 5-HT4 receptors are exclusively presynap-
tic.361 Neurons that express 5-HT4 receptors have been 
identified by in situ hybridization, and the receptor pro-
tein has been located with selective antibodies. Rabbit 
antibodies react with the 5-HT4a isoform,362,363 while 
chicken antibodies appear to recognize all isoforms of 
the 5-HT4 receptor (personal observations). Subsets of 
both submucosal and myenteric neurons express 5-HT4 
as do some of the smooth muscle cells of the muscularis 
externa. 5-HT4 immunoreactivity is especially dense in 
the neuropil at the light microscopic level. At the elec-
tron microscopic level, the 5-HT4-immunoreactive recep-
tor sites are found in the rough endoplasmic reticulum of 
neurons, the plasma membranes, internal vesicles of 
neurites (presumably axons), and on the presynaptic 
membranes of synapses. In contrast to the presynaptic 
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membranes, the postsynaptic elements are not labeled 
by antibodies to 5-HT4 receptors. The location of 5-HT4 
receptors, therefore, corresponds to the responses that 
have been observed to 5-HT4 agonists. These com-
pounds promote neurotransmission by enhancing 
release of excitatory neurotransmitters, and the recep-
tors are located on the presynaptic side of synapses 
(Figure 28.5). The location of 5-HT4 receptors and the 
nature of 5-HT4 effects undoubtedly contribute to the 
safety of 5-HT4 agonists, such as tegaserod, as therapeu-
tic agents. To enhance motility, 5-HT4 agonists depend 
on natural stimuli to evoke peristaltic and secretory 
reflexes. 5-HT4 agonists thus do not constitutively acti-
vate these reflexes. They also do not activate nocicep-
tors to send distress signals to the CNS.

When motility of the gut is inadequate, as in cases 
of chronic constipation or the constipation-predomi-
nant form of the irritable bowel syndrome (IBS-C), tega-
serod provides relief and consistently outperforms a 
placebo in fair double-blind matches.364,365,366,367,368,369,370 
Unfortunately, if enteric neurons have degenerated, 
tegaserod cannot restore their function. When a drug 
acts presynaptically, it can only be of use if the presyn-
aptic elements are present and contain transmitters to 
be released. Diabetic gastroparesis, therefore, is not 
likely to be responsive to treatment with tegaserod. 
Obviously, when motility is normal or excessive, the 
presynaptic enhancement of neurotransmitter, release 
by tegaserod or a similar agent would be counterpro-
ductive. Tegaserod, or another 5-HT4 agonist, would 
thus be contraindicated if motility or secretion is 
already excessive, as in the diarrhea-predominant form 
of irritable bowel syndrome (IBS-D). Tegaserod’s use in 
IBS is thus restricted to the constipation-predominant 
form (IBS-C) of the condition.

5-HT3 Receptors are Involved in Gut-to-Brain 
Signaling

IBS patients, who tend to focus on their visible 
symptoms of diarrhea or constipation, often overlook 
sensation from the bowel and attribute their discomfort 
to what they see. That leads these individuals to seek 
symptomatic treatment that fails to provide adequate 
relief. Overlooked or not, however, sensory reception

from the bowel is an important component of IBS. Pain 
or discomfort is an integral component of IBS.371 Vis-
ceral hypersensitivity, indeed, may be the most distress-
ing component of IBS.372,373,374 That should not be 
surprising, since more than 90% of vagal fibers are not 
centripetal but centrifugal, carrying information from 
the gut to the brain.375,376,377 These sensory fibers, more-
over, are supplemented by spinal nerves that transmit 
nociceptive data. Some of the information sent by the 
bowel to the brain, however, may not be perceived. 
Depression and epilepsy can be treated by stimulating 
the vagi, which also can improve learning and mem-
ory.378,379,380,381 Natural stimulation of the vagus nerves 
in the bowel may thus influence the brain and affect 
mood, improving it when normal and disturbing it 
when abnormal.

Although the gut can, as noted earlier, function in 
the absence of CNS input, it does not normally do so. 
The ENS and the CNS can be thought of as two opera-
tors of an alimentary unit that have to work together. 
For the CNS to make informed decisions and worth-
while contributions to alimentation, it must, like the 
ENS, be informed about what is happening in the bowel 
and especially in the enteric lumen. Again, what the 
brain senses has to be the result of a transepithelial phe-
nomenon because no nerves enter the lumen of the gut, 
but extrinsic visceral afferent neurons in cranial nerve 
and dorsal root ganglia, rather than IPANs, signal to the 
CNS. Instead of the 5-HT1P receptor, which stimulates 
submucosal IPANs, the 5-HT3 receptor is responsible for 
the activation of extrinsic primary neurons382,383,384,385 
(Figure 28.6). 5-HT3 receptor immunoreactivity, there-
fore, is abundant on the enteric processes of extrinsic 
nerves.386,387,388 5-HT3 antagonists can thus be used to 
prevent the activation by 5-HT of visceral afferent 
nerves in the gut. This action is therapeutically useful, 
and 5-HT3 antagonists, such as ondansetron and grani-
setron, are used to alleviate the nausea and vomiting 
associated with cancer chemotherapy.389,390 Alosetron 
and cilansetron are effective in counteracting the vis-
ceral hypersensitivity associated with IBS-D.391,392,393
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Figure 28.6 5-HT3 receptors are postsynaptic
5HT3 receptors are postsynaptic and are a ligand-gated ion channel. They are 
found on the terminals in the bowel of extrinsic sensory neurons and transmit 
noxious signals to the CNS. 5-HT3 receptors are also located on neurons in 
the myenteric plexus, where they mediate fast excitatory neurotransmission 
from serotonergic interneurons and on the mucosal terminals of myenteric 
IPANs. Antagonism of 5-HT3 receptors interferes with visceral hypersensitivity, 
but because of the location of 5-HT3 receptors in the ENS and on myenteric 
IPANS, 5-HT3 antagonists may also be constipating.

Importantly, it is the segregation in the gut of 5-HT 
receptor subtypes, 5-HT1P (Figure 28.4) and 5-HT4 recep-
tors to the submucosal IPANs (Figure 28.5) that initiate 
peristaltic and secretory reflexes, and 5-HT3 to extrinsic 
visceral afferent nerve endings (Figure 28.6), that makes 
possible the pharmacologic manipulation of enteric 
serotonergic signaling. 5-HT3 antagonists can be given to 
treat nausea or IBS-D without simultaneously blocking 
peristaltic or secretory reflexes. 5-HT4 agonists can be 
used to enhance motility without simultaneously caus-
ing discomfort by stimulating the extrinsic visceral affer-
ent nerve fibers that transmit nociceptive data to the 
CNS. Myenteric IPANs resemble extrinsic visceral affer-
ent nerve fibers in that their responses to mucosal 5-HT 
are mediated by 5-HT3 receptors394,395 (Figure 28.6). The 
failure of 5-HT3 antagonists to block peristaltic and 

secretory reflexes thus indicates that it is the submucosal 
IPANs, which lack 5-HT3 receptors and are stimulated 
only via 5-HT1P receptor activity,396 and not myenteric 
IPANs that initiate peristaltic and secretory reflexes.

Motility Can Be Slowed by Antagonizing 
5-HT3 Receptors Within the ENS

Extrinsic sensory nerves are not the only neural enti-
ties in the gut that express 5-HT3 receptors (Figure 28.6). 
Enteric 5-HT3 receptors are also found on myenteric neu-
rons,397,398,399 where they are responsible for serotonergic 
fast excitatory neurotransmission.400,401,402,403 There is 
evidence that serotonergic interneurons and 5-HT3 
receptors participate in descending excitatory neural 
pathways.404 5-HT3 receptors also activate the mucosal 
terminals of myenteric IPANs.405,406 From a therapeutic 
point of view, the wide distribution of 5-HT3 receptors is 
unfortunate. Not only do 5-HT3 antagonists inhibit the 
transmission of sensory signals to the CNS by acting on 
the receptors expressed by extrinsic sensory nerves, they 
also interfere with serotonergic neurotransmission 
within the ENS and with the initiation of reflexes by 
myenteric IPANs. 5-HT3 antagonism does not prevent 
the manifestation of peristaltic and secretory reflexes 
because these reflexes, which are triggered by submu-
cosal IPANs, are activated by other 5-HT1P receptors and 
strengthened by 5-HT4 receptors.407,408,409 5-HT3 antago-
nists thus do not cause ileus; nevertheless, 5-HT3 antago-
nists are constipating.410,411,412 Constipation is an 
annoying side effect of the use of granisetron and 
ondansetron to alleviate the nausea and vomiting of 
cancer chemotherapy. It can also be a serious iatrogenic 
consequence of the misuse of alosetron or cilansetron in 
IBS. 5-HT3 antagonists are thus useful in IBS only when 
the disease is associated with diarrhea. 5-HT3 antagonists 
are contraindicated when constipation is a significant 
element of the condition. When alosetron was the only 
drug available to treat IBS, it was sometimes misused by 
physicians who did not understand its limitations and 
administered it to patients who were already consti-
pated. This led to severe constipation and even rare 
instances of fecal impaction requiring surgical interven-
tion. Now, however, tegaserod is available to treat IBS-C; 
tegaserod appears to provide adequate relief, not only
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from constipation but also from the consequences of 
visceral hypersensitivity.413,414 The introduction of tegas-
erod should have made alosetron and cilansetron much 
safer in practice because the availability of another 
effective compound specifically for treating constipa-
tion should remove the temptation to mistakenly 
employ alosetron or cilansetron to treat IBS-C. It is not 
entirely clear how tegaserod relieves discomfort and 
bloating, because there is no evidence for the expres-
sion of 5-HT4 receptors on extrinsic sensory nerves; con-
ceivably, sensory disturbances from the gut disappear 
when intestinal motility, compliance, and tone are nor-
malized by tegaserod treatment.

Colonic Motility Is Slowed by the Knockout 
of 5-HT4 Receptors

Transgenic mice that lack 5-HT4 receptors have been 
generated.415 These mice show behavioral abnormali-
ties, but they survive to adulthood. As might be 
expected from the prokinetic action of the 5-HT4 recep-
tor, colonic motility is abnormally slow in 5-HT4

–/– 
mice. This observation confirms that the 5-HT4 recep-
tor not only enhances motility when stimulated phar-
macologically, but is also physiologically required for 
the maintenance of normal colonic motility. Surpris-
ingly, the wall of the colon in some 5-HT4 knockout 
mice is thinner than normal. The difference in wall 
thickness between knockout and normal mice is prima-
rily in the muscularis externa; the thickness of the 
mucosa is similar in wild-type and 5-HT4

–/– mice. The 
numbers of neurons in both plexuses are also signifi-
cantly reduced in older 5-HT4 knockout animals, 
although the difference in neuronal numbers is not sig-
nificant at birth. It is possible that a chronic or pro-
longed absence of 5-HT4 receptor stimulation causes 
neurons and smooth muscle to atrophy in the colon. 
Alternatively, the poor motility of the colon in 5-HT4

–/– 
mice might impair the bowel’s defense against patho-
gens, which in turn might exert toxic effects on neu-
rons and muscle. Certainly, an abundance of bacteria 
can be observed in intestinal crypts in the colon and 
small intestine in the 5-HT4

–/– mice that is not evident 
in their wild-type littermates. The data from mice are 
compatible with the idea that long-standing failure to 
stimulate 5-HT4 receptors and/or chronic constipation 
leads, in at least some animals, to deleterious changes 
in colonic nerve and muscle. If this is true, then by 

analogy to the mice, one wonders whether similar 
changes occur in human patients with chronic consti-
pation or IBS-C. If so, then it might be important to 
intervene early with a 5-HT4 agonist to prevent neuro-
muscular degeneration in the human intestine. It is 
impossible to restore 5-HT4 function in transgenic mice 
that lack 5-HT4 receptors; however, it is possible to 
administer tegaserod to human patients.

Mucosal Expression of SERT Is Decreased 
in the Bowel in Inflammation and IBS

IBS is defined as a symptom complex.416,417 As a 
result, it is highly likely that all of the patients who 
carry that diagnosis do not suffer from the same dis-
ease.418,419,420 The lack of general application of the same 
definition by physicians who treat IBS amplifies this 
problem. The fact that three international conferences 
have been called in Rome to arrive at consensus defini-
tions of IBS implies that the condition is ill defined. To 
say this is not to disparage the efforts of the experts or 
the venue of the conferences, but to acknowledge that 
the absence of a tissue diagnosis impedes understanding 
of the pathogenesis of IBS. This impediment has caused 
considerable grief to patients who have IBS. There is an 
underlying assumption among many lay people and 
some physicians that IBS is a mental illness and/or a 
character flaw. Unfortunately, there is no evidence that 
anyone with IBS can mentally will themselves to “get 
over it” and stop complaining. This anti-IBS prejudice 
may be, at least partially, behind the pronounced gen-
der difference seen in referral practices in the incidence 
and prevalence of IBS;421,422 females may predominate, 
in part, because men are too “macho” and ashamed to 
admit to being bothered by IBS. Certainly, anxiety can 
change bowel function; anxiety-associated diarrhea is 
common and well recognized. That phenomenon, how-
ever, is not IBS. On the contrary, IBS is itself depressing 
and may cause anxiety. No one who experiences the 
cramping abdominal pain, urgency, bloating, diarrhea, 
and/or constipation of IBS is likely to be happy about it. 
As discussed above, signals relayed from the bowel by 
way of the vagi might also alter mood without coming 
to consciousness. The public and medical questioning 
of the legitimacy of IBS as a disease, however, may soon 
change, because a molecular defect (mucosal SERT 
expression) has recently been found to be present in 
the colons of patients with IBS.
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Mucosal enterocytes, as described earlier, express 
SERT in both rodents and humans.423,424,425,426,427 Entero-
cyte SERT is required to terminate the action of 5-HT in 
the gastrointestinal mucosa, which lacks serotonergic 
nerves. Loss of SERT is not lethal because the gut 
expresses backup transporters, such as organic cation 
transporters 1 and 3 and the dopamine transporter, but 
motility cannot be controlled stably in the absence of 
mucosal SERT.428 Mice that lack SERT exhibit diarrhea, 
constipation, or both in alternation. Patients with IBS 
also fail to stably regulate colonic motility, and they 
too may exhibit diarrhea, constipation, or both in alter-
nation. The observation that drugs that affect mucosal 
serotonergic signaling exert beneficial effects in IBS 
suggested that mice that lack SERT and patients with 
IBS might possibly share a defect in SERT expression. 
Indeed, they do. The expression of SERT is reduced in 
mucosal biopsies of patients with IBS-C and in those 
with IBS-D.429 A reduction in mucosal mRNA encoding 
SERT was documented by means of real-time reverse 
transcriptase polymerase chain reaction and found by 
immunocytochemistry to lead to decreased expression 
of SERT protein in colonic enterocytes. A loss of SERT 
would be expected to potentiate the action of 5-HT and 
lead to feedback inhibition of its biosynthesis. Feed-
back inhibition of 5-HT biosynthesis also occurs in the 
human colon in IBS. The expression of transcripts 
encoding TpH1, the isoform of TpH characteristic of EC 
cells, is decreased in the same colonic mucosal biopsies 
found to be deficient in SERT. Mucosal SERT expression 
decreases dramatically in guinea pig colon in which 
inflammation has been induced by administration of 
2,4,6-trinitrobenzene sulfonic acid,430 and in the 
human colon in ulcerative colitis.431 That a reduction 
in SERT expression should be common to experimental 
colitis, ulcerative colitis, IBS-C, and IBS-D raises the 
possibility that inflammation is a common link in all of 
these entities. A linkage of IBS to inflammation has 
been suggested in the past, but not definitively estab-
lished.432,433,434,435,436,437,438 Certainly, the symptoms of 
discomfort, diarrhea, and constipation that are com-
mon to ulcerative colitis and IBS may all stem from a 
shared lesion in mucosal SERT and TpH1. Excessive 
accumulation of free and active 5-HT, with a resultant 
potentiation of serotonergic signaling, is the first effect 
to be anticipated to result from a decline in the func-
tion of SERT (Figure 28.3). Potentiation of the action of 
5-HT at 5-HT3 receptors would be expected to lead to 

discomfort, while a potentiation of the action of 5-HT 
at 5-HT1P , 5-HT4, and 5-HT3 receptors would all lead to 
diarrhea. Constipation might be the result of receptor 
desensitization, and alternation between constipation 
and diarrhea could result from intermittent receptor 
desensitization. Indeed, a molecular change in 5-HT3 
receptors has been detected in transgenic mice that lack 
SERT; the receptors become less sensitive to 5-HT and 
more likely to desensitize.439 A defect in mucosal SERT 
expression, whatever its cause, could thus explain the 
full extent of symptoms in IBS.

In summary, the ENS is an independent nervous sys-
tem; as a result, the bowel can uniquely exhibit reflexes 
even in the absence of input from the CNS. The ENS 
monitors luminal conditions, but has to do so trans-
epithelially because no nerves enter the gastrointestinal 
lumen. Sensory transducer cells in the epithelium 
respond to mucosal stimuli and secrete transmitters 
that activate the mucosal processes of both intrinsic 
(IPANs) and extrinsic primary afferent (sensory) neu-
rons. The best characterized of these cellular transducers 
is the EC cell, which acts through the secretion of 5-HT. 
Both the submucosal and myenteric plexuses contain 
IPANs. Submucosal IPANs initiate peristaltic and secre-
tory reflexes; these cells are stimulated by a receptor 
activity called 5-HT1P . The release of acetylcholine and 
CGRP at the terminals of submucosal IPANs and those 
of other enteric neurons is enhanced by 5-HT4 recep-
tors. These receptors are presynaptic and, by promoting 
transmitter release, 5-HT4 receptors strengthen neu-
rotransmission in prokinetic reflex pathways. 5-HT3 
receptors mediate serotonergic signaling to the CNS; 
however, they also activate myenteric IPANs and are 
responsible for fast serotonergic neurotransmission in 
the ENS. Because of the differential distribution of 5-HT 
receptor subtypes in the bowel, 5-HT3 antagonists can 
be used to treat the nausea associated with cancer che-
motherapy without blocking peristaltic and secretory 
reflexes. 5-HT3 antagonists are also effective in treating 
the hypersensitivity of IBS and IBS-associated diarrhea. 
5-HT3 antagonists, however, can be constipating 
because of their effects on serotonergic neurotransmis-
sion within the ENS, and perhaps also because they 
stimulate myenteric IPANs. The use of 5-HT3 antago-
nists in the treatment of IBS is therefore restricted to 
IBS-D. 5-HT4 agonists can be used as prokinetic agents 
to relieve the discomfort as well as the constipation of 
IBS-C, and also to treat chronic constipation. The safety 
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of 5-HT4 agonists is enhanced because they do not ini-
tiate peristaltic and secretory reflexes but instead 
strengthen pathways that are activated by natural 
means. 5-HT4 agonists also do not activate nociceptors 
and thus do not transmit noxious signals to the CNS. 
Serotonergic signaling in the mucosa and in the ENS is 
terminated by the action of a plasmalemmal serotonin 
transporter (SERT), which mediates the transmembrane 
uptake of 5-HT. Expression of SERT is decreased in the 
mucosa of patients with IBS-C, IBS-D, and ulcerative 
colitis. Transcripts encoding tryptophan hydroxylase-1 
are also decreased, probably secondary to the potentia-
tion of 5-HT that results from the diminished expres-
sion of SERT. SERT expression is also reduced in an 
experimentally inflamed mucosa. Potentiation of the 
effects of 5-HT due to the decrease in mucosal SERT 
expression, which may be followed by desensitization 
of overly stimulated 5-HT receptors, could account for 
the common symptoms seen in IBS and ulcerative coli-
tis. Potentiation of 5-HT would be expected to cause dis-
comfort and diarrhea, while desensitization of receptors 
would lead to constipation. Similar symptoms are seen 
in patients with IBS and transgenic mice that lack SERT. 
This commonality of symptoms in patients and animals 
that share a molecular defect in SERT expression sup-
ports the idea that the loss of mucosal SERT contributes 
to the pathogenesis of IBS.

The “4R” Program
Dan Lukaczer, ND

Introduction

To review briefly what has been covered so far in this 
chapter, gastrointestinal (GI) complaints are among the 
leading reasons patients seek out healthcare practition-
ers. In the United States, more than 70 million patients 
suffer some form of GI disorder, which can range from 
mild discomfort to life-threatening disease. Frequently 
diagnosed GI-related conditions include gastroesoph-
ageal reflux disease, gastritis, peptic ulcer, cholecystitis, 
diverticulitis, and inflammatory bowel disease. Even 
more common is the so-called “functional” disorder of 
irritable bowel syndrome.440,441 Many of the most com-
mon GI disorders are found with greater frequency in 
people over 60 years of age and, therefore, are on the rise 
due to the aging of our population.442

While conditions localized to the GI tract make for 
an extensive list, GI dysfunction has also been linked 
to a number of other non-localized systemic condi-
tions. This connection is likely related to a breach in 
the intestinal barrier, and is often referred to as “leaky 
gut.” Increased intestinal permeability can lead to 
many systemic inflammatory and immune-related 
symptoms. It has been implicated in such unrelated 
conditions as rheumatoid arthritis, ankylosing 
spondylitis, eczema, non-alcoholic fatty liver disease, 
and chronic urticaria.443,444,445,446,447,448,449,450 Thus, the 
normal integrity of the GI tract may be compromised, 
resulting in distant systemic complaints, even in the 
absence of overt GI symptomatology.

The ability of the body to maintain healthy GI func-
tion, and to heal the GI barrier when its integrity is 
breached, is integral to protection from many diseases 
and disorders. However, maintenance of healthy GI 
function is not a simple task, and understanding how to 
evaluate and therapeutically support GI function can be 
a difficult undertaking in a busy practice. For that rea-
son, we will close this chapter with an in-depth discus-
sion of a well-established functional medicine approach 
to treating GI dysfunction. This method for identifying 
clinical assessments and interventions that focus on 
normalizing and optimizing gastrointestinal function 
has been referred to as the “4R” program, in reference to 
its four basic clinical steps: remove, replace, reinoculate, 
and repair. It is designed to provide a focus for evalua-
tion of the status of GI function, with interventions tar-
geted to appropriate nutritional, digestive, probiotic/
prebiotic, and antimicrobial therapy. The specific appli-
cation of the program depends on the nature and 
course of the patient’s condition, and should be indi-
vidualized for maximum effectiveness.

The 4R Model

Often in conventional medicine, the clinician asks 
only how to suppress a particular symptom in a patient. 
The 4R model asks four primary questions in a patient 
with GI-related complaints, or complaints whose ori-
gins may stem from a breach of GI mucosal integrity:

1. What may need to be removed to support healthy GI 
function? The clinician may need to assess the pres-
ence/activity of pathogenic or potentially patho-
genic yeast, bacteria, or protozoa in the intestinal 
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tract, or foods and additives that result in allergic or 
intolerant responses.

2. What may need to be replaced to support healthy GI 
function? Digestive enzymes, bile salts or stomach 
acid secretions should be considered.

3. What may be needed to support and/or reestablish a 
healthy balance of microflora? This step may include 
reinoculation with probiotic and/or prebiotics.

4. What may be needed to support regeneration and 
repair of a healthy mucosal layer? A variety of spe-
cific nutrients and phytonutrients are available for 
this purpose.

Remove

The “remove” aspect of this model focuses on elimi-
nating pathogenic bacteria, viruses, fungi, parasites, and 
other environmentally-derived toxic substances from 
the gastrointestinal tract. Foods themselves may be the 
most important offending agents. Over the course of a 
lifetime, the gastrointestinal tract processes many tons 
of food, representing the largest antigenic load confront-
ing the human immune system.451 (Experts vary on the 
tonnage, but figures range from 30 to 60 tons of food 
consumed in the lifetime of the average well-nourished 
adult.452) During digestion, proteins and large peptides 
are broken down into amino acids or small peptides 
within the intestinal lumen, which removes or decreases 
their antigenic potential. In a healthy intestinal tract, 
more than 98% of ingested food antigens are blocked 
from entering circulation by a host of gastrointestinal 
barrier functions (described earlier in this chapter). In a 
compromised environment with increased intestinal 
permeability, significantly more antigens may penetrate 
to the systemic circulation. These protein fragments, rec-
ognized as foreign molecules, stimulate an immune 
response. In genetically susceptible individuals, autoim-
mune reactions may therefore result from this increased 
antigenic load.

Not every adverse response to food qualifies as an 
immunologically-mediated food allergy. By definition, 
an immune response only occurs when an antigen/anti-
body reaction has taken place. Therefore, if a person 
does not have antibodies against a specific food anti-
gen, he or she cannot have an allergic reaction to that 
food. However, patients do respond in non-immuno-
logical ways. A simple example is a lactase insufficiency, 
which underlies lactose intolerance, and would not be 

considered an allergic reaction. Many food reactions fall 
into this category.

Some controversy exists with respect to the actual 
definition of food allergy. Some definitions describe a 
true food allergy as only an IgE-mediated response, 
which is also called a type 1 hypersensitivity, whereas a 
substance that elicits antibodies of any other class is 
termed antigenic. However, it is becoming clear that 
not all symptoms of allergic responses can be ascribed 
to IgE-mediated mechanisms.453 Many allergic responses 
appear to involve some form of prolonged or delayed 
reaction to allergens.454 IgG antibodies have been impli-
cated as a possible etiological factor in conditions such 
as atopic dermatitis, asthma, and IBS.455,456,457 Therefore, 
there appears to be some evidence for a role of both IgE 
and IgG antibodies in the provocation of both immedi-
ate and delayed reactions to food allergens.

Food allergies have been suggested as the cause of a 
variety of symptoms. Clinical studies suggest that 8% of 
U.S. children younger than six years have evidence of 
food intolerance, and 2 to 4% of those experience repro-
ducible allergic reactions to foods, most often eggs, milk, 
peanuts, soy, fish, and wheat.458,459 Surveys suggest that 
1 to 2% of adult Americans are sensitive to foods, most 
commonly nuts, peanuts, fish, and shellfish.460,461,462 
Because delayed food reactions are often difficult to diag-
nose, these figures likely under-represent the extent of 
food allergy in the population. Table 28.2 lists some com-
mon symptoms and diseases that have been associated 
with food allergies.

The underlying mechanisms that elicit food-intoler-
ant or allergic responses are complex and controversial, 
and a variety of assessment techniques for food allergy 
have been developed. Unfortunately, none are com-
pletely adequate, and it appears that the most cost-
effective and accurate avenue to determine food allergy 
is the elimination or oligoantigenic diet, containing 
only those foods known to pose little risk of an allergic 
or intolerant reaction. Several studies have shown an 
association between food allergy and a variety of dis-
eases and symptoms, with avoidance of the suspected 
foods leading to substantial improvement in clinical 
symptoms. Therefore, oligoantigenic diets are typically 
part of a “remove” protocol.463,464 If a clinician or 
patient wants to confirm food sensitivity, the poten-
tially offending food can be reintroduced and symp-
toms monitored.
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Equally important in assessment of antigenic stimuli 
is the myriad array of organisms that reside in or invade 
the gastrointestinal system. All too often, gut flora 
assessment is overlooked as a significant source of infor-
mation concerning systemic or even local health prob-
lems. Recognition that intestinal flora could have a 
major impact on health and disease was first popular-
ized by the Russian scientist Eli Metchnikoff at the turn 
of the 20th century. Metchnikoff put forth the idea of 
“dysbiosis,” which he defined as a state of living with 
intestinal flora that may have harmful or detrimental 
effects. That idea is now receiving significant scientific 
validation. The indigenous flora was once thought to be 
relatively benign. It seems clear that the subject is far 
more complicated than previously believed.

The number of bacteria in the large bowel alone is 
greater than 100 billion, which is more than the total 
number of cells in the human body. These bacteria con-
stitute a powerful chemical factory and can have impor-
tant effects on human physiology, depending upon 
their activities. Intestinal bacteria produce toxins and 
antitoxins, alter chemical composition of foods and 
drugs, produce and degrade vitamins, produce short-
chain fatty acids from fiber, degrade dietary toxins, and 
inhibit the growth of certain pathogens. Bacterial 
byproducts can inactivate brush border and pancreatic 
enzymes, deconjugate bile salts, and hydrolyze bile 
acids. Problems from a dysbiotic condition often relate 
to the prolific activity of an altered intestinal micro-
flora. Additionally, through the process of microbial 
translocation, defined as the passage of both viable and 
nonviable microbes and microbial products (endotox-
ins) across an anatomically intact intestinal barrier, 
gut-derived products may play a role in increasing the 
systemic immune inflammatory response.465 There is 
evidence that microflora share antigenic determinants 
with normal tissue and produce cross-reactive antibod-
ies.466,467 Bacterial lipopolysaccharides found in the cell 
walls of gram-negative bacteria have been shown to ini-
tiate immune responses and elevate proinflammatory 
cytokines.468 For example, inflammatory diseases of the 
bowel such as Crohn’s and ulcerative colitis, rheuma-
toid arthritis, and other spondyloarthropathies have 
been linked to indigenous flora of the gut.469,470,471,472,473

Table 28.2 Symptoms and Diseases that may be Associated 
with Food Allergy

System Symptoms/Disease

Gastrointestinal Canker sores, celiac disease, 
chronic diarrhea, stomach 
ulcers, duodenal ulcers, recur-
rent mouth ulcers, indigestion, 
nausea, vomiting, diarrhea, con-
stipation, gas, gastritis, irritable 
bowel syndrome, malabsorp-
tion, ulcerative colitis, Crohn’s 
disease, colic (babies)

Genitourinary Bed wetting, chronic bladder 
infections, nephrotic syndrome, 
frequent urination

HEENT Serous otitis media, migraine 
headaches

Mental/Emotional Attention deficit disorder, 
depression, anxiety, memory 
loss, epileptic seizures, 
schizophrenia

Musculoskeletal Joint pain, myalgias, rheuma-
toid arthritis

Respiratory Asthma, chronic or allergic 
sinusitis, constant runny or con-
gested nose, nasal polyps

Cardiovascular Irregular heart rhythm, vasculi-
tis, inflammation of the veins 
producing purpura, spontane-
ous bruising, urticaria, edema

Skin Eczema, psoriasis, urticaria, red 
itchy eyes, itchy skin
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Yeast is another example of indigenous flora that 
may have detrimental consequences. There is evidence 
that, in certain individuals, intestinal yeast may result in 
diverse symptomatology.474,475 Although still controver-
sial, the “yeast syndrome” further supports the hypothe-
sis that intestinal organisms can cause or exacerbate 
systemic or local disease.

The distinction between what is and what is not a 
pathogen becomes increasingly muddled when one 
looks at organisms that are clearly not indigenous. Cer-
tain parasites, yeasts, and bacteria are traditionally asso-
ciated with local and systemic consequences. Examples 
are pathogenic strains of salmonella, giardia, shigella, 
and campylobacter. However, it does not appear that 
what has been traditionally described as a pathogen 
always elicits the same response. Diverse pathogens 
have been termed weak or strong, and pathogenicity 
may be determined in part by host immunological com-
petence.476 An example is the protozoa Blastocystis homi-
nis. Experts disagree sharply on its pathogenicity. In 
certain studies, it has been associated with colitis, diar-
rhea, and other gastrointestinal complaints.477,478,479,480 
Other studies show it to be equally present in asymp-
tomatic and symptomatic individuals, suggesting that it 
may not always be pathogenic.481 Weak pathogens may 
cause disease in some people some of the time. Host 
resistance and virulence factors are important. Weakly 
pathogenic strains of salmonella, giardia, and yeast may 
be other examples of this theme.482

Pathogens can take up colonization anywhere in the 
GI mucosa, and cell wall components of bacteria, yeasts, 
and protozoa can be absorbed, which may cause systemic 
symptoms that are difficult to pinpoint to the pathogen 
directly. Laboratory tests evaluating microbiology, para-
sites, and presence of serum antibodies to pathogens are 
often useful to verify unwanted microbial organisms in 
the GI tract and monitor response to treatment.

Thus, bacteria, yeasts, and parasites may cause 
symptoms locally as well as systemically. Food proteins, 
gut bacterial breakdown products, and environmental 
toxins can and do reach the systemic circulation. There-
fore, removal of offending antigens becomes key to a 
gastrointestinal restoration program.

Replace

The second clinical step in the 4R program, “replace,” 
replenishes enzymes and other digestive factors which 
may be lacking or limited. Enzymes that may at times 

need to be replaced include proteases, lipases, cellulases, 
and saccharidases, which are normally secreted by cells 
lining the intestine or directly by the pancreas. Other 
digestive factors that may require replenishment include 
hydrochloric acid, pepsin, and intrinsic factor, normally 
secreted by cells in the stomach wall, and bile, synthe-
sized by hepatocytes.

A key ingredient in replacement therapies is hydro-
chloric acid. Low stomach acidity can result in a variety 
of symptoms and digestive problems. It is particularly 
common among individuals older than 60. Reduced 
hydrochloric acid may impair the absorption of nutrients 
such as B6, folic acid, calcium, and iron and may also 
predispose an individual to increased intestinal infec-
tions. As hydrochloric acid production depends on zinc, 
decreased levels may indicate a zinc deficiency as well.483

The small intestine acts as the principal site of diges-
tion and absorption. As mentioned, intact proteins and 
other large molecules can cross the intestinal lining, 
even in healthy individuals, to a certain extent.484,485 
Therapies that involve digestive enzyme supplementa-
tion enhance the breakdown of these particles and 
therefore help to exclude them from crossing that bar-
rier intact. A variety of health conditions, including 
eczema and steatorrhea, may be ameliorated by enzyme 
therapy. For example, studies have shown that the 
digestive enzyme lipase, critical in fat digestion, can be 
supplemented to relieve problems of fat malabsorp-
tion.486,487,488 Similarly, many people suffer from undiag-
nosed lactose intolerance. The digestive enzyme, 
lactase, has also been used successfully in individuals 
with the inability to digest lactose.489

Food allergies are another area where digestive 
enzymes may be helpful. Food allergies can be caused by 
several factors, including the increased supply of intact, 
poorly digested protein fragments that leak across the 
gut wall into the systemic circulation. By increasing 
digestion of dietary protein, protease enzymes decrease 
the supply of intact proteins available to leak into the 
bloodstream. Digestive protease enzymes taken orally 
may also help to digest dietary proteins that are encoun-
tered in the bloodstream. Table 28.3 provides some gen-
eral information on the indications and approaches to 
the use of HCl and digestive enzymes. Laboratory tests 
such as gastric analyses, fat absorption tests, and stool 
analyses may be useful tools to verify the need to replace 
enzymes and other digestive factors.
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Table 28.3 Using Digestive Enzymes and Hydrochloric Acid

Possible Symptoms of
Low Stomach Acid

Taking HCl Supplements Using Digestive Enzymes

• Bloating, belching, burning and flatu-
lence immediately after meals

• Dilated blood vessels in the nose or 
cheeks (Rosacea)

• Excess gas in the upper intestine

• Indigestion, diarrhea or constipation

• Iron deficiency

• Multiple food allergies

• Nausea after taking supplements

• Peeling or cracking fingernails

• Rectal itching

• Sense of “fullness” after eating

• Undigested food in the stool

• Find supplements with at least 600 mg 
of betaine HCl per tablet or capsule.

• Start with one right at the beginning of 
a meal or immediately after beginning 
to eat.

• At every meal after that, use one more 
pill.

• Continue until 5 tablets/capsules are 
consumed with each meal, or until 
warmth occurs in the stomach, which-
ever occurs first.

• The warm feeling indicates too many 
were consumed, so cut back by one pill 
at the next meal.

• Smaller meals need fewer pills, larger 
meals more.

• Those who need 5 or so capsules 
should spread them throughout the 
meal.

• After a while, and after repairing the 
digestive system, patients may produce 
their own HCl and need fewer capsules. 
The “warmth” will be present with 
fewer capsules. Just cut down the dose 
at that point.

Effective enzymes are available from both 
animal and plant sources; some are also 
available by prescription. Use 2–3 just 
before or at the beginning of a meal. They 
are generally well tolerated and without 
side effects.

Look for a formula containing at least:
• Protease 100,000 USP units

• Lipase 20,000 USP units

• Amylase 100,000 USP units

Vegetarians can take a mixed plant-based 
form of digestive enzymes. Use 2–3 just 
before or at the beginning of a meal. 
Some of these are grown from Aspergillus 
fungus, so be careful if the patient has 
mold or yeast sensitivities. Others are 
derived from pineapple (bromelain) and 
papaya.

Look for a formula with about 500 mg of 
enzymes per tablet or capsule and con-
taining:
• Amylase 100,000 USP units

• Protease 100,000 USP units

• Lipase 10,000 USP units

• Lactase 1600 Lace

Digestive bitters may also be tried. Swed-
ish bitters or other aperitifs stimulate 
digestive function. Herbal bitters including 
gentian (most common) and artichoke, 
cardamom, fennel, ginger, and dandelion 
are also available in more concentrated 
forms that can be added to water.
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Reinoculate

“Reinoculate” is the third step in the 4R gastrointes-
tinal support program. Reinoculate refers to the reintro-
duction of desirable bacteria, or “probiotics,” into the 
intestine to reestablish microfloral balance. Bacterial 
balance in the intestine is critical for proper intestinal 
permeability. Over 400 different species of microorgan-
isms reside in the human GI tract, and the overall bal-
ance of these organisms can profoundly influence gut 
ecology and health.

Probiotics serve a variety of functions in the gas-
trointestinal tract. Perhaps the most important function 
of probiotics is antagonistic activity toward pathogens, 
which they perform in a variety of complementary 
ways. First, probiotics assist in colonization resistance—
the ability of normal flora to protect against the 
unwanted establishment of pathogens. Second, probiot-
ics may produce various antimicrobial substances. For 
instance, Lactobacillus casei GG has been shown to pro-
duce substances inhibitory toward a broad spectrum of 
gram-positive and gram-negative pathogens.490 Compe-
tition for nutrients is a third mechanism. By competing 
for available nutrient substrate, beneficial bacteria can 
inhibit the growth of other less favorable flora. Compet-
itive inhibition for bacterial adhesion sites is a fourth 
mechanism of probiotics. For instance, Lactobacillus aci-
dophilus inhibits the adhesion of several enteric patho-
gens to human intestinal cells.491 A final mechanism 
involves systemic host response. For instance, L. casei 
GG, administered orally to subjects with Crohn’s dis-
ease, promoted a sIgA response.492 These varied actions 
may decrease the likelihood that pathogens will develop 
resistance against probiotic agents. Thus, probiotics may 
be viewed as a vehicle to neutralize or inhibit pathogen 
activities, or increase or stimulate host immune stimu-
lant activities to the intestinal tract, or both.493

A variety of supplemental sources may be considered 
helpful in reinoculation. These include cultured and fer-
mented foods containing live bacteria, refrigerated liq-
uid supplements containing live bacteria, or freeze-
dried bacteria packaged in powder, tablet, or capsule 
form. Frequently supplemented species include Lactoba-
cillus acidophilus, Lactobacillus bulgaricus, Lactobacillus 
thermophilus, Lactobacillus sporogenes, Lactobacillus casei 
GG, Lactobacillus NCFM, Saccharomyces boulardii, Bifido-
bacterium bifidus, Bifidobacterium longum, and Bifidobac-
terium breve.

In addition to directly reintroducing bacteria, the 
reinoculate step may also involve indirectly bolstering 
the healthy microflora with prebiotics, which selectively 
promote beneficial synergistic flora without simulta-
neously supporting pathogenic bacterial growth. When 
prebiotics are included in the diet, increased levels of 
fecal fermentation and intraluminal concentrations of 
short-chain fatty acids (SCFAs), such as propionate, ace-
tate, and butyrate, are produced from fermentation of 
the fibers by the colonic microflora. SCFAs are thought 
to supply up to 70% of the energy used by colonic epi-
thelial cells; therefore, prebiotics support improved intes-
tinal integrity and promote intestinal mucosal cell 
regeneration.494 Prebiotics include fructans, inulin and 
fructooligosaccharides, arabinogalactans, and some soy 
fibers.495,496,497,498 The incorporation of soluble fiber, 
another important nutrient substrate for probiotics, 
may also help in the reinoculation process.

Repair

The fourth and final step in a 4R approach is 
“repair.” Repair refers to providing nutritional support 
for regeneration and healing of the gastrointestinal 
mucosa. Part of the support for healing comes from 
removing insults that continually re-injure or irritate 
the mucosa, and from promoting healthy microflora. 
The repair phase of GI restoration benefits from all of 
the clinical approaches discussed so far.

The GI mucosal cells represent the largest mass (in 
normal individuals) of rapidly proliferating cells. Repair 
is necessary whenever there has been a loss of integrity 
of the GI mucosal structure, function, or both. This loss 
may be the result of chronic nutritional insufficiency, 
food allergen and xenobiotic exposure, dysbiosis, 
pathological intestinal infection, chronic inflammation 
as in ulcerative colitis, or other less common GI dis-
eases. Assessment of individual need may include a 
dietary history, nutritional analysis, and any other 
investigative techniques that reveal the presence of dys-
function, disease, or nutritional insufficiencies.

Once the need for repair has been determined, reme-
diation of any process that resulted in intestinal damage 
must be done first; second, direct nutritional support of 
the intestinal cells should be provided through foods or 
supplements critical to intestinal wall structure and 
function. Nutrients that play pivotal roles in GI mucosal 
cell differentiation, growth, functioning, and repair
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include glutamine, essential fatty acids, zinc, and pan-
tothenic acid. For instance, dietary deficiency of 
glutamine is associated with atrophy and degenerative 
changes in the small intestine following intestinal 
injury, infection, stress, surgery, and radiation.499,500,501 
Fish oils, which contain eicosapentaenoic acid and 
docosahexaenoic acid, have also been shown to amelio-
rate mucosal injury and attenuate inflammatory condi-
tions of the gut in animal studies.502,503,504,505 Research 
has shown that supplementation with pantothenic acid 
is important to support the normal healing process.506 It 
has also been found that pantothenic acid is concen-
trated in gut mucosa and may be important for stimu-
lating the regeneration of the gastrointestinal mucosa 
in individuals who have chronic ulcerative or granulo-
matous colitis.507 Many individuals with inflammatory 
bowel disease have zinc deficiencies.508,509,510,511

Summary

The Remove, Replace, Reinoculate, Repair clinical 
approach is a conceptual program, meant to outline the 
points to consider when clinically evaluating and 
applying therapies to a patient with underlying GI dys-
function. While this overall concept describes a basic 
approach, its use is individualized to the needs of each 
patient, based on his or her unique clinical condition 
and nutrient needs. The different steps in this gut resto-
ration program can be applied together, in a unified 
therapy, or sequentially, beginning with Remove. When 
considered together, the steps of the 4R gastrointestinal 
support program may address a variety of clinical condi-
tions. Proper assessment of gastrointestinal function 
and intervention in areas of dysfunction, imbalance, or 
impairment may have profound effects at the local as 
well as systemic level.
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and Function

Physical Fitness and Exercise
David Musnick, MD

Introduction

It is important for the functional medicine practi-
tioner to understand the physiological and health ben-
efits of exercise and to be able to prescribe, and help 
patients achieve compliance with, exercise recommen-
dations. In Chapter 13, the extensive evidence base 
documenting the many significant health effects of reg-
ular exercise was reviewed. In this chapter, we examine 
the clinical applications of the evidence—how clini-
cians can build into their practices the prescribing of 
exercise as a therapeutic and for prevention-oriented 
intervention. Many health improvement goals are diffi-
cult or impossible to achieve without specific “doses” 
of exercise. This is especially true for people with condi-
tions such as obesity, metabolic syndrome, type 2 dia-
betes, hypertension, and for cardiovascular prevention. 
Aerobic exercise is essential for maximum cardiovascu-
lar risk reduction, stress management, and mood stabi-
lization. Strength training is essential for injury 
prevention, slowing of sarcopenia, improvement of 
lean body mass, and for increasing resting metabolic 
rate for weight loss. Balance training can decrease inju-
ries and reduce the risk of falling for people with neuro-
degenerative diseases, as well as for elderly patients and 
those with osteoporosis.

Overview

The most important elements for integrating exer-
cise prescriptions into clinical care are:

• Include an exercise history as an integral part of the 
patient’s health history.

• Pay special attention during the physical examina-
tion to any cardiac, pulmonary, or orthopedic find-
ings that may restrict the patient’s exercise choices.

• Ask the patient to identify symptoms and key 
health goals that can be benefited by exercise.

• Educate and motivate the patient about the bene-
fits of exercise.

• Design an exercise program that includes elements 
of aerobic exercise, strength training, and balance 
training.

• Ensure that the program you design accommodates 
the patient’s level of abilities, personal preferences, 
any orthopedic or medical conditions, and finan-
cial resources.

The Exercise History

The following questions can be added to a written 
patient health history form, or they may be asked in 
person (in which case, the answers need to be noted in 
the chart).
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Aerobic Exercise

• Do you do any regular cardio/aerobic exercise? If 
yes, what do you do and how many minutes per 
day do you do it?

• How many exercise sessions in the average week do 
you do?

• Do you monitor your pulse rate or perceived level 
of exertion and, if so, what is your average pulse 
rate or level of exertion during your exercise?

• Do you have any pain or other uncomfortable 
symptoms from your aerobic exercise?

Strength Training

• Do you do any strength training/weight lifting?
• What exercises do you do and how many sets, reps, 

and how much weight do you use?
• What are your goals for your strength training?

Balance Training

• Do you do any lunges or balance exercises?
• Do you tend to fall or feel that you have any diffi-

culties with your balance?
• Do you do any tai chi or other exercise that works 

on balance?

Personal Issues

• Are you happy with your weight? If not, what do 
you think is a reasonable weight for you?

• How would you like to look?
• Are you satisfied with your exercise program? If 

not, why not?
• Are you able to schedule exercise and follow 

through with your schedule? If not, what is your 
internal dialog about that?

• What are your controllable and uncontrollable 
roadblocks to doing your exercise? 

Exercise Goals

• What are your goals for exercise? Are you meeting 
them?

• Do you have any activity goals such as running a 
race, skiing, etc.? If yes, are you doing any special 
training for these goals?

• Are you aware of the health benefits that regular 
exercise can provide in terms of preventing strokes, 
cancer, and heart attacks?

Health Issues Affecting Exercise

• Do you have any cardiac, lung, neurological, hor-
monal, or orthopedic problems that might influ-
ence your ability to do aerobic or strength-training 
exercise?

Exercise: Risks and Risk Assessment

Aerobic exercise done at a moderate intensity has 
some cardiovascular, pulmonary, and musculoskeletal 
risks, although benefits of exercise strongly outweigh 
risks.1 Patients should be adequately screened and given 
precise exercise prescriptions and education to help 
them receive the benefits and avoid the risks. Strength 
training, for example, can lead to strains, back injuries, 
and tendonitis.

General Health Screening

Before prescribing an exercise program, patients 
should be screened for a history of angina, myocardial 
infarction (MI), arrhythmias, hypertension, valvular 
heart problems (especially aortic stenosis), peripheral 
vascular disease, and vascular and neurogenic claudica-
tion. Screening is also advised for endocrine disorders, 
including adrenal dysfunction, diabetes, and the meta-
bolic syndrome. It is very important to screen for pul-
monary problems, including asthma and COPD. 
Remember that precipitation of asthma or exercise oxy-
gen desaturation and hypoxia can occur in patients with 
compromised pulmonary status. Finally, screen for a his-
tory of unresolved musculoskeletal injuries, including 
bursitis, tendonitis, sacroiliac and spine injuries, menis-
cus and ligament injuries.

Screening for Cardiovascular Risks

Cardiovascular risk factors that should be considered 
before prescribing exercise include:

• diabetes (fasting glucose and HbA1C)
• high homocysteine levels
• smoking
• positive family history of CAD
• lipid risk factors (high Lip(a), high total and 

LDL cholesterol, high triglycerides, and trig/HDL 
ratio >3)

• elevation of cardioselective C-reactive protein 
(CRP) and fibrinogen
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Order an EKG and consider a stress test in a man 
over 40 or a woman over 50 if a moderate intensity aer-
obic program (70–85% of max heart rate) is planned or 
if the individual has significant risk factors for symp-
tomatic coronary artery disease.

Screening for Pulmonary Risks

Assess for pulmonary risks and functional limita-
tions, including exercise-induced asthma. Consider 
evaluating the patient with COPD pre and post mild 
exercise (such as walking). If the O2 saturation drops 
below 91, the patient will be a candidate for oxygen 
during exercise. If the patient is already on oxygen, 
consider increasing the flow rate during exercise.

Screening for Musculoskeletal Conditions

The following tests can be included in the physical 
exam if the clinician is trained in and comfortable with 
basic orthopedic testing. Results will help determine 
which types of exercise and aerobic equipment are cor-
rect for the patient.

• Screen for range of motion, muscle weakness and 
imbalances, and balance deficits that might 
increase the risk of injury or degenerative joint dis-
ease (DJD) from exercise.

• Do quick scanning exams of the feet, ankles, knees, 
hips, shoulders, elbows, wrist, and hands.

• Evaluate for adequate range of motion (ROM) and 
pain with joint motion to assess whether your 
patient can do the movement patterns of indoor 
aerobic equipment and classes and outdoor aerobic 
activities (hiking, skating, running, rowing, etc.).

• Check ankle dorsiflexion (DF)—10 degrees of ankle 
DF would be preferred for treadmill, stairmaster, 
and EFX elliptical trainer.

• Check great toe dorsiflexion to see if there is at least 
45 degrees for walking, hiking, and treadmill.

• Check for hallux valgus and pes planus to evaluate 
for orthotic needs during exercise to prevent ten-
donitis of the foot or knee and excessive stress on 
the hip and low back. If significant foot flattening 
(pronation) exists, prescribe orthotics (generic or 
custom) and more stable shoes.

• Check for knee extension and flexing abilities to 
evaluate for walking stride and bike seat height.

• Check for tightness in the quads, hamstrings, and 
IT bands, and prescribe flexibility exercises if tight.

• Check for crepitus in the kneecap joint and pain 
with squats or lunges. If kneecap pain is present, 
avoid exercises that require excessive knee flexing 
(such as bikes or stairmasters), and avoid step aero-
bics classes.

• Check hip extension. If there is less than 10 degrees, 
which would be consistent with DJD, limit walking, 
running, and cross country skiing until extension 
improves; prescribe cycling and swimming instead.

• Check the strength of the ankle dorsiflexors, knee 
flexors, and extensors.

• Check gluteal muscle strength in supine and prone 
positions.

• Do a neurological exam and straight-leg raise to 
evaluate for lumbosacral sensory or motor 
radiculopathies.

Characteristics and Benefits of Aerobic 
Exercise

Aerobic exercise is the repetitive use of muscle in an 
indoor or outdoor activity that is demanding enough to 
lead to a demand for increased blood flow to the mus-
cles and a rise in heart rate. Oxygen is used in the elec-
tron transport chain and leads to an increase in ATP 
production compared to anaerobic metabolism. Aerobic 
metabolism produces 18 times the ATP of anaerobic 
metabolism. Anaerobic exercise (such as interval high 
intensity training) generates only 2 ATP, builds up lactic 
acid, and has higher risks for the heart and musculo-
skeletal system.

The Benefits of Aerobic Exercise

The health benefits of aerobic exercise have been 
extensively studied. Researchers have examined differ-
ent exercise dose-response effects from varying the 
duration, intensity, and frequency of exercise. Many 
studies have used a “minimum program,” which is 30 
minutes of aerobic exercise in the target heart rate zone, 
5–6 days per week. Other studies have reported benefit 
from two separate 15-minute exercise sessions. The ben-
efits of aerobic exercise do vary depending on the dose 
of the exercise.2,3 It is important to understand these 
benefits, to educate your patients about them, and to 
help patients connect their own personal health goals 
with what can be achieved through proper exercise.
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Cardio CRP. Aerobic exercise can lower an elevated 
CRP12 and decrease the risk of elevated normal CRP over 
time. (Note that if the cardio CRP is elevated, there is a 
2–5 times increased risk of MI and other coronary 
events, and an increased risk for developing type 2 dia-
betes; in fact, if CRP >2.9, there is an RR increase of 2.7 
of developing type 2 DM.) Increased CRP is seen in 
infections, smoking, type 2 DM, and obesity, all of 
which are risk factors themselves for developing vascu-
lar disease. The most significant drop in CRP is when 
sedentary adults change to a regular, low-to-moderate 
intensity exercise program. As exercise intensity, fre-
quency, and duration increase, the CRP continues to 
drop. Of note is that anaerobic high-intensity training 
(interval training) can lead to an acute phase reaction 
and elevate CRP temporarily, so patients should be cau-
tious with interval training.

Cholesterol. Not exercising is as harmful as a high 
cholesterol. Exercise can decrease the total cholesterol, 
LDL, and triglycerides.13,14 A 1% decrease in total choles-
terol is associated with a 2–3% risk reduction of coro-
nary disease. The total cholesterol drop is variable, but 
appears to be 10–25 points. It is higher when combined 
with other interventions in obese patients with the 
metabolic syndrome. Exercise can also help increase the 
HDL; this is most noticeable in syndrome X patients 
and others who are overweight and have higher triglyc-
erides. Endurance exercise leads to increased lipoprotein 
lipase, more breakdown of triglycerides, and more 
transfer to HDL.

The Aerobic Exercise Prescription

It is very important to design a specific exercise pro-
gram for each patient and to write it down. A sample 
Patient Exercise Calendar is provided in Figure 29.1. For 
aerobic exercise, the prescription should address the fol-
lowing issues:

Frequency: The number of exercise sessions per day 
and per week. To achieve basic health goals, patients 
should do 5–6 aerobic exercise sessions a week. (Patients 
can do two sessions per day of shorter duration if this is 
the only way that they can get the exercise in.)

Duration (Length): You would like your patients to 
do the minimum program of 30 minutes in their target 
heart rate zone each day. If they are just starting out, 
they can begin at 15 minutes and add a minute each 
session until they reach that 30-minute goal. For weight 
loss, 45–50 minutes a day of aerobic exercise is advised, 
in either one session or split sessions. Patients can work 
up to this target gradually. It is reasonable to walk for 
this long, but most patients should try two different 
modes of exercise for 20–25 minute sessions each (per 
day). An example would be 25 minutes on a bike and 20 
minutes on a treadmill.

Cardiovascular Benefits of Aerobic Exercise 
• Can decrease the risk of all-cause mortality by as much 

as 30%.4,5,6

• Can decrease the risk of coronary mortality and the 
risk of fatal myocardial infarction by 40%.

• Can reduce the risk of stroke by up to 25%.7

• Can decrease blood pressure.8 Systolic and diastolic 
blood pressures can be reduced by 5–10 mm Hg if the 
patient is hypertensive. The maximum systolic pressure 
reduction from exercise alone is estimated to be 10–15 
points. If there is weight loss, the drop in BP may be 
even greater. If a patient is normotensive, exercise can 
help to maintain a normal blood pressure over time.

• Can increase the ejection fraction and decrease the 
resting heart rate, both of which may prolong heart 
function.9,10

• Improves the heart rate reserve.11

• Decreases platelet aggregation.

Endocrine Benefits of Aerobic Exercise
• Improves insulin sensitivity15 and decreases the like-

lihood of developing NIDDM.

• Decreases the need for medication for hypertension, 
hyperlipidemia, and dysglycemia if syndrome X or 
NIDDM is present.

• Decreases the need for insulin use if insulin-dependent 
diabetic.

• Facilitates weight loss.16,17

• Reduces total body fat.

Other Aerobic Exercise Benefits
• Improves immune function and resistance to 

infection.18

• Reduces stress.

• May decrease constipation (improved motility).

• Improves sleep (sleep onset can be disturbed if exercise 
starts after 8 pm).

• Decrease the risk of developing depression or reduces 
the severity of depression.19,20

• Improves symptoms of seasonal affective disorder 
(SAD) from lack of light.

• Facilitates detoxification.

• Reduces the risk of several common cancers: colon, 
breast, prostate.21,22,23
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Figure 29.1 Patient exercise calendar

Patient Exercise Calendar

    Name            Date  

Circle below all the benefits that you want to experience.

I want to: 

• Reduce my risk for fatal heart attacks by as much as 50%.   
• Reduce my risk of strokes by as much as 40%.
• Improve my cholesterol.
• Have better blood sugar for diabetes control or prevention.
• Decrease my blood pressure.      
• Reduce my risk of injuries.
• Decrease my risk of colon cancer.    
• Build muscle.
• Improve my immune system. 
• Improve my tone and look better.       

Your maximum heart rate is calculated in this way:

220 - _____ (your age) = ______  (your maximum heart rate).

Your heart rate training zones are a pulse rate per minute of _______ -________.

Your Exercise Prescription

    Aerobic Exercise:

        The suggested length of your aerobic sessions in your training heart rate zone is ____ minutes.

        The suggested frequency of your exercise sessions is _____ times per week.

        Your suggested progress schedule is:  

        Your exercise options are: 
 

    Strength Training Exercises: 

    Balance Training:  

    Stretching: 

         Achilles  

         Hamstrings  

• Unload daily stress.
• Decrease my risk of falling.
• Improve my sleep.
• Slow down my aging process.
• Improve my mood.
• Improve my performance in a sport.
• Improve my endurance.
• Improve my flexibility.
• Lose weight. 
• Improve strength. 

Lunges  

Squats  

Biceps curls  

Triceps  

Chest Press  

Lat Pull Down 

Push ups (against the wall) 

Basic row  

Quads  

Other: 
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Intensity: The intensity of the aerobic workout 
should be in the heart rate zone you have recom-
mended, or via a rating of perceived exertion.

Heart rate (pulse) zones are appropriate if a patient is 
not on a beta blocker or calcium channel blocker that 
could increase vagal tone and slow the heart rate. These 
zones are figured as a percentage of the patient’s maxi-
mum calculated heart rate, which is 220 minus the 
patient’s age. (This may be an underestimate in very fit 
people.) Multiply the calculated maximum heart rate by 
60%, 70%, or 80% to determine the heart rate zone for 
the patient. Most patients should be in the 70–80% 
zone, which has been most studied for health benefits. 
Obese patients or those with a cardiac or pulmonary 
condition should start in the 60–70% zone and move 
up when they feel that this zone is too easy (and if there 
are no symptoms created by the exercising).

For patients with whom heart rate zones are not 
applicable, a perceived exertion scale can be used. 
Patients are asked to exercise at an intensity that repre-
sents 5–6 on a scale of 10; they should perceive that 
they are working somewhat hard, but not too hard.

Remind all patients that they should not be exces-
sively winded and should be able to talk during their 
exercise.

Mode: Select the two or three most appropriate exer-
cise options, taking into account the patient’s medical 
conditions, life patterns and work demands, and health 
goals. Also consider any findings from the orthopedic 
exam, as well as what the patient finds enjoyable and 
can do pain free. It’s a good idea for any clinician who is 
physically able to go to a gym and try out the different 
aerobic machines with a trainer, acquiring a good feel 
for the demands these machines make on the body. 
That will help with individualizing recommendations 
for your patients. See below for “Exercise Prescriptions 
for Special Conditions.”

Progression: It’s important that patients understand 
how and when to make the initial program more rigor-
ous. For sedentary patients, it is advisable to underdose 
the duration initially; start at 15 minutes and add a 
minute for each subsequent exercise session until the 
desired duration is reached. Sedentary patients can nor-
mally begin at 60% of their maximum heart rate, rais-
ing it to 70% or the 70–80% zone within a few weeks. 
Patients who are already exercising, but not to the rec-
ommended dose (frequency, duration, or intensity) can 
start at 70% of the calculated maximum heart rate.

Evaluation: Follow up is essential. Check patient 
compliance with the aerobic prescription by using a 
Patient Exercise Record (sample provided in Figure 
29.2) and scheduling return visits to discuss results 
and problems.

Characteristics and Benefits of Strength 
Training

Strength training can:
• Build more lean body mass (muscle).24

• Improve resting metabolic rate and aid in weight 
loss.

• Slow sarcopenia (loss of muscle with aging).25

• Build strength26 to decrease the likelihood of inju-
ries and falls.

• Improve function in activities of daily living.
• Stimulate growth hormone release.27

• Improve self confidence.
• Create a positive proactive attitude for other 

healthy life changes.

Strength Training Prescriptions

In order to write an individualized, specific strength 
training prescription, the concepts of sets, reps, and 
resistance must be understood, as well as how body 
regions work together and what precautions or restric-
tions to give, depending on the patient’s musculoskele-
tal problems. 

The exercise calendar (Figure 29.1) provides space to 
identify the specific strength training exercises for each 
patient. Individual recommendations should include 
those least likely to cause any pain or exacerbation of a 
current musculoskeletal problem. Instruct patients to 
do 2–3 sets of 10 repetitions per set; remind them that 
sets should be pain free. Arm and upper body exercises 
can be done with free weights or on machines at a gym. 
Recommend some training before beginning strength 
training—by reading about the approach, the risks, and 
how to ensure safe practices, or by enrolling for an in-
person training session (or course) with a qualified 
instructor. For patients with medical or orthopedic 
problems, an experienced personal trainer who under-
stands how to work with clients of varying abilities and 
for general health goals is probably an excellent idea.
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Figure 29.2 Patient exercise record

Patient Exercise Record  

Write the dates of each day in the month below. Record in each box the exercise activity you engaged in, the 

amount of time you spent doing it, and your heart rate  (for aerobic exercise). If you did nothing that day, write 

a note to explain why you did not exercise. Bring this page with you to every clinic visit.

 
 

    

 

Month:   ____________________  

 

Sunday  Monday   Wednesday   Friday  Saturday  

� � � � � � �

� � � � � � � 

� � � � � � � 

� � � � � � � 

� � � � � � � 

� � � � � � �

Record any problems associated with exercise:  

Date  Type of Exercise  Description of Problem 

  

 

 

  

 

Tuesday Thursday
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Location of Strength Training

A complete strength training program is best done at 
a gym because of the variety of the equipment available 
and the multiple options for each type of exercise. If a 
patient exercises only at home, biceps curls, lunges, and 
squats will be their primary exercises. With a bench, 
patients can add a basic row, chest press, and triceps 
exercise. For the average patient, it is easier to use 
machines at a gym for most exercises, and to use free 
weights primarily for biceps curls and lunges.

A Basic Strength Training Program

Prescribe the following exercises to help your 
patient achieve most of the goals above:

• Biceps curls (with free weights)
• Triceps extensions
• Latissimus pulldowns
• Chest press
• Basic row
• Squats
• Lunges

It is recommended that the healthcare provider 
learn each of these exercises so as to understand the 
movement patterns and the muscles used.

Recommending Resistance Levels

Most patients should choose the amount of free 
weight or the amount on a machine or pulley system 
that will allow them to do two sets of 10–12 repetitions. 
In each set, they should experience fatigue in the last 1–2 
repetitions. In general, patients should choose a weight 
that allows performance of the exercise without pain and 
with normal motion. A fitness trainer can usually choose 
an appropriate amount of weight for each exercise.

Patients for whom stimulating growth hormone is 
advisable will need to add squats28 with a bar, use 
higher resistance, and do three sets of 10 repetitions of 
each exercise. The last two reps in each set should be 
very difficult but still safe.

Choosing Strength and Aerobic Exercise 
Based on Orthopedic Conditions

Wrist sprain or DJD: Strength training—avoid 
heavy weight lifting (biceps curls), pull-ups, and other 
forces that lead to wrist distraction. Avoid end-range 
dorsiflexion in push-ups. Aerobic—avoid boxing and 

tae bo classes. Avoid rowing and cross-country skiing, 
and hold on to the stationary bar while using an ellipti-
cal machine.

Elbow pain: Strength training—avoid excessive 
resistance and repetitive wrist extensions with signifi-
cant loads. Limit rows, biceps curls, and latissimus (lat) 
pull downs. Aerobic—avoid rowing and cross-country 
skiing, caution with kickboxing.

Shoulder AC sprains and rotator cuff tendonitis: 
Strength training—avoid abduction and flexion above 
90 degrees; avoid overhead press, pull-ups and lat pull-
downs. Aerobic—avoid cross-country ski machines, 
rowing machines, tae bo classes and swimming.

Cervical sprain and DJD: Strength training—avoid 
quick rapid motions such as military press; avoid heavy 
squats with the neck loaded; avoid lat pull-downs to the 
posterior neck, overhead press and abdominal crunches 
with hands on the head, pulling the neck into flexion. 
Aerobic—avoid running, step aerobics, blading, down-
hill skiing, snow boarding, tae bo, kick boxing. Caution 
with bicycling on a road bike. A comfort bike with 
upright bars and a high stem is better.

Lumbosacral sprain, disc problems: Strength 
training—avoid lumbar extensions, military press, 
heavy squats, rapid knee extensions; avoid standing toe 
touches. Aerobic—avoid diving, snow boarding, down-
hill skiing, blading, tae bo, and soccer.

Sacroiliac conditions: Avoid exercises that will pos-
teriorly rotate the pelvis in the position of dysfunction. 
Avoid excessive hamstring stretching. Minimize adduc-
tor (groin) exercises. Avoid exercises that involve lum-
bar flexion and rotation at the same time. Aerobic—
avoid running, step aerobics, tae bo and boxing classes.

Hip DJD: Strength training—avoid high resistance 
and deep squats; avoid walking lunges. Be careful with 
hip exercises. Aerobic—avoid cross-country ski machines 
and skiing, Avoid fast swimming, blading, and soccer.

Patellofemoral (kneecap) conditions and IT band 
syndrome (similar precautions for severe DJD of the 
knee): Strength training—avoid deep squats, limit 
depth of lunges. Aerobic—caution with running, step 
aerobics, steep or fast downhill hiking, bicycling, and 
stairmaster. With patella tendonitis, all of the above rec-
ommendations stand, except bicycling is OK and vol-
leyball, basketball, and all jumping should be avoided.

Ankle sprains: Avoid high-impact aerobic activities 
initially; avoid basketball, kick boxing, tae bo classes, 
and other jumping activities.
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Balance Exercises for Older Patients and 
Those with Neurodegenerative Disorders

It is essential to test balance in any patient with a 
neurodegenerative disorder and in patients over age 60. 
Preventing falls in your patients is extremely important. 
Patients who fall can break their hips and wrists or 
injure their spine. A broken hip is a high risk factor for a 
deep vein thrombosis. Studies have indicated that phys-
ical training can improve balance in the elderly,29 and 
in people with neurodegenerative diseases like Parkin-
son’s.30,31 It is the author’s clinical experience of 10 years 
that balance training can be effective in improving gait, 
decreasing falls, and decreasing the pain of lower 
extremity musculoskeletal syndromes.

Testing Balance

There are three planes of balance: the sagittal plane, 
which is in front and back of the patient; the frontal 
plane, which is to the left and right; and the transverse 
plane, which is a rotational plane. Patients can have dys-
function in any or all of these planes. Dysfunction in the 
sagittal plane and frontal plane are the most common, 
are the easiest to test, and improve with basic exercises. If 
the patient shows signs of dysfunction when using a spe-
cific balance test, use the test itself as the exercise. Signs 
of balance dysfunction are wobbling and quick motions 
of the arms, legs or torso. In general, most static balance 
exercises can be done in sets of 8–10 and practiced for 5 
seconds each, working up to 10 seconds. Patients should 
work toward equal balance on both legs.

Sagittal Plane Static Balance Tests

Start with these tests if a patient is frail or has ques-
tionable balance. The patient stands with both knees 
bent slightly to engage the quadriceps, and raises one 
foot slightly off the floor. Measure the time that bal-
ance can be maintained on one foot without touching 
the floor with the raised foot, and without abruptly 
moving the arms; perform on the other foot, and com-
pare results. At least 5–10 seconds on each foot is desir-
able. If performing this exercise is too difficult, have 
the patient stand with hands holding onto a chair back 
or the exam table. One foot is raised with toes touching 
the floor, and then the amount of pressure needed for 
holding onto the chair is gradually lessened. The chal-
lenge can be intensified by lifting the raised foot com-
pletely off the ground while still holding on. When 

balance improves with this approach, the exercise can 
progress to raising the foot, toe touching the ground, 
but the hands no longer holding onto the chair. These 
exercises should be done 5 times on each foot, every 
other day. Patients should be trained on how to 
progress to the next level of difficulty, and the instruc-
tions should be written down. When patients can do at 
least 5 seconds on each leg with the foot completely off 
the floor and without holding on, they can progress to 
the next set of tests and exercises.

With knees slightly bent and one foot raised com-
pletely (or with toe touching the floor), add the follow-
ing movements: Level 1—Arm swinging, both arms 
together, forwards and backwards in short ranges of 
motion, up to 45 degrees in front of them. Level 2—
Arm swinging that reaches an angle of 90 degrees with 
the floor. Level 3—Swing the arms to 90 degrees and 
increase speed to intensify the challenge in the sagittal 
plane. Patients should begin with the level that is diffi-
cult but possible, and work their way up to the third 
level. These exercises should be done 5 times on each 
foot for 5–10 seconds at a time.

Patients with poor sitting balance can do the follow-
ing exercises while seated on a chair or a physioball. 
Perform the arm swings as described above, with both 
feet firmly on the floor (Level 1); only the heels touch-
ing the ground (Level 2); one foot firmly on the floor 
and the other foot off the floor (Level 3).

Sagittal Plane Dynamic Balance Tests

Sagittal plane lunge. The lunge exercise is one of 
the most functional exercises patients can do for lower 
body strength and balance. It is useful for virtually any-
one who is trying to improve balance and build lower 
extremity strength. The beginning exercise is 5 lunges 
on each foot, done at a level in which the patient is 
slightly unsteady.

For a forward lunge, the patient starts in a standing 
position with feet parallel to one another and 1–2 shoe 
widths apart. One foot is moved about 1½   to 2 feet for-
ward of the other, allowing the front knee to bend. The 
excursion of the lunge is the length from where the toe 
begins in the start position to where the heel makes 
first contact with the surface after the lunge. Patients 
shorter than 5'5" may wish to start with a one-foot 
excursion and progress the lunge excursion gradually. 
Most lunges should be performed within a 1½   to 2-foot 
excursion, although some may exceed this range if 
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there is an activity that requires longer lunge move-
ments. Before progressing to longer lunges, however, 
these guidelines should be followed:

1. The movement should be pain-free.
2. Wobbling or swaying of the knees or torso should 

be minimal.
3. The low back should be in a neutral position, with 

minimal forward or side-to-side motion of the back 
with the lunge.

4. Before increasing the excursion of the lunge past 2 
feet, try increasing the speed of the lunges while 
maintaining good control of motion.

Control the speed of knee flexion and stop at about 
55–60 degrees. Eventually, patients may go into a deeper 
lunge. Allow the back knee to bend and the back foot to 
lift up at the heel. Try to align the forward knee over the 
first and second toes. Return to the start position by 
pushing off the front foot. Initially do the lunge with 
one foot going forward and back.

Same side lunges. Lunge on the right foot for a set of 
5–6 repetitions, and then do another set on the left foot.

Alternating lunges. When the form is steady and 
the patient is not wobbling, the exercise can be done by 
alternating the feet on each lunge, working up to a set 
that includes 5–10 lunges on each side.

In most workout routines, patients should do two 
sets of whichever lunge variation has been chosen.

Tips and precautions. If the forward lunge is pain-
ful, try decreasing the depth of knee flexion and add 
lunges in different directions, especially to the sides. If a 
lunge is still painful, try unloading it with the arms, as 
described below. In any lunge, make sure the knee is in 
line with the foot.

The unloaded lunge, or “no-knee-pain lunge.” 
Patients may unload a lunge to decrease kneecap pain 
or if this is the only way they can do a lunge. Ski poles, 
dowels, or 2 chair backs are used to support part of the 
body weight through the arms as the knee is bent in the 
basic lunge. Enough weight should be supported by the 
arms so that the knees do not hurt and the patient does 
not wobble.

Static Frontal Plane Balance Tests

Some patients with neurodegenerative disorders and 
some elderly patients will demonstrate balance dysfunc-
tion in the frontal plane, and will benefit from exercises 
done in this plane.

Frontal plane balance test with arm swing. Have 
the patient balance on one foot with the knee slightly 
bent and the opposite foot raised (or toe touching the 
floor beside the balance foot). Test for balance and time 
how long the position can be maintained; as balance 
improves, progress to a level where balancing is a chal-
lenge and work there. Exercises should be practiced five 
times on each foot. Level 1—Swing the arms together 
across the front of the body, side to side in short ranges 
of motions, at first initially up to 45 degrees. Level 2—
Do Level 1, but swing the arms faster to increase the 
momentum and challenge in the frontal plane.

Dynamic Frontal Plane Balance Tests

Frontal plane lunge. This test is performed by hav-
ing the patient lunge 90 degrees to the right with the 
right foot, keeping the lunge foot parallel to the non-
lunge foot (fixed foot) while bending the ankles, knees, 
and hips and keeping the back upright. Then the patient 
pushes off the lunge foot to return to the start position. 
Patient should do three consecutive lunges to the right 
and three to the left. Compare their stability, form, and 
ability to keep the torso steady and the back in good 
alignment. If there are differences between the sides, or 
difficulties on both sides, assign this as an exercise with 
five lunges each to the right and left in a set, and two 
sets every other day.

Exercise Prescription for Special Conditions

Osteoporosis Prevention Program

Patients with osteopenia or osteoporosis (and peri- 
menopausal females) need exercise as an important ele-
ment in maintaining bone mass.32 Physical activity pro-
vides mechanical stress to bone, which stimulates bone 
formation. It is important to impact-load both the fore-
arms every other day and the legs on most days. 
Strength training with the arms can help prevent sig-
nificant declines in arm bone density, which can lead 
to a Colles fracture of the radius. Instruct the patient to 
do a squat with an arm assist by holding onto the backs 
of two chairs with the feet firmly on the ground. Once 
they reach a partial squat position, they simultaneously 
straighten their knees and elbows. Have them do two 
sets of these along with two sets of 10 biceps curls.



491

Chapter 29
Clinical Approaches to Structural Imbalance

Aerobic exercise that involves moderate-impact load-
ing through the feet and legs can help slow bone loss in 
the hips and spine. Walking, treadmill, aerobics classes, 
hiking, elliptical trainer, stairmaster, or jogging are all 
viable options. Note that the elliptical machine and 
stairmaster are less impact-loading and should be used 
with the other more impact-loaded aerobic workouts.

Exercise for CFIDS, Multiple Chemical Sensitivities 
(MCS), and Fibromyalgia Patients

Patients with fibromyalgia, MCS or CFIDS can bene-
fit from an exercise program,33 but be very cautious with 
aerobic exercise, as they may have prolonged fatigue 
after an aerobic exercise session. Evaluate the level of 
fatigue they experience with activities of daily living 
and with aerobic exercise. If significant fatigue is experi-
enced, start with a strength and balance program. Use a 
functional medicine approach and consider supple-
ments to improve energy.

When the patient reports that enough energy is 
available to do daily living tasks, consider a low-inten-
sity (50% of max HR) and short-duration (10 minutes) 
aerobic program two times/week. If the patient tolerates 
this program, add 1 minute duration every two sessions 
until the patient has reached 30 minutes per session. 
Increase the intensity cautiously by 2–5% per week 
until the patient has reached 60–70% max HR (or the 
perceived level of effort that is manageable). Decrease 
the intensity and duration if significant post-exercise 
fatigue returns.

Supplements may improve a patient’s ability to 
do aerobic exercise. Trying a supplement program for 
patients with fatigue in daily life activities or for those 
who can’t tolerate brisk walking is a reasonable step. 
Consider supplementation with CoQ10, 200–300 mg/
day and L-carnitine, 1000 mg 3x/day.

Patients with fibromyalgia should be started on a 
careful strength training program, using only a few 
upper body exercises at a time (such as biceps curls and 
triceps exercises). Add one new exercise per week, and 
use a lower amount of resistance, as these patients are 
prone to strains and cervical injury. Initiate a walking 
program, or exercise in a gym, at lowered intensity for 
15 minutes, adding one minute every other workout 
until a duration of 30 minutes, at 60–70% intensity, is 
reached. Progress to the next intensity level as the 
patient is able.

Obesity

As noted in the aerobic exercise discussion above, 
obese patients benefit from longer duration aerobic ses-
sions so they can burn more fat for fuel and more calo-
ries. Follow the aerobics guidelines under duration 
above and progress to 45–50 minute workouts. Incorpo-
rate strength training, but let the patient know that this 
will slow weight loss initially and then will enhance it 
by helping to increase muscle mass. Most overweight 
individuals can do stationary bike and the elliptical 
machines, as well as water aerobics.

The Metabolic Syndrome

Aerobic exercise done as in the paragraph above will 
increase a patient’s sensitivity to insulin and will benefit 
all aspects of the metabolic syndrome. Patients should 
experience an improvement in blood pressure and blood 
sugars within the first two weeks. With only 10–20 
pounds lost, significant improvements can be achieved 
in energy levels, blood sugar, and blood pressure. HDL 
can be raised and triglycerides lowered. If patients are on 
numerous insulin-sensitizing supplements and on drug 
therapy, it is important to monitor their progress closely. 
After three weeks of regular daily exercise, it is important 
to monitor the blood pressure and blood sugar to watch 
out for hypoglycemia. If blood sugars are coming down, 
medications such as metformin and other drugs may 
need to be reduced. Blood pressure medication may also 
be decreased over time, especially if the patient loses 
weight (10–20 pounds). For overweight patients, ½  –1 
pound lost per week is a reasonable outcome. If a moder-
ate-intensity exercise program is desired, it is a good idea 
to obtain a treadmill stress test first to rule out signifi-
cant ischemia with exercise, as there are many vascular 
risk factors with diabetes and metabolic syndrome.

Gaining Compliance with an Exercise 
Calendar

Achieving compliance with the exercise prescrip-
tion is very important. Emphasize to patients that the 
exercise calendar and patient record (see Figures 29.1 
and 29.2) can be very helpful—particularly when the 
health benefits have been circled on the top of the 
page to remind patients daily of their goals. Write in 
the aerobic exercise prescription with all the details 
about how you would like them to start and progress. 



Section VI
A Practical Clinical Approach

492

Circle the strength training exercises at the bottom 
and write in the balance exercises you are recommend-
ing. A normal program would be to recommend aero-
bic exercise five to six times per week, three strength 
training sessions per week, and balance exercises every 
other day. Provide handouts explaining the balance 
exercises in detail; providing pictures is helpful, as is 
demonstrating the exercises in the office until the 
patient can reproduce them accurately.

Other suggestions for improving patient compliance 
include the following:

• Ask patients to bring their calendar and patient 
record with them to every clinic visit, so that their 
program can be evaluated and updated if needed.

• Explain that it’s important to record when exercise 
is not done, and the reason, so that if there are con-
tinuing obstacles to performing the complete pro-
gram, they can be identified and resolved.

• Ask patients to note any symptoms or problems 
with their exercise, so they can be evaluated and 
addressed.

When patients bring in their records and calendars, 
review them, make sure the information is being 
recorded completely, address any problems, and answer 
any questions. If you change the prescription, fill out 
another calendar (and remind patients to circle their 
goals as well).

If a patient is missing many exercise sessions, gently 
address the issue by asking questions to elicit the reasons:

1. What do you think is in the way of fitting in all 
your exercise sessions?

2. Are you having any worrisome symptoms or sched-
uling problems?

3. If you were to advise me, as if I were your patient, 
on how to schedule all the recommended exercise, 
what would be your suggestions?

The most common reasons for poor compliance are:
1. Scheduling difficulties. (Patients may say, “I do not 

have enough time. I am working too much.”)
2. Pain on exercising (usually knee, hip, or back pain).
3. It is too hard. 

Whatever the patient’s excuse, it is important to 
address the problem, avoiding criticism or judgment. 
Any pain problems should be immediately evaluated and 
addressed—changing the program may be the answer. If 
the program level is too difficult, move it down a step or 
two. Help with planning and time management can be 

offered, as well as scheduling suggestions (see below). 
Remind patients of their health goals and the role that 
exercise plays in achieving them. Validate any exercise 
that they do. As discussed in Chapter 36, it’s rare that a 
person will immediately adopt new health behaviors and 
never relapse. Most of us cycle through our process of 
change several times, and we all need support.

Scheduling Exercise

There are issues to consider in scheduling exercise. 
Most people will exercise when they have the most 
energy or when they want to relieve stress; they look for 
times when there are no other more important demands 
to be met. It is best to write the schedule down on a daily 
calendar so that it is not left to memory or chance. In 
general, patients are more likely to exercise first thing in 
the morning or at lunch time. If they are going to exer-
cise at lunch time and will be doing moderate intensity 
exercise, they will likely need at least an hour in their 
schedule to fit in the 30 minute basic exercise session 
along with changing and showering. Most people are 
tired at the end of the day and will not exercise then 
unless they are very committed to their program. 
Patients can also schedule and do their exercise in two 
short periods, such as a 10–15 minute walk at their break 
times or during their lunch period.

Ask patients when they can schedule exercise sessions 
and, if they miss the planned time, whether there is a 
backup time they could use. Note that, for patients with 
sleep problems, exercise after 8 pm is not a good idea.

Summary

Prescribing exercise is a skill that can take a while to 
develop. Your prescription should be individualized to 
each patient. It is important to encourage and monitor 
your patients’ compliance to see that goals are being 
met. For more information on aerobic machines and 
balance and strength exercise options, there are numer-

Charging and Billing for the Exercise-focused Visit
Visits focusing on exercise should be encouraged. 

Practitioners can bill for an office visit using the standard 
time-based procedure codes. If you demonstrate balance 
or strength exercises, you can add codes such as Kinetic 
Activities (1–2 units, 15 or 30 minute sessions). You can 
combine the visit focusing on exercise with reviewing labs 
or another billable concern or activity.
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ous references including Conditioning for Outdoor Fitness: 
Functional Exercise and Nutrition for Every Body.34 Your 
patients will notice improved health and wellness out-
comes as they achieve their exercise goals.

Manipulative Therapy and Functional 
Medicine: Clinical Interactions between 
Structure and Function
David Wickes, DC

Introduction

Changes in structure can affect the function of any 
component within the body, from the cell to major 
organ systems. At the simplest level, it is relatively easy 
to attribute local symptoms and visible asymmetry to 
structural imbalances. Most practitioners have encoun-
tered patients with an antalgic posture secondary to 
lumbar disc herniation, swelling and ecchymosis from 
an acute ankle sprain, and the distorted chest wall and 
unleveled shoulders seen in severe kyphoscoliosis. 
Cause-and-effect relationships in these presentations 
are often easily determined, and a therapeutic manage-
ment plan can be logically derived. Often unrecognized 
and unappreciated, however, are the more subtle struc-
tural imbalances involving macro- and micro-systems. 
The rest of this chapter will explore how these structural 
imbalances may result in local and remote system mal-
functions and resulting signs and symptoms. 

Structural integrity is essential to optimal function. 
In biology, as is the case with architecture and engineer-
ing, structure influences function. In genomics, amino 
acid type and sequence determine genetic structure, 
which in turn affects protein synthesis. Cell and 
organelle membrane structure affect many local func-
tions, including hormone receptor activity, energy pro-
duction, permeability, transportation, and storage. In 
turn, altered cell function affects organ function. Atten-
tion is devoted in functional medicine to structural 
imbalances at all levels in the organism, as well as to the 
concept that disturbed function can, in turn, lead to 
changes in structure. Thus, instead of a unidirectional, 
linear pathway, a more appropriate view is of a complex 
interactive relationship.

Structural Changes at the Micro Level

The changes that occur in cell membranes incorpo-
rating abnormal lipid moieties serve to illustrate the 
relationship between structure and function at the cel-
lular and tissue level. Cell membranes are composed of 
a complex double layer of phospholipids, intermixed 
with cholesterol and glycoproteins. The protein compo-
nent includes receptors, transport mechanisms, and 
enzymes. Rather than a static structure, the cell mem-
brane is constantly in a state of flux, reshaping its 
dynamic structure as function requires.35 During the 
course of cell and organelle membrane formation or 
repair, phospholipids and free fatty acids are incorpo-
rated into the structure. The free fatty acids are prima-
rily present in the cis configuration, although small 
amounts of trans configured fatty acids may also be 
present normally. Although trans fatty acids can be 
found in dairy products and can also be synthesized by 
colonic bacteria, most trans fatty acids entering the 
body come from fried or mass-produced foods. If abnor-
mal amounts of trans fatty acids are in the bloodstream 
and interstitial fluids, they may be taken up by the cell 
and incorporated into the membranes in place of the cis 
fatty acids normally used. Similarly, changes in the rela-
tive concentration and availability of normal essential 
fatty acids may result in alterations of membrane com-
position. It is now recognized that the changes effected 
by fatty acids extend beyond the simple concept of 
membrane lipid replacement to include binding of fatty 
acids to nuclear receptors and subsequent alteration of 
gene transcription.36 As these fatty acid abnormalities 
occur, the cell may develop different membrane charac-
teristics.37 Replacement of membrane lipids with trans 
fatty acids or saturated fats reduces cell membrane fluid-
ity.38 Cell receptors may become inhibited or defective, 
leading to neurotransmitter or hormonal blockade.39 
Prostaglandin synthesis may become disturbed, either 
due to changes in the type and availability of fatty 
acids, or to changes in the function of formational 
enzymes. High levels of trans fatty acids may lead to 
deficiency of essential fatty acids. Membrane perme-
ability and carrier-mediated transport can become dis-
turbed, resulting in intracellular nutrient deficiencies
and a reduction in protein formation and secretion. 
These structural changes at the molecular level have 
widespread implications in health and disease, includ-
ing alteration of insulin receptor function and the 
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potential evolution of the metabolic syndrome and type 
2 diabetes, alterations in the immune response to infec-
tious agents and mutagenic stimuli, response to inflam-
matory disease, and the development of cardiac disease.

Structural Changes at the Macro Level

At the other end of the structural spectrum, the 
practitioner must consider the possibility that organ 
functional abnormalities might be the result of, or 
aggravated by, osseous, connective tissue, and muscle 
structural lesions. The chiropractic and osteopathic pro-
fessions were founded after observation and theoriza-
tion that neuromusculoskeletal abnormalities could 
lead to organ system dysfunction and frank pathology. 
In the 1890s, these professions were based upon 
hypotheses that vertebral malpositioning (“sublux-
ation” or joint “lesion”) could cause spinal nerve or vas-
cular impingement and lead to both local symptoms as 
well as remote pathophysiology. This evolved over the 
subsequent decade into a monocausal theory in which 
the subluxation was felt to be the sole or primary cause 
of disease. The monocausal philosophy crumbled under 
scientific scrutiny and was gradually replaced by the 
current conceptual model, in which the subluxation is 
considered as one of many possible contributory factors 
to illness. The subluxation itself has been redefined as 
an articular dysfunction (joint fixation), with a wide 
spectrum of theoretical neurobiologic local and remote 
effects. This current model fits the functional medicine 
concept in which the clinician must look for the pres-
ence of core clinical imbalances, one of which is struc-
tural, and any of which may disturb or influence the 
web-like communication pathways of the body.

Structural imbalances may develop in any part of the 
neuromusculoskeletal system and may have a primary 
influence on organ function (i.e., they may cause patho-
physiology); or, they may be secondary to either organ 
system dysfunction or other structural problems. In the 
functional medicine context, the respective terms soma-
tovisceral and viscerosomatic are too limiting unless 
conceptually these terms are expanded to include more 
than just the organ or tissue (see Figure 29.3). 

Structural imbalances can be due to congenital or 
developmental deficits, or they can be acquired. The 
ability of the organism to adapt to these deficits will 
determine both short- and long-term effects. Examples 
of congenital/developmental deficits include anatomical 

short legs, joint deformities, hemivertebrae, cervical ribs, 
absent muscles, and foot deformities. Acquired deficits 
can result from poor posture, trauma, stress, psychologi-
cal factors, irritation (e.g., inflammation, toxins), and 
hormonal alterations (e.g., myalgias and myopathy in 
hypothyroidism).

Figure 29.3 Somatovisceral interrelationships

The mechanisms by which structural abnormalities 
at the macro-level result in pathophysiology are diverse 
(see Table 29.1). Some of these, such as sciatic nerve irri-
tation in vertebral disc disorders, are relatively easy to 
determine clinically; however, other presentations are 
subtler. Cervical spine facet injuries and asymmetric 
facet motion may result in errant proprioceptive sig-
nals, initiating dizziness, vertigo, nausea, and possible 
ocular dysfunction. Aberrant stimulation of afferent 
and efferent nerves by altered joint motion or local 
inflammatory mediators may cause both local as well as 
remote effects. Local changes might consist of pain and 
muscle spasm. Remote changes include possible referred 
pain syndromes, facilitation or blockade of spinal cord 
reflex pathways, and irritation of the reticular activating 
system. These changes, in turn, may lead to fatigue, dis-
ruption of sleep patterns, changes in circulating adrenal 
hormones, other hormonal fluctuations, and changes 
in autonomic tone. 

Table 29.1 Pathophysiologic Mechanisms in Structural 
Abnormalities

Aberrant nerve stimulation
Arterial compression (e.g., vascular outlet syndromes)
Autonomic nervous system regulatory abnormalities
Compromised respiration and thoracic cage movement
Focal hypoxia
Mechanical pressure (e.g., herniated intervertebral disc)
Proprioceptive disturbances
Secondary inflammatory changes
Venous and lymphatic congestion

Visceral Components

Aberrant nerve stimulation

Autonomic nervous system imbalance

Immune system dysfunction

Inflammatory mediators

Neurotransmitters

Organ system dysfunction

Pain factors

Prostaglandins

Somatic Components

Cutaneous stimulation

Local inflammation

Muscle spasm

Pain

Proprioceptor stimulation
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Conditions Associated with Structural 
Imbalances

Fibromyalgia

Isolated trigger or tender points may be responsible 
for both local and referred pain patterns. Fibromyalgia 
is an example of a clinical disorder primarily presenting 
with somatic complaints, which may become compli-
cated by other organ system dysfunctions if not appro-
priately managed. When tender points occur in 
multiple locations, then fibromyalgia or chronic myo-
fascial pain syndrome should be considered. A thor-
ough somatic assessment should include assessment of 
the 18 classic locations of fibromyalgia tender (trigger) 
points, with appreciation that the diagnostic criteria for 
that disorder include finding tender points at 11 or 
more of these sites.40 Fibromyalgia patients may develop 
dyspepsia, abdominal pain, and other symptoms of the 
irritable bowel syndrome, and these patients tend to be 
more sensitive to somatic pain stimuli.41 Animal studies 
have demonstrated that noxious somatic afferent stim-
ulation promotes visceral hyperalgesia via spinal cord 
interactions, establishing a means for the production of 
intestinal symptoms.42,43 It therefore seems reasonable 
to assess irritable bowel syndrome patients for signs and 
symptoms of fibromyalgia, and to institute treatment of 
the somatic component in the hopes of amelioration of 
visceral symptoms. Fibromyalgia, chronic fatigue syn-
drome, irritable bowel disease, and other chronic func-
tional disorders often co-exist, so the presence of one of 
these should prompt a physical assessment for fibromy-
algic tender points.

Vascular Changes

Stagnation and congestion of interstitial, lymphatic, 
and venous fluids is another pathophysiologic state 
with a somatic component. Although peripheral edema 
is often dismissed as simply a fluid imbalance, the clini-
cian must keep in mind that these fluids are rich in cel-
lular and humeral components. Accumulation of these 
fluids in the interstitial compartment may lead to 
decreased cell nutrition, impaired tissue repair, and 
compromised immune function. Appropriate exercise, 
support garments, limb positioning, and lymphatic 
massage therapy can help reduce edema.

Various outlet disorders can compromise peripheral 
nerve, arterial, and venous function. Most outlet disor-

ders, including the common thoracic outlet and carpal 
tunnel syndromes, have predominantly a neurological 
presentation because the nerves are more vulnerable to 
compression than the vascular components. Assess-
ment for these conditions typically involves attempts to 
reproduce symptoms by functional maneuvers and sus-
tained limb positions. What is often underappreciated 
is the potential for these outlet syndromes to develop in 
patients with abnormal spinal function associated with 
nerve root compression proximal to the additional 
compression at the outlet (i.e., a “double-crush” injury). 
Other subtle disorders, including vitamin B12 defi-
ciency, mild hypothyroidism, and inflammatory joint 
disorders may further predispose the nerve to dysfunc-
tion. These conditions, in turn, may also explain why 
some patients do not respond to manual therapy alone.

Inflexibility and Contractions

A gradual loss of flexibility often goes unnoticed by 
the patient. Chronic contractions and shortening of 
ligaments and tendons lead to abnormal compensa-
tory positions and motions, contributing to overall 
physical stress and a tendency for patients to avoid 
physical exercise. Sit-and-reach testing assesses for 
decreased low-back, hip, hamstring, and calf flexibility. 
Routine evaluation should also include range of 
motion testing of the neck, trunk, shoulders, and 
ankles. Abnormalities of peripheral musculoskeletal 
structures may result in secondary abnormalities of the 
axial musculoskeletal system.

Vertigo

Another example of the structure-function relation-
ship is benign positional vertigo. This syndrome is 
characterized by episodic vertigo triggered by certain 
head positions. The pathophysiologic explanation for 
this disorder is that calcium carbonate debris sus-
pended in the inner ear fluid becomes lodged or dis-
placed and abnormally stimulates vestibular reflexes. 
Pharmacologic therapy is generally ineffective; how-
ever, a physical maneuver (canalith repositioning pro-
cedure, “Epley maneuver”) that places the patient’s 
head in a particular sequence of positions designed to 
promote the movement of the debris back into the 
utricle has shown to be very effective.44 Unfortunately, 
many patients with benign positional vertigo are inef-
fectively treated because the physician has neglected to 
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perform the simple functional head positioning tests 
needed to diagnose the disorder.

The Functional Assessment

Changes in spinal motion can lead to irritation of 
other spinal structures and possible secondary neuro-
biological phenomena. Unless accompanied by pain, the 
patient may be unaware of the restricted motion. Gross 
screening procedures such as toe touching and assess-
ment of head flexion and extension may fail to detect 
subtle restrictions. The functional medicine assessment 
for structural deviations from optimal health should 
include postural and morphological observations, evalu-
ation for signs of lymphatic or venous congestion, pal-
pation for abnormal muscle tone and fibromyalgia 
tender points, evaluation of flexibility and joint motion, 
assessment of respiratory chest motion, and dynamic 
palpation of the spine (see Table 29.2). Careful postural 
evaluation can reveal changes in muscle symmetry, 
scoliosis, and antalgic positioning, but may miss more 
subtle intersegmental motion abnormalities. Because of 
this, it is recommended that the functional assessment 
minimally include direct posterior-to-anterior dynamic 
palpation using the thumb and index finger or the palm 
of the hand to test for blocks of restricted intersegmental 
motion. Respiratory excursion should also be assessed. 
Unfortunately, the musculoskeletal examination is an 
oft-neglected component in medical education, and 
many non-orthopedist clinicians lack competence in 
the diagnosis and management of musculoskeletal disor-
ders.45 Should the functional screening demonstrate 
abnormalities, or if the practitioner is unfamiliar with 
the assessment procedures, the patient can be referred to 
a chiropractic or osteopathic physician for more com-
prehensive evaluation.

Treatment Approaches

Manipulation in Musculoskeletal Disorders

Back pain. There is substantial evidence that 
manipulative therapy is effective in the management 
of many musculoskeletal disorders. Most of this type of 
therapy is in the form of high-velocity, low-amplitude 
directional thrusts. Other forms of manipulative ther-
apy, including lower-velocity procedures, localized 
distraction, general joint mobilization, soft-tissue 

manipulation, and instrument-assisted procedures may 
be useful in specific situations. The most common mus-
culoskeletal complaints seen by chiropractic physicians 
are low-back pain, neck pain, and cervicogenic head-
ache. Numerous randomized clinical trials have assessed 
the efficacy of manipulative therapy in acute low-back 
pain. A meta-analysis in 1992 concluded that spinal 
manipulation is often of short-term benefit in uncom-
plicated, acute low-back pain.46 A large study in 1995 
demonstrated that patients with low-back pain showed 
rapid improvement with chiropractic manipulation.47 A 
2004 multicenter randomized clinical trial demon-
strated that manipulation improves back function, and 
that the improvement could be increased by the addi-
tion of an exercise program.48 Both U.S. and British 
national clinical practice guidelines for the manage-
ment of low-back pain recommended the inclusion of 
manipulation, although the former was not updated in 
the decade following issuance and is now considered 
obsolete.49,50 A systematic review of 17 clinical guide-
lines for acute low-back pain found that one of the con-
sistent recommendations was spinal manipulation for 
pain relief.51 

Neck pain and headache. The application of 
manipulation in the management of neck pain has 
also been studied, although not as extensively. A 2004 
review assessed the efficacy of manipulation in neck 
pain and low-back pain and found that the evidence 

Table 29.2 Screening Assessment for Structural Dysfunction

Gait
Posture

• Asymmetry

• Abnormal curves

• Deformity

• Shoulder and iliac crest heights

• Patellar and ankle relationships

Body habitus
Shoe (sole and heel) wear pattern
Compression marks from clothing
Edema
Venous distension and skin discoloration
Fibromyalgia tender point survey
Flexibility assessment
Spinal and large joint ranges of motion
Spinal passive motion
Paraspinal muscle palpation
Respiratory thoracic cage excursion
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was inconclusive regarding its value in acute neck 
pain, but for acute and chronic low-back pain and 
chronic neck pain, manipulation was a viable treat-
ment option.52 A Cochrane review concluded that 
manipulation, when done in conjunction with exer-
cise, is beneficial for chronic mechanical neck disor-
ders.53 Cervicogenic headache, i.e., headache caused by 
cervical spine dysfunction, is commonly treated with 
manipulation and other physical modalities. These 
headaches are often associated with autonomic ner-
vous system symptoms, such as nausea and photo-
phobia, and may be confused with migraine headache. 
A study comparing the effects of high-velocity, low-
amplitude manipulation to soft-tissue therapy showed 
manipulation to be superior, to result in decreased 
medication reliance, and to decrease the duration and 
frequency of headaches.54 

Manipulation and Non-musculoskeletal Disorders

Although the treatment of musculoskeletal disorders 
with manipulation and other forms of physical medicine 
is well established, the evidence for the integration of 
this therapy into the management of non-musculoskele-
tal conditions is less supported by the literature. Histori-
cal perspectives and numerous published anecdotal or 
small studies suggest that manipulation has a role to 
play, but rigorous scientific study has lagged well behind 
the theoretical explanations of mechanism and efficacy.

Structural asymmetry or gait abnormalities may 
place an additional burden upon the organ systems. In 
patients with cardiac failure, chronic obstructive lung 
disease, or other cardiopulmonary disorders, it is easy 
for the clinician to neglect the musculoskeletal system 
as a possible contributory factor. Patients with symp-
tomatic knee or hip arthritis have diminished walking 
speed and a resultant energy cost.55 Leg length inequal-
ity, either congenital or acquired, may result in com-
pensatory postural adaptations, including pelvic tilt 
and changes in pelvic and lumbar muscle activity and 
resultant increased energy demands. 

There are complex and overlapping interactions 
between structure and function at the tissue and organ 
level. Stimulation of spinal afferent nerves from local 
spinal and paraspinal tissues or distant organs or 
somatic structures can result in reflex stimulation of 
autonomic efferent nerves (i.e., “somatovisceral” reflex) 
as well as referred pain. These normal reflex pathways 
can become sustained or exaggerated, leading to dys-

function of the effector organs. The autonomic nervous 
system has complex interactions with other organ sys-
tems, and changes in the activity or tone of the para-
sympathetic or sympathetic components can trigger a 
cascade of pathophysiologic events that extend beyond 
the directly innervated structure. Table 29.3 lists some of 
the disorders (excluding those classic conditions associ-
ated with total autonomic failure) linked to changes in 
autonomic nervous system balance or regulation.

As an example of the effects of altered structure upon 
the autonomic nervous system, movement of inflamed 
peripheral joints can result in increased blood pressure 
and heart rate.56 Patients with chronic myofascial pain 
or inflammatory arthritis have heightened sympathetic 
nervous system activity coupled with diminished car-
diac parasympathetic activity.57 In fibromyalgia, patients 
frequently have fatigue, anxiety, headache, weakness, 
and irritable bowel symptoms. The primary fibromyalgia 
pain, as well as these accompanying symptoms, may be 
attributed to a sympathetic hyperdynamic state.58 Fibro-
myalgia patients appear to respond favorably to manip-
ulative care, and such care may further enhance the 
positive effects of medications.59 

Some genitourinary disorders have been shown to 
have a structural basis. The pelvic floor fascia and mus-
culature provide mechanical support to the lower uri-
nary tract and interact with the somatic and autonomic 
nervous systems to coordinate sphincter and bladder 

Table 29.3 Pathophysiology Linked to Autonomic Nervous 
System Dysfunction

Anxiety
Asthma
Cardiac arrhythmias
Chronic fatigue syndrome
Depression
Fibromyalgia
Gastroesophageal reflux disease
Hypertension
Idiopathic carpal tunnel syndrome
Infertility
Irritable bowel syndrome
Menstrual disorders
Metabolic syndrome
Migraine
Neuropathic pain syndromes
Orthostatic hypotension
Peptic ulcer
Raynaud’s phenomenon
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activity. It has long been appreciated that pelvic floor 
exercises can be useful in controlling minor stress incon-
tinence. It has now become apparent that interstitial 
cystitis and the urethral syndrome may also respond to 
myofascial therapy aimed at the pelvic floor. In a study 
of 52 patients with some form of interstitial cystitis or 
the urgency-frequency syndrome, more than 70% had 
moderate or marked improvement after treatment with 
manual trigger point therapy to the pelvic floor mus-
cles.60 Another study showed that a transvaginal applica-
tion of a massage technique first described in the 1930s 
as an intrarectal therapy for coccydynia was effective in 
relieving symptoms of interstitial cystitis and restoring 
proper pelvic floor tone.61 

Even in the absence of specific causal relationships 
between spinal dysfunction and organ dysfunction, the 
presence of somatovisceral and viscerosomatic reflexes 
can obscure the clinical presentation. A study of back 
pain and abdominal pain revealed that the vast majority 
of patients with abdominal pain experienced concomi-
tant back pain and the vast majority of patients with 
back pain also had abdominal abnormalities on physical 
examination.62 Whether induced by pain or lifestyle, 
decreased physical activity and increased caloric intake 
further complicate these disorders by disturbing diurnal 
rhythms and shifting the balance between the sympa-
thetic and parasympathetic nervous systems.63

A Common Pathway of Pathophysiology Initiated 
by Structural Change

Regardless of the initial etiology of the patient’s dis-
order, in many patients there is an associated common 
pathway of pathophysiology characterized by aberrant 
activity or noxious stimulation of the nervous system or 
other feedback mechanisms. This irritation may simply 
result in localized discomfort or other regional symp-
toms, or may result in widespread changes in cardiovas-
cular, neurological, humeral, or immune dysfunction. 
Conversely, primary disorders in those systems may 
result in secondary dysfunction of the neuromusculo-
skeletal system. From a functional medicine perspec-
tive, clinical improvement may result from introducing 
a change in one or more of the many interconnected 
pathophysiologic pathways. The nature and number of 
these interventions is determined by the patient’s ana-
tomical, biochemical, functional, environmental, and 
psychological individuality. For example, a patient with 
low-back pain due to a facet disorder may respond well 

to manipulation aimed at restoring joint motion, to 
botanical or pharmacologic agents aimed at neutraliz-
ing inflammatory mediators, to massage or biofeedback 
aimed at relaxing spastic muscles, to acupuncture to 
restore balance of energy pathways, or to some combi-
nation of those modalities. A patient with a non-mus-
culoskeletal disorder resistant to initial therapy should 
be assessed for possible contributory structural faults, 
the correction of which might be sufficient to shift the 
balance towards recovery. Figure 29.4 shows some of 
the complex interrelationships between structural and 
functional factors in disease. From this diagram, one 
can see how different therapeutic approaches may pro-
duce the same outcome, and how a management plan 
that fails to appreciate the web-like connectivity of the 
body may fail to break a disorder’s vicious cycle.

Figure 29.4 Pathophysiology in structural imbalance and 
autonomic nervous system dysfunction
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Summary

Structure is a major determinant of function and 
this axiom applies to all levels of the body, from the 
genes to the axial skeleton and body organs. Structural 
change at the cellular level can result in altered cell 
metabolism, changes in receptor activity, defective 
enzyme and protein synthesis, abnormal repair and 
reproduction, abnormal membrane permeability, and 
defective signaling. At the other end of the structure 
spectrum, changes in the neuromusculoskeletal system 
can result in pathophysiology ranging from pain syn-
dromes to increased energy consumption, somatoauto-
nomic reflex activation, and organ reserve depletion. 
Because of the complex interactions of the musculoskel-
etal, humeral, immune, autonomic, and central nervous 
systems, the clinician should look for imbalances in any 
of those systems that might contribute to dysfunction 
in the others. A structural survey should be included in 
the assessment of any patient with chronic illness.
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Bioenergetics, Mitochondrial Function and Oxidative Stress in Functional Medicine
Jeffrey S. Bland, PhD

Introduction

This chapter will develop the concept of oxidative 
stress from the functional medicine perspective, which 
represents a mosaic of basic chemistry, biochemistry, cel-
lular physiology, molecular biology, and clinical medi-
cine. There are still gaps in our understanding of this 
emerging area of basic and clinical science. In order to 
make clinical connections, the trajectory of the current 
scientific understanding of oxidative stress will be for-
mulated into a functional model. This model reflects an 
integration of the principles of energy metabolism and 
oxidative stress and their relationship to coronary heart 
disease (CHD), neurodegenerative diseases, autism, dia-
betes, cancer, arthritis, and syndromes such as fibromy-
algia, chronic fatigue syndrome (CFS), and multiple 
chemical sensitivity.

Knowledge of oxidative stress has significant clinical 
payoffs. It provides the clinician a lens through which to 
filter observations that result in new clinical options for 
both prevention and treatment. The clinical implica-
tions of oxidative stress apply to a wide variety of condi-
tions, such as environmental toxicity and the chronic 
inflammatory disorders of various organs and systems, 
including the GI system, the liver, heart, brain, joints, 
and vascular endothelium. Patients with clinical presen-

tations in these areas would be candidates on whom to 
focus the lens of oxidative stress.

The topic also relates to the controversy surrounding 
antioxidants. The word “antioxidant” is a non-specific 
term that can lead to as much confusion as clarity. In 
this chapter, a more functional understanding of what is 
meant by antioxidant will be provided, allowing the cli-
nician to better evaluate new information, such as the 
discussion concerning vitamin E in cancer and heart dis-
ease prevention, and what the data really mean.

We will focus mainly on five learning objectives for 
this chapter:

• This organelle, the mitochondrion, is the so-called 
energy powerhouse of the cell and has a significant 
relationship to oxidative stress. We will examine 
this energy-producing function in some detail.

• We will explore the role of altered bioenergetics in 
the diathesis of chronic disease. Energy is defined 
as the ability to do work. What does that really 
mean in terms of health and disease?

• We want to understand the role of antioxidants in 
cellular redox control. Redox is a chemical term 
describing reduction/oxidation reactions, or the 
transfer of electrons that occurs in oxidative chem-
istry and cellular physiology.
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• We will analyze how various nutrients play a role in 
establishing proper bioenergetics. Nutrition not 
only provides the body’s fuel (macronutrients), but 
also facilitates (through micronutrients) proper 
energy utilization.

• Finally, we will review how all these concepts are 
related to some common clinical conditions.

Many articles in the literature touch upon these 
topics. One such article is “New Targets for Heart Fail-
ure Therapy: Endothelin, Inflammatory Cytokines and 
Oxidative Stress.”1 These cardiac disease issues are not 
cholesterol-related phenomena; they are related to oxi-
dative stress, inflammation, and altered bioenergetics. 
New observations suggest there may be other factors 
beyond the traditional risk factors associated with car-
diovascular disease (CVD) that contribute to myocar-
dial remodeling. Among the growing list of possibilities 
are endothelin, inflammatory cytokines, and nitric 
oxide (NO). NO, along with citrulline, is produced in 
the vascular endothelium from the amino acid arginine 
by the enzyme endothelial NO synthase. This process is 
tightly controlled in order to regulate blood pressure 
and vascular tone. Other reactive oxygen species (ROS), 
including superoxide, hydroxyl, peroxynitrite, peroxyl 
radicals, hydroxyl radicals, and singlet oxygen, must 
also be rigorously controlled. These generally reactive 
molecules react with cellular components that alter 
biochemical and/or genetic potential. Most ROS origi-
nate internally, due to inefficiencies within the mito-
chondria, and are part of the price we pay for living in 
an oxygen-enriched atmosphere. The judicious use of 
both micro- and macronutrients can minimize their 
impact on chronic inflammation.

Mitochondria and Energy Production

The mitochondria are our ultimate energy produc-
ers. However, they don’t release energy in one big burst, 
but rather as metabolic bumps along the road, analo-
gous to a metabolic Pachinko game. (Pachinko is a Japa-
nese pinball game.) The person playing the game tries 
to get as much energy out of his or her pinball invest-
ment as possible. If the player is good at the game (effi-
cient), the ball can be kept in play for a long time, 
getting a lot more fun for the money. That’s what good 
metabolism does. It tries to get a lot more activity for 
the energy by taking many steps along the way in the 
redox/oxidative pathway. That’s why there are so many 

metabolic control points in bioenergetic transforma-
tion. You don’t want to light a fire in your metabolic 
fireplace and have all the energy lost in one large flame 
before important metabolic work is completed. People 
who have lost their metabolic degrees of freedom expe-
rience loss of energy efficiency.

The mitochondrion not only generates the bulk of 
the energy currency of the cell, it is responsible for dis-
tributing it. It is the center of bioenergetics. The cells 
that have the greatest mitochondrial activity are those 
that do the most aerobic work, such as the cells of the 
heart and nervous system. Cardiac tissue is an excellent 
example, in that it is doing the work of muscle contrac-
tion 24 hours a day. Seventy-five percent of the heart 
cell volume, the cardiocyte, is occupied by mitochon-
dria, very tightly packed. In cells that are engaged in a 
lot of aerobic work and consuming a lot of oxygen 
(resulting in high energy production), the mitochon-
dria are plentiful and very active. In a sense, the mito-
chondrion is an organelle that transduces the potential 
energy in macronutrients into high-energy molecules 
through the process of oxidation. The mitochondrion 
takes the chemical potential energy available in food—
fatty acids, glucose, and amino acids—and, through the 
process of redox, converts potential energy into high-
energy biomolecules (e.g., ATP, NADH, and FADH2) that 
are used by the cell to accomplish its varied tasks. When 
the mitochondrion is working effectively, it is a clean-
burning, oxygen-utilizing, metabolic engine.

The control of this process is closely tied to mito-
chondrial electron transport through the balance of 
catabolism (i.e., breaking down large molecules to small 
ones) and anabolism (i.e., building up large molecules 
from small ones). Efficient metabolism is controlled by 
many factors, including hormones, trophic factors, 
cytokines, neurotransmitters, cofactors, and coenzymes.

The cell membrane is ultimately responsible for 
the import of nutrients and export of waste products. 
Macronutrients are broken down to lower molecular 
weight molecules that can enter the mitochondrion for 
their terminal oxidation. The mitochondrion is a cellu-
lar organelle bounded by a double membrane. The inner 
membrane is highly folded, creating what are referred to 
as cristae. Attached to the surface of the cristae are the 
proteins and enzymes that actually perform the work.

(The cristae of the mitochondrion make one think of 
a battery wherein energy is stored through an electrical-
chemical process of metabolism. No one really knows 
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how these electrons in oxidative metabolism travel 
through this system. We think we have the answer 
through our knowledge of the electron transport chain 
in the mitochondrion, but we don’t really know exactly 
how it occurs. The electron transport chain involves 
abstracting energy from food, ultimately generating ATP. 
This is an amazing process that occurs on the surface of 
the electron-transporting cytochromes, iron-containing 
proteins present in the mitochondria. Therefore, the 
mitochondrion is paramagnetic because there are iron 
atoms present; it can be polarized in a magnetic or elec-
tric field. Studies have been done placing animals in a 
very high magnetic field strength and noting changes in 
their mitochondrial bioenergetics.2 This raises interest-
ing questions about the influence of electromagnetic 
energy on mitochondrial bioenergetics.3)

As the molecules move across the outer mitochon-
drial membrane through the inner membrane, they 
gain access to the enzymes of the Krebs cycle and elec-
tron transport chain that are bound to the surface of 
the inner membrane. As electrons are removed from 
the di- and tricarboxylic acids of the Krebs cycle, they 
are captured by proteins of the electron transport chain 
and transferred in an orderly manner to molecular oxy-
gen. By accepting these electrons, oxygen is reduced to 
water. Whenever there is oxidation, there must be a 
concomitant reduction. Electrons are neither lost nor 
gained; energy and matter are conserved. The electrons 
exchanged in this process travel down a wire, just as 
they would from a hydroelectric power generator to an 
electrical outlet. In this case, the “wire” is the electron 
transport chain that has various cofactors that assist in 
the proper regulation of electron flow. Without the 
integrity of the electron transport chain, the electrons 
could fly off the wire, as they might in the case of a 
short circuit on the cord of a lamp. Just as a short cir-
cuit can destroy a house, electrons leaking from the 
electron transport chain can destroy a cell.

It is important to recognize that oxygen, which con-
stitutes 21% of the air we breathe, is a corrosive gas to 
carbon-based life. Therefore, we have a “love-hate” rela-
tionship with oxygen. Using it in the mitochondria as 
an oxidizing agent (for energy production) provides an 
energy advantage over the anaerobic organisms that 
cannot use oxygen. The flip side is that the use of oxy-
gen increases the risk of oxidative injury. This is why 
complex antioxidant defense systems evolved over mil-
lennia to protect against oxidative injury.

On average, about 1% of the oxygen we breathe is 
converted into high-energy, corrosive oxygen materials, 
such as superoxide, hydrogen peroxide, and hydroxyl 
radical. The mitochondria, which are very vulnerable 
because they are rich in membrane-associated unsatur-
ated fatty acids, have evolved an effective system for 
protection against oxidation. The protective agents, 
analogous to the insulation on a wire, are antioxidants 
present at high levels within the mitochondrion. A high 
level of antioxidants, consisting of both small mole-
cules and enzymes such as superoxide dismutase and 
glutathione peroxidase/reductase, can be found in the 
mitochondria. The small-molecule antioxidants that 
contribute to the system include lipoic acid, coenzyme 
Q10, and carnitine (which transports fatty acids across 
the outer mitochondrial membrane). Together, the 
components of the system protect the mitochondrion 
and cell against oxidative stress/injury. In a sense, these 
agents may be considered “redox buffering agents” that 
help resist oxidative stress.

If mitochondrial oxidative phosphorylation is 
blocked or inhibited, then energy production is taken 
up through metabolic activities occurring in the cyto-
sol. This cytosolic capability results in the reduction of 
pyruvate to lactate (anaerobic glycolysis). The lactate 
fermentation is not as energy efficient as oxidative 
phosphorylation. The process of pyruvate/lactate 
metabolism is a back-up energy production system. It is 
a legacy from our anaerobic evolutionary history. When 
a tissue becomes oxygen deprived, it is shifted to this 
metabolic state. For example, what happens if you’re in 
a marathon and you run to the 20th mile and “hit the 
wall”? Biochemically, you have just exceeded your 
mitochondrial bioenergetic, aerobic, high-efficiency 
capacity and you are now starting to shift to lactate fer-
mentation, or anaerobic metabolism, as the backup-up 
system. Lactate is accumulating in your tissues, which 
lowers cellular pH. As a consequence, you may feel 
fatigue and pain, as well as changes in mood.

The question therefore arises whether fibromyalgia 
syndrome could be considered lactic acidosis due, in 
part, to mitochondrial inhibition occurring at certain 
trigger points in the muscle body. There are a number 
of chronic pain syndromes associated with poor muscle 
performance related to altered mitochondrial bioener-
getics. One also wonders about statin drugs and the 
various kinds of rhabdomyolysesi that are associated 
with muscle pain from these medications. Are these 
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consequences of the statins altering oxidative chemis-
try at the mitochondria? One of the important factors 
for the electron transport pathway is coenzyme Q10 
(CoQ10). Statins have been found to decrease CoQ10, 
which results in interruption of electron transport, 
thereby blunting mitochondrial oxidative phosphory-
lation, and possibly inducing a transition to anaerobic 
metabolism that produces lactic acid. The whole reduc-
tion/oxidation balance of the tissue has changed. It’s 
like a 12-volt storage battery that tries to run on eight 
volts. It doesn’t power the system nearly as well at the 
reduced voltage.

Mitochondrial DNA

For nearly 100 years, it was believed that the source 
of DNA in cells was restricted to the nucleus and pack-
aged in structures called chromosomes. Isolation of 
DNA from cells implied the extraction solely of nuclear 
DNA. We now recognize that while the majority of the 
DNA in cells is indeed found in the nucleus, a small 
amount is also found in the mitochondria. The mito-
chondrial DNA, though small in magnitude relative to 
genomic DNA, serves an important function. The mito-
chondrial DNA encodes proteins and RNA molecules 
that are essential for mitochondrial activity. Mutations 
in mitochondrial DNA can occur in the absence of 
mutations that occur in the chromosomes within the 
nucleus. Despite the fact that several mitochondrial 
enzymes are encoded on the mitochondrial genome, 
most are encoded within the nucleus.

The mitochondrion appears to be a very primitive 
organelle. In fact, molecular paleontologists have dated 
its origin back 1.6 billion years, so it predates anything 
we’re familiar with in terms of our species. Dr. Lynn Mar-
gulis has postulated that long ago a bacterium infected a 
nucleated cell and so was born the mitochondrion.4 If we 
look at the anatomy of the mitochondria, it would be 
like taking a facial tissue and packing it into a balloon. 
That is what the inner mitochondrial membranes are 
like. On the surface of the inner membrane are bound 
many enzymes that are like little molecular machines 
engaged in the process of energy production. All the 

bioenergetics reactions are occurring on the surface of 
those inner mitochondrial membranes. Given the simi-
larity of the mitochondrial DNA to that of bacterial DNA, 
a number of well-respected medical researchers have dis-
cussed the possible origin of the mitochondria in eukary-
otic biology.5,6 Bacteria lived inside the nucleated cell 
as symbiotes, providing a competitive edge for the 
“infected” cell by allowing it to use oxygen more effec-
tively in metabolism.

This provides an explanation for a number of clini-
cal observations—for instance, the example of chloram-
phenicol-induced hemolytic anemia. Hemolytic anemia 
is a problem associated with many third-generation 
antibiotics. If the mitochondrion has the “personality” 
of a bacteria-like genome, then, when exposed to a 
hard-hitting antibiotic, it is possible that it can become 
damaged, resulting in an energy-deficit disorder that 
leads to conditions such as anemia. Chloramphenicol-
induced hemolytic anemia seems to be associated with 
the sensitivity of the mitochondrion to this antibiotic; 
it has been found to be sex-linked to the maternal 
genome. The mitochondrial DNA is inherited predomi-
nantly from the mother.7,8,9 Sperm have mitochondria 
(necessary to make energy in order to swim), but they 
are mostly contained in a section near the tail (the mid-
piece, a cytologically distinct region between the head 
and tail) that falls off after fertilization; thus, rarely do 
mitochondria from sperm enter the ovum. The ovum, 
on the other hand, is large and has a tremendous num-
ber of mitochondria. Therefore, mitochondrial function 
and mitochondria-associated diseases are largely a 
maternally-inherited characteristic.

Mitochondrial DNA is far more susceptible to oxi-
dative injury than nuclear DNA. In the nucleus, the 
DNA is bound up and tightly coated for protection by 
histone and non-histone proteins. These protective pro-
teins wrap the DNA in a beautiful helical configuration 
so that it will not be exposed to agents that might dam-
age it. Through this mechanism, the body has devel-
oped protection against nuclear injury to the genome. 
The genome, when it needs to be read, has mechanisms 
to selectively unwrap the coat on the DNA so that the 
reader enzymes can come in. These selective reactions 
occur by deacetylation and demethylation of the 
genome that results in reading the specific message 
on the DNA. In contrast, the mitochondrial DNA is not 
well protected against injury.10 It is laid bare, almost like 

i The destruction or degeneration of skeletal muscle tissue (as from trau-
matic injury, excessive exertion, or stroke) that is accompanied by the 
release of muscle cell contents (as myoglobin and potassium) into the 
bloodstream resulting in hypovolemia, hyperkalemia, and sometimes 
acute renal failure. (Source: Medline Medical Dictionary.)
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the circular chromosome of the bacterium, contrasted 
to the nucleosome structure of the nuclear DNA.

Mitochondria and Oxidative Stress

Oxidative stress is associated with reactive oxygen 
species (ROS) that have high reactivity with unsaturated 
lipids in membranes, proteins, and nucleic acids, thereby 
changing cellular function. Certain steps in the electron 
transport chain are facilitated by the reduced form of 
Q10 and its relationship to the oxidized form of Q10. 
CoQ10 might then be perceived as an “insulator” on the 
wire of the electron transport chain. Lipoic acid is also 
part of this “insulation” through the dihydrolipoic and 
lipoic acid couple. The enzymes glutathione peroxidase 
and glutathione reductase help control the concentra-
tion of reduced and oxidized forms of glutathione, which 
is also part of the mitochondrial protection system. Vita-
min E also plays a role to shuttle electrons and provide 
insulation on the wire. If electrons are lost along the elec-
tron transport chain, they can do cellular damage. Those 
electrons are very promiscuous oxidizing agents. Elec-
trons don’t want to be alone. They’re going to find some-
thing to react with. The process by which this occurs is 
called oxidative stress.

The oxidants released as a result of mitochondrial 
oxidative stress include superoxide, hydrogen peroxide, 
singlet oxygen, and hydroxyl radical. These oxidants, in 
turn, generate lipid peroxides, nitrogen, and sulfur 
oxide free radical species. Hydroxyl radical is oxidant 
material produced in cells. In 1975, research I was 
involved in at the Functional Medicine Research Center 
(HealthComm International) indicated that hydroxyl 
radical was produced by cellular systems in humans. 
(Chemically, hydroxyl radical is the product of the Fen-
ton reaction by which, in the presence of iron, hydro-
gen peroxide generates a molecule each of hydroxy 
radical and hydroxide ion.) This hypothesis was criti-
cized by a number of scientists at the time who asserted 
that there was no way hydroxyl radical could ever be 
formed in physiological systems because it’s only found 
in high atmosphere particle physics and only occurs in 
the ionosphere due to high-energy, cosmic radiation 
exposure. The thought was that we would never get 
hydroxyl at normal oxygen tension and physiological 
temperature in the human. Today, however, it is well 
recognized that hydroxyl radical is generated in human 
processes and contributes to oxidative stress, along with 

other organic molecules in the body, by producing a 
whole family of other peroxyl radicals that also initiate 
oxidative stress.

This process is more prevalent when a person has a 
high level of free, available iron, such as seen in hemo-
chromatosis. In such cases, pulmonary and cardiac dis-
ease is common because of iron-induced hydroxyl 
radical pathology. (The only effective treatment is phle-
botomy to reduce iron levels.) In tissues that have expe-
rienced a hemorrhage, there is a release of free iron 
from hemoglobin that initiates oxidative stress at the 
site of the hemorrhage. If you can either decrease the 
bleeding or increase the antioxidant protection at that 
site, there will be lowered scarring and tissue injury 
post-trauma. The antioxidant defense is provided by 
cellular enzymes such as glutathione peroxidase, glu-
tathione reductase, catalase, and superoxide dismutase.

Normal metabolic processes all produce enough oxi-
dants to rancidify the body each day. Fortunately, our 
antioxidant enzyme systems defend us from most oxi-
dant damage. The body is working all the time through 
these enzyme processes and other antioxidants to 
defend against superoxide, hydrogen peroxide, and 
hydroxyl radical.

One of the most paradoxical concepts is that the 
time of greatest oxidative stress is when tissues have 
the lowest oxygen levels. This sounds counterintuitive, 
but it’s a very important concept clinically. Any time 
there are low levels of oxygen in a tissue, there are 
high levels of oxygen radicals. Conditions such as 
ischemia, hypoxia, anemia, or anything that causes 
poor delivery of oxygen to tissues (e.g., vascular bed 
defect, vasoconstriction, trauma to the vessels, infec-
tion, edema) create reduced blood flow and oxygen 
delivery to the tissues. The tissue downstream from the 
blockade of oxygen is then under high oxidative stress. 
This is what happens in reperfusion ischemia as a 
result of coronary artery bypass surgery or a stroke. 
When a patient is on the pump, it changes the oxygen 
tension, and when the waiting blood is reoxygenated, 
it delivers a large shock of oxidants and free radicals.

Every tradition in medicine has had a way of deliver-
ing oxygen to tissues to reduce problems of oxidative 
stress. Today, there is intubation, but before that, there 
was yoga, deep breathing, respiratory exercises, and 
physical manipulation, all of which help to deliver oxy-
gen to tissues. If tissues are not being oxygenated, the 
person is under oxidative stress. Sleep apnea is a good 
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clinical example of a pro-oxidant situation. Cardiac 
damage occurs with sleep apnea as a result of oxidative 
stress-induced phenomena.

Oxidative stress is a cumulative effect of all the fac-
tors that increase oxidant production and mitochondrial 
dysfunction, and decrease antioxidant defense. Let’s 
look at a simplistic example of a vacation in a sunny 
environment. Before going on vacation, the person has 
been sedentary. While on vacation, he or she drinks 
excessive alcohol and exercises very heavily. The person 
also eats a lot of fried foods and sugar, and is allergic to 
something during the whole vacation. Finally, the per-
son gets sunburned. All of these factors contribute to 
oxidative stress; incurring them all at once may overload 
the body’s defense systems. Increased oxidative stress is 
generally a consequence of a number of factors perpetu-
ating free radical injury to cells.

Mitochondrial Dysfunction and Age-Related 
Illness

There are several hundred (up to 3,000) mitochon-
dria per cell. The total number of mitochondria in the 
body obviously greatly exceeds the total number of 
cells. Over a lifetime, these mitochondria can sustain 
injury from any number of sources. For example, the 
mitochondria “remember” many of the toxic exposures 
that occur over a lifetime, resulting in a decline in their 
function, including a decline in the synthesis of useful 
compounds, detoxification capacity, and a loss of con-
trol over apoptosis, or cellular suicide. Premature neu-
ronal apoptosis leads to dementia. We want to protect 
neurons against premature apoptosis unless we really 
need to get rid of them. If we accelerate apoptosis, we 
are creating excessive cellular suicide in post-mitotic tis-
sues. The brain is a post-mitotic tissue. Once it’s devel-
oped, its cells don’t get replaced very rapidly. The heart 
and the muscles are also post-mitotic tissues. We know 
we can regenerate a liver cell, but it’s not so easy for the 
brain, the heart, or the muscles. That’s why these cells 
are more vulnerable, with age, to cumulative injury. 
Mitochondrial bioenergetic dysfunctions result in 
accelerated apoptosis in these tissues.

Think about patients who have been exposed to 
occupational toxins or xenobiotics, those who are 
under chronic high stress, those who are heavy smok-
ers or alcoholics and may not be eating properly, those 
who are taking certain drugs like the nucleoside ana-
log drugs used for HIV treatment, or even those who 

have been on repetitive, long-term antibiotics. These 
are all factors that are injurious to mitochondrial 
bioenergetics. The lipodystrophy of HIV/AIDS is 
caused by drugs that injure the mitochondria and 
alter fat metabolism and the way fat is stored, result-
ing in diabetes or cardiopathy.

A highly visible example of age-related (i.e., cumula-
tive) oxidative stress was seen on a 2001 cover of Science 
News, showing a photograph of two men of the same 
age. One is a Navajo chief, looking very old; the other is 
a Buddhist monk, looking much younger. The principal 
difference between them was their exposure to the sun. 
Sun exposure generates free radical oxidative injury to 
the collagen in subcutaneous tissues, causing them to 
crosslink and form little puckers in the connective fas-
cia that affect the outer surface of the skin. That’s the 
origin of a sun-induced wrinkle—an example of free 
radical injury. Another visible example of sun-induced 
free radical damage is the greater wrinkling on the left 
versus the right cheek of a truck driver. He is his own 
“control” because one cheek sustains constant sun 
exposure over the course of his career, while the other 
does not. The greater wrinkling on his left cheek is due 
to radiation-induced free radical injury that is not 
occurring on his right cheek. These highly visible exam-
ples of what cumulative free radical oxidative injury can 
do to aging tissues help us to understand the similar 
processes—invisible to the naked eye—that are taking 
place in our bodies every day.

Mitochondria and Cell Death

There are people who spend their lives trying to fig-
ure out the complex processes by which bioenergetics 
influences all the set points, trigger points, and control 
points in metabolism. These control points are closely 
tied to the process of cell suicide, or apoptosis. It seems 
reasonable that the body would have a built-in way of 
getting rid of damaged cells to prevent future problems. 
Over the course of a life, each person will sustain dam-
age to many cells. They can be sloughed off or they can 
undergo necrosis, but the most common way that dam-
aged cells are removed is through apoptosis. There are 
cellular signaling pathways that have recently been 
identified for the control of apoptosis.11 Some of these 
pathways involve the mitochondria.12,13 The mitochon-
dria may receive signals to uncouple their oxidative 
processes and produce an excess of free radicals, trigger-
ing apoptosis.
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There are many protective mechanisms that prevent 
cells from undergoing apoptosis prematurely. Proper reg-
ulation of mitochondrial redox is an important part of 
the protective mechanism against apoptosis. Therefore, 
the mitochondria have multiple purposes. If cells are 
damaged or altered, it is important that those cells die 
before replicating the injury in a daughter cell. However, 
we don’t want our normal, healthy cells receiving a mes-
sage that unleashes apoptosis and oxidative injury. 
(We’re talking about the release of unpaired electron 
species that are oxidants, like peroxyl or nitroxyl radi-
cals, where there is an oxygen with a single electron on 
it, and it’s hunting for a partner.) In neurology, the word 
excitotoxicity has to do with processes like the excessive 
stimulation of the NMDA receptor site in neuronal cells 
that can activate apoptosis, resulting in premature 
death. This has been suggested as one possible mecha-
nism resulting in neurodegenerative disorders such as 
Parkinson’s disease.14,15,16

Assessing Oxidative Stress and Oxidative Damage

Free radical oxidative stress can be assessed, not only 
by analyzing lipid peroxides, but also by measuring lev-
els of isoprostanes in biological samples. These prosta-
glandin-like molecules are produced in the body by way 
of oxidative injury to arachidonic acid. Hydroxynone-
nal can also be measured as an indication of oxidative 
stress. Another way of assessing is the evaluation of 
blood levels of another byproduct of oxidation called 
8-hydroxy-deoxyguanosine (8OHdG). 8OHdG is pro-
duced as a consequence of oxidation of guanosine resi-
dues in DNA. It has a close correlation with neuronal 
oxidative stress, in that about 50% of 8OHdG comes 
from the central nervous system.

Glutathione status can also be measured as an indi-
cation of oxidative stress. Glutathione is an important 
mitochondrial protector against the production of oxi-
dants. Cellular levels of reduced glutathione are ele-
vated by improving redox and increasing protection of 
the cell against oxidative injury. The use of N-acetylcys-
teine supplementation results in a shift of the reduc-
tion/oxidation level of the cell more toward a reduced 
state. This results in a higher glutathione-to-glutathione 
disulfide ratio in cells. It is important to increase the 
reduced glutathione levels to increase the total cellular 
redox capability. During clinical situations demanding 
increased glutathione reserves, it is important to supple-
ment with N-acetylcysteine, but it is also very impor-

tant to focus on the reduction of triggers to oxidative 
stress, along with increasing cellular antioxidant status 
and mitochondrial function. Clinicians should make 
sure the patient is getting adequate sulfur-rich proteins 
in the diet (i.e., methionine and cysteine), in that these 
are the building blocks for glutathione.

Oxidative damage can be analyzed by measuring 
substances in the plasma, such as serum lipid peroxides, 
which are an indirect measurement for the amount of 
oxidative injury that is occurring to unsaturated lipids, 
particularly the membrane lipids. If you measure serum 
peroxide levels by the thiobarbituric acid (TBA) test, 
you’re indirectly measuring the “cinders” that result 
from the oxidative injuries that have occurred to mem-
brane lipids.

Nutrients and Mitochondrial Function

Vitamins and Antioxidants

ATP is the ultimate product of the energy-production 
process and it is generated by oxidative phosphorylation 
utilizing electrons that are generated in the oxidation of 
the organic acids of the Krebs cycle. In order to function 
properly, the Krebs cycle utilizes a number of coenzymes 
and cofactors that are derived from vitamins and miner-
als. Cofactors include thiamine pyrophosphate from thi-
amin (vitamin B1), riboflavin (vitamin B2) that occurs as 
flavin-adenine-dinucleotide (FAD), niacin (vitamin B3) 
that occurs as nicotinamide dinucleotide (NAD), and 
pyridoxine (vitamin B6) that occurs as pyridoxal phos-
phate. All of these play a role in serving as facilitators of 
specific biochemical reactions that occur within the 
Krebs cycle and, subsequently, in energy production 
within the mitochondria.

NAD is derived from vitamin B3. It is coupled with 
its reduced relative, NADH, to store the energy of metab-
olism. The oxidized form of NAD+ is chemically reduced 
to the higher energy NADH that, in turn, can serve as a 
reducing agent in specific metabolic reactions. The spe-
cific vitamin B3-derived cofactor NAD is, therefore, of 
critical importance in controlling energy processes in 
every cell. The symptoms of vitamin B3 deficiency—
diarrhea, dermatitis, and dementia—demonstrate its 
important role in maintaining the energy processes in 
these target tissues. The same explanation holds true for 
the other B vitamins, and minerals such as iron and 
magnesium that regulate enzyme function.
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As oxidative stress occurs, the high-energy interme-
diates (the reduced intermediates) are lower, and the 
oxidized intermediates are higher, resulting in a 
decrease in the capacity to produce energy. It’s like 
losing the voltage in the battery of a car. It may still 
be able to crank, but not on a cold morning. It has lost 
its energy reserve. People who have lost their energy 
reserve have higher susceptibility to infection, stress, or 
trauma. Under conditions of oxidative stress, the ratio 
of reduced to oxidized intermediates is lower. One of 
the most important of these ratios is the oxidized-to-
reduced-glutathione ratio. When glutathione is oxi-
dized, it yields glutathione disulfide. Under oxidative 
stress, the ratio of reduced glutathione to glutathione 
disulfide is reduced from the normal level of 100:1.

It is similar with flavin adenine dinucleotide (FAD), 
derived from riboflavin. When this coenzyme is reduced 
by metabolic processes in the mitochondria, it produces 
the reduced derivative FADHz. The reduced flavin, as 
does the oxidized flavin, absorbs visible light in the blue, 
so it has a yellow color. When you consume B vitamins 
and have color in your urine, what you are really doing 
is indirectly measuring the riboflavin in the urine as it 
gets excreted.

Does taking vitamins just produce “expensive 
urine”? Why would you take nutrient supplements if 
they are “wasted” by excretion? First of all, if you didn’t 
excrete any vitamins over the course of your life, you 
would accumulate a lot of vitamins in your body 
that could build up to a toxic level. They have to be 
excreted. The question becomes, what happens as they 
pass through the body? Just because they’re eventually 
excreted doesn’t mean they didn’t achieve an important 
health effect on the way through. Vitamins spilled in 
the urine are neither useless nor detrimental. What 
we need to know is what happened while they were 
present in the body. Because they control and influence 
many bioenergetic reactions, including glycolysis, ami-
nolysis, and lipolysis, vitamins are critically important 
for functions beyond prevention of deficiency symp-
toms. Individual vitamin and mineral needs can vary 
greatly. As Bruce Ames, PhD, has described, there is con-
siderable genetic variation from person to person in 
how specific nutrients influence their cellular func-
tion.17 Robert Heaney, MD, PhD, recently termed the 
health problems that result from nutrient intake below 
the level of individual genetic need as “long-latency dis-

eases.”18 Heart disease, diabetes, osteoporosis, and can-
cer are all long-latency diseases.

Dietary antioxidants such as vitamin E play an 
important role. We are all aware that the vitamin E story 
is still emerging and is more complex than was thought 
in the 1980s. Clinical trials have suggested that vitamin 
E supplementation does not have favorable effects in 
CVD19 and certain cancers20,21 (although studies of other 
types of cancer have had more positive outcomes22). 
Vitamin E appears to play a complex role in modulating 
oxidative stress through its direct and indirect influence 
on signaling processes associated with oxidative stress. 
Indirectly, vitamin E appears to influence inflammatory 
pathways that, in turn, influence oxidative stress. Vita-
min E also has direct effects on cellular mitochondrial 
redox, altering the signaling pathways so that redox sig-
naling is modified. In some sense, vitamin E might be 
seen as a cell-signaling messenger. It’s not just trapping 
oxidants. It has a specific cellular effect on regulation of 
the redox signal to the nucleus. Vitamin E works in com-
bination with many other factors to control redox sig-
naling. In studies that have used vitamin E by itself, the 
outcome on cellular function is different than when a 
complex array of antioxidant nutrients is provided, as is 
found in whole phytonutrient-rich foods.23 The inter-
vention studies with vitamin E alone may, therefore, not 
be evaluating the actual contribution of vitamin E, as 
found in the complex diet, to redox control. This might 
help explain why results of the Nurses’ Study demon-
strated a significant reduction in heart disease in women 
who consumed a diet high in vitamin E,24 but the inter-
vention trials with vitamin E alone have not demon-
strated this protective effect.25

What about beta-carotene? In the Finnish smokers’ 
study, the supplemental beta-carotene in the smoking 
group generated a small but statistically significant 
increase in lung cancer, a result which disappeared dur-
ing post-intervention follow-up, confirming the effect.26 
The participants in this study were 2- to 3-pack-per-day 
smokers who were known to consume high levels of 
alcohol. Smoking and drinking large amounts of alco-
hol are activities that increase hepatic oxidative stress. 
It has been demonstrated that oxidative injury to beta-
carotene produces harmful oxidation products that can 
subsequently damage tissue.27,28 This suggests that sup-
plementation with high doses of beta-carotene while 
smoking and consuming excess alcohol loads the dice 
in favor of potential carcinogenesis.



509

Chapter 30
Clinical Approaches to Energy Production and Oxidative Stress

Charles Lieber, MD, who is at the Bronx VA Hospital 
and an expert in studying the effects of alcoholism in 
animals, showed that if you gave beta-carotene supple-
ments to baboons that had been forced to drink alcohol, 
they had a high incidence of hepatoxicity.29 A subse-
quent study in human smokers confirmed this ten-
dency.30 The oxidation products of beta-carotene created 
the higher risk. Once again, the question that emerges is 
whether antioxidants, as part of a complex diet, may 
have a different physiological effect than taking supple-
mental pharmacological doses of antioxidants.

As was previously mentioned, regulation of redox is 
tightly tied to control of the glutathione cycle, which is 
an important part of cellular defense. Glutathione partic-
ipates in cellular protection in two ways—as an antioxi-
dant through its role in regenerating glutathione from 
glutathione disulfide, and as a direct conjugate for detox-
ification. Glutathione conjugation is a fundamental pro-
cess in the detoxification of drugs and xenobiotics. If a 
patient has an upregulated detoxification process requir-
ing glutathione, he or she is going to deplete hepatic glu-
tathione, resulting in less available glutathione for the 
antioxidant function. The result is that the liver is under 
oxidative stress. The patient develops a functional glu-
tathione insufficiency that alters cellular redox, because 
the most important single antioxidant in liver cells is the 
glutathione-to-glutathione disulfide couple.

Fatty Acids

The mitochondrial membrane is a lipid bilayer, 
made up of phospholipids such as phosphatidylserine, 
phosphatidylinositol, and phosphatidylethanolamine. 
These phospholipids are highly unsaturated fatty acid 
derivatives. Much of the mitochondrial membrane is 
made up of omega-3 fatty acids. Just as we don’t want to 
cook on the stove with omega-3 fatty acids because they 
are easily oxidized and become rancid, we also don’t 
want to expose the mitochondrial membrane to exces-
sive free radical oxidants that would cause injury and 
oxidative damage. Protecting the lipid bilayers of the 
mitochondrial membrane appears to be one important 
role of antioxidants.

Fatty acids don’t diffuse across the mitochondrial 
membrane. They’re first conjugated to carnitine, which 
is outside the mitochondria, and then the enzyme car-
nitine palmitoyl transferase 1 (CPT1) transports the 
conjugated fatty acid across the mitochondrial mem-
brane. Once within the mitochondrial matrix, the fatty 

acid is deconjugated with a second enzyme, CPT2, an 
isozyme of CPT1. A carnitine deficiency in the cell 
would affect its ability to burn fats because, without 
adequate carnitine, fats can’t be transported into the 
mitochondria where they can be metabolized; clini-
cally, this would raise triglyceride levels. There are 
examples in the literature of the treatment of hypertri-
glyceridemia by the administration of therapeutic doses 
of L-carnitine to both humans31 and animals.32 (Car-
nitine is not an essential nutrient. It’s called a “condi-
tionally essential nutrient,” meaning that a person’s 
need for carnitine at times may exceed his or her own 
body’s ability to manufacture it. There are some nutri-
ents that are essential to everybody, and there are also 
conditionally essential nutrients that may be, under cer-
tain conditions, essential because the body can’t make 
enough of them. CoQ10, lipoic acid, and gammalino-
lenic acid, or dihomogammalinolenic acid would be 
examples of conditionally essential nutrients.

It has also been shown that omega-3 fatty acids, 
which make up the mitochondrial membrane, are 
potentially important therapeutic agents to regenerate 
healthy mitochondrial membranes. Cell membrane flu-
idity and the role of the membrane in regulation and 
transport depend on unsaturated fatty acids such as 
docosahexaenoic acid, or DHA. Brain, mitochondria, 
and spermatozoa membranes have very high levels of 
DHA in their composition.33,34,35

The mitochondria have a close relationship with 
other organelles, like the peroxisomes. The peroxisomes 
are very important organelles for maintaining energy 
dynamics. They have the responsibility for breaking 
down the long-chain fatty acids into smaller, bite-sized 
pieces that can be transported across the mitochondrial 
membrane. The mitochondria don’t transport long-
chain fatty acids. They like shorter fatty-acid chains. The 
peroxisome is controlled, in part, through regulating fac-
tors called orphan nuclear receptors, such as peroxisome 
proliferator activated receptors (PPARs). The glitazone 
drugs have been found to work as PPAR gamma (PPAR) 
agonists and the fibrates are PPAR alpha (PPAR) ago-
nists. Both these families of drugs influence fatty acid 
metabolism and its relationship to diabetes and heart 
disease. (There is a new family of drugs that is probably 
going to be approved soon that are mixed agonists of 
PPAR and , so that they will better manage the conver-
sation between fats, the mitochondria, and insulin.)
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There is a connection between insulin, diabetes, and 
mitochondrial dysfunction. In diabetes, fatty acid metab-
olism is altered, resulting in fat infiltration of the liver. 
Diabetes is not just a sugar problem; it’s also a fat prob-
lem. When we talk about oxidative chemistry, we are 
also talking about proper regulation of fatty acid metabo-
lism through control of peroxisome function, and the 
interface with the nuclear orphan receptor family that 
signals to the peroxisomes to break down the fats so they 
can enter the mitochondria for proper energy regulation. 
That process can be activated by sending a signal to the 
nuclear orphan receptors to come up to speed and acti-
vate fat and sugar metabolism.

Foods

It has been discovered that there are foods in our nor-
mal diets that are mixed PPAR and  agonists.36 If you 
eat a phytonutrient-rich diet, you are already getting 
molecules that speak to your nuclear orphan receptors 
and cause signaling to occur. More and more foods that 
contain these PPAR and  agonists are being identified. 
Cinnamon, for instance, contains compounds that influ-
ence insulin signaling. Momordica, or bitter melon, has 
been identified to have PPAR and  activity. Licorice37 
and ginseng38 also have PPAR and  agonist capability. 
Gymnema also contains phytochemicals that modulate 
PPAR activity. Conjugated linolenic acid (CLA)39 is a 
PPAR agonist. Historically, we have been eating foods 
that have a nutrigenomic influence on these energy con-
trol processes. Unfortunately, we’ve taken a lot of these 
nutrients out of our food through processing. Certain 
diseases that have their origin in altered cellular bioener-
getics might be caused, at least in part, by the loss of 
nutrients in our diet that are associated with the control 
of these important energy-signaling processes.

Clinical Conditions Associated with Altered 
Mitochondrial Function

What are the clinical conditions that have been asso-
ciated with altered bioenergetics and mitochondrial dys-
function? The list is long and growing. Oxidative stress, 
inflammatory cytokines, and changes in endothelial 
dynamics all appear to be related to heart failure. Strate-
gies designed to modify their pathological effects repre-
sent new therapeutic potentials. These often involve 
improvements in mitochondrial function and redox 
control. The conditions and diagnoses associated with 

mitochondrial defects cut across most sub-specialties in 
medicine. The list includes skeletal muscle weakness, 
fatigue, myopathy, including conditions like fibromyal-
gia syndrome and other myopathic syndromes.

In cardiac disease, it is recognized that Wolff-Parkin-
son-White syndrome is a mitochondria-associated disor-
der.40 A cardiac mitochondrial defect can lead to a 
sudden conduction velocity disorder and cardiac failure. 
Even in fit people, these mitochondrial myopathies can 
have serious, adverse effects. Leber’s optic neuropathy41 
is an inborn error of metabolism relative to mitochon-
dria; certain hepatopathies, specific kidney dysfunc-
tions, and certain endocrine pancreatic dysfunctions, 
including diabetes, are all associated with mitochondrial 
problems. Also included in this list are certain colonic 
obstructive disorders and certain types of sensory deaf-
ness and hearing impairment in older-age individuals 
that occur as a consequence of mitochondrial dysfunc-
tion (for which acetyl-L-carnitine has been shown to 
improve auditory thresholds42). Conditions associated 
with mitochondrial dysfunction cut across multiple 
organs, but they cluster in tissues that have the greatest 
degree of oxygen-processing and bioenergetic activity.

Fatigue-Related Syndromes and Mitochondrial 
Injury

Greg LeMond is a previous world-class bicyclist and 
Tour de France winner who retired at the peak of his 
career with what his physician defined as “acquired 
mitochondrial myopathy.” There is some evidence from 
the sports world, particularly in endurance events, that 
elite performance capacity can be lost as a result of over-
training.43 Studies have been published showing muta-
tions in mitochondrial DNA in muscle biopsies from 
athletes with sustained fatigue.44 Their symptoms 
mimic those of chronic fatigue syndrome, or CFS.45

These findings raise the question of whether CFS 
could be, in part, a clinical syndrome associated with low-
ered bioenergetic capability due to chronic mitochondrial 
dysfunction, or mitochondrial injury. Paul Cheney, MD, 
PhD, a member of IFM in its founding years, was a world-
renowned expert and one of the original researchers on 
CFS.46 He did some work with us in the early 1990s show-
ing that his most severe CFS patients had very marked 
oxidative injury to their mitochondria, resulting in the 
accumulation of 8-hydroxy-deoxyguanosine (8OHdG), 
which is a measurement of damaged DNA from oxidative 
stress. When a certain level of mitochondrial injury was 
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reached (the point at which around 70% of the mito-
chondrial genome was damaged, according to Dr. 
Cheney), he found that it was not possible to bring these 
patients back to health. They died of many different diag-
noses, including cardiopathies.

The mitochondria, in some philosophical sense, has 
the role of generating the energy necessary to maintain 
cellular organization, from which the body maintains 
its structure and function against the natural disorder-
ing tendency in the universe, which is called entropy. 
The reason people eventually die is that the ordering 
and stabilizing energy systems of the body are exceeded 
by the natural disordering tendency of the universe. 
The mitochondrion is constantly supplying the energy 
to keep order—regeneration, healing, inflammatory 
response, and rebuilding. If mitochondrial energy pro-
duction is lost in a certain organ or tissue, that organ or 
tissue starts shifting its function into a degenerative 
mode, because it no longer has enough ordering energy.

Maintenance of mitochondrial function in tissues 
that are high-oxygen consumers is a critical part of a 
molecular preventive medicine program. The clinician 
needs to be aware of how to protect the mitochondria 
against injury, particularly in the post-mitotic tissues 
(brain, heart, and muscle). These tissues do not regener-
ate very rapidly. If they are injured, their mitochondria 
may have a chance to replicate, but if they have muta-
tional injuries, they will replicate the mutation. The 
problem can then be perpetuated, and a downward 
cycle can begin.

This situation can be characteristic of patients who 
present with CFS, fibromyalgia, multiple chemical sen-
sitivities, or anything related to a chronic, mitochon-
drial, bioenergetic dysfunction. These patients appear 
worn out; they are dragging around, ragged, and tired. 
They have lymphadenopathy, fatigue of unknown ori-
gin, intolerance to previously well-tolerated exercise, 
and sleep disturbances. The reasonable assumption that 
there is an underlying bioenergetic deficit begs the 
question, why would patients with something like a 
post-viral fatigue syndrome stay fatigued for years? 
Why don’t they just get over it, like any other kind of 
limiting infection?

The association with bioenergetics can be under-
stood by taking a look at the general pattern:

• Upregulation and activation of the immune system 
increase inflammatory mediators and enhance 
mitochondrial oxidative stress.

• The oxidative injuries are clustered in the gut, liver, 
muscles, and brain.

• The inflammatory mediators work at the mito-
chondrial level to alter cell signaling, which causes 
a reduction of ATP in the mitochondria.

• A reduction in ATP causes the cell membrane bind-
ing and transport processes to be modified.

• The membrane pumps are altered and extracellular 
calcium goes into cells. Cytosolic calcium goes up 
and, as it does, activation of mitochondrial oxida-
tive stress occurs.

To break the cycle, clinicians and patients must work 
together to remove the precipitating factors (triggers and 
mediators) that are activating the immune system. As 
discussed extensively in other chapters of this book, 
important steps in such a process may include a detoxifi-
cation diet, elimination of toxic exposures, removal 
from the diet of antigens to which the patient is sensi-
tive, and support of intestinal immune function 
through the 4R program. Then, a metabolic program to 
regenerate mitochondrial function to the greatest extent 
possible should be initiated. Depending upon the indi-
vidual patient’s history and condition, a variety of thera-
peutic agents for mitochondrial resuscitation have been 
investigated (although significantly more research is 
needed): CoQ10,47,48 lipoic acid,49 N-acetylcarnitine,50 
N-acetylcysteine,51 vitamin E,52,53,54 flavonoids,55,56 and 
omega-3 fatty acids57 have all demonstrated beneficial 
(although often different) effects on mitochondrial 
function. Finally, basic lifestyle changes to support 
the treatment program on an ongoing basis should be 
implemented—as you would expect, these changes 
include a healthy diet, rich in phytonutrients; moderate 
exercise suited to the patient’s physical condition; 
decreased stress and improved stress management; and 
adequate rest. All of these interventions help to break 
the oxidative stress cycle.

Summary

Clinicians are just starting to learn how important 
maintaining mitochondrial function is from the func-
tional medicine perspective. Because symptoms in-
dicative of oxidative stress can present with so many 
different complaints, conditions, and diseases, it is vital 
to understand the common underlying mechanisms in 
order to develop clinical strategies that can affect multi-
ple organs and systems through the improvement of 
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mitochondrial function. Although the evidence base is 
far from complete, there are strong indications of 
approaches that can be used effectively. These 
approaches are highly consistent with therapeutic 
interventions presented throughout this book for mul-
tiple conditions and diseases, providing confirmation 
of the functional medicine principles upon which they 
are based.

Oxidative Stress and Autism
Woody R. McGinnis, MDii

Introduction

Both indirect and direct markers suggest increased 
oxidative stress in autism. Indirect markers include 
lower antioxidant enzymes and glutathione, lower anti-
oxidant nutrients, higher toxin levels, impaired energet-
ics, impaired cholinergic function, greater excitotoxicity, 
and greater free-radical production.

Direct markers for oxidative injury to biomolecules 
are abnormal in autism: higher red-cell lipid peroxides; 
higher urinary isoprostanes, and accelerated lipofuscin 
deposition in autistic cortex. Brain and gut, pathological 
in autism, are inherently sensitive to oxidative injury. 
Double-blind, placebo-controlled trials of potent anti-
oxidants—vitamin C or carnosine—have significantly 
improved autistic behavior. Benefits of these and other 
nutritional interventions may be due to reduction of 
oxidative stress. Understanding the role of oxidative 
stress should help illuminate the pathophysiology of 
autism, its environmental and genetic influences, new 
treatments, and prevention.

Oxidative Stress in Autism

As described earlier in this chapter, when oxidants 
exceed the antioxidant defense, biological systems suf-
fer oxidative stress, with damage to biomolecules and 
functional impairment. Autism is a behavioral disorder, 
with hallmark communication and social deficits. It has 
been suggested that oxidative stress may play a role in 
the pathophysiology that underlies the behaviors that 
define autism.58 Another serious behavioral disorder, 

schizophrenia, features high oxidative biomarkers59 and 
clinical response to vitamin C.60 Many neuroleptic med-
ications used in the treatment of schizophrenia are, in 
fact, potent antioxidants.61

Oxidized Biomolecules in Autism

Lipids, proteins, glycoproteins, and nucleic acids are 
subject to oxidative injury, and a number of analytical 
methods exist for measurement of oxidative by-products 
in urine, blood, breath, and organ tissue samples. Oxi-
dized lipids and their protein adducts are commonly 
used as oxidative biomarkers. Lipids, which comprise 
biological membranes, are easily oxidized, particularly if 
highly unsaturated. Direct markers for lipoxidation are 
higher in autism. In a published study that carefully 
eliminated dietary and medicinal confounders, levels of 
red-cell thiobarbituric reactive substance (TBARS, a mea-
sure of lipoxidation) in autistic children were twice as 
high as those in age-matched controls.62 Other, prelimi-
nary studies found serum lipid peroxides63 and urinary 
isoprostanes64 significantly higher in the autistic group.

Indirect markers are consistent with greater lipoxi-
dation in autism. Low concentrations of highly unsat-
urated lipids in autistic subjects’ red-cell membrane65 
suggest oxidative depletion. Higher phospholipase A2

66 
and loss of membrane lipoprotein asymmetry67 in 
autism comport with oxidative effects.

Lipofuscin is a non-degradable matrix of oxidized 
lipid and cross-linked protein that forms in tissues as a 
result of oxidative injury. Co-localization of lipofuscin 
with specific subcellular components or injurious 
agents may provide clues to neuropathogenesis. In 
Alzheimer’s disease, lipofuscin is associated with oxi-
dized mitochondrial DNA.68 Examination of lipofuscin 
itself can be informative: a documented case of human 
mercury poisoning with psycho-organic symptoms 
measured elevated brain mercury, which localized in 
lipofuscin 17 years after exposure.69

Lipofuscin is experimentally induced by strong pro-
oxidants such as iron70 or kainic acid.71 In animal exper-
iments, lipofuscin forms initially in the hippocampus, 
later in the cortical brain.72 Also in animals, lipofuscin 
deposition is retarded by supplementation with vita-
mins C and E73 or carnitine.74 Measurable brain activity 
is inversely correlated with lipofuscin content.75

ii Adapted, with permission, from McGinnis WR. Oxidative stress in autism. 
Altern Ther Health Med. 2004;10(6):22-36.
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Edith Lopez-Hurtado and Jorge Prieto found greater 
lipofuscin in areas of the autistic cortical brain con-
cerned with language and communication, deficits of 
which are integral to the diagnosis of autism. After age 
seven, in comparison to controls, greater lipofuscin was 
measured in autistics in Broadmann area 22 (Wernicke’s, 
speech recognition), area 39 (reading), and area 44 
(Broca’s, language production).76 (See Figure 30.1.)

Figure 30.1 Areas of greater lipofuscin in autistic brain

In both autistic and control subjects, lipofuscin was 
always more prominent in Brodmann area 44 at all ages. 
Analysis by cortical layers showed that the number of 
cells (both pyramidal and non-pyramidal neurons) con-
taining lipofuscin was larger in layers II and IV. A signifi-
cant decrease in neuronal cell numbers was found in 
layers II and IV.77 Greater lipofuscin also has been 
reported in Rett syndrome78 (a condtion on the autistic 
spectrum).

The retina, a virtual extension of the brain, is very 
sensitive to oxidative stress. Greater oxidative stress is 
associated with flattened electroretinograms and 
increased retinal lipid peroxides in animal experi-
ments.79 In autism, abnormal retinograms with flat-
tened b-waves80,81 suggest oxidative retinal injury. Data 
implying greater oxidation of biomolecules in autism 
are summarized in Table 30.1.

Indirect Markers are Consistent with Greater 
Oxidative Stress

Indirect markers for greater oxidative stress in autism 
include lower endogenous antioxidant enzymes and glu-
tathione, lower antioxidant nutrients, higher organic 
toxins and heavy metals, higher xanthine oxidase and 
cytokines, and higher production of nitric oxide (NO), 
a toxic free radical.

Lower levels of antioxidant enzymes and glutathione 
in autism (Table 30.2) may stem from lesser production 
or greater consumption, and impose greater vulnerabil-
ity to oxidants. Lower antioxidant nutrients (Table 30.3) 
may be attributed to lower intake or absorption, and/or 
greater depletion by oxidants. A substantial literature 
documents increased oxidation of biomolecules and cell 
injury in relevant nutrient-deficient states.82 Nutrient 
levels affect the status of glutathione and antioxidant 
enzymes. The glutathione-boosting effect of vitamin C 
and vitamin E supplementation is well known. Marginal 
deficiency of vitamin B6 is associated with lower glu-
tathione peroxidase (GPx) and glutathione reductase.83 
All forms of GPx contain selenium, and strong correla-
tions exist between low and low-normal blood selenium 
levels and GPx activity.84

Table 30.1 Oxidized Biomolecules in Groups of Autistic 
Children vs. Controls

Elevation/Abnormality Reference

Red-cell lipid peroxides by TBARS 62

Serum lipid peroxides 63

Urinary isoprostanes 64

Lipofuscin in cortical brain 75

Abnormal retinograms 80, 81
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Organic toxins85,86 and heavy metals87 are strongly 
pro-oxidant. Impaired detoxification in autism88 
undoubtedly contributes to higher toxin levels (see 
Table 30.4). Toxins incite the production of oxidative 
species by various mechanisms. The volatile organic 
compounds and insecticides stimulate nitric oxide 
synthase (NOS).89 Copper catalyzes the production of 
potent hydroxyl radical (OH), especially when cata-
lase is insufficient.90 Mercury is known to increase oxi-
dative stress by blocking mitochondrial energy 
production and depleting glutathione.

Circulating cytokines91 and xanthine oxidase (XO)92 
are greater in autism, and both generate free radicals. 
XO actually results from oxidative alteration of xan-
thine dehydrogenase. Cytokines and XO can be both 
cause and effect of greater oxidative stress.

Higher Free-Radical Production in Autism

NO, which is short-lived, is measured indirectly as 
total nitrite + nitrate, stable derivatives of NO. In autism, 
red-cell93 and plasma94,95 total nitrite + nitrate are ele-
vated, and plasma nitrite + nitrate levels correlate posi-
tively with TBARS.96 Excess NO production is suspected 
to play a role in other neurobehavioral disorders, includ-
ing schizophrenia,97 Alzheimer’s disease, Down syn-
drome,98 and multiple sclerosis.99 It is undetermined 
whether production of excess NO in autism localizes to 
specific organs or tissues. Cytokine-producing cells any-
where can stimulate NO. Inflammation in the autistic 
gut and/or brain might contribute significantly to over-
all NO production. Excess NO in the brain would be a 
serious matter, as it increases apoptosis,100 leaky blood-
brain barrier (BBB),101 and demyelination,102 any of 
which might influence neurodevelopment in autism.

Decreased activity of oxidant-sensitive receptors is 
found in the autistic brain, and this may relate to greater 
concentrations of NO specifically, or greater oxidative 

Table 30.2 Antioxidant Enzymes and Glutathione
in Groups of Autistic Children and Controls

Lower in Autism Reference

Red-cell GSHPx 337, 338

Plasma GSHPx 93, 343

Red-cell SOD 337

Platelet SOD 338

Red-cell catalase 62

Total plasma glutathione 374

Plasma GSH/GSSG 374

Table 30.3 Antioxidant Nutrients in Groups of Autistic 
Children vs. Controls

Lower in Autism Reference

Plasma vitamins C, E and A 211

Red-cell activated B6 (P5P) 160

Red-cell B6 activity by EGOT 211

Red-cell magnesium 211

Red-cell selenium 211

Plasma zinc 244

Red-cell zinc 211

Table 30.4 Higher Pro-oxidants in Groups of Autistic Children 
vs. Controls

Higher in Autism Reference

Plasma perchloroethylene, hexane, 
pentane

211

Red-cell mercury, lead and arsenic 211

Higher provoked urinary mercury 436

Plasma copper 299

Plasma nitric oxide by nitrite + nitrate 94, 95

Red-cell nitric oxide by nitrite + 
nitrate

96

Circulating cytokines 91

Red-cell xanthine oxidase 62
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stress generally. Cholinergic receptor activity is decreased 
in the autistic cortex,103 and cholinergic receptors are 
sensitive to NO toxicity.104 Gamma-aminobutyric acid 
(GABA) receptors, generically sensitive to oxidative 
stress,105 are reduced in the autistic hippocampus.106 It is 
conceivable that a GABA polymorphism associated with 
autism may lead to an increase in the sensitivity of this 
receptor to oxidative stress.107

In the existing literature, lesser cerebellar Purkinje 
cell numbers and smaller neurons in the entorhinal cor-
tex and medial amygdala are consistent findings in 
autism,108 with marked Purkinje cell loss described as 
the most consistent finding.109 “Stunted” pyramidal 
neurons and decreased complexity and extent of den-
dritic spines are found in the hippocampus.110 These 
findings are unexplained. Current technology would 
allow quantification and localization of specific oxida-
tive (and nitrosative) biomarkers and any correspond-
ing microscopic pathology in autistic brain.

Gross and microscopic gut inflammation is very com-
mon in autism (see Table 30.5). Corresponding symp-
toms—pain, constipation or diarrhea, gastroesophageal 
reflux,111 and increased intestinal permeability112—are 
also frequent. Inflammation of the distal ileum with 
adenopathy can be particularly prominent.113,114 The 
inflamed autistic gut probably contributes substantially 
to greater NO production in autism, as inflammation 
of the gut is associated with greater NO production in 
other clinical conditions. Plasma nitrite + nitrate is ele-
vated in childhood colitis.115 In chronic diarrhea, urinary 
nitrite + nitrate excretion correlates with leaky gut.116

NO is potently antimicrobial.117 Certain viruses and 
bacteria provoke massive local production of NO in the 
gut118 and brain.119 Unfortunately, massive NO also oxi-
dizes host tissue.120,121 Thus, in the gut, excess NO is 
known to increase inflammation and permeability.122 
The young gut is uniquely sensitive to damage by NO, 
especially the ileum.123,124 Too much NO can deplete the 
antioxidant defense, depressing levels of reduced glu-
tathione (GSH).125,126 Low GSH, in turn, increases NO.127 
Nitrite is known to bind GSH.128 In essence, a mutually 
amplifying positive-feedback loop exists between gut 
inflammation and NO.

A particularly ominous result of excess NO is 
increased formation of peroxynitrite (ONOO–), which 
savages biomolecules. ONOO– is formed by reaction of 
NO with superoxide (O–); it is much more reactive than 
its parent radicals. Known targets of ONOO– attack with 
possible relevance to autistic pathophysiology include: 
tyrosine groups (as in glutamine synthetase and glu-
tathione reductase inhibition), sulfhydryl (-SH) groups, 
superoxide dismutase (SOD), neurofilaments, ceruloplas-
min (releasing pro-oxidant copper), membrane recep-
tors, ion channels, G-proteins, and methionine. ONOO– 
aggressively depletes antioxidants, peroxidizes lipids, 
and breaks DNA.129,130

NO is too ephemeral for distant transport. Hypo-
thetically, however, excess NO originating in one site 
could cause damage in more distant tissue via higher 
circulating nitrite and nitrate. Experimentally, intrave-
nous nitrite injures the BBB.131 Conceivably, higher lev-
els of circulating nitrite from the inflamed autistic gut 
may be injurious to the brain.

Table 30.5 Gut Abnormalities in Subgroups of Autistic 
Children

Abnormality
Autistic 

Sub-group
Reference

High intestinal 
permeability

42% Asymptomatic 112

Reflux 
esophagitis

69% Abdominal 
symptoms

178

Chronic gastritis 42% Abdominal 
symptoms

178

Chronic 
duodenitis

67% Abdominal 
symptoms

178

Ileal lymphonod-
ular hyperplasia

89% Regressed, gut 
symptoms

113

Colitis 88% Regressed, gut 
symptoms

113
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It is thought that excess NO production outside the 
gut, by raising levels of circulating stable products of 
NO (nitrite, nitrate, and S-nitrosohemoglobin), may 
lead to greater production of NO in the gut, with result-
ant gut inflammation.132,133 Nitrite and nitrate are selec-
tively removed from the circulation by the gut.134,135 
Various bowel flora convert nitrite and nitrate to NO by 
enzymatic reduction,136,137 which is catalytically favored 
by low oxygen tension,138 as found in the gut. In the 
case of S-nitrosohemoglobin, NO release is facilitated 
by low oxygen tension and the presence of sulfides pro-
duced by certain bacteria.139

As modulated by gastrointestinal flora, excess pro-
duction of NO from any site in the body—including 
brain or non-localized immune activation—might serve 
to inflame the autistic gut. Alternatively, a primary 
inflammatory process in the gut—whether infectious, 
toxic, or autoimmune—could account for greater total 
NO production in autism.

Brain and BBB Sensitivity to Oxidative Stress

The brain is inherently sensitive to oxidative stress 
due to its higher energy requirements, higher amounts 
of lipids, iron and auto-oxidizable catecholamines, and 
lower levels of certain endogenous antioxidant mole-
cules.140,141 The protective BBB is relatively sensitive to 
oxidative damage.142 Clinical and laboratory findings 
suggest a leaky BBB in autism. (See Table 30.6.)

Clinicians report immediate behavioral improve-
ment in some autistic children at the time of infusion 

with GSH.143 In healthy animals, transit of GSH across 
the intact BBB is practically nonexistent, so this clinical 
response in autistic children may be consistent with 
leaky BBB in autism.

Also in animals, experimental oxidative injury to the 
BBB preferentially injures the reticular formation.144,145 
In autism, widely reported difficulties with falling asleep 
or staying asleep146 suggest the possibility of reticular 
formation dysfunction. Further, the specific nature of 
rapid eye movement (REM) abnormalities found in 
autistic sleep disturbance is more typically associated 
with neurodegenerative disorders in which oxidative 
stress has been documented.147 Other than melatonin, 
which has proved effective in autistic sleep disorders,148 
the effect of antioxidants on autistic sleep disturbance 
has not been investigated.

Laboratory observations also suggest leaky BBB in 
autism. Perivascular lymphocytic cuffs reported in three 
of seven autistic brains149 are sentinel, though nonspe-
cific. High autoimmune titers to central nervous system 
proteins in autism150,151,152,153 suggest abnormal exposure 
of the immune system to brain antigens via leaky BBB.

The autoimmune response to brain antigen may be 
promoted by generation of neoepitopes, which can 
result from oxidative alteration of host proteins.154 If 
they co-exist, autoimmune and oxidative mechanisms 
in the autistic brain may be mutually reinforcing, as 
NO production is increased significantly in autoim-
mune disease of the central nervous system.155

Conditions that have been documented in autism 
are associated with a porous BBB in animals. Higher lev-
els of circulating cytokines,156 heavy metals,157 NO,158 
and nitrite159 produce leaky BBB in animals. Lower zinc 
status in autism160,161 may be relevant to BBB status. Zinc 
at physiological concentrations protects the BBB from 
injury,162 while zinc deficiency increases BBB permeabil-
ity, particularly in conjunction with oxidative stress.163

Intriguingly, preliminary data suggest overgrowth of 
gram-negative aerobes in autistic throat and rectal cul-
tures.164 These organisms produce endotoxin, renowned 
for permeabilization of the BBB.

Investigation of the autistic BBB is warranted. 
Enhanced magnetic resonance imaging technology 
can demonstrate BBB leaks,165,166 and scanning electron 
microscopy can visualize BBB injury, including lumi-
nal protrusion, endothelial craters, vacuolation, inclu-
sion bodies, and necrosis, though such visible lesions 
may be sparse.167

Table 30.6 Leaky Blood-Brain Barrier in Autism?

Clues and Predisposing Factors Reference

High antibodies to brain proteins 150, 151, 152, 153

Sleep disturbance in autism 146, 178

Perivascular lymphocytic cuffing 95

Higher NO/nitrite 94, 95, 96

Lower zinc 211, 244

Higher circulating cytokines 91

Higher heavy metals 211, 436
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Greater Oxidative Stress and the Gut

Ischemia/reperfusion studies demonstrate that the 
gut is very sensitive to oxidative injury.168,169 Ingested 
toxins such as peroxidized fats, electrophilic food con-
taminants, allergens, and microbial metabolites present 
a large oxidative burden to the intestinal epithelium.170 
Sufficient quantities of GPx (to reduce peroxides), GST 
(to reduce electrophiles), and GSH (to facilitate both GPx 
and GST), are required to protect the gut from oxidation.

As indicated earlier, ileal inflammation and adenop-
athy are conspicuous in autistic children with gastro-
intestinal symptoms. Ileum appears more vulnerable to 
oxidative injury. In animals, GST is 36-fold lower in the 
distal ileum than in the proximal intestine.171 Double 
knock-out genes for gastrointestinal GPx result in 
mucosal inflammation of the ileum, but not other parts 
of the intestine.172 In human inflammatory bowel dis-
ease, NOS expression is most prominent in the ileum, 
and the ileum is most sensitive to NO-dependent oxi-
dative injury.173

Excess NO is a plausible mediator for common autis-
tic gastrointestinal abnormalities. (See Table 30.7.) NO 
degrades mucin, which protects the gut from a wide vari-
ety of irritants.174 Excess NO increases intestinal perme-
ability,175 prevalent in autism.176 In excess, NO relaxes 
the esophageal sphincter,177 and two-thirds of autistic 
children with gastrointestinal symptoms have reflux 
esophagitis.178

Excess NO inhibits gall bladder contraction,179 per-
haps accounting for lighter-colored stools observed in 
many autistic children by parents and clinicians. Poor 

bile flow impairs nutrition and limits delivery of protec-
tive GSH to the gut mucosa.

Excess NO mediates slow-transit constipation.180 
Many autistic children are constipated, some with very 
large caliber stools. It is possible that malabsorption and 
floral overgrowths offset clinical constipation in even 
larger numbers of autistic children.

Oxidative Stress, Low Energy Production, and 
Excitotoxicity

Oxidative stress, impaired energy production, and 
excitotoxicity are dynamically related. For instance, 
energy-producing mitochondria are sensitive to 
oxidative injury,181,182,183,184,185,186,187 and injured mito-
chondria leak more oxidants into the cellular environ-
ment.188,189,190 Impaired energy production predisposes 
to activation of excitatory receptors, decreased intra-
cellular calcium buffering, and increased oxidizing 
species—as well as apoptosis.191,192

Overstimulation of excitatory receptors results in 
oxidative neuronal injury,193,194 and greater oxidative 
stress increases release of glutamate and subsequent 
stimulation of excitatory receptors.195,196 Subcellular 
anatomy correlates with this functional relationship: 
excitatory glutamate receptors and NOS in the brain 
and gut197 are co-localized.

As a general rule, oxidative biochemistry adheres to 
the following construct, which is both consistent and 
useful:

Accordingly, greater oxidative stress in autism 
implies associated problems in energy production and 
excitotoxicity.

Impaired Energetics in Autism

Magnetic resonance imaging has demonstrated 
decreased ATP levels in the autistic brain.198 In blood, 
higher lactate,199,200 higher pyruvate,201 higher ammonia, 
and lower carnitine202 have been documented in groups 
of autistic children. Collectively, these differences sug-
gest impaired mitochondrial function in autism and, in 

Table 30.7 Autistic Gut Abnormalities Possibly Mediated by 
Excess NO

Abnormality in Autism Reference

Inflammation 108, 111, 113, 114

Increased intestinal permeability 112

Low esophageal sphincter tone 177

Poor gall-bladder contraction 352

Slow-transit constipation 113

 Oxidative Stress

Poor Energetics Excitotoxicity
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fact, mitochondrial abnormalities are reported in autis-
tic case studies.203,204

Excess NO in autism may impair energy produc-
tion, directly or via ONOO–. Excess NO reduces oxida-
tive phosphorylation, lowering ATP and increasing 
lactate.205 NO directly inhibits complex IV, causing 
leakage of superoxide and inhibition of GPx.206 ONOO– 
selectively damages complexes I and III.207 NO inacti-
vates coenzyme A (CoA), depriving mitochondria of 
this precious “energy currency.”208 (See Figure 30.2.)

Figure 30.2 Impaired energetics in autism
Excess NO inhibits CoA by conversion to metabolically inactive S-nitroso-
CoA,132 with resultant reduction of acetylcholine and ATP198 production. 
Lower ATP,198 higher lactate199,200 and higher pyruvate201 are found in 
autism.

Excitotoxic Markers in Autism

Higher extracellular glutamate in the brain is associ-
ated with excitotoxicity, especially if energy metabolism 
is compromised.209 Glutamic acid decarboxylase (GAD) 
converts glutamate to GABA, and GABA lessens excito-
toxicity. A decrement in brain GAD favors excitotoxic-
ity by increasing glutamate and decreasing GABA.

There is ample suggestion that GAD is depressed in 
autism. The quantity of GAD in the post-mortem autis-
tic brain is decreased by half.210 Peripheral measure-

ments are consistent. Red-cell GAD binding affinity is 
lower,211 plasma glutamate higher,212,213 and plasma 
glutamine lower214 in autism. GAD,215 glutamine syn-
thetase,216 the glutamate transporter,217 and inhibitory 
GABA receptors218 are sensitive to oxidative stress.219 
(See Figure 30.3.)

Figure 30.3 Excitotoxicity in autism
Higher extra-cellular glutamate and lower GABA increase excitotoxicity. 
GAD quantity and activity are lower in autism. GAD, glutamine synthetase, 
and glutamate transporter are sensitive to oxidative stress.

Whether cause or effect of greater oxidative stress in 
autism, greater excitotoxicity is a reasonable hypotheti-
cal and clinical concern. Excitotoxicity can be aggravated 
by oral ingestion of excitotoxic compounds,220 and the 
author joins many other clinicians in advising autistic 
patients to avoid flavor enhancers such as monosodium 
glutamate (MSG) and aspartame in food and drink.

Impaired Cholinergics in Autism

Laboratory and clinical observations suggest a sig-
nificant cholinergic deficit in autism, and this also is 
consistent with greater oxidative stress. Cholinergic 
receptor activity is lower in the autistic cerebral cor-
tex.221 Treatment with cholinergic agonists222,223 or a 
precursor (deanol) for acetylcholine224 is associated 
with improved behavior in autism.

Response to bethanecol, a specific agonist for the 
muscarinic subtype of cholinergic receptors, is sugges-
tive. Oral bethanecol (2.5–12.5 mg bid) normalizes 
dilated pupils, increases bowel motility, and improves 
sleep pattern and behavior in many autistic children. 
Occasionally, sudden behavioral improvement is re-
ported immediately after a single dose of bethanecol,225 
and the author confirms this observation.
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Neuroimaging reveals cerebral hypoperfusion in 
autism,226,227 worsening with age,228 and vasodilatation 
of cerebral microvessels is the province of muscarinic 
receptors.229,230 A possible explanation for the rapid 
bethanecol response is sudden improvement in cerebral 
perfusion. Bethanecol may stimulate readily accessible 
muscarinic receptors in the small blood vessels that per-
fuse the brain.

Muscarinic impairment in autism may potentiate 
greater oxidative stress. Experimentally, muscarinic sig-
nals are neuroprotective, shielding cells from oxidative 
stress and apoptosis.231 Muscarinic receptor numbers are 
decreased by oxidative stress.232 They are sensitive to 
NO toxicity233 and, relative to other receptor subtypes, 
preferentially sensitive to inhibition by ONOO–234 and 
other oxidants.235

As discussed earlier, excess NO in autism may depress 
CoA, which is important in energy production and a nec-
essary precursor for the cholinergic neurotransmitter, 
acetylcholine. (See Figure 30.2.) Insufficient CoA renders 
cholinergic neurons more vulnerable to a variety of toxic 
insults, including the effects of excess NO.236 CoA func-
tion has not been studied in autism, but does appear to 
play an important role in encephalopathies.237

Antioxidant Nutrients in the Treatment of Autism

A double-blind, placebo-controlled university trial 
utilized 8 grams per 70 kg body weight per day of oral 
vitamin C in two or three divided doses in institutional-
ized autistic children.238 Some of the cohort had been on 
doses of up to 4 grams of vitamin C prior to the trial. The 
cross-over design, comprised of three 10-week periods, 
included treatment of all subjects with vitamin C for the 
first 10 weeks. In the second and third phases of the trial, 
half the children received placebo and then vitamin C. 
The other half received vitamin C and then placebo.

Psychometric testing was performed after each 10-
week phase of the study, but not prior. Total scores on 
the Ritvo-Freeman (RF) scale, which rates 47 social, 
affective, sensory, and language behaviors, demon-
strated improvement in the group going from placebo 
to vitamin C, and worsening in the group going from 
vitamin C to placebo (p=0.02). Pacing, flapping, rock-
ing, and whirling behaviors, in particular, corresponded 
to vitamin C manipulation, and a group of “strong 
responders” was described as “obvious” to the investiga-
tors. No serious side effects were reported in this study, 

but clinicians report that excessive stool softening 
sometimes limits vitamin C dosing in autistic children.

Vitamin C is strongly antioxidant. This suggests—
but does not prove—an antioxidant mechanism for its 
therapeutic effect in these autistic subjects. Antioxidant 
effects of vitamin C do seem to match known abnor-
malities in autism. Vitamin C provides good protection 
against excess NO and ONOO–.239 Vitamin C is known 
to protect neurons from glutamate neurotoxicity,240 as 
glutamate re-uptake involves exchange for vitamin C.241 
Vitamin C blocks the inhibition of glutamate transport 
by NO,242 an effect seen particularly in the presence of 
copper,243 higher in autistic blood.244

Carnosine

Carnosine, a naturally-occurring amino acid found 
in high concentrations in the brain, is a strong anti-
oxidant and neuroprotectant.245,246 A double-blind, pla-
cebo-controlled 8-week trial of carnosine (400 mg by 
mouth twice daily) produced significant improvement 
in autistic children compared with placebo. Psycho-
metric testing demonstrated improvements in vocabu-
lary (p=0.01), socialization (p=0.01), communication 
(p=0.03), and behavior (p=0.04).247 Side effects were 
inconsequential: sporadic hyperactivity responded to 
lowering the dose of carnosine, and no child had to 
discontinue the study due to side effects.

Possible physiological mechanisms for the carnosine 
effect in autism include its prevention of NO toxic-
ity,248 binding of free radicals and reactive hydroperox-
ides, and the ability to complex with metals such as 
copper.249 The copper:carnosine complex demonstrates 
antioxidant, SOD-like activity in vitro.250

Vitamin B6

Any mechanistic hypothesis for autism should 
accommodate the successful application of high-dose 
vitamin B6 pioneered by Bernard Rimland. Multiple 
controlled trials demonstrate that, in combination with 
magnesium, B6 improves behavior in many autistic 
children.251,252,253 While serum B6 levels usually are nor-
mal, B6 activity, as reflected by erythrocyte glutamic 
oxaloacetic transaminase (EGOT) assay, is lower in 
autistic children.254

There is some evidence that pyridoxal kinase, which 
converts B6 to its active form, pyridoxal-5-phosphate 
(P5P), is impaired in autism. A preliminary study found 
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poor binding affinity of pyridoxal kinase in autistic red 
cells, as reflected by high Km (Michaelis constant).255 
P5P activity in blood is below normal in over 40% of 
autistic subjects.256 Pyridoxal kinase has many modula-
tors. Lower zinc257,258 and energy status in autism may 
be operant in this context, as pyridoxal kinase requires 
ATP-facilitated release of zinc from metallothionein for 
activation.259 The potential role of inhibiting agents 
should be considered. The strongest pyridoxal kinase 
inhibitors are the carbonyl agents, which are exoge-
nous compounds such as hydrazine, from jet fuel.260 
Endogenous carbonyls result from oxidative alteration 
of lipids, proteins, and sugars, and are broadly elevated 
in clinical conditions associated with excess NO.261 It is 
not established whether endogenous carbonyls inhibit 
pyridoxal kinase.

While the cause of poor B6 function in autism is 
not fully articulated, we can be sure that B6 impair-
ment favors greater oxidative stress. As discussed ear-
lier, even marginal B6 deficiency is associated with 
lower GPx and glutathione reductase activity, lower 
reduced-to-oxidized glutathione ratios, and higher 
lipid peroxide levels.262

B6 deficiency results in mitochondrial decay and, 
consequently, oxidative stress.263,264 P5P is required for 
the synthesis of key mitochondrial components: iron-
sulfur crystals (for complexes I, II and III), heme (for 
complex IV),265 and coenzyme Q10.266 Experimentally, 
P5P protects neurons from oxidative stress, apparently 
by increasing ATP production and stemming extracellu-
lar glutamate.267

Lagging B6 function lowers the excitotoxic thresh-
old. P5P is a necessary cofactor for GAD, impairment of 
which can increase glutamate receptor activation, NO, 
and oxidative stress.268 P5P protects GAD, sensitive to 
oxidative impairment,269 from inactivation.270 (Likewise, 
P5P protects gastrointestinal GPx by complex forma-
tion.271) Predictably, P5P administration to animals 
increases brain GAD activity.272

High doses of B6 may benefit autistic patients by 
increasing energy production, lessening excitotoxicity, 
increasing GABA, and reducing oxidative stress. Treat-
ment with B6 also may relieve a state of functional B6 
deficiency caused by excess oxidants. The B6 vitamers 
are highly vulnerable to damage by oxidative species 
such as hydroxyl (OH) and singlet oxygen (1O2).

273,274,275 
Oxidative impairment of B6 potentially impairs myriad 
enzymes and neurotransmitters in autism.

Magnesium

In animal experiments, magnesium deficiency 
increases NO,276 increases lipid peroxides,277 and low-
ers plasma antioxidants.278 Magnesium supplementa-
tion lowers oxidative stress experimentally in animals 
with higher oxidative stress.279 So, low magnesium 
favors oxidation.

As a group, autistic children have lower magnesium, 
as measured sensitively in red cells.280 Double-blind trials 
demonstrate behavioral improvement and normaliza-
tion of evoked potential recordings in autistic children 
receiving combined high-dose B6 and magnesium, but 
no significant improvement with high-dose B6 or mag-
nesium alone.281 The synergism may be a cofactor func-
tion. For instance, B6-dependent kinase, which affects 
diverse muscarinic and GABA-nergic functions, requires 
both B6 and magnesium.282

Magnesium also protects against oxidative stress via 
functions unrelated to B6. Production of NADPH 
requires magnesium for reduction of glutathione. ATP 
synthase, which catalyzes energy production by oxida-
tive phosphorylation, is magnesium sensitive.283 In the 
brain, magnesium normally blocks overactivity of exci-
tatory receptors by modulating calcium channels.284

Zinc

Lower zinc status in autism has been well docu-
mented. Red-cell zinc, a sensitive indicator of zinc suffi-
ciency, is significantly lower in the autistic group285 and, 
in individual cases, may be half the lower limit for age-
matched controls.286 Plasma zinc is sub-normal in 40% 
of autistic children.287

Low zinc potentiates oxidative stress. In animals, 
zinc-deficient diets decrease total glutathione, vitamin 
E, GST, GPx, and SOD levels, while increasing lipid per-
oxides and free radicals in tissue, mitochondria, and cell 
membranes.288,289,290,291 In elderly adults, zinc supple-
mentation decreases lipid peroxides.292 In diabetics with 
retinopathy, zinc supplementation increases GPx and 
decreases lipid peroxides.293

Zinc status affects the intestine. Zinc deficiency in 
animals increases gastrointestinal NOS and susceptibil-
ity to gastrointestinal infection.294 Conversely, supple-
mental zinc decreases intestinal lipoxidation295 and 
lessens intestinal permeability.296

Clinicians increasingly appreciate zinc as a mainstay 
in the treatment of autism. William Walsh, who orga-
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nized zinc and copper data on more than 3,500 autistic 
children at the Pfeiffer Treatment Center, finds that 
high doses of zinc (2–3 mg per kg body weight per day, 
of highly absorbable zinc picolinate) are often needed 
to achieve optimal behavioral response.297

Periodic measurement of plasma zinc is used to 
assure that zinc is not pushed above the normal labora-
tory range. Zinc is withheld on the day of testing to 
avoid artifacts. Zinc supplementation lowers copper, 
and this is usually desirable. Serum copper monitoring 
is used to avoid subnormal levels.298

Copper excess is evident in autism. Higher total 
serum copper,299 lower ceruloplasmin,300 and higher 
unbound copper in serum301 are reported in autistic 
children. Copper, especially unbound, is highly pro-
oxidant. Supplemental copper is rarely needed in 
autism, and even small doses of copper in supplements 
have been observed to produce negative behavioral 
effects.302 Higher serum copper-to-plasma zinc ratios (in 
autism, mean 1.63 vs. 1.15 in controls, p<0.0001),303 
are correlated significantly with systemic oxidative 
stress in neurodegenerative disease.304 Sufficient zinc 
supplementation normalizes copper/zinc ratios.305

High zinc dosing can suppress manganese. A balanc-
ing dose of manganese, administered separately from 
zinc at dosages of approximately 5 mg manganese to 
30 mg of zinc, is often beneficial, and serum manganese 
levels can be monitored to avoid excess.306

The antioxidant functions of zinc are prodigious. 
There are several important mechanisms:

• Zinc protects SH (sulfhydryl) groups against oxi-
dation, as, for example, in the protection of the key 
antioxidant enzyme, GPx.307 The initial event in 
experimental zinc deficiency is loss of membrane 
SH groups, with consequent membrane fragility.308

• Zinc competes with pro-oxidant metals such as 
copper and iron for binding sites, preventing metal-
catalyzed free-radical formation.309 Copper-contain-
ing enzymes are inherently prone to auto-oxidation, 
which is prevented by zinc.310 Copper-induced mem-
brane oxidation is prevented by zinc.311

• Zinc is an essential constituent of copper-zinc 
SOD, a key antioxidant enzyme. Even marginal 
zinc deficiency in humans decreases SOD activ-
ity.312 Zinc-deficient SOD becomes pro-oxidant, 
catalyzing biomolecular attack by ONOO–.313 
Zinc-less SOD is neurotoxic.314

• Zinc induces the synthesis of metallothionein 
(MT),315 an effective scavenger of free radicals 
(including ONOO–)316 and sequestrant for copper 
and other heavy metals.317,318 In animals, high-dose 
zinc induces measurably higher gastrointestinal MT 
levels.319 Moderate zinc deficiency in animals, in 
which overt negative health effects are not mani-
fest, is associated with significant reduction of reti-
nal MT.320 MT normally increases as a protective 
response to oxidative stress, but actually decreases 
in response to oxidants when zinc is deficient.321 
MT also blocks copper toxicity, but this protective 
effect is lost in the presence of excess NO, which 
releases copper from MT, causing lipid peroxidation 
and apoptosis.322 In the brain, MTIII, a neuronal 
growth inhibiting factor, is particularly sensitive to 
copper displacement by oxidants.323 This suggests a 
mechanism for reported greater gross brain size in 
younger autistic children.324

• Zinc provides a physiological glutamate receptor 
blockade,325 lessening excitotoxicity.

• Diverse biomolecules are protected from oxida-
tion by zinc. By complexing with phospholipids,326 
zinc blocks oxidation of fatty membranes.327 Zinc 
blocks peroxidation of polyunsaturated fat unbound 
to membrane.328 Zinc generally inhibits the oxida-
tion of enzymes and other proteins,329 including 
those with functional SH groups vulnerable to mild 
oxidative conditions: Na,K-ATPase, Ca-ATPase, aqua-
porin, the voltage-gated calcium channel, and the 
NMDA-calcium channel.330

Future studies may establish that oxidative stress 
decreases clinical zinc retention. At a molecular level, 
oxidants (including NO) displace zinc from proteins, 
including MT.331,332,333,334 This phenomenon may extrap-
olate to lesser whole-body zinc retention under greater 
oxidative stress. Schizophrenics have diminished uri-
nary zinc loss in response to high doses of B6,335 possi-
bly associated with antioxidant effects of B6.

Selenium

Mean red-cell selenium levels are lower in autistic 
children,336 and this may contribute to reported lower 
GPx in autism.337,338 As stated previously, GPx activity 
correlates with low-normal and borderline selenium 
levels.339 Clinicians frequently include oral selenium, 
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50–300 mcg/d, in nutritional supplementation for chil-
dren with autism.

GPx is irreplaceable in the antioxidant defense, 
especially for protection of mitochondria, which do 
not contain catalase for protection from peroxide.340 
In addition, GPx confers sole protection from organic 
hydroperoxides, which sustain the devastating lipoxi-
dation chain reaction.341,342

Lower GPx activity in frank selenium deficiency is 
associated with peroxidative damage and mitochondrial 
dysfunction.343 The physiological effects of selenium 
deficiency can be compensated partially by administra-
tion of vitamin E.344 GPx is sensitive to inactivation by 
copper345 and mercury.346 Human mercury exposure is 
associated with decreased GPx activity and increased 
lipid peroxides.347 In animals, GPx is protected by P5P348 
and zinc supplementation.349

Lower GPx in autism favors greater membrane lipid 
peroxidation, which is known to impair receptor and 
enzyme functions, presumably due to conformational 
changes and altered binding.350 Lipid peroxidation has 
been shown to inhibit muscarinic, adrenergic, seroton-
ergic, and insulin receptors, as well as Na,K-ATPase, and 
glutamine synthase.351

Reduced Glutathione

In an open-label trial, daily intravenous GSH 
improved patients with early Parkinson’s disease.352 
Likewise, intravenous GSH improves behavior in many 
autistic children, including very rapid extinction of 
perseverative behaviors such as hand-flapping. Rarely, 
apparent histamine-mediated reactions (sneezing, 
coughing, pruritic eyes) are noted.353

Oral GSH, up to 30 mg per kg body weight per day, 
has been beneficial in some children with cystic fibro-
sis, a high-oxidant state.354 The author finds similar 
doses of oral GSH helpful in some autistic children. 
Reversible adverse behavioral reactions to oral GSH 
have been reported in children with low plasma zinc 
levels. It is thought such GSH intolerance may result 
from rapid induction of metallothionein, which may 
deleteriously affect circulating zinc.355

Oral GSH is relatively well-absorbed. In animals, 
plasma GSH doubles within two hours of a large 
oral dose, mostly from absorption of intact GSH.356 
Increased animal organ levels of GSH are attributed to 
absorption of intact GSH.357 In healthy humans, a 15 

mg per kg oral dose of GSH increases plasma GSH levels 
two- to five-fold.358

High intestinal mucosal demand for GSH can 
exceed synthesizing capacity,359 as would be expected 
in an inflamed autistic gut. The intestinal mucosa 
imports intact GSH from both the intestinal 
lumen360,361 and the plasma362 to combat oxidation. In 
normal physiology, biliary excretion of GSH represents 
a significant portion of total hepatic GSH production, 
and bile regularly bathes the intestinal mucosa 
with GSH.

Severe degeneration of the epithelium of the small 
intestine and colon, with mitochondrial swelling and 
degeneration, results from experimental GSH defi-
ciency; these changes are prevented by the administra-
tion of oral GSH, which is associated with increased 
mucosal GSH levels.363 In animals, mucosal GSH levels 
increase rapidly and significantly after oral GSH, but 
less in the ileum than elsewhere.364 Oral GSH may lower 
oxidative stress in the autistic gut.

Strong in vitro antiviral properties of GSH are 
noted,365 and chronic viral infection in autism has 
not been ruled out.

An Oxidative Perspective on Newer 
Treatments for Autism

Subcutaneous vitamin B12 injections, as preserva-
tive-free methylcobalamin, 1250–7500 mcg weekly to 
daily, reportedly improve behavior in autistic children.366 
One B12 intermediate, cob(I)alamin, is exquisitely sensi-
tive to oxidative inactivation,367 so functional B12 defi-
ciency may result from greater oxidative stress in autism.

NO and nitrite elevations in autism should sound 
the “B12 alarm.” An intermediate form of B12 reacts 
specifically with NO,368,369,370 and nitrite inactivates 
methylcobalamin.371 NO binds B12 to impair enzyme 
function, as with in vivo inhibition of methionine syn-
thase by NO at physiological concentrations.372 Large 
parenteral doses of B12 are thought to scavenge and 
reverse the physiological effects of excess NO.373

Oral folinic acid supplementation improves glu-
tathione levels and GSH-to-GSSG ratios in autistic 
children.374 Tetrahydrofolate is very sensitive to oxida-
tion,375,376 and degradation may be significant under 
conditions of greater oxidative stress.377 Folate defi-
ciency (which may be aggravated by B12 impairment) 
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is known to decrease ATP levels and increase reactive 
oxygen species and excitotoxicity.378

Amino acid supplementation may be useful in 
autism. Plasma cysteine levels were much lower in a 
series of 286 supplement-naïve autistic children.379 Cys-
teine is produced endogenously from methionine, and 
provides a full third of the substituent molecules in glu-
tathione and metallothionein.

Oral N-acetylcysteine (NAC), as a source of cysteine, 
is generally well-tolerated in autistic children, while 
direct supplementation with cysteine is not. Intrave-
nous NAC (150–600 mg NAC + 1000–2000mg vitamin 
C + 1 ml sodium bicarbonate) treatments were reported 
to improve behavior in autistic children.380

The Pfeiffer Treatment Center follows generous zinc 
loading with a proprietary oral supplement381 containing 
the amino acid constituents of MT. Initial data suggest 
that this formula increases levels of MT.382 Some parents 
report improvement in autistic behavior coincident with 
greater exposure to natural sunlight. Ultraviolet radia-
tion rapidly induces metallothionein,383 so sunlight may 
be of benefit if zinc is sufficient.

Thiamine tetrahydrofurfuryl disulfide (TTFD) via 
rectal suppository improved behavior and increased 
heavy metals clearance in autistic children.384 TTFD 
provides high cellular levels of thiamine, which boosts 
three mitochondrial enzymes known to be especially 
sensitive to oxidative stress.385,386 One of these, -keto-
glutarate dehydrogenase complex, is a rate limiter in 
energy metabolism and is inactivated by NO, both 
directly and via ONOO–.387

Casein- and gluten-free diets improved behavior in 
autistic children, possibly by reducing excess central 
opioid effects.388 Higher peripheral opioid peptides 
from casein and gluten are demonstrable in the urine 
of autistic patients,389 possibly due to oxidative inhibi-
tion of the enzyme needed to complete digestion of 
dietary casein and gluten.390 In addition, a shift towards 
oxidation in the redox environment is known to 
strengthen opioid binding, and GSH to weaken it.391

Fatty acid supplementation has been found benefi-
cial in autism.392 Lower concentrations of highly-unsatur-
ated fatty acids in plasma393 and red-cell membranes394,395 
may be due to oxidative depletion of these key membrane 
building blocks and prostaglandin precursors. Depletion 
of omega-3 and omega-6 polyunsaturated fatty acids also 
is seen in schizophrenia, and these changes are associated 
with increased lipid peroxide levels.396

Eicosapentaenoic acid (EPA, an omega-3) was lower 
in the red-cell membranes of autistic children gener-
ally; arachidonic acid (AA, omega-6) was lower in the 
regressed subgroup.397 Fish oil, high in EPA, suppresses 
production of NO and other free radicals398,399 and 
increases expression of GST and mitochondrial SOD.400 
Brain levels of NO and lipid peroxides are less in ani-
mals on diets supplemented with fish oil.401

Administration of fish oil to even marginally B6-
deficient animals can result in increased tissue lipid per-
oxide levels.402 Prior administration of vitamin B6 and 
other antioxidants is suggested in autism, to avoid gen-
eration of toxic lipid peroxides.

Ongoing administration of fish oil to autistic chil-
dren is associated with significant lowering of red-cell 
membrane dihomogamma-linolenic acid (DGLA).403 
DGLA is an essential omega-6 precursor for prostaglan-
din-1, which tightens leaky gut and boosts immunity. 
Accordingly, autistic children receiving fish oil may 
benefit from a balancing dose of evening primrose oil, 
which provides gamma linolenic acid (GLA), a DGLA 
precursor.

Clinical and laboratory assessment helps titrate fatty 
acid dosing. After antioxidant loading, many autistic 
children do well on an initial dose of 3 grams fish oil 
and 1 gram evening primrose oil.404 Optimal doses vary 
individually, and over time.

Laboratory Assessment of Oxidative Stress

The use of oxidative biomarkers in the clinical man-
agement of autism is nascent. Various blood, urine, stool, 
and breath assays405 are potentially useful in determining 
optimal doses and combinations of nutrients and other 
interventions.

Some available assays include lipid peroxides, 4-
hydroxynonenal (4-HNE), malondialdehyde (MDA), 
isoprostanes, levuglandin adducts, nitrotyrosine, oxi-
dized nucleic acids, protein carbonyls, advanced glyca-
tion end products, cellular apoptosis, nutrient and 
antioxidant enzyme concentrations, total nitrite + 
nitrate, enzyme-binding affinities, and luminal NO by 
rectal catheter. Ten-fold higher levels of neopterin,406 a 
marker for upregulation of NO synthesis,407 suggest 
possible clinical utility of this measurement in autism.

In research, autistic brain and gut tissues certainly 
should be examined for specialized oxidative and nitro-
sative markers. Conventional pathologic assessment of 
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autistic brain tissue may not detect neuronal loss due to 
apoptosis, a marker for oxidative stress408 that can be 
obscured by rapid removal of apoptotic cells.409

Future Directions

Leading thinkers are now giving serious consider-
ation to the potential significance of greater oxidative 
stress in autism. If oxidative stress proves important in 
autism, there are many implications. For instance, nutri-
tional management of autism410 to modulate oxidative 
stress would presumably gain importance.

We may need to reconsider ingrained living habits. 
Consumption of free radicals via foods fried in poly-
unsaturated oils411 may need to be curbed. Ingestion 
of excitotoxic flavor enhancers, chlorine, nitrite, 
nitrate, and copper in water may need reassessment. 
Pro-oxidant412,413,414 and antioxidant415,416,417,418 drug 
profiles may become more pertinent.

We may need to consider how oxidative influences 
during pregnancy can affect neurodevelopment, includ-
ing post-partum development. Gestational zinc defi-
ciency, for instance, produces oxidative DNA damage in 
newborn primates.419 The ubiquitous flavor enhancer 
and excitotoxin MSG traverses the placenta and causes 
fetal neurotoxicity in rodents.420

Higher NO is now a well-established fact of autism 
that may provide clues to specific etiologies, aggravants, 
and treatments. Viral infections can greatly increase 
NO production in brain and other tissues, so high NO 
in autism should increase the demand for a systematic 
examination of autistic tissues for viral antigen.

Higher NO in autism might focus useful attention 
on treatment with antioxidants with specificity for NO. 
Vitamin C is a good NO quencher,421 and so are melato-
nin and uric acid. Melatonin effectively scavenges both 
NO and ONOO–.422 Melatonin has excellent potential 
for relief of oxidative stress in both brain and gut,423,424 
increases expression of GPx,425 and has proved effective 
in autistic sleep disorders.426

Uric acid normally represents up to 60% of total 
plasma antioxidant capacity.427 It effectively binds tran-
sition metals and reactive species, and is especially effec-
tive at quenching NO428 and ONOO–.429 Careful upward 
titration of uric acid levels with oral inosine, a uric acid 
precursor, may be of benefit in high-NO states such as 
multiple sclerosis430 and autism.

Testing and treating mitochondrial function to 
improve energy production probably merits a higher 
priority in autism. Acetyl-L-carnitine (ALC) and -lipoic 
acid (ALA) enhance mitochondrial function and reduce 
oxidative stress in senescent animals.431 Oral adminis-
tration of the mitochondrial metabolite L-carnitine has 
improved behavior in children with Rett syndrome,432 
and initial trials of high carnitine doses in autism are 
underway.

A leading university clinic often treats patients 
referred for suspected mitochondrial disease with a 
combination of CoQ10, vitamin E, and balanced B vita-
mins.433 CoQ10, in combination or alone, is an attrac-
tive potential intervention in autism. It facilitates ATP 
production by carrying electrons and protons in the 
electron transport chain, and also acts in its reduced 
form to protect mitochondria by quenching oxidants.434 
Vitamin B3 is crucial to mitochondrial energy produc-
tion and effective in the high-oxidative state of schizo-
phrenia,435 but has received little attention in autism.

Testing for Oxidative Biomarkers
Jointly, formal research and case-by-case testing by cli-

nicians will determine the utility of oxidative biomarkers in 
the management of oxidative stress in autism. Potential 
assays vary in specificity, sensitivity, sample stability, and 
cost. Fundamentally, the most useful biomarkers will be 
those which best correlate with clinical improvement. Util-
ity may vary among individual patients.

It is established that various blood fractions for GSH, 
GPx, and catalase are quite low in autism, and it is known 
that these parameters are affected by antioxidant treatments 
in other illnesses. Besides their more general usefulness, tis-
sue concentrations of antioxidant nutrients (vitamins C, E, 
A; Zn, Mg, Se, fatty acids) or pro-oxidants (Cu, Fe, heavy 
metals) imply an oxidative diathesis. Cellular markers such 
as natural killer cytotoxicity or apoptosis may prove useful. 

Non-invasive biomarkers are appealing. Breath-testing 
for ethane and pentane are limited presently to research. 
DNA-adducts in urine are available commercially, but have 
not been measured systematically in autism. Pre-publication 
data from two studies indicate that urinary isoprostanes are 
much higher in autism; these are more stable than lipid per-
oxides, and less prone to artifact from fats ingested prior to 
collection. 

By survey, we identified a commercial American labora-
tory—BioHealth Diagnostics—that offers urinary isoprostane 
testing. Simultaneous measurement of urinary creatinine 
improves accuracy of urinary isoprostane assay. A number 
of progressive commercial laboratories (Great Smokies, Great 
Plains, Immunosciences, Metametrix, Vitamin Diagnostics) 
measure the various oxidative biomarkers, including indirect 
assessment of hydroxyl radical production and energy profil-
ing by urinary organic acid analysis. 
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Many key biochemical functions are sensitive to oxi-
dative impairment (Table 30.8). We need to examine 
systematically the functions of the enzymes, receptors, 
G-proteins, and vitamin cofactors in autism, and inte-
grate findings into clinical management. Glucose-6-
phosphate dehydrogenase (G-6-PD) activity, given its 
central role in the reduction of GSH, is but one of many 
oxidant-sensitive functions that deserve scrutiny. We 
should not be surprised to encounter a very broad enzy-
mopathy in autism.

Summary

The evidence strongly supports the presence of 
greater oxidative stress in autism. The clinical response 
to antioxidant nutrients also suggests that increased 
oxidative stress does affect the expression of autistic 
symptoms. The important issues surrounding this topic 
are (a) how oxidative stress creates these effects, and (b) 
what are the most effective therapeutic interventions.

Antioxidant therapeutic trials measuring oxidative 
biomarkers could help elucidate the mechanisms. While 
such research is progressing, clinicians and parents are 
advised to implement safe nutritional interventions—
sooner, rather than later. It is also time to start applying 
laboratory biomarkers for oxidative stress to optimize 
doses and combinations of nutrients.

The preliminary lipofuscin data are potentially very 
important, and replicative and expansive studies are 
indicated. It is conceivable that lipofuscin analysis 
might identify specific toxic or infectious etiologies. 
Greater lipofuscin in the autistic brain is a concrete 
suggestion that neurodevelopment in autism is altered 
by oxidative influences.

By analogy, chronic neonatal vitamin E deficiency 
may help us understand how excess oxidative stress in 
early life can indeed affect neurodevelopment. Vitamin 
E deficiency is a neurological disease that clearly results 
from low antioxidant protection from birth.436,437 Lipo-
fuscin deposition is prominent. Neurological symp-
toms—gait disturbance, abnormal ocular movements—
present at 18–24 months,438 are a common chronology 
in autistic regression.

Beyond analogy, we simply might consider the clini-
cal potential of vitamin E in autism, or in ostensibly 
healthy children prior to regression. Besides enteropa-
thy, autistic children demonstrate an immune profile 
very similar to common variable immune deficiency 
(CVID).439 Neurological complications of vitamin E defi-
ciency are seen in patients with CVID and enteropathy, 
and vitamin E screening has been recommended for 
patients with these conditions.440 Preliminary data sug-
gest lower plasma vitamin E levels in autistic chil-
dren,441 and functional testing by red-cell hemolysis 
may be even more sensitive.

Optimistically, we note that oxidative damage to bio-
molecules is not always permanent. Oxidative inactiva-
tion of enzymes, for instance, is reversed when sufficient 

Table 30.8 Sensitive to Oxidative or Nitrosative Impairment

Enzyme or Cofactor Reference

Glutamic acid decarboxylase 215

Glutamate transporter 217

Glutamine synthetase 216, 351

GABA channels 105

B6 vitamers 273, 274, 275

Pyridoxal kinase by carbonyl 
inhibition

261

B6-dependent enzymes by carbonyl 
inhibition

437

Tetrahydrofolate 371, 376

Methionine synthase 438

B12 vitamers 367, 368, 
369, 370, 371

Glucose-6-phosphate dehydrogenase 439

CoenzymeA 208

-KGDHC 239, 386, 388

Na,K-ATPase, Ca++ Channels, 
Aquaporin

308, 351

Catalase 440

Glutathione peroxidase 271
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antioxidant is provided.442 Even structural elements such 
as the cytoskeleton can undergo restoration by GSH.443

If we learn that oxidative stress is an important 
mechanism in autism, then our search for genetic and 
environmental causes gains focus. A spatial or chrono-
logical map of oxidative changes in the autistic brain 
may conform to the effects of one or more toxins. Lipo-
fuscin may contain an etiologic agent. Perhaps an effi-
cient approach to genetic research should prioritize the 
examination of genes affecting autism that may also be 
relevant to oxidative stress. From the oxidative wounds, 
science may more rapidly deduce the causes, treat-
ments, and prevention of autism.

Oxidative Stress and Glycemic Control
Dan Lukaczer, ND

Introduction

Type 2 diabetes (T2D) is a chronic, progressive dis-
ease that is becoming increasingly common through-
out much of the world, with the incidence rising most 
rapidly among younger people. With the epidemic 
explosion of T2D in the United States, glycemic control 
has become an increasingly important clinical issue. 
Hyperglycemia, an inevitable consequence of T2D, is 
the source of most of the deleterious effects usually 
associated with this disease. Hyperglycemia leads to 
generation of free radicals or reactive oxygen species 
(ROS), a state known as oxidative stress. There is strong 
evidence that this oxidative stress is at least partly 
responsible for the development or exacerbation of 
insulin resistance during diabetes,444 and for the com-
plications, morbidity, and mortality associated with 
diabetes.445 The body’s defenses against oxidative stress 
(discussed in detail earlier in this chapter) are accom-
plished by an interconnecting system of endogenous 
antioxidant micronutrients, phytonutrients, and 
enzymes.446 T2D is associated not only with increased 
ROS, but in many instances with a reduction in these 
antioxidant defenses as well.

We review in Chapters 19 and 34, respectively, glu-
cose dysregulation and its many manifestations, and a 
practical clinical approach to the diagnosis and treat-
ment of insulin resistance. Here we will focus specifi-
cally on an approach to controlling the oxidative stress 
that can often accompany this dysregulation. While 

clearly overlapping, it is important to understand T2D 
from this standpoint as well.

It is well established that tight glycemic control is 
the most effective way of preventing or decreasing dia-
betic complications. However, supplementation with 
antioxidant micronutrients has been proposed as an 
important adjunctive therapy. In a comprehensive 
review of oxidative stress and the use of antioxidants in 
diabetes in 2005, Johansen et al.447 point out some of 
the problems with the evidence base on this topic: most 
of the studies have been done on animals, each one 
examining only a small part of the underlying mecha-
nisms involved in the overall process; very few antioxi-
dants have been studied in depth (primarily studied 
have been vitamins C and E and alpha-lipoic acid); the 
majority of clinical trials were not designed to study 
diabetic patients specifically; and “none of the studies 
to date effectively assessed the baseline oxidative stress 
of the enrolled patients using any of the commonly 
accepted markers of inflammation.” Given all of these 
caveats, we nonetheless feel that the high level of oxi-
dative stress present in diabetics warrants a review of 
the current evidence, and a judicious application of that 
evidence by clinicians.

The Link between Oxidative Stress and 
Glycemic Control

T2D is characterized by an increased risk for the 
development of macrovascular disease (coronary heart 
disease, cerebrovascular disease, and peripheral vascular 
disease) and microvascular complications (diabetic retin-
opathy, nephropathy, and peripheral neuropathy). Car-
diovascular (CV) complications are the leading cause of 
mortality and morbidity in T2D.448 Additionally, there is 
a strong relationship between poor glycemic control and 
the progression of diabetic complications such as retin-
opathy and polyneuropathy.449 

Clearly, frank diabetes carries the most risk; however, 
the development of CV complications does not end pre-
cisely at the boundary of defined hyperglycemia. Even mild 
increases in blood sugar (referred to as impaired glucose tol-
erance) can contribute to microvascular injury, atheroscle-
rotic changes, and cardiovascular disease.450 It is clear that 
the progressive relationship between glucose levels and car-
diovascular risk extends well below the diabetic threshold.451 
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While the mechanisms by which hyperglycemia 
produces these complications are complex and not com-
pletely understood, much evidence points to the associ-
ation between hyperglycemia and increased oxidative 
stress.452 Blood glucose control and vascular complica-
tions affect both free radical indices and antioxidant sta-
tus in T2D patients.453 In addition, many endothelial 
functions can be affected by ROS and oxidative stress 
(and may be ameliorated by exogenous antioxidants).454 

Two primary mechanisms by which hyperglycemia 
promotes the generation of ROS are activation of the 
polyol pathway and increased glucose auto-oxidation. 
Reactive oxygen species affect vascular smooth muscle 
cell growth, migration, and endothelial function.455 Ele-
vated levels of ROS can also cause general damage to 
proteins through cross-linking, fragmentation, and 
lipid oxidation. Radical-generating reactions cause for-
mation of advanced glycation end products (AGEs) due 
to elevated nonenzymatic glycation of proteins, lipids, 
and nucleic acids. Once formed, AGEs can influence cel-
lular function by attaching to various binding sites. 
Binding of AGEs can result in the generation of intracel-
lular oxidative stress and subsequent activation of 
NFB.456 Additionally, there is specific evidence that in 
chronic hyperglycemia, apoptosis induced by oxidative 
stress causes reduction of beta-cell mass.457 Overall, 
there is sufficient human and animal research to sup-
port the hypothesis that hyperglycemia results in 
increased oxidative stress and increased formation of 
advanced glycation end products.458 There is also evi-
dence that hyperinsulinemia, in the face of normal to 
near-normal glucose levels, may enhance free radical 
generation and thus contribute to oxidative stress as 
well.459 Elevated insulin itself may inhibit proper metab-
olism of fatty acids, promoting the proinflammatory 
arachidonic acid cascade and resulting in increased free 
radical generation and oxidative stress.460

Hyperglycemia and Antioxidants

The body possesses defense mechanisms that, in the 
healthy individual, adequately control ROS concentra-
tions under most conditions. In T2D, however, increased 
ROS generation results in increased oxidative stress, 
which in turn can lead to many of the hallmark compli-
cations of the disease. Reduction of oxidative stress is 
therefore an important goal for management of this con-
dition. As discussed earlier in this chapter, antioxidant 

nutrients may help to reduce oxidative stress. In various 
studies of humans and animals, dietary supplementation 
with antioxidants is associated with decreased risk of 
T2D and induces changes that can be beneficial in reduc-
ing insulin resistance and protecting various tissues from 
injury.461 Below is a review of certain antioxidants that 
may be of particular importance.

Lipoic Acid

Some of the most convincing evidence for a benefi-
cial effect of antioxidant therapy in diabetes has been 
done on lipoic acid,462,463,464 which is a potent lipo-
philic free radical scavenger. Since oxidative stress 
appears to play an important role in the pathogenesis 
of diabetic neuropathy, it is important to consider the 
benefits of lipoic acid in this condition. Several clinical 
studies reveal that lipoic acid is generally safe and 
effective in reducing symptoms of diabetic peripheral 
neuropathy. Doses of 600–1200 mg/d of ALA may 
improve microcirculation and diabetic polyneuropa-
thy.465,466 Oral treatment for 4–7 months tended to 
reduce neuropathic deficits and improve cardiac auto-
nomic neuropathy.467 Oral treatment also decreased 
urinary albumin excretion after 18 months, suggesting 
that the antioxidative effects of alpha-lipoic acid may 
play a promising role in the pathogenesis of diabetic 
nephropathy as well.468 In a 2004 double-blind study, 
600 mg of intravenous ALA rapidly and significantly 
improved neuropathic sensory symptoms.469

Vitamins

Studies of vitamin E have produced conflicting 
results. In an animal model, vitamin E supplementation 
significantly improved glycemic control, possibly by 
minimizing free radical damage to the pancreatic 
-cells.470 In humans, a low plasma vitamin E concen-
tration was associated with a 3.9-fold increased risk of 
incident diabetes.471 Vitamin E may reduce LDL-choles-
terol oxidation and therefore may decrease cardiovascu-
lar risk in T2D.472 However, not all human studies have 
been positive. For instance, the Heart Outcomes Preven-
tion Study, using a dose of 400 IU/day of d-alpha toco-
pherol, did not show improvement in microvascular or 
cardiovascular damage.473 Overall, human studies with 
vitamin E have been mixed.474

Similarly, studies of vitamin C have shown positive 
effects, negative effects, and no effects, depending on 



Section VI
A Practical Clinical Approach

528

the parameters (and subjects) being studied. When 
administered alone or in combination with vitamin E, 
vitamin C has been shown to lower oxidative stress 
parameters in diabetic animals.475,476 Supplementation 
with vitamin C and/or E in animal models has been 
shown to modulate late pathological changes in the ret-
ina and peripheral nerves.477,478,479 Two grams/day of 
vitamin C demonstrated a beneficial effect on both gly-
cemic control and blood lipids in T2D subjects.480 In 
another 1995 study, the percent increase in plasma vita-
min C levels was correlated with the percent decline in 
plasma free radicals.481 A 2002 study demonstrated that 
1.25 g of vitamin C and 680 IU of vitamin E significantly 
lowered urinary albumin excretion rate, a marker of pro-
gression to end-stage renal disease.482 One gram of vita-
min C alone lowered the urinary albumin excretion in 
diabetic subjects,483 but the same dose in a study of 
effects on microcirculation in T2D patients found no 
effect on microvascular reactivity, and no effect on 
inflammatory cytokines or ox-LDL.484 Doses of 100 or 
600 mg/d of vitamin C reduced sorbitol accumulation 
and therefore may be useful in preventing diabetic retin-
opathy complications.485 On the other hand, a 2004 
study486 concluded that “high vitamin C intake from 
supplements is associated with an increased risk of car-
diovascular disease mortality in postmenopausal women 
with diabetes.” Interestingly, increased vitamin C from 
dietary changes did not show a similar pattern.

Riboflavin is an antioxidant that regenerates glu-
tathione, which plays a major role in the detoxifica-
tion of ROS. Riboflavin deficiency has been noted in 
T2D, but little interventional work has been done with 
this nutrient.

Minerals

Zinc and selenium have been shown to improve cer-
tain aspects of the oxidative stress of T2D. Selenium acts 
as a coenzyme in glutathione peroxidase (GPx) activity. 
It has been suggested that selenium, through its effect 
on GPx, may decrease NFB activity, which has been 
associated with hyperglycemia and oxidative stress.487 
Selenium supplementation to diabetic rats prevents not 
only oxidative stress but renal structural injury as well, 
suggesting that selenium plays a role in reducing the 
oxidative stress associated with diabetes.488,489 Human 
studies have also shown positive results in oxidative 
stress markers following selenium supplementation.490

Zinc is bound to insulin and stabilizes the molecule; 
decreased zinc uptake may be one of the features of dia-
betic patients.491 Zinc supplementation has been shown 
to increase glucose disposal,492 and a study of skeletal 
muscle cells indicated a positive effect on insulin signal-
ing leading to glucose uptake.493 Zinc depletion appeared 
to increase the susceptibility of insulin to free radicals, 
and it has been suggested that zinc is protective against 
free radical injury.494,495 Supplementation with zinc may 
decrease antioxidant damage.496

Vanadium appears to exhibit antioxidant proper-
ties.497 However, vanadium can become toxic and even 
a pro-oxidant at high levels.498,499 Copper and manga-
nese are both cofactors in superoxide dismutase. This 
suggests a physiological role for these nutrients as anti-
oxidants in T2D. However, little work has been done 
with these nutrients to validate their usefulness.

Taurine, CoQ10, and Other Accessory Nutrients

Taurine and coenzyme Q10 are endogenous anti-
oxidants that, while not essential nutrients, may be 
beneficial in T2D at higher levels. In rats with diabetes 
induced by chemical destruction of -cells, taurine 
supplementation reduced renal oxidant injury by 
decreasing lipid peroxidation and inhibiting the accu-
mulation of advanced glycation end products within 
the kidney.500 The effects of oral treatment with coen-
zyme Q10 (60 mg twice daily) were examined in a ran-
domized, double-blind trial of 30 patients with 
coronary heart disease. After eight weeks, the treat-
ment group receiving coenzyme Q10 had reduced 
plasma levels of insulin (fasting and 2-hr), glucose, 
and lipid peroxides as compared to the control 
group.501 In another trial, 200 mg of CoQ10 daily 
improved HA1C and blood pressure in T2D patients, 
but there did not appear to be a specific antioxidant 
effect that could be measured by the plasma levels of 
isoprostanes (markers of oxidative stress).502 Results 
overall with CoQ10 are inconsistent,503 but a 2004 
review did conclude that CoQ10 might “improve 
endothelial dysfunction by ‘recoupling’ eNOS and 
mitochondrial oxidative phosphorylation.”504

Other antioxidant phytonutrients have been reported 
to be beneficial. Dietary flavonoids such as catechins and 
quercetin may protect against oxidative stress in T2D.505 
In vitro and animal studies have shown that catechins in 
particular may help as antioxidants in protection of pan-
creatic beta cells.506,507,508
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Summary

While there is still controversy over the role of anti-
oxidants and oxidative stress in T2D, there appears to 
be sufficient evidence to show that oxidative stress in 
the diabetic patient is greater than normal antioxidant 
defenses can withstand; and this increased oxidative 
stress is associated with the onset and progression of 
diabetic complications. Overall, but by no means unan-
imously, results indicate that dietary supplementation 
with micronutrients may be a complement to conven-
tional therapies for preventing and treating diabetes 
and its complications.509 It seems likely that oxidative 
stress is only one factor contributing to diabetic compli-
cations; thus, antioxidant treatment would most likely 
be more effective if it were coupled with other treat-
ments. While supplementation is expected to be more 
effective when a deficiency in these micronutrients 
exists, studies have reported beneficial effects in indi-
viduals without deficiencies. Some of these positive 
studies were short term and had small sample sizes, but 
there are other, placebo-controlled, multicenter trials 
that have shown significant improvements in diabetic 
complications by addressing the oxidative stress com-
ponent of diabetes. Treatment with antioxidants has 
been demonstrated to preserve beta-cell function, pro-
tect the vascular endothelium, and ameliorate poly-
neuropathy, retinopathy, and nephropathy. Results of 
these reviewed studies, and others, indicate that dietary 
supplementation with antioxidant nutrients may be a 
safe and simple complement to conventional therapies 
for preventing and treating diabetic complications. 
(Practitioners should also remember that dietary inter-
ventions to increase consumption of antioxidants have 
few safety problems, may produce an improvement in 
redox status parameters,510 and undoubtedly produce 
significant other benefits as well, as discussed in many 
other chapters of this book.)
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Genetic and Environmental Influences on Detoxification
Michael Lyon, MD, Jeffrey S. Bland, PhD, and David S. Jones, MD

In Chapter 22, the basic mechanisms and potential 
dysfunctions of detoxification and biotransformation 
were presented in detail. In this chapter, we will review 
some of those elements from a more clinical perspec-
tive. This initial part of the chapter provides a compre-
hensive overview of detoxification/biotransformation 
issues, followed by two examples of specific clinical pro-
tocols for detoxification—one for in-office use under 
the clinician’s supervision, and the other for in-home 
use by patients—and ending with an in-depth discus-
sion of the gut-liver connections (and the clinical impli-
cations of those relationships for this topic). 

Introduction

Throughout evolution, we have developed complex 
protection systems against endogenous and exogenous 
substances. Scientists working in the early 1970s dis-
covered the first enzyme of the detoxification family. 
This enzyme contained iron and emitted absorbed 
ultraviolet radiation of 450 nanometers, so it was called 
a cytochrome P450. A high level of this cytochrome 
P450 enzyme was found to be localized in the liver, and 
researchers soon discovered it was responsible for con-
verting lipophilic (fat-loving) toxins into bio-trans-

formed intermediates that were more water-soluble 
(phase I detoxification).

Later research revealed that most of these biotrans-
formed intermediates undergo further biotransforma-
tion in the liver by a second series of enzymes called 
conjugases. They called this phase II detoxification. The 
conjugases were enzymes that attached molecules to 
the biotransformed intermediate, such as glucuronic 
acid, sulfate, glutathione, glycine, taurine, or methyl 
groups. Hormones and other signaling molecules are 
detoxified (biotransformed) and eliminated through 
specific phase I and phase II processes. The most com-
mon phase II pathways include sulfation, glucuronida-
tion, and methylation. Drugs and xenobiotics, along 
with hormones and other endogenous metabolites, 
compete for these same detoxification pathways and 
specific phase I enzymes. As research continued into the 
1980s and 1990s, investigators discovered a tremendous 
number of phase I cytochrome P450s and phase II con-
jugases. We now know that phase I cytochrome P450s 
are members of a “super-family” of enzymes,1 for which 
more than 58 different genes exist in humans.
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Genetic Variability in Detoxification Function

The complexity of detoxification and biotransforma-
tion is intensified by the widespread genetic polymor-
phisms for the expression of cytochrome P450 enzymes 
within the human species. Researchers have discovered 
that great variability exists among humans in not only 
the structure and function of the phase I cytochrome 
P450s but the phase II conjugases as well.2 Recent molec-
ular genetic analysis has identified hundreds of single 
nucleotide polymorphisms (SNPs) that modify the struc-
ture and function of the various detoxification enzymes. 
As a consequence of this inter-individual variation in 
detoxification enzyme function, very significant differ-
ences exist from person to person in the way we metabo-
lize specific substances. (This material was covered in 
detail in Chapter 22.)

The full extent and significance of this phenomenon 
have not been completely ascertained, and there is no 
strong consensus in the literature about specific relation-
ships, but a number of studies have suggested a correla-
tion between genetic deficiency of certain cytochrome 
P450 enzymes and susceptibility to environmentally 
mediated disorders.3,4,5,6,7 Early cancer indications, for 
example, have not always been reproducible, particu-
larly lung cancer and prostate cancer.8 In a 2003 review, 
Guengerich9 observed that “Difficulties in studying the 
association of cancers with toxic chemicals in the envi-
ronment are made more complex by the usually very 
limited numbers of patients available, the need to iden-
tify individual chemicals and levels of exposure, and the 
long latency period (up to 20 years) from exposure to 
onset of cancer.” 

These differences in the metabolism of drugs are 
not only genetic; they also relate to environmental and 
nutritional influences that modify gene expression and 
proteomic activity of the cytochrome P450 and conju-
gase family of enzymes. We are now aware that dietary 
factors can play a significant role in modifying first-pass 
detoxification or biotransformation in an individual by 
inducing or inhibiting transport and metabolism.10 

The majority of the research in this area presents 
epidemiological, animal-based, basic science, small 
human clinical trials, or case-based information. As a 
consequence, it is difficult to recommend with certainty 
specific patient intervention techniques from the litera-
ture. Given, however, that patients and practitioners 
alike have increasing concerns about environmentally-

related illnesses, we believe it is important to explore 
the role that diet and lifestyle may play in prevention, 
risk reduction, and therapeutics. The concepts described 
in this chapter frame an important component of the 
functional medicine model.

Genetics of Detoxification and the Diet

Heritable polymorphisms are also known for several 
conjugating enzymes (phase II detoxification) that are 
extensively involved in the metabolism of exogenous 
chemicals,11 a significant factor conferring susceptibility 
to environmental toxins. An example of this genetic 
variation is the activation of glutathione S-transferase 
(GST), an important phase II detoxification enzyme 
involved in glutathione conjugation.12 There are a num-
ber of polymorphisms of GST, including those within 
the mu and theta classes (GSTM and GSTT). 

Certain foods may contain constituents that acti-
vate the expression of a specific detoxification process, 
while other foods may contain substances that inhibit 
its activity. For example, in humans, consumption of 
Brussels sprouts leads to the induction of one isoform 
of glutathione-S-transferase only, and the administra-
tion of the terpene eugenol from thyme oil inhibits the 
activity of two different isoforms of glutathione-S-
transferase at the same time.13 Studies of the induction 
of individual isozymes of glutathione transferase in 
humans have shown that Brussels sprouts and garlic 
induce these activities in similar ways.

The findings that food/drug interactions are associ-
ated with alterations in the detoxification of hormones 
have important clinical implications. Foods may inter-
act with hormones during key metabolic processes:

1. before and during gastrointestinal absorption, 
2. during distribution, 
3. during metabolism, and 
4. during elimination.14 

Specific macro- and micronutrients in foods may 
influence the biotransformation process of both phase I 
and phase II enzyme systems, and thus have an impact 
on all four of these fundamental physiological pro-
cesses. For example, nondigestible carbohydrate (fiber) 
that is not digested in the intestinal tract may be quite 
bioactive toward the detoxification enzyme systems. 
The most important effects of food on biotransforma-
tion and its relationship to detoxification are observed 
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through the influence on metabolism and elimination 
of various substances. 

Influencing Detoxification

Phytochemicals

Dr. Paul Talalay and his colleagues from the Johns 
Hopkins University School of Medicine have been 
working for the past 40 years to elucidate the mecha-
nisms by which various phytochemicals in plant foods 
modify the activity of phase I and phase II enzyme sys-
tems.15,16 Animal studies reveal that a surprising number 
of phytochemicals protect rodents against neoplastic, 
mutagenic, and other toxic effects when the animals 
are exposed to various types of carcinogens. Dr. Talalay 
points out that these chemoprotective agents often 
belong to totally unrelated chemical classes, such as 
substituted phenols, coumarins, sulfur compounds 
such as isothiocyanates, flavones, indoles, retinoids, 
tocopherols, and selenium compounds.17

Specific chemical substances in various foods have 
specific effects on the expression and activity of the 
biotransformational detoxification system. For many 
years, we have known, in general, that certain foods 
seemed to promote improved detoxification. As a con-
sequence of the work of Talalay and others, however, 
we now know that certain phytochemicals have spe-
cific influences on the various isoforms of cytochrome 
P450 and the variety of conjugases involved with phase 
II activity.18

The discovery that specific phytochemicals influence 
the activity of different components of the phase I and 
phase II biotransformational detoxification system poses 
a challenge to the clinician concerning what specific 
foods or phytonutrients to recommend to improve 
the unique detoxification systems of individual patients. 
Upregulation of the activity of phase I cytochrome P450, 
without proper balance with phase II detoxification 
capability, can result in a more harmful outcome by pro-
ducing higher levels of highly reactive biotransformed 
intermediates. The clinical focus should not be solely on 
inducing increased detoxification activity, but rather on 
trying to establish balance in the patient between phase 
I and phase II detoxification systems.

Mono- and Multifunctional Modulators of 
Detoxification

The challenge of finding the appropriate clinical 
support program to balance phase I and phase II detoxi-
fication systems was simplified by Talalay’s discovery of 
specific phytochemicals that are bifunctional modula-
tors of detoxification effects. These phytochemicals 
have an influence on modulating specific phase I cyto-
chrome P450s and phase II conjugases simultaneously, 
thereby leading, potentially, to balanced detoxifica-
tion.19 Some agents act in a monofunctional manner. 
They have only single effects on either cytochrome 
P450 isoforms or phase II conjugases.

The impact of any factor upon detoxification status 
is the sum of all effects upon phase I and phase II 
enzyme systems. For example, moderately high-protein 
diets bring about upregulation of P450s in a pattern 
that may either increase or decrease susceptibility to 
pesticides and other xenobiotics, depending upon 
whether the protein is of animal or vegetable origin, 
while diets that are deficient in protein may increase 
pesticide toxicity because of P450 downregulation. On 
the other hand, cigarette smoking brings about a mono-
functional induction of P450, biotransforming certain 
xenobiotics into potent carcinogens while simulta-
neously increasing oxidative stress.20 

Numerous phytochemicals are known to exert 
potent effects upon both phase I and phase II enzyme 
activities. With few exceptions (such as grapefruit slow-
ing drug metabolism, or St. John’s wort accelerating 
drug metabolism), plant foods common to the human 
diet have been shown to have important effects upon 
detoxification systems. Onions and garlic, cruciferous 
vegetables, chlorophyll, terpenoids (e.g., citrus, Ginkgo 
biloba, menthol, camphor), bioflavonoids (e.g., citrus, 
pine bark, grape seed, green tea) and others all act in a 
complex, highly beneficial manner to improve bal-
anced detoxification capability.21 

In a landmark article titled “Dietary Carcinogens and 
Anti-carcinogens,” Ames explained that although some 
foods are known to contain substances that may be 
potential carcinogens, whole foods, particularly those in 
the vegetable family, contain phytochemicals that mod-
ulate the potential carcinogenic activity of other sub-
stances through their ability to modify detoxification.22 
Further evidence indicates this bifunctional aspect of 
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various phytochemicals is important in establishing a 
higher degree of tolerance and safety in their influence 
on hepatic bifunctional detoxification systems.

A diet rich in bifunctional modulators, as well as 
monofunctional phase II regulators, influences the 
detoxification and elimination of neuroendocrine 
modulators. According to research by Lanai et al., 
“Compounds acting as inducers of anti-carcinogenic 
enzymes are divided into two classes: (1) bifunctional 
inducers, which induce those phase I xenobiotic- 
metabolizing enzymes …   and subsequently generate 
intermediates which transcriptionally activate genes 
encoding phase II enzymes including QR (quinone 
reductase); and (2) mono-functional inducers, which 
induce phase II enzymes directly without inducing the 
phase I enzymes.”23

Talalay pointed out that protection against endo-
genous and exogenous toxins is achieved through the 
proper balance between monofunctional inducers of the 
selective phase II enzymes and appropriate bifunctional 
inducers that help regulate both phase I and phase II 
activities, resulting in “balanced detoxification.”24 

Monofunctional and Bifunctional Inducers and 
Cancer Risk

Dr. Johanna Lampe and her colleagues at the Fred 
Hutchinson Cancer Research Center in Seattle, Wash-
ington, have been actively involved in clinical evalua-
tion of these concepts in studies of human patients. In 
one paper, Dr. Lampe discusses the effects of genetic 
polymorphisms on detoxification systems and the role 
of specific diets rich in phase II monofunctional and 
bifunctional inducers in reducing carcinogenic risk.25 
According to Dr. Lampe, a diet/gene interaction that 
works through the detoxification mechanisms is likely 
to contribute significantly to the observed inter-individ-
ual variations in cancer risk in response to exposures to 
various carcinogens. Her work once again emphasizes 
the importance of supporting balanced detoxification 
through proper activity of both phase I cytochrome 
P450s and phase II conjugases.

Phase II enzymes, such as glutathione-S-transferase, 
N-acetyltransferase, sulfotransferase, UDP-glucurono-
syltransferase, and catechol-methyl transferase, are 
extra-ordinarily important in providing balanced 
detoxification. Upregulation of phase I cytochrome 
P450 without a concomitant balance with phase II 

enzymes can result in significant increase in reactive 
intermediary metabolites, which may increase the risk 
of cellular injury. The scheme that relates to the bal-
ance between phase I and phase II detoxification 
enzymes is shown in Figure 31.1. (Another version 
can be seen in Figure 22.1, in Chapter 22.)

Glucuronidation

Dr. Lampe has focused on the role of specific nutri-
ents in the regulation of phase II glucuronidation. Glu-
curonidation is a major detoxification process catalyzed 
by UDP glucuronosyltransferases that convert a vast 
variety of endogenous compounds, including bilirubin, 
steroid and thyroid hormones, and retinoids or bile 
acids, as well as a remarkable number of lipophilic xeno-
biotics, into more hydrophilic and therefore excretable 
metabolites.

UDP glucuronosyltransferase enzymes are members 
of a super-family of enzymes with considerable genetic 
polymorphisms. Individuals who have specific polymor-
phisms in specific UDP glucuronosyltransferases are 
more susceptible than others to Gilbert’s syndrome. 
Reduced glucuronidation ability of specific substances in 
these individuals may make them more susceptible to 
the effects of endo- and exotoxins. 26 Glucuronidation is 
under dual regulatory control. The first control, carried 
out on the genetic expression level of the isoenzymes, 
determines the amount of a different isoform available. 
The second control is modulation of the activity of indi-
vidual isoforms to their “functional state” by specific 
substances, including certain nutrients. 27

Individual differences in glucuronidation ability. 
Lampe et al. discovered that UDP glucuronosyltrans-
ferase polymorphisms result in significant differences in 
glucuronidation ability from person to person, and that 
dietary factors may significantly influence the activity 
of the phase II biotransformation function.28 Interest-
ingly, Dr. Lampe has found considerable differences in 
the activity of UDP glucuronosyltransferase isoforms 
between Caucasians and individuals of Asian ethnicity, 
suggesting the origin of possible differences in certain 
disease incidence upon exposure to various toxins.29
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Figure 31.1 Interrelationships among the biotransformation enzyme systems

In a pilot study, Lampe found the consumption of 
different vegetables, including members of the allium 
(garlic and onion), apiaceae (carrot), and cruciferous 
(broccoli and Brussels sprouts) families had different 
influences on phase II GST enzyme activity.30 In another 
study, researchers found that garden cress, a relative of 
the cruciferous vegetables, contains specific glucosino-
lates that increase glucuronidation activity. According 
to the authors of this study, “Our findings suggest that 
the chemoprotective effect of GC (garden cress) is medi-
ated through enhancement of detoxification of IQ 
(2-amino-3-methyl-imidazo [4,5-1) quinoline by 
UDPGT.”31 

Once again, these studies demonstrate the important 
concept that clinical response in biotransformation is a 
result of genomically determined factors and environ-

mental influences on gene and protein expression. The 
clinical application of this emerging information is to 
find dietary programs containing the right balance of 
monofunctional inducers of phase II enzymes and 
bifunctional inducers of the appropriate isoforms of 
phase I and phase II enzymes to provide balanced detox-
ification in the majority of genotypes represented in a 
genomically heterogeneous population such as that in 
the United States.

Factors that induce glucuronidation. With specific 
reference to UDP glucuronosyltransferase induction, 
researchers have demonstrated that a number of fla-
vonoids have the ability to induce specific glucuron-
idases, which will increase glucuronidation. Luteolin is 
one example of a flavonoid that can induce glucuronida-
tion; another is chrysin, which induces UGT1A1.32
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Thyroid hormone T3 is also involved in the expres-
sion of UGT1A1 and UGT1A6. UGTIA1 is responsible 
for the glucuronidation of bilirubin, while UGT1A6 is 
responsible for the glucuronidation of potentially xeno-
biotic phenolic compounds. The influence of T3 on 
UGT expression was also found to depend on vitamin A 
retinol status. A deficiency of vitamin A resulted in inhi-
bition of the expression of UGT1A1 and 1A6, even in 
the absence of administered T3. The investigators con-
clude, “Our results demonstrate for the first time the 
existence of a strong interaction between vitamin A and 
thyroid hormone on the regulation of genes encoding 
cellular detoxification enzymes, in this case the UGT.” 33

The role of dietary fiber in glucuronidation. It has 
also been found that certain sources of dietary fiber will 
influence the activity of UDP-glucuronosyltransferase. A 
comparative study of various forms of fiber in animals 
found that intestinal microflora played a key role in the 
effects of fiber on xenobiotic-metabolizing enzyme sys-
tems, not just as a consequence of bacterial fermentation 
of various types of fiber. In examining wheat bran, car-
rot, cocoa, and oat bran fibers and their influence as 
potential modulators of detoxification, researchers found 
that cocoa fiber seemed to influence phase II UDP glucu-
ronosyltransferase activity more than fibers from wheat 
or carrot.34 This result suggests that colonic bacteria may 
play an important role in modulating glucuronidation, 
and that diet-derived substrates for colonic bacteria can 
influence detoxification. (Clinically, the important appli-
cation of this concept is to focus on gastrointestinal res-
toration and recolonization of the colon with symbiotic 
bacteria and prebiotics, while also providing a nutri-
tional support program for hepatic detoxification phase I 
and phase II balance.)

Silymarin and glucuronidation. Milk thistle con-
centrate containing silymarin is another botanical 
medicine that influences cytochrome P450 and UDP 
glucuronosyltransferase activity. In a human cell culture 
study, researchers reported that silymarin significantly 
reduced cytochrome P450-3A4 enzyme activities, as 
well as those of glucuronosyltransferase 1A6 and 1A9. 35 
This result may have potential clinical importance 
because these are hepatic drug-metabolizing enzyme 
systems that are important for first-pass detoxification 
of a variety of pharmaceuticals. Although this was a cell 
culture study, it does call into question the potential 
effects of milk thistle concentrate, when administered 
with specific pharmaceuticals, on their detoxification.

One can learn from this study to be aware that spe-
cific substances in botanical medicines may have influ-
ence on specific aspects of either phase I or phase II 
detoxification systems and alter the metabolism of cer-
tain medications. One should always ask patients what 
nutritional supplements and botanical medicines they 
are currently taking and assess the potential interaction 
of these various substances with their detoxification 
processes before administering other therapeutic agents.

Biochemical Individuality and Toxic Response

Modifying Susceptibility to Environmental 
Toxicants: Diet, Lifestyle, Environment

Although genetic predisposition may confer certain 
absolute risks in the response of an individual to toxic 
agents, most aspects of detoxification and resistance 
involve highly modifiable nutritional, environmental, 
and lifestyle factors. The cytochrome P450 enzymes are 
located primarily in the liver. However, several other 
organs, including the small intestine, lungs, brain and 
kidneys, contribute in a lesser way to the P450-mediated 
oxidation of both xenobiotics and endobiotics such as 
hormones and neurotransmitters. There are numerous 
factors that influence phenotypic expression of these 
critical enzymes. Although there have been over 30 
different P450s characterized in detail in humans, it 
appears that the majority of P450 activity is carried out 
by about six different isoforms.36 The impact of various 
physical, chemical, and microbiological agents upon 
P450 activity is highly complex and may involve upreg-
ulation, downregulation, inhibition, or stimulation of 
enzyme activity. 

Fasting. One significant consideration for the natu-
ral medicine clinician is the impact of fasting upon 
detoxifying enzyme function. For the most part, P450 
enzymes are relatively resistant to depletion during fast-
ing, and may even be significantly induced by products 
of starvation such as ketones and xenobiotics released 
from stored fat. On the other hand, the conjugating 
enzymes are highly dependent upon dietary provision 
of adequate amounts of substrate and are consumed 
rapidly under states of high xenobiotic load or oxida-
tive stress.37 Complete fasting, juice fasts, or other nutri-
tionally marginal fasting regimens may exacerbate 
systemic toxicity,38 particularly if the fluid intake is low 
and there is reduced fecal elimination. This may result 
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in a marked rise in highly toxic bioactive intermediates 
and free radicals, with a concomitant decrease in phase 
II detoxification activity, because those regimens don’t 
provide adequate substrate for phase II detoxification. 
For example, sulfation is particularly susceptible to inhi-
bition due to compromised cofactor status, and the 
serum sulfate level is decreased in individuals who are 
fasting. Humans excrete approximately 20 to 25 milli-
moles of sulfate in 24 hours; therefore, sulfate reserves 
must be maintained through dietary intake of sulfur-
containing amino acids or inorganic sulfate, both of 
which have been shown to support increased serum 
sulfate levels.39

As discussed in Chapter 22, imbalanced detoxifica-
tion can result in marked oxidative stress and may be 
particularly deleterious to chronically ill patients 
whose antioxidant reserves are already exhausted or 
significantly weakened. Perhaps in the past, when tis-
sue burdens of xenobiotics and heavy metals were low, 
complete fasting regimens were of significant benefit. 
However, the modern human is probably ill advised to 
follow such traditional detoxification methods for 
lengthy periods of time.

Amino acid needs in phase II detoxification. 
Phase II detoxification systems are particularly depen-
dent upon and responsive to adequacy of substrates to 
carry out the conjugation of oxidized intermediates. 
Adequate amounts of protein, with special attention to 
glycine, L-glutamine, methionine, L-cysteine, and N-
acetylcysteine, along with inorganic sulfate, selenium 
and additional taurine, are all very important in the 
support of phase II activity.40,41,42,43 Lipoic acid supple-
mentation markedly enhances the level of intracellular 
glutathione in states of adequate sulfur amino acid 
intake.44 Undenatured whey protein, rich in glutathione 
precursors, has been shown in several studies to increase 
cellular and plasma glutathione.45 Cruciferous vegetables 
significantly upregulate phase II enzyme activity.46 Anti-
oxidants also provide a highly supportive role in liver 
detoxification by reducing oxidative stress resulting 
from phase I activity and by preventing glutathione con-
sumption by reactive oxygen species. Milk thistle, cur-
cumin, and green tea extracts are particularly useful 
antioxidants for the liver;47,48,49 silymarin (milk thistle) is 
mediated through the upregulation of phase II enzymes 
such as glutathione-S-transferase.

Other dietary factors. Other nutritional factors 
impact detoxification. High carbohydrate diets bring 

about downregulation of P450s in a pattern that results 
in an undesirable reduction in the metabolism of several 
drugs and hormones. Intestinal dysbiosis may inhibit 
specific P450 activity through altered enzyme activity. 
On the other hand, supplementation with probiotic bac-
teria can markedly reduce the adverse effects of bacterial 
endotoxin upon the liver, as well as decreasing gut per-
meability.50 Inhibition of nitric oxide synthesis may 
improve detoxification in inflammatory liver condi-
tions.51 Certain types of dietary fiber markedly enhance 
the activity of both phase I and phase II detoxification 
systems in the liver.52 Fiber also decreases stool transit 
time, acts to sequester conjugated xenobiotics and endo-
biotics located in the bile, and reduces the level of bacte-
rial deconjugating enzymes in the stool. All of these 
effects reduce the recycling of xenobiotics and endobiot-
ics through the enterohepatic circulation.53,54 

Exercise. Exercise, if accompanied by adequate 
calories and protein, has been shown to result in liver 
hypertrophy and a multifunctional induction of detoxi-
fication enzyme systems, as well as a marked increase in 
antioxidant enzymes and reduced glutathione in several 
organs.55,56,57 Additionally, exercise results in a mobiliza-
tion of extracellular fluid and lymph where xenobiotics 
often temporarily reside after being released from cells 
by exocytosis or other mechanisms. Sweating augments 
the liver’s detoxification mechanisms as it is an impor-
tant route of elimination for both organic 58,59 and 
metallic 60,61 toxicants. 

Nutritional and Environmental Regulation of 
Toxic Metals

Nutritional adequacy has a marked influence upon 
the absorption, retention, toxicity, and excretion of 
toxic metals. For example, the effect of lead on cogni-
tive and behavioral development is increased with iron 
deficiency, which also leads to increased gastrointesti-
nal absorption of cadmium. Cadmium competes with 
zinc for binding sites on metallothionein.62 Iron defi-
ciency also increases the uptake of aluminum.63 The 
absorption of several other toxic metals may be 
enhanced by increased intestinal permeability. Inade-
quacy of certain minerals can lead to enhanced reten-
tion of toxic metals. Through increased absorption, 
calcium deficiency increases both lead and cadmium 
body burden, and selenium deficiency increases mer-
cury retention. 
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Toxic metals compete with nutritional minerals, 
leading to displacement of nutrient minerals from pro-
tein binding sites, as well as excessive loss of minerals 
from the body.64 Because of this, the requirement for 
several nutrient minerals may rise significantly above 
the RDA in the metal-toxic patient. The clinician must 
also be aware that certain nutritionally necessary metals 
(e.g., iron, copper) can become conditionally toxic, and 
perhaps should only be supplemented if a deficiency is 
determined. The best example of this is excessive iron 
stores in patients who are homozygous or heterozygous 
for a hemochromatosis mutation, the most common 
genetic disorder. Although homozygotes are relatively 
uncommon, heterozygotes for this disorder may be as 
high as one in five in certain populations, and these 
individuals may be at risk for manifestations of iron 
toxicity, particularly if iron supplementation is adminis-
tered.65 Other nutrient metals (e.g., manganese) may be 
nontoxic unless control of absorption is bypassed 
through inhalation or injection.66

The excretion of toxic metals is governed by a com-
plex chain of interwoven activities. If any link in this 
chain is broken, proper elimination of the toxic metal 
may not take place. Toxic metals must be released from 
the cell, moved from the extracellular fluid into the 
blood, transported from the blood to the liver or kidneys, 
and then transported from the kidneys to the urine or 
from the liver into the bile. Once the metal is in the bile, 
it must then be transported out of the body in the stool 
before it can be reabsorbed back into the circulation. 

For example, the first step in mercury excretion 
involves binding of the mercury to metallothionein 
(MT) or glutathione within the cell. Metallothionein 
production, in turn, is highly inducible through exer-
cise and nutritional adequacy of zinc (zinc deficiency 
results in MT depletion). Metallothionein production 
is also induced by supplementary L-cysteine or by brief 
periods of oxidative stress (as with aerobic exercise).67 
MT works in cooperation with glutathione in the initial 
mobilization of mercury from cells and it also shares 
intracellular antioxidant activity with glutathione.68 
Selenium may also play a role in binding to mercury 
within the cell and forming a transportable complex. 
Therefore, selenium supplementation has been recom-
mended in the treatment of mercury toxicity.69 

Once mercury is mobilized by MT or glutathione, it 
is transported through the cell membrane (probably by 
exocytosis). Mercury must then be carried away from 
the cell to limit toxicity upon the cell membrane and to 
transport mercury to the liver. Exercise is probably help-
ful in accelerating the movement of mercury from the 
extracellular fluid through the lymph and into the 
blood. Hyperthermic therapy (e.g., sauna) may be help-
ful in mobilizing mercury directly from the extracellular 
fluid.70 Once the mercury reaches the liver, it usually 
undergoes conjugation with glutathione and is trans-
formed into a mercapturate. The mercury mercapturate 
is then released into bile.71 

Both the liver and the kidneys are highly sensitive to 
glutathione depletion by mercury. Hepatic and renal 
glutathione production can be enhanced by supple-
menting the diet with L-cysteine, N-acetylcysteine, 
glutathione, cruciferous vegetables, dietary fiber, unde-
natured whey protein, lipoic acid, onions, and garlic. 
Lipoic acid may also assist in this process by directly 
binding inorganic mercury in the liver and accelerating 
its excretion into the bile, while simultaneously induc-
ing the formation of glutathione.72 

Once mercury has entered the intestine through the 
release of bile, it must leave the body via the stool. Opti-
mal gastrointestinal function is very important to pre-
vent recycling of mercury through the enterohepatic 
circulation. Fiber has been shown to have a significant 
effect in lowering total body burden of mercury through 
sequestration of intestinal mercury and reduction in 
stool transit time.73 Other factors, including increased 
gut permeability and intestinal dysbiosis resulting in 
deconjugating bacterial enzymes, help determine how 
efficiently mercury can leave the body once it has passed 
from the liver into the small intestine. Since 90% of 
excreted mercury leaves the body through the enteric 
route, colonic elimination is a vital component in main-
taining an unbroken and efficient chain of excretion 
from the cell to the outside of the body for mercury as 
well as a host of other toxicants. 
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Assessing the Toxicologically Impaired 
Patient

Patient History

A carefully gathered toxic exposure history is a vital 
part of the clinical evaluation. The mnemonic C(H2) 
OP(D4) will aid in remembering important elements of 
the toxic exposure history. 

Community ....... City and neighborhood air qual-
ity, noise, electromagnetic fields

Home .................. Home heating and ventilation, 
cleaning chemicals, pesticides, 
paints, carpets, building materials, 
molds, allergens, water

Hobbies .............. Toxic chemicals, paints, solvents, 
metal fumes

Occupation ........ Workplace air quality, toxic 
chemicals

Personal habits .. Smoking, drinking, drug use, 
sun exposure, exercise, stress 
management

Diet .................... Overall quality of diet, over- or 
undereating, meat eater or vege-
tarian, fast foods, snack foods, 
deep fried foods, fish and seafood, 
organic or non-organic foods, 
food allergies or intolerances, 
leaky gut syndrome, abnormal 
microbial ecology of the 
digestive tract

Drugs ................. Prescription and nonprescription
Dental ................ Amalgams placed and removed, 

extractions, root canals
Development ..... Mother’s pregnancy history 

(e.g., smoking, drugs, drinking, 
toxic exposures, dental work), 
childhood exposures (e.g., leaded 
paints, pesticides, secondhand 
smoke)

Patients may not be aware of important sources of 
toxic exposure. They may also have genetic, nutritional, 
or lifestyle factors that place them at elevated risk for 
toxicologically-mediated health problems. 

Laboratory Assessment

The field of toxicogenomics is in its infancy, but 
several labs have begun to offer toxicogenomic assays 
to help in evaluating a patient’s genetic risk of toxin-
mediated illness. Evaluations of SNPs to assess cyto-
chrome P450 variability, DNA or RNA amplification 
techniques (primarily polymerase chain reaction—
PCR) to assess adequacy of metallothionein or glu-
tathione S-transferase activity are examples of toxico-
genomic tests that are (or are becoming) commercially 
available to the clinician. 

Some laboratories have developed panels that 
include evaluation of several factors relative to a partic-
ular toxicologic system. For example, an available met-
allothionein profile measures serum zinc, serum copper, 
serum ceruloplasmin, serum ceruloplasmin copper, 
non-ceruloplasmin (“free”) copper, whole blood 
reduced glutathione, whole blood metallothioneins, 
copper/zinc ratio, reduced glutathione/metallothio-
nein ratio, zinc/metallothionein ratio. Other examples 
include the functional liver detoxification profiles 
offered through several commercial laboratories. In 
these tests, patients are given drugs (often acetami-
nophen, aspirin, and caffeine) as a single oral dose. 
Urine is gathered following the ingestion of the test 
substance, and levels of metabolites processed through 
phase I and phase II detoxification are measured. 
Although no profile currently exists which assays the 
function of more than a few out of the several dozen 
possible detoxification enzymes, these tests often do 
provide useful information for the clinician.

Organic toxicants. In some cases, an occupational 
history will provide clues about specific toxicants to be 
searched for. Some toxicology laboratories offer exten-
sive panels to quantify the level of organic toxins in 
blood, urine, or adipose tissue. Available panels include 
such things as PCBs, organochlorine pesticides, PBDE 
fire retardants, furans, and dioxins. Body burdens for 
these agents are accurately assessed by providing a small 
sample of adipose tissue (often taken through a small 
incision under the umbilicus). For example, an electric 
utility worker with chronic fatigue syndrome was shown 
to have a high body burden of PCBs, as measured in a 
provided fat biopsy. In this case, PCB tissue levels can be 
monitored in a serial fashion following detoxification 
efforts. Such assessment may also help a patient to sup-
port a disability or worker’s compensation claim. 
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However, unless a specific chemical or family of 
chemicals can be suggested by an exposure history, the 
range of possible organic toxicants is far too vast to be 
determined practically and financially in most cases. It 
is generally more realistic to assume that all function-
ally impaired patients carry a wide range of synergisti-
cally active organic toxicants at various levels, and 
focus instead upon engaging the patient in a compre-
hensive detoxification program using outcome-based 
measures and functional testing to gauge success.

Metal toxicants. On the other hand, the definitive 
assessment of a patient’s heavy metal burden is rela-
tively simple and probably should be performed early in 
the assessment of most patients with poly-symptomatic, 
chronic illness. Metal-toxic patients present a unique 
clinical challenge and, if a significant toxic metal bur-
den is present, the outcome of clinical intervention may 
be disappointing unless the metal burden is effectively 
diminished. Once metal burdens are diminished, 
patients often respond far more effectively to other 
clinical interventions. 

There is a limited number of toxic metals commonly 
found in the human and most labs provide panels that 
include most of these metals. Hair analysis is a simple 
and inexpensive screening test for levels of a few metals 
such as lead or methylmercury (from seafood). However, 
there are confounding factors that can make it difficult 
to use for individual patient diagnosis—for example, 
some anecdotal reports indicate that low levels of hair 
mercury in autistic children may indicate poor excretion 
rather than normality, whereas high levels of hair mer-
cury may indicate normal mercury excretion patterns. 
Furthermore, the precision of this methodology in deter-
mining long-standing body burdens of most other 
metals is probably too low to base confident clinical 
decisions upon, and some toxicology authorities suggest 
that hair analysis be limited to population screening.74 

Conventional toxicologists generally rely upon other 
methodologies of assessing metal burden to gauge clini-
cal decision making. “Acceptable” blood levels of lead in 
children and adults, as well as blood and urine levels of 
several other metals in industrial settings, have been 
widely suggested in published literature. However, the 
limitation of blood or urine tests is that they largely 
reflect only the level of ongoing exposure to the metal 
and may bear little relationship to tissue levels. Since 
tissue biopsy for heavy metal levels is impractical, post-
provocative urine testing is probably the most reliable 

means to assess body burden of metals acquired through 
long-standing, low-level exposure, especially in the 
assessment of low-level inorganic mercurialism.75 

The Detoxification Lifestyle

When working with chronically ill patients whose 
health is impacted by toxicological stresses, clinicians 
need to provide education to help these individuals 
develop habits of living that will reduce their exposure to 
toxicological factors and improve the efficiency of their 
detoxification mechanisms. The mnemonic A NERD will 
help the clinician to remember the important elements 
of a detoxification lifestyle. Patients who learn to follow 
these habits of living are creating a foundation for better 
long-term health, and their response to more extensive 
clinical interventions will be more successful.

Avoid exposure to all known sources of toxicity. 
Chemical dependencies, smoking, excessive alcohol, 
unnecessary prescription drugs, toxic work environ-
ments, homes with leaded paint, severe air pollution, 
polluted drinking water, and standard North American 
diets—particularly sugary drinks, junk foods, processed 
meats, fast foods, and deep fried foods—should be 
avoided. For some patients, removal of dental amalgam 
fillings might be indicated.

Nutrition must be optimized for efficient detoxifica-
tion. The diet must be based upon whole foods (plenty 
of vegetables, fruits, and fiber) and should emphasize 
foods with a net alkalinizing impact with lower amounts 
of acid-forming foods. Generous portions of cruciferous 
vegetables should be eaten daily, along with modest 
amounts of olive oil, as well as onions, garlic, and mod-
est amounts of lean, unprocessed protein. Supplements 
can include alkalinizing minerals (Ca, Mg, K, Zn), along 
with multivitamin/trace elements, essential fatty acids 
(DHA/EPA), N-acetylcysteine, lipoic acid, and antioxi-
dant support (vitamins C and E, grape seed extract, 
green tea extract). Undenatured whey protein supports 
synthesis of glutathione. Detoxification medical food 
products are available with a base of undenatured whey, 
rice, or pea protein, along with a range of nutrients to 
support detoxification. These can be used as a supple-
ment to, or in replacement of, one meal per day to sim-
plify the daily detoxification supplement program. 

Exercise accelerates lymphatic flow, induces sweat-
ing, and increases metabolism and detoxification effi-
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ciency. Exercise should be a daily part of the detoxifica-
tion lifestyle.

Rest, including proper sleep, relaxation, and stress 
management, is an essential element in the detoxifica-
tion lifestyle. 

Detoxification as a specific therapeutic activity 
should be considered as a periodic means to improve 
vitality and reduce toxic body burdens. Traditions of 
fasting and purification have been incorporated into the 
way of life and healthcare systems of most traditional 
cultures, and variations on fasting are central to the prac-
tices of natural, integrative, and functional medicine. 
Taking a few days to rest and rejuvenate the gastrointesti-
nal tract and bolster the excretion of xenobiotics is a life-
style habit that can improve a patient’s vitality. 

Nutritionally-Controlled Detoxification

Rigden has described the “enterohepatic resuscita-
tion program for chronic fatigue syndrome” and 
reported significant improvement in the majority of 
patients studied.76 In this uncontrolled study, subjects 
consumed a limited, low-calorie diet supplemented by a 
medical food product designed to provide nutritional 
support of hepatic detoxification phase I (antioxidants) 
and phase II (conjugation substrates). 

Bland, in another uncontrolled study, utilized a 
similar program with a high degree of success in 106 
patients with a variety of chronic illnesses.77 Using a 
much different approach, clinicians prescribing exercise 
and saunas combined with supplementary niacin, cal-
cium, magnesium, and polyunsaturated oil report a sig-
nificant reduction in tissue PCBs and other fat-soluble 
xenobiotics in toxic patients.78,79,80 Europeans have suc-
cessfully utilized sauna treatment to decrease mercury 
levels in exposed workers.81 None of these approaches 
have been validated with controlled clinical trials. 

Many clinicians have successfully prescribed a nutri-
tionally-controlled detoxification program that follows 
this general approach:

• Mild to moderate caloric restriction to promote 
fat loss

• No fast foods, junk foods, deep fried foods
• High quantities of fresh vegetables and often fresh 

vegetable juice
• Very simple, low processed, oligoantigenic (low 

allergy potential) foods—protein from chicken, 
fish, and legumes, and whole grains such as brown 
rice, millet, and quinoa

• Medical food product designed to support detoxifi-
cation (1–3 times per day, depending upon quanti-
ties of other foods eaten)

• Light exercise daily
• Sauna 3–5 times per week 

This program is continued for 5 to 21 days or more, 
depending upon the patient’s condition and the clini-
cian’s experience.

Gastrointestinal Rehabilitation 

Gastrointestinal rehabilitation is a concept familiar 
to practitioners of functional medicine. Many clinicians 
consider gastrointestinal rehabilitation an essential part 
of any detoxification program, and will often institute 
such a program before beginning any detoxification 
interventions. In this text, we refer to the process of GI 
rehabilitation as the 4R Program (Remove, Replace, 
Reinoculate, and Repair), and it is described fully in 
Chapter 28. An effective GI rehab program will reduce 
intestinal permeability, improve nutrient absorption, 
and increase immune response to gut pathogens while 
diminishing hypersensitivities. 

Summary

The study of detoxification mechanisms, processes, 
and influences is a young field. The growing body of 
research is helping clinicians understand their patients 
better, particularly in three main areas:

• the role of genetic individuality in detoxification,
• influences of diet, nutrition, environment, and life-

style on detoxification, and
• the importance of staying current with emerging 

data on food/drug and herb/drug interactions that 
affect detoxification. 

Even without a mature evidence base, knowledge of 
basic mechanisms and processes can guide clinicians in 
assessing and improving detoxification and biotransfor-
mation in their patients. Specific nutrients play key 
roles in supporting both phase I and phase II detoxifica-
tion, and a number of clinical approaches are available 
to those with the proper knowledge and training. 

Detoxification Procedures—A Disclaimer

The following two subsections of this chapter will 
provide the reader a glimpse into clinical approaches 
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that may help patients decrease their toxic burdens. We 
have presented in Chapters 13, 22, and elsewhere in 
this chapter a portion of the large and growing evidence 
base about the presence and persistence of exogenous 
toxic substances in humans, their effects upon our 
physiology and biochemistry, and some interventions 
that may help to strengthen and balance the body’s 
own detoxification systems. Unfortunately, there is a 
dearth of evidence about how to actually detoxify 
patients whose illnesses are caused by, or exacerbated 
by, a toxic burden. As Dr. Crinnion explains below, even 
the differential diagnosis is difficult.

Healthcare practitioners are often faced with the 
challenge of when to act and what to do in the absence 
of compelling evidence. Historical uses and clinical 
experience do form a portion of the evidence that 
informs all clinical decisions. It seemed to us that, in 
the face of the significant and well-documented body 
burden of toxins we all carry, providing practitioners 
with some clinically-derived views on clinical detoxifi-
cation procedures is important. We have, therefore, 
invited Dr. Walter Crinnion and Dr. Peter Bennett to 
share with you the approaches they have used with 
their patients for many years. It is our hope that by 
increasing awareness of such practices, we may help 
to stimulate interest in research on these and other 
approaches that may be of benefit to patients. That 
research is badly needed.

— The Editors

Systemic In-office Detoxification
Walter J. Crinnion, ND

Introduction

“Is this patient toxic?” The answer to this question is 
“Yes.” Virtually all patients today have a body burden of 
toxins. According to one recent study, the average num-
ber of toxins found per person was 91.82 The CDC has 
also picked up the challenging question of how many 
toxins are in us. They have already published two 
reports and will continue to publish their research.83

Instead of asking whether the client is toxic, the 
more clinically relevant questions are:

• Is this patient’s toxic burden a causative factor in 
his or her illness?

• If so, is it an obstacle to cure?
• If yes, what can be done to help the patient?

Unfortunately, the answers to these questions can be 
hard to come by. The subject has not been adequately 
researched in even small clinical trials (see sidebar). 
Connecting the toxic burden directly to the patient’s ill-
ness is very difficult and sometimes impossible. How-
ever, as a clinician who has worked in this field for more 
than 20 years, I strongly believe that many patients 
with chronic illness will benefit from the procedures I 
am about to describe. Where there is evidence to share, 
I will cite it. As always, each individual practitioner 
must decide what to recommend for his or her patients.

Absence of Good Research on Toxicity and Illness
Although the evidence base describing many mecha-

nisms of toxic insult is well developed for a host of differ-
ent environmental toxins and pharmaceuticals, there is a 
notable lack of evidence to help clinicians differentiate the 
clinical presentation of symptoms that may involve a toxic 
exposure from those that do not. Most of our clinical 
knowledge of toxic effects has been derived from acute 
exposures in amounts far in excess of what is likely to be 
found in the everyday environment of most patients (or 
from animal studies, which do not extrapolate fully to 
human patients). Researchers have not yet clearly described 
and quantified, in ways that lead to good differential diag-
nosis, detectable long-term clinical effects of low-level 
exposures to multiple toxic sources (many of which may 
be working through common pathways). So, the clinician’s 
challenge is very difficult. Common complaints such as 
vomiting, diarrhea, nausea, and abdominal pain may stem 
from a vast array of causes; endocrine disruption and neur-
ological symptoms likewise have multiple etiologies. Many 

of the subtle effects that we might expect to see in patients, 
based on bench science and animal research, would (for 
now) only be detected in large population-based studies 
over long periods of time; and those studies have, for the 
most part, not been performed. Factors that further compli-
cate clinical assessment are the age of the patient and the 
role of individual susceptibility. Infants and young chil-
dren have different (and often fewer) defenses than adults; 
elderly people may be more vulnerable to certain toxic 
agents than younger adults. And individual variability in 
response to toxic agents, both for environmental toxins 
and for pharmaceuticals, can be great—never has it been 
more true that “one man’s meat is another man’s poison.” 
An excellent summary of what we still need to learn about 
endocrine disrupters (just one example of environmental 
toxins) can be found in a 2003 article by Daston et al.84 
The April 2004 issue of Pediatrics had a special focus on tox-
icity problems in infants and children; two reviews of GI 
toxins85 and pesticides86 are particularly recommended.
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Assessing and Treating Toxic Burden

Determining whether the toxic burden of your 
patients must be dealt with in order for them to get bet-
ter requires, in part, an understanding of what organs 
and systems are affected by the common toxins. In-
depth discussion of those topics can be found in the 
earlier parts of this chapter and in Chapter 22. It also 
requires recognizing the common signs and symptoms of 
toxin buildup—a more difficult task, as described above. 
Recognition of these signposts greatly assists the clini-
cian in designing the most efficacious treatment pro-
gram. In addition to recognizing the telltale signs of 
toxicities in a good history and physical exam, clinicians 
should also be aware of laboratory markers that reflect 
toxin load, as these assessments can help to clarify the 
patient’s condition. A limited number of tests are useful 
in establishing that patients could benefit from lowering 
their toxic burden. Measurements of chlorinated com-
pounds and solvents can be done from both serum and 
adipose samples. Urinary measurements can be taken for 
heavy metals, organophosphate pesticide metabolites, 
and phthalates. Fecal measurement of toxic metals is also 
available and can be used for testing pediatric clients.

Finding the Source of Exposure

The documentation of xenobiotic presence in an indi-
vidual’s serum, adipose tissue, stool or urine can be 
important in formulating an effective therapeutic proto-
col. This initial testing provides a basis on which to ini-
tiate treatment, a baseline to refer back to in order to help 
judge your progress, clear motivation for the client to fol-
low your recommendations (depending upon how well 
the practitioner presents this information), and an indica-
tion as to the possible sources of toxin exposure. The 
importance of finding the source of toxin exposure in an 
individual cannot be overemphasized. For many persons, 
the identification and elimination of the source com-
prises the majority of necessary treatment. Other individ-
uals will need more help to reduce the total toxic burden.

Finding the source of exposure typically includes tak-
ing a detailed environmental history (past and present) 
of the person, checking out towns she or he has resided 
in, and possibly doing some home air-quality testing. 
Finding exposure sources in various towns can be accom-
plished with the help of two websites: www.scorecard.org 
(just enter the zip code for a listing of local polluters and 
pollutants) and www.atsdr.cdc.gov/hazdat.html.

If the exposure is ongoing, it is imperative that the 
source be removed before beginning a detoxification 
program. Once the exposure has been identified and 
dealt with, the depuration program can be safely started. 
The program should be based on the type(s) of xenobiot-
ics that appear to be the causative agents in the client’s 
illness. Heavy metals will often be dealt with differently 
from lipophilic xenobiotics, as they can be easily and 
directly chelated, while the lipophilic chemicals cannot.

Heavy Metal Chelation

Measuring heavy metals in clients for whom toxicity 
is suspected as a factor in their illness is a useful step. 
When these compounds are found, a protocol can be 
initiated to mobilize the heavy metals, utilizing dimer-
captosuccinic acid (DMSA). This compound is FDA 
approved, and is well researched for safety and efficacy 
in clearing mercury, lead, and other heavy metals from 
animals and humans.87,88,89 DMSA is available from 
pharmacies under the names Chemet and Succimer, 
as well as from other sources.

DMSA is given in a body-weight dose of 30 mg/kg, 
and has been shown to be safe in that dose for children 
(including infants) who have been poisoned with both 
mercury and lead.90,91 Using the published body-weight 
dose of DMSA, the two protocols that seem to be most 
commonly used are three days of DMSA followed by 11 
days without, or five days of DMSA followed by nine 
days without. A repeat urinalysis at the beginning of 
every fifth round (at week 10, 20, 30, etc.) can be used 
to monitor the client’s progress. Over the years, we 
found that most of our clients did 20 or 25 rounds 
before stopping. On the days they were not taking 
DMSA, they were supplemented with low levels of zinc, 
copper, molybdenum, and manganese to replete any 
possible micromineral loss from the DMSA.92 Fairly 
high levels of magnesium were required, often accom-
panied by magnesium sulfate shots, to avoid magne-
sium depletion. While magnesium does not appear on 
the affinity list for DMSA, it appears to be mobilized 
from the body in this process.

Lipophilic Xenobiotics

While the clearance of heavy metals through chela-
tion is fairly straightforward, the mobilization of lipo-
philic compounds is not. The body burden studies 
previously mentioned, along with numerous smaller 



Section VI
A Practical Clinical Approach

556

studies worldwide, have alerted us to the presence of 
chlorinated pesticides and PCBs in everyone tested. The 
majority of the compounds found in everyone tested are 
lipophilic rather than water-soluble. Lipophilic sub-
stances have no efficient means of exit from the body, as 
the bowels are designed to retain fat-soluble substances. 
In order to help these compounds leave the body, saunas 
have been employed with documented success.93,94,95,96 
Sauna therapy allows the xenobiotics stored in the sub-
cutaneous fat pads to be released through the skin, while 
those in deeper fat stores are released into the circula-
tion. The compounds in the subcutaneous fat pads 
include both substances absorbed through the skin97 
and some compounds from the circulation (including 
medications). Numerous compounds have been docu-
mented to exit the body via the skin, including neces-
sary minerals,98,99 zinc, copper, iron and manganese; the 
heavy metals lead,100,101 cadmium,102 and mercury;103 
plus various medications.

Compounds that are moved out through the skin are 
often grossly detectable by smell and by their damaging 
effect on articles of clothing. Clinical experience with 
numerous patients undergoing thermal chamber depura-
tion has provided many indisputable olfactory encoun-
ters with chemical compounds being released in the 
sweat. Two patients undergoing thermal chamber depu-
ration experienced disintegration of clothing that was 
worn in the chambers. There are two published accounts 
of thermal chamber depuration being successfully used 
in the treatment of chemically sensitive persons,104,105 
including the reduction of serum hydrocarbon levels.

The fat-soluble compounds released into the circula-
tion through sauna therapy do not exit the body easily. 
These compounds must again be processed by the same 
phase I and II detoxification pathways that were unable 
to successfully transform and excrete them before. There-
fore, it is important to attempt to increase the excretion 
of fat-soluble items from the bowels when sauna depura-
tion is used. Increased use of dietary fiber and chloro-
phyll,106 and use of dietary substances that interrupt the 
enterohepatic circulation107 may be useful. When proper 
nutrition and other physical therapy modalities are 
included with thermal chambers, good clinical results, 
such as those with chemically sensitive persons,108,109 can 
be achieved.

Summary

Utilizing these approaches (chelation for heavy met-
als, sauna and enhanced fecal excretion for lipophilic 
toxins), the author has noted significant improvements 
in numerous chronic illness states. By reducing the 
body burden on the client (through avoidance of the 
source, chelation, and mobilization of lipophilic sub-
stances), the self-healing functions of the body can 
work unfettered.

Home-based Detoxification
Peter Bennett, ND

Introduction

Historically, detoxification therapies have been 
applied in clinical settings, in medical spas, and at 
home. Although early practitioners of this approach did 
not call it “detoxification therapy,” their methods of 
hydrotherapy, fasting, regulated diet, and Nature Cure 
are similar to many modern detoxification methods.110 
By studying the work of Sebastian Kneipp,111 John Har-
vey Kellogg,112 O. G. Carroll, and John Bastyr,113 one 
gets the impression that doctors and healers found that 
the best results happened in a setting where the patient 
could be closely watched. Just preceding this part of the 
current chapter, a doctor-supervised program was 
described. Unfortunately, time and cost prohibit this for 
many patients today, so a home-based program may be 
recommended to patients, within certain guidelines.

A complete detoxification program should focus on 
three targets:

1. Retrieve gut functioning (4R program—see Chapter 
28);

2. Reduce heavy metals; and
3. Reduce organic chemicals stored in fat tissue.

A one-week home-based program may help patients 
detoxify key dysregulating influences that are obstacles 
to regaining stability and balance in their health. On a 
biochemical level, such a program can help to support 
cellular functioning, improve the filtration capacity of 
the liver, stimulate the excretion of toxins through 
the kidneys, bowel, and skin, support gut repair, and 
improve neuroendocrine balance in the hypothalamic-
pituitary system.
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Such claims may seem exaggerated in a world that 
relies heavily on expensive and high-risk interventions 
for patient complaints, and—unfortunately—these nat-
ural approaches to detoxification have rarely been 
researched. However, even a brief review of the litera-
ture detailing the powerful negative health effects of 
toxicity (see Chapters 13 and 22 and the first parts of 
the current chapter) demonstrates that it may be impor-
tant to help certain patients relieve some of the body 
burden that modern living imposes.114,115 

The home detoxification program described here 
has been used by thousands of patients with reportedly 
excellent results. It is fairly easy and effective but the 
clinician needs to be prepared to teach patients what 
to do, and to offer the appropriate cautions. Patient 
instructions must be provided and reviewed carefully, 
and the practitioner must be available to answer ques-
tions after patients have started the program. A patient 
handout such as the one shown in Figure 31.2 can be 
used to guide your patients.

Elements of the Detoxification Program

The essential steps of this home-based program are:
• Brief water fasting (two days), 
• Oligoantigenic diet (five days) and slow reintroduc-

tion of omitted foods, 
• Saunas and hydrotherapy (one month), and 
• Nutritional supplements (one month). 

In the author’s experience, using all these elements 
together gives reliable results. 

Fasting

Fasting on water for a short period can be a safe and 
powerful way to rejuvenate the mind and body. While 
water fasting may not be suitable for severely compro-
mised patients (see recommendations earlier in this 
chapter), research has shown that calorie restriction 
and fasting help to alleviate hypertension,116,117 diabe-
tes,118 epilepsy,119,120 and rheumatoid arthritis.121 Recent 
research has shown that calorie restriction may be the 
most powerful way known yet to extend lifespan.122,123 
Studies have shown that high glucose and insulin dam-
age mitochondria, and calorie restriction (fasting) 
reduces the total amount of oxidative stress within the 
cellular mitochondria.124,125 

Fasting may improve liver function. Fasting has 
traditionally been thought to enhance the liver’s ability 
to clear out metabolic byproducts from the blood 
stream, and regenerate the liver’s ability to function in a 
healthy way. There are indications from a few animal 
studies that dietary restriction may help to reduce the 
risk of age-related diseases associated with impaired 
lipid metabolism.126,127 However, caution is indicated 
because long-term fasting or fasting in a polluted envi-
ronment can deprive the body of nutrients that are crit-
ical to a patient’s health. Fasting should be done for 
short periods of time in a pure environment and, in my 
practice, I recommend taking vitamin C during fasting 
in the range of one to four grams per day.

Fasting may benefit cognitive functioning. Sev-
eral studies have shown that as severe liver toxicity 
progresses, the patient fails to break down valium-like 
compounds that create a toxic state.128,129 One might 
hypothesize a continuum of such effects for patients 
who are not nearly so ill. Patients who fast often report 
a sense of renewal and clearer thinking. Fasting allows 
the liver to reduce the presence of recycled chemical 
messengers like adrenalin and other stress hormones, 
which often have a second chance to restimulate the 
nervous system when they are not biotransformed and 
excreted appropriately. 

Caloric restriction improves immune function. 
Caloric restriction, which can be achieved by short-
term fasting, appears to have measurable benefit for 
the immune system.130,131 It rests the intestines and 
liver, both key sites of immune function. It is esti-
mated that 60% of our immune system resides in our 
intestines. By resting this major site of immune func-
tion with fasting, the patient’s immune function may 
be potentiated. A fast of 36 or 60 hours significantly 
increases the power of white blood cells to destroy 
pathogenic bacteria.132 Conversely, eating can depress 
immune function and have a proinflammatory 
effect,133,134 whereas energy restriction may restore the 
impaired immune response.135 Studies have shown 
that a glucose challenge increases the generation of 
reactive oxygen species (ROS), while nutritional restric-
tion can inhibit ROS generation by leucocytes.136,137
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Figure 31.2 Sample patient handout for home detoxification

Patient Handout for Home Detoxification

Practitioner's Name

Address

Phone

Email (if you choose)

Seven Day Detoxification Plan

Please follow precisely all the instructions in this one-week home-based detoxification plan. It has been used with thousands 

of patients, many experiencing excellent results. This program of rest and renewal for your body can reduce aches and pains 

and symptoms of chronic disease; it can help you feel healthier and more energetic. 

How Does It Work?

The body has its own self-healing mechanisms This seven-day program strengthens your body's  healing forces in a short 

period of time. By stimulating your natural capacity to release and excrete toxins, you can remove some of the obstacles that 

are keeping you from being completely healthy. Detoxification is like an oil change for your car.  It cleans and improves the 

filtering of your internal fluids in a way that prevents your body's engine from breaking down, and produces immediate benefits 

in fighting existing disease. It is a simple program using a special diet, supplements, heat, and contrast hydrotherapy. 

Detoxification Program Summary

  •   Two day water fast with bed rest if necessary

  •   Five days of rice, fruit and vegetables

  •   Protein shakes 1-2x/day daily during days 3 to 7

  •   Supplements as recommended

  •   Shower hydrotherapy treatment at least once per day

  •   Daily saunas. Don't do the sauna on the fasting days

  •   Sleep at least 6-7 hours a night

  •   Avoid "enervation" at night (TV, theater, movies, parties)

Diet

 
The program begins with a two-day water fast followed by five days 

of rice, fruit, and vegetables. (Additional details on the fast and the 

diet are shown below.) While on this diet, you should supplement 

these foods twice a day with a whey or rice protein-based powder. 

Add 2 rounded scoops in juice, blended, 2-3 times a day for 

breakfast and snacks to improve protein status during detoxification. 

Days 1 and 2

Consume water, lemon water, and herbal tea only.  Be sure to drink 

a minimum of 8 glasses of these fluids per day. This fluid fast is 

extremely helpful in achieving optimal detoxification. Some people 

cannot tolerate this two-day fast, can't afford to lose any weight, or 

are in a debilitated condition. These people should add the rice or 

whey protein and fruit juice 2 to 3 times per day to the other fluids.

Days 3 to 7

Following the water fast, a typical day's menu should reflect the 

general choices shown below. (You may need to eat more or less 

depending on your appetite.)

Reintroduction of Omitted Foods

Following your seven-day program, you should reintroduce foods 

back into your diet slowly - one food at a time, every 1 to 2 days. 

This process may take up to a month. Focus first on protein 

sources from lean meat, fish, or eggs. Then add back beans and 

grains (other than wheat). Then introduce nuts. Finally, slowly 

reintroduce wheat, dairy, and soy. Each time a food is 

reintroduced, note any reactions - physical, mental, or emotional. 

Write them down and bring your notes to your next appointment.



559

Chapter 31
Clinical Approaches to Detoxification and Biotransformation

Typical Menus

Upon arising . . . . . . . . 8 ounces of hot lemon water

Breakfast . . . . . . . . . . .  A protein shake made with fresh fruit and fruit juice; rice cakes; fresh fruit; herbal tea

Snack . . . . . . . . . . . . . .Fruit and/or a rice protein shake; herbal tea

Lunch  . . . . . . . . . . . . . Salad and soup, or rice and steamed vegetables, or yam and steamed vegetables (hot or cold)

Snack . . . . . . . . . . . . . .Fruit and/or rice protein shake; rice crackers; herbal tea

Dinner . . . . . . . . . . . . . Rice and mixed vegetables (steamed or lightly sautéed), or soup and salad, or salad and baked  

sweet potato

Note . . . . . . . . . . . . . . . Drink plenty of water and lemon water in these days as well.

Foods to Use and Avoid

Carbohydrates

Use:      Brown rice, basmati rice, jasmine rice, wild rice, rice   

cakes/crackers, rice bread, rice pasta, and rice pancake 

mix (read labels to avoid any wheat content).  If variety is  

required, you can use quinoa, millet, and amaranth grains.

Avoid:   Sugar, honey, molasses, jams, artificial sweeteners, corn, 

wheat, spelt, kamut, barley and any products with these in 

them.

Legumes

Use:    Mung beans, red lentils

Avoid:    All other beans

Vegetables and Fruits

Use:      All varieties of fresh produce can be used.  They can be 

steamed, baked, lightly sautéed in a small amount of extra 

virgin olive oil, eaten raw, or juiced.  Vegetables can be 

used in any combination and quantity desired.  Fruits are to 

be eaten one variety at a time and away from other foods.

Fats and Oils

Use:        Extra virgin olive oil and unheated flaxseed oil.

Avoid:     All other oils including butter and margarine.

Beverages

Use:       Non-caffeinated herbal teas, purified water (spring or 

filtered), lemon water (organic lemons only).  (Squeeze 1/2 

lemon into 1 litre of water and then drop the squeezed 

lemon peel into the water; at least 1 litre of this lemon 

water to be drunk per day.) Diluted fruit and vegetable 

juices (ideally, made fresh from a juicer).

Avoid:   Coffee, black tea, all alcohol, soda pop and 

caffeinated/decaffeinated herbal teas/coffees.

Condiments

Use:      Vegetable salt, sea salt, apple cider/balsamic/rice vinegars, 

Bragg's amino acids, wheat-free tamari, all spices

Avoid:   Ketchup, mayonnaise, Worcestershire sauce, barbecue 

sauce, relishes, mustards, salad dressings and any 

packaged oil/liquid-based seasonings (i.e., chutneys; 

Indian, Thai, Chinese seasonings, etc.) 

General Categories of Foods to Avoid

During your seven day detox program, all of the following foods put too much burden on the liver's detoxification ability and often disrupt 

digestion.  They must be avoided. 

 

 

 

   •  meat

   •  fish

   •  poultry 

   •  eggs

   •  dairy products

   •  chocolate 

   •  nuts

   •  beans (other than mung      

      and listed soybean products)

   •  grains (other than rice, quinoa,

      amaranth, millet) 

   •  preservatives and food coloring

   •  all packaged/processed/

      canned foods
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Shower Hydrotherapy

This home therapy enhances circulation, detoxification, and metabolism.  Ideally, it should be done every day. Take a hot shower for 3 

minutes then switch to cold water for 30 seconds. Repeat the cycle 3 times, ending with the cold rinse.  Make sure your entire body is 

showered this way.  After you've finished three rounds, get out of the shower, dry off quickly, and go to bed or dress warmly till you refresh 

the body heat.

Sauna

Sauna therapy  is extremely safe, and is a critical step in removing fat-stored toxins through the skin. As you sweat, many toxins that are 

stored in the fat and blood (PCBs, cadmium, lead, and industrial chemicals) are excreted through the skin. Do not sauna during the first two 

days of the program (the water fast).

Sauna Method

Dry Skin Brushing

The skin regulates body temperature, functions as an organ of elimination and has even been called the "third kidney." It averages 3,100 

square inches of surface area, acting as a protective shield to the outside world. Dry skin brushing is an old natural healing method used to 

increase blood and lymphatic circulation. It removes dead skin cells, keeps the skin soft, improves blood and lymph circulation, and helps 

rid the body of toxins.

Skin Brushing Method

 

Supplements 

 

Use a low-temperature or infra red sauna, choosing a 

temperature from 150 to 170 degrees Fahrenheit.  Drink 1 quart 

of warm water before entering and take water into the sauna with 

you, continuing to drink throughout the length of your sweat. 

Begin by staying in the sauna for fifteen minutes, then come out 

for a cold-water rinse.

Repeat this process for up to one hour. As you become more 

acclimated to the heat, you may increase your time a little each 

day until you reach two hours. The cold rinse is important 

because it stimulates circulation in the skin and removes waste 

material being excreted through it.

 

Brush your whole body once a day with a natural-bristle dry skin 

brush that you can find at health food stores. Start with your arms, 

front and back, moving from the fingertips up into the armpit, 

always brushing toward the heart. Then do each leg, front and 

back, starting at the feet and brushing upward. Follow each leg up 

through the pelvis, buttocks, abdomen, and lower back. Then do 

the chest and upper back, always brushing toward the heart.

If you wish, you can lightly do the face and head, using 

downward strokes. Keep the brush dry (never get it wet). Just 

as you wouldn't use someone else's toothbrush, be sure that 

only you use your skin brush. If skin brushing is painful, do it 

lightly and persevere-the discomfort will pass. The chest, 

abdomen, and inner thigh should be done gently and carefully.

During this detox, the filtering mechanisms of the liver can 

become overloaded.  Feelings of fatigue, headache, muscle pain, 

and nausea are common as toxins are mobilized and excreted.  

Taking certain supplements is a necessary step to support the liver, 

promote better detoxification, and prevent symptoms as much as 

possible. Follow the supplements listed on your treatment program 

by your doctor. Supplements are prescribed according to your 

personal needs, but here are some general guidelines that will be 

followed:

1.  The supplement program is for enhancing detoxification and improving circulation. It will be reviewed after 4 weeks.

2.  The recommended supplements work by feeding the internal mechanisms of cells involved in detoxification. Work inside of the   

 cells is driven by mini power plants called mitochondria (my-toe-con-dria). Toxins interfere with their energy production and this   

 upsets the functioning of the entire cell. 

3.  The supplement program will not interfere with other supplements or medications that you are taking. All prescription medications 

are to be maintained unless directed by your physician.

4.  You will not be asked to take any supplement that you do not absolutely need.
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Fasting benefits arthritis. It has been demon-
strated in research settings that fasting benefits arthri-
tis.138 The best results in treating autoimmune arthritis 
are achieved when a short fast is combined with a 
change to a vegetarian diet, and foods to which the 
patient is sensitive or allergic are removed.139,140 Fasting 
may be involved in changing the bacterial flora in a 
favorable way for patients with rheumatoid arthritis. 
Abnormal bacteria or microflora are present in the 
stool in patients with a variety of autoimmune prob-
lems such as Crohn’s disease,141 rheumatoid arthritis,142 
and ankylosing spondylitis.143 Anaerobic bacterial spe-
cies such as Klebsiella and Proteus have been impli-
cated.144 Fasting may play a role in changing bacterial 
flora, perhaps by enhancing competition and thereby 
giving dominance to probiotics. Changes in intestinal 
flora from a vegan diet have been documented.145

Fasting contraindications. A two-day water fast is 
safe for most patients. Certain exclusions are important, 
such as diabetics, hypoglycemics, and severely nutri-
tionally deficient individuals. The biggest risks to most 
patients are hypoglycemia and orthostatic hypotension 
with vertigo, sometimes resulting in fainting. Although 
these reactions are generally harmless, they can cause a 
fall. Patients should be warned to take extra care in 
standing up—i.e., getting out of bed or a hot bath, or 
getting up from a chair. If faintness or vertigo does not 
resolve within a very few minutes, patients should con-
tact their practitioner. 

There is medical literature to suggest that fasting for 
a prolonged period of time can diminish the body’s 
stores of glutathione, making it more susceptible to 
aging and disease. Low tissue antioxidant status is 
found under dietary restriction because fasting lowers 
glutathione detoxification in the liver.146,147 People who 
are fasting should be very careful to avoid any chemical 
exposure, because lack of dietary protein makes the 
liver unable to process toxins optimally due to lack of 
adequate amino acid precursors that are important to 
the detoxification pathways. (As an aside, patients who 
are preparing to undergo surgery might have fewer 
complications from the anesthetic if they were put on a 
protein-dense regimen instead of clear fluids.148,149) 

Oligoantigenic Diet

After a two-day water fast, a simple diet of rice, fruit 
and vegetables is then followed for five days. This is sim-
ilar to an oligoantigenic diet, used for allergic, behav-

ioral, and digestive problems.150 This simple diet provides 
enough caloric input to sustain the patient, but is very 
easy on the intestinal environment to allow optimum 
rest. The rationale for vegetarian fare is two-fold: vegetar-
ian diets contain fewer potential food allergens that can 
cause activation of the gut-associated lymphoid tissue, 
and enhanced vegetable intake provides more soluble 
fiber, bioflavonoids, antioxidants, and complex carbohy-
drates. Some patients experience fatigue on this program; 
if it is not ameliorated with rice- or whey-based protein 
shakes, it will resolve upon resuming normal protein 
intake (unless, of course, the patient is allergic to the 
food being reintroduced). Chapters 28 and 35 provide 
detailed information on the use of oligoantigenic diets.

Sauna and Hydrotherapy

Sauna therapy (discussed earlier in this chapter) can 
support the removal of fat-soluble toxins from the body, 
and has been shown to provide relief of symptoms for 
patients with toxicity conditions.151,152 Sauna programs 
need to be carefully tailored to the individual patient 
and supervised closely, particularly with more compro-
mised patients. Hydrotherapy has been employed for 
hundreds of years because of its ability to stimulate cir-
culation. Although medical studies on the effectiveness 
of hydrotherapy for detoxification have not been done, 
there is a modest research base documenting its useful-
ness in symptomatic relief of many conditions, includ-
ing rheumatoid arthritis,153 osteoarthritis,154,155 chronic 
heart failure,156 management of spasticity,157 and other 
similar conditions. Although the mechanisms are not 
fully understood, many seasoned clinicians recommend 
its use. 

Theoretically, application of alternating hot and cold 
water to the body stimulates regulation of sympathetic 
tone in the extracellular matrix, and generates a “pump-
ing” action that stimulates circulation of blood and 
lymph. The extracellular matrix is now understood to 
influence cellular development, movement, reproduc-
tion, and shape, as well as biochemical function. Dr. 
Alfred Pischinger, professor of histology and embryology 
at the University of Vienna, saw the importance of the 
extracellular matrix. In 1991, he wrote that the extracel-
lular matrix is the support system for the cell and the 
foundation substance in which all cells are embedded. 
The extracellular matrix is made up of collagens and 
polysaccharides that form proteoglycans. These two mol-
ecules form a water-filled, gel-like “ground substance” in 
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which the connective tissue fibers are embedded. The 
condition of the space around a cell is as important to 
health as what occurs within the cell and in the mem-
brane that encloses it.

Supplements

There is a complex set of variables involved in 
choosing the appropriate supplements for detox 
patients. Supplement programs should be adapted to 
the individual patient’s need, using the following gen-
eral strategies: 

• Antioxidants for cellular protection
• Amino acids for phase II detoxification
• Cholagogues (bile stimulants)
• Bile binding 
• Replacing probiotic bacteria
• Repairing intestinal permeability
• Vitamins, minerals, and nutritional cofactors
• Cathartics 
• Antiparasitics 

Additional tips:
• No supplements during the water fasting except for 

vitamin C. 
• Structuring supplement recommendations for 

twice-a-day dosing improves compliance.
• Ensure that there is some sort of protein shake for 

the patient to use, if needed.

Post-Detox Recommendations

After the seven-day program, it is best to continue 
the hydrotherapy and/or saunas and the supplement 
strategies for at least a month. The patient should 
slowly reintroduce foods, starting with foods least likely 
to irritate the intestinal mucosa. Since the diet is rela-
tively low in essential amino acids, the introduction of 
eggs, fish, or lean meat on a daily basis helps to restore 
proper protein balance. After several days of this regi-
men, begin adding foods that seem prudent for the 
individual patient; last, introduce known allergens like 
dairy products, wheat, and soy foods (one at a time and 
allowing a day or two between each new food to deter-
mine any reactions).

Patients may be surprised to discover how well they 
have adapted to the new diet. Some people experience 
fewer cravings for many of the foods they gave up dur-
ing their detox week. The best advice is to support 
patients to do the best they can throughout this detox 

program, following the guidelines as closely as possible 
but being flexible when necessary. However, patients 
who are highly allergic to certain foods shouldn’t eat 
them—ever. Eating the right diet is the first step, but 
digesting it properly is critical for long-term health.

Summary

A home-based detoxification program is within the 
capacity of many patients, and may generate a signifi-
cant increase in well being for them. Resting the gut, 
relaxing the body, the use of heat to release toxic 
agents, an oligoantigenic diet, and supportive supple-
mentation are all techniques that can be managed at 
home, provided the patient is given information, 
advice, and support.

The Gut-Liver Axis
Mary James, ND

Introduction

It is primarily through the gastrointestinal (GI) tract 
that we “taste” the external environment, including 
both good and bad. In a healthy system, nutrients criti-
cal to health are efficiently absorbed through the small 
bowel, whereas the bulk of potentially toxic molecules 
are barred entry. This dual role of the intestine necessi-
tates that this barrier be an incomplete one, which 
poses a tremendous challenge to the rest of the system. 
The gut’s long list of defense mechanisms, including 
mechanical, immunologic, and metabolic, speaks to the 
enormous potential of compounds entering the body to 
exert toxic effects. 

Although enterocytes are separated by “tight junc-
tions” that serve to minimize this potential, a certain 
amount of passive transfer of particles is normal, and 
even necessary (e.g., penetration of the intestinal epi-
thelium by enteric antigens is a necessary step in the 
development of oral tolerance).158 A variety of factors, 
however, including exogenous substances, intestinal 
imbalances, and systemic disease states, can abnormally 
increase intestinal permeability to the point that toxins 
and macromolecules overwhelm the body’s defense 
mechanisms and gain entry into the body.159 Associa-
tions between increased permeability (“leaky gut”) and 
systemic disorders have been well documented for con-
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ditions such as inflammatory arthritides,160 ankylosing 
spondylitis,161 chronic dermatological conditions,162 
AIDS,163 and alcoholism.164 

The likelihood of an adverse outcome depends in 
part on intestinal factors (e.g., flora balance, mucosal 
integrity, the type and size of particles presented) and 
partly on hepatic health and response to these antigens. 
This is because the liver is the first organ that comes 
into contact with all enterically-derived molecules, thus 
playing a crucial role in the metabolism of endogenous 
and exogenous compounds, as well as the phagocytosis 
and elimination of immune complexes and other anti-
genic molecules.165 

Here we see an extraordinary metabolic cooperation 
between the GI tract and the liver. Abnormal gut per-
meability (low or high) and/or compromised hepatic 
function, such as impairments in hepatic metabolism 
or excessive immunological responses in the liver, can 
quickly imbalance the gut-liver axis, resulting in sys-
temic toxicity and/or inflammatory responses that con-
tribute to illness. 

This part of the chapter will review aspects of this 
intimate relationship between the gut and liver, briefly 
highlighting a few of the key clinical disorders resulting 
from imbalances in this system, specifically in the cate-
gories of impaired metabolism and upregulated inflam-
matory reactions. Finally, it will lay the groundwork for 
optimal preservation of a healthy gut-liver axis, for both 
intestine and liver.

The Gut-Liver Axis and Biotransformation

The Role of the Liver

Unlike other organs that receive 100% of their blood 
supply as arterial, 75% of the liver’s blood supply is 
venous, delivered through the portal vein that travels 
directly from the intestine, pancreas, and other abdomi-
nal organs.166 Upon arrival at the liver, this venous blood 
flows through capillary-like vessels called sinusoids to 
the hepatocytes, the primary functional cells of the liver. 

In addition to their other myriad and complex 
functions, hepatocytes transform gut-derived com-
pounds into safe by-products before excreting them 
through the bile or releasing them into the arterial cir-
culation. The process of detoxification has been dis-
cussed both earlier in this chapter and in Chapter 22; 

here, we will review only what is necessary for the dis-
cussion that follows. 

The detoxification/biotransformation process is 
mediated by two types of reactions that usually, 
although not always, occur sequentially.167,168 Phase I 
metabolism serves to biotransform fat-soluble molecules 
(via oxidation, reduction or hydroxylation) by the cyto-
chrome P450 mixed-function oxidase system. (Most 
water-soluble drugs and compounds are eliminated from 
the body through the kidneys). While phase I is a neces-
sary preparatory step for most compounds requiring 
phase II, its activity concomitantly generates free radi-
cals and renders these compounds into biologically 
more active forms that may cause damage to surround-
ing tissues, particularly the mitochondrial-rich hepato-
cyte that houses this system. In an efficient system, 
phase II reactions convert these reactive compounds 
into water-soluble and inactive forms by conjugating 
them with hydrophilic molecules such as glucuronic 
acid or glutathione.169 All of these phase II enzyme reac-
tions are highly dependent upon nutrients, especially 
sulfhydryl amino acids. Consequently, nutritional defi-
cits, especially when accompanied by upregulated cyto-
chrome P450 enzymes (all of which are inducible by 
various drugs or xenobiotics), can contribute to toxicity 
and the accumulation of reactive molecules in the body. 

The Role of the GI Tract

The term “first pass” is often applied to the hepatic 
filtering of exogenous compounds, since the liver 
inspects all gut-derived substances before releasing 
them into the systemic circulation. Indeed, most 
biotransformation reactions in the body take place in 
the liver. However, given the extensive metabolism that 
occurs initially in the intestine, hepatic filtering may be 
more accurately classified as “second pass.” 

For example, almost all of the hepatic phase I and II 
reactions occur as well in the intestinal mucosa, serving 
to minimize the systemic uptake of xenobiotics.170 The 
intestinal microflora is also a major player in biotrans-
formation. Many substances that have taken a “second 
pass” through the liver are returned to the intestine 
through bile canaliculi for biliary excretion. Some of 
these compounds are, in turn, reactivated by bacterial 
enzymes such as beta-glucuronidase, and routed once 
again to the portal system through enterohepatic recir-
culation. This normal process serves to recycle essential 
compounds such as bile acids, estrogen, and vitamin 
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D.171,172 It also ensures the bioavailability of certain 
sought-after compounds like medications (the eradica-
tion of gut microorganisms by antibiotics can reduce 
the enterohepatic drug recirculation by 8–22%).173

Conversely, microbial enzymes may augment 
toxicity in the body. For example, levels of beta-glucu-
ronidase (elaborated by Escheriacea coli, Bacteroides, and 
Clostridium)174,175 have been observed to be 12.1 times 
higher in colon cancer patients compared to healthy 
controls,176 consistent with the increased reactivation 
of local carcinogens in the bowel. Animal studies have 
also demonstrated reductions in breast cancer risk by 
administering calcium D-glucarate, an inhibitor of beta-
glucuronidase.177 Bacterial azoreductases are able to 
reduce dietary additives, such as monoazo dyes, into 
aromatic amines, which can be further metabolized by 
gut microbes into carcinogens.178

It is reasonable to assume that enhanced gut perme-
ability would serve to increase the concentration of 
potentially toxic compounds in the portal circulation, 
thus burdening the liver’s detoxification system. This 
very premise, in fact, drives ongoing research on the use 
of the Zonula occluden toxin (produced by Vibrio chol-
erae) for the deliberate induction of leaky gut to 
enhance drug delivery to the rest of the system.179

Impaired Hepatic Metabolism and Illness

As mentioned above, reactive intermediates that are 
generated in phase I metabolism may contribute to ill-
ness if not neutralized by subsequent phase II conjuga-
tion reactions. The impact of liver disease on hepatocyte 
function and blood levels of potentially toxic substances 
can be profound. Inefficient filtering and removal of 
toxins and bacterial products results in increased deliv-
ery of these substances to the systemic circulation. 
Indeed, elevated levels of circulating gut-derived endo-
toxin (described below) are often demonstrated in indi-
viduals with chronic liver disease.180

Hepatic Encephalopathy and Neuropeptides

The intimate relationship between the GI tract and 
the liver is well demonstrated in hepatic encephalopa-
thy (HE). With liver injury, the organ’s ability to clear 
bacterial end products declines and greater amounts of 
toxic compounds enter the systemic circulation. Some 
of these compounds are able to pass directly into the 

brain and exert neurotoxic effects on the central ner-
vous system.181 

Features of hepatic encephalopathy range from 
confusion to coma. Minimal hepatic encephalopathy 
(MHE) in patients with liver cirrhosis is a milder form of 
the disorder that is defined by the presence of otherwise 
unexplained cognitive dysfunction (only detectable on 
neurophysiological testing), in the absence of overt 
hepatic encephalopathy.182 The disorder is common and 
can seriously impair a patient’s daily functioning.

Observations of developmental regression in some 
autistic children with intestinal pathology has led to 
speculation that analogous mechanisms may exist 
between HE in patients with liver failure and autistic 
patients who have similar symptoms.183

Partial digestion of dietary casein and gluten can 
lead to the release of “exorphins” (-casomorphins and 
gliadomorphins, respectively) that cross the blood-brain 
barrier and exert opioid-like effects.184 Here we have an 
example of a clinical reaction to food proteins that has 
nothing to do with allergy. Reactions to opiate peptides 
may also explain some cerebral effects (e.g., gluten-
induced schizophrenic symptoms)185 that cannot be 
understood from a classical allergy perspective.

Although these biochemical imbalances in autistic 
individuals are assumed to stem from a breach in the 
intestinal mucosa rather than from a diseased liver (the 
case in HE), the net result is the same: the flood of com-
pounds from the gut exceeds the liver’s ability to metab-
olize them, causing neuroactive peptides to escape into 
the systemic circulation. Consequently, some overlap in 
therapeutic approaches for autism and hepatic encepha-
lopathy makes sense.

Initially, ammonia was thought to be the driving 
factor in the pathogenesis of HE and MHE, as it is often 
elevated in the plasma of patients with liver failure and 
impaired mental function and it readily diffuses into 
the brain.186 Forty percent of ammonia is generated in 
the intestine from ingested nitrogenous substances and 
is primarily metabolized in the liver through its conver-
sion to urea.187 

Ammonia’s contribution to HE pathogenesis, how-
ever, is debatable. First, the actions of ammonia are 
essentially neuroexcitatory, whereas HE is characterized 
by an increase in neuronal inhibition, not excitation. 
Furthermore, blood ammonia levels do not strongly cor-
relate with HE, suggesting that other factors are likely 
involved.188 Indeed, numerous gut flora-derived nitroge-
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nous compounds, if allowed to enter the bloodstream, 
have been shown to produce adverse effects on brain 
function, including false neurotransmitter activity. 

One such class of compounds is endogenously-
produced benzodiazepine-like compounds, likely syn-
thesized by intestinal bacteria from amino acids.189 In 
vitro production of gamma-aminobutyric acid (GABA), 
the major inhibitory neurotransmitter in the mam-
malian brain, has been demonstrated by E. coli and 
Bacteroides fragilis.190 Other studies have shown the abil-
ity of rifaximin (an oral, non-absorbable antibiotic) to 
lower endogenous benzodiazepine levels by 40%.191

Interestingly, ammonia enhances the activity of 
GABA receptors, as well as the actions of endogenous 
benzodiazepine receptor agonists like tetrahydroproges-
terone and tetrahydrodeoxycorticosterone (neuroactive 
steroid derivatives of progesterone and deoxycorticos-
terone, respectively).192

Interventions for HE are usually aimed at reducing 
gut-derived toxins, especially ammonia. Common rec-
ommendations include a low-protein diet, antibiotics 
directed against colonic bacteria, and the use of non-
digestible disaccharides, such as lactulose, which pass 
through the small bowel without being digested.193 
Lactulose is conventionally regarded as a treatment for 
constipation.194 However, insoluble fibers such as lactu-
lose offer the added advantage of lowering colonic pH 
through bacterial fermentation, thus creating an envi-
ronment that discourages the growth of urease-produc-
ing microorganisms like Klebsiella and Proteus.195 

Probiotics are helpful, in part, because the bacterial 
strains used in these formulations are non-urease-pro-
ducing. In one study of cirrhotic patients with MHE, a 
30-day course of two lactobacillus strains (with or with-
out fiber) was shown to reverse the condition in 50% of 
patients (13% in placebo group).196 Fiber, alone, was 
also beneficial. 

The Gut-Liver Axis and Immunologic 
Responses

The Role of the Intestine

Given the fact that the GI tract encounters more 
antigens than any other part of the body and must be 
able to discriminate between invasive organisms and 
harmless antigens (e.g., commensal bacterial and food 

proteins), it is not surprising that the majority of the 
body’s immune system is housed there.197 

The gut-associated lymphoid tissue (GALT) is com-
prised of lymphocytes in the mucosal epithelium and 
lamina propria (the underlying connective tissue), 
mesenteric lymph nodes, and aggregates of lymphoid 
follicles called Peyer’s patches. The intestinal lumen is 
separated from these lymphoid areas by a single layer of 
columnar epithelial cells, which is infiltrated by B cells, 
T cells, macrophages, dendritic cells, and M (microfold) 
cells. All of these cellular components work in concert 
to maintain a homeostatic balance between oral toler-
ance and active immunity.198

The immunologic fate of orally-administered antigen 
ultimately depends on where and how antigen is taken 
up and presented to T cells.199 Invasive pathogens and 
other antigens are taken up by M cells, which then pass 
the intact antigen to antigen-presenting cells (APCs) 
such as dendritic cells. Alternatively, antigen may enter 
the lamina propria directly through the villus epithe-
lium. APCs, in turn, present the antigen to T cells in 
either the Peyer’s patch or mesenteric lymph nodes. In 
the case of pathogens, a microbe-induced inflammatory 
response leads to full maturation of dendritic cells and 
release of IL-12, with subsequent induction of T-helper-1 
(Th1) cellular differentiation and the release of proin-
flammatory cytokines.

In the absence of inflammation (as is normally the 
case with dietary proteins and commensal bacteria), the 
release of prostaglandin E2, transforming growth factor-
, and IL-10 (an inhibitory cytokine) results in partial 
maturation of dendritic cells. In the mesenteric lymph 
node or Peyer’s patch, antigen is presented to naïve 
CD4+ T cells, which differentiate into regulatory T cells. 
The immunologic consequences are local IgA produc-
tion and systemic tolerance.200,201

Although the intestinal immune system is clearly 
capable of generating protective immune responses 
when necessary, oral tolerance appears to be the default 
response to antigen. A breakdown in this process, lead-
ing to inappropriate immune responses to foods or 
commensal bacteria, may underlie inflammatory condi-
tions such as Crohn’s disease and ulcerative colitis.202

The Role of the Liver

While hepatocytes assume the responsibility of 
metabolizing and excreting compounds such as xenobi-
otics and hormones, it is the monocyte-derived Kupffer 
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cells in the liver that manage larger compounds such as 
immune complexes and bacterial products.203 Kupffer 
cells represent 80–90% of the fixed macrophage popula-
tion in the body. Because these cells are situated in the 
sinusoids of the liver, they are some of the first to come 
into contact with invading microorganisms and other 
gut-derived products.204

As macrophages, Kupffer cells act as phagocytes that 
clear the portal blood of circulating debris, including 
bacterial toxins. Lipopolysaccharide, a component of 
gram-negative bacterial cell wall (also referred to as LPS 
or endotoxin), is one of the most immunogenic toxins 
in this group.205 Kupffer cells are activated in the process 
of removing LPS, stimulating in the process the produc-
tion of inflammatory mediators, including eicosanoids, 
interleukin-1 (IL-1), IL-6, tumor necrosis factor- (TNF-
), superoxide, and nitric oxide.206 

LPS is not the only bacterial component known to 
stimulate cytokine synthesis. Components of both gram-
negative and gram-positive bacteria, including proteins, 
glycoproteins, lipoproteins, carbohydrates, and lipids, 
are also capable of inducing inflammatory cytokines.207 

Kupffer cell activation is a normal immunologic 
response, serving to limit the entry of endotoxins and 
other antigenic molecules into the systemic circulation. 
In fact, Kupffer cells are always in a low-grade state of 
activation due to the small quantities of bacterial toxins 
that continually penetrate the intestinal mucosa.208 
Typically, these endotoxins are not measurable beyond 
the liver. Only when the ability of the liver to sequester 
LPS is overwhelmed does endotoxemia occur. Either 
increased intestinal permeability (with translocation of 
LPS from the gut) or impaired hepatic clearance (as seen 
in liver damage) can disrupt this balance, resulting in 
an exaggerated immune/inflammatory response.

Intestinal permeability increases within hours of 
exposure to a bacterial toxin,209 further increasing 
hepatic load. This may be a direct effect of endotoxin 
on enterocytes or an indirect effect mediated through 
inflammatory cytokines like TNF-, blood levels of 
which are typically elevated following endotoxin 
administration.210 The finding that metronidazole can 
prevent NSAID-induced hyperpermeability emphasizes 
the role of bacterial toxins in this process.211

Endotoxins are capable of producing multiple 
adverse effects within the liver, ranging from neutro-
phil accumulation and oxidant stress-induced mito-
chondrial dysfunction,212 to enhanced coagulation,213 

reduced bile formation214 (hence impaired excretion 
of waste), and downregulation of cytochrome P450 
enzymes.215 Although speculated to be a protective 
effect (upregulated phase I generates potentially toxic 
reactive intermediates), suppressed cytochrome P450 
activity may contribute over time to impaired clearance 
of xenobiotics from the body.

Endotoxin-induced overactivation of Kupffer cells 
has been implicated in a number of disorders, including 
multiple organ dysfunction syndrome, alcoholic and 
non-alcoholic liver disease, spontaneous bacterial peri-
tonitis, celiac disease, and inflammatory bowel disease. 
A few of these conditions are reviewed here.

Multiple Organ Dysfunction Syndrome (MODS)

Patients who experience severe trauma frequently 
develop a significant systemic inflammatory response. 
In some individuals, this response is followed by pro-
gressive deterioration and subsequent failure of various 
organ systems, a syndrome that has been referred to as 
“death in slow motion.”216 Multiple Organ Dysfunction 
Syndrome (MODS) is one of the major causes of mor-
bidity and mortality in the Intensive Care Unit (ICU).217 
Although this inflammatory response and organ failure 
may develop from uncontrolled sepsis, it is frequently 
seen without any evidence of sepsis.218 

Studies have increasingly implicated the gut as an 
important factor in the pathogenesis of MODS.219,220 
In fact, a study by Doig and colleagues demonstrated 
that the only variable statistically associated with the 
development of secondary MODS in the ICU was 
increased intestinal permeability on admission or 
during a patient’s stay in the ICU.221 Furthermore, the 
severity of organ failure correlated with the degree of 
gut permeability upon admission. 

Bacterial translocation from the intestine following 
multiple trauma and hemorrhage has been documented 
in animal models, and endotoxemia has been observed 
during hemorrhagic shock in humans, suggesting that 
critical illness can directly impact intestinal permeabil-
ity.222 Doig’s study of ICU patients did not assume a 
causal relationship between leaky gut and MODS. How-
ever, the observed correlation between baseline intestinal 
permeability and subsequent organ failure supports the 
premise that gastrointestinal dysfunction may be an 
important stimulus in the development of the syndrome.
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Alcoholic Liver Disease 

Increased intestinal permeability is a major factor in 
the pathogenesis of alcoholic liver disease.223 In the intes-
tine, ethanol and its derivatives, especially acetaldehyde, 
loosen tight junctions between enterocytes, independent 
of inflammation and nutritional state.224,225 Alcohol also 
favors the growth of gram-negative bacteria, thereby 
increasing the concentration of endotoxin.226 As gut per-
meability increases, endotoxin and other macromole-
cules activate Kupffer cells. Inflammatory cytokines are 
released, culminating in hypoxia, neutrophil activation, 
increased sinusoidal permeability in the liver, and the 
generation of free radicals.227 Supporting a strong role for 
intestinal translocation of endotoxin in alcoholic liver 
disease, levels of endotoxin-specific IgA have been found 
to correlate closely with alcohol intake and with levels of 
SGOT and C-reactive protein (markers of inflamma-
tion).228 Furthermore, ethanol-fed rats are protected from 
alcohol-induced liver injury when fed, together with eth-
anol, oral non-absorbable antibiotics, polymyxin (a 
binder of LPS), or lactobacilli.229

Hepatocytes contain two primary pathways for the 
metabolism of ethanol: cytosolic alcohol dehydroge-
nase and the mitochondrial phase I enzyme, CYP2E1. 
Alcohol dehydrogenase activity generates NADH, while 
CYP2E1 converts ethanol to acetaldehyde, producing 
reactive oxygen species (ROS) in the process.230 Acetal-
dehyde can inhibit DNA repair and trap reduced glu-
tathione (GSH), an important peptide for detoxification 
as well as the neutralization of ROS via GSH-peroxidase 
(GSH-Px).231 An elevated level of NADH enhances ROS 
production by altering the intra-mitochondrial redox 
(reduction-oxidation) potential.232 Mitochondria are a 
major source of ROS and contain no catalase (the alter-
native to GSH-Px for neutralizing peroxides). Therefore, 
mitochondrial GSH plays a critical role in preserving 
mitochondrial function. Depletion of GSH in the mito-
chondria has been shown to sensitize alcohol-exposed 
hepatocytes to the pro-oxidant effects of cytokines and 
free radicals generated during ethanol metabolism.233

One of the cardinal features of alcoholic liver disease 
is fatty liver, or steatosis.234 Various mechanisms, includ-
ing reduced oxidation of free fatty acids due to mito-
chondrial damage, have been proposed for the ethanol-
induced accumulation of fats in the liver.235 Fatty acids 
are highly reactive. Hepatic peroxidation of these lipids 
results in the generation of potentially toxic intermedi-

ates that further augment inflammatory responses in 
the liver.236 Fibrosis is a common reaction to ongoing 
parenchymal inflammation and injury. If unchecked, 
cirrhosis can result, characterized by widespread fibro-
sis, disorganized liver architecture, nodule formation, 
and dramatic reductions in hepatocellular function.237 

Non-alcoholic Steatohepatitis (NASH)

Non-alcoholic steatohepatitis (NASH) is part of a 
spectrum of non-alcoholic fatty liver disease (NAFLD) 
that ranges from simple steatosis (fatty liver) to cirrho-
sis.238 NASH, the most common form of progressive 
liver disease in the United States,239 is an intermediate 
state between the two. NAFLD is very common in dia-
betics and obese individuals,240 including children.241 

NASH is strongly associated with features of the met-
abolic syndrome, including insulin resistance, central 
(visceral) obesity, dysglycemia, hyperlipidemia, and car-
diovascular disease.242,243 Insulin resistance and obesity 
both play a role in increased intrahepatic production of 
free fatty acids from glucose that is not efficiently taken 
up by peripheral adipocytes.244 High levels of insulin 
also inhibit mitochondrial fatty acid oxidation, further 
adding to fat accumulation.245 As described, steatosis 
sets the stage for liver damage.

Despite the contrasting initial contributing factors 
(alcohol vs. obesity and insulin resistance), the histo-
logic features of alcoholic- and non-alcoholic liver 
disease are identical. Hepatocellular injury in both dis-
orders appears to be mediated by lipid peroxidation and 
oxidative stress.246 Hepatic mitochondria are the main 
source of this oxidant stress, as beta-oxidation of fatty 
acids normally produces reactive oxygen species. A 
vicious cycle develops that involves continual genera-
tion of ROS, inflammatory cytokine release, Kupffer cell 
damage, and depletion of antioxidants.247 Obesity is 
thought to exacerbate liver injury by sensitizing hepato-
cytes to TNF- toxicity and reducing Kupffer cell phago-
cytosis of toxic debris.248

There are at least two mechanisms by which intesti-
nal bacteria may contribute to liver injury. As men-
tioned earlier, LPS and other bacterial toxins stimulate 
Kupffer cells in the liver, resulting in a cascade of cyto-
kines and other inflammatory mediators.249 If chronic, 
the induced oxidative stress causes hepatic steatosis and 
fibrosis. Interestingly, bacterial overgrowth in the small 
intestine has been found in 50% of NASH patients, 
compared to 22% of healthy controls.250 
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A second mechanism involves microbe-mediated 
endogenous production of alcohol and its metabolites. 
The ability of yeast to ferment sugars into alcohol is 
well established. Endogenous ethanol production has 
been documented in various studies and, in some sub-
jects with yeast infection, high ethanol concentrations 
have been reported following the ingestion of carbohy-
drate-rich foods.251 Yeasts and various gut bacteria have 
alcohol dehydrogenase activity, thus are capable of oxi-
dizing ethanol to acetaldehyde.252 On the other hand, 
microbial activity of aldehyde dehydrogenase (convert-
ing acetaldehyde to acetate) is limited.253 As a result, 
acetaldehyde may accumulate to toxic levels in the face 
of gut flora imbalances. 

Acetaldehyde is a potent toxin capable of inducing 
leaky gut and systemic absorption of endotoxin.254 As 
discussed earlier, endotoxin stimulates the release of 
TNF- from Kupffer cells. TNF- further promotes 
insulin resistance (and subsequent steatosis) in NASH 
by inhibiting insulin-initiated signal transduction.255 
Probiotics may help to reduce levels of acetaldehyde 
in the gut. Although lactobacilli and bifidobacteria are 
weak producers of acetaldehyde, they appear to be 
more efficient than other intestinal bacteria at remov-
ing acetaldehyde.256 

Hepatic CYP2E1, which is normally induced upon 
exposure to fatty acids and ethanol, is overexpressed in 
both NASH and alcoholic liver disease.257 Upregulated 
CYP2E1 is associated with free radical production258 and 
the conversion of xenobiotics such as petrochemicals 
and organic solvents to toxic metabolites, which can 
contribute to inflammation and fibrosis in the liver.259 
Availability of antioxidants is critical for protection.

Celiac Disease

Celiac disease (CD) is a familiar disorder character-
ized by intolerance to gluten, small bowel mucosal atro-
phy, malabsorption and abdominal symptoms that are 
typically reversed by removing gluten from the diet.260 
Increased intestinal permeability has been documented 
in CD,261 and has been hypothesized to predispose 
untreated celiac patients to some of the extra-intestinal 
symptoms sometimes seen in these patients.262 

Hepatic dysfunction in patients with celiac disease 
is common. At the time of diagnosis of CD, a mild dis-
turbance of liver function is reported in up to 42% of 
adults and 54% of children.263 In most of these cases, 
elevated liver enzymes tend to normalize within 12 

months of gluten removal from the diet. In mild cases 
where biopsy has been performed, histological changes 
in the liver are similar to those seen in NASH: Kupffer 
cell hyperplasia, mononuclear cell infiltration, steato-
sis, and mild fibrosis. In more severe cases, severe fibro-
sis, cirrhosis, and chronic hepatitis have been observed 
in both adults and children.264 

Celiac disease is not always apparent in patients 
with associated liver disease. Elevated liver enzymes 
may, in fact, be the sole manifestation of CD.265 In one 
study of adults being investigated for raised transami-
nases, but without gastrointestinal symptoms, the prev-
alence of CD was 9%.266 Thirty NASH patients who also 
tested positive for anti-gliadin antibodies were placed 
on a gluten-free diet. After three months, both steatosis 
and serum transaminase levels were reduced. At one 
year from diagnosis, enzyme levels were normal, intesti-
nal histology had improved, and there was no further 
evidence of steatosis on ultrasound.267

The exact mechanisms for these associations are 
unknown, although theories have been proposed. 
Because a high prevalence of autoantibodies exists in 
CD patients, the disturbed liver function in this disor-
der may be mediated by an autoimmune process.268 In 
many of these individuals, antibodies become undetect-
able following a period of gluten exclusion. The malab-
sorption and leaky gut induced by celiac enteropathy 
have also been proposed to place undue stress on the 
liver. The fact that cow’s milk allergy can induce liver 
dysfunction in some individuals suggests that it may 
not be the gluten as much as the mucosal damage that 
leads to the hepatic injury.269 Other proposed mecha-
nisms include viral triggers270 (hepatitis C is the most 
common liver disease associated with CD271) and 
genetic predisposition.272

Because gluten exclusion so often helps to amelio-
rate hepatic inflammation, testing for celiac disease in 
patients with liver disorders, and hepatic evaluation in 
CD patients, would be prudent.

Promoting a Healthy Gut-Liver Axis

As discussed, optimal functioning of the gut-liver 
axis depends on an intact intestine, as well as a healthy 
liver that is balanced in both immunologic response to 
toxins and biotransformation of endogenous and exog-
enous compounds. A leaky gut places undue burden on 
the liver, whereas hepatocellular injury enhances the 
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likelihood of toxic metabolites escaping into the sys-
temic circulation. Consequently, a broad-spectrum 
approach is fundamental.

Intestinal Support

Gut mucosal integrity can be compromised by a 
host of factors, including malnutrition,273 antibiotics,274 
small bowel bacterial overgrowth,275 intestinal infec-
tions,276,277 food allergies,278 gluten intolerance,279 
enterotoxic agents such as NSAIDs280 or alcohol,281 
immune dysregulation,282 mucosal hypoxia,283 dysmo-
tility,284 and various systemic disorders.285 (For a com-
prehensive review of intestinal permeability, please see 
Chapter 28.) What follows is a brief summary of a few 
key areas that are pertinent to the current discussion. 

Nutrition. Enterocytes have one of the highest turn-
over rates in the body.286 As a result, they are particu-
larly vulnerable to low levels of nutrients that are 
critical to epithelial cell renewal. One such nutrient is 
glutamine, the principal metabolic fuel used by cells of 
the small intestine. Patients given glutamine-free total 
parenteral nutrition develop atrophy of the intestinal 
mucosa, impaired immune activity, and leaky gut. Addi-
tion of L-glutamine reverses these changes.287 

In the large intestine, short-chain fatty acids 
(SCFAs), specifically n-butyrate, provide energy for the 
colonocytes and exert a trophic effect on the intestinal 
lining.288 Although the anaerobic bacterial fermentation 
of all non-absorbed dietary fibers generates SCFAs, the 
slower-to-ferment forms (e.g., resistant starch) are gen-
erally most effective at raising butyrate levels along the 
entire length of the bowel.289 

Flora balance. Alterations in the complex micro-
flora of the intestine can induce changes that adversely 
affect intestinal permeability. Those factors that reduce 
the concentration of beneficial organisms are particu-
larly damaging, such as broad-spectrum (or frequent) 
antibiotic use. The resulting overgrowth of yeast and 
gram-negative coliforms may amplify the production of 
acetaldehyde and endotoxin. As mentioned, endotoxin 
increases gut permeability and sensitizes Kupffer cells in 
the liver. 

Exposure to stress is associated with reduced levels 
of beneficial bacteria and decreased production of both 
secretory IgA290 and protective mucins on the mucosal 
surface.291 Stress stimulates catecholamine release. High 
concentrations of norepinephrine, in particular, appear 

to encourage the growth of possible pathogens in the 
intestine.292 

Replenishing “friendly” strains of bacteria, such as 
lactobacilli and bifidobacteria, has been shown to sup-
port the gut-liver axis in multiple ways. Probiotics 
appear to be adaptogenic in the gut. That is, they can 
stimulate humoral immune responses to pathogens, but 
also downregulate proinflammatory cytokines when 
excessive.293 In cases of bacterial sensitization (and asso-
ciated gut inflammation), probiotics may help to restore 
oral tolerance.294 Probiotics have also been shown to 
reduce levels of acetaldehyde295 and ammonia296 in the 
intestine, and to help process food antigens. Finally, 
these organisms have demonstrated a stimulating effect 
on gastric mucin production.297 Regular ingestion of 
Lactobacillus GG, for example, has been shown to pro-
tect the integrity of the gastric mucosal barrier against 
indomethacin, although it showed no effect at the 
intestinal level. Prebiotics, such as fructooligosaccha-
rides, can encourage a healthy balance via the selective 
feeding of bifidobacteria and other beneficial strains.298

Dietary influences. Diets high in meats and meat 
fat can stimulate the activity of bacterial enzymes such 
as azoreductase and beta-glucuronidase, high levels of 
which are capable of producing reactive metabolites in 
the bowel.299 High amounts of simple sugars in the diet 
tend to slow bowel transit, thus increasing the exposure 
of the gut mucosa to potentially toxic compounds; they 
also promote the production of secondary bile acids in 
the colon.300

Some individuals are sensitive to large amounts of 
foods rich in sulfur compounds, principally sulfates and 
sulfites. These compounds may foster the growth of 
anaerobic sulfate-reducing bacteria, which reduce the 
sulfur compounds to hydrogen sulfide. This gas is 
thought to damage the intestinal mucosa by inhibiting 
butyrate oxidation, as well as to induce hyperperme-
ability by degrading mucin.301

Continued ingestion of gluten in gluten-sensitive 
individuals not only predisposes them to malabsorption 
through microvilli damage, but also to tight junction 
injury and gut hyperpermeability. Laboratory measure-
ment of anti-gliadin, anti-endomysial, and anti-tissue 
transglutaminase antibodies can help to rule out the 
condition.302 Hyperpermeability is also frequently aggra-
vated by ingestion of allergenic foods. This increase is 
often prevented by the mast cell stabilizer, cromolyn, 
suggesting that the release of mediators like histamine 
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and serotonin from mast cells is responsible for the 
increased permeability.303 Quercetin, a flavonoid that 
also reduces gut permeability via mast-cell stabilization, 
may serve as a natural alternative to cromolyn.304

Small intestine bacterial overgrowth (SIBO). Far 
fewer bacteria normally inhabit the small intestine com-
pared to the colon. However, factors such as chronic 
hypochlorhydria or stasis of gut contents can lead to 
overgrowth of organisms in the small bowel,305 typically 
coliforms and strict anaerobes.306 SIBO facilitates the 
translocation of endotoxin and other bacterial toxins 
from the gut lumen to the portal blood, thereby increas-
ing the risk of liver injury. Interestingly, the prevalence 
of SIBO in patients with chronic liver disease may be as 
high as 75%.307

Laboratory Assessment of the GI Tract

Preventive or therapeutic regimens for the gut-liver 
axis are ideally based on an initial assessment of gas-
trointestinal function and balance, especially since GI 
imbalances frequently present without symptoms. 
Comprehensive digestive stool analysis provides infor-
mation about several aspects of the gut environment, 
including flora balance and metabolism (e.g., beneficial 
bacteria, potential pathogens, yeast, and parasites), as 
well as digestion, absorption, and immunologic reac-
tions in the gut. 

Flora imbalances may also be assessed by measuring 
specific by-products of microbial activity in a morning 
urine specimen. The patterns of these organic acids 
may suggest anaerobic bacterial imbalances, the pres-
ence of specific pathogenic organisms, or intestinal 
malabsorption.

Intestinal permeability and absorption can be 
assessed by measuring the ability of two non-metabo-
lized sugars—lactulose and mannitol—to permeate the 
intestinal mucosa.308 Following the ingestion of a chal-
lenge drink containing these sugars, their clearance is 
measured in a urine collection. Mannitol is easily 
absorbed, thus serving as a marker for transcellular 
uptake (nutrient absorption). Lactulose is a much larger 
molecule that is only able to enter the system between 
enterocytes. Consequently, high amounts of lactulose 
in the urine, or an elevated lactulose/mannitol ratio, 
suggest increased intestinal permeability (“leaky gut”). 
Indirect measures of gut permeability are also available, 
which include titers of antibody directed against enteric 
microbial antigens.

Although SIBO is most directly diagnosed through 
culture of a small bowel aspirate,309 breath testing for 
SIBO is a more comfortable and cost-effective alterna-
tive that still demonstrates good sensitivity. After a 
baseline breath collection and the ingestion of a lactu-
lose challenge drink, several more breath specimens are 
collected over a two-hour period. In the laboratory, 
sequential levels of breath hydrogen and methane are 
measured and recorded, reflecting bacterial fermenta-
tion of the lactulose. An early gas peak (within the first 
90 minutes) suggest SIBO. Treatment typically involves 
the administration of broad-spectrum, anti-microbial 
agents310 and attention to underlying contributing fac-
tors such as hypochlorhydria or stasis of gut contents.311

Hepatic Support

The liver is the largest organ in the body and is 
extremely complex, with a vast array of metabolic and 
immunologic functions. The liver’s role in neutralizing 
and excreting xenobiotics and other potentially toxic 
compounds is delicately balanced with its immunologic 
response to bacterial toxins and other macromolecules. 
As demonstrated, imbalances in either area can lead to 
toxicity or tissue injury, both local and systemic.

Nutrition. Maintaining adequate broad-spectrum 
nutritional reserves is of paramount importance for 
optimal liver function. Numerous amino acids are used 
in phase II conjugation reactions, and both phase I 
and phase II reactions utilize a wide array of vitamins 
and minerals.312 

Glutathione, in the form of GSH-S-transferase, helps 
to process a large number of xenobiotics. GSH-peroxi-
dase helps prevent oxidative stress by catalyzing the 
reduction of lipid peroxides and hydrogen peroxide.313 
Hepatic mitochondria represent a major source of ROS 
during ethanol metabolism and are also particularly 
vulnerable to oxidative damage.314 Mitochondria do not 
contain catalase (an alternative means of neutralizing 
peroxides); therefore, GSH plays a critical role in this 
organelle. Animal models of NASH typically show 
reduced levels of GSH.315 Availability of GSH depends 
on sufficient amounts of its constituent amino acids 
(cysteine, glycine, and glutamic acid), magnesium (an 
essential cofactor in GSH synthesis), B vitamins for 
methionine recycling, and reducing agents.316

S-adenosylmethionine (SAMe) is a major methyl 
donor and precursor of GSH.317 The hepatic form of the 
enzyme that converts methionine to SAMe is highly 
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vulnerable to oxidative stress.318 Low SAMe levels have 
been documented in experimental liver injury, and 
administration of SAMe has been shown to attenuate 
alcohol-induced liver injury, at least in part by prevent-
ing mitochondrial GSH depletion.319 

Low SAMe (hence impaired methylation) is com-
monly associated with elevated homocysteine.320 It is 
interesting to note that increased levels of homocys-
teine are frequently observed in NASH patients.321 Criti-
cal to methionine recycling are adequate levels of 
vitamins B2, B6, B12, folic acid, and serine.322 Betaine 
serves as an alternative methyl donor, and has been 
shown to increase SAMe and also to reduce hepatic 
enzymes, steatosis, and fibrosis in NASH patients.323 

Measures aimed at inhibiting the activity of inflam-
matory cytokines can help to “quiet” an overactive 
immune response and associated liver injury, such as 
that found in MODS, alcoholic liver disease, and NASH. 
Examples of inflammatory cytokine inhibitors include 
alpha-lipoic acid,324 zinc,325 curcumin,326 and fish oils,327 
all of which act to inhibit NFB, a transcription factor 
for inflammatory cytokines and other immune media-
tors of inflammation.

Fish oils (EPA/DHA), besides modifying prostaglan-
din-mediated inflammation, have been shown to blunt 
the systemic inflammatory response to endotoxin.328 In 
contrast, corn oil (linoleic acid) appears to increase 
NFB activity in activated rat Kupffer cells in vitro. 
When the rats were pretreated with glycine (an agent 
that inactivates Kupffer cells), this increase was almost 
completely prevented. The omega-6 fatty acid, arachi-
donic acid, has been shown to directly induce superox-
ide production by Kupffer cells.329

Medium-chain triglycerides (MCTs) appear to bene-
fit the gut-liver axis. In addition to providing immedi-
ate energy by virtue of their ability to be absorbed intact 
across the gut wall and transported into the mitochon-
dria independent of the carnitine shuttle,330 MCTs are 
also anti-inflammatory. In vitro research has shown that 
MCTs blunt linoleic acid-induced increases in TNF- 
production by ~45%. MCTs also appear to prevent 
endotoxemia-induced liver damage in mice.331 

Lipotropic factors, such as L-carnitine, L-methio-
nine, choline, and inositol, help prevent steatosis by 
facilitating the oxidation of fatty acids in the liver.332 
These nutrients (often used in combination with liver 
botanicals) also enhance the flow of bile from the liver 
and gall bladder, thereby assisting in the removal of 

toxins. Phosphatidylcholine (from lecithin) has been 
shown to protect against alcoholic cirrhosis, enhance 
collagenase activity, and prevent acetaldehyde-induced 
collagen accumulation in vitro.333 Supplementation with 
pantethine (a derivative of pantothenic acid) may help 
to reduce the toxic effects of acetaldehyde by increasing 
the activity of aldehyde dehydrogenase.334 

It is beyond the scope of this book to review the wide 
array of botanicals that effectively support the liver. The 
reader is encouraged to consult relevant texts for listings 
of choleretics, cholagogues, and antioxidant herbs. 

Lifestyle. As mentioned, insulin resistance is a com-
mon feature of NASH. When glucose is not efficiently 
taken up by peripheral adipocytes and myocytes, the 
liver converts this glucose to free fatty acids. Over time, 
the increased fat deposition contributes to steatosis, the 
precursor to NASH. Obesity, irrespective of insulin resis-
tance, predisposes to hepatic steatosis by increasing the 
amount of free fatty acids entering the hepatocyte.335 
CYP2E1 is upregulated by this process.336 Increased 
CYP2E1 activity has been demonstrated in type 2 diabe-
tes, insulin resistance, central obesity, and NASH.337 It is 
also upregulated by a high-fat, low-carbohydrate diet.338 
Finally, obesity is associated with impaired phagocytic 
function by Kupffer cells.339

Dietary adjustments, customized nutritional sup-
plementation, and attention to exercise, weight con-
trol, and stress management all impact insulin 
sensitivity. (Insulin resistance is discussed in Chapter 
32, and glycemic control is discussed in Chapter 30.) 
Stress also directly impacts the development of fatty 
liver. Adrenal catecholamines directly activate hor-
mone-sensitive lipase, which in turn promotes the 
release of free fatty acids from adipose tissue.340 In the 
liver, these free fatty acids contribute to triglyceride 
accumulation within hepatocytes.341

Laboratory Assessment of Liver Function

The functional capacity of the liver to metabolize and 
clear xenobiotics from the blood can be evaluated by 
measuring the clearance of specific challenge substances 
in the saliva and urine. Caffeine is almost completely 
absorbed by the intestine and metabolized by cyto-
chrome P450 enzymes.342 Comparing its clearance in two 
sequential saliva specimens provides insight into up- or 
downregulated microsomal enzyme activity. Inborn ten-
dencies for excessive or impaired enzyme activity in both 
phase I and phase II pathways and clinical correlations 
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can be evaluated by examining a patient’s blood for 
genetic polymorphisms. Some key phase II pathways 
that may be evaluated for polymorphisms include meth-
ylation,343 glutathione conjugation, and acetylation.344 
The two-step conversion of cysteine to inorganic sulfate 
(sulfoxidation) ensures availability of sulfate for the 
phase II sulfation pathway. Impaired sulfoxidation 
(a frequent occurrence in neurological disorders such 
as Parkinson’s)345 can be evaluated by measuring these 
compounds in the blood.

The body’s redox balance can be evaluated by exam-
ining antioxidants as well as markers of oxidative stress. 
Fasting blood measurements of GSH and the endoge-
nous antioxidant enzymes, GSH-peroxidase and super-
oxide dismutase, reflect varying degrees of protection 
against ROS, while markers such as urine lipid peroxides 
can reveal oxidative damage in the body.

Finally, variations in the genes that code for phase I 
and phase II enzymes are known to influence an indi-
vidual’s ability to neutralize toxic compounds. Polymor-
phisms in these genes have been associated with adverse 
drug reactions, as well as cancer and other clinical 
disorders.346 Genomic testing can reveal susceptibility to 
imbalances in the detoxification system that may pro-
mote illness, and provide direction for more customized 
prevention and treatment of gut-liver axis disorders.

Summary

Functional medicine practitioners are generally 
appreciative of the concept of leaky gut and its poten-
tial impact on organ systems beyond the intestine. 
What is sometimes overlooked is the exceptionally tight 
interplay between gut and liver, and how dramatically 
imbalances in one organ can affect the performance of 
the other. 

Imbalanced intestinal flora, dysregulated gut 
immune function, and compromised gut mucosal 
integrity can all lead to alterations in gut permeability. 
Malabsorption of critical nutrients impacts every organ 
system in the body, including hepatic metabolism of 
potentially toxic compounds. Leaky gut places an 
undue burden on hepatic detoxification and leads to 
overactivity of Kupffer cells and excessive release of free 
radicals and fibrosis-promoting cytokines. Conversely, 
compromised hepatic function can cause gut-derived 
compounds, including toxic metabolites and neuroac-
tive peptides, to escape into the systemic circulation 

and have an impact on far-reaching organs such as the 
brain. As liver injury progresses, systemic toxicity 
increases as well. Analyses of disorders such as hepatic 
encephalopathy, MODS, and NASH have helped to illu-
minate this close partnership between gut and liver. 

Awareness of the interconnectedness and frequency 
of asymptomatic functional imbalances should inspire 
healthcare practitioners to evaluate hepatic function in 
chronic GI disorders and vice versa. Maintenance of a 
healthy gut-liver axis is not only achievable through a 
variety of measures, but is critical to long-term health.
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Cellular Messaging, Part I
Jeffrey S. Bland, PhD, and David S. Jones, MD

Introduction

Functional medicine provides the model for the new 
medical paradigm upon which medicine of the 21st cen-
tury will be based. Core principles of the functional 
medicine model include the following:

• The predisposition for disease is related to the inter-
play of antecedents, triggers, and mediators that give 
rise to an individual’s clinical signs and symptoms.

• Individuals are genetically, metabolically, and bio-
chemically unique and their medical care must 
support a patient-centered, rather than a disease-
centered approach.

• Health is a state of positive vitality related to main-
tenance of a homeodynamic physiology that 
reflects a balance both between and among internal 
and external factors.

• Disease in the adult is often the result of a progres-
sive loss of physiological, cognitive, emotional, and 
physical function and flexibility (that is, loss of 
organ reserve).

The antecedents of disease in an individual are dic-
tated in part by the unique set of genetic characteristics 

derived from the 23 pairs of chromosomes that the indi-
vidual inherited from his or her parents. Many of these 
genetic characteristics demonstrate pleiomorphism, which 
means they can be expressed in different ways, depend-
ing upon external and internal triggers. The phenotype 
(health patterns) the individual expresses results from the 
interplay between the genetic antecedents and the envi-
ronmental triggers. Triggers include infectious organisms, 
stress, toxic exposures, electromagnetic radiation, 
trauma, and—probably most important of all—poor 
nutrition and activity/exercise patterns. It is now recog-
nized that specific environmental exposures can have an 
epigenetic influence on genetic expression in the off-
spring that can be passed on to subsequent generations.1 
This relationship ties genes and environment together in 
ways that go beyond simple Mendelian genetics.

The mediators released as a result of exposure to 
these triggers represent a broad array of intercellular 
communication agents. These can be large and pro-
tein-like in structure (e.g., insulin) or small (e.g., the sex 
hormones). Table 32.1 provides a list of representative 
intercellular communication mediators, their type, and 
their function.



Section VI
A Practical Clinical Approach

582

Table 32.1 Representative Classes of Intercellular Communication Agents

Communication Agent Type Function

Prostaglandins Small molecules derived from arachidonic 
acid

Cellular regulators

Leukotrienes and thromboxanes Small molecules derived from arachidonic 
acid

Proinflammatory

Nitric oxide Small molecule derived from arginine via 
nitric oxide synthase

Immune, neurological, vascular effects

Dopamine, serotonin, acetylcholine Small molecules derived from tyrosine, 
tryptophan, and choline, respectively

Neurotransmitters

Cortisol, aldosterone Small molecules derived from cholesterol Stress hormones and electrolyte control

Estrogen, testosterone, DHEA Small molecules derived from cholesterol Sex hormones

Melatonin Small molecule derived from tryptophan Sleep regulation

N-methyl D-aspartate (NMDA), glutamate Small molecules derived from aspartic and 
glutamic acids

Excitotoxins

Endorphins Polypeptide Pain and immune regulation

Insulin, glucagon, somatostatin Polypeptide Blood sugar control

Interleukins, tumor necrosis factor, 
interferon

Protein Inflammation process and immune 
function

NFB/IB Protein Control of oxidant response

ICAM/VCAMs Protein Cellular and vascular adhesion

Leptin Protein Appetite control

Vasopressin, ACTH, TSH, oxytocin Polypeptides Pituitary hormones

Bombesin, vasoactive intestinal peptide Peptide Gut-brain transmitters

C-reactive protein (CRP), serum amyloid A 
(SAAO)

Protein and protein-carbohydrate 
complex, respectively

Inflammatory markers

Natriuretic peptides (atrial, brain, and 
C-type natriuretic peptide)

Peptide Diuretic, vasorelaxant
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In many cases, these intercellular communication 
agents are produced when a trigger modifies gene 
expression. Imbalances of these agents in response to a 
trigger result in various signs and symptoms of dysfunc-
tion or illness. These signs and symptoms frequently 
express across multiple organ systems, because the inter-
cellular communication agents are produced in many 
types of cells that clinically impact myriad conventional 
medical specialty domains. A more technical discussion 
of these processes can be found in Chapter 15. Here, we 
will focus on understanding the cellular communication 
process from a more clinical perspective.

Research into intercellular communication and intra-
cellular signal transduction is evolving rapidly. Intracel-
lular signal transduction refers to the way cells modify 
their function when they are exposed to molecules of 
intercellular communication. These two related fields of 
investigation, which have emerged from our increased 
understanding of genetic structure and expression, have 
practical clinical applications. A notable facet of the 
emerging research—particularly to the functional medi-
cine practitioner—is the recognition of the importance 
of lifestyle, nutrition, and environment in determining 
which intercellular communication agents are expressed 
at a particular time from a person’s pluripotential “card 
catalogue” of genes. This rapidly accumulating knowl-
edge base has made it possible in many clinical situations 
to develop a personalized approach to health care that 
reflects an individual’s genetic uniqueness. Practitioners 
who evaluate the signs and symptoms associated with 
imbalanced intercellular communication agents (hor-
monal, neurotransmitter, and immune-modulating mol-
ecules) can develop a program to normalize those agents 
using specific and individually-tailored lifestyle, diet, 
nutritional, and environmental interventions.

The Impact of Environment on Cellular 
Messenging

Chronic Stress as a Trigger for Intercellular 
Communication Dysfunction

More than 25 years ago, Austrian physician Hans 
Selye, MD, borrowed the term stress from physics to 
describe an organism’s physiological response to per-
ceived stressful events in the environment.2 Stress trig-
gers the fight or flight response and the short-term 
release of glucocorticoids, such as cortisol, from the 

adrenal glands. The result is a temporary increase in 
energy production, at the expense of processes that are 
not required for immediate survival. An imbalance in 
intercellular communication agents, therefore, natu-
rally results from this stress response.

A chronic stress response, extended over a long 
period of time, may produce a variety of age-related 
pathologies, including increased risk of dementia. In 
animals (as in human Alzheimer’s disease), high corti-
sol levels correlate with increasing disease severity, 
which is associated, in turn, with degeneration of the 
substructure in the brain called the hippocampus.3,4 
Studies attempting to link high cortisol levels directly 
with reduced hippocampal volume and consequent 
loss of cognitive function have begun to emerge,5 with 
the association being particularly strong in depres-
sion.6 None of the research has yet described the pre-
cise pathway by which the effects occur.7 In healthy 
subjects, the link between high cortisol and age-related 
cognitive decline may not actually be accompanied by 
brain atrophy.8 Clearly, there is much we do not yet 
know, but there is also a growing body of knowledge 
that can help clinicians improve patient management.

In a 1998 study, researchers measured cortisol levels 
in 51 individuals over five to six years and determined 
whether each person’s cortisol level was rising or falling 
over time. They were able to divide the subjects into 
three groups: those whose cortisol levels were high and 
increasing (the high-stress group); those whose cortisol 
levels were moderate but increasing (the moderate-stress 
group); and those with decreasing cortisol levels (the 
low-stress group). The researchers found that individuals 
in the high-stress group had greater memory impair-
ment than those in the low-stress group.9 Magnetic res-
onance imaging (MRI) and additional memory tests 
were performed on some of the individuals; the results 
showed that the six individuals in the high-stress group 
and the five in the moderate-stress group had 14% 
lower hippocampal volume than those in the low-stress 
group. They also had reduced hippocampal energy pro-
duction. This study supports other investigations that 
indicate long-term, chronic stress may be damaging to 
the brain and may increase the risk of Alzheimer’s and 
other neurodegenerative diseases.10,11

A 2005 study reported a “new personality construct,” 
the type D, which is “characterized by the joint tendency 
to experience negative emotions and to inhibit these 
emotions while avoiding social contacts with others.”12 
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The research revealed that both characteristics were asso-
ciated with greater cortisol reactivity to stress; the author 
hypothesized, therefore, that “Elevated cortisol may be a 
mediating factor in the association between type D per-
sonality and the increased risk for coronary heart disease 
and, possibly, other medical disorders.”

In 1995, Licinio, Gold, and Wong13 proposed a 
molecular mechanism for stress-induced alterations in 
the susceptibility to disease. In this model, they evoked 
the concept of how stress influences gene expression to 
describe the origin of stress-induced diseases ranging 
from heart disease to arthritis to cancer. They found that 
the hypothalamic hormone, corticotropin-releasing 
hormone (CRH), had gene complementarity with pro-
inflammatory molecules (as well as cancer oncogenes); 
they postulated that events elevating CRH levels could 
increase the risk of many age-related chronic diseases. 
This model is consistent with the older view of Axelrod 
and Reisine, who also stated that CRH regulates release 
of ACTH, which subsequently influences the adrenal 
catecholamines and glucocorticoids.14

Since that 1995 study, elevated CRH has been asso-
ciated with anxiety and all common manifestations of 
stress, including fear, startle reflex, decreased food 
intake, and others.15 Elevated CRH has also been asso-
ciated with increased proinflammatory response as a 
result of secretion of TNF-, IL-I, and IL-6.16,17,18 The 
link with inflammation is being demonstrated through 
studies of many different conditions, including alter-
ations in gut motility and mucosal function,19 ulcer-
ative colitis,20 and endometriosis.21

Xenobiotics as a Trigger for Intercellular 
Communication Dysfunction

As mentioned earlier, stress is not the only environ-
mental modifier of cellular communication agents. 
Environmental xenobiotics have also been identified as 
“endocrine disrupters” that can modify intercellular 
communication and cellular function.22 For example, 
xenobiotic estrogens (environmental compounds with 
estrogenic activity), can modify the way a woman 
metabolizes estrogen. Estrogen is metabolized through 
three hydroxylation reactions—one at the carbon posi-
tion 2, one at carbon 4, and the third at carbon 16 in the 
estrogen structure. Investigators have found that the 
hydroxylation of estrogen and its methylation at carbon 
2 result in an estrogen metabolite that does not signal 
the genes of the mammary cells to engage in prolifera-

tion. The absence of a cell proliferation message reduces 
the risk of breast cancer. On the other hand, hydroxyla-
tion at carbon 4 or 16 results in production of a metab-
olite in the breast tissue that does create potential meta-
plastic changes associated with premalignancy.23

Environmental pollutants can modify the hydroxyla-
tion of estrogen, producing a higher ratio of the 4 and 16 
hydroxylated estrogen derivatives that are potentially 
more genotoxic. Pesticides were found to significantly 
increase the ratio of 16-hydroxyestrone to 2-hydrox-
yestrone.24 The investigators suggested that the ratio of 
16-hydroxyestrone to 2-hydroxyestrone may provide a 
marker for analyzing breast cancer risk (prognostic indi-
ces) and for generating preventive nutritional strategies 
and interventions. Subsequent studies have often,25 but 
not always,26 supported the 2-to-16 ratio hypothesis, 
although the ability of xenobiotics to disrupt hormone 
function does not appear to be in doubt.27,28

Environmental xenobiotics may affect the detoxifica-
tion of estrogen by modifying genetic expression and 
activity of the detoxification enzymes, which are mem-
bers of the cytochrome P450 family. Some cytochrome 
P450 isoforms detoxify estrogen by hydroxylation at the 
2 position, and others act at the 16 position. We can 
speculate that environmental chemicals may modify 
intercellular communication and shift the expression 
of genes toward the isoforms of cytochrome P450 that 
result in production of the potentially harmful metabo-
lites produced by position 16 hydroxylation. This could 
explain why postmenopausal women with the highest 
circulating estradiol (E2) levels have the greatest fre-
quency of breast cancer. (Earlier evidence from epidemio-
logical and animal studies indicated a causal relationship 
between high estradiol levels and breast cancer risk in 
postmenopausal women.29 However, subsequent research 
has revealed that these issues are more complex. Studies 
in women have reported that high testosterone levels 
may be more accurate than estradiol for predicting older 
women at risk for breast cancer,30 that increased sex ste-
roid levels do not translate into a measurable increased 
breast cancer risk in postmenopausal women with the 
CYP1 genotype,31 and even that estradiol has either no 
effect or even a positive influence in breast cancer pro-
gression and mortality.32,33)

Stress and environmental xenobiotics are just two 
of many external agents that can influence intercellu-
lar communication and either decrease or increase a 
person’s risk of age-related diseases. Common constitu-
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ents of the diet, including both macro- and micro-
nutrients, can also influence cellular messenging and 
genetic expression.34

Chronic Infection as a Trigger for Intercellular 
Communication Dysfunction

Research clearly indicates that infectious organisms 
can modify intercellular communication and signal 
transduction, and shift the physiological state toward 
inflammation and risk of heart disease and cerebrovas-
cular disorders. A few examples include the following:

• Chronic Helicobacter pylori infection is associated 
not only with peptic ulcers, but also with increased 
heart disease risk.35 Possibly because it upregulates 
intercellular agents involved with chronic inflam-
mation, chronic H. pylori infection represents an 
independent risk factor for cerebrovascular and 
ischemic heart disease.36 Interestingly, however, 
one study compared H. pylori patients who had 
been treated with those who had not, and found 
that eradication treatment had “no effect on meta-
bolic and inflammatory parameters.”37 Current 
knowledge does not yet rise to the level of demon-
strating a causal relationship, nor does it definitely 
implicate the inflammatory pathways as the link 
between H. pylori infection and heart disease.38

• Infection with Chlamydia pneumoniae has also been 
associated with increased risk of heart disease and 
cell signals related to inflammation.39,40

• Individuals with certain genetic susceptibilities, 
such as the apo E4 allele, have increased risk of 
expressing dementia (including Alzheimer’s 
dementia) as a consequence of chronic infection 
with the Herpes simplex virus.41,42

All of this information indicates that many sub-
stances and external agents can initiate altered cellular 
communication and signal transduction, which can 
shift a cell into an alarm state associated with altered 
function and later-stage disease risk.

The Influence of Nutrients on Gene Expression 
and Intercellular Communication

In the past, nutritionists and other healthcare profes-
sionals believed the only role of macronutrients (protein, 
carbohydrate, and fat) was to provide calories, with little 
or no effect on the regulatory cycles of the cell. This 
assumption is changing rapidly, and practitioners of all 

disciplines must be able to adapt their clinical practice 
to the new information. Research indicates that various 
amino acids in protein, fatty acids in dietary fat, and cer-
tain types of carbohydrate affect cell recognition, recep-
tor site function, and genetic expression. Discovery of 
novel nuclear receptors is increasing and rapidly gaining 
biological and medical significance. These nuclear recep-
tors are members of a family of supergenes used to con-
trol expression of important genes under different 
physiological circumstances. Four examples of dietary 
components that interact with receptors and activate 
their gene regulatory networks are: specific fatty acids,43 
antioxidants,44 vitamin A,45 and trace minerals.46 

Fatty acids. Omega-3, omega-6, omega-9, medium-
chain, and long-chain fatty acids are known to influ-
ence cellular membrane structure and function. As a 
consequence of altered structure and function of mem-
branes, receptor affinity for intercellular mediators can 
also be altered, thereby affecting signal transduction. 
Beyond that, among the most important nutrients serv-
ing as intercellular communication agents and influenc-
ing the control of gene expression are fatty acids that 
interact with the peroxisome proliferator activated 
receptors (PPARs).47,48 Different fatty acids, members of 
the omega-6 or omega-3 families, have different influ-
ences on the PPARs, as do their metabolic by-products, 
prostaglandins, and leukotrienes.49 In animal studies, 
dietary n-3 and n-6 polyunsaturated fatty acids have 
been found to influence expression of the cyclooxygen-
ase-1 and -2 genes that are involved in prostaglandin 
biosynthesis50 and levels of P2Iras protein. These studies 
demonstrate that dietary n-6 unsaturated fatty acids can 
upregulate expression of cyclooxygenase-2 and, to some 
extent, cyclooxygenase-1, which can increase inflam-
mation. On the other hand, n-3 fatty acids did not 
increase cyclooxygenase-2 activity.51,52

Fatty acids have been shown to positively affect the 
postprandial lipoprotein cascade in diabetic patients,53 
a gene expression pattern that may hold promise for 
dietary and nutritional treatments that could affect 
the high rate of heart disease in diabetic patients.

Dietary fat also plays a role in this process via the 
absorption of fat-soluble vitamins. By its own composi-
tion, it can also modify the expression of nuclear recep-
tors that, in turn, can influence, for example, thyroid 
hormone activity. Some important aspects of this com-
plex pathway are depicted in Figure 32.1.
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Figure 32.1 Influence of dietary fat on cell signaling

Studies indicate that DHA, a member of the omega-3 
fatty acid family, increases TSH concentration in ani-
mals.54 Substances that increase PPAR activity improve 
thyroid function, and this influence may occur as a con-
sequence of the effects of T3 on induction of enzymes 
involved with mitochondrial activity.55 Some of the 
effects of T3 on mitochondrial activity may occur as a 
consequence of activation of PPARs located in the mito-
chondrial matrix.56

In 1998, investigators of dietary prevention of can-
cer at the Division of Nutritional Carcinogenesis at the 
American Health Foundation found that omega-3 
eicosapentaenoic acid (EPA, fish oil concentrate) inhib-
ited the expression of farnesyl protein transferase, a 
critical step in oncogenesis.57 EPA, therefore, helped 
prevent colon tumor development in animals. Subse-
quent studies by other researchers seemed to identify 
the effect of the fish oil as an ability to differentially 
modulate Ras activation, without affecting farnesyl 
protein transferase.58,59 Although the precise mecha-
nisms of action are not yet clear, this research opens 
the door for improved understanding of the potential 
role of specific macronutrients as cell-signaling sub-
stances in modifying gene expression.

Antioxidants. Control of cellular physiology and 
response to various external signals are both related to 
the expression of various substances that interact with 
the genes. A principal example is nuclear factor-kappaB 
(NFB). NFB regulates a number of genes that are nec-
essary for normal immune responses and secretion of 
intercellular communication agents involved in the 
inflammatory process. Included among those agents are 

interleukin-2 (IL-2), interleukin-6 (IL-6), and tumor 
necrosis factor- (TNF-). Activation of T lymphocytes 
to engage in inflammatory response requires at least 
two signals: one that stimulates an increase in intercel-
lular calcium and another that stimulates enzymatic 
processes, including kinases.

Similarly, evidence indicates that NFB is activated 
by a number of intracellular signals. Hydrogen peroxide 
and other reactive oxygen species induce T cell signals, 
and modification of the reduction/oxidation (redox) 
potential within a cell modifies NFB activation.60 As the 
cellular environment shifts toward oxidative chemistry 
and away from a balance between oxidation and reduc-
tion, the presence of oxidized species in the cell (includ-
ing glutathione disulfide and lipid peroxides) increases. 
Proteins become oxidatively damaged as well, with the 
production of such proteins as oxidized low-density 
lipoprotein. This oxidative shift in intercellular chemis-
try promotes the transcription from the genes of adhe-
sion molecules that participate in the inflammatory 
process, including the intercellular adhesion molecules 
(ICAMs), endothelial leukocyte adhesion molecules, and 
vascular adhesion molecules, as well as cytokines.

Strong evidence suggests that the shift of intracellu-
lar redox toward an oxidative state is a principal process 
that signals the genes to shift their transcription and 
move into an “alarm state.” Knowledge of the increased 
level of NFB associated with oxidative stress and its 
subsequent association with the expression of cell adhe-
sion molecules and interleukins forms an advancing 
understanding of how inflammation results from exter-
nal signals of alarm, infection, or toxicity.

Oxidative signals are capable of inducing NFB-
binding activity. Glutathione is a principal intracellular 
redox buffering agent that helps protect against oxida-
tive stress. As glutathione is consumed, and glutathione 
disulfide is produced as a consequence of oxidative 
exposure, NFB is activated and gene expression signals 
are modified toward inflammation and alarm.

A number of antioxidant substances play an impor-
tant role along with glutathione to maintain proper 
intracellular redox. One that is under current investiga-
tion is -lipoic acid. R--lipoic acid occurs naturally as a 
prosthetic group in -keto acid dehydrogenase com-
plexes of the mitochondria. However, investigators 
have found that -lipoic acid affects cellular metabolic 
processes in vitro and that it has the ability to alter the 
redox status of cells and interact with glutathione and 
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other antioxidants to help maintain redox buffering.61 
Most of the clinical studies to date with lipoic acid have 
been done with intravenous administration, but the 
evidence indicates that agents that improve cellular 
redox, such as lipoic acid and N-acetylcysteine, can 
reduce inflammatory signaling.

In 1998, researchers conducted human clinical trials 
with intravenous -lipoic acid supplementation in the 
treatment of various types of inflammatory conditions 
involving altered intercellular communication. Among 
the conditions studied are alcohol-induced liver dam-
age, mushroom poisoning, metal intoxication, and car-
bon tetrachloride poisoning. Doses of 600 mg per day of 
lipoic acid have shown positive therapeutic value in the 
management of insulin-resistant individuals as well. 
Lipoic acid has a hypoglycemic effect, and it helps 
improve insulin sensitivity and lowers the risk of dia-
betic polyneuropathy in type 2 diabetics.62 

Because these processes are associated with NFB 
activation and oxidative stress reactions, the expression 
of ICAM-1 and VCAM-1, which is induced by TNF-, is 
inhibited by increasing activity of glutathione peroxi-
dase and production of reduced glutathione.63 In part, 
this may explain why glutathione-related antioxidant 
defense mechanisms help prevent human atheroscle-
rotic plaques.64 The influence of antioxidants in pre-
venting atherosclerosis and other diseases of aging may 
not be as simple as a free radical antioxidant effect. It 
may, instead, be mediated through a complex interac-
tion of cellular communication agents like NFB, their 
relationship to genetic expression of interleukins and 
adhesion molecules, and their subsequent relationship 
to white cell attachment to mucosal surfaces and the 
origin of disease.

In support of this model, it has been reported that 
vitamin E inhibits the production of cell adhesion mol-
ecules and, therefore, also inhibits the attachment of 
monocytes to cultured human endothelial cells.65 In 
1994, researchers found that the cardiac drug probucol 
(which is known to act as an antioxidant) and N-acetyl-
cysteine also inhibited the elaboration of adhesion mol-
ecules and the attachment of monocytes to human 
endothelial cells. 

These studies may provide a mechanistic explanation 
for the clinical observation that antioxidant supplements 
help block the loss of endothelial function in healthy 
subjects with normal cholesterol who have consumed a 
high-fat meal. In a 1997 randomized clinical trial,66 20 

individuals with normal cholesterol, who were presumed 
to be healthy, were administered one of three breakfasts. 
They received either a high-fat meal, a low-fat meal, or a 
high-fat meal following pretreatment with oral adminis-
tration of 1000 mg of vitamin C and 800 IU of vitamin E. 
A subgroup of 10 subjects also ate the low-fat meal fol-
lowing the same vitamin pretreatment. High-resolution 
ultrasound assessed flow-mediated (endothelium-depen-
dent) brachial artery vasodilation, measured as percent 
diameter change before the meal and hourly for six 
hours following each meal. In this study, flow-mediated 
vasodilation fell significantly in the high-fat breakfast 
group. In the low-fat meal group or the high-fat meal 
group with antioxidant vitamin supplements, there was 
no such drop. The same researchers published a similar 
study in 2003,67 demonstrating that dietary interven-
tions (e.g., a fruit and vegetable concentrate)—with or 
without supplemented phytonutrients—could “reverse 
the immediate adverse impact of high-fat meals on flow-
mediated vasoactivity…  .”

The authors conclude that a single high-fat meal 
transiently reduces endothelial function for up to four 
hours in healthy subjects with normal cholesterol, 
probably through the accumulation of triglyceride-rich 
lipoproteins and the subsequent effects on the elabora-
tion of adhesion molecules. This decrease was blocked 
both by dietary intervention and by pretreatment with 
antioxidant supplements (vitamin C and vitamin E, in 
the study described above), and, in another study, post-
prandial supplementation with vitamin C,68 suggesting 
an oxidant/antioxidant mechanism and the potential 
interrelationship with NFB/IB modulation of cellular 
communication agents such as ICAMs and VCAMs. 
Reduced superoxide dismutase and glutathione peroxi-
dase activities have also been associated with increased 
risk of endothelial injury.69 This is potentially related to 
their role in quenching the cellular oxidant superoxide, 
thereby reducing the contribution of oxidative stress to 
inflammatory signaling. (This topic is addressed further 
in Chapter 30.)

Vitamin A. Similarly, vitamin A is required for regu-
lation of various receptors. Investigators at the Univer-
sity of Alabama reported in 1998 that vitamin A strongly 
interacts with the proinflammatory molecules interleu-
kin-4 and interferon- to regulate the expression of an 
immunoglobulin receptor.70 Their data suggest vitamin 
A may be required, therefore, for the regulation of secre-
tory IgA transport in response to mucosal infections. 
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Vitamin A has also demonstrated both an ability to 
inhibit expression of TNF- and iNOS in animals,71 and 
a regulatory effect on human intercellular adhesion 
molecule-1 (ICAM-1).72,73

Although the mechanisms responsible for the anti-
inflammatory effect of retinoic acid are still uncertain, 
researchers are looking for the underlying explanation.74

Trace elements. The trace element zinc also plays 
a very important role in modifying gene expression 
through its ability to serve as an intercellular messen-
ger. In animals, zinc deficiency increases the output of 
hypothalamic neuropeptide Y and may explain why 
appetite is suppressed in zinc deficiency and why anor-
exia results.75,76

The trace element selenium is also a powerful sig-
naling agent. In a prospective study in 1998,77 investi-
gators at the Harvard School of Public Health and at 
Harvard Medical School used the level of selenium in 
human toenails as an indicator of selenium status. 
(The use of toenail and plasma levels as biomarkers of 
selenium exposure has been validated in further stud-
ies.78) In this study, low selenium level was associated 
with increased risk of advanced prostate cancer in 
males. This study supports a previous report from the 
cancer study group at the Arizona Cancer Center in 
1963, in which oral selenium supplementation at 200 
mg per day significantly reduced the incidence of and 
mortality from carcinomas of several sites, including 
prostate.79 The importance of selenium in cancer pre-
vention has been validated by numerous additional 
studies in the intervening years.80,81,82

Selenium is an essential nutrient. One of its major 
roles is as a component of the antioxidant enzyme glu-
tathione peroxidase, which is involved with the recy-
cling of glutathione disulfide to reduced glutathione. In 
healthy individuals, glutathione is recycled very rapidly 
and exists principally in the reduced state. As an indi-
vidual ages or becomes ill, his/her reduced glutathione 
level decreases, and the amount of oxidized glutathione 
disulfide increases. This change in status may indicate 
an increase in oxidative stress that cannot be accommo-
dated by the existing antioxidant systems.83

Insufficient selenium could be one contributor to 
reduced antioxidant protection. Although selenium does 
not participate in this process as an intercellular commu-
nication agent, it indirectly relates to the influence of an 
enzyme engaged in establishing proper cellular reduc-
tion/oxidation potential. Redox potential, in turn, has 

been found to be an important determinant of intercellu-
lar communication. Selenium has also been found to be 
the central mineral atom in the deiodinase enzyme that 
converts thyroid hormone T4 to T3. As such, its defi-
ciency may play a role in secondary hypothyroidism.

As reported in a 2005 review, “selenium is capable of 
exerting multiple actions on endocrine systems by mod-
ifying the expression of at least 30 selenoproteins.  …   
Selenoenzymes are capable of modifying cell function 
by acting as antioxidants and modifying redox status 
and thyroid hormone metabolism.”84 The authors point 
out that the most important factor in selenoprotein 
expression is selenium supply—a fact that is critically 
important in thyroid function.

Altered Cellular Communication and the 
Risk of Various Diseases

The 1998 Nobel Prize in Medicine was awarded to 
three researchers who discovered the role of nitric oxide 
in physiology. One of the recipients was Ferid Murad, 
MD, PhD.  At the Fourth International Symposium on 
Functional Medicine in 1997, Dr. Murad presented 
information showing that many chronic illnesses are 
associated with imbalances in nitric oxide production 
in their early stages. 

Nitric oxide (NO) is associated with apparently con-
tradictory actions—both proinflammatory effects and 
protective influences have been identified.85,86 NO, an 
example of a second-signal messenger, alters levels or 
types of cellular messengers and can play a key role in 
triggering effects that are associated with a variety of 
diseases (cutting across numerous ICD-9 diagnostic 
codes). According to Dr. Murad in 1996, “NO can be 
recognized as an intracellular second messenger, a local 
substance for regulation of neighboring cells, a neu-
rotransmitter in central and peripheral neurons, and 
perhaps a hormone that can act at distant sites and has 
been shown to have beneficial or deleterious biological 
effects, depending on its concentration, the system, 
and the cellular environment.”87 In particular, diseases 
associated with altered nitric oxide elaboration and 
physiology (both adverse and beneficial) include ath-
erosclerosis,88 AIDS,89,90 cancer,91 schizophrenia,92 and 
certain inflammatory conditions.93,94 

Nitric oxide has several dichotomous effects within 
the stages of cancer. Chronic inflammation can lead to 
production of chemical intermediates, including nitric 
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oxide, as part of the inflammatory cascade. This pro-
cess, in turn, can mediate damage to DNA. Nitric oxide 
also appears to be involved with both tumor-promoting 
and tumoricidal activities.95,96 Understanding the bal-
ance and activity of nitric oxide within the context of 
other cellular communication agents associated with 
the immune and inflammatory processes may help cli-
nicians develop therapies that focus on ameliorating 
the cause of the disease.

Grouping dysfunctions on the basis of altered cellular 
communication may be much more useful for under-
standing the predisposition to disease than is the catego-
rization of disease from a taxonomic perspective. By 
understanding the triggers that influence elaboration of 
intercellular mediators and how these mediators influ-
ence signs and symptoms, the clinician may be better 
able to identify and treat the causes of disease, rather 
than just the symptoms. Once the nature of the imbal-
ance of the cellular communication agent has been iden-
tified and evaluated for activity levels, its function may 
be improved by modification of lifestyle, environment, 
nutritional pharmacology, or specific medications. For 
example, supplemental use of L-arginine and other nitric 
oxide stimulators or inhibitors appears to modify nitric 
oxide production under some conditions.97,98,99

Administration of the nitric oxide donor S-nitroso-N-
acetylpenicillamine reduced the severity of myocardial 
injury in animals with experimental atherosclerosis that 
were fed a high-cholesterol, high-fat diet.100 Nitric oxide 
protects against the attachment of leukocytes and 
monocytes to the vascular endothelium, and it helps 
prevent the early stages of atherogenesis associated with 
hypercholesterolemia.101 In an animal model using pigs, 
L-arginine supplementation as a stimulator of nitric 
oxide production reduced endothelial inflammation 
and the elaboration of inflammatory messengers during 
ischemic episodes.102

In a human clinical trial in 1998, 26 patients with-
out significant coronary artery disease, as measured by 
coronary angiography and intravascular ultrasound, 
were blindly randomized to either oral L-arginine, 3 g 
tid, or a placebo. Endothelium-dependent coronary 
blood flow reserve to acetylcholine administration was 
assessed at baseline and after six months of therapy. 
After six months, the coronary blood flow in response 
to acetylcholine in subjects who were taking L-arginine 
increased compared with the placebo group. The results 
reached statistical significance (p<.05) and were associ-

ated with a decrease in the plasma level of vascular 
adhesion molecules and an improvement in patients’ 
symptom scores in the L-arginine treatment group, 
compared to the placebo group.103

Many other diseases associated with aging also 
exhibit altered nitric oxide dynamics. They include the 
metastatic events of cancer, inflammatory destruction 
of the joints in arthritis,104,105 glial cell activation and 
dementia,106 and vascular and secondary side effects 
associated with type 2 diabetes.107 Evaluating altered 
intercellular communication by looking at nitric oxide 
alone, therefore, may provide insight into a disease pro-
cess that cuts across many conditions. That insight can 
be lost if one examines only the end-stage disease. 

Neurotransmitters as Intercellular 
Communication Agents

The first and second signal messengers of inflamma-
tion and cellular adhesion are not the only substances 
with a relationship to oxidative stress mechanisms and 
mitochondrial function. An array of biologically active 
peptides with molecular weights between 1 and 5 Kd 
also has neurotransmission and neuroregulatory effects 
and communicates with the immune system. These 
peptides are predominantly distributed in the nervous 
system and gut of most animals. The significance of 
these patterns of distribution is still uncertain, but one 
possibility is that these molecules represent the inter-
face between the external environment and the internal 
physiological process. Therefore, they are information 
molecules that translate external events to the internal 
environment.108 

Within the brain, the anatomic localization of pep-
tides is most notably associated with those regions con-
cerned with neuroendocrine and autonomic regulation. 
These neuropeptides cross the blood/brain barrier and, 
therefore, can influence the activity of both glia and neu-
rons. Before these discoveries, almost no one believed 
that intact peptides could cross the blood/brain barrier. 
This erroneous belief was based on unsupported opin-
ions rather than on substantiated data.109 In the evolu-
tion of our understanding of peptides, we now recognize 
that these small molecular weight, protein-like molecules 
can be transported intact across both the gastrointest-
inal mucosa and the blood/brain barrier. Therefore, 
food-derived, peptide-like molecules may, in fact, influ-
ence neurotransmission and immune function through 
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mechanisms not directly related to allergy or traditional 
immunoglobulin-mediated processes.110,111,112

It is also now recognized that certain food proteins—
including gluten from grains and casein from dairy prod-
ucts—can be partially digested to yield bioactive peptides 
such as gliadorphin and casomorphin that have opioid-
like activities in the central nervous system.113,114

In the 1970s, while she was working at the National 
Institutes of Health, Dr. Candace Pert discovered pep-
tide binding sites for endorphin substances on the sur-
face of white blood cells. This discovery pointed to a 
connection between brain chemistry and immune func-
tion. From this discovery came a strong impetus for the 
further development of mind/body medicine, in which 
the distinction between external and internal influ-
ences on physiological, cognitive/emotional, and physi-
cal functioning is not as important as the interplay 
among all these elements.115,116 

The field of psychoneuroimmunology developed 
from this exciting series of discoveries in basic neuro-
physiology and immunology. The mechanisms by 
which stress, toxins, thoughts, attitudes, and beliefs 
influence physiological function and later disease are 
beginning to find a mechanistic explanation. Figure 
32.2 describes the increasing understanding of how cel-
lular communication agents interconnect external phe-
nomenology, as taken in through the senses, with 
internal physiological function.117  

Figure 32.2 Interactions between the nervous and immune 
systems

Summary

As shown in Table 32.1, there are many representa-
tive classes of intercellular communication agents (hor-
monal, neurotransmitter, and immune-modulating 
molecules). They are released as a well-orchestrated 
response to both internal and external factors and stres-
sors, with the clear intent to maintain total organism 
stability and adaptability. This maintenance of stability 
is an active process for which the term homeodynamics 
has been coined from the original model of homeosta-
sis. The responses can be either negative or positive. It 
has become increasingly apparent that many chronic 
diseases result from failures in these regulatory pro-
cesses. As stated by Dr. Gary Darland in Chapter 15: 
“Evolution has resulted in the elaboration of sophisti-
cated mechanisms to maintain cells (and whole organ-
isms) in an optimal state. The systems are not foolproof. 
If balance is significantly disturbed, it can be difficult to 
return to a state of grace.”

Cellular Messaging, Part II—Tissue 
Sensitivity and Intracellular Response
Jeffrey S. Bland, PhD, and David S. Jones, MD

Introduction

A full exploration of the interface of neurochemical 
and endocrine function (the neuroendocrine system) 
would require another book. Because this area is so 
broad, we will focus on a few topics that are particularly 
relevant to clinical care and that exemplify the complex 
actions and interactions characteristic of the neuroendo-
crine system as a whole. In this chapter, we will prima-
rily address thyroid signaling hormones, stress, adrenal 
function and the HPA axis, growth hormone and insu-
lin-like growth factor-1, and melatonin in the context of 
the menopausal female neuroendocrine system. 

Establishing a healthy balance of hormonal and 
neurotransmitter signaling function should include 
consideration of a number of critical activities and 
mechanisms: production of the messenger substance; 
transport of the messenger substance; tissue sensitivity 
to the message; intracellular response to the message; 
and detoxification and excretion of the messenger sub-
stance. In the previous discussion, we focused on inter-
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nal and external triggers promoting the production of 
the messenger substances. Here, the focus is on trans-
port, tissue sensitivity, and intracellular response to the 
messenger substance and to some specifics of detoxifi-
cation and excretion of messenger molecules. 

We have chosen our topics very deliberately; thyroid 
signaling hormones, stress, adrenal function, and the 
HPA axis illustrate the dynamic interplay among the 
functional factors that create balance or imbalance 
within endocrine system signaling. Clinicians too often 
consider only one or two of these factors in developing 
a patient-management strategy. A clinician who mea-
sures the level of a specific messenger substance in a 
biological fluid and finds it to be low, often makes the 
assumption that this substance should be replaced with 
exogenous hormone or neurotransmitter repletion, 
either natural or synthetic. However, the low level of a 
substance may, in fact, reflect a series of disordered feed-
back steps related to transport, tissue sensitivity, and 
metabolism. Supplementing the substance without 
inspecting these other factors may aggravate the im-
balance, producing even more dramatic signs and/or 
symptoms. The converse is also true. When a substance 
is present in an elevated level in a biological fluid, one 
might assume too much is being produced and an 
antagonist is needed to block its secretion or function. 
This assumption might also be inappropriate. Excess 
production of the substance may be a consequence of 
reduced tissue sensitivity, as in the case of the hyper-
insulinemia/insulin resistance syndrome.

Assessing and Balancing Neuroendocrine 
Mediators

We will explore ways of assessing the symphony of 
various neuroendocrine mediators. Developing various 
approaches to normalizing their balance might involve 
the use of secretagogues, hormone precursors, hormones 
themselves, tissue-sensitizing substances, agents that 
improve bioavailability and/or transport of the sub-
stance, or substances that initiate improved metabolism 
and excretion. As noted in the previous essay, healthy 
neuroendocrine balance is a very complex issue.

In an ideal world, we would base our understanding 
of neuroendocrine function on the results of large pro-
spective studies in which a comprehensive panel of neu-
roendocrine mediators had been measured sequentially 
throughout the course of a large cohort of representative 

individuals’ lives, recording as well the changes in health 
patterns during the study. We would have measurements 
of thyroid congeners, cortisol, dehydroepiandrosterone, 
progesterone, estrogen, testosterone, estrogen and test-
osterone metabolites, melatonin, growth hormone, insu-
lin-like growth factor-1, noradrenaline, serotonin, 
dopamine, leptin, and tumor necrosis factor- (TNF-), 
over decades of living and a variety of circumstances. 
Using this information, we could understand the rela-
tionship of neuroendocrine modulators to central ques-
tions of healthy or unhealthy aging. Unfortunately, in 
this less-than-ideal world, these studies have not been 
done. Therefore, our assessment will necessarily depend 
on a variety of inferential and incomplete data that we 
must weave together to guide us in making decisions to 
support healthy aging, vis-à-vis hormonal, neurotrans-
mitter, and immuno-modulating messaging molecules.

A Changing View of Neuroendocrine Signaling 
and Hormone Balance

Indeed, data from the hypothetical prospective 
studies described above may never be available. Even if 
they were, the conclusions that could be drawn for a 
specific individual would likely be equivocal because of 
the unique variations in his/her polymorphisms and 
resultant physiology and biochemistry. From midlife 
on, individuals, in consultation with their healthcare 
provider(s), make decisions about managing their 
health concerns based on less-than-complete informa-
tion. These therapeutic plans are often based on the 
assumption that aging is a disease process and can be 
managed like illness (single disease with a focused 
pharmacological intervention). However, according to 
the model presented in this book, to assess neuroendo-
crine function, we must take into account the web-like 
interaction of multiple messaging processes that cut 
across discrete organ systems and function through 
complex feedback control systems.

Using this model, we should, for example, view 
estrogen and progesterone not solely as reproductive 
hormones in the female, but rather as signaling sub-
stances that also affect function in the central and 
peripheral nervous system,118 the musculoskeletal sys-
tem,119,120 adipocyte physiology, and immunological 
response.121 Receptor sites for steroid hormones have 
been identified on the surface of virtually every type of 
cell in the body.122 It would, therefore, be safe to say 
that steroid hormones represent a component of the 
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body’s overall cell signaling processes and influence the 
way tissues, organs, and organ systems respond to their 
environment.123,124

Our perception of neuroendocrine function is rap-
idly changing. Within the past decade, many nuclear 
receptors have been identified, along with a series of 
agonist and antagonist substances—hormone transport-
ers whose important physiological function had previ-
ously not been recognized.125,126,127 For example, we 
have moved beyond the belief that the steroid-based 
endocrine system is principally the sex steroid hor-
mone-modulated pathways.128,129 We now understand 
the importance of an array of collateral activities of sub-
stances, including dehydroepiandrosterone, omega-3 
fatty acids, and lipoic acid. This improved understand-
ing of neuroendocrine mediators will help clinicians 
design programs to balance function and promote 
healthy aging. Function of the endocrine system plays 
a central role in defining many aspects of the natural, 
biological aging process.

Also, woven into this complex interchange is the 
oxidative/reductive balance of the system. The process 
of free radical production can damage mitochondrial 
DNA, which is approximately 10 times more susceptible 
to oxidative damage than nuclear DNA, and the major-
ity of oxidants are produced in the mitochondria. As 
mitochondrial DNA (mtDNA) undergoes injury, the 
daughter mitochondria become less able to provide 
energy production for the cell, and redox imbalances 
result. These imbalances can be seen as altered cell mes-
sages that may affect both neuroendocrine and immune 
functions. These alterations can act as feed-forward 
mechanisms leading to unhealthy aging, with changes 
in neuroendocrine function resulting in altered cellular 
energy production. This, in turn, produces more free 
radicals, further damaging mtDNA, and thus continu-
ing the “aging” of the neuroendocrine system.

The contribution of neuroendocrine imbalance to 
aging may be, in part, a manifestation of a fundamental 
process of altered reduction/oxidation potential within 
the mitochondrion, creating cellular messages that alter 
the expression of the genome. As cellular physiology 
changes, different messages are expressed from the 
genome, cellular debris accumulates, and the immune 
system may become sensitive to the body itself. The 
result can be autoimmune disorders. Autoimmune dis-
eases like rheumatoid arthritis, systemic lupus erythema-
tosus, and myasthenia gravis are immune dysfunctions 

associated with alteration in neuroendocrine function 
that increase in prevalence with age and are associated 
with unhealthy aging.

In the early 1990s, a study from the University of 
Pisa in Italy reported that healthy centenarians had 
serum plasma titers of thyroid autoantibodies similar 
to controls aged less than 50.130 This observation, and 
other supportive research, suggests that one principle 
of healthy aging is to avoid becoming “allergic to your-
self” by lowering the load of antigenic substances that 
generate immune vigilance and cross-reactivity with 
products of the endocrine glands.

No single explanation to adequately address all 
aspects of biological aging has been developed.131 The 
recognition is emerging that accelerated biological aging 
occurs in concert with a variety of physiological changes 
in the immune, endocrine, musculoskeletal, neurologi-
cal, and cardiovascular systems. All these changes may 
interrelate with fundamental processes at the cellular 
level, altered gene expression, modification of intracel-
lular reduction/oxidation balance, and alterations in 
neuroendocrine messenging.

Neuroendocrine System as Indicator of Cellular 
Changes in Aging

The neuroendocrine system may be a barometer for 
changes occurring at the cellular level that reflect 
aspects of the aging processes. Changes in neuroendo-
crine function may reflect underlying alterations in cel-
lular physiology associated with unhealthy aging, 
rather than these changes themselves being the primary 
cause of aging. The inclusion of these interactions 
brings us full circle in the development of a more com-
plete model of neuroendocrine and immune system 
interchanges. Often, it is not possible to establish cause/
effect relationships; but it is clear that changes in neu-
roendocrine function throughout life are associated 
with significant changes in physiology and vitality.

Therefore, in this chapter we will address the neu-
roendocrine system, not as the primary seat of aging, 
but as a reflective component of the overall process of 
the body and its various rhythms associated with func-
tional status. We should not assume a neuroendocrine 
system that will promote healthy aging in a 50-year-old 
is the same as that required for health in a 15-, 25-, or 
35-year-old. Changes in endocrine function occur 
throughout life and are orchestrated by the temporal 
characteristics of gene expression. These functional 
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changes may have specific advantages at specific times. 
For example, aggression is often associated with youth-
ful males whose androgenic hormone levels are typically 
much higher than in older-age males for whom reason, 
judgment, and control of passion become dominant sur-
vival features. Characteristics advantageous in youth for 
reproduction and protecting the young may become dis-
advantageous in older age when reproduction is not 
vital and maintaining function becomes more impor-
tant. Thus, it is important to evaluate neuroendocrine 
system function with the objective of achieving healthy 
balance for individuals of a specific age.

The neuroendocrine system translates sensory input 
from the environment into physiochemical actions that 
modify the phenotype. Complex interactions take place 
among all the organs involved in neuroendocrine func-
tion. One should be cautious in evaluating neuroendo-
crine function based on simple, single-point analysis of 
one component of this web. There is a certain rhythmic 
pattern to neuroendocrine function, with cycles that 
are daily, monthly, yearly, and even longer. These cycles 
may be tied to environmental events such as the full 
moon, solar spots, and perhaps even low-level electro-
magnetic fields. All these complexities make evaluation 
of neuroendocrine function challenging. Taking a single 
blood or saliva sample of two or three hormones and 
trying to understand the rhythmic nature of endocrine 
balance in the individual may be overly simplistic and 
can lead to inappropriate clinical decisions. 

Evaluating Thyroid Function

A common clinical presentation of patients with 
age-related functional changes of the neuroendocrine/
immune system is altered thyroid function, although a 
number of studies have demonstrated that in the eld-
erly the clinical picture is often atypical and misattrib-
uted to aging or disease.132,133 We have chosen this 
system to more fully illustrate the model of a functional 
neuroendocrinological investigation. Typical symptoms 
of low thyroid function include low energy, cold hands 
and feet, fatigue, hypercholesterolemia, muscle pain, 
depression, and cognitive deficits, although in the eld-
erly these complaints can also be related to cardiovascu-
lar, gastrointestinal, and neuropsychiatric disorders.134 
The conditions of either hypo- or hyperthyroidism135 
are often related to altered thyroid hormone sensitivity 
and cellular response.

As mentioned earlier, maintaining thyroid hormone 
function throughout the aging process may be an impor-
tant hallmark of healthy aging.136,137 In 1992, a group of 
investigators from the National Research Council in Italy 
performed a series of studies to examine the thyroid’s 
importance during aging. They compared parameters of 
thyroid function in 34 healthy centenarians, ranging in 
age from 100 to 108 years, to that of 40 younger subjects, 
aged 70 to 85. They found a significantly lower level of 
thyroid antibodies in the sera of healthy centenarians 
than in the sera of 75- to 80-year-olds who had varying 
degrees of chronic illness. This observation led the 
authors to suggest that the absence of circulating thyroid 
autoantibodies in healthy centenarians is not mere coin-
cidence.138 Since unhealthy aging is associated with a 
progressively increasing prevalence of organ-specific and 
non-organ-specific autoantibodies,139,140 the absence of 
these antibodies may represent a reduced risk in older 
age for cardiovascular disease and other chronic age-
related disorders,141 and therefore could be a hallmark of 
age-related healthy neuroendocrine-immune signaling.

Subclinical Hypothyroidism: A Case Report

Subclinical hypothyroidism represents, for many 
individuals, the first signs of thyroid hormone dysfunc-
tion. A case report in The New England Journal of Medicine 
in 2001 described a 59-year-old woman in whom routine 
screening revealed serum thyrotropin (TSH) of 7 mU per 
liter. (Normal reference range for this case study was 
reported as 1-5 mU per liter.) Her symptoms, although 
mild, had been present for more than 10 years.

The results of the physical examination were nor-
mal, except that her thyroid was small and firm, with 
a slightly irregular surface. Her serum cholesterol level 
was 220 mg per deciliter; her low-density lipoprotein 
cholesterol was 140 mg per deciliter; and a test for anti-
bodies against thyroperoxidase (TPO) was positive. She 
had difficulty losing weight. The author of this clinical 
case presentation, David S. Cooper, MD, asked if treat-
ment with thyroxin replacement therapy should be ini-
tiated in this patient.142 The answer to this was a 
conditional “yes.”

From a functional medicine perspective, that 
answer begs the question of how to more fully assess a 
patient with a diagnosis of borderline subclinical thy-
roid dysfunction before asking the downstream ques-
tion about hormone replacement therapy (HRT). This 
patient may be at risk for age-related chronic diseases as 
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a consequence of imbalances in the hypothalamus/
pituitary/thyroid axis; the antecedents and triggers to 
her elevated TSH require further elucidation. Recent 
evidence suggests that jumping into thyroid hormone 
replacement therapy before thoroughly evaluating thy-
roid hormone metabolism may be inappropriate.143,144 
Additionally, a placebo-controlled trial of the adminis-
tration of 100 mg of L-thyroxine to patients who 
expressed symptoms of borderline hypothyroidism (cf. 
this 59-year-old woman) found thyroxine HRT to be no 
more effective than placebo in improving cognitive 
function, mood, or well being.145

Low serum TSH level in conjunction with normal 
concentrations of circulating thyroid hormones is 
associated with increased mortality from all causes in 
people 60 years or older.146 This does not necessarily 
mean that the increased mortality is related to a pri-
mary hypothyroidism requiring thyroid hormone 
replacement. The increased mortality may reflect 
altered hypothalamic or pituitary function or alter-
ation in metabolism or cell signaling of thyroid hor-
mones at the peripheral tissue. The diagnosis of low 
serum TSH is simply a first step in the much more 
complex evaluation of function within this system.

Laboratory Thyroid Screening

Laboratory blood testing has often been used as 
the sine qua non in determining hypo- or hyperthyroid-
ism in a patient. The TSH test (aka: thyroid-stimulating 
hormone or thyrotropin hormone test), free T4, free T3, 
and thyroid peroxidase activity (TPO) tests have 
become a routine part of a panel for evaluating primary 
and secondary thyroid hormone dysfunction.147

Considerable controversy exists regarding whether 
the laboratory in and of itself can define borderline thy-
roid dysfunctions148,149 and, if so, what is the most sensi-
tive analyte(s) to evaluate. A study in 2001 evaluated 
TSH concentrations as a potential first-line test of thy-
roid function. Using a combination of TSH and thyrox-
ine (free T4) assays, investigators analyzed 56,000 tests 
for a population of 471,000 people over a period of 12 
months. The study identified 17 patients with second-
ary hypothyroidism whose thyrotropin concentrations 
were within the normal reference range (0.17-3.20 mU/
L). In most cases, TSH proved useful for evaluating pitu-
itary function regulation of thyroid hormone secretion 
from the thyroid gland. But in this study, it did not pick 

up secondary hypothyroidism and related disorders, 
such as thyroid hormone resistance.150

Baisier and colleagues suggest the 24-hour urinary 
excretion of free T3 may also prove beneficial in defin-
ing patients with functional borderline hypothyroid-
ism.151 However, these authors agree that the evidence 
indicates TSH measurement, free T4, and serum free T3 
all have clinical limitations in their ability to identify all 
cases of thyroid hormone dysfunction.

Cardiac laboratory thyroid screening. In subclini-
cal hypothyroidism (SH), impaired diastolic function 
has been documented at rest and on effort, while sys-
tolic dysfunction has only been assessed on effort. A 
study was performed to further assess systolic function 
at rest in SH and to ascertain whether cardiac dysfunc-
tion could precede TSH increase in euthyroid patients 
with a high risk of developing SH. All subjects under-
went pulsed wave tissue Doppler imaging (PWTDI) to 
accurately quantify the global and regional left ventricu-
lar function. PWTDI proved to be a sensitive technique 
that allowed detection of both diastolic and systolic 
abnormalities, not only in patients with SH, but also in 
euthyroid subjects with a high risk of developing thy-
roid failure. Futhermore, the significant correlations of 
several PWTDI indices with serum free T3 and TSH con-
centrations strongly supported the concept of a contin-
uum of slight thyroid failure in autoimmune thyroiditis 
extending to subjects with serum TSH still within the 
normal range.152 Other studies in the cardiac laboratory 
have substantiated the importance of these cardiac lab 
modalities in the evaluation of SH.153

Alternatives to laboratory testing. According to 
Damien Downing, MD, an important clinical adjunct is 
to approach functional thyroid problems from careful 
evaluation of the patient, not simply treating the labora-
tory test. The combination of good clinical acumen and a 
functional assessment based on patient-centered review, 
combined with laboratory information, provides a much 
more robust and reliable review of dysfunctions of the 
hypothalamic-pituitary-thyroid (HPT) axis.154

Additional criteria for evaluating thyroid dys-
function. The following nine symptoms appear to be 
among the most reliable indicators of dysfunction in 
the HPT axis:

1. Fatigue, usually persistent, especially on waking; 
less toward the evening, with slow recovery

2. Depression; psychological melancholia with a ten-
dency toward depression
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3. Coldness, deep as well as peripheral
4. Elevated cholesterol, generally seen as LDL choles-

terol increases
5. Muscle cramps and pain in the calves, thighs, and 

upper arms
6. Constipation: hard bowel movements and 

decreased frequency (at most, every two days)
7. Arthritis; rheumatoid-like pain in the joints, muscle 

swelling, and muscle pain
8. Neurological symptoms, such as prolonged Achilles 

tendon reflex time
9. Easy bruising and/or evidence of clotting 

defects155,156,157

Using this extended list of clinical signs and symp-
toms associated with dysfunction of the HPT axis,158,159 
it is possible to hypothesize that subclinical hypothy-
roidism may be more common in a population of 
patients with early signs of age-related diseases than 
most practitioners realize. For example, elevated TSH 
concentrations have reportedly been found in nearly 
10% of women older than 60 years.160

Prevalence of Subclinical Thyroid Dysfunction

It is apparent from this discussion that subclinical 
thyroid dysfunction is common in individuals with 
symptoms of unhealthy aging. It may be seen across a 
number of organ systems, including peripheral nerve 
dysfunction, depression, increased seasonal affective 
disorder (SAD), memory deficits, elevated LDL levels 
and risk of atherosclerosis,161,162 skeletal muscle prob-
lems including pain, sarcopenia, and fibromyalgia, and 
exacerbation of allergic disorders and sleep problems.

Thyroid dysfunctions are related not only to the pri-
mary thyroid gland, but also to a range of secondary 
metabolic challenges associated with unhealthy aging 
and poor nutritional status, all of which reduce the 
efficiency of the HPT axis and control of intermediary 
metabolism and cellular physiology by thyroid hor-
mones.163 Furthermore, high levels of cortisol, along with 
high levels of inflammatory cytokines, have been associ-
ated with depressed levels of the active thyroid hormone 
T3 in fibromyalgia patients, suggesting they may down-
regulate the activity of the HPT axis.164 Increased urinary 
cortisol metabolites have been associated with reduction 
in peripheral thyroid hormone metabolism and symp-
toms of functional hypothyroidism as well.165

Stress increases the levels of glucagon, lowers levels 
of T3, and elevates levels of rT3, producing the outcome 
of secondary borderline hypothyroidism.166 Reports 
have indicated that thyroxine replacement therapy in 
patients with neuromuscular symptoms and subclinical 
hypothyroidism can result in improved function.167 
Therefore, psychological, chemical, and physical stresses 
have a significant impact on the HPT axis and may 
account for the high prevalence of functional thyroid 
problems in aging individuals.

Effects of Maternal Thyroid Dysfunction

Abnormalities in TSH, T4, and T3 are often related to 
depressive illnesses and melancholia.168 Thyroid hor-
mones play an important role in the development of 
the nervous system in the fetus, as well as in neonates 
and children. Hypothyroidism in the pregnant woman 
or low thyroid function in the neonate can have a 
long-term impact on the child’s behavior, locomotor 
ability, speech, hearing, and cognitive function.169 T3 
reportedly stimulates gene expression of myelin basic 
protein in oligodendrocytes.170 Therefore, data suggest 
that in the developing central nervous system, thyroid 
hormones regulate processes of terminal brain differen-
tiation, such as dendritic and axonal growth, synapto-
genesis, and myelination.

Iodination of Thyroxine and Related Biochemical 
Processes

Thyroglobulin is a precursor of all thyroid hormone 
and contains approximately 110 tyrosine residues. 
These residues are iodinated by a peroxidase enzyme 
that ultimately forms the thyroid hormones. The iodi-
nation of thyroxine by the peroxidase enzyme depends 
on the availability of adequate dietary iodine, as well as 
active thyroperoxidase (TPO). Iodide is actively trans-
ported from the extracellular fluid into the thyroid fol-
licular cell.

Substances such as thiocyanate and sulfhydryl com-
pounds (e.g., 5-vinyloxalidine-2-thione) inhibit thyroid 
hormone by blocking the iodination of thyroglobulin. 
A number of dietary sulfhydryl compounds may, when 
an individual consumes them at high levels, have simi-
lar adverse impact on the iodination of thyroglobulin. 
These compounds include members of the Brassica fam-
ily of vegetables: cabbage, Brussels sprouts, broccoli, 
and cauliflower.171,172,173,174
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It is important to point out, however, that the level 
of intake that renders these phytochemicals “goitro-
genic” is higher than individuals would get in their nor-
mal diet. Most studies have been performed in animals 
with high intake levels and using uncooked vegetables. 
Although there are some anecdotal reports of women 
developing goiters after consuming large amounts of 
cabbage juice, human studies provide no clear evidence 
that normal intake of the Brassica family of vegetables 
induces thyroid abnormalities.

Once iodinated tyrosine residues in thyroglobulin 
have been formed, there is a coupling of these molecules 
to produce the principal thyroid hormone thyroxine 
(T4). Secretion of T4 and, to a smaller extent, T3 from the 
thyroid gland, depends on TSH stimulation from the 
pituitary gland, which takes its message from stimula-
tion by thyrotropin-releasing hormone (TRH), secreted 
by the hypothalamus. Stressors that influence the func-
tion of the hypothalamus and pituitary system, there-
fore, influence not only the secretion of catecholamines 
and glucocorticoids from the adrenal gland, but also 
thyroid hormone and its metabolism.

Thyroxine (T4) represents the majority of the thyroid 
hormone secreted by the thyroid gland. T3, which is the 
more active thyroid hormone, is produced principally by 
deiodination reactions at the peripheral tissues through 
the activity of the 5’-deiodinase enzyme. The iodine 
atom can be removed from T4 in one of two ways: pro-
ducing that result via the type 1 and type 2 deiodinases 
results in active T3; the deiodinase type 3 pathway results 
in an inactive rT3. Deiodination of T4 to T3 through type 
1 deiodinase requires an adequate level of selenium 
nutrition, because this enzyme is a selenoenzyme.

On a relative scale of biological activities, T3 is three 
to eight times more active than T4 in influencing physio-
logical function, and rT3 has less than 1% of the activity 
of T4. T3, therefore, is considered a “step up” hormonal 
message, whereas rT3 is considered a “step-down” hor-
monal message. Psychosocial, chemical, and physical 
stressors increase the production of rT3 through the 
activity of deiodinase type 3, at the expense of lowering 
the physiologically active levels of T3.

175

To be active, T3 must both bind to one of its recep-
tors in the cell, and the receptor-T3 complex must then 
bind and activate specific DNA sequences in the cell’s 
nucleus, which are present on T3 target genes.176 The 
activation of the T3-nuclear receptor-transcription 

depends on heterodimerization of T3 receptors with ret-
inoic acid-specific receptors, and therefore may be 
dependent on vitamin A nutriture and metabolism.

Molecular Biology of Thyroid Hormone Action

Our understanding of the molecular biology of thy-
roid hormone action is improving. We know it is medi-
ated by multiple thyroid hormone receptor isoforms 
derived from two distinct genes. The thyroid hormone 
receptors belong to a nuclear receptor super-family that 
includes receptors for other small hormones such as 
vitamin A-derived retinoic acid and vitamin D-derived 
1,25-dihydroxy vitamin D.177

The appropriate conversion of T4 to T3, transport 
of T3 to specific cells, the binding of T3 to receptors 
within these cells, and the binding and activation of 
unique regions of the genome are important in estab-
lishing proper thyroid hormone-mediated function. 
This is another example of the important role of mod-
ulator substances on genomics and proteomics. It once 
again emphasizes the importance of nutrition and 
environment in modifying gene expression and cellu-
lar physiology. Nutrition and the environment can 
play multiple roles in modifying thyroid hormone 
metabolism, activity of the HPT axis, sensitivity of the 
hormone at the receptor site, and its ultimate effect on 
cellular transcription.

The peripheral metabolism of T4 to T3 occurs princi-
pally in the liver. Low levels of circulating T3 with high or 
adequate levels of T4 have been associated with such con-
ditions as the “euthyroid sick syndrome,” or the “low T3 
syndrome.”178 We might consider T4 a “prohormone” 
that must be converted to T3 to have its full physiological 
functional impact on cellular physiology.179 Because of 
their important role in deiodinating T4 to T3, the thyroid 
hormone deiodinases have been called the “gatekeepers” 
of thyroid hormone action.180 Selenium deficiency may 
reduce the function of this enzyme and result in lowered 
T3 production.

Effects of Soy Consumption on Thyroid Function

Isoflavones from soy have been found to be iodi-
nated by TPO and it was therefore hypothesized that 
they might compete with thyroglobulin as sites for 
iodination. Further studies have shown conflicting 
results. A high level of soybean intake in animals has 
been implicated in diet-induced goiter in a number of 
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studies. In vitro incubation of soy isoflavones with TPO 
shows that the isoflavones can compete with thyroglo-
bulin.181 Genistein, the principal isoflavone found in 
soybeans, is known to inactivate TPO in vitro, but in 
animal studies it did not induce an apparent hypothy-
roid effect. In contrast, rats that consumed a diet sup-
plemented with genistein at up to 500 parts per million 
showed no difference in levels of T3, T4, and TSH com-
pared to rats on a non-soy diet.182

In one clinical observation study, when a group of 
adult humans had a high daily intake of soybeans (30 g 
per day), half of those on the three-month program 
experienced such hypometabolic symptoms as malaise, 
constipation, sleepiness, and goiters. No differences were 
seen in thyroid hormone levels, and the symptoms were 
shown to disappear within one month after soybeans 
were removed from the diet. In a subgroup of these sub-
jects, dietary iodide levels were lower during the admin-
istration of soybeans, and TSH levels were increased.183

Information from both animal and human studies 
seems to suggest that as soy isoflavones are increased in 
the diet, a reasonable precaution is to also increase 
iodide in the diet. Iodide is available either in organic 
sources, such as seaweed, or in inorganic form. Soy 
isoflavones and thyroid function may be of clinical con-
cern in the use of soy formulas in the first years of life. 
Increased intake of isoflavones may be contraindicated 
for infants who already have hypothyroid symptoms.184 
Reports indicate that increasing soy consumption can 
reduce the absorption of exogenous thyroid hormone 
administered to infants who have thyroid dysfunc-
tion.185 This is not a consequence of the adverse effect 
of soy isoflavones on thyroid metabolism; it is a conse-
quence of soy’s impact on the absorption of exogenous 
thyroid that has been orally administered as a medica-
tion. Many individuals have expressed strong concern 
that infants with hypothyroidism who received soy 
formula may have exacerbation of their thyroid symp-
toms and that the use of soy-based formula should be 
approached cautiously.186

This information suggests that normal levels of 
intake of soy isoflavones such as genistein are not 
“goitrogenic,” but adequate dietary levels of iodide and 
selenium should be maintained while one consumes 
these isoflavones to support proper hormone produc-
tion and metabolism. One study in 2003 demonstrated 
that soy isoflavones did not adversely affect thyroid 

function in iodine-replete subjects.187 And, for individu-
als on exogenous thyroid supplements, thyroid hor-
mone should be monitored when a person changes to 
a high soy protein-supplemented diet.

Other Thyroid Hormone Antagonists

More important than the soy isoflavones in terms 
of thyroid metabolism are specific bioflavonoids, 
which, if given at high levels on a continued basis, 
have been shown in vitro and in animal studies to 
demonstrate antagonistic effects on both TPO and the 
iodinase enzymes, thereby lowering thyroid hormone 
activity.188,189,190 It has come to light that certain types 
of flavonoids derived from plant foods may participate 
as inhibitors of T4 production. Studies indicate a “pro-
hormone” variety of flavonoids, including fisetin, 
kaempferol, naringenin, and quercetin, have the abil-
ity to inhibit TPO.191 As noted above, TPO is involved 
in the iodination of thyroglobulin, after which T4 is 
produced from the iodinated thyroglobulin.

One other recently identified antagonist of thyroid 
hormone metabolism is L-carnitine. One study demon-
strated that supplementation with L-carnitine at the level 
of 2 to 4 g/day provided successful treatment of patients 
with hyperthyroidism.192 L-carnitine lowered thyroid 
hormone entry into the nucleus of hepatocytes, neurons, 
and fibroblasts. This clinical study follows from previous 
work suggesting that carnitine is a naturally occurring 
inhibitor of thyroid hormone nuclear uptake.193 There-
fore, high levels of carnitine in a hypothyroid patient 
could result in exacerbation of symptoms.

Resistance to Thyroid Hormone

Beyond the production of T4 and its conversion 
to T3 is the transport of the hormone and its ultimate 
activity as a transcription activator at the nuclear 
receptor site.194 Resistance to this process at the subse-
quent steps can result in what has been called “thyroid 
resistance.” A number of genetic polymorphisms are 
associated with thyroid resistance. Therapy for thyroid 
resistance can be compared to therapy for insulin resis-
tance, which is often treated clinically by administer-
ing high doses of insulin to overcome the resistance. 
Similarly, high levels of thyroid hormone replacement 
have been used clinically to overcome thyroid receptor 
hormone insensitivity.195
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Animals with mutations in the thyroid hormone 
receptor genes exhibit impaired growth and resistance 
to thyroid hormone activity.196 This resistance could be 
seen as “euthyroid sick syndrome,” in which the indi-
vidual has reasonably normal levels of T4, T3, and TSH 
but exhibits symptoms associated with thyroid dysfunc-
tion.197 Recognizing the existence of multiple forms of 
thyroid hormone receptors that can produce multiple 
phenotypes based upon the environment of the indi-
vidual has improved the understanding of ways to man-
age some forms of thyroid dysfunction. Variations may 
exist in all areas of thyroid metabolism, including poly-
morphisms in the deiodinase enzymes as well as the 
alterations of T3 activities.198,199

Heterodimerization

Thyroid hormone receptors are part of the nuclear 
steroid hormone family of receptors, which also 
includes peroxisome proliferated activated receptors 
(PPARs) and the retinoic acid receptors. One recent 
development in this field is the recognition that thy-
roid hormones must properly bind to the nuclear hor-
mone receptor to be active at the genomic level, and 
this binding may depend upon what is called “het-
erodimerization” with other receptors.200 Alterations in 
the genotype of these receptor proteins can result in 
significantly different DNA binding activities in differ-
ent individuals.201 A number of studies have attempted 
to identify how the thyroid receptor interacts with 
other receptors to induce specific effects on gene 
expression.202,203,204,205,206,207

Effect of Vitamin A on Thyroid Function

As discussed in the previous essay, a number of envi-
ronmental and nutritional agents (triggers) can modify 
orphan nuclear receptors. These modifications have the 
potential to alter the effect of T3 at the gene transcrip-
tion level.208,209 One such modifiable factor is vitamin A 
intake and its effect on retinoic acid synthesis and acti-
vation of the retinoic acid receptor.210,211 (Another that 
we won’t explore here is insulin sensitivity and its rela-
tionship to the activity of the PPAR receptor.212) Studies 
have found PPAR agonists have thyromimetic effects,213 
suggesting that substances like omega-3 fatty acids, 
including EPA and DHA as well as conjugated linoleic 
acid (CLA), may play roles in thyroid function.

Chronic illnesses associated with aging may adversely 
influence thyroid function. In addition, it has been 
shown in animals that gene expression changes with 
aging result in decreased abundance of the retinoic acid 
and T3 nuclear receptors.214 The binding of T3 to its 
nuclear receptor is retinoic acid-dependent, suggesting 
that factors that lower retinoic acid levels may result in 
lower thyroid hormone effect at the nuclear receptor. 

Factors that either produce vitamin A (retinol) in-
sufficiency or prevent the conversion of vitamin A to 
retinoic acid may result in reduced thyroid nuclear sig-
naling.215,216,217 One source of vitamin A is through 
conversion of beta-carotene to an active form of vita-
min A in the intestinal mucosa.218 Homocysteine ele-
vation has also been shown to inhibit the conversion 
of retinol to retinoic acid in cell cultures.219 Excess 
alcohol consumption may also reduce the production 
of retinoic acid. 220

The increasing understanding that specific nutrients 
influence hormone receptor gene interactions that then 
influence disease expression is a remarkable new chap-
ter in understanding the etiology of chronic disease.221 
Vitamins A and D have been identified as important 
“prohormones” that help regulate these gene expres-
sion pathways shared with T3.

It seems remarkable that specific dietary fats and 
vitamin A could have such dramatic impact on thyroid 
hormone activity but, as this story of nuclear receptor 
regulatory factors emerges, it appears clear that these 
relationships do exist.222 This is an extraordinarily com-
plex story because multiple polymorphisms are related 
to multiple steps in this process. We cannot simply say, 
therefore, that all people with thyroid hormone resis-
tance are suffering from vitamin A insufficiencies.

The Mitochondrial Connection to Thyroid 
Hormone Activity

Increasing evidence in the literature indicates that T3 
has a direct impact on mitochondrial function. It is inter-
esting to note that diiodo-L-thyronine (T2) seems to have 
binding sites in the mitochondria.223 T2 is generated from 
T3 and rT3. Recent data suggest T2 can stimulate mito-
chondrial respiration and, therefore, thyroid hormone 
status can influence mitochondrial function. 224,225
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In essence, we are beginning to recognize that thy-
roid hormones play a role, through receptor activities, in 
mitochondrial function. Conditions that either prevent 
the proper formation of T3, or increase the formation of 
rT3, or inhibit the appropriate binding of T3 to its nuclear 
receptor, may result in symptoms of thyroid insuffi-
ciency. Increased levels of rT3 are also associated with 
increased autoantibodies in the thyroid gland. A patient 
may start developing a general autoimmunity to his or 
her endocrine function, associated with increased senes-
cence and a range of age-related chronic illnesses.226,227 
Proper metabolism of T4 to T3 and, subsequently, T3 to T2 
is critical in controlling the communication to the mito-
chondria and their subsequent energy reduction.228,229 
Through this process, thyroid hormones can exert both 
a genomic expression effect on cellular physiology and 
a rapid response effect that does not require protein syn-
thesis on mitochondrial energy production.230 Deficien-
cies in the regulation of this thyroid-modulated mito-
chondrial pathway can also have adverse impact on 
growth hormone synthesis and regulation of other ana-
bolic functions.

In essence, this two-step process associated with 
metabolic regulation by thyroid hormones may account 
for many of the features associated with healthy or 
unhealthy aging. Thyroid hormones, particularly T3, 
have a profound effect on cellular respiration and mito-
chondrial function, both indirectly through activity of 
the nuclear receptor family on gene transcription, and 
directly on the impact of T3 on the mitochondrial respi-
ratory enzymes.231,232,233,234

Clinical Effects of Thyroid Imbalance

The clinical effects of thyroid imbalance or dysfunc-
tion may be observed as poor thermogenic responsive-
ness and a tendency to gain weight associated with 
insulin resistance, hypercortisolemia, and under-conver-
sion hypothyroidism. This clinical picture is further char-
acterized by elevated postprandial insulin, decreased 
level of T3 with increased rT3, low axillary body tempera-
ture on waking, elevated triglycerides with a reduced 
HDL level, and a tendency to gain weight as visceral 
adipose tissue with an increase in waist-to-hip ratio.

T3 is important for activating thermogenesis in adipo-
cyte cells.235 It appears to accomplish this thermogenic 
effect by activating what are called uncoupling proteins 
(UCPs) in various tissues.236,237 The proper ratio of T3 to 
rT3 is critically important in expressing mitochondrial 

UCPs. Patients with energy production problems, poor 
thermogenesis, and symptoms of functional hypothy-
roidism may be suffering from either underproduction 
of T3 or overproduction of rT3, both of which are often 
found in states of overactivation of the HPT axis.

Once again, this calls for the application of the func-
tional medicine model that ties together the activity of 
the adrenal axis with that of the thyroid axis. If a patient 
is suffering from hyperactivity of adrenocortical func-
tion, this needs to be stabilized while also focusing on 
appropriate T3 production and sensitivity.

Thyroid Autoantibodies

One contributor to lack of proper T3 production 
is higher titers of antithyroidal antibodies that impair 
proper thyroid hormone metabolism and sensitivity. In 
the extreme case, one might think of Hashimoto’s dis-
ease as the diagnosis of autoimmune thyroiditis. Well 
before that disease sets in, however, there are states of 
functional impairment of thyroid activity238 that result 
from marginally elevated antithyroid antibodies against 
many of the thyroid proteins.239,240

Down syndrome and thyroid abnormalities. One 
clinical condition in which elevated levels of antithy-
roid antibodies are quite common is in Down syndrome. 
Children with Down syndrome are often found to have 
thyroid abnormalities.241 One study has found an associ-
ation between low serum levels of selenium and thyroid 
hypofunction in Down’s patients.242 Down syndrome 
children appear to develop thyroid autoantibodies as 
they age past eight years.243,244 The literature suggests 
that thyroid autoimmunity and resulting thyroid dys-
function in children with Down syndrome may be one 
of the principal determinants of some of the functional 
problems they encounter as they grow older. Researchers 
have recently observed an association between the pres-
ence of thyroid autoantibodies and gastrointestinal 
abnormalities in Down syndrome infants with congeni-
tal hypothyroidism.245

Gut-associated lymphoid tissue (GALT) and thy-
roid function. It may at first seem incongruous to sug-
gest that the gut is somehow connected to the thyroid 
gland, but we have recently learned that the gut-associ-
ated lymphoid tissue (GALT) plays a role in priming the 
rest of the body’s immune system. Therefore, when the 
gut encounters antigens for which antibodies are pro-
duced, an impact may occur on inflammatory media-
tors elsewhere in the body. An association between 
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autoimmune thyroid disease and celiac disease has 
been noted in a study that reports the presence of 
anti-endomysium antibodies was ten-fold higher than 
expected in patients with celiac disease who had 
autoimmune thyroid disorders, suggesting the two 
share common immunopathogenic mechanisms.246

Managing thyroid autoantibodies with glu-
ten-free diet. A case report in 1999 described a 
23-year-old woman with a diagnosis of hypothyroid-
ism due to Hashimoto’s thyroiditis and autoimmune 
Addison’s disease, who was found to have elevated 
anti-endomysium antibodies. Over a three-month 
period on a gluten-free diet, this woman showed 
remarkable clinical improvement in both her gas-
trointestinal-related symptoms and, more importantly, 
in her thyroid function. She required progressively less 
thyroid and adrenal replacement therapy. After six 
months, her endomysium antibodies became negative, 
her antithyroidal antibody titer decreased significantly, 
and thyroid medication was discontinued.247 This case 
points out the potential impact of a hypoallergenic 
diet on thyroid function in the reduction of antithy-
roidal antibodies. Gluten sensitivity is being reported 
with increasing frequency in numerous conditions 
(discussed further in Chapter 31); a 2002 review of 
diagnostic tests in IBS concluded, for example, that the 
only screening test likely to be useful in that patient 
population was the routine performance of serological 
testing for celiac disease.248

The same theme is mirrored in a number of other 
studies. An article in the American Journal of Gastroen-
terology described the importance of gluten in the 
induction of endocrine autoantibodies and organ 
system dysfunction in adolescent celiac patients.249 
Another study evaluated 48 patients with celiac disease 
and thyroid dysfunction. It found that those individu-
als who carried the DQ131*0502 genotype had a 
strong risk of thyroid autoantibodies as a consequence 
of gluten sensitivity.250 A Journal of Pediatrics article 
reported that gluten-dependent diabetes and thyroid-
related autoantibodies found in patients with celiac 
disease were abolished after a gluten-free diet was fol-
lowed.251 And a study published in the Canadian Jour-
nal of Gastroenterology described a 66-year-old woman 
with dermatitis herpetiformis and biopsy-defined 
celiac disease who developed a thyroid mass that later 
proved to be a T cell lymphoma.252

The congenital gastrointestinal abnormalities in 
Down syndrome suggest a potential connection 
between gluten sensitivity and autoantibodies to the 
thyroid gland. According to a 2001 study describing the 
immune-endocrine status in celiac disease in children 
with Down syndrome, “Dietary antigens may represent 
a continuous stimulus for the immune system in this 
syndrome and interfere with normal immune responses. 
Altered intestinal absorption of nutrients may in turn 
affect endocrine functions, brain development, and cog-
nitive performances.”253

Similarly, a study in the American Journal of Gastroen-
terology (also in 2001) reported that there is a high prev-
alence of thyroid disorders in untreated adult celiac 
disease patients and that gluten withdrawal through 
dietary avoidance may single-handedly reverse this 
abnormality.254

It is obvious from this discussion that a low-antigen 
dietary approach is desirable in patients with thyroid 
autoantibodies and altered thyroid function. Gluten is 
an important dietary variable that can modify thyroid 
hormone activity. Since rice has low antigenicity and is 
gluten-free, a rice-based diet may be desirable in these 
patients.

Inflammatory cytokines and thyroid function. 
Psychosocial, chemical, and physical stressors can also 
increase the level of inflammatory mediators (the cyto-
kines) that alter thyroid hormone function and activity. 
One study, which looked at military cadets involved in 
special forces training, found the extensive stress of this 
training resulted in elevated cortisol, reduced testoster-
one, and increased TSH, but significant reductions in 
T3.

255 This study also found evidence of elevated inflam-
matory cytokines and increased gastrointestinal perme-
ability as a consequence of these inflammatory factors.

Treating patients with proinflammatory cytokines 
such as interleukin-2, may lead to hypothyroidism as a 
consequence of the production of antithyroidal anti-
bodies in cancer patients.256 A study evaluating the 
cytokine levels in hypothyroid patients contrasted to 
age-matched, sex-matched euthyroid controls, found 
a significant elevation in IL-2 in the hypothyroid 
patients, once again potentially linking activation 
of the inflammatory system with the production of 
autoantibodies to the thyroid.257
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A study in 2000 indicated that hypothyroid patients 
with autoimmune thyroiditis have a disruption in the 
normal balance between the Th1 and Th2 cytokines.258 
Patients with subclinical hypothyroidism (SH), irrespec-
tive of gender, have higher serum hs-CRP, insulin, total 
and LDL cholesterol levels than healthy subjects. The 
conclusion drawn from this study was that an elevated 
hs-CRP level (and therefore low-grade inflammation) 
may be associated with fasting hyperinsulinemia before 
insulin resistance becomes evident in patients with 
SH.259 Reduction in inflammatory cytokines can be 
achieved through a variety of dietary, lifestyle, and 
environmental factors, including lowering physical and 
emotional stressors, reducing antigens and toxin expo-
sure and improving nutritional factors associated with 
the support of balanced immune function.

Vitamin D. One nutrient that is critically important 
for establishing immune balance and preventing the 
production of autoantibodies is vitamin D. Vitamin D 
suppresses the development of autoimmune diseases, 
such as arthritis and multiple sclerosis, in experimental 
animal models.260 Vitamin D insufficiency increases the 
severity of experimental autoimmune encephalitis. It is 
interesting to speculate that the role of vitamin D in the 
immune system may have a downstream effect on thy-
roid hormone activity.

Vitamin D is considered a prohormone that is con-
verted by activity at the liver and kidney into 1,25-dihy-
droxy vitamin D3, a hormone with immunomodulatory 
properties. 1,25-dihydroxy D3 has antiproliferative, dif-
ferentiating, and immunosuppressive activities.261 Ani-
mals fed vitamin D-insufficient diets had profound 
increases in serum levels of interleukin-2,262 which, as 
noted above, may be associated with thyroid autoanti-
bodies. Vitamin D appears to work with other nutri-
tional factors to help regulate immune sensitivity and to 
protect against development of autoantibodies.

Zinc. Another nutrient that is beneficial in establish-
ing hormone balance is zinc. Plasma zinc levels are often 
compromised in Down syndrome children, and zinc 
therapy can reduce thyroidal antibodies and improve 
thyroid function.263 Research suggests that zinc supple-
mentation affects the metabolism of thyroid hormones 
and reduces antithyroidal antibodies in Down syndrome 
children.264 Supplementation with zinc sulfate improves 
thyroid function in Down syndrome children, and 
reduces the incidence of subclinical hypothyroidism.265

In a clinical trial with disabled patients who dis-
played compromised thyroid parameters, supplementa-
tion with 4 to 10 mg of zinc sulfate per kg body weight 
(50–100 mg of elemental zinc) resulted in increased lev-
els of serum free T3, reduced levels of rT3 and normalized 
TSH levels.266 A study of older-aged individuals found 
that the low T3-to-T4 ratio was related to impaired zinc 
and/or selenium status.267 This follows closely the previ-
ous discussions of the role of both selenium and zinc in 
promoting proper thyroid function, selenium through 
its deiodination, the activity of thyroid hormones, and 
zinc by its role as a cofactor for the thyroid receptor.

Xenobiotics and their Relationship to 
Thyroid Function

Other environmental factors are known to influ-
ence antithyroidal antibodies and thyroid hormone 
metabolism. The developing brain of the fetus has sig-
nificant vulnerability to thyroid abnormalities caused 
by environmental insults in utero.268 In both fetal and 
neonatal stages, the nervous system is vulnerable to the 
adverse effects of toxic substances on thyroid gland 
function or activities.

Porterfield pointed out that a number of the envi-
ronmental toxins to which we are now exposed, such as 
dioxins and PCBs, have abnormal effects on thyroid 
function that can result in neurological impairment. 
These compounds appear to act as agonists or antago-
nists for receptors of the thyroid steroid retinoic acid 
super-family of nuclear receptors.269 The resulting 
“twisted molecules” serve as endocrine disruptors that 
have an adverse influence on the function of the thy-
roid axis. Organochlorine compounds interact with 
thyroid-binding globulin and disrupt thyroid hormone 
metabolism.270

Citizens of a small town in Colombia had a signifi-
cant prevalence of autoimmune thyroiditis, which was 
traced back to the contamination of drinking water 
with phenolic chemicals. Those chemicals adversely 
influenced the immune system, resulting in production 
of antithyroidal antibodies.271,272 When the water sup-
ply was purified, the prevalence of autoimmune thy-
roiditis was significantly reduced in the community.

A number of mechanisms of chemical injury to the 
thyroid gland have been identified. They include inhi-
bition of the iodine-trapping mechanism, blockage of 
organic binding of iodine, coupling of iodothyronines
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to thyroxine, and inhibition of thyroid hormone activ-
ity, as well as the production of thyroid antibodies.273 
Clinically, this may be seen as resistance to thyroid hor-
mones, and the person may experience refractory 
response to hormone replacement therapy.274 The sug-
gestion has been made that exposure to even modest 
levels of PCBs in the food supply might result in the 
production of mild hypothyroidism.275 Sensitivity to 
these chemicals may be most profound in the thyroid 
function of infants and children; however, it could have 
impact on thyroid function in adults as well.276

Approaches to Managing HPT Axis Imbalances 

Our understanding of thyroid function, its relation-
ship to hypothalamic and pituitary function, and the 
interrelationship with aspects of adrenal and immune 
function, is developing at the clinical, cellular, and 
molecular biological levels. In a paper in The New 
England Journal of Medicine,277 Klein and Ojamaa describe 
the relationship of thyroid hormones to the cardiovas-
cular system, and the pleiotropic effects of thyroid hor-
mone across a wide range of functions. All of these 
effects are triggered through the binding of T3 to the 
thyroid hormone response elements in the genome and 
the inducing of transcription and translation of proteins 
that alter the phenotype, such as that of the cardiac 
myocyte. This is just one of a number of papers describ-
ing the role of the hypothalamus/pituitary/thyroid axis 
across a wide range of organs and organ systems, and 
clarifying how these functional attributes relate to 
chronic disease in aging individuals.

Taking into account many aspects of this extended 
essay on cellular messenging as it relates to thyroid 
function, one can develop a checklist of criteria for cli-
nicians in evaluating patients with imbalances in the 
function of their hypothalamus/pituitary/thyroid axis:

1. Provide adequate precursors for the formation of thyrox-
ine (T4). Iodide is a limiting nutrient in many indi-
viduals for the production of thyroxine. Adequate 
levels of organic iodide, which can come from sea-
weed, are important in thyroxine production.278,279 
Supplementation with tyrosine does not appear to 
have a beneficial effect on elevating thyroid hor-
mones. However, adequate dietary protein intake is 
important in establishing proper protein-calorie 
nutrition.

2. Reduce antithyroidal antibodies. A variety of food 
antigens can induce antibodies that cross-react 

with the thyroid gland. The relationship between 
celiac disease and autoimmune hypothyroidism 
has been discussed. A food elimination diet utiliz-
ing gluten-free grains and possible elimination of 
dairy proteins that contain casein, the predomi-
nant milk protein, may be desirable in patients 
with hypothyroidism of unexplained origin. It has 
also been suggested that environmental xenobiot-
ics may play a role in inducing autoimmune thy-
roiditis and thyroid dysfunction.

3. Eliminate exposure to xenobiotics. One clinical 
approach for patients with borderline hypothyroid-
ism would be to implement a detoxification pro-
gram, focused first on eliminating the sources of 
toxin exposure, and then on nutritional support of 
phase I and phase II detoxification reactions and 
adequate levels of vitamin D to support balanced 
reactions in the immune system. The purpose of this 
approach would be to nutritionally support hepatic 
and intestinal detoxification systems, reduce body 
burden of stored toxins, and decrease antithyroidal 
antibodies produced as a consequence of “cross-talk” 
between the immune system with exogenous toxins.

4. Improve the conversion of thyroxine to tri-iodothyronine 
(T4 to T3). Nutritional agents that support proper 
intracellular deiodination by the Type 1 5’deiodinase 
enzyme include selenium as selenium methionine. 
Adrenal support also reduces excess production of 
cortisol or enhances cortisol detoxification.

5. Improve T3 receptor binding. The role that T3 appears 
to play is through its nuclear receptor super-family 
and its effects on gene transcription. T3 also has 
direct effects through receptors found in the mito-
chondria that engage in controlling oxidative 
phosphorylation and energy production. These 
receptors interact with vitamin A and PPAR ago-
nists like CLA, EPA, and DHA. Intake of adequate 
vitamin A in a preformed state, along with ade-
quate levels of omega-3 fatty acids, plays an 
important role in this interaction. EPA and DHA 
increase thermogenesis in animals and selectively 
improve gene transcription related to thyroid 
function. Vitamin A is converted into all-trans ret-
inoic acid through a series of metabolic steps. It 
then regulates the retinoic acid receptor that inter-
acts with the thyroid receptors, and may help to 
improve thyroid hormone activity. Carnosic acid, 
which is one of the principal constituents in rose-
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mary concentrate, was found to potentiate the 
effects of vitamin D and retinoic acid on mono-
cyte differentiation.280 Carnosic acid is a powerful 
antioxidant.281 Zinc as zinc clycinate, has also been 
shown to be important in promoting proper thy-
roid function, by its role as a cofactor for the thy-
roid receptor.

6. Enhance T3 influence on mitochondrial bioenergetics. As 
explained earlier, a number of important nutritional 
relationships improve thyroid hormone’s effect on 
the mitochondria. Selenium supplementation in 
animals can improve the production of T3 and lower 
autoantibodies to thyroid hormones, while improv-
ing energy production. Supplementation with sele-
nium methionine results in improved deiodination 
of T4, which may improve ATP formation by sup-
porting improved mitochondrial activity.282

Supplementation and Thyroid Function

Research described in a paper in the Journal of Endo-
crinology in 1998283 evaluated the antigoitrogenic effects 
of a combined supplement of vitamin E, vitamin A as 
beta-carotene, and vitamin C in aging animals. Results 
of this study suggested these vitamins, vitamin E in par-
ticular, modulate the regulatory cascades involved in 
the control of thyroid function.

In a placebo-controlled trial in 2001, thyroid func-
tion responded to selenium supplementation (selenium 
methionine), particularly in individuals with posttrau-
matic or stress-induced alterations of the thyroid axis. 
Subjects in this human clinical trial were given 500 mg 
of selenium daily with or without 150 mg of alpha-
tocopherol and 13 mg of zinc. Supplementation 
resulted in modest changes in thyroid hormones 
with an increase in T3 and a reduction in rT3.

284

This observation is consistent with the recognition 
that selenium, vitamin E, and vitamin C play a role in 
the antioxidant-sensitive T3 effects on induced mito-
chondrial function.285 Vitamin E has a protective effect 
against the lead-induced deterioration of 5’deiodinase 
activity.286 It might, therefore, influence thyroid func-
tion positively by several mechanisms. In a clinical trial 
assessing the safety of high-dose, short-term supplemen-
tation of vitamin E in healthy older adults, Meydani and 
Blumberg reported that a daily supplement of 800 mg of 
vitamin E resulted in a reduction in inflammatory cyto-
kines, but had no adverse effect on thyroid function.287

Another study, in chickens, also seemed to support 
the positive influence of antioxidants on thyroid activ-
ity at the mitochondrial level. Chickens supplemented 
with vitamin C and treated with the antithyroidal drug 
propylthiouracil, had normal thyroid function. This 
study suggests vitamin C improves thyroid function in 
animals with hypothyroidism experimentally induced 
through toxic exposure.288

Similarly, other published work suggests an interrela-
tionship between thyroid hormones and vitamin A and 
zinc nutritional status. One such report suggests a causal 
relationship between the pathogenesis of deranged vita-
min A metabolism and a low T3 syndrome, either by 
interfering with T4 entry into the tissues or by directly 
affecting the enzymatic conversion of T4 to T3.

289 Sub-
jects in this study were stable patients with hepatic or 
gastrointestinal disorders that modified the absorption 
and metabolism of vitamin A and zinc. Animal studies 
indicate aging decreases the vitamin A and T3 nuclear 
expression, suggesting that exogenous or supplemental 
vitamin A may be important for increasing retinoic acid 
levels in order to modulate this decreased expression.290 
A companion study, in which supplemental vitamin A 
was able to increase activity at the T3 nuclear receptor in 
the brain of aging animals, produced the same result.291 
Other animal studies have shown nicotinamide modu-
lates expression of thyrotropin.292

Natural Therapies before Pharmacology in 
Thyroid Dysfunction

Thyroid hormones have both gene expression and 
non-genomic effects on cellular metabolism. Many of 
these effects are clearly related to nutritional status 
and integrate into a larger picture that also involves 
psychosocial and environmental modulators that 
influence the HPT axis. These signaling pathways con-
trol multiple functions in the individual, translating 
environmental signals into physiological function. For 
example, cell signaling processes initiated by thyroid 
hormones are intertwined with the vitamin A and D 
signaling pathways.293,294 Taken together, the results 
from limited human clinical trials, animal studies, in 
vitro work, and epidemiological evidence may strongly 
indicate but do not conclusively prove the hypothesis 
that functional modifications will serve as therapeutic 
interventions for improving outcome in patients with 
chronic thyroid dysfunctions. 
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Clearly, the proof of the concept is in the clinical 
outcome of the patient who has been evaluated and 
managed by a functional medicine approach. In the 
absence of clinical intervention studies assessing the 
effectiveness of this complex algorithm for the manage-
ment of thyroid-related dysfunctions, the clinician 
must rely on an understanding of complex mecha-
nisms, their disruptors and supporters, and on empirical 
clinical evidence. At worst, the effects of the nutrients 
listed at the levels suggested should produce no unto-
ward effects, and there is a reasonable amount of sci-
ence to indicate they should be helpful.

Fortunately, a growing evidence base provides sup-
port for this empirical approach. To summarize, we are 
suggesting the following steps: 1) provide adequate pre-
cursors for thyroxine formation; 2) reduce antithyroidal 
antibodies by lowering immune potential, improving 
the conversion of T4 to T3, and improving receptor 
binding of T3; and 3) activate mitochondrial bioenerget-
ics through balanced thyroid function. All of this may 
be accomplished in many patients by modification of 
nutriture, lifestyle, and environment.

In this review of thyroid function, we have exam-
ined the production of thyroid messenger substances, 
the transport of thyroid messenger substance, the issues 
of tissue sensitivity to the message, the intracellular 
response to thyroid hormones, and detoxification and 
excretion of messenger substances. We have delved 
deeply into thyroid function as an example of how 
functional endocrinology develops a more complex 
understanding of inter- and intracellular communica-
tion and cross-talk. The last essay in this chapter again 
addresses thyroid function, with a focus on specific 
clinical interventions for improving patient outcomes. 

We will now attend to the adrenal hormones 
(focusing on DHEA HRT) and the HPA axis, growth 
hormone dynamics, and insulin-like growth factors, 
using these specific areas of investigation to further 
elaborate the evolving model of functional neuro-
endocrine-immunology.

Stress, Adrenal Function, and The HPA Axis, 
with a Focus on DHEA HRT

One of the environmental modulators of neuroen-
docrine function is physical or psychosocial stress. 
Interaction between the neuroendocrine system and 

the external environment often occurs through the 
senses, creating a substantial impact on the hypo-
thalamus/pituitary/adrenal (HPA) axis.

Long-term, unremitting stress results in loss of adre-
nal gland reserve related to the reduced production of 
stress hormones like cortisol and epinephrine. Under 
stress, the human adrenal cortex secretes not only the 
essential hormones cortisol and aldosterone, but also 
dehydroepiandrosterone (DHEA) and large amounts of 
dehydroepiandrosterone sulfate (DHEA-S). The serum 
concentration of DHEA-S is 20 times that of serum cor-
tisol, whereas the concentration of free DHEA is 1/20th 
that of cortisol. The high concentration of DHEA-S 
reflects its high rate of secretion by the adrenal cortex 
and its low rate of metabolic clearance. DHEA is pro-
duced from DHEA-S in the zona reticularis of the adre-
nal gland and in the liver by a sulfotransferase. Many 
organs that are targets of androgens and estrogens also 
convert DHEA-S back to DHEA; the same organs can 
then biotransform it into an active androgen like test-
osterone or estrogens.295,296

In normal individuals, serum concentrations of 
DHEA and its sulfate are highest at age 30. After age 30, 
concentrations of both gradually decrease. By age 70 or 
80, the values are about 20% of peak values in men and 
30% of peak values in women. This decrease has led to 
the suggestion that DHEA might be a marker com-
pound for the effects of stress on endocrine function, 
and the postulate that supplementation with DHEA 
might help support proper endocrine function in indi-
viduals with low values of DHEA-S and DHEA.

Since the ovaries do not secrete DHEA and the testes 
secrete only small amounts, adults with primary or sec-
ondary adrenal insufficiencies often have very low con-
centrations of DHEA and its sulfate and low levels of 
androgens derived from DHEA.297 In a study of men and 
women with severe hypopituitarism, administration of 
a single oral dose of 50 mg of DHEA transiently raised 
serum concentrations of DHEA, its sulfate, and andro-
stenedione (known to be a precursor of both testoster-
one and estrogen) into the normal range for young 
adults.298 It also raised the serum concentrations of 
estrogens and active androgens (testosterone and dihy-
drotestosterone), but only in the lower end of the nor-
mal range for young women (based on normals for the 
early follicular phase of the menstrual cycle).
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Evaluating DHEA Replacement: A Model for 
Evaluating Pros/Cons of HRT

In 1999, Arlt et al. evaluated the psychological and 
biochemical effects of DHEA replacement in women 
with adrenal insufficiency.299 They administered DHEA 
orally in a dose of 50 mg per day or placebo for four 
months and evaluated the effects on well-being and 
sexuality, as well as serum hormone values. Some of the 
women had primary or secondary hypogonadism, and 
some were postmenopausal; if they were taking estro-
gen-progestin replacement therapy for these concerns, 
they were counseled to continue the oral hormone ther-
apy during the study. After treatment, serum DHEA, 
DHEA-S, and androstenedione concentrations increased 
from initial low values to normal, and serum testoster-
one and dihydrotestosterone concentrations rose to the 
lower limit of the normal range in the women. Serum 
estrogen concentrations did not change significantly, 
possibly because of a small increase obscured by the 
estrogen replacement therapy used by some of the par-
ticipants. Evaluation of psychological factors by ques-
tionnaire found positive effects of DHEA on depression, 
anxiety, general well-being, and the physical aspects of 
sexuality. There was also a small but significant rise in 
serum insulin-like growth factor-1 concentrations (a 
mediator of some effects of growth hormone in the 
liver), and a small decrease in total and low-density 
lipoprotein cholesterol concentrations.

One problem with DHEA is that it serves as a precur-
sor to androgens. Because DHEA can stimulate the syn-
thesis of testosterone, it should be administered with 
caution to women who may be hyperandrogenic. Exces-
sive use can cause acne, unwanted hair growth, or 
adverse influence on the menstrual cycle in women. 
With the passage of the U.S. Dietary Supplement Health 
and Education Act of 1994 (DSHEA), DHEA has become 
widely available, and a growing market has developed 
for this so-called “fountain of youth.” It is often avail-
able through direct mail outlets with no recommenda-
tion for hormone or endocrine balance evaluation 
before administration. Promoters have claimed DHEA 
is a “super hormone” that can help overcome obesity; 
build muscle mass; prevent cancer, heart disease, and 
type 2 diabetes; slow aging; prevent or slow the progres-
sion of Alzheimer’s and Parkinson’s diseases; boost 
libido; strengthen the immune system; and help treat 
systemic lupus erythematosus.

Unfortunately, many of these claims are as yet 
unsubstantiated,300 and none of them should be used to 
promote unmonitored use of powerful hormones with-
out trained clinical guidance. Very few randomized clin-
ical trials have been performed on long-term effects of 
DHEA in humans for these conditions. DHEA metabo-
lism in animals is very different from that in humans. 
For example, primates show a higher level of adrenal 
steroidogenesis than do humans. Differences in metab-
olism of DHEA and other steroids have also been noted 
between humans and many animal species. Extrapola-
tion of encouraging research results of DHEA adminis-
tration studies in animals for use in humans requires 
careful ongoing evaluation.

The results to date suggest it may be justified to pre-
scribe a daily dose of 5 to 20 mg of DHEA for patients 
with defined adrenal insufficiency, whose sexuality and 
well-being are subnormal, provided they are monitored 
for breast or prostate cancer and managed by a compe-
tent clinician. It is very important to precede the admin-
istration of DHEA with salivary or serum tests for DHEA 
and DHEA-S, as well as testosterone and estradiol. A 
baseline hormone analysis is critical to establish the 
overall influence of DHEA on neuroendocrine balance. 
It is inappropriate to administer DHEA based on clinical 
symptoms alone. Other possible indications for replace-
ment with DHEA include depression associated with low 
hormone levels and, since estrogen can be increased by 
DHEA, possibly postmenopausal osteoporosis.301 In a 
recent placebo-controlled trial involving patients with 
major depression, treatment with DHEA (maximum 
dose of 90 mg per day) resulted in significant improve-
ment in the Hamilton Depression Rating Score as com-
pared to placebo.302

Evaluating Growth Hormone Function

Growth hormone (GH), an endogenous growth fac-
tor produced by the anterior pituitary gland, is involved 
primarily in skeletal and soft-tissue growth.303 It also 
participates in numerous metabolic feedback loops, and 
has been found to be anabolic in skeletal muscle tis-
sue,304 lipolytic in peripheral fat stores, and induces the 
breakdown of glycogen in the liver.305 Clinicians have 
used these effects to treat growth-deficient patients,306 
to attenuate catabolism in the aged and critically ill, 
and in trauma and burn patients.
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As we grow older, we experience a decrease in lean 
body mass and bone density, and a reduction in the 
size of the internal organs, suggesting loss of organ 
reserve. These symptoms may be associated with loss of 
GH. The healthy young man between age 20 and 30 
secretes between 0.5 and 1.0 mg of GH each day. Secre-
tion declines by about 14% per decade. In some elderly 
people, GH production cannot be detected at all.307

GH is a peptide hormone of approximately 22 kD in 
molecular weight with 191 amino acids, having two 
disulfide bridges joining cysteines. Base sequence analy-
sis reveals that growth hormone is homologous to both 
prolactin and placental lactogen. GH receptors are found 
in a wide variety of tissues, including muscle, bone, liver, 
heart, and lymphoid organs. GH induces the secretion of 
another hormone made by the liver called somatomedin 
C, or insulin-like growth factor (IGF-1). It appears that 
many, though not all, effects of GH are actually mediated 
by IGF-1.308 Although GH concentration follows a diur-
nal rhythm, IGF-1 concentrations do not fluctuate in the 
course of a day. Consequently, IGF-1 concentration is 
often taken as a diagnostic indicator of GH output.

GH and IGF-1 decline with age. If GH output 
declines with age, it might be expected that IGF-1 con-
centrations would also decline. In fact, there is a close 
relationship between the 24-hour average output of GH 
and the concentration of IGF-1 in the bloodstream. In 
the decades between ages 40 and 80, the average IGF-1 
concentration falls from 800 units per liter to 570, then 
to 410 units per liter and 320, respectively.309 The 
reduced concentration reflects declining GH output 
rather than a diminished liver responsiveness to GH 
because injection of GH, even in elderly people, results 
in a rapid rise in IGF-1. Therefore, the decline of IGF-1 
concentration appears to be the result of events associ-
ated with aging that can be traced back to a decline in 
GH secretion, which results from a decrease in the hypo-
thalamic output of GH-releasing hormone (GHRH).

In 1990, two independent studies tested GH injec-
tions in the elderly. Both lasted six months and showed 
positive metabolic effects.310 In one study involving 16 
healthy men and women over age 60, IGF-1 levels rose in 
direct proportion to the amount of GH used. In a second 
study, 21 healthy men between 61 and 81 years of age 
also showed an increase in IGF-1 after GH injections. 
However, when treatment was extended in these men for 
a year, significant adverse side effects were noted with 
the GH therapy. Ten instances of carpal tunnel syndrome 

(24%) and two examples (9%) of gynecomastia were 
reported. Adverse side effects were generally limited to 
subjects whose IGF-1 was brought to the higher end of 
the normal IGF-1 range. This study suggests that for GH 
therapy to be effective in the elderly, great care should be 
taken to use a dose that brings plasma levels of IGF-1 to 
no higher than the 500–1000 units-per-liter range.

Growth Hormone Replacement Considerations

GH deficiency is associated with increased risk of 
cardiovascular mortality, and it has been suggested this 
is a consequence of altered lipid dynamics and arterial 
function related to GH deficiency.311 GH deficiency is 
associated with abnormalities in plasma lipoproteins, 
including increased LDL and plasma triglycerides, and 
low HDL levels. Several studies have shown that GH 
replacement therapy in individuals who are GH defi-
cient is able to lower plasma total and LDL cholesterol, 
as well as increase HDL.312,313

In 24 GH-deficient adults, GH replacement therapy 
was shown to elevate the activity of plasma lecithin-
cholesterol acyltransferase. In this study, GH deficiency 
was defined as peak serum GH levels in response to 
insulin-induced hypoglycemia (a venous blood glucose 
less than or equal to 2.2 mmol per liter in the presence 
of hypoglycemic symptoms). Regular insulin was intra-
venously administered in a dose of 0.15 to 0.20 units per 
kilogram body weight to induce the hypoglycemia, and 
growth hormone levels were measured at the low blood 
glucose nadir. It is important to point out that these sub-
jects were adults with demonstrated GH deficiency and, 
therefore, the results may not apply to older individuals 
with no demonstrable GH deficiency.

GH administration contributes to insulin resistance 
and may consequently contribute to the development 
of type 2 diabetes in some individuals. In a recent study, 
GH-deficient children who received GH therapy had no 
increase in type 1 diabetes, but experienced a six-fold 
increase in type 2 diabetes.314 In spite of the effect of GH 
on insulin resistance, GH supplementation has been 
shown, in individuals who are GH deficient, to reduce 
the risk of cardiovascular disease and possibly improve 
well-being.315

These studies make a very important point about the 
therapeutic use of GH: it should generally be considered 
only for adults with established severe GH deficiency. 
GH administration to an individual in the normal GH 
range may result in adverse side effects, including type 
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2 diabetes and musculoskeletal problems.316 Cardiovas-
cular risk reduction can be achieved with nutritional 
and lifestyle strategies; if those efforts are unsuccessful, 
pharmaceutical approaches are available. The effect of 
GH on the structure of body fat, muscle, and bone can 
be addressed by other means as well, including opti-
mum hormone replacement therapy and a structured 
exercise and lifestyle program.317

Stimulating GH Release

We know exercise induces the neuroendocrine release 
of GH, although the mechanism by which it does so 
remains unclear. A study in 2000 found the GH levels of 
exercising athletes were highest 30 minutes after exercise 
and could be elevated even with modest workloads.318 
The study data indicate that under strenuous exercise 
conditions, endogenous GH-releasing hormone activity 
causes a further increase of GH release. A GH-releasing 
protein-2-mediated mechanism in central neuroendo-
crine regulation seems to act as a booster, possibly by 
stimulating the effects of GH-releasing hormone, indicat-
ing a graded effect of exercise on GH activities.

Because GH secretion is controlled by both 
GH-releasing hormone and GH-releasing peptides as 
secretagogues, new therapeutic approaches focus on 
stimulating the secretion and balance of GH. Research-
ers have discovered small GH-releasing peptides that 
seem to work by an entirely new signaling pathway.319 
This pathway does not depend on releasing factors of 
hypothalamic origin. It does not involve receptors of 
GH-releasing hormone or a cyclic AMP-mediated signal-
ing pathway, and its signaling potential does not dimin-
ish with age. The signaling pathway for GH-releasing 
peptides is activated through small 5-amino acid pep-
tides that seem to induce GH secretion.

GH and IGF-1 Supplementation

Ongoing clinical trials are evaluating the administra-
tion of recombinant IGF-1. Although GH is diabetogenic 
and causes water retention, IGF-1 does not have these 
effects. However, there are some countervailing con-
cerns about IGF-1. It is a potent stimulator of cell repli-
cation and thus may be associated with the induction of 
cancer. IGF-1 suppresses apoptosis, and most tumors 
express IGF-1 receptors. High IGF-1 levels in males are 
associated with an increased risk of prostate cancer.320 As 
a whole, the clinical outcomes of supplementation with 

GH, IGF-1, or GH secretagogues are as yet unclear. What-
ever strategy is used, levels of IGF-1 and GH should be 
measured prior to administration of any exogenous 
growth factors. Evaluating IGF-1 levels appears to be 
critically important in defining the hormonal milieu 
related to growth factors. IGF-1 levels in individuals 
younger than age 40 range from 800-1000 units per liter. 
In 60-year-olds, those levels are about 400 units per liter. 
It is not clear whether elevated levels of IGF-1 in older 
individuals are associated with significantly increased 
risk of prostate, breast, or other cancers. The decision to 
increase IGF-1 levels by administering GH should be 
approached with caution. The first steps in implement-
ing a GH support strategy should be exercise, insulin 
balance, and DHEA support.

Melatonin and the Menopausal Female 
Neuroendocrine System

The onset of menopause, characterized by the cessa-
tion of menstruation, signals not only the end of fertil-
ity, but also the beginning of a multitude of alterations 
in the hypothalamus/pituitary/ovary relationships. The 
result is a shifting of the function of the neuroendocrine 
system, which can impact cognitive and cardiovascular 
function, bone density, and the risk of many age-related 
diseases. Figure 32.3 describes the interrelationships 
among various components of the neuroendocrine sys-
tem in female metabolism. As Figure 32.4 shows, when 
a woman ages and goes through menopause, her levels 
of estrogens, follicle-stimulating hormone (FSH), and 
luteinizing hormone (LH) change dramatically.

Disturbed sleep is one feature associated with the 
alteration of neuroendocrine function in women mov-
ing into menopause. The sleep cycle, an important cir-
cadian rhythm that results in repair of cellular damage 
incurred throughout the day, is initiated by cyclical 
secretions of the pineal hormone melatonin. Melatonin 
secretion can decrease dramatically with age321 and with 
disease.322 Melatonin is known to be a very effective 
oxygen radical scavenger and therefore may help pro-
tect the brain against oxidative injury.323,324
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Figure 32.3 The female neuroendocrine system
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Figure 32.4 Female homeostat

Melatonin also has a very important effect on setting 
the “biological clock” of the hypothalamus. Indirectly, 
therefore, it influences estrogen secretion and metabo-
lism. Normal aging is associated with both subjective and 
objective alterations in sleep quality in aging women and 
men as a consequence of changes in neuroendocrine 
function. The pineal release of melatonin is only a part 
of this story. Among the most common changes in sleep 
in aging individuals are decreased deep sleep (stages 3 
and 4 or delta), poor slow-wave sleep, and an increase in 
the number of nocturnal awakenings.325 

A report in 2000 indicated that poor slow-wave sleep 
results in lowered output of growth hormone and 
increases in evening cortisol output.326 It appears from 
this research that poor sleep quality reduces growth 
hormone output during the important evening hours, 
while increasing adrenocortical output. This may argue 
strongly for sleep therapy and/or melatonin being of 
primary importance in the management of some symp-
toms associated with neuroendocrine aging.

The functional medicine approach to improvement 
of circadian rhythms and their relationship to neuroen-
docrine function are beautifully explained in The Circa-
dian Prescription by Sidney Baker, MD.327 In this book, 
he presents the concepts of rhythmic balance using 
food, nutrients, exercise, and breathing in setting the 
body’s cycles such as waking, sleeping, and secretion. 
As an addendum to the prescription for sleep hygiene, 
melatonin has been used successfully as a supplement 
in the sleep cycle at doses from 0.1 to as much as 10 mg 
per day.328

Summary

This discussion focused on a few topics that exem-
plify how important an understanding of cellular mes-
saging is in the functional medicine approach to 
improving endocrine function. We have emphasized 
the value of modifying nutrition, lifestyle, and environ-
ment in controlling hormone-related, age-dependent 
disorders. The modulation of neuroendocrine messen-
ger sensitivity, immune signaling, and cellular response 
can have a significant impact on many age-related con-
ditions. Even with the recent explosion of information 
about the functional aspects of thyroid hormone and its 
metabolites, the field of functional endocrinology is 
still in its infancy. The strength of the model is its abil-
ity to identify important interconnections among dif-
ferent endocrine functions and to describe how they 
relate to modifiable environmental, lifestyle, and nutri-
tional factors. The weakness of the model is that these 
interventions have generally not been subjected to 
large-scale, long-term, rigorous controlled clinical trials 
to examine how reproducible the effects are in patients, 
as well as which factors may be most important to con-
sider when evaluating hypothalamic-pituitary-thyroid-
adrenal (HPTA) axis function.

One can hope that such research will be done. How-
ever, without a significant financial incentive (as is 
present with pharmaceutical interventions), it may be 
a long time before we have definitive evidence. In the 
meantime, we use the emerging science, the functional 
medicine matrix, and the logic of the “interconnected 
web” to highlight viable new directions in the eternal 
struggle to relieve suffering and improve health. There 
is much we can do, even with incomplete and imper-
fect knowledge.
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The Hypothalamus-Pituitary-Adrenal Axis
Michael Lumpkin, PhD

Introduction

The bodies and minds of humans and all living 
creatures are constantly subjected to changing circum-
stances in the outside world, as well as to changes 
occurring inside their bodies. When these alterations—
whether internal, external, or both—perturb the bal-
ance of biochemical and physiological processes that 
maintain the baseline activities of normal organ, tissue, 
and gene function, physiologists refer to such chal-
lenges to normal balance as stress. The situations or 
events that cause stress can be of physical, metabolic, 
psychological, or emotional origin. The stressors them-
selves can be acute and short-lived or they can be 
chronic, persistent, and unrelenting. When an individ-
ual experiences an acute stressor, a coordinated series of 
nervous, endocrine, and immune system responses are 
put into play to ensure the immediate survival of the 
individual as the internal and/or external environment 
changes. At the core of this critical response is the 
hypothalamus of the brain. The hypothalamus is the 
integrative center of the central nervous system (CNS) 
because it monitors neuronal, hormonal, metabolic, 
and immune signals arising from inside the body and 
compares these inputs to information being sent to it 
from inside and outside the body by various receptor 
systems for temperature, pain, pressure, electrolyte, and 
metabolite concentrations, and other functions. Fur-
ther, the state of mind—whether one is fearful, agi-
tated, depressed, angry, happy, amused, or contented, 
for instance—is also perceived by higher brain centers, 
and this information is projected to the hypothalamus 
for processing and comparison to the baseline activities 
of the other organ systems being monitored.

Three components of the hypothalamus lie outside 
the blood-brain barrier (BBB), namely, the median emi-
nence (ME), the organum vasculosum of the lamina ter-
minalis (OVLT), and the posterior pituitary gland (or 
neurohypophysis—a downgrowth of median eminence 
neuronal tissue). Because these portions of the hypo-
thalamus are exposed to blood, they are able to detect 
the concentrations of many blood-borne solutes includ-
ing glucose, electrolytes (especially sodium), fatty acids, 
amino acids, water- and fat-soluble hormones, neu-

rotransmitters, peptides, cytokines, chemokines, and 
many other substances as well.

The hypothalamus is uniquely suited to its monitor-
ing and integrative functions for several other reasons:

• It receives direct neuronal inputs from the lower 
brain centers such as the midbrain and spinal cord, 
and from higher brain areas such as the cingulate 
cortex and hippocampus.

• It produces the “master” neurohormones—the 
releasing factor hormones—that ultimately govern 
the stress hormone response, the reproductive axis, 
the metabolic hormones including thyroid hor-
mones, the growth regulating axis, lactation, water 
and electrolyte balance.

• The hypothalamus regulates sympathetic and para-
sympathetic outflow to the organs, tissues, and 
blood vessels in the periphery of the body.

• The hypothalamus regulates feeding, appetite, 
drinking, sex behaviors, emotions, and biological 
rhythms in concert with other CNS and hormonal 
activities.

The hard wiring of the hypothalamus to other brain 
structures via well-known neuronal projection pathways 
provides the anatomical substrates for communicating 
conscious thoughts, emotions, and memories to the 
hypothalamic integrator and governor of the so-called 
vegetative or visceral functions.329 In other words, the 
hypothalamus, with its neuroendocrine primacy and its 
extensive CNS connectivity, forms a neuroanatomical 
basis for the mind-body (psychosomatic) connection.

The Hypothalamus and the Limbic System

The specific CNS pathways that subserve the mind-
body connection are included in the limbic system,330 in 
which the hypothalamus occupies a pivotal position. 
Information from the neocortex, where rational, factual 
thought takes place, flows into the cingulate cortex 
lying above the corpus callosum. From the cingulate 
gyrus, cortical nerve fibers project to the hippocampus 
where the learning and memory of new information are 
transferred to long-term memory.331 Additional cortical 
projections lead to the amygdala where emotional 
responses are attached to the factual information and 
memory of past events.332 Stated differently, the factual 
information arriving at the hippocampus and amygdala 
is placed into an interpretable and familiar context. This 
collective information is then projected into the hypo-
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thalamus via the fornix, the stria terminalis, and the 
amygdalo-fugal pathways.333 At this point, the hypo-
thalamus and its various intercommunicating regions 
(nuclei) with their respective releasing factor (hormone) 
neurons will elicit the specific hormonal, autonomic, 
metabolic, and behavioral changes that are appropriate 
for the physical or emotional stress being experienced. 
Much of the time, individuals are quite unaware of these 
autonomic (automatic), visceral alterations in the body’s 
physiology. However, because of projection pathways 
(called the mammillo-thalamic tract) exiting from the 
hypothalamus, and the relay of this information to the 
thalamus and from the thalamus via thalamo-cortical 
efferents arriving back at the cerebral cortex, individuals 
may become aware of changes in their physiological 
responses to stress. This increased perception of arousal 
may manifest as changes in the rate of respiration, mus-
cular tremors due to the release of sympathetic cate-
cholamines, increased mentation and alertness, 
increased body temperature and perspiration, cold 
hands, dry mouth, changes in appetite and food prefer-
ences, increased thirst, and bowel discomfort. A person 
may choose to act upon or moderate these responses. 
The neuronal pathways of connectivity described above 
and their linkages to hypothalamic/autonomic signaling 
may provide the basis for the effectiveness of mind-body 
relaxation techniques such as biofeedback to address 
stress-related pathologies.334

The Hypothalamic-Pituitary-Adrenal Axis

In order to understand how so much information is 
coordinated by the hypothalamus, it is helpful to review 
the elements of the hypothalamic-pituitary-adrenal 
gland axis. The parvocellular neurons of the paraventric-
ular nucleus (PVN) of the hypothalamus elaborate the 
“master” stress hormone, a 41-amino acid neuropeptide 
known as corticotropin-releasing hormone (CRH) or fac-
tor (CRF).335 When an individual is exposed to stressful 
stimuli—some of which may be physical such as pain, 
trauma, infection, hypotension, exercise, or hypoglyce-
mia; or others that may be psychological in nature such 
as bereavement, fear, personal loss, or anger—the release 
of hypothalamic CRH is stimulated.336,337 The CRH in 
turn is released into the portal blood vessels of the ME 
and is carried by venous blood flow to the corticotroph 
cells of the anterior pituitary gland. There, the CRH 
binds to its receptor on the corticotrophs and stimulates 

the ultimate production and release of adrenocorticotro-
pic hormone (ACTH). The ACTH enters the systemic cir-
culation and reaches the adrenal cortex of the adrenal 
gland, where it stimulates the synthesis of the glucocor-
ticoid hormone cortisol and also androgenic hormones 
such as androstenedione and dehydroepiandrosterone 
(DHEA), both of which may ultimately be converted 
into the more potent testosterone or dihydrotestoster-
one (DHT) in peripheral tissues.

Cortisol acts as an important stress hormone 
because it maintains blood glucose levels during a 
stressful “fight or flight” challenge. During stress, as 
more demands are placed on the body, more metabolic 
fuel is consumed; yet, a critical amount continues to be 
needed to ensure normal brain function and to supply 
activated organs such as the heart, lungs, and skeletal 
muscle with a renewable supply of substrate. In addi-
tion, the cortisol also participates with aldosterone (the 
mineralocorticoid hormone) in driving sodium reab-
sorption by the kidney tubules. This serves the impor-
tant function of conserving electrolytes and water 
within the vasculature to help maintain blood and per-
fusion pressures to critical organs and tissues that are 
participating in the fight or flight reactions. During the 
stress response, the blood concentrations of cortisol 
will rise until the cortisol starts to exert its negative 
feedback effect upon both the CRH neurons and the 
pituitary corticotrophs that manufacture ACTH, in 
order to reduce their increased levels of secretion back 
to their normal baseline.338 This homeostatic mecha-
nism, when working correctly, prevents overproduc-
tion or prolonged elevations in CRH, ACTH, and 
cortisol.339 Thus, metabolic substrate is only mobilized 
when there is a specific need during the stress response.

When an individual experiences chronic stress along 
with maladaptive responses or a lack of coping, cortisol 
levels may remain inappropriately elevated due to persis-
tent stimulation of the CRH-ACTH-cortisol axis. Meta-
bolically, this can take a toll on the organism. The 
ongoing high concentrations of cortisol may keep blood 
glucose levels high for prolonged periods, cause redistri-
bution of fat from the thighs and buttocks to the abdom-
inal and cervical regions (“buffalo hump”) due to 
mobilization of free fatty acids; cause insulin resistance 
to develop; cause fluid retention and hypertension; pro-
duce proteolysis in muscle, bone, and connective tissues; 
and inhibit peptide and protein hormone formation 
(especially by the pituitary gland).340 The persistent 
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presence of increased cortisol will also have a profound 
inhibiting effect on immune system capabilities.341 Ele-
vated cortisol concentrations can decrease the number 
and functions of blood lymphocytes, eosinophils, baso-
phils, monocytes/macrophages, and neutrophils. Fur-
ther, cortisol can inhibit the production of immune cell-
signaling molecules such as the proinflammatory cyto-
kines interleukin (IL)-1, IL-2, IL-2 receptor, IL-6, tumor 
necrosis factor (TNF), and gamma interferon. Chroni-
cally elevated glucocorticoids can also decrease antibody 
and immunoglobulin production. Consequently, chronic 
activation of the HPA axis is associated with the develop-
ment and worsening of chronic infectious diseases.

CRH as a Neurotransmitter

While CRH is best known for its neuroendocrine 
role in stimulating ACTH secretion from the anterior 
pituitary gland, CRH also acts as a neurotransmitter by 
stimulating sympathetic outflow from the brain and 
spinal cord and simultaneously inhibiting the outflow 
of parasympathetic activity to the periphery.342 Part of 
the sympathetic response is to stimulate the adrenal 
medullary release of the catecholamines epinephrine 
and norepinephrine into the circulation. Additionally, 
sympathetic nerves that innervate visceral organs and 
tissues such as the heart, coronary arteries, peripheral 
blood vessels, kidney, lungs, pancreas, gastrointestinal 
tract, and gonads, will release their contents of norepi-
nephrine and neuropeptide Y at these sites. The overall 
result is to accelerate cardiopulmonary activity by 
increasing heart rate, strength of cardiac contraction, 
arterial vasoconstriction, and blood pressure, with 
shunting of blood from the splanchnic vasculature to 
skeletal muscles, heart, and brain, and increasing the 
rate and depth of respiration.343 Stimulated sympathetic 
catecholaminergic inputs to the liver and adipose tissue 
result in enhanced glycogenolysis and lipolysis, thereby 
supplementing the glucose and free fatty acid-elevating 
action of cortisol. The integrated view is that CRH is 
acting in its neuroendocrine capacity to supply the 
main metabolic substrates (via its cortisol and cate-
cholamine stimulating action) for the CRH-directed 
trigger of visceral organ stimulation upon sympathetic 
nervous system activation after physical or psychologi-
cal challenge. Other CRH-directed sympathetic targets 
involve the stimulation of the renal renin-angiotensin-
aldosterone system and the neurosecretion of antidi-
uretic hormone (arginine vasopressin). These sympa-

thetically driven hormones will act in concert with 
cortisol and the catecholamines to defend against vol-
ume depletion and hypotension during any homeostat-
ically threatening situation.

Stress-related activation of CRH also alters the ratio 
of sympathetic to parasympathetic inputs to the gas-
trointestinal tract.344 The net outcome for the stomach 
is an inhibition of gastric contractility and decreased 
emptying, leading to sensations of fullness and bloat-
ing. In the case of the colon, accelerated motility with 
rapid transit times for chyme and poor absorption of 
nutrients and water is the result. Diarrhea and inflam-
mation of the bowel can result if the stress is of suffi-
cient intensity and length. It has been suggested that 
this mechanism of stress may contribute to the develop-
ment of irritable bowel syndrome and the exacerbation 
of Crohn’s disease.345 Such inflammatory states of the 
bowel may lead to the “leaky gut” syndrome with mal-
digested food antigens provoking inappropriate 
immune responses in the form of food reactions. (These 
issues are explored in depth in Chapters 28 and 31.)

Sympathetic noradrenergic nerve fibers also inner-
vate immune organs such as the thymus gland, spleen, 
lymph nodes, bone narrow, and intestinal Peyer’s 
patches.346 Norepinephrine-containing nerve fibers 
have been seen in contact with thymocytes, B lympho-
cytes, and macrophages.347 In fact, alpha and beta 
adrenergic receptors have been identified on these 
immune cells. In general, activation of the sympathetic 
nervous system or administration of epinephrine pro-
duces leukocytosis, lymphopenia, and suppression of 
natural killer (NK) cell activity. In other words, the 
action of catecholamines is to inhibit lymphocyte pro-
liferation and suppress the immune response. Experi-
mentally, it has been observed that the stress of foot 
shock, cold exposure, maternal deprivation, and fear 
may cause thymus gland involution, decreased lympho-
cyte proliferation and cytotoxicity, and less antibody 
production. Conversely, the interruption of sympa-
thetic innervation to immune organs results in lymph 
node, spleen, and bone marrow cell proliferation, in 
addition to antigen-provoked immunoglobulin produc-
tion.348 Consequently, prolonged stress that activates 
CRH-driven sympathetic outflow would be expected to 
lead to greater susceptibility to disease, infections, and 
cancer in human patients with a chronically suppressed 
immune system.349
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CRH and Behavior

CRH neurons are not only located in the hypothala-
mus but are also found in the dorsal raphe nucleus, the 
hippocampus, the bed nucleus of the stria terminalis, the 
reticular formation, periaqueductal gray, locus coeruleus, 
septum, and telencephalon. Due to their presence in 
these areas of the brain and their involvement in regulat-
ing autonomic nervous system activity and hormone 
secretion, CRH is well-positioned to participate in cou-
pling these neurochemically-governed responses to cor-
responding stress-related behaviors. It has been observed 
in animal models that CRH injected into the brain pro-
duces behaviors that are typically seen when animals and 
humans experience stressful events:350,351

• Increased locomotor activity (to rapidly escape 
danger)

• The startle response (to orient to a threat)
• An anxiogenic-like effect
• A dose-dependent facilitation of stress-induced 

fighting
• A dose-dependent taste and place aversion (An 

interest in eating may decline and unfamiliar and 
threatening locations will be avoided.)

In addition, when CRH is injected into the brains of 
animals, they display the same signs and symptoms as 
humans who are suffering from major clinical depres-
sion,352 including a lack of interest in pleasurable activi-
ties; significant changes in weight and appetite; sleep 
disturbances; psychomotor agitation; fatigue; and self-
destructive behavior (suicidal tendencies in humans).

That CRH is indeed driving much of this symptoma-
tology is evidenced by 1) the fact that depressed 
humans also have sustained 24-hour elevations of 
plasma cortisol, and 2) the blocking of depressive states 
by administration of CRH receptor antagonists in exper-
imental animals.353 Thus, it is no surprise that patients 
with chronic diseases may be depressed and that chron-
ically depressed patients may be suffering from a multi-
tude of disorders, all of which are likely contributed to 
by chronic stimulation of the HPA axis. In fact, Chrou-
sos and Gold have developed a list of chronic disease 
states that are associated with increased HPA (high cor-
tisol present) or decreased HPA (low cortisol present) 
activity.354 Table 32.2 shows conditions associated with 
high and low HPA activity. Clearly, if the course of 
chronic stress and its associated disease states could be 
addressed at the neuroendocrine and behavioral levels 

of CNS CRH overstimulation, a number of downstream 
pathologies might be favorably impacted.

HPA Axis and Cytokines

Immune cells produce and secrete soluble mediators 
known as proinflammatory and anti-inflammatory 
cytokines.355 The proinflammatory cytokines not only 
allow immune cells to communicate with each other 
and mount a vigorous immune response, but they also 
permit the immune system to communicate with 
neuroendocrine systems.356 Proinflammatory cytokines 
such as IL-1, IL-2, IL-4, IL-6, and TNF are, of course, var-
iously made by macrophages, monocytes, lymphocytes, 
and natural killer cells. In response to foreign antigens 
and pathogens (infectious stress), inflammation, 
trauma, and psychological stress, immune cells will 
release their large polypeptide, proinflammatory cyto-
kines and these will enter the systemic circulation, 
thereby gaining access to the hypothalamus either 
through specific transport mechanisms357,358 or by 
passing through the circumventricular organs (i.e., 
the OVLT and ME) where the blood-brain barrier is 
absent.359 It also happens that microglial, astroglial, 
endothelial, and neuronal cells in the hypothalamus 
synthesize their own IL-1, IL-2, IL-6, and TNF.360 Inter-
estingly, systemically circulating cytokines produced in 
response to stress can signal the activation of hypotha-
lamically-produced cytokines. Each of the proinflam-
matory cytokines discussed here has been shown to 
stimulate CRH activity in the hypothalamus.361 Chronic 

Table 32.2 Conditions Associated with HPA Axis Dysregulation

Associated with 
High HPA Activity

Associated with 
Low HPA Activity

Chronic stress Adrenal insufficiency

Melancholic depression Chronic fatigue syndrome

Anorexia nervosa Fibromyalgia

Diabetes mellitus Postpartum depression

Syndrome X Post-traumatic stress 
syndrome

Premenstrual syndrome Exacerbation of rheumatoid 
arthritis
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elevations of these cytokines in the brain not only raise 
CRH output, but also can cause anorexia, fever, fatigue, 
dementia, and even neuronal death.362,363,364 With 
increased CRH activity, more ACTH (and thus cortisol) 
is produced. An important function is served by this 
cortisol increase following activation of immune cell 
cytokine production. When homeostasis is operating 
correctly, the rising levels of corticosteroid will eventu-
ally dampen the very robust immune response by 
reducing the proliferation and secretion of cytokines 
from immune cells. In the short term, this is useful 
because it prevents the increased immune response 
from running amok.365 If the immune response were to 
go unchecked, it could trigger autoimmune events and 
produce unhelpful inflammatory responses during a 
fight or flight situation.366

Sometimes, though, individuals are exposed to per-
sistent stressors without relief. Such situations will pro-
vide more or less continuous stimulation of the CRH-
ACTH-cortisol axis. The ongoing high levels of cortisol 
may cause damage and death to the neurons in the hip-
pocampus that mediate cortisol negative feedback on 
CRH neurons. In other words, with unregulated or 
untreated chronic stress, excessive exposure to cortisol 
may disable the negative restraint on stimulated CRH 
secretion.367 The consequence of this may be to produce 
many of the pathologies associated with CRH-driven 
activities. For instance, excessive CRH acting in the 
brain may lead to depression and other behavioral dis-
orders. This might be accompanied by elevated cortisol 
that causes metabolic derangements such as hyperglyce-
mia, insulin resistance, hypertension, and other symp-
tomatology of the Cushingoid condition. The presence 
of too much glucocorticoid may impair an individual’s 
immune status, leading to the development of infec-
tious conditions and memory impairment due to loss 
of hippocampal neurons.368

The HPA axis is in many ways the conductor of the 
homeostatic symphony. It is probably apparent at this 
point that the CRH of the brain is intertwined in some 
way with virtually every physiological system of the 
body. Polycystic ovary disease (PCOD) is an example of 
chronic illness that can be used to illustrate the inter-
connected web of physiological systems. In fact, almost 
any chronic, difficult-to-treat condition might share in 
the cascade of events to be described. The main princi-
ple to be learned is that any chronic perturbation to 
one element of the system will ripple through other 

components of the web. This being the case, one must 
try to address the initial causes of the perturbation at the 
beginning of the cascade to achieve the best outcome. 
Of course, there may still be much utility in addressing 
downstream symptoms to provide some immediate 
relief, but the most long-lasting solutions to chronic dis-
ease probably require the most comprehensive interven-
tions aimed at the top of the pathological cascade.

Polycystic Ovary Disease: A Possible Scenario

Many women with polycystic ovary disease (also 
known as polycystic ovary syndrome, or PCOS) also suf-
fer from anxiety and depression. In many instances, 
these women are overweight and develop insulin resis-
tance. They have become amenorrheic or oligomenor-
rheic, which results in infertility. How might all of these 
symptoms be related?

If depression and anxiety precede the PCOD, we 
could speculate that some manner of life stress, without 
treatment or coping skills present, stimulates the over-
production of CRH in the brain and cortisol in the 
body. The elevated CRH drives the development of clin-
ical depression, elevated adrenal cortisol, and androgen 
production. The high cortisol levels raise blood glucose 
levels. The persistence of high glucose concentrations 
leads to excessive insulin secretion. Excessive insulin 
secretion may cause insulin resistance to develop. With 
insulin resistance comes even more pancreatic produc-
tion of insulin in an attempt to compensate. The high 
cortisol and insulin concentrations work synergistically 
to cause centripetal obesity characteristic of the meta-
bolic syndrome (syndrome X). The excessive insulin, 
either through insulin or insulin-like growth factor-1 
(IGF-1) receptors on ovarian stromal and thecal cells, 
stimulates more androgen hormone production. The 
excess androgen is converted into estrone by the extra 
adipose tissue of obesity. The elevated estrone levels dis-
rupt the normal pulsatile secretion pattern of gonado-
tropin-releasing hormone (GnRH). This disruption 
alters the proper ratio of luteinizing hormone (LH) 
to follicle-stimulating hormone (FSH) release from the 
pituitary gland. The result is that too much LH is made 
and not enough FSH. The elevated LH stimulates fur-
ther excessive androgen production, which compounds 
the hyperandrogenism being driven by the increased 
insulin concentrations. In the face of hyperandro-
genism, high estrone, and disrupted LH/FSH ratio, 
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normal menstrual cycles cease with amenorrhea, anov-
ulation, and infertility being the result. The patient may 
display virilizing characteristics due to high androgen 
production such as acne, hirsutism, clitoral enlarge-
ment, and male hair distribution.369

Figure 32.5 graphically displays this sequence of 
events.

Figure 32.5 The HPA cascade in PCOD

Clinical Approaches to PCOD

While the classical approach to the treatment of this 
disease has been to use estrogen agonists and antago-
nists and perhaps androgen blockers, these interven-
tions may be rather remote from important initiating 
factors in the cascade of decompensating events. A 

more comprehensive approach might involve lifestyle, 
dietary, and nutraceutical interventions that target 
more of the interconnected web of pathophysiological 
associations than treatment of the hyperandrogeniza-
tion alone is likely to achieve.

Relaxation induction methods such as biofeedback, 
autogenic training, and mindfulness meditation370,371 
have been shown to reduce parameters indicative of sym-
pathetic activation such as vasoconstriction of peripheral 
blood vessels, accelerated heart rate, and hypertension. 
Because increased sympathetic outflow is generated by 
CRH activation, a reduction of these parameters through 
relaxation methods would imply a reduction in CRH 
activity in the hypothalamus. From this would follow a 
lowering of cortisol, glucose, and insulin levels, which 
would reduce the overstimulation of androgen produc-
tion by the adrenal cortex and the ovary. Then, less 
estrone would be synthesized by adipose tissue. The low-
ering of androgen and estrone levels could set the stage 
for a reestablishment of the normal pulsatile secretion of 
GnRH by the hypothalamus, and thus normal LH and 
FSH secretion patterns, followed once again by normal 
ovulatory cycles. All the while, the patient’s psychologic 
and physiologic states are being improved.

Dietary and nutraceutical approaches might 
include increased intake of complex carbohydrates and 
fiber, and decreased intake of refined carbohydrates, to 
address the mood and metabolic disorders.372 Chro-
mium administration could aid both the depressive 
aspects of the condition as well as the insulin resistance 
issue.373 Increased consumption of soy could inhibit the 
aromatization of excess androgen into estrone and 
improve the metabolic conversion of the excess estro-
gen into the 2-OH series rather than the more carcino-
genic 16-OH series.374 Increasing the intake of omega-3 
fatty acids could combat the proinflammatory media-
tors brought on by the excess body fat and insulin resis-
tance that are characteristic of PCOD. Further, omega-3 
fatty acids combat depressive mood disorders.375

HIV/AIDS: A Probable Scenario

Patients suffering from HIV/AIDS experience not 
only the pathophysiological stress of the infection 
itself, but also the psychological stress of having a 
chronic, difficult-to-manage disease that carries a social 
stigma. In HIV/AIDS, inflammatory mediators are pro-
duced and lymphocyte numbers and function are 
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impaired. The AIDS virus in peripheral and brain tis-
sues results in significant production of the proinflam-
matory cytokines, especially IL-1, TNF-, and IL-6.376 
But the emotional stress of having this disease can also 
be expected to elevate proinflammatory cytokine lev-
els. As described previously in this chapter, these cytok-
ines will act upon the hypothalamus to stimulate the 
CRH-ACTH-cortisol axis,377 and will act on the brain 
directly to produce sensations of fatigue, lethargy, and 
cachexia—symptoms that are common in AIDS 
patients. It also happens that CRH neurons make syn-
aptic contact with the GnRH neurons that govern LH/
FSH and thus gonadal steroid hormone synthesis. CRH 
axons project onto TRH neurons that govern TSH and 
thus thyroid hormone (T4/T3) synthesis by the thyroid 
gland. Furthermore, CRH nerve cells make synaptic 
contact with the GHRH cell bodies in the hypothala-
mus that govern growth hormone (GH) secretion and 
thus growth and repair of bone and soft tissues.378

When chronic HIV stress activates the CRH neurons, 
the GnRH-gonadotropin-sex steroid axis, the TRH-TSH-
thyroid hormone axis, and the GHRH-GH-growth axis 
are all inhibited or impaired to varying degrees. In an 
acute stress response, this shifting of metabolic support 
away from reproductive and growth-promoting activi-
ties and toward the support of critical brain, heart, and 
skeletal muscle function enhances the likelihood of sur-
vival during a fight-or-flight situation. However, in a 
chronic condition such as AIDS, the persistent stimula-
tion of the cytokine-CRH system and its negative 
impact on sex steroid, thyroid hormone, and GH activi-
ties can have devastating consequences that worsen the 
morbidity and mortality of the condition. For instance, 
the ongoing elevations in cortisol will further impair 
the protein synthesis of the pituitary hormones. This, of 
course, aggravates the already degraded production of 
hormones of the reproductive axis. In male patients 
with HIV/AIDS, the reduced production of testosterone 
by the testis may not only cause impotence, loss of 
libido, and infertility, but the diminution of this ana-
bolic steroid may also contribute to the protein wasting 
that is often seen379,380 and that is directly related to the 
imminence of death from the disease.381

Severely ill AIDS patients will also experience the 
“euthyroid sick syndrome,” involving reduced produc-
tion of TRH and impaired response of the thyroid gland 
to TSH.382 The net result is a state of hypothyroidism 
that produces the well-known symptoms of lethargy, 

weakness, cold intolerance, dryness and pallor of skin, 
edema, and slowed mentation. The hormone deficien-
cies noted above may be accompanied by insufficient 
GH production due to the direct actions of the HIV virus 
to inhibit hypothalamic GHRH activity and because 
proinflammatory cytokines (such as IL-1) and CRH exert 
direct effects to inhibit GHRH and to stimulate soma-
tostatin release from the hypothalamus.383,384,385 Since 
GH is a protein anabolic hormone that promotes the 
growth of body tissues, its reduction in AIDS patients 
undoubtedly contributes to the wasting of lean body 
mass in adults and the failure of growth in children with 
this disorder.386 The ongoing GH deficiency may, inter-
estingly, also exacerbate the state of immune deficiency, 
since GH has been shown to support the integrity and 
function of immune tissues and cells.387

Clinical Approaches to HIV/AIDS

There is no question that the most effective treat-
ment for HIV infection at this time continues to be the 
triple therapy approach that includes some combina-
tion of nucleoside reverse transcriptase inhibitors and 
non-nucleoside reverse transcriptase inhibitors, or pro-
tease inhibitors.388 While this treatment addresses the 
goal of controlling the proliferation and infectivity of 
the virus, it does not address the impact of the psycho-
logical and physical stress of the already extant disease 
state. As with the treatment paradigm in PCOD, there 
exist additional behavioral, dietary, and nutraceutical 
approaches that could address a number of the stress 
and neuroendocrine disorders that accompany this 
insidious disease, thus reducing the overall impact of 
the infection.

HIV patients could benefit from various relaxation 
induction methods that would lower CRH output, 
thereby reducing stress hormone levels (especially corti-
sol) and managing their metabolic substrates more effi-
ciently. This would also reduce the tendency for HIV 
patients receiving highly active antiretroviral therapy 
(HAART) to gain abdominal fat mass at the expense of 
lean muscle mass.

Relaxation-induced reductions in stress-elevated 
cytokines and CRH would also decrease the inhibitory 
tone exerted over LHRH, GHRH, and TRH neurons, pos-
sibly leading to increased pituitary gland output of LH, 
FSH, GH, and TSH that might restimulate their periph-
eral targets. If that goal could be achieved, it would 
increase the chances of elevating anabolic hormone lev-
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els of GH and testosterone (both lipolytic hormones), 
thereby enhancing the possibility of maintaining lean 
body mass and decreasing the drug-induced fat deposi-
tion. Poor wound healing would then be expected to 
improve due to the protein synthesis actions of these 
hormones. The improvement in TRH-TSH-thyroid hor-
mone production would also be expected to increase 
the energy level and mental abilities of such patients. 
More GH production might enhance the immune status 
of the individual. Because the elevated proinflamma-
tory cytokine levels in the brains of HIV patients may 
also cause neuronal damage and states of dementia to 
develop,389 any attempts to reduce stress-activated 
cytokine levels could prove beneficial in this disorder.

Proinflammatory cytokines also act in the brain to 
cause the manufacture of reactive oxygen species (oxy-
gen radicals) and inflammatory prostaglandins, which 
mediate many of the deleterious effects of the cyto-
kines.390 Since this is a problem in AIDS, the administra-
tion of antioxidant vitamins could be beneficial. In par-
ticular, vitamins C, E, and B complex have been shown 
to be effective in improving neuropsychologic disor-
ders.391,392,393 Most interestingly, this same combination 
of vitamins was recently demonstrated to delay the pro-
gression of HIV disease in women, most likely by exert-
ing their antioxidant effects against the mediators of 
inflammatory processes.394 HIV patients could also ben-
efit from the intake of omega-3 fatty acids to help repair 
and protect neuronal membranes damaged by inflam-
matory mediators and, as in PCOD, to improve the 
depressive state of the patient.

Due to the protein wasting of AIDS, supplementa-
tion with amino acids in the face of improved anabolic 
hormone status might enhance the likelihood of restor-
ing lean body mass. If the supplementation includes 
such amino acids as phenylalanine, tyrosine, and L-
tryptophan, which are precursors for the synthesis of 
norepinephrine, thyroxine, and serotonin, respectively, 
then both neurological and thyroid gland functions 
could be better supported, as would the interactions 
between thyroid hormone, the CNS, and neuroendo-
crine systems.

With AIDS dementia, there can be compromised 
memory function. This could be addressed through the 
use of Ginkgo biloba to improve impaired memory in 
states of dementia.395

Obviously, in both chronic disorders mentioned 
above, the approaches described are not complete or 
exhaustive, nor is the research base for such interven-
tions very well developed. They are offered as examples 
of how to view chronic disease in a more integrated and 
connected fashion, using our understanding of underly-
ing mechanisms and pathways to provoke alternate 
considerations when designing comprehensive care for 
multifaceted disease states.

Summary

Chronic disease states necessarily imply chronic dis-
ruptions to homeostasis. Or, more simply, chronic dis-
ease creates chronic stress for patients. Chronic stress 
involves both psychological and physical reactions, set-
ting off a cascade of events that is common to many 
complex, long-lasting illnesses. At the heart of stress 
detection is the hypothalamus, the integrative control 
center of actual mind-body (or brain-body) functions. 
With chronic stress of any kind comes the production 
of proinflammatory cytokines that signal increased 
activity of the hypothalamic-pituitary-adrenal axis. The 
hormones of the corticotropic axis then coordinate and 
manage the further activities of the brain, other neu-
roendocrine axes, behavior, metabolic substrates, elec-
trolyte and water balance, and the immune system, all 
done in proper coordination with the demands and 
feedback from other organ systems.

In the acute phases of the stress response, the inte-
grated control of the organ systems by the hypotha-
lamic CRH system will enhance the likelihood of 
survival of the organism. However, if the elements of 
the acute stress response are not appropriately moder-
ated or reduced in a timely fashion, the lasting stimula-
tion of proinflammatory cytokines and CRH sets off a 
cascade of pathophysiological events that will nega-
tively impact virtually every organ system to a lesser or 
greater degree. In the past, the approach to such mas-
sive decompensation of the patient was to treat each 
end-of-cascade symptom as a separate entity. However, 
this practice does not address the initiators of the cas-
cade, overlooks ancillary problems, and often does not 
provide satisfying results to patients or their physicians. 
A better understanding of the factors that govern the 
initiation and mediation of this common cascade 
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should help clinicians find healthier and more compre-
hensive avenues for managing chronic illnesses. An 
appreciation of the hypothalamic-pituitary-adrenal axis 
in stress responses and functional medicine philosophy 
should facilitate this goal.

Managing Insulin and Glucose Balance
Dan Lukaczer, ND

The balance between insulin and glucose is quite 
possibly the single most important clinical issue facing 
the practicing clinician today. It is clear that a substan-
tial and growing body of evidence suggests that insulin 
sensitivity problems are an underlying causal factor in 
cardiovascular disease, stroke, type 2 diabetes, polycys-
tic ovary syndrome (PCOS), and certain forms of cancer. 
Insulin resistance and hyperinsulinemia result in a cas-
cade of biological effects; this complicated pathophysi-
ology has been described elsewhere in this book. Here 
we will review a practical clinical approach to the diag-
nosis and treatment of this condition.

Clinical and Laboratory Diagnosis

Insulin resistance syndrome (IRS) refers to a cluster 
of symptoms characterized by varying degrees of glu-
cose intolerance, abnormal HDL cholesterol and/or 
triglyceride levels, high blood pressure, and upper 
body obesity. The most obvious sign suggestive of IRS 
is upper body adiposity and elevated body mass index 
(BMI). Waist circumference >88 cm (34.5 in) in women 
and >102 cm (40 in) in men is an important and sim-
ple assessment.396 However, care must be taken not to 
conclude that insulin resistance is exclusively seen in 
obese subjects, since greater than 50% of individuals 
with IRS are not classified as obese, and individuals 
may have normal insulin sensitivity with elevated 
BMI.397 Recently, the Third Report of the National Cho-
lesterol Education Program Expert Panel (2001) out-
lined specific criteria to diagnose metabolic syndrome.i 
These criteria are listed in Table 32.3.

Clinical observation may suggest other signs and 
symptoms helpful in identifying an individual with 
insulin resistance. Table 32.4 provides a list of com-
monly encountered signs and symptoms that may offer 
additional information in a clinical assessment.

Many individuals who develop insulin resistance 
maintain normal to near-normal fasting glucose control; 
two-hour postprandial glucose challenge test with a 75-
gram glucose load may be marginally elevated, suggest-
ing impaired glucose tolerance. Elevated fasting insulin, 
and/or two-hour postprandial insulin may also be impor-
tant indicators of insulin resistance. However, after the 
onset of type 2 diabetes there may be a reduction in beta 
cell function and, eventually, a fall in insulin. In addi-
tion, several other laboratory signs may suggest an indi-
vidual with subclinical IRS, or at high risk of developing 

i Metabolic syndrome does not completely encompass all aspects of 
insulin resistance. However, the parameters used to describe metabolic 
syndrome are broadly applicable. Metabolic syndrome is now widely 
used in research and, therefore, has become a well-recognized definition 
that is often used interchangeably with insulin resistance syndrome.

Table 32.3 Criteria for the Diagnosis of Metabolic Syndrome

A patient must have three or more of the following five criteria 
to be diagnosed with metabolic syndrome:
• Abdominal obesity: waist circumference >102 cm (40 in) in 

men and >88 cm (34.5 in) in women;

• Hypertriglyceridemia: 150 mg/dL (1.69 mmol/L);

• Low high-density lipoprotein (HDL) cholesterol: <40 mg/dL 
(1.04 mmol/L) in men, <50 mg/dL (1.29 mmol/L) in 
women;

• Blood pressure: 130/85 mm Hg;

• Fasting glucose: 110 mg/dL (6.1 mmol/L).

Published in the Third Report of the National Cholesterol Edu-
cation Program Expert Panel, 2001.

Table 32.4 Other Laboratory and Clinical Signs and Symptoms 
that May Be Suggestive of IRS

Family history of diabetes
Gestational diabetes
Polycystic ovary syndrome (PCOS)
Infertility
Low birth weight
Sleep apnea
Sugar cravings and carbohydrate “addiction”
Sleepiness after a meal and insomnia relieved by snacking
Increased appetite following a high carbohydrate meal
Fatigue following high-carbohydrate meals
Hypoglycemia
Dietary history of high-refined carbohydrate intake
Resistant weight loss
Hirsutism, acne, and menstrual irregularities
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insulin resistance. Useful additional markers that suggest 
IRS include elevated triglycerides and depressed HDL 
(triglycerides-to-HDL ratio of >3).398 An elevated serum 
uric acid also appears to be associated with IRS. Recent 
literature also suggests a relationship between IRS and 
markers of inflammation, such as hsCRP.399

Clinical Intervention

It appears that at the core of insulin resistance is a 
defect in cellular sensitivity to insulin. As more light 
has been shed on this topic, this underlying metabolic 
dysregulation has become a focus for the clinician’s 
attention.400 Although the cellular disturbance is not 
completely understood at the biochemical level, modi-
fiable factors such as obesity, exercise, and nutrition 
appear to play a significant role. While genetic inherit-
ance may determine propensity to the disorder, these 
modifiable factors should be addressed as part of any 
comprehensive clinical management strategy.

Exercise, Smoking and Obesity

Exercise has profound beneficial effects on insulin 
resistance and should be aggressively pursued. Numerous 
studies support the use of exercise in the management of 
this condition.401,402 Conversely, cigarette smoking plays 
a role in exacerbating insulin resistance in susceptible 
individuals.403 Therefore, in those individuals, smoking is 
particularly detrimental. Increased adiposity plays a piv-
otal role as well, especially when concentrated around 
the abdomen and upper body. Adiposity/obesity induces 
insulin resistance in peripheral tissues; thus, weight loss 
(specifically fat loss) is of prime importance, and has 
been shown (not surprisingly) to improve insulin sensi-
tivity.404,405 Because of its anabolic activity, insulin and 
hyperinsulinemia secondary to insulin resistance may 
predispose to increased weight gain and difficulty with 
weight loss.406 Longitudinal studies suggest that elevated 
insulin levels may start in childhood, with fasting hyper-
insulinemia serving as a predictor of increased body 
weight gain and obesity.407,408

While adiposity is an important issue, not all insu-
lin-resistant individuals are obese. Other factors are 
involved, and individuals may have normal insulin 
levels while still remaining overweight.409,410 The sensi-
tivity of insulin to stimulate glucose uptake varies 
widely from person to person, with the degree of obe-
sity as only one factor.411 Clearly, obesity, smoking, and 

a sedentary lifestyle increase risk for insulin resistance 
and should be managed aggressively; however, they 
are not necessarily an essential characteristic of this 
complex syndrome.

Nutritional Modulation

In addition to appropriate lifestyle changes, insulin 
and glucose balance can be promoted through dietary 
adjustments and the use of select nutritional supple-
ments. The relative amounts and types of carbohydrate, 
protein, fat, and fiber are all important factors that 
influence glucose availability and insulin secretion and 
therefore may be important in managing IRS. Dietary 
recommendations for patients with insulin resistance 
should be individualized, with consideration given to 
eating habits and other lifestyle factors. Nutritional sup-
plement recommendations are then developed to meet 
treatment goals and desired outcomes. Monitoring met-
abolic parameters, including blood glucose, lipids, 
blood pressure, and body weight, as well as quality of 
life, is crucial to ensure successful outcomes.

Food as Medicine

Macronutrients influence both glycemic and insulin 
response. The ratio and type of macronutrients are 
important considerations, yet the dietary prescription 
remains controversial. A high-carbohydrate, low-fat diet 
for type 2 diabetics has been shown in some studies to 
produce adverse lipid and glycemic effects. High carbo-
hydrate diets (60–70% carbohydrate) decrease insulin 
receptor numbers, probably as a result of the increased 
insulin cellular contact and resultant receptor downreg-
ulation.412 Some studies have shown that high-carbohy-
drate diets increase triglyceride and VLDL cholesterol 
levels, and elevate insulin and glucose concentrations in 
type 2 diabetics.413,414 Fat in general has been thought to 
have little insulinogenic effect. However, alterations in 
membrane lipid composition and membrane fluidity 
influence important cellular functions. Studies have sug-
gested that there is an altered membrane dynamic in 
type 2 diabetics as compared to normal controls, which 
may influence insulin action. This underscores the 
importance of the physiochemical properties of the cell 
membrane to control the activity of membrane proteins 
such as insulin receptors. If the decreased response to 
insulin is, in part, the result of a defect in characteristics 
or functions of the receptor caused by altered membrane 
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fluidity, attending to membrane dynamics becomes an 
important therapeutic target.415

Fatty acids within the phospholipid bilayer help to 
determine the physiochemical properties of membranes 
that, in turn, influence cellular functions, including 
hormone responsiveness. Dietary fat has been shown 
to determine to a large extent the composition of cell 
membrane phospholipids. It appears that direct alter-
ations in the fat composition of the cell membrane 
can induce changes in insulin responsiveness. The long-
chain polyunsaturated fatty acids (PUFAs) can modulate 
the function of insulin receptors and glucose transport-
ers through effects on the physical properties of the sur-
rounding lipid environment.416 In cultured cells, 
increasing cell membrane content of PUFAs increases 
membrane fluidity, insulin binding to receptors, and 
insulin action.417 In animal models it has been shown 
specifically that omega-3 fatty acids (explored in depth 
in Chapter 27) such as eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) have a beneficial effect on 
plasma insulin and lipid concentrations.418 Conversely, 
saturated fats and trans fatty acids decrease membrane 
fluidity and decrease binding of insulin to its recep-
tors.419,420,421 When omega-3 fatty acids are substituted 
for other sources of fat in a high-fat diet, insulin resis-
tance in skeletal muscle may be prevented.422,423 In 
human trials, monounsaturated diets appear to mitigate 
against these adverse changes as well.424 For these rea-
sons, the high-monounsaturated fat diet (popularized as 
the Mediterranean Diet) has been proposed as an alter-
native to the high-carbohydrate diet. Studies using a 
lower carbohydrate, higher monounsaturated and poly-
unsaturated fat diet show decreased fasting glucose, 
insulin, and triglycerides.425,426,427 Most, but not all,428 
studies have supported this conclusion.

Studies using dietary approaches to treat individuals 
with insulin resistance have been inconsistent. This may 
be explained in part by the wide range of physiologic 
effects that equal amounts of different carbohydrates 
may have on glucose regulation. This variation in 
response to carbohydrates has resulted in the study of 
the glycemic index (GI). The concept of GI developed as 
the result of intensive carbohydrate research showing 
that similar amounts of carbohydrate in foods did not 
elicit similar postprandial glycemic responses.429,430 The 
GI of a food is defined as the blood glucose response to 
a 50-gram available carbohydrate portion of that food 
expressed as a percentage of the response to the same 

amount of carbohydrate from a standard food, which is 
either glucose or white bread. The GI value depends on 
a number of factors, such as degree of starch gelatiniza-
tion, physical form of the food, acidity, food processing, 
and the presence, amount, and type of protein, fat, fiber, 
and available carbohydrate in the food. Of these, the 
effects of fiber and type of starch on glucose response 
deserve further mention.

It is well known that fiber plays an important role in 
affecting insulin and glucose response.431,432 High fiber, 
independent of total carbohydrates, has a beneficial 
effect on blood glucose control and atherogenic lipopro-
teins.433 It appears that soluble fibers in particular act 
favorably on blood insulin concentrations. Their mode 
of action appears to be in slowing gastric emptying and, 
to a lesser extent, inhibition of starch degradation in the 
upper small intestine.434 The type of starch is also an 
important issue in the GI tract. Because of its structure, 
the starch amylose, as opposed to the more common 
amylopectin, has a significant positive impact on insu-
lin response in both animal and human studies.435,436 
Insulin and triglyceride levels were reduced in individu-
als placed on a high-amylose diet, suggesting a benefi-
cial effect on factors involved in insulin sensitivity.437 
Studies also suggest that a low-GI dietary plan helps con-
trol blood sugar levels and leads to decreased caloric 
intake.438 Overall, studies in both men and women show 
that diets with a low GI are associated with a lower risk 
of developing type 2 diabetes and heart disease.439,440 
Recently, the United Nations World Health Organization 
has recommended that all people base their diets on 
low-GI foods.

Protein may also have an impact on insulin and 
glucose response. Some studies have shown protein 
ingestion results in a blunting of the glucose rise and 
insulin response in normal individuals.441 However, 
more recent work suggests that protein-rich foods may 
vary in their effect, although in general they exhibit a 
low to modest response.442

Selected Nutrients and Phytonutrients

Research has shown that many vitamins, minerals, 
and certain phytonutrients have the potential to 
improve insulin sensitivity and stabilize blood glucose 
levels. The mechanism of action for many of these sub-
stances has not been completely elucidated and remains 
under intense investigation. The following is not an all-
inclusive list, but highlights some key nutrients and 
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phytonutrients that show significant promise in their 
ability to modify insulin resistance.

Magnesium. Magnesium plays an important role in 
glucose homeostasis by altering both insulin secretion 
and action. Adequate intracellular magnesium concen-
trations may therefore allow for improvement of glu-
cose handling.443 Daily magnesium supplements appear 
to improve the behavior of hormone receptors and 
improve glucose transport into the cell.444 Tissue levels 
of magnesium are often low in diabetics and in individ-
uals with normal glucose disposal.445,446,447 Low intra-
cellular magnesium results in impairment of insulin 
action and a worsening of insulin resistance in hyper-
tensives and type 2 diabetics.448,449 A low magnesium 
concentration in nondiabetic subjects has been associ-
ated with relative insulin resistance, glucose intoler-
ance, and hyperinsulinemia.450

Chromium. A great deal of work has been done on 
the relationship between chromium and glucose toler-
ance.451,452 Certain lipophilic forms of chromium have 
been shown to increase membrane fluidity and insulin-
mediated glucose uptake in cultured cells and animal 
models. Chromium may affect the action of insulin by 
influencing the rate of insulin internalization, which 
may regulate the synthesis or insertion of insulin recep-
tors into the plasma membrane.453 Chromium functions 
physiologically to promote the insulin responsiveness 
of skeletal muscle, and probably adipocytes as well. 
Chromium deficiency is also associated with elevated 
blood glucose levels, hypercholesterolemia, and the 
development of aortic plaques.454 Beneficial effects of 
supplemental chromium on serum lipids have been 
reported in controlled trials.455 Recent studies have 
examined the use of chromium in type 2 diabetics and 
suggest that fasting and postprandial blood sugar and 
insulin, as well as glycated hemoglobin, are signifi-
cantly reduced with supplementation.456,457

Vanadium. Vanadyl sulfate is a salt of the mineral 
vanadium. Although vanadium is ubiquitous in the 
environment, its essentiality in humans has not been 
established. However, results from deficiency studies are 
highly suggestive of an essential role for vanadium as a 
nutrient in humans.458 In both animal and human stud-
ies, vanadate and vanadyl forms of vanadium have 
demonstrated insulin-like effects on glucose metabo-
lism.459 However, its exact physiological action is not 
completely understood. It does not replace insulin by 
its action, but rather appears to activate cellular insulin 

receptors either by phosphotyrosine phosphorylation 
or via inhibition of phosphotyrosine phosphatase 
enzymes.460,461 This leads to an increase in glucose trans-
porter proteins (GLUTs) in the plasma membrane, 
which are essential for the transport of glucose into the 
cell. In human trials, vanadium has been shown to 
improve insulin sensitivity in type 2 diabetes at dosages 
of 100–125 mg/day.462,463,464 There is currently no RDA 
for vanadium. The upper safe limit has been set by the 
U.S. Food and Nutrition Board at 1.8 mg/day; therefore, 
ingesting 50–100 mg long-term may be dangerous. In 
fact, a recent study suggested chronic exposure to high 
levels of vanadium reduces cognitive abilities.465 While 
this was not from oral ingestion of vanadium, caution is 
called for in long-term supplementation with high lev-
els of vanadium, and supplementation should be 
strictly monitored.

Biotin. Biotin is a vitamin that can be synthesized 
by microflora in the colon. Biotin deficiency has been 
suggested to result in an impairment of glucose toler-
ance. Animal studies suggest that a high biotin intake 
can improve the metabolism and/or utilization of glu-
cose without the acceleration of insulin secretion from 
the pancreas.466 Human studies indicate that intrave-
nous biotin may be useful in the management of diabe-
tes.467 Additionally, it has been observed that high dose 
oral biotin (9 mg/day in divided dosages) may substan-
tially lower fasting glucose in type 2 diabetic patients.468 
While the mechanism remains unclear, it may be due to 
the enhancement of the biotin-dependent enzyme, 
pyruvate carboxylase, and its effect on utilization of 
glucose in the citric acid cycle.

Conjugated linoleic acid. Conjugated linoleic acid 
(CLA) is a mixture of isomers of linoleic acid and is 
found naturally in dairy products and meats. In vitro 
models using CLA have shown effects on peroxisome 
proliferators (PP) similar to those seen with the class of 
oral insulin-sensitizing agents known as thiazolidinedi-
ones.469,470 PPs exert their biological responses as the 
result of activation of a subgroup of nuclear steroid hor-
mone receptors known as peroxisome proliferator acti-
vated receptors (PPARs). PPARs appear to modulate lipid 
and insulin metabolism through a variety of mecha-
nisms, including regulation of gene expression and an 
increase in the mobilization and production of GLUTs. 
The PPAR agonist drugs, classed as thiazolidinediones, 
have been shown to decrease circulating glucose levels 
and also reverse insulin resistance.471 CLA has been 
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shown in animal studies to share some functional simi-
larities to these thiazolidinediones, and has further 
been shown to normalize impaired glucose tolerance 
and improve hyperinsulinemia.472 However, clinical 
human research has been inconclusive.

Alpha-lipoic acid. Animal and human studies sug-
gest that alpha-lipoic acid (ALA) increases insulin-stim-
ulated glucose disposal. The mechanisms of action may 
involve improvement of glucose transport, an increase 
in the number or activation of glucose transporter pro-
teins, or an increase in non-oxidative or oxidative glu-
cose disposal.473,474,475,476 Recent human trials suggest 
that oral administration of ALA (600–1800 mg/day for 
four weeks) can improve insulin sensitivity in patients 
with type 2 diabetes.477 Additionally, a number of trials 
have also been conducted using ALA in the treatment of 
diabetic polyneuropathy (DPN) with doses of at least 
600 mg per day. Results generally demonstrate that ALA 
improves this condition and support the assumption 
that ALA might exert some of its beneficial effects unas-
sociated with glucose disposal. One hypothesis suggests 
that its effects in DPN are at least partially due to 
improved microcirculation.478

Green tea. Green tea may have important effects on 
insulin modulation. Primary phytonutrients in green 
tea are the catechins and epicatechins. In vitro and ani-
mal studies have shown catechins to be an insulin sen-
sitizer, pancreatic protectant, helpful in the delay of 
glucose absorption, and able to repress hepatic glucose 
production.479,480,481,482,483 While the dosage for humans 
is not clear, doses of 200–400 mg/day of catechins have 
been used in various studies in other areas and appear 
to be very safe. 

Cinnamon. Work on cinnamon began a few years 
ago with in vitro data that suggested this common spice 
had bioactive compounds that might have insulin-like 
effects.484 Other in vitro work appeared to confirm 
this.485,486 Follow-up animal experiments suggest that 
long-term use of cinnamon bark might provide benefit 
against diabetic complications.487 Recently, the first 
human clinical trial was published. In this placebo-
controlled study, diabetic subjects given as little as 
1 g/day of cinnamon powder for six weeks showed 
improvements in fasting glucose, triglycerides, LDL 
and total cholesterol.488

Summary

IRS is a complex disorder that requires a multifaceted 
plan to manage. With estimates that over a quarter of the 
United States population may already have signs and 
symptoms suggestive of this dysfunction, relying prima-
rily on a pharmacological approach after a frank disease 
such as diabetes or heart disease has been diagnosed 
seems far too costly and unlikely to stem the rising tide. 
A primary prevention and early treatment strategy 
should be to maintain a healthy balance between glucose 
and insulin throughout each person’s life by focusing on 
diet, nutritional supplementation, exercise, and other 
lifestyle modifications.

Perimenopause, Menopause, and Women’s 
Health: The Dance of the Hormones, Part II
Bethany Hays, MD

Introduction

The job of the clinician is to translate the scientific 
information obtained from various sources into a sys-
tematic evaluation and treatment plan for patients with 
specific or general complaints, or for patients who sim-
ply wish to stay healthy and enjoy a long life. Such an 
evaluation and treatment plan can be created in the 
area of female hormone therapies, despite the current 
fluctuations in the standard of care and the rapidly 
changing stream of information, by using the concepts 
of functional medicine.

A Clinical Approach

Although many clinicians are trained using a “proto-
col” approach, patient-centered care has more recently 
come to the forefront. Recognizing that treating individ-
uals rather than the mean of a group (the bell-shaped 
curve) is a cornerstone of functional medicine.

Assessing Body Type

The first step in the assessment of the individual 
patient is to take a history and conduct a physical 
exam. Functional medicine—and the matrix (Chapter 
34)—present a wonderfully coherent way to receive and 
organize the information uncovered in this process. 
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Physical examination of patients starts when you first 
set eyes on them:

• Look at body size and shape (weight distribution).
• Assess skin color, temperature, and tone. Is the 

hand trembling or sweating when you shake it?
• Notice any visible rashes or evidence of dry skin.
• Note posture, demeanor, and movement.

Although an initial evaluation should never be done 
with the preconceived idea of focusing on a specific part 
of the functional medicine web, when the clinician finds 
a preponderance of clinical issues in the neuroendocrine 
part of the web, he/she should start the evaluation of the 
patient by noticing size and weight distribution. Diana 
Schwarzbein describes the body habitus of people with 
dominance of the three major hormones.489

1. Adrenaline or Catecholamine—Members of this 
group are thin, with muscle wasting in any muscles 
they are not specifically exercising. Fortunately, 
many of them are exercising; unfortunately, the 
purpose of their exercise and other lifestyle activi-
ties is to stay thin. Many are overexercising, with a 
concomitant elevation in adrenaline levels. Ironi-
cally, even in 
the context of increased exercise, they lose muscle 
mass secondary to the metabolic effects of increased 
adrenaline levels. The marathon runner is the pro-
totypical adrenaline body type.

2. Cortisol—Members of this group usually move to a 
high cortisol neuroendocrine pattern after years of 
living a high-stress, high-adrenaline/catechola-
mine lifestyle. With elevated cortisol comes a new 
fat distribution around the midsection. Contrary to 
popular belief, the apple body shape is less likely to 
be an indication of high insulin and more likely to 
be a sign of high cortisol. After many years of high 
cortisol output, they may progress to a cortisol defi-
ciency state with relative inability to respond ade-
quately to intercurrent stresses. Allergy, as an 
expression of relative adrenal exhaustion, can 
become a major component of their symptomatol-
ogy with accompanying “allergic shiners.” Inflam-
matory symptoms also occur due to the inability to 
provide adequate cortisol response. If they have 
maintained an exercise program, they may not 
manifest the final step—insulin resistance.

3. Insulin—Members of this group are the insulin-
resistant, and/or diabetic patients. They often put 

weight on everywhere. They get there one of two 
ways: through a high cortisol lifestyle or through 
dysfunctional genetics. The former will have the 
apple body shape of their previous high cortisol 
and the latter may not. In the unusual case, a client 
can present with insulin resistance with a thin body 
habitus, so be cautious!

Since there are many factors active in the produc-
tion and distribution of fat and muscle mass, this 
approach is not completely accurate, but it is surprising 
how often the body-type assessment is a useful finding 
in setting the course for further assessment.

Patient-centered History

After the initial assessment, the clinician should 
take a thorough history. (Chapter 34 provides an in-
depth review of the overall patient assessment process.) 
Allowing patients to tell their stories, without interrup-
tion if possible, can be a valuable tool for the functional 
medicine practitioner. Most patients have never had an 
opportunity to do this without significant interruption. 
Engaged listening can create a context of safety for deeper 
revelations by the patient about their observations and 
fears related to their own bodies. (Chapter 36 explores 
the doctor-patient relationship in detail.)

While taking the history, the clinician should look 
for symptoms that suggest imbalances in major or minor 
hormones. A thorough menstrual history, including 
onset, frequency, length, volume, and character of flow 
in the past and recently, is important for the clinician 
assessing hormones. Other key indicators to look for 
include:

1. Evidence of estrogen dominance
• Breast tenderness
• Fibrocystic changes
• Heavy periods
• Fat distribution in the hips or thighs
• Anxiety
• Recent growth of fibroids
• Presence of endometriosis or symptoms sugges-

tive of it, such as pain or dysmenorrhea
2. Lack of progesterone or imbalance between 

estrogen and progesterone
• Spotting before and after the period
• Anxiety
• Oral contraceptive use
• Hormone replacement of estrogen only
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• Perimenopause
• Oligo-ovulation such as in PCOS

3. Signs of perimenopause and menopause
• Irregularity in menstrual cycle
• Changes in length and flow of menstrual cycle
• Increasing PMS symptoms
• For postmenopausal women—when did they go 

through menopause; was it natural or surgical?
4. Whether the patient has had a tubal ligation or 

hysterectomy with or without removal of the 
ovaries. Both of these procedures can affect ovarian 
steroid output, either temporarily or permanently, 
often without the patient knowing (since the uterus 
is absent). Many women have been started on hor-
mone replacement therapy before they were truly 
menopausal and need to be tested to confirm their 
true status.

A pregnancy history should pay attention to size of 
infants, complications during pregnancy, any history of 
infertility and how it was managed, and what kinds of 
problems the children are having. (A major source of 
stress for mothers, with accompanying neuroendocrine 
imbalances, is the health of their children; some func-
tional medicine guidance about issues such as family 
nutrition can make huge difference in the patient’s life.)

The clinician should also be looking for evidence of 
imbalance in other systems that affect or interact with 
the female hormone system:

1. Testosterone imbalance
• Acne
• Anger or aggressiveness
• Changes in libido
• Hair growth or loss and distribution
• Loss of muscle mass

2. Thyroid dysfunction
• Constipation
• Low or loss of energy
• Muscle pain or burning
• Changes in skin or hair
• Depression
• Irregular bleeding

3. Neuroactive chemical imbalance
• Depression
• Anxiety
• Hot flashes
• ADD
• Poor sleep

4. Elevated adrenaline
• Heart palpitations
• Anxiety

5. Inability to secrete adrenaline when needed (diz-
ziness upon standing up)

6. High cortisol
• Frequent colds or infections
• Difficulty losing abdominal weight

7. Inability to secrete cortisol when needed
• Allergies
• Inflammatory diseases
• Autoimmune diseases
• Any problem that has been treated with corti-

costeroids
8. Insulin resistance

• Infections or poor wound healing
• Brain fog
• Difficulty losing weight
• Carbohydrate cravings
• Excessive weight gain in pregnancy, or
• A large-for-gestational-age baby

9. Inflammatory conditions
• Dysmenorrhea
• A history of endometriosis
• Skin rashes
• Arthritis and other pain symptoms

Once a picture of the patient’s “functional web” has 
been created from the history, we proceed to the physi-
cal examination. Since most patients who come with 
the idea that they are there to get help with hormonal 
problems need a gynecologic exam, the following will 
be familiar to the gynecologist but incomplete from a 
general medical practice point of view. (A more com-
plete approach is discussed in Chapter 34.)

Physical Examination

Important things to look for relative to endocrine 
function include (but are not limited to):

1. Vital signs
• Height and weight
• Especially palpitations or elevated pulse
• Elevated BP
• Orthostatic hypotension

2. Skin
• Turgor
• Dryness
• Rashes
• Hair distribution
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• Flushing or mottling
• Acne

3. Thyroid
• Enlargement
• Loss of tissue
• Evidence of autoimmune disease (gland 

consistency)
• Tremor
• Eye signs (e.g., exophthalmia, lid lag)

4. Breast
• Cysts
• Masses
• Fibrocystic changes
• Tenderness
• Discharge
• Dimpling

5. Abdominal exam
• Abdominal obesity
• Liver size
• Presence of gas or constipation
• Masses
• Ascites

6. Vaginal exam
• Vulvovaginal atrophy
• Amount and type of discharge

7. Uterine exam
• Fibroids
• Increased size or bogginess of the corpus
• Fixation or evidence of adhesions

8. Ovarian exam
• Size
• Symmetric cystic enlargement
• Masses suggestive of endometriosis or cancer
• Fixation or evidence of adhesions

The clinician should be looking for signs of imbal-
ance of the major hormones (adrenaline, cortisol, and 
insulin), evidence of high or low estrogen effect, under-
production or overproduction (or more often overdos-
ing) of progesterone, evidence of overproduction or 
effect of testosterone, hypothyroidism or less often 
hyperthyroidism, as well as any pathology.

Most of the other imbalances of the endocrine system 
will require laboratory evaluation to ferret out. However, 
by the end of the history and physical, the clinician 
should have a reasonably clear picture of the three major 
hormones, the estrogen effect, the balance between 
estrogen and progesterone, and the presence of excessive 
or inadequate testosterone.

Laboratory Evaluation

A good clinician should use both clinical evaluation 
and laboratory data to evaluate hormonal status. 
Although liberal use of laboratory evaluation can be 
reassuring, the idiosyncrasies of hormonal fluctuation 
and the limitations of laboratory testing can lead to 
excessive expense and unhelpful information. There-
fore, the clinician must learn to use the patient’s symp-
toms and responses to guide diagnosis and therapy.

Because of the current concerns about hormone ther-
apy, a clinician should have a low threshold for obtain-
ing laboratory documentation of the levels of hormone 
replacement once a stable regimen is established, assur-
ing that the therapy and dosage are normalizing hor-
mone levels and not creating non-physiologic levels.

Evaluating hormone levels is difficult at best. Which 
test? Which fluid(s)? When to test? Ideally, one would 
test the levels in the tissue of interest; however, this is 
not yet clinically feasible in most instances. It is impor-
tant to remember that hormone levels in various tar-
get body tissues are likely to be very different than in 
the body fluids tested (blood, urine, or saliva).490 
Breast tissue for instance, especially in the area sur-
rounding tumors, has been shown to elaborate aro-
matase, 17-OH-ase, and sulfatase, sometimes 
significantly increasing the local level of estrogens.

In addition to the absolute values of various hor-
mones, it is important to assess the ratios of hormones 
that interact with each other, such as estrogen and 
progesterone, bound and unbound estrogen and test-
osterone, and 2/16-OH estrogen metabolites.

Because of the normal fluctuations of these hor-
mones, it may be necessary to obtain multiple samples 
in order to average the levels over time and get an accu-
rate picture. This is especially true premenopausally 
when there are dramatic fluctuations over the course of 
a single menstrual cycle. When evaluating multiple sam-
ples over the course of a menstrual cycle, it is most prac-
tical to obtain salivary hormone levels so that patients 
can do home collection of samples every few days over 
the course of a month. Because there is less fluctuation 
of testosterone over the month (except during mid-
cycle), a single testosterone level during the month is 
usually adequate. This type of collection over the course 
of a month can be helpful to assess presence of ovula-
tion, luteal phase deficiency (helpful in fertility patients 
and with certain types of menstrual abnormalities), and 
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ratios of estrogen to progesterone that can be compared 
with standards.

Single salivary hormone levels can be more prob-
lematic. Although single salivary estrogen levels appear 
to be reliable, there is considerable debate about the 
interpretation of salivary progesterone levels491,492,493,494 
and testosterone levels.495 In particular, there has been 
controversy about the effectiveness of transdermal 
progesterone in protecting the endometrium and bone, 
and in the appropriateness of using salivary hormone 
levels to monitor progesterone transdermal therapy. It is 
clear that salivary progesterone, while reported to 
reflect the levels in serum, is much higher in saliva 
when administered transdermally than when given by 
mouth. The explanation for this has been that progest-
erone in transdermal creams is lipophilic and is 
absorbed by red blood cells in the capillaries, keeping 
serum levels low while delivering higher doses to tis-
sues. A study by Lewis et al.496 using 20 and 40 mg doses 
of progesterone transdermally showed elevated and 
variable salivary hormone levels and no increase in RBC 
membrane levels of progesterone. In addition, despite 
high levels of progesterone in salivary secretions, most 
studies show failure of secretory changes in the 
endometrium with transdermal progesterone regi-
mens,497 suggesting that levels may differ from one tis-
sue to another. It should be noted, however, that in 
spite of this failure to induce secretory changes, the lev-
els of progesterone reaching the endometrium appear to 
be able to prevent endometrial hyperplasia, the goal of 
most postmenopausal progesterone therapies.498

Urinary hormone levels over 24 hours allow an 
average level of hormone to be determined and the 2- 
to 16-OH estrogen ratio can be determined. Collection 
can be done at home, but is somewhat cumbersome for 
patients and must be compared to creatinine excretion 
to insure adequacy of collection.

Serum hormone levels correlate with perhaps the 
largest number of reported studies, and, in addition, 
serum hormone levels are more likely to be covered by 
insurance companies (with the right diagnostic codes). 
They are limited by providing only a “snapshot” of the 
often fluctuating hormonal milieu. As stated before, 
serum hormone levels do not necessarily reflect the lev-
els in target tissues and therefore reflect availability of 
hormone precursors perhaps more than they reflect 
hormone effect.

In summary, because of complicating variables such 
as the difference between blood and tissue levels of hor-
mone, and because of the biological effect of metabo-
lites, xenoestrogens, and nutritional estrogens, the 
relevance of the measured hormone levels should be 
assessed with some degree of circumspection. The clini-
cian will have to determine by experience which labora-
tory assessments to use in a given clinical picture (serum 
in single sample postmenopausal women whose hor-
mones are relatively stable vs. multi-sample salivary col-
lections in premenopausal women for the purposes of 
documenting ovulation or perhaps assessing hormone 
balance). In order to evaluate hormonal balance, hor-
mone load, and free hormone levels, ordering serum 
testosterone, progesterone, 2- and 16-OH estrogens, and 
SHBG, all collected at the same time, will prove useful. 
The clinician should try several of these approaches and 
familiarize him/herself with an approach that seems to 
correlate best with the patient’s symptoms and needs.

Prescribing Hormones

When prescribing hormones in my clinical practice, 
I am guided by the following principles:

1. Replace human hormones with bioidentical 
hormones.

2. Attempt to return hormone levels to “normal” 
physiological levels.

3. Attempt to give the hormone in the most physio-
logical way.

4. Remember to consider other hormones that may 
affect the level of the hormone you wish to treat.

5. Check hormone levels by laboratory testing, if pos-
sible, to be sure you are creating normal levels.

6. Whenever possible, check downstream metabolites 
of administered hormones and hormones whose 
levels may be affected by the therapy.

Although it has been suggested that there is no evi-
dence to prefer bioidentical hormones,499 it is clear that 
laboratory evaluation of hormone therapy requires that 
the hormones that are given and their metabolites be 
measurable with the clinically available laboratory tests. 
This cannot be done for conjugated estrogens or the 
commonly used progestins. The need to be able to evalu-
ate levels of administered hormone is particularly impor-
tant given the unstable medical-legal environment 
relating to hormone replacement therapy in menopause. 
In addition, the estrogens most frequently used in the 
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U.S. (conjugated equine estrogens) have a substantially 
different metabolism due to the large fraction of equine 
estrogens and the fact that because of the unsaturated B 
ring they are metabolized to DNA-damaging qui-
nines.500,501 Some metabolites of equine estrogens are 
stronger estrogens than their substrate.502

Philosophically, one would think that the path of 
evolution would be more reliable than the rather brief 
history of human intervention, so whenever possible 
one should try to return hormone levels to established 
norms for age and gender. In order to achieve the inte-
gration of these goals into practice, the following ques-
tions should be asked and (hopefully) answered prior to 
initiating therapy:

1. Is the gland over- or, more often, underproducing 
the hormone?

2. If so, is it because it is “broken” (absent or affected 
by autoimmune disease)?

3. If it is not “broken,” is it compensating for another 
hormone that is abnormally low or high?

For example, it is conceivable that when adrenaline 
is high, thyroid will compensate to protect the heart 
from arrhythmias and excessive pulse rates. In this envi-
ronment, administering thyroid hormone may put the 
heart under further stress. Without understanding this 
reciprocal relationship, many clinicians have had the 
experience of treating patients with symptoms of bor-
derline hypothyroidism and slightly elevated TSH levels 
with a trial of thyroid hormone. The patient would 
return complaining that the cardiac and nervous symp-
toms were too much to handle. It is possible that these 
patients’ low thyroid function was balancing their high 
adrenaline state. Attempts to “normalize” their thyroid 
levels failed because the intervention (thyroid replace-
ment) inadequately assessed the total metabolic picture. 
Thus, basing treatment of thyroid on a clinical parame-
ter such as low basal body temperature without consid-
eration of the complex mix and interaction of hormones 
can lead to further loss of hormone flexibility. Therefore, 
in the appropriate clinical context, it might be advisable 
to address the high adrenaline (catecholamine) levels 
with diet, lifestyle, and supplement approaches before 
treating borderline hypothyroidism with thyroxine or 
triiodothyronine.

In menopause management, there are currently two 
competing philosophies: one position suggests that pre-
menopausal women are normal and postmenopausal 

women are hormone deficient. The other says that pre-
menopausal women are hormone toxic in order to have 
babies and postmenopausal women are normal. Depend-
ing upon which philosophy the clinician adheres to, he/
she will treat postmenopausal women differently. In the 
first instance, the clinician will wish to return postmeno-
pausal hormone levels to “normal” premenopausal lev-
els; in the second, he/she will try to normalize women at 
a postmenopausal level of hormones. This author is an 
advocate of the second philosophy.

Since the WHI, there has been a growing discussion 
in the gynecological literature suggesting that if women 
are given low-dose hormone replacement they will not 
need progesterone therapy even if they retain their uter-
uses.503 This suggests that if postmenopausal women are 
only replaced to a level at the lower end of the range for 
normal menopause (10–40 pg/mL504), normal progester-
one levels produced by the adrenal glands could provide 
enough balance to prevent endometrial hyperplasia,505 
as they appear to do in unsupplemented women who 
maintain normal levels of hormone. If, however, adrenal 
progesterone (the primary source of progesterone after 
menopause) is being shifted instead into the production 
of cortisol (e.g., secondary to a stress-prone lifestyle), 
progesterone will need to be replaced to balance estro-
gen in various organ systems including breast, brain, 
bone, and uterus. This may also be true of women who 
have elevated estrogen levels due to obesity or inade-
quate metabolism and excretion of estrogens. These 
women are currently not being evaluated in any specific 
way and may be the true at-risk population. It is the 
author’s suspicion that, at physiologic levels, continuous 
progesterone HRT will not produce insulin resistance (a 
potential side effect of continuous progesterone HRT), 
obviating the need for cycling progesterone as has been 
recommended by some.506 However, since there are no 
randomized studies with this approach, careful monitor-
ing of hormone levels and endometrial assessment with 
periodic biopsy or ultrasound should be done. Fasting 
insulin levels to assess the effects of progesterone on glu-
cose metabolism would also be advisable.

Exogenously administered hormones are metabo-
lized into “downstream” metabolites depending on

• the genetics of the CYP and phase II enzymes,
• the environmental up- and downregulators of 

those enzymes,
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• dosage of hormone given, and
• whether the hormones are synthetic derivatives or 

bioidentical.

It is wise, therefore, to evaluate the downstream 
metabolites, as well as the hormone being adminis-
tered, whenever possible. An example would be to 
obtain 2- and 16-OH estrogen levels before and after 
administering exogenous estrogen. Another would be to 
obtain estrogen and testosterone levels when adminis-
tering pregnenolone or DHEA. Because enzyme func-
tion is often bi-directional, high doses of a hormone 
may flow upstream to precursors; for instance, estriol 
(especially when administered by mouth) has the 
potential to be converted to 16-OH estradiol, a much 
stronger estrogen.507 The author cannot report having 
seen this effect with vaginally administered estriol and 
has inadequate experience with orally administered 
estriol. When evaluating the “estrogen pool,” or the 
totality of estrogen receptor agonists, evaluation of 
SHBG can be useful, as it appears that levels of SHBG 
increase in response to many of the downstream metab-
olites, as well as to estrogen, estrone, and testosterone.

Balancing Hormones after Menopause

Ultimately-the role of hormone replacement is to 
replace or re-balance (a much more complicated pros-
pect) missing or underproduced hormones. Since the 
various hormones interact with each other, it is impor-
tant to try to understand whether a hormone is missing 
or is low because it is compensating for another hor-
mone that is elevated or depressed.

It should also be remembered that normal levels of 
estrogen in postmenopausal women decline from 
around 30 pg/mL soon after menopause to as low as 5 
pg/mL in later years. Women with undetectable levels of 
estrogen, however, were found to have increased risk of 
osteoporosis.508 Although levels in the range of 8 pg/mL 
were not shown to increase the risk of endometrial can-
cer,509 the higher the level of estrogen, the more likely 
endometrial hyperplasia is to occur unless opposing 
progesterone is given. Presumably, in women with low 
(normal) levels of estrogen, the progesterone balance is 
supplied by adrenal progesterone. Therefore, it might be 
assumed that women under stress might also be imbal-
anced with regard to progesterone and at higher risk for 
endometrial hyperplasia.

If estrogens are replaced, the level of balancing 
progesterone should be evaluated. If endogenous 
progesterone levels are low or endogenous estrogens are 
high, progesterone should be replaced or adrenal stress 
minimized to get endogenous levels back to a point of 
balance. When progesterone is administered vaginally, 
higher levels are found in the endometrium than in 
serum,510 which may be important since both transder-
mal and transvaginal progesterone administration have 
been shown not to produce serum levels consistent 
with luteal phase. As stated previously, that does not 
necessarily mean that the patient is susceptible to 
endometrial hyperplasia or cancer. It also appears that 
luteal phase levels are not necessary if estrogens are 
replaced at low postmenopausal levels.511 Remember, 
the goal is to normalize hormone levels. It is important 
to remember that after menopause estrogens come pri-
marily from peripheral sites that may be preserved even 
in the absence of ovarian tissue. Testosterone comes 
from both the adrenals and the ovaries, about 50% from 
each, and may need to be replaced, especially in the 
case of oophorectomy. Progesterone comes primarily 
from the adrenals and levels can be depressed when 
there is a high demand for cortisol such as with stress,512 
allergy,513 or inflammatory processes.

It is clear from the work of Hlatky, using the HERS 
trial data514 and reconfirmed in the WHI,515 that the 
majority (approximately 80%) of postmenopausal 
women do better without any hormone replacement. 
There are only a small number of women who will need 
HRT, and these are likely to be women with underfunc-
tioning ovaries either from surgical removal, autoim-
mune destruction, or perhaps compensation for 
prolonged elevated levels of other hormones such as 
adrenaline; underlying imbalances of other hormones 
can be addressed with diet and lifestyle changes. The lat-
ter make up a significant percentage of the women who 
have undergone natural menopause but are complain-
ing of hot flashes, insomnia, and anxiety/depression.

Estrogen administration. The most important 
symptoms that lead a woman or her practitioner to con-
sider HRT are hot flashes,516 insomnia,517 and depression 
or anxiety.518 Since these are all primarily brain symp-
toms, it is important to note that the brain is an ER- 
rich organ. It would take much higher doses of estrone 
or estriol to engage these brain receptors and it is likely 
that they would have to be converted to estradiol to be 
effective. Nutritional phytoestrogens such as genistein 
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and coumestrol, on the other hand, might have a bene-
ficial effect.519,520 This thinking has led the author to 
turn away from HRT containing estrone and estriol as 
the primary treatment for brain symptoms. The goal is 
to get the best, targeted effect while giving the smallest 
number of estrogen-like molecules, in the event that 
metabolism or excretion is not ideal.521 Remember, it 
takes very few estradiol molecules to have a powerful 
effect. Although estradiol engages both the - and -
receptors and therefore would be expected to have 
effects in the endometrium and breast (where growth 
stimulation would not be desirable after menopause), 
smaller doses are in the long run more physiologic and, 
if properly balanced with progesterone and perhaps 
testosterone, appear to be relatively safe.

Since the route of administration is clearly impor-
tant, both in obtaining adequate blood and (brain) tis-
sue levels and in the liver effects of these hormones, the 
most physiologic way to give HRT is via a route that 
does not produce first-pass effects in the liver. Transder-
mal estradiol is now readily available in commercial 
preparations of gels and patches. Transvaginal routes 
also appear effective. Although there would be a con-
cern regarding higher levels of estrogen in the uterus 
when giving transvaginal estrogen, the higher uterine 
levels of vaginally administered progesterone, on the 
other hand, would be expected to be advantageous. 
Other routes, such as injectable and subdermal pellets, 
are also available, but are not as acceptable to patients 
or as easily managed by the practitioner. Buccal estro-
gens via troches are available from formulating pharma-
cies but provide a mixture of transmembrane and gut-
absorbed hormone, and thus might be expected to have 
increased liver first-pass effects.

Since absorption from many of these routes varies 
from woman to woman, dosages should be started at 
low levels and titrated to the normal range. Patient 
symptoms can be used to determine that treatment 
effects are in the normal range (minimal hot flashes 
without insomnia and no breast tenderness or bleed-
ing). Following normalization of symptoms, hormone 
levels can be obtained.

Progesterone administration. Progesterone can 
be administered with commercially prepared and tested 
oral and transvaginal formulations, and formulating 
pharmacies will make transdermal, buccal, oral or 
transvaginal preparations. Commercially prepared 
transdermal creams are also available with varying 

amounts of USP progesterone per ounce. Levels 
obtained via any of these routes are highly variable due 
to differences in dose, absorption, and metabolism. 
When using progesterone primarily to protect the 
endometrium, rather than to support cortisol produc-
tion or suppress anxiety, the vaginal route has the 
advantage of providing high local levels of progester-
one without increasing serum levels appreciably.522 Oral 
progesterone will in general have better effects on brain 
symptoms of anxiety because of its first pass through 
the liver, with subsequent production of allopreg-
nanolone, a natural anxiolytic. While not strictly fol-
lowing the rule of normalizing hormones, this strategy 
may be temporarily helpful in women with anxiety. 
Women with very low cortisol output will sometimes 
respond to progesterone in higher doses due to progest-
erone’s position as a cortisol precursor in the hormonal 
cascade. Transdermal preparations can be used and, if 
adequate blood levels are obtained, avoid the sedative 
effect of allopregnanolone in the brain. (The clinician 
should be aware of the potential connection between 
higher cortisol levels and worsening depression.)

Once symptoms suggest appropriate levels and a bal-
ance between estrogen and progesterone, levels should 
be obtained to determine that physiological values have 
actually been attained. Estradiol levels in the 15–25 pg/
dl range, with adequate progesterone (greater than 0.3 
ng/mL—1 ng/dL), are reasonable in the years immedi-
ately following menopause, provided there are no 
symptoms of hormone excess such as bleeding or breast 
tenderness. These levels represent early menopause to 
low follicular phase levels. They have been chosen 
somewhat arbitrarily since “normal levels” are usually 
obtained by measuring hormone levels in populations 
that have not been screened for the kinds of subtle 
mediating systems addressed in functional medicine 
such as adrenal stress, autoimmune destruction of the 
ovary, and testosterone and SHBG imbalances.

It is advisable to obtain informed consent with all 
HRT patients. On the type of regimes described above, 
patients should know that, while their risk of breast can-
cer is higher on any hormone replacement, their quality 
and length of life will be better if their hormones are bal-
anced. If a patient is diagnosed with breast cancer while 
on hormone replacment, the clinician may be legally at 
risk if he or she cannot document such consent.

Replacing hormones after oophorectomy. In what 
appears to be an oversight of gargantuan proportions, 
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women who have undergone removal of the ovaries 
(approximately 50–60% of all women undergoing hys-
terectomy, or 300,000 per year523,524) are often treated as 
simply postmenopausal. The incidence of hot flashes in 
these women is almost three-fold higher.525 These pre-
menopausal women lose estrogen, progesterone, and 
testosterone production compared to “normal” meno-
pausal women. They are also likely to be much younger 
and have potentially higher needs for these hormones. 
Physicians may be unaware of the differences between 
the normal postmenopausal woman and the surgically-
induced menopausal woman; they are often lumped 
together in studies. Differences between these groups 
were noted in the literature as early as the 1930s when a 
Mayo Clinic study showed that the most severe athero-
sclerotic disease was not found in men but in women 
who had been ovariectomized.526

It is important to note that many of the studies on 
animal models that contributed to the early powerful 
bias that hormone replacement was healthy after 
menopause were done on spayed animals, which were 
then replaced with estrogen and/or other combinations 
of hormones. It is also important to note that these ani-
mals were likely to have less genetic diversity than that 
seen in the American human population and therefore, 
at best, would represent only a subpopulation of 
women at risk. Finally, true to expectation, when the 
women in the hysterectomized arm of the WHI were 
analyzed, a lower incidence of breast cancer was found. 
This was predicted, not because there were no 
progestins used, but because the estradiol levels in the 
patients in that study would be expected to be lower, 
since a standardized dosage of .625 mg of conjugated 
equine estrogen (CEE) was given in both arms of the 
study. This translates to a total higher level of estrogen 
in the non-hysterectomized, postmenopausal women 
arm of WHI. Indeed, the hysterectomized ERT group 
had a RR of breast cancer of .77 (CI 0.59–1.01), while 
the risk of breast cancer in the non-hysterectomized 
group was 1.26 (CI 1.00–1.59).527,528

These findings do not prove that estrogen is safe to 
give without progestin; they simply indicate that nor-
mal-to-low levels of estrogen carry a lower risk of breast 
cancer than higher-than-physiologic levels do. And 
these findings do lead us to a rational approach for 
women who have had hysterectomy, with or without 
oophorectomy. The goal should be to normalize hor-
mone levels. For women below the age of 50, normal 

follicular levels of 20 pg/mL to perhaps as high as 60 pg/
mL should suffice. Cycling with progesterone in the 
luteal phase of the cycle is appropriate in the higher 
ranges and is less likely to lead to insulin resistance than 
continuous therapy.529 These relatively lower levels of 
hormone may still yield higher numbers of breast cancer 
than had hormone not been replaced, but leaving these 
women in a sub-physiologic range will increase their 
overall morbidity and mortality. Their risk compared to 
normally menopausal women should be reduced.

Around age 50 and approximately every 10 years or 
so thereafter, hysterectomized women should be re-
evaluated with serum estradiol levels, and hormone 
replacement should be normalized to postmenopausal 
levels at their newly achieved age. ERT is usually not 
necessary after the age of normal menopause, if estra-
diol levels are maintained by fat production. If this is 
not the case, however, ERT should be given transder-
mally. Progesterone will also need to be normalized in 
order to balance brain effects of estrogen. If brain symp-
toms are not a problem, estrogen alone should be given 
until further information is available about bio-identi-
cal progesterone in the menopause. There is inadequate 
support at this time to say that natural progesterone—
even in high doses—supports bone growth or preven-
tion of osteoporosis,530,531 although physiologically this 
is possible. If the woman is under stress, her progester-
one levels are likely to be low and she will need replace-
ment to normalize levels. In these women, bone loss 
will be greater, so care should be taken to attend to nor-
malizing hormones and using nutritional support to 
prevent osteoporosis.

When oophorectomy has been performed, it is 
important to remember that a significant drop in test-
osterone will occur. This is likely to cause further endo-
crine imbalances by increasing SHBG and binding more 
free estrogens and the testosterone that is available from 
the adrenals. Although normalizing testosterone levels 
has been shown to improve libido in postmenopausal 
women, it is not a panacea for loss of libido at midlife.

Use of estriol. Estriol has been used both orally and 
transvaginally with the assumption that because of its 
lower estrogen receptor affinity, it would be safer. Data 
from a case-control study in Sweden,532 where many 
women have been prescribed both vaginal and oral 
estriol, showed an increased incidence of endometrial 
cancer in women taking oral estriol in doses of 1–2 mg, 
OR 2.0 (1.6–2.6), but no statistically significant differ-
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ence in women taking the vaginal preparations of 
estriol or dienestrol, OR 1.2 (1.0–1.6) In this study, 
endometrial cancers were more likely to be lower grade 
and less invasive in women using estriol orally. How-
ever, there was no difference in those using vaginally 
delivered estriol, supporting the lack of connection to 
the vaginally administered hormone. Previous studies 
have shown that estriol in 6 mg oral doses can produce 
vaginal bleeding when progestins are added.533 Studies 
have also shown that lower doses produce decreased 
symptoms and prevention of bone loss.534

Oral estriol is metabolized in the liver by conjuga-
tion, but is not well bound to SHBG or albumin in 
serum. Therefore, levels of free, biologically active 
estriol are significant and can lead to estrogen effects. 
There is also concern that orally administered estriol 
might be processed in a “retrograde” fashion to the 
much stronger 16-OH estrogens of which it is a down-
stream product in normal estrogen metabolism. This 
has not been demonstrated clinically. Vaginal estriol is 
much more readily absorbed; 1 mg of vaginal estriol 
and 10 mg of orally administered estriol appear to have 
similar effects. However, much lower doses of estriol are 
normally administered (1–2 mg orally and .5 mg twice 
weekly vaginally are standard doses in the Swedish 
study cited above). Furthermore, as the vaginal epithe-
lium cornifies under the influence of estriol following 
1–2 weeks of therapy, less of the drug is absorbed.535 
Vaginal estriol appears to be both safe and effective for 
urogenital symptoms.536

Studies suggest that vaginally administered estriol 
(.5 mg daily for 2–3 weeks then twice weekly) is effective 
in the treatment of atrophic vaginitis with minimal if any 
effect on the endometrium. Orally administered estriol in 
a daily dose of 1–2 mg is more problematic and should be 
considered potentially hazardous to the endometrium 
and possibly the breast. Occasionally, women will com-
plain of increased hot flashes that are presumably caused 
by the antiestrogen SERM effect of estriol. I have also seen 
resolution of hot flashes, confirming the individually 
diverse nature of estriol metabolism.

Recently, a murine model of MS has shown poten-
tial benefit from estriol,537 suggesting that it may be use-
ful in autoimmune diseases. Further work will be 
necessary before applying this information to humans.

Replacing testosterone. Testosterone has many 
important functions in balancing the hormonal effects 
of estrogen. Testosterone has numerous effects on 

estrogen availability and effect. Increased testosterone 
decreases sex hormone binding globulin (SHBG), mak-
ing both estrogen and testosterone more available to 
the tissues. In women who are at risk for estrogen-
related tumors, or who have a tendency toward anxiety 
and irritability (PMS), these effects can be undesirable. 
It is important to note, however, that the correct level 
of testosterone must be maintained around .4 ng/mL.538 
When giving testosterone to women, very small doses 
may be adequate. Higher doses will have a negative 
effect on lipids, and possibly vascular compliance, as 
well as producing unpleasant side effects such as acne 
and hair loss.

There is evidence that women with higher levels of 
testosterone have a higher risk of breast cancer.539 This 
report referred to endogenous testosterone and there-
fore may represent metabolic uniqueness (such as the 
effect of insulin on CYP 17,20 lyase in the population of 
women with insulin resistance—a known risk for breast 
and uterine cancer). Testosterone has also been shown 
to decrease the proliferation of mammary epithelium in 
oophorectomized rhesus monkeys given estrogen by 
increasing the ratio of ER-beta to ER-alpha and lowering 
MYC oncogene expression, thereby exerting an anti-
estrogen effect on the mammary epithelium. Once 
again, it is important to first measure the levels of hor-
mones before administering exogenous hormones to 
postmenopausal women and then to monitor levels 
during treatment, as other hormone levels (such as 
insulin or androstenedione) might change with treat-
ment, creating unintended effects.

Testosterone also has central effects, increasing vaso-
pressin, which is associated with better ability to focus 
(its absence has been related to ADHD and chronic 
fatigue) and to libido, explaining some of the positive 
effects of testosterone in postmenopausal women.540

Genomics and Hormone Balance

When family history suggests a genetic pattern of dis-
ease, such as breast or ovarian cancer, genetic testing can 
be both explanatory and helpful in creating therapeutic 
interventions. A number of SNPs have been shown to 
have a relationship to the production and metabolism of 
hormones. As we become better able to identify these 
genetic polymorphisms in our patients, it is important to 
evaluate their usefulness in formulating interventions 
that address manipulation of hormone levels. In a recent 
study in the Journal of the National Cancer Institute, the 
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association between levels of sex hormones and SNPs for 
enzymes that regulate them was studied.541 The results 
from this study suggested that only polymorphisms in 
the CYP19 aromatase enzyme and SHBG contributed to 
the variation in circulating hormone levels. (Remember 
that hormones in the serum do not reflect the local pro-
duction of hormones.) Tumors of the breast in particular 
appear to be able to recruit available genes in the produc-
tion of increased estrogen. This would seem more likely 
than that the cancer cell mutated to produce a gene that 
increased estrogen.

In another study,542 multiple SNPs of interest to hor-
mone metabolism were studied. Of these women, 66% 
had at least two homozygous mutant SNPs of interest. 
A thrombophilic pre-disposition was found in 9.9% of 
women, and 23% of women had at least two SNPs asso-
ciated with an increased risk of breast cancer (COMT, 
CYP17, CYP19, CYP1A1, and CYP1B1). This would sug-
gest that these women might be at increased risk from 
HRT such as was used in the WHI. The SNPs predispos-
ing women to cardiovascular pathologies (e.g., APOE, 
AGT, eNOS, and PAI-1) were found in 12.3% of women. 
SNPs predisposing to early postmenopausal bone loss 
and osteoporosis (ER-alpha and VDR) were found in 
26.7% of women. The authors conclude: “These data 
suggest that the assessment of SNPs associated with 
risks and benefits of estrogen/hormone therapy may be 
a new means to individualize counseling about and pre-
scription of estrogen/hormone therapy in up to 66% of 
women.” Work in this area has focused on the analysis 
of polymorphisms of potential functional significance 
in several classes of genes, including those involved in 
carcinogen metabolism, estrogen metabolite biosynthe-
sis, steroid hormone receptor activation, and DNA dam-
age response.543

Critical enzymes for which gene SNPs have been 
determined include (some of the tests are commercially 
available):

• CYP1B1—This cytochrome P450 detoxification 
enzyme in the liver is responsible for metabolizing 
a number of drugs and chemicals. When acting 
upon estrogen (and especially the estrogen-like 
horse hormones equilin and equilenin), this 
enzyme produces 4-OH estrogens,544 which are rap-
idly converted into quinones, which are adducts of 
DNA. SNPs that upregulate this enzyme can 
increase the production of cancer-causing 4-OH 
estrogens.545,546 Polycyclic aromatic hydrocarbons547 

and tobacco smoke are biotransformed through 
this P450 enzyme, further upregulating it. DHEA, 
hesperetin (a flavonoid), and resveratrol have been 
shown to be downregulators of this enzyme. It 
should be noted that studies attempting to link 
CYP1B1 polymorphisms and breast cancer inci-
dence have not shown a correlation with this 
enzyme by itself.548,549

• CYP1A1—This enzyme is responsible for the pro-
duction of 2-OH estrogens. Once methylated, these 
downstream metabolites are thought to be protec-
tive estrogens; the methoxylated form is currently 
being studied as a cancer therapy. There appear to 
be many variants of the CYP1A1 gene, each associ-
ated with different diseases. For instance, CYP1A1 
4887A and 4889G may be precipitating factors for 
susceptibility to psoriatic arthritis; an additive 
effect was found between them.550 CYP1A1 6235C 
allele carriers showed a non-significant (P=0.06) 
trend towards a decreased risk of ER-positive breast 
cancers (OR=0.65, 95% CI 0.42–1.02), but not ER-
negative breast cancers.551 In a multiple model, 
CYP1A1-1 MspI restriction fragment length poly-
morphism (RFLP) TC (p=0.004), and CYP1A1-2 
Ile462Val AG (p=0.03), were found to be associ-
ated with significantly decreased and increased 
risks of breast carcinoma, respectively.552 These sub-
tleties add significant value to the interpretation of 
an assay for limited SNPs.

• CYP3A family—Assays for these enzyme genes are 
not currently available to clinicians but are respon-
sible for 16-OH estrogens. They can be upregulated 
by xenoestrogens such as those found in pesticides. 
They appear to be upregulated in obesity.

• MTHFR (methyltetrahydrofolate reductase) is 
responsible for activating folate to 5-methyltetrahy-
drofolate, one of the key steps in the production of 
methyl groups and in conversion of homocysteine 
to methionine. The 677CT variant is seen in 20% 
of the population. Increased folate supplementa-
tion or providing the activated folate as 5-methyl or 
5-formyl-tetrahydrofolate can compensate for this 
abnormality. Measuring homocysteine levels after 
therapy confirms the effectiveness of this therapy.

• COMT (C-O-methyl transferase) transfers the 
methyl group from methionine to many substrates 
in the body’s metabolic processes. Persons who are 
homozygous positive for the M-alleles of this gene 
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have four-fold reduction of COMT activity and are 
associated with slowed metabolism of dopamine, 
epinephrine, norepinephrine, and drugs like L-
dopa.553 They may have decreased postsynaptic cate-
cholamine receptors and an increased risk of certain 
neuropsychiatric illnesses such as rapid cycling 
bipolar disorder, antisocial behavior, violence and 
suicide in schizophrenics. Activity of this enzyme 
has been shown to be downregulated by catechol-
containing phytonutrients such as quercetin, with a 
subsequent increase in DNA damage.554 However, a 
study by Wu et al. showed, among Asian women 
with lowered COMT activity, the decreased metabo-
lism of catechins from green tea increased its anti-
oxidant capability, thereby decreasing the incidence 
of breast cancer.555 Other alleles are also associated 
with increased risk of breast cancer.556 Activity of 
this enzyme may be improved by increasing the 
substrate methionine with SAMe.

• CYP19 aromatase is responsible for converting 
adrenal androgens into the estrogens estrone and 
estradiol. Aromatase inhibitors have recently 
received a great deal of attention as cancer adjunc-
tive therapy. The inflammatory prostaglandin E2 is 
a potent upregulator of CYP19557 and therefore 
COX-2 inhibitors such as omega-3 fatty acids or 
low-dose aspirin558 may be able to decrease aromati-
zation of adrenal steroids to estrogens.

• CYP17 (17-hydroxylase/17,20-lyase) converts 
17-OH progesterone and 17-OH pregnenolone to 
androstenedione and testosterone. This enzyme is 
upregulated by insulin in insulin resistance syn-
dromes and PCOS.

• EDH17 B2 (17-hydroxysteroid dehydrogenase 
type 2) converts androstenedione to testosterone 
and estrone to estradiol. It has been found in breast 
tissue and fat and is responsible for the conversion 
of adrenal steroids to estrogen in these tissues.

• SHBG—Two SNPs have been found that increase 
levels of SHBG. Since these are not available com-
mercially, and since SHBG can be measured directly, 
it is important to remember that SHBG levels can be 
controlled genetically and not just in response to 
hormone levels.

• VDR—Recurrent references to vitamin D receptors 
are encountered when reviewing the litera-
ture.559,560,561 Vitamin D appears to be important in 
apoptosis and therefore has an impact on epithelial 

cell cancers such as breast, prostate, and colon can-
cers. Vitamin D is also involved in immune cell 
apoptosis and therefore interacts with the inflamma-
tory cells that respond to estrogen in diseases such as 
Th1 mediated autoimmune diseases562,563 and osteo-
porosis. The vitamin D receptor in rats and mice has 
been shown to be estrogen sensitive.564

• IL-1—Upregulators of the promoter sequence 
(31C-T) increase IL-1, which has been shown to 
increase pituitary production of FSH and have an 
effect on LH production, which may be involved in 
the suppression of fertility during chronic disease.565

• IL-6 (–174 G-C) is a Th2 cytokine upregulator 
that has also been shown to increase FSH and LH 
production.

• UGT (UDP-glucuronosyltransferase) has been 
shown to have polymorphisms that can affect the 
levels of estrogen and testosterone in the circula-
tion. Lowering hormone levels has been shown to 
increase the numbers of ER- and PR-negative can-
cers. Since these cancers have a worsened prognosis 
than the ER/PR-positive tumors, these polymor-
phisms might be important.

• SULT (Sulfotransferase) has also been shown to 
have polymorphisms that affect hormone availabil-
ity, thus affecting the risk of ER-positive tumors.566

Dietary Modifications to Decrease Diseases 
of Estrogen Metabolism

A diet aimed at decreasing estrogen production 
would be expected to lower the risk of breast and uter-
ine cancer and decrease symptoms of Th1 autoimmu-
nity. This diet can also be helpful in PMS and may 
improve fertility in women with overproduction of 
estrogen or an estrogen-dominant imbalance of estro-
gen and progesterone. Metabolic functions that are diet 
responsive include production of estrogen by aro-
matase, metabolism to 2-OH vs. 16-OH estrogens, phase 
II methylation, sulfation, and glucuronidation, entero-
hepatic circulation of excreted estrogens, and the pres-
ence of xenoestrogens and phytoestrogens in the food.

A diet aimed at maintaining normal body mass 
index would be expected to improve hormone function 
and decrease the risk of estrogen-related disorders. In 
patients susceptible to insulin resistance, the appropriate 
balance of protein and carbohydrate will be important. 
Eating organically grown foods, especially hormone-free 



Section VI
A Practical Clinical Approach

634

meats from animals known to concentrate xenoestro-
gens in the fat, would be expected to decrease exposure 
to xenoestrogen, as well as down-regulate CYP3A 
enzymes that produce 16-OH estrogens and inhibit 
2-OH estrogens. Fatty acid precursors of inflammatory 
prostaglandins (arachidonate) concentrated in red meat, 
milk, and eggs, may increase PGE-2 and aromatase, so 
limiting these foods would be wise. Chapter 26 contains 
a very thorough and well-documented review of dietary 
influences on health, including those summarized 
briefly below.

Milk and Soy

Jane Plante has suggested that the epidemiology of 
milk drinking around the world, and the induction of 
high levels of IGF-1 in bGH-treated cows, make milk 
drinking problematic for some breast cancer patients.567 
Milk drinking has also been shown to be problematic for 
women at risk for ovarian cancer.568 Substituting soy milk 
and adding other soy products appears to be a useful 
approach for many reasons and may be especially helpful 
for young women in preventing later cancers. Use of 
isoflavones not obtained from soy foods, especially in 
the menopause or in women who have breast cancer, 
is still controversial. However, accumulating data in 
humans appears to favor soy as a food substance in these 
situations, or at least to suggest they do not increase risk.

Vegetables

A diet high in cruciferous vegetables and, therefore, 
indole-3-carbinol would be expected to increase produc-
tion of 2-OH estrogens, improving the 2-OH/16-OH 
ratio and lowering the estrogenic pressure in the sys-
tem. Brightly colored vegetables and fruits containing 
antioxidants would be expected to decrease oxidative 
damage to DNA and to lower risks. Methylation is also 
important; since there are high numbers of MTHFR and 
COMT polymorphism carriers, a diet high in vegetables 
containing B vitamins would be prudent. Sulfate groups 
are supplied by garlic and onion and, for those able to 
process these foods, an advantage in sulfation of circu-
lating estrogens could accrue.

Fiber and Fat

Rock and colleagues showed that a diet higher in 
fiber and lower in fat significantly decreased bioavail-
able estrogen.569 The effect was primarily mediated by 

the fiber, which is thought to bind estrogen in the gut, 
preventing enterohepatic recirculation. Freshly ground 
organic flax seeds provide fiber, omega-6 and omega-3 
precursors, and flax lignans. It is difficult to protect flax 
oil against oxidation and it does not reverse the com-
mon omega-3/omega-6 deficit.

Mozaffarian et al. showed that a diet high in trans 
fatty acids increased systemic inflammation in women 
in the Nurses Health Study.570 Diets high in omega-3 
fatty acids, as would be expected, have been shown to 
have the reverse effect, so it appears that a prescription 
of “good fats” is preferable to one of “no fat.”

Sugar and Alcohol

A diet low in sugar and high in fiber would be 
expected to improve bacterial flora, further decreasing 
enterohepatic recirculation of estrogens by normalizing 
-glucuronidase in the gut. D-glucarate, also found in 
colorful vegetables, has been shown to block glucu-
ronidase activity and lower enterohepatic recirculation 
of estrogens.571 Such a diet might also limit overgrowth 
of yeast with its concomitant mycoestrogens and alcohol 
production. Sad as it is to say, since we all seem to love 
sugar, a diet low in simple sugars appears to be appropri-
ate for many reasons other than discouraging yeast 
growth. Sugar is the preferred substrate of cancer cells572 
and has profound effects in inducing insulin resistance. 
A diet low in sugar should be encouraged. Limiting alco-
hol to small amounts of resveratrol-containing wines 
(red) may help to normalize CYP enzymes affecting the 
ratios of 2-, 4-, and 16-OH estrogen metabolites.

Supplements

• I3C upregulates CYP1A1, increasing protective 
2-OH estrogens,573 and may reduce 4-OH.574

• Some potentially useful COX-2 inhibitors and 
anti-inflammatory supplements include omega-3 
fatty acids, curcumin, hops, boswellia, 
rosemary.575,576,577,578,579

• Curcumin increases glutathione and induces 
GST.580 It should not be used if the patient is on 
cancer chemotherapy.

• Vitex agnus-castus may help to balance estrogen/
progesterone in premenopausal women.581,582

• Silymarin improves liver detoxification 
pathways.583,584
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• Green tea extract and quercetin should be avoided 
in COMT-deficient patients, but otherwise may be 
helpful.585

• Dong quai is used traditionally in combination 
with other herbs and these combinations have not 
been adequately studied. In a single trial by itself it 
was not effective for hot flashes.586

• Amino acid supplements, especially in those 
patients with decreased protein intake (some vege-
tarians) or absorption (hypochlorhydria), improve 
phase II detoxification, antioxidation, and brain 
function.587,588,589

• Activated folic acid, B6, and B12 improve avail-
ability of methyl groups.590,591

• SAMe provides the substrate for COMT.592

• Isoflavones from soy, or other plants such as kudzu, 
improve 2-OH/16-OH estrogen ratios;593  isoflavones 
from red clover and flax may act as SERMS. How-
ever, research is limited and results are mixed.594

• Fiber and probiotics improve gut excretion and 
gut flora, decreasing -glucuronidase and its associ-
ated increased enterohepatic recirculation of estro-
gens and yeast overgrowth and the associated 
increase in mycoestrogens and ETOH production in 
the gut. See Chapters 28 and 31 for extensive infor-
mation on gut function and flora.

• Vitamin E may inhibit the growth of breast 
cancer cells595 and prevent oxidation of cellular 
fats.596 There is limited research to suggest that 
vitamin E is effective against hot flashes.597,598 A 
recent double-blind study suggests it is effective 
for dysmenorrhea.599

• Vitamin D protects bone density600 and decreases 
risk of epithelial cancers such as prostate,601 
breast,602 and colon.603

• Calcium-D-glucarate decreases -glucuronidase 
and its associated increased enterohepatic recircula-
tion of estrogens.604,605

• NaSO4 and Glucosamine SO4 make sulfate groups 
available to bind with estrogen in biotransforma-
tion phase II excretion.

• Antioxidant supplements containing the full 
spectrum of antioxidants prevent oxidative damage 
to DNA. Interestingly to functional medicine clini-
cians, a 2004 analysis of the research suggests the 
following: “Clinical studies mapping the effect of 
preventive antioxidants have shown surprisingly 
little or no effect on cancer incidence. The epidemi-

ological trials together with in vitro experiments 
suggest that the optimal approach is to reduce 
endogenous and exogenous sources of oxidative 
stress, rather than increase intake of antioxi-
dants.”606,607 Some antioxidants should not be 
used during chemotherapy or radiation therapy 
as they may limit the effectiveness of therapy.

Summary

The primary purpose of the therapies discussed here 
is to prolong life, preserve functionality, and maintain 
maximum flexibility in the (human) system. The 
approach to achieving these important goals is to nor-
malize as many hormones as possible using lifestyle and 
dietary changes, as well as bioidentical hormones in 
doses and routes of administration that mimic, as far as 
possible, natural secretion of these hormones. As our 
understanding of genetics and the interaction of genes 
and environment improves, we will be able to modify 
the function of hormonally important enzymes, induc-
ing changes that may be advantageous in improving 
fertility and longevity, and in reducing the symptoms of 
women in hormonal transitions.

Fibroids and Endometriosis
Joel M. Evans, MD

A comprehensive history and physical examina-
tion, as well as a detailed understanding of hormone 
metabolism, set the stage for the successful manage-
ment of estrogen-related disorders. Two seemingly dis-
parate diseases, fibroids and endometriosis, are 
currently erroneously classified solely as disorders of 
hormone metabolism. Actually, they fit into the func-
tional medicine web, which recognizes the contribu-
tion of processes such as inflammation, detoxification, 
and blood sugar metabolism.

Fibroids (leiomyoma), which are benign smooth 
muscle neoplasms, and endometriosis, which is charac-
terized by the presence of endometrial glands and 
stroma outside of the lining of the uterine cavity, are 
both disorders of estrogen-sensitive tissues. Thus, they 
share common treatment strategies, such as improving 
estrogen metabolism both directly and indirectly.



Section VI
A Practical Clinical Approach

636

Fibroids

Fibroids are the most common pelvic tumor in 
women,608 occurring in up to 40% of women, with a 
higher incidence (up to 50%) in African American 
women.609 They can arise in any body tissue that con-
tains smooth muscle, but they most commonly occur in 
the smooth muscle (myometrium) of the uterus. Though 
they can be solitary, they usually are found in multiple 
sites within the uterus and vary in size from microscopic 
to the size of a melon, or even larger. Because of the large 
degree of variation in number, size and location of 
fibroids, the intensity of symptoms varies from purely 
asymptomatic to severely disabling with many possible 
manifestations,610 including:

• Abdominal and/or pelvic pressure
• Pain
• Abnormal bleeding (if located in or causing distor-

tion of the uterine cavity)
• Urinary frequency
• Painful intercourse
• Increase in abdominal girth
• Fatigue due to anemia
• Urinary obstruction
• Infertility
• Pregnancy complications such as preterm labor, 

dysfunctional labor, and abnormal fetal presenta-
tions (breech and transverse lie)

Even with this long list of possible symptoms, the 
majority of women with fibroids have no symptoms, 
and they are discovered on routine pelvic exam or 
ultrasound.

The cause of fibroid tumors has not yet been pre-
cisely determined. They are believed to develop from a 
single cell. Because of observed familial associations, 
genetic determinants are believed to play a role.611 The 
current hypothesis is that leiomyomatous transforma-
tion is related to a mutation of a normal smooth muscle 
cell being influenced by estrogen, progesterone, and 
local growth factors. Once the smooth muscle cell 
undergoes leiomyomatous transformation, estrogen and 
progesterone receptors are found in higher concentra-
tion than in normal myometrium. Estrogen, progester-
one, and growth factors are all likely involved in tumor 
growth, though the exact mechanisms are unclear.612

The long-held belief in conventional gynecology 
that estrogen is the primary stimulus for fibroid growth 
is based on clinical observations:

• Fibroids are rarely found before menarche.
• Most shrink following surgical or natural 

menopause.
• Most enlarge during pregnancy.
• Some enlarge with oral contraceptive use.
• Most shrink with medications that reduce estrogen 

levels (e.g., aromatase inhibitors).

Based on these observations, the conventional 
pharmacologic approach has been to decrease ovarian 
estrogen production by inducing a “medical meno-
pause” with gonadotropin-releasing hormone (GNRH) 
agonist therapy.613 There are two main limitations of 
this approach. The first is that by inducing a rapid shift 
into a menopausal state, symptoms of ovarian hor-
mone deficiency can be severe. More importantly, 
GNRH agonist therapy is not a long-term solution, as 
these medications can only be prescribed for a finite 
amount of time (3–6 months) and, following with-
drawal of the medication, the fibroids usually return to 
their pretreatment size.614 Thus, the main use of GNRH 
agonist therapy has evolved to that of a pre-surgical 
intervention in cases where the surgeon feels that some 
reduction in fibroid size is technically advantageous 
(although at least one recent study indicates that there 
may be no significant effect in intraoperative blood loss 
from such treatment615).

The conventional gynecologic approach to fibroids 
that are asymptomatic (the majority of fibroids) is 
observation, which obviously does nothing to prevent 
further fibroid growth. Because observation does not 
address the functional imbalances that contribute to 
fibroid growth, many women ultimately require medi-
cal, surgical, or radiological treatments with the accom-
panying morbidity and even mortality associated with 
those approaches. 

A functional approach to fibroids, therefore, first 
and foremost addresses asymptomatic fibroids with the 
objective of preventing future growth and preventing the 
development of symptomatology requiring medical or 
surgical intervention. Because of the association of 
estrogenic stimulation with fibroid growth, normaliza-
tion of estrogen metabolism (both production and elim-
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ination) is the major point of entry into the functional 
medicine web for the treatment of both symptomatic 
and asymptomatic fibroids.

Endometriosis

Endometriosis tissue, like the endometrium from 
which it is derived, is estrogen sensitive and is therefore 
associated with painful menses. Because the endometrial 
tissue is located in areas other than where it is supposed 
to be, a local inflammatory response is created that con-
tributes to pain and to difficulty conceiving. It is for 
these reasons that conventional treatment prescribes oral 
contraceptives (which are progesterone dominant and 
have the effect of creating an inactive endometrium), 
and anti-inflammatory medications.616 In severe cases, 
GNRH agonist therapy (designed to create a medical 
menopause to decrease estrogenic stimulation) or surgery 
is indicated. Before understanding the basis for a func-
tional approach to treatment, it is important to realize 
that, unlike normal endometrial tissue, which responds 
only to circulating estrogen, endometriosis tissue con-
tains aromatase617 and produces, and is stimulated by, its 
own estrogen. The proinflammatory prostaglandin PGE2 
is the most potent stimulator of aromatase in endometri-
osis tissue,618 making normalization of PGE2 levels and 
reduction of inflammation a therapeutic priority on a par 
with maintaining normal estrogen levels.

Since fibroids and endometriosis tissue are both 
estrogen sensitive and both contain aromatase, which is 
upregulated by PGE2, it is easy to see how treatment 
goals of normalizing estrogen metabolism and inflam-
mation are similar for both conditions.

Treatment

Before it is possible to normalize estrogen metabo-
lism, production, and elimination (a therapeutic goal), 
certain physiologic parameters must be assessed. In pre-
menopausal women, salivary testing has been shown to 
accurately reflect serum levels of sex steroid hormones.619 
Salivary testing offers many advantages over serum test-
ing. Non-invasive specimen collection, which is more 
convenient and less expensive, allows for the multiple 
collections necessary to evaluate diurnal and monthly 
cycles. Salivary testing also reflects the bio-available frac-
tion of hormones, which is critically important because 
the bioavailable form (free hormone NOT bound to sex 
hormone binding globulin) is the biologically active 

form. Since the fundamental therapeutic goal is the nor-
malization of estrogen levels, a month-long profile will 
identify whether the background hormonal milieu is 
estrogen dominant, in which case more aggressive inter-
ventions to lower estrogen levels are required than when 
sex hormone levels are normal.

Since all estrogens in the body are synthesized from 
androgens via the enzyme aromatase, preventing stimu-
lation of aromatase activity (which would therefore 
increase estrogen levels) must be the first step in the 
therapeutic strategy. Adipose tissue has aromatase activ-
ity,620 so the elimination of excess adipose tissue 
through the achievement of ideal body weight plays a 
major role in ensuring appropriate estrogen levels. Aro-
matase activity is stimulated by insulin, so normaliza-
tion of insulin and glucose metabolism is critical (topic 
discussed previously in this chapter). Additionally, insu-
lin decreases SHBG levels, which serves to further 
increase circulating levels of bioavailable estrogen to 
stimulate fibroid growth. Fibroid cells, in contrast to 
normal myometrium, contain aromatase,621 further 
increasing the importance of controlling insulin levels. 
This is true for endometriosis tissue as well.622 Interest-
ingly, aromatase activity in fibroids and endometriosis 
tissue is stimulated by the proinflammatory prostaglan-
din PGE2,

623,624 making the reduction of inflammatory 
processes a critical goal. It is important to remember 
that overweight and obese women are often in an 
inflammatory state due to the many proinflammatory 
cytokines produced by adipose tissue.625 This serves to 
underscore the importance of achieving ideal body 
weight in women with estrogen-related disorders.

Other ways to decrease aromatase activity (and 
decrease estrogen levels locally and systemically) 
include the use of pharmacologic (anastrazole and letro-
zole) and natural (resveratrol,626 chrysin, soy,627 saw pal-
metto, and flax lignans628) aromatase inhibitors.

An additional lifestyle change that can help decrease 
estrogen levels is eating organic foods. The goal of eat-
ing organic is to decrease exposure to estrogens that are 
added to foods, and to pesticides that either stimulate 
aromatase (atrazine) or are converted in the body to 
estrogen-like substances (xenoestrogens).

The next step in assessing any patient with an estro-
gen-sensitive syndrome (e.g., fibroids and endometrio-
sis) is to ensure estrogen is adequately eliminated from 
the body. This is done by assessing the body’s detoxifi-
cation system (where estrogen is eliminated through 
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the phase I and II detoxification pathways) and the 
health of the GI tract (where estrogen is dumped from 
the liver into the small intestine and dysbiosis can lead 
to increased beta glucuronidase levels that may increase 
enterohepatic recirculation of estrogen). (See Chapters 
22 and 31 for in-depth discussions of detoxification.) 
Abnormalities of detoxification, digestion, and elimina-
tion (constipation), therefore, must be corrected if the 
body is to properly eliminate estrogen.

Another area of the functional medicine web that 
needs to be assessed and addressed is the relationship of 
the mind, body, and spirit. It is common knowledge, 
and a nearly universal experience of women and their 
caregivers, that stress can lead to irregular menstruation 
and amenorrhea through the disruption of hypotha-
lamic and pituitary gland function, which can be asso-
ciated with increased estrogen levels. Therefore, stress 
reduction, conflict resolution, and spiritual health are 
important to achieving not only hormonal regulation 
but also overall well-being.

It is important to note that the core functional med-
icine interventions to treat fibroids and endometriosis 
are not viewed by conventional gynecologists as treat-
ments of choice. These interventions include:

• achieving ideal body weight (decreases aromatase 
and inflammation),

• eating organic foods (removing exogenous sources 
of estrogen-like compounds),

• reducing stress (optimizing pituitary function),
• optimizing insulin/glucose metabolism (decreasing 

stimulation of aromatase and normalizing levels of 
SHBG),

• decreasing inflammation (decreasing PGE2 stimula-
tion of aromatase), and

• normalizing detoxification, digestion, and elimina-
tion (ensuring adequate removal of estrogen from 
the body).

We believe that throughout this book, as well as in 
this particular chapter, analysis of the underlying sci-
ence demonstrates that the physiology and biochemis-
try involved in estrogen-related disorders are of critical 
importance in developing treatment plans. Functional 
medicine practitioners, therefore, have a way to address 
fibroids and endometriosis while simultaneously 
improving their patients’ overall health. Such is the 
wonder and beauty of functional medicine.

Neurotransmitters: A Functional Medicine 
Approach to Neuropsychiatry
Jay Lombard, MD

Introduction

Neurotransmitters are the chemical messages of the 
central nervous system. There are over 50 substances 
recognized as molecules that function as neurotransmit-
ters, including peptides, nitric oxide, neurotrophic fac-
tors, and cytokines. However, we will limit the current 
discussion to the “classic” neurotransmitters involved 
in neuropsychiatry. These include the catecholamines, 
dopamine and serotonin; the amino acid neurotrans-
mitters, gamma-aminobutyric acid (GABA) and gluta-
mate; and the amine neurotransmitter, acetylcholine. 

A brief overview will be provided regarding the meta-
bolic processes involved in the synthesis and release of 
these neurotransmitters, their neuroanatomical loca-
tions, and the relationships of neurotransmitter imbal-
ances to specific neuropsychiatric disorders. We will also 
discuss developments in the assessment of neurochemi-
cal imbalances, including indirect measures of brain 
activity through peripheral biomarkers and through the 
use of neuroimaging procedures. Unfortunately, with 
few exceptions, measurements of blood and urine 
metabolites are often an inaccurate reflection of neu-
ronal activity. More often than not, serum and urine 
measurements of neurotransmitter metabolites reflect 
peripheral rather than central activity and should not be 
used to make clinical decisions concerning neurochemi-
cal imbalances in individual patients. Conversely, recent 
advances in PET scanning and various MRI modalities 
can provide useful information regarding specific struc-
tural and functional brain properties involved in the 
pathogenesis of neuropsychiatric disorders.

Finally, we will discuss ways in which the clinician 
can integrate an understanding of the relationships of 
specific neurotransmitter imbalances with functional 
brain disorders, and then modulate some of these 
imbalances utilizing a functional medicine approach.

Overview of the Classic Neurotransmitters

The Catecholamines

Dopamine. Dopamine is an important endogenous 
catecholamine that binds to specific membrane recep-
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tors and plays a key role in the control of locomotion, 
learning, working memory, cognition, and emotion.629 
Dopamine is synthesized in the substantia nigra and 
projects to cortical and subcortical limbic regions via 
mesocortical and mesolimbic pathways. It is synthe-
sized by enzymatic modification of the amino acid 
tyrosine in a series of steps; the rate-limiting enzyme in 
this process is tyrosine hydroxylase. Brain tyrosine lev-
els are usually adequate to saturate tyrosine hydroxylase 
and therefore precursor strategies involving exogenous 
tyrosine administration are not useful in enhancing 
dopamine synthesis or raising brain dopamine levels.630

There are two types of dopamine receptors, the D1 
family of receptors, which are G protein coupled and 
stimulate adenylyl cyclase, and the D2 family, which are 
also coupled to G proteins but inhibit adenylyl cyclase. 

From a neurobehavioral perspective, dopamine plays 
a critical role in motivation, reward-seeking behavior 
and attentional processes.631,632 The high density of 
dopaminergic projections in limbic regions suggests that 
dopamine is also involved in orientation toward “affect-
laden experience” and response to stress. Imbalances of 
dopamine in limbic regions have been linked to ADHD 
(prefrontal circuits),633,634,635 schizophrenia (mesolimbic 
cortex),636 and subcortical neuropsychiatric disorders 
including Tourette’s syndrome637,638 and possibly 
autism.639

Indirect measures of CNS dopamine activity, includ-
ing measurements of CSF HVA (homovanillic acid) lev-
els (the end product of dopamine metabolism), have 
been associated with positive symptoms of schizophre-
nia such as hallucinations and paranoia. More recently, 
SPECT and PET scan studies have provided a window 
into specific abnormalities of dopamine dysfunction in 
discrete brain regions.640

Nuclear brain scans can examine either perfusion or 
receptor occupancy and density. Perfusion studies are 
based on the premise that blood flow is coupled to 
metabolic activity and thereby inferences can be made 
regarding hyperfunctional or hypofunctional brain 
areas. Receptor studies can provide estimates of either 
increased or decreased receptor density in specific neu-
ropsychiatric conditions. Examples of perfusion abnor-
malities include findings of reduced frontal lobe glucose 
utilization in adult ADHD patients.641 In schizophrenia, 
receptor density measures have revealed increased D2 
receptor density, supporting the notion that psychosis 

is related to hyperdopaminergic activity in the 
mesolimbic cortex.642

Dopamine and its receptors can be adversely 
affected by genetic and environmental factors. A prime 
example of an environmental toxin that affects dopa-
mine is MPTP. MPTP can produce a hypodopaminergic 
state indistinguishable from Parkinson’s disease.643

Serotonin. It is widely accepted that serotonin 
is critically important in neurobehavioral processes 
including mood and anxiety.644 Serotonin is synthesized 
from the amino acid tryptophan via the rate-limiting 
step tryptophan hydroxylase. Unlike tyrosine hydroxy-
lase (the rate-limiting step in dopamine synthesis), tryp-
tophan hydroxylase is not saturated, and thus dietary 
sources of tryptophan can have a significant effect on 
serotonin synthesis.645

Serotoninergic cells are present in the brain stem and 
have extensive projections to limbic regions and the cor-
tex. There are many serotonin receptor subtypes: the 
5HTIA and 5HT3 which predominate in limbic structures 
and the 5HT2 subtype located primarily in the neocor-
tex. 5HT1 and 5HT2 receptors are G protein coupled 
where they influence cAMP levels. The 5HT3 receptors 
are ion gated and are primarily inhibitory in function.

Serotoninergic imbalances are related to mood disor-
ders, anxiety syndromes including OCD,646,647 PTSD and 
panic disorder, and autism.648 An indirect assessment of 
serotonin activity can be measured through platelet 
serotonin binding sites. 5HT2 receptors are localized on 
platelets in the periphery, and decreased platelet seroto-
nin binding has been observed in patients with major 
depression.649

Neuroimaging modalities, including PET and func-
tional MRI, have revealed abnormalities in discrete 
anatomical regions involved in mood and anxiety dis-
orders. For instance, in patients with major depressive 
disorder, reduced activity in the anterior cingulate 
and medial orbital frontal cortex region has been 
reported.650 These limbic regions are densely innervated 
by serotoninergic neurons. PET scan studies utilizing 
a serotonin tracer molecule demonstrated significant 
abnormalities in serotonin synthesis in autistic children 
compared to controls.651

Like dopamine, serotonin levels are influenced by 
genetic and environmental factors. Functional poly-
morphisms of 5HT transporter genes have been associ-
ated with depression,652 autism,653 and (conversely) 
with centenarians.654 Environmental factors such as 
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prolonged persistent stress activate the hypothalamic-
pituitary-adrenal axis (HPA) and cause hypersecretion 
of ACTH and cortisol (see earlier discussion in this 
chapter of the HPA axis). These changes may alter 
chaperone proteins, which are essential for maintain-
ing serotonin receptor structural integrity, and thus 
lead to a hyposerotoninergic state.

Amino Acid Neurotransmitters: GABA and 
Glutamate

GABA is regarded as the principal inhibiting neu-
rotransmitter in the brain. GABA is formed via a meta-
bolic pathway called the GABA shunt. The initial step in 
this pathway utilizes alpha ketoglutarate, which is then 
transaminated to form glutamate, the immediate pre-
cursor of GABA. Glutamate is then decarboxylated by 
glutamic acid decarboxylase (GAD) to form GABA. Pyri-
doxine is the key cofactor in GAD activity, positively 
favoring the conversion of glutamate to GABA. Pyridox-
ine-deficient states are associated with low CSF GABA 
levels and improve with B6 administration.655

GABA and glutamate are ubiquitous in the CNS and 
have a reciprocal, yin-yang interaction of inhibition 
and excitation. As mentioned earlier, GABA is the prin-
cipal inhibiting neurotransmitter, whereas glutamate 
acts as the principal excitatory neurotransmitter in the 
brain. Glutamate produces neuronal depolarization via 
binding to either NMDA, AMPA [2-amino-3-(3-hydroxy-
5-methyl-4-isoxazolyl) propionic acid], or kainite recep-
tor sites. One of the most important physiological roles 
of glutamate is in learning processes656 such as synaptic 
remodeling and long-term potentiation (LTP), a process 
in which long-term memories are acquired and stored.

Glutamate is also involved in neuronal injury and 
apoptosis. Excessive glutamate produces a cascade of 
destructive molecular events, including elevated cyto-
plasmic and mitochondrial membrane calcium, uncou-
pling of the mitochondrial membrane potential, and 
elaboration of caspases and phospholipases. (See Chapter 
30 for more on energy production and oxidative stress.) 
Excess glutamate has been linked to several neurodegen-
erative disorders including Alzheimer’s disease,657 ALS,658 
and multiple sclerosis, and neuropsychiatric disorders 
including epilepsy, bipolar disease,659 migraine,660 and 
schizophrenia.661

Measurements of GABA and glutamate in the CNS 
are exceedingly difficult, but inferences can be made by 
measurements of N-Acetyl aspartate (NAA) through 

magnetic resonance spectroscopy.662,663 Decreased levels 
of NAA measured by MRS have been reported in the 
hippocampus of Alzheimer’s and bipolar disorder 
patients, an indication of hyperglutaminergic dysfunc-
tion in these conditions.

Acetylcholine (ACH)

The neurophysiological activity of acetylcholine in 
the hippocampus supports its primary role in the CNS in 
cognitive processes. ACH is synthesized from choline 
and acetyl-coA via the enzyme choline acetyltransferase. 
Pharmacological manipulation of acetylcholinesterase, 
the enzyme which degrades acetylcholine, is currently 
employed to treat Alzheimer’s disease, which is regarded 
as a cholinergic deficit disorder.664

Functional Brain Approaches in Practice

Table 32.5 provides an overview of specific strategies 
employed to modulate neurotransmitter imbalances in 
neuropsychiatric conditions.

Table 32.5 Strategies to Modulate Neurotransmitter 
Imbalances in Neuropsychiatric Conditions

Neuro-
transmitter

Potential 
Indications

Compound

Dopamine ADHD Folic acid
Essential fatty acids 
(EFAs)
Vitamin A

Dopamine 
blockade

Schizophrenia
Autism

Melatonin

GABA Anxiety
Seizures

Pyridoxine

Excess glutamate Epilepsy
Migraine
Bipolar disease
Neurodegenera-
tive disease

Magnesium
EFAs
Melatonin

Serotonin Depression Folic acid
EFAs
5HTP, LAC

Acetylcholine Dementia
Mild cognitive 
impairment

Huperzine
Acetylcarnitine
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Dopamine and Serotonin Imbalances: 
Implications for the Treatment of ADHD 
and Depression

Augmentation strategies used to increase dopamine 
for the treatment of ADHD are based on observations 
that dopamine levels are preferentially reduced in frontal 
brain regions of adult ADHD patients.665 Furthermore, 
genetic abnormalities related to dopamine transporter 
proteins have been reported in ADHD patients,666 sup-
porting the concept that symptoms of ADHD may result 
from a relative hypodopaminergic state.

Several nutraceutical approaches have been proposed 
to augment the hypodopaminergic state of ADHD 
patients, including specific herbal supplements, amino 
acids, and minerals. Our discussion will focus primarily 
on folic acid and omega-3 fatty acids. It should be noted 
that neither folate nor essential fatty acids enhance 
dopamine levels directly. These nutraceuticals may exert 
their influence on postsynaptic dopamine receptor sites 
by enhancing the threshold of neuronal signaling.

Neurotransmitter interactions with postsynaptic 
receptors induce conformational changes in the recep-
tor. Through this engagement, referred to as signal 
transduction, changes in the phosphorylation status of 
ion channels, second messenger systems such as cyclic 
AMP (cAMP) and gene transcription factors alter the 
behavior of targeted neuronal cells. An elaborate exam-
ple of signal transduction is the binding of dopamine to 
D1 receptors. The binding of dopamine stimulates the 
activity of adenylyl cyclase, which in turn catalyzes the 
conversion of ATP into cAMP. cAMP then transfers a 
phosphate group to specific intracellular proteins, a pro-
cess that subsequently modifies their activity.

Postsynaptic cAMP production, which occurs 
through agonist stimulation of the postsynaptic recep-
tor, initiates what may be regarded as a “pro-life” signal-
ing cascade. One of the effects of cAMP is activation of 
protein kinase A, an enzyme that phosphorylates many 
substrates including cAMP response element binding 
protein (CREB). Phosphorylation of CREB increases the 
expression of the anti-apoptotic factor BCL-2. BCL-2 
inhibits apoptosis by stabilizing the mitochondrial 
membrane potential, inhibiting the opening of the 
mitochondrial permeability transition pore and pre-
venting the release of “death-driving” cysteine pro-
teases involved in programmed cell death.

One of the most important physiological effects of 
cAMP in the brain involves its regulation of heat shock 
proteins. Brain cells respond to adverse changes in the 
cellular milieu, including free radicals, insulin receptor 
subsensitivity, elevated temperature, and ionic imbal-
ances, through the production of heat shock proteins. 
Heat shock proteins assist in the holding of newly syn-
thesized proteins, the degradation of malformed protein, 
and maintenance of calcium homeostasis within the 
endoplasmic reticulum.667 Neurochemical processes that 
augment cAMP promote the expression of heat shock 
proteins and enhance neuronal cell survival, whereas 
molecular factors that diminish cAMP reduce heat shock 
proteins and lead to increased risk of apoptosis.668

Protein phosphorylation can be regarded as a “final 
common pathway” involved in neurotransmitter signal 
transduction and may link emotional states with physi-
cal changes in the body. The relationship of catechola-
mine agonists with cell survival at a molecular level 
may help to explain the observed benefits of antidepres-
sant therapy and decreased mortality in patients with 
cardiovascular disease, and perhaps why happy people 
seem to live longer than sad people.

In addition to receptor modification and protein con-
formational changes that occur through phosphoryla-
tion, methylation of phospholipids may alter activity of 
dopamine receptors. Richard Deth, at Northeastern Uni-
versity, first demonstrated that inhibiting methylation at 
D4 receptor sites resulted in reduced G protein activation 
and reduced intrinsic activity of the receptor. Conversely, 
increased methylation of the D4 receptor, which is 
enhanced by folic acid in the form of methyltetrahydro-
folate, increases intrinsic dopamine activity.669

Clinically, folate-deficient states are associated with 
symptoms of depression, apathy, and impaired concen-
tration,670 and they have been linked to a poor response 
to antidepressants as well.671 These symptoms, while 
nonspecific, may result from either a hypodopaminergic 
or hyposerotoninergic state. Folate deficiency may pro-
duce a catecholamine deficit, either through impaired 
methylation of postsynaptic receptors, or through folate-
dependent enzymatic pathways. Folic acid is a cofactor 
in production of tyrosine hydroxylase, the rate-limiting 
factor in dopamine synthesis, and also in tryptophan 
hydroxylase, the rate-limiting step in serotonin synthe-
sis. Several studies have demonstrated an inverse rela-
tionship between low folate levels and mood, as well as 
response rate and relapse rate to antidepressants.672 In 
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support of these observations, reduced blood folate levels 
have been correlated with reduced levels of CSF seroto-
nin (5HIAA).673

Tryptophan and Brain Serotonin

L-tryptophan is the immediate precursor to brain 
serotonin, a fact which has led many clinicians to 
employ this amino acid to treat hyposerotoninergic 
states, including depression, insomnia, and anxiety. The 
importance of tryptophan in the regulation of mood is 
supported by the observations that dietary depletion of 
tryptophan leads to increased release of hypothalamic 
corticotropin-releasing factor (CRF), increased plasma 
cortisol, and an exacerbation of depression symptoms.674 
Hypercortisolemia is a frequent finding in depressed 
patients and may be a consequence of a loss of normal 
inhibitory function of tryptophan on CRF activity.

It should be noted that dietary administration of L-
tryptophan is generally an inefficient way to enhance 
brain serotonin production due to competitive inhibi-
tion with other large neutral amino acids to cross the 
blood-brain barrier. An innovative strategy to bypass 
this limitation involves the utilization of alpha lactalbu-
min (LAC). Ingestion of LAC enchances serotonin syn-
thesis in animals and humans, lowers cortisol levels, 
and induces anxiolytic effects.675

Omega-3 Fatty Acids

Role in dopamine, serotonin, and glutamate 
imbalances. The omega-3 fatty acids, which are consti-
tuted in the phospholipids of all cell membranes, exert 
direct and indirect influences on neurotransmission 
through modifications at the postsynaptic receptor. They 
influence signal transduction by inhibiting the hydroly-
sis of inositol triphosphate (IP3), an effect that closely 
resembles the activity of lithium. Essential fatty acids 
also inhibit membrane phospholipase activity,676 and 
reduce arachidonic acid release from neuronal cell mem-
branes.677 Because arachidonic acid has been demon-
strated to increase glutamate release, block reuptake of 
glutamate, and potentiate NMDA receptors,678 essential 
fatty acids may be regarded as indirect glutamate antago-
nists and should be considered as potential agents in 
excess glutamate states (bipolar disease, for example).

Omega-3 fatty-acid deficiency has been linked to 
diminished dopamine receptors in rats,679 and several 
researchers have found a direct correlation between 

low plasma or membrane-bound essential fatty acids 
and depression.680

Potential neuroprotective mechanisms of omega-
3 fatty acids:

• Modulation of sodium and calcium channels with 
reduction of electrochemically excitable tissue

• Inhibition of phospholipase activity
• Reduced synthesis and release of membrane bound 

arachidonic acid
• Downregulation of excitotoxic glutamate-

mediated neurotransmission

Vitamin A and Hypodopaminergic States

Vitamin A has an important and often overlooked 
function in brain development and in the adult brain. 
The distribution of retinoid receptor proteins in the 
amygdala, hippocampus, and other paralimbic brain 
regions suggests that retinoid signaling plays a vital role 
in cognitive and affective processes. Isomers of retinoic 
acid induce cyclic-AMP response elemental binding pro-
tein (CREB) and stimulate the expression of brain-
derived neurotrophic factor (BDNF).681

Brain retinoic acid acts to upregulate D1 receptors 
and dopamine-dependent cAMP.682 In animals, vitamin 
A deficiency results in a loss of hippocampal synaptic 
plasticity, and deficits in spatial learning, memory, and 
long-term potentiation.683

Defects in retinoid signaling pathways have been 
implicated in schizophrenia.684 Vitamin A deficiency 
may lead to diminished D1 receptor gene transcription. 
This D1 receptor hypoactivity may produce the charac-
teristic “negative symptoms” of schizophrenia such as 
apathy, blunted affect, and lack of insight. D1 receptor 
deficits may also have a disinhibiting effect on limbic 
D2 receptors, leading to the “positive symptoms” of 
schizophrenia such as hallucinations and delusions. 
Vitamin A and retinoid analogs are currently being 
explored as novel therapeutics in schizophrenia.

Hyperdopaminergic States

There are few nutraceutical agents that can reduce or 
inhibit the hyperdopaminergic state associated with 
psychotic disorders. However, melatonin may be an 
exception. Melatonin is an indoleamine found in the 
pineal gland, where it functions to facilitate adaptive 
changes in circadian rhythms.685 Melatonin has a noc-
turnal pattern of secretion, exerting an inhibiting influ-
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ence on neurons and promoting sleep via stimulation 
of adenosine.

Melatonin and adenosine are potent inhibitors of 
dopamine and gluamate.686 Adenosine agonists have 
behavioral properties similar to dopamine antagonists. 
Melatonin and adenosine exert neuroprotective effects 
on mitochondrial function and have direct effects on 
the mitochondrial transition pore.687 This pore, referred 
to as the PTP channel, is opened in response to elevated 
cystolic calcium and hypoxia; it induces pro-apoptotic 
molecular events. The ability of melatonin to inhibit PTP 
channel opening within mitochondrial membranes may 
account for its neuroprotective properties. An additional 
mechanism involved in the neuroprotective effects of 
adenosine involves homocysteine metabolism. Elevated 
homocysteine has well-known adverse effects in the 
CNS, including upregulation of excitotoxic NMDA recep-
tors. Homocysteine administration in animals has been 
demonstrated to trap adenosine as s-adenosylhomocys-
teine and increase cortical hyperexcitability. Thus, 
depressed adenosine that occurs as a consequence of 
elevated homocysteine may be a critical mechanism in 
neurodegenerative disease and stroke.688 

Like melatonin, adenosine exhibits neuroprotective 
activity by signaling neurons to reduce metabolic activity 
and preserve mitochondrial ATP stores. Elevated adeno-
sine, which occurs in response to ischemia and hypoxic 
conditions, may act to “shut cells off” and depress meta-
bolic activity in the mitochondria as a compensatory 
mechanism during periods of high metabolic stress. In 
this conceptual model, melatonin and adenosine can be 
considered molecular signals associated with inhibitory 
processes—reduced metabolic activity, lower mitochon-
drial “burning of fuel,” and even sleep. Support for this 
notion is the observation that melatonin has a hypother-
mic effect.689 Melatonin deficiency has been reported in 
schizophrenia690 and autism,691,692 and administration of 
this hormone has been shown to improve sleep in 
patients with these disorders.693,694,695

Magnesium: An Endogenous Glutamate 
Antagonist 

Magnesium inhibits voltage-gated NMDA receptor 
channels and prevents excessive neuronal depolariza-
tion.696 Magnesium has been used successfully to treat 
eclampsia-related seizures,697 migraines,698,699 and in the 
setting of acute stroke as well.700

Acetylcholine Augmentation Approaches

There is considerable evidence that links cholinergic 
neurotransmission to cognitive processes and memory. 
In pathological states such as Alzheimer’s disease, post-
mortem studies consistently reveal reduced choline 
acetyltransfense activity and a reduced number of cho-
linergic neurons in the basal forebrain.701

Current pharmacological approaches in the treat-
ment of dementia inhibit the acetylcholine degrading 
enzyme, ACHe, and hence raise synaptic acetylcholine 
levels by preventing degradation. Huperzine A, a tradi-
tional Chinese herbal medicine, acts as a potential 
ACHe inhibitor with reportedly higher specificity at the 
active enzymatic site, longer duration of action, greater 
bioavailability, and fewer side effects than conventional 
ACHe inhibitors currently approved for the treatment 
of Alzheimer’s disease.702,703,704 Futhermore, Huperzine 
exhibits neuroprotective effects in vitro through non-
competitive NMDA receptor antagonism,705 a biochemi-
cal effect that closely resembles memantine (Namenda), 
a drug approved for Alzheimer’s patients to slow the 
progression of the disorder.

Carnitine, primarily in the form of acetylcarnitine, 
has been shown to raise brain acetylcholine levels, pur-
portedly through stimulation of choline acetyltrans-
ferase.706 Acetylcarnitine also inhibits mitochondrial 
dysfunction through its antioxidant effects and, in a 
recent meta analysis of 21 double-blind studies of ace-
tylcarnitine in the treatment of cognitive impairment 
and mild Alzheimer’s disease, showed significant effi-
cacy vs. placebo.707

Additional Level of Complexity

An additional level of complexity in human neuro-
chemistry is involved when considering how neurotrans-
mitters exert influence on other neurotransmitters. Some 
examples of these interactions in both normal and dis-
eased states include the following:

• Prefrontal dopamine inhibits limbic dopamine, 
an example in nature of the adage, “think before 
you act.”

• In schizophrenia, low prefrontal dopamine 
“releases” limbic dopamine and leads to intense 
synaptic firing of emotional brain centers no longer 
under cortical influence.
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• Serotonin can inhibit downstream effects of 
glutamate by enhancing calbindin, an intracellular 
calcium-binding agent.

• Several neurodegenerative diseases, including ALS, 
are associated with reduced calbindin activity in 
apoptotic targeted neurons.

• Nicotinic acetylcholine receptors stimulate dop-
amine release, enhancing attentional processes 
required for learning.

• A core neurobehavioral impairment in Alzheimer’s 
disease involves reduced attention and apathy to 
surroundings.

Summary

Neurochemical processes exist in a dynamic equilib-
rium and neuropsychiatric disorders reflect an imbalance 
between excitatory and inhibiting influences. These 
imbalances are affected by genetic and environmental 
factors, and they produce dysfunctional states through 
alterations in the phosphorylation states of phospholip-
ids and mitochondrial membranes. Inhibitory mecha-
nisms exerted at a molecular level by GABA, serotonin, 
melatonin, and adenosine promote hyperpolarization; at 
a macromolecular level, physiological effects associated 
with restoration are noted. Conversely, excitatory pro-
cesses, mediated primarily through glutamate, exert a 
depolarizing effect on neurons, which can be considered 
the signal of activity and stimulation. Like other exam-
ples in nature, neither state is inherently harmful or asso-
ciated with pathological processes. Neuropsychiatric 
disease results when there is an imbalance in the 
dynamic homeostasis between these excitatory and 
inhibiting forces.

Thyroid
Lara Pizzorno, MA Div, MA Lit, LMT, and 
William Ferril, MD

Earlier in this chapter, a detailed discussion on the 
many causes and manifestations of thyroid dysfunction 
was provided. Here, we will focus on applying that 
information to the challenge of improving thyroid 
function in patients. Depending on the clinician’s 
assessment of where the most significant problems lie 
for each patient, the eight areas of the functional medi-

cine matrix can indicate many useful approaches for 
supporting and improving thyroid function.

Interpreting Laboratory Findings

Typical ranges for normal serum thyroid hormone 
values are:

T4 4.8–13.2 g/dl
Free T4 0.9–2 ng/dl
T3 80–200 ng/dl
TSH 0.4 to 4.0 mIU/L for those with no symp-

toms of an under- or overactive thyroid. 
If the patient is being treated for a thyroid 
disorder, the TSH should be between 0.3 
and 3.0 mIU/L. Some people with a TSH 
value over 2.5 mIU/L who have no signs 
(that is, no other abnormal thyroid func-
tion tests) or symptoms suggestive of an 
underactive thyroid may develop hypo-
thyroidism sometime in the future. Any-
one with a TSH above 2.5 mIU/L, there-
fore, should be followed very closely by 
a doctor. Normal value ranges may vary 
slightly among different laboratories.708 
The sensitive thyrotropin assay is consid-
ered the most useful method of detecting 
thyroid dysfunction.709,710,711

When interpreting thyroid blood tests, it’s impor-
tant to note that results may be misleading for a variety 
of reasons:

• A test result within laboratory reference limits is 
not necessarily normal for a specific individual. A 
study in 2002712 found that “each individual had a 
unique thyroid function” and “high individuality 
causes laboratory reference ranges to be insensitive 
to changes in test results that are significant for an 
individual.”

• Another study of the problems associated with 
inter-laboratory differences used TSH and TSH with 
free thyroxine as examples of tests where such dif-
ferences can “markedly affect the clinical interpre-
tation of tests.”713

• In chronic stress, high cortisol levels inhibit the 
pituitary’s production of TSH while also causing 
displacement of thyroid protein off its carrier pro-
tein. Despite the fact that thyroid hormone 
becomes depleted, a blood test will show a normal 
TSH result. Patients under chronic stress should be 
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evaluated using their armpit temperature immedi-
ately before arising (see below) and a 24-hour urine 
test to assess thyroid hormone levels.

• Cortisol and thyroid have a complex relationship. In 
normal functioning, cortisol is needed in the liver 
and kidneys for the conversion of T4 to T3. In condi-
tions of cortisol excess (acute stress), the generalized 
pattern is characterized by a trend toward lowered 
TSH production and a blunted TSH response to TRH, 
a decline in T3, and an increase in rT3.

714 When acute 
stress becomes prolonged, chronic stress and adrenal 
exhaustion ensue, the body’s ability to produce suffi-
cient cortisol for the T4 to T3 conversion may 
become compromised, and even individuals whose 
thyroid gland is producing normal amounts of T4, as 
determined by laboratory test, may be functionally 
deficient in thyroid hormone. In brief, both excess 
and insufficient cortisol negatively impact the con-
version of T4 to T3, by slightly different mechanisms.

• Anxiety caused by the blood draw can temporarily 
increase free values of thyroid hormone. Anxiety 
activates the stress response, which activates lipo-
protein lipase, resulting in an elevation in free fatty 
acid levels. Free fatty acids displace thyroid hor-
mone from its carrier, temporarily raising free thy-
roid hormone levels.

• Certain medications can also inappropriately 
elevate levels of thyroid hormones by causing 
their displacement off thyroid binding globulin. 
These include aspirin (and other nonsteroidal anti-
inflammatories),715 phenytoin,716 diazepam,717 and 
increased blood heparin.718

Low thyroid function can have a variety of underly-
ing causes. It’s important to pin down the source of the 
problem and match the therapeutic approach to the 
patient’s specific needs. Consider the following general 
types of dysfunction, indicated by the relationships 
among various laboratory findings:

1. Pituitary dysfunction is suggested by blood levels 
low in both T4 and TSH.

2. If blood levels of TSH are elevated, yet T4 levels are 
still low, this indicates that the pituitary has 
responded properly, but the thyroid gland is not 
responding to TSH by synthesizing T4.

3. If TSH is elevated despite normal blood levels of T4, 
this suggests an autoimmune problem resulting in 
subclinical hypothyroidism.

4. The presence of low basal body temperature and a 
high reverse-T3-to-T3 ratio is suggestive of Wilson’s 
disease.

5. If both TSH and T4 levels are normal, but clinical 
signs indicate low thyroid activity, this suggests 
inadequate conversion of T4 to T3 in peripheral tis-
sues, which may be due to iodothyronine iodinase 
dysfunction.

6. If T3 levels are adequate, but thyroid function is still 
low, this suggests an inability of T3 to attach to 
receptors inside the cells and activate enzymes, due 
either to a malformation in T3 (a high ratio of 
reverse-T3-to-T3 may be evidence of this situation) 
or the intracellular receptor sites.

Many factors can contribute to these problems. 
Using the information presented earlier in the chapter, 
we will take a “tour” of the functional medicine matrix 
to identify specific approaches the clinician can use to 
help patients improve thyroid function.

The Matrix: Environmental Inputs

Diet And Nutrients

The influence of diet upon health can scarcely be 
overstated (see Chapter 26), and there are many foods 
and nutrients that can hinder or support thyroid 
function.

Goitrogens may block iodine utilization. Both the 
isoflavones found in soybeans719,720 and the isothiocyan-
ates found in Brassica family vegetables721 are goitro-
gens, which appear to reduce thyroid hormone output 
by blocking the activity of thyroid peroxidase, the 

Measuring Basal Body Temperature
Basal body temperature, which is controlled by the thy-

roid and can be a better indicator of how much T3 is active 
inside cells than blood tests that measure T4, is a good way 
of assessing basal metabolic rate. Procedure:

• Shake down a thermometer to below 95 degrees and 
place it by the bed before going to sleep.

• Upon waking, place the thermometer under the arm-
pit for a full 10 minutes.

• Remain as still as possible, resting with the eyes closed.
• Record the temperature for at least three consecutive 

mornings, preferably at the same time of day. Menstru-
ating women must check basal body temperature on 
the second, third, and fourth days of menstruation. 
Men and postmenopausal women can check on any 
three consecutive days.
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enzyme responsible for adding iodine to the thyroid 
hormones. While soy foods and Brassica family vegeta-
bles (turnips, cabbage, broccoli, cauliflower, Brussels 
sprouts, mustard greens, kale, kohlrabi, rutabaga) are 
the primary sources of goitrogens, they are also found 
in small amounts in peanuts, pine nuts, millet, peaches, 
strawberries, spinach, and cassava root. Both isofla-
vones and isothiocyanates appear to be heat-sensitive, 
and limited research suggests cooking, specifically boil-
ing, lowers the availability of these substances.722,723 
However, since boiling crucifers results in the loss not 
only of goitrogens but of important nutrients as well, 
patients for whom goitrogens may be problematic can 
be advised to briefly steam these vegetables and con-
sume them in modest amounts.

Excess iodine. Although iodine is necessary for 
proper thyroid function, excessive intake of iodine can 
suppress TSH levels and inhibit thyroid hormone syn-
thesis in susceptible individuals.724 Although the RDA 
for iodine in adults is only 150 mcg, the average intake 
of iodine in the U.S. is estimated to be over 600 mcg 
per day (probably due to the ubiquitous use of iodized 
salt). Excess iodine (high urinary iodine concentration) 
and low TSH can be predictable factors for a recovery 
from hypothyroidism due to Hashimoto’s thyroiditis 
after restricting iodine intake.725 A case of neonatal 
iodine overload (from iodinated skin disinfectants) 
causing transient hypothyroidism was reported in 
2005,726 so care should be taken in the use of such 
products for infants.

Foods rich in nutrients needed for T4 manufac-
ture include:

• Iodine: sea vegetables (kelp, dulse, hijiki, nori, 
arame, wakame, kombu), clams, shrimp, haddock, 
oysters, salmon, sardines, eggs

• Zinc: fresh oysters, ginger root, lamb chops, 
pecans, split peas, Brazil nuts, whole wheat, rye, 
oats, almonds, walnuts, sardines

• Vitamin E: wheat germ oil, sunflower seeds, 
almonds, peanut oil, olive oil, wheat germ, peanuts

• Vitamin A: liver, red chili peppers, greens (collard, 
turnip, kale, Swiss chard, beet greens), apricots, win-
ter squash, cantaloupe, papaya, nectarines, peaches, 
cod liver oil (“Free retinol is not generally found in 
foods. Retinyl palmitate, a precursor and storage 
form of retinol, is found in foods from animals. 
Plants contain carotenoids, some of which are pre-
cursors for vitamin A (e.g., alpha-carotene and beta-

carotene). Yellow and orange vegetables contain sig-
nificant quantities of carotenoids. Green vegetables 
also contain carotenoids, though the pigment is 
masked by the green pigment of chlorophyll.”727)

• Vitamin B2 (riboflavin): Brewer’s yeast, organ 
meats, almonds, wheat germ, wild rice, mush-
rooms, egg yolks

• Vitamin B3 (niacin): Brewer’s yeast, rice bran, wheat 
bran, peanuts with skin, liver, light meat of turkey 
and chicken

• Vitamin B6 (pyridoxine): Brewer’s yeast, sunflower 
seeds, wheat germ, tuna, liver, soybeans, walnuts, 
salmon, trout, lentils, lima beans, navy beans, gar-
banzos, pinto beans, brown rice, bananas

• Vitamin C: Red chili peppers, guavas, red sweet 
peppers, parsley, greens (collard, turnip, mustard, 
kale), strawberries, papaya, citrus fruits (oranges, 
lemons, grapefruit)

Foods rich in nutrients needed for T4T3 conver-
sion include:

• Zinc: fresh oysters, ginger root, lamb chops, 
pecans, split peas, Brazil nuts, whole wheat, rye, 
oats, almonds, walnuts, sardines

• Selenium: Brazil nuts. One Brazil nut provides 
approximately 139 mcg; 200 mcg/day is the recom-
mended dosage. Excess selenium can interfere with 
enzyme systems related to sulfur metabolism and can 
be toxic in amounts greater than 900 mcg/day.728

Foods rich in nutrients needed for T3 binding to 
intracellular receptors are those rich in Vitamin A: 
liver, red chili peppers, greens (collard, turnip, kale, 
Swiss chard, beet greens), apricots, winter squash, canta-
loupe, papaya, nectarines, peaches, cod liver oil

Nutritional Supplementation Considerations For 
Improving Thyroid Function:

• Zinc, vitamin E, vitamin A, B2, B3, and B6 are all 
involved in the manufacture of thyroid hormone.

• Zinc is a cofactor in one form of the deiodinase 
enzyme that converts T4 to T3, and zinc deficiencies 
can prevent the proper activation of DNA programs 
(zinc finger malfunction).

• Low zinc levels are common in the elderly (and even 
more severe in the institutionalized elderly),729 and 
the risk of hypothyroidism increases with age.730,731

• Vitamin A is also necessary for the formation of 
intracellular receptors for T3.

732
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• Selenium, a cofactor in another of the deiodinase 
enzymes, is estimated to be markedly deficient in 
diets worldwide.733,734 Selenium has been demon-
strated to decrease thyroid antibody levels in 
autoimmune thyroid conditions735,736 such as Hash-
imoto’s, which is thought to constitute a significant 
percentage of subclinical hypothyroidism.737

• Antioxidant supplementation may be particularly 
important if environmental toxins are a potential 
contributing factor.738,739,740,741 Supplementation 
with vitamins C, E, and Curcuma longa (turmeric), 
for example, has been shown to increase thyroid 
function in rats with methimazole-induced 
hypothyroidism.742

Exercise

Exercise stimulates thyroid gland secretion, increases 
tissue sensitivity to thyroid hormone, and is well known 
for its stress-relieving effects. Dieting has consistently 
been shown to cause a decrease in metabolic rate as the 
body strives to conserve fuel.743 Exercise, unfortunately, 
has not consistently been shown to prevent this decline 
in metabolic rate in response to dieting.744,745,746 How-
ever, the many other benefits of exercise, including both 
weight training (which builds muscle mass) and aerobic 
exercise (which improves the body’s use of oxygen), 
have been described elsewhere (see Chapters 13 and 29), 
and constitute reason enough for including it in the 
overall program.

Xenobiotics

Exposure to toxic levels of heavy metals can inter-
fere with thyroid function.747 The destructive effects of 
heavy metals (lead, cadmium, mercury) are well docu-
mented and are discussed elsewhere in this book (see 
Chapters 13, 22, and 31). Lead and mercury invade the 
thyroid gland and disrupt the production of thyroid 
hormones, or induce minute alterations in their molec-
ular structure, so they are no longer recognized by cellu-
lar receptors. Heavy metals can also impair liver and 
kidney function, decreasing conversion of T4 to T3.

In agricultural areas, the likelihood of pesticide con-
tamination in the water is higher. Tap water may be 
contaminated with minute amounts of insecticides, 
weed killers, and artificial fertilizer. Pesticides have been 
shown to interfere with thyroid function and to 

increase cancer risk. People not only drink and cook 
with water, but also bathe and shower in it, thus absorb-
ing chemicals through the digestive tract, skin, and res-
piration (from the vapors).

Hormone and antibiotic residues in meat and dairy 
products, food-borne bacteria, chemicals in cleaning 
products, food additives, cosmetics, and the metabolic 
by-products of unfriendly gut bacteria can denature 
thyroid hormones, producing reverse T3, and can also 
impair the activity of the liver and kidneys, thus 
decreasing conversion of T4 to T3.

A significant correlation exists between smoking 
and Graves’ disease.748 Fluoride is a direct antagonist to, 
and therefore inhibits utilization of, iodine.749

Medications

A number of prescription drugs can affect thyroid 
hormone production and delivery:

• Lithium has multiple effects on thyroid hormone 
synthesis and secretion.750,751

• Certain antipsychotics can compromise thyroid 
function.752

• Amiodarone (Cordarone), which is used to treat 
arrhythmia, contains iodine and can induce 
hypothyroidism.753,754

• Somatostatin and dopamine inhibit TSH 
secretion.755

• Liver enzyme activity (and thus the rate of clearance 
of thyroid hormone) is elevated by phenytoin for 
seizure disorders, the antibiotic rifampin for tubercu-
losis, and the psychiatric medicine carbamazepine.

Trauma

• Surgery: Overt hypothyroidism may be caused 
by thyroid surgery and ablation to correct hyper-
thyroidism.

• Radiation: Ionizing radiation from medical and 
dental x-rays, particularly those received in child-
hood, can adversely affect thyroid function, as 
can radiation therapy for various cancers. A 2004 
review indicated that “radiotherapy-induced thy-
roid abnormalities remain underestimated and 
underreported.”756
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The Matrix: Hormonal and Neurotransmitter 
Imbalances

Only a select few hormones directly activate or 
repress the genetic programs contained within the cell 
nucleus: steroids, vitamin A, and thyroid hormones. 
The relative proportion of each will determine which 
proteins are present or absent, and whether sufficient 
body protein is produced for maintenance and repair.757 
Protein provides the building blocks for the metaboli-
cally active constituents of body tissue. Examples of 
metabolically active protein-containing molecules 
dependent upon thyroid hormone activation of genes 
include actin, myosin, sodium/potassium ATPase, 
enzymes, and certain hormone receptors. Thus, low 
thyroid function leads to deficient regeneration infor-
mation in key enzymes that perpetuate metabolism.

The formation of catecholamine receptors is depen-
dent upon reception of thyroid hormone messages, so 
low thyroid function can both contribute to and mimic 
adrenal exhaustion. Since the thyroid message directs 
the activation of genes that increase the synthesis of key 
hormones and hormone receptors as well as metabolic 
enzymes, thyroid hormone deficiency sets off a chain 
reaction of other hormone deficiencies, accelerating the 
aging rate. For example, the amount of thyroid message 
received determines the rate of growth hormone syn-
thesis within the pituitary.

The Matrix: Oxidation-Reduction Imbalances 
and Mitochondropathy

Thyroid hormones direct cellular DNA to increase 
the manufacture rate of cellular mineral pumps and 
mitochondrial combustion chamber components. 
ATPase is one of the enzymes dependent upon thyroid 
hormone activation of genes for its production. The 
sodium/potassium ATPase pump is responsible for trap-
ping the energy the cell uses to charge its membrane. 
Body cells utilize the electrical charge within their mem-
brane to protect themselves and to perform the cellular 
work of living. The more pumps, the more charge gener-
ated, and the more calories burned to maintain it. Fewer 
pumps lead to fewer calories burned. Fewer calories 
burned leads to a lower metabolic rate. 758,759

For this reason, EKG voltage tends to be diminished, 
and armpit temperature before getting out of bed is less 
than 97.6 degrees in patients with peripheral thyroid 
resistance, despite normal free serum levels of T4, T3 and 
reverse T3.

760

No matter what the raw fuel consumed (protein, fat, 
or carbohydrate), the mitochondria can only burn ace-
tate. Many thyroid problems are made worse by specific 
vitamin deficiencies that impede the processing of raw 
fuels into acetate. For this reason, common signs of thy-
roid deficiency, like cold intolerance and weight gain, 
worsen with nutritional deficiencies (see above under 
Environmental Inputs/Diet and Nutrients).

The higher the metabolic rate, the greater the oxida-
tive stress. In patients with hyperthyroidism, supple-
mentation with antioxidants such as lipoic acid and N-
acetylcysteine should be considered. Interestingly, there 
is animal research emerging that indicates the presence 
of oxidative stress in hypothyroidism as well, although 
the data are still limited and controversial. One such 
study demonstrated protective effects of taurine against 
the oxidative stress of hypothyroidism,761 while the 
other showed a similar action of vitamin E.762

The Matrix: Detoxification and 
Biotransformational Imbalances

Compounds that induce phase I activity, whether 
xenobiotic, drug or food, may contribute to a faster rate 
of clearance of thyroid hormone, increasing the need for 
the thyroid gland to produce more hormone to main-
tain normal levels. Studies suggesting that dioxin and 
polybrominated diphenyl ethers (PBDEs—flame retar-
dants that are ubiquitous environmental contaminants) 
disrupt thyroid function have been conducted for many 
years on animals.763,764,765,766,767,768 Although there are 
problems in assuming a direct transference of such 
information to humans, the consistent findings in ani-
mal research draw our attention to significant concerns 
with these chemicals, such as increasing thyroid hor-
mone clearance and decreasing serum T4 and T3 levels.769

Impaired detoxification may result in recycling of 
estrogen, a concern particularly during pregnancy, and 
in perimenopause when estrogen levels may fluctuate to 
abnormally high levels. Higher estrogen levels increase 
thyroid binding globulin, making it harder for cells to 
access thyroid hormone.
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The Matrix: Immune and Inflammatory 
Imbalances

Subclinical hypothyroidism may cause a slight 
increase in homocysteine, although the research has 
not been entirely consistent (the link is much better 
documented for overt hypothyroidism).770,771 Other 
CVD risk factors, such as CRP and cholesterol, are well 
known to be higher in both subclinical and overt 
hypothyroidism.772,773,774 Preventive measures that 
address the inflammatory and lipid markers should 
be undertaken if needed (see Chapter 27).

Adrenal function forms a determinant for the pres-
ence or absence of thyroid antibodies; thyroid autoanti-
bodies are highly correlated with secondary adrenal 
insufficiency.775

In one study, patients with dermatitis herpetiformis 
were found to have significantly increased abnormalities 
of thyroid function tests (32% vs. 4%), with significant 
hypothyroidism being the most common abnormality 
affecting 12 of the 56 patients.776 This is a good place to 
emphasize the connection between thyroid disorders 
and gluten intolerance, as the link has been demon-
strated not only in dermatitis herpetiformis,777 but also 
in many autoimmune diseases, including Hashimoto’s 
thyroiditis.778

Thyroid hormone directly activates cellular DNA 
programs, including some responsible for the manufac-
ture of receptors for other hormones. Without their 
receptors, it does little good for these hormones to 
arrive, as they cannot deliver their information. Dis-
eases may arise because of receptor formation deficiency 
or receptor destruction. Asthma, for example, is some-
times caused by a defect in the receptors needed by epi-
nephrine to keep the airways open.

The Matrix: Digestive, Absorptive, and 
Microbiological Imbalances

Digestive and absorptive functions also need to be 
considered. Thyroid hormone information affects GI 
motility; a slowing of the digestive and absorptive pro-
cesses increases the opportunity for unfriendly bacteria 
to feed and proliferate. Dysbiotic bacteria produce beta-
glucuronidase, which deconjugates estrogen, sending it 
back into the circulation. High levels of estrogen stimu-
late increased production of thyroid binding globulin, 
making it harder for cells to access thyroid hormone. In 

addition, a strong correlation exists among autoim-
mune diseases, intestinal permeability, and food allergy. 
In one study of 100 celiac patients, two also had overt 
autoimmune thyroid disease. After six months on a glu-
ten-free diet, serologic autoantibody markers were 
undetectable in these patients.779 In patients in whom 
digestive imbalances may be a contributing factor, the 
4R program should be considered (see Chapter 28).

The Matrix: Structural Imbalances (Cellular 
Membrane)

Thyroid hormones deliver information to the 
cell’s DNA to direct the creation of membrane pumps 
(sodium/potassium/ATPase pumps) that enable the cell 
to trap some of the energy produced in the mitochon-
dria for useful work and charge its membrane. Thus, the 
formation and maintenance of a healthy cell membrane 
is dependent upon thyroid function.

Attention deficit-hyperactivity disorder has been 
linked with peripheral thyroid resistance,780 which 
blocks the ability of thyroid hormone to deliver its 
information at the DNA level due to defective cellular 
membrane receptors. Vitamin A is necessary through-
out the body, including the brain, for the activation of 
thyroid-dependent DNA receptors.

The Matrix: Mind and Spirit

The psychoneuroimmunological connection to 
endocrine function is well recognized. Lack of belief in 
something greater than oneself, in a teleological uni-
verse, lack of support, community, love—these are the 
most fundamental causes of an inability to utilize stres-
sors as spurs to the expression of a continually evolving 
positive vitality. Chronic stress, particularly if unmiti-
gated by an inner spiritual harmony that assigns a posi-
tive meaning, disrupts normal thyroid function at 
virtually every level:

• Stress suppresses the hypothalamus’ release of TRH, 
the pituitary’s release of TSH, the thyroid gland’s 
production of thyroid hormones.

• Chronic stress results in increased production of 
inflammatory cytokines that block conversion of T4 
to T3 and—by binding to the thyroid peroxidase 
enzyme, thyroglobulin, and TSH receptors—can 
prevent the manufacture of T4, and may also bind 
to the adrenal glands, pancreas, and parietal cells.
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• Chronic stress promotes an overactive immune 
system and thus an increased likelihood that anti-
thyroidal antibodies will be produced.

• Chronically high cortisol levels increase thyroid 
binding globulin levels in the bloodstream.

• Chronic stress may result in a state of adrenal 
exhaustion in which supplies of cortisol are 
depleted. Recall that cortisol is necessary for the 
conversion of T4 to T3.

• Chronic stress depletes magnesium reserves. Insuf-
ficient magnesium significantly lessens the body’s 
ability to relax and get the deep sleep needed for 
repair and rejuvenation.

Sources of stress may be physical as well as emo-
tional, including head or bodily injury, chronic allergies 
or infections, poor diet, or lack of sleep.

Summary

This completes our overview of potential influences 
on thyroid function from the perspective of mecha-
nisms and the functional medicine matrix. From cellu-
lar messaging to the impact of diet, toxic exposures, 
medications, oxidative stress, GI dysfunction, and age, 
to the important role of stress and the life of the mind 
and spirit, the thyroid is vulnerable at myriad points on 
the matrix. The clinical benefit of a thorough under-
standing of underlying function and the imbalances 
that result from disturbed function is that those imbal-
ances can often be redressed through the same mecha-
nisms. In other words, diets can be changed, toxic 
exposures eliminated or reduced, oxidative stress 
improved with antioxidants, energy production 
increased, GI function and detoxification improved, 
cellular messaging supported, and stress management 
implemented. These are among the many potential 
interventions discussed throughout this book that can 
help practitioners improve outcomes for their patients 
with thyroid disease and dysfunction.
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Chapter 33
Stress, Spirituality, Poverty, and Community—
Effects on Health
Robert J. Hedaya, MD, FAPA

Introduction

Just as one uses different levels of magnification to 
thoroughly examine a sample under a microscope, so 
must the practitioner of functional medicine become 
adept at assessing the patient’s health using a variety 
of lenses and perspectives. Applying this analogy, a 
high-magnification lens enables one to evaluate cer-
tain aspects of the functional medicine matrix (e.g., 
molecular and metabolic processes involved in the res-
toration of health, such as hormonal regulation or 
detoxification pathways), while a lower-magnification 
but broader lens enables one to evaluate intrapsychic 
processes (e.g., mental constructs such as attitudes and 
religious beliefs), and a perspective of even lower mag-
nification assesses the broader contextual processes 
involved in the restoration of health (e.g., socio-
economic status, culture, and community).  In this 
chapter, we will explore the health impact of some 
intrapsychic (stress, spirituality, religion) and contex-
tual factors (community and poverty), and then dis-
cuss some practical approaches the clinician can use to 
weave these essential components of health care into 
the clinical interaction.

Various psychosocial factors are well known to affect 
health.1 A brief introduction to the topic was presented 
in Chapter 13. Now we will explore a few of those issues 
in greater depth. There is a consensus2 based on more 
than 60 years of psychophysiological research that psy-
chological and social factors are crucial determinants in 
a chain of events leading from psychosocial interaction 
to neuroendocrine-immune changes. These changes, in 
turn, can induce progressive disruptions of normal 
adaptive physiology, eventually leading to functional 

changes, which ultimately become involved in an inter-
active and reverberating feedback loop potentially 
affecting all levels of human function.

It is critical that the practitioner of functional medi-
cine understand the nature of these psychosocial factors, 
so that he/she can treat the entire person with maxi-
mum efficacy. Clinical experience indicates that a failure 
to take the psychosocial aspects of the functional medi-
cine matrix into account via adequate assessment and 
intervention can undermine treatment effectiveness.

Defining the Problem: What Does the 
Functional Medicine Practitioner Face?

Determining whether or not intervention is needed 
at any level of observation and identifying the types of 
interventions most likely to be beneficial are constant 
challenges for the clinician. Dysfunctional processes 
(discussed throughout this text) must be assessed, and 
promoters of and resources for change have to be 
selected and applied. Given the limited resources of 
many patients (time, money, support in the personal 
environment for behavioral changes, ability to self 
direct and maintain altered behavioral patterns), practi-
tioners must be judicious in deciding which interven-
tions are likely to be most effective and most likely to 
induce change. Unfortunately, at this time, there is a 
scarcity of good research (or clinical consensus) on how 
to decide where to “pull on the web”—that is, which 
intervention(s) is/are likely to produce the greatest over-
all benefit for the investment of time, money, and 
effort. It is generally true that the more points of inter-
vention, the more likely one is to stimulate change, but 
maintenance of change remains a challenge. Research 
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does indicate that involvement of the patient in deci-
sion making is beneficial to the outcome.3

In the following sections, we will review the concept 
of stress, and the impact of poverty, community, and 
spirituality on health, with the aim of guiding the clini-
cian in the development of a practical and personalized 
approach to the integration of these considerations into 
clinical care. 

Stress

The modern physician should know as much about emo-
tions and thoughts as about disease symptoms and drugs.
This approach would appear to hold more promise of cure

than anything medicine has given us to date.
—Hans Selye4

Stress is the salt of life.
—Hans Selye5

What is Stress?

According to Selye,6 “stress is the non-specific 
response of the body to any demand, and a stressor is 
any agent that produces stress at any time.” Stressors 
may be loosely classified as direct physical systemic 
threats (e.g., starvation, heat, cold, pain, hemorrhage) 
or “processive” (e.g., psychosocial threats such as social 
defeat, separation from the maternal object, social isola-
tion, helplessness). While direct systemic threats are not 
processed primarily by the cortical and limbic areas of 
the brain, psychosocial stressors involve higher brain 
functions as part of the primary processing of the sen-
sory input.7 

Clinically, it is important to expand the working 
concept of stress to include both the psychosocial fac-
tors we often think about (e.g., separation, job loss, cul-
tural context) as well as the stress response to episodes 
of low blood sugar, chronic pain, or food restriction.

More recently, the concepts of stress and homeo-
stasis have become supplanted by more specific terms 
and concepts. Allostasis (the ability to achieve stability 
through change)8 is thought to occur via acute and 
chronic changes in the stress response system (neuroen-
docrine axes—principally the hypothalamic-pituitary-
adrenal or HPA axis—and the immune, autonomic, car-
diovascular, and metabolic systems). The current con-
ceptualization is that chronic dysregulation of the HPA 
axis, the autonomic nervous system, and the immune 
system contributes to chronic alterations in metabolism 

and inflammation,9 which then interact with other 
influences (e.g., nutrition, genetics) to cascade into spe-
cific diseases such as the metabolic syndrome, hyper-
tension, cardiovascular disease, and even depression 
and cancer.10,11

Acute stress induces changes that are generally 
thought to be essential and adaptive, while chronic 
stress is thought to exact a higher physiological price, 
creating an allostatic load, defined as the long-term 
effect of the physiologic response to stress.12 The acute 
stress response induces different biological changes in 
the stress response systems than those induced by 
chronic stress.13 

Sensitivity to psychosocial stressors is, for many of us, 
an essential aspect of our biological make up, and some 
degree of stress is both desirable and necessary.14 We 
appear to be programmed to respond to certain essential 
psychosocial events in a comparatively predictable man-
ner, although significant individual variations in this 
reactivity, based on genetics (such as glucocorticoid 
receptor polymorphisms), context, and prior experience 
modify the manifestations of the individual response.15 

From infancy to early adulthood, much of this 
response to chronic stress is not subject to modification, 
except by changes in the context of the individual. 
Infants separated from their mothers for prolonged 
periods display disruptions in a variety of neuroendo-
crine-immune functions (e.g., establishment of the nor-
mal diurnal variation in cortisol output,16 amygdala 
hyperfunction,17 alterations of markers of immune 
function, as well as behavioral disturbances such as 
excessive fear and addictive disorders).18 Despite the 
broad range of disrupted neuroendocrine-immune 
functions, some orphans, once they are adopted, will 
demonstrate normalization of hypothalamic-pituitary-
adrenal function.19,20

 As we approach adulthood, however, cognitive 
appraisal of events and sensory input becomes possible, 
and we can determine, to some degree, what emotional 
valence (i.e., “charge” or tone) we assign to a given situ-
ation. This assignment of meaning then determines our 
individual definition of what is stressful, and that defi-
nition will influence our biological response. Thus, 
beliefs and attitudes are one focal point for stress man-
agement,21 and studies have demonstrated beneficial 
effects of the cognitive-behavioral approach.22,23,24,25 

Aside from the direct systemic stressors (e.g., hemor-
rhage, hypoglycemia) and obvious psychosocial stressors 
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(e.g., trauma, separation, divorce) frequently addressed 
in the medical literature, other forms of stress exist. In 
all likelihood these have an impact on allostatic load to 
greater or lesser degrees in each individual. Hillman and 
Ventura26 note some current cultural stressors:

Alar on your apples; asbestos around your heating 
pipes; lead paint on the schoolroom ceiling; mercury 
in your fish; preservatives in your hot dogs; cigarette 
smoke in the diner; rays from the microwave; sprays, 
mothballs, radon, feathers, disinfectants, perfumes, 
exhaust gases; the glue and synthetics in your couch; 
antibiotics and hormones in your beef.

Hillman continues: “The greatest moral choice we 
can make today, if we are truly concerned with the 
oppressed and stressed lives of our clients’ souls, is to 
sharpen their sense of beauty.” Furthermore, if beauty is 
an objectification of pleasure, as George Santayana pos-
its,27 then with each styrofoam cup, each asphalt slab, 
each blank wall, each teetering telephone pole, we are, 
each of us, robbed of a bit of pleasure.

Beyond the “aesthetic anesthesia” described by Hill-
man, and beyond the fast pace of change in western 
society, we are often subject to other societal pressures: 

• Two-income families are on the rise. Given the 
weakened extended family structure in many mod-
ern societies, daycare is now part of the psychoso-
cial soil in which we grow our next generation. Our 
society has yet to attend to studies that demon-
strate the significant effect such rearing may have 
on the stress response system and behavior,28,29 as 
well as later psychopathology.30 

• The quality of social relatedness predicts general 
health and mortality, and one’s emotional adjust-
ment to stress.31 Unfortunately, in our mobile soci-
ety, where job and residence change are the norm, 
the reliability of social support (scientifically 
defined as consisting of social networks, social rela-
tionships, and social integration32) as a buffer 
against stress has diminished. 

• Additional stressors include, but are not limited to, 
crime, terrorism, lengthening commute times in 
major cities, traffic, and a bulimic diet of fear-
focused media input. 

Clinical Interventions—Stress

Assessment of psychosocial factors. Simply asking 
a patient “What are the main stresses in your life?” can 
be very useful. Together, the clinician and patient can 

generate a list of these stressors, so that they can be 
tracked and addressed. Such a list might read: 

• marital problems
• job
• finances
• death of a close relative
• medical illness

The next step is to flesh out the complexities of each 
item on the list, asking questions such as:

• How long has this been going on?
• How hopeful do you feel about resolving this 

problem?
• What kinds of thoughts and feelings do you have 

when you think about this particular issue?
• What are you doing to address this problem?
• Do you think you need more help or would you 

like more help addressing this problem?

The clinician can use these inquiries to develop an 
assessment of the patient’s life stresses, a sense of how 
the person adapts to different kinds of stress, and to 
build better rapport. (More on building rapport can be 
found in Chapter 36, which focuses on The Healing Rela-
tionship.) As clinicians, we can empathize with our 
patients’ predicaments, perspectives, and feelings, via 
recollection of similar events in our own lives. If this 
understanding is checked out with the patient for valid-
ity, and if it informs the clinician’s actions, the patient 
will feel understood and well-connected, and those feel-
ings will pay dividends in terms of compliance.33 While 
not proven, it seems intuitive that an empathic relation-
ship between clinician and client would also aid in stress 
reduction and improved satisfaction for both parties.

Planning the intervention. Once the stressors have 
been identified and explored, the clinician and patient 
work together on developing an intervention plan. Ask-
ing “Which of these stresses do you think needs to be 
taken care of first?” will help identify the most urgent 
priority. Lifestyle measures useful for improving stress 
management include meditation, adequate nutrition 
and sleep, enhancement of social connectedness, and 
exercise. More specific interventions must be tailored to 
the patient’s unique situation; discussion of a number 
of common issues and possible interventions follows.

Marital problems. The quality of a marriage is a crit-
ical variable in health maintenance.34 Couples therapy 
can be useful when both partners are genuinely inter-
ested in making the partnership work. There are many 
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varieties of couples therapy.35 Some short-term marital 
therapies that have demonstrated benefit include:

• interpersonal therapy,36 which is particularly useful 
when one of the partners is depressed; 

• cognitive-behavioral therapy,37 and 
• emotionally focused therapy.38

Of utmost importance, aside from the method of 
therapy, is that both partners are comfortable with the 
choice of therapist. Therefore, when possible, the clini-
cian should develop a referral list of several couples 
counselors, and strongly encourage the couple to inter-
view several therapists before selecting one. 

It is not uncommon for one partner to refuse ther-
apy, or to have an addiction and deny any problem or 
need for help. In those cases, individual therapy geared 
to addressing a non-partnered marital relationship can 
still be helpful. For a client enmeshed in a relationship 
with an addict, 12-step groups such as Al-Anon and 
Codependents Anonymous can be very helpful and 
should be encouraged. Since it is the nature of the 
addict to isolate the non-addicted partner in the rela-
tionship from normal supports, these group approaches 
offer much needed social connection as well as educa-
tion about the nature of addiction and its impact on 
families and couples. It is this author’s experience that 
the nature of the particular addiction is less important 
than the process of addiction itself (although there cer-
tainly are differences in the effects of various addic-
tions). In a community with a limited variety of 12-step 
meetings, the nature of the addiction should not pre-
clude a referral to a 12-step group, even if it is not spe-
cific to the patient’s situation.

Job stresses may be caused by a variety of factors, 
including threatened loss of job; interpersonal conflicts; 
mismatch between skills, abilities, and job require-
ments; shift work; and physical/environmental factors 
(e.g. sick building syndrome, lack of adequate breaks, 
inadequate light, excessive noise). It is important to 
assess the nature and source of the stressors so that an 
appropriate plan can be developed. If the client’s job is 
threatened, does the problem reside primarily in the 
organization, the employee, the industry in general, or 
some combination thereof? Does the client have diffi-
culty cooperating with others, manifested by a long-
term history of employment problems? For that person, 
individual psychotherapy can be useful in addressing 
the problem. Sometimes vocational counseling or apti-

tude testing can be helpful when a change in career is 
being considered, as in the case of an aptitude-skill mis-
match. If the situation is such that the client realisti-
cally cannot make a change, and has no behavioral 
options within the situation, then attitude must be 
addressed and coping strategies devised. This is often 
best done via cognitive-behavioral therapy.39 Spiritual 
work on the meaning of the situation can also be bene-
ficial, if the person is so inclined, as can increased atten-
tion to other rewarding aspects of life such as hobbies 
(which can make use of untapped abilities), community 
work, and satisfying relationships.

Shift work can be a significant stress for many peo-
ple.40 Patients may need to be educated as to the health 
consequences of shift work, which include increased 
risk of cardiovascular, gastrointestinal, and reproductive 
dysfunction as well as depression or exacerbation of 
other psychiatric conditions.41 Support from the physi-
cian may aid in reducing shift work as much as possible; 
this can take the form of letters to the employer recom-
mending limits on hours worked or case loads, and 
emphasizing the medical necessity of such recommen-
dations. If the shift work is continuous, light therapy 
may be useful.42 

Finances. Finances are often a very powerful stressor 
for clients, not only because of the realities of financial 
hardship, but also because in the United States the link 
between financial status, social status, and self esteem 
reflects our strongly material orientation. Patients may 
be as reluctant to talk about their finances as they are 
about their sexual habits. If the client has identified this 
as an area of stress, approaching the subject with some 
open-ended questions can be helpful. “When you think 
about your finances, what do you feel?” Note that the 
answer to this question should be one or two words, i.e., 
angry, scared, nervous, sad, not an analysis of the situa-
tion (which involves thoughts, rather than feelings). 
Responses that begin with “I feel that …   ” mean it’s 
important to restate and clarify the question. Explain 
that a feeling is usually one word: happy, anxious, tense, 
etc. Other useful questions on this subject include: “How 
often do you worry about your finances and have these 
feelings?” “Does your worry affect your sleep or appe-
tite?” “Do you share these worries with anyone?” “How 
long have you been preoccupied with your finances?” 
“Has your financial situation changed and, if so, when?” 
“What have you tried to do about your situation?” “Have 
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you sought any help?” “Are you doing the things you 
need to do?”

Many people with depression and anxiety disorders 
have unrealistic or exaggerated fears of financial decline. 
If you are concerned that this may be the case, getting 
collateral history from a trusted partner, parent, sibling, 
or caretaker, can be surprisingly useful. If it appears that 
the patient is unnecessarily anxious, cognitive-behav-
ioral therapy is indicated, and the question of a depres-
sive or anxiety disorder should be raised and explored. It 
is not uncommon for patients with a depressive disorder 
to contemplate suicide, hoping that the life insurance 
payment will alleviate the financial burdens of the fam-
ily. This factor must be identified and given serious 
weight in assessment of the depressed or anxious patient 
who has financial concerns.

If the client is indeed under genuine financial stress, 
then the physician should consider making a referral to 
a financial counselor, or a credit repair company. People 
under chronic financial stress need a strategic plan of 
attack. They may lack the skills, prefer to avoid the over-
whelming feelings of failure and loss of control, or per-
haps are simply too fatigued or anxious to develop one 
on their own. Connecting with a qualified advisor who 
can guide the development of a sound financial plan 
can help patients regain a sense of control over the situ-
ation, which will reduce the perceived stress. In the 
course of the discussion, it can be useful to have the cli-
ent list any possible sources of help that he or she might 
have overlooked (e.g., friends with financial experience).

Certain stages in life indeed are more financially tax-
ing than others, and the experienced clinician may be 
comfortable in simply offering support and comfort 
(“Don’t worry, it will pass. Every one goes through this 
at one time or another”). But this should not be done 
until the nature of the problem is clear. Incorrectly 
used, before a careful assessment of the realities, reassur-
ance can be experienced as invalidating, or a minimiza-
tion of the problem, with an implication that the client 
is “wrong” for feeling what he/she does. For patients 
who are very stressed, such an experience can become a 
significant barrier to good communications. When 
asked about the financial problems at the next visit, the 
patient may indicate that they have been handled, but 
this assurance may soon be followed by the patient’s 
disappearance from the physician’s practice, or by a 
decrease in compliance.

Death of a close relative or loved one. The death 
of a close relative, friend, or pet often creates stress on 
multiple levels. The effect of such loss depends on the 
degree and nature of involvement with the deceased, 
the nature and quality of the relationship, the manner 
of and preparation for the death, and the spiritual ques-
tions raised by the death. Grief counselors often assume 
that recovery from loss requires a period of grief work in 
which the ultimate goal is the dissolution of the attach-
ment bond to the deceased. However, reviews appearing 
in the 1980s noted a surprising absence of empirical sup-
port for this view.43 In fact, different cultures cope with 
death differently. Rather than detachment from the 
deceased, some cultures emphasize “transformations of 
attachment to the deceased.”44 Thus the clinician’s role 
is to identify the grief state, differentiate it from depres-
sion, and help the client obtain culturally specific and 
appropriate support and reintegration into life, in the 
context of a warm and genuinely empathic concern. 

Once the client has identified a loss, the clinician 
may ask any of the following questions to assess the 
extent of the impact: 

• How long ago did the loss occur? 
• How much, how often, and in what ways is this 

loss affecting you? 
• Was the deceased part of your everyday life? 
• What was the quality of your relationship? (Ambiv-

alent, conflict-laden relationships are more difficult 
to grieve.) 

• What have your previous reactions been to losses 
such as these? 

These questions will alert the clinician to the degree 
of recovery from the loss, and the likelihood of a diffi-
cult recovery.

In order to differentiate grief from depression, a 
number of questions must be asked. 

• Are you feeling primarily sad, or do you feel 
depressed or hopeless? 

• Do these feelings come in waves, triggered by some 
memory of the deceased or are the feelings more 
constant? 

• Do you find yourself focused on the deceased and 
missing him/her, or do you find yourself thinking 
more about yourself, and your future and past? 

• Have you thought that you would like to join the 
deceased soon? 

• Are you able to sleep and eat? 
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• Is it difficult to engage in your normal activities? 
• Are you still able to experience pleasure from the 

activities you used to enjoy?

If the clinician is satisfied that the client is grieving 
and not depressed, then a referral to a grief counselor or 
a pastoral counselor or clergy may be appropriate. If 
there is an aspect of depression, then appropriate treat-
ment of the depression should be instituted.

Illness. Illness is a stress; it can have many different 
manifestations in a patient’s life: pain, limitations on 
normal functioning, impact on financial stability or self 
concept, changes in relationships with others, and the 
raising of religious, spiritual, or existential questions. 
Because illness has the capacity to affect one’s life in 
such a pervasive manner, most patients will acknowl-
edge this “burden of illness” as a stress in and of itself. 
When approached about these issues in a thoughtful 
manner (and from a functional medicine perspective), 
many patients immediately experience a reduction in 
stress because they feel that their problem is being 
taken seriously and underlying causes are being sought. 
Many patients are relieved that “pills are not being 
thrown at me.” 

The clinician, by virtue of his/her careful empathic 
interest, restores hope in recovery, and can assist the cli-
ent in adapting to non-reversible physical changes via 
support groups, education, and collateral services as 
needed. It is also part of the practitioner’s mission to 
remind the patient that the goal of all health care is 
recovery of a vibrant life, with abundant joy and happi-
ness. Achieving this goal is both a privilege and a gift 
which we as healthcare providers can and must aspire to.

Even brief attention to these factors in the lives of 
our patients—and to the rapidly developing body of 
stress research—allows one to appreciate the impor-
tance of the contextual soup within which we all live, 
and with which our stress response systems must cope. 
Understanding this, it becomes important to take into 
account additional contextual factors that often impact 
health via the stress response system: community and 
socioeconomic status.

Community and Socioeconomic Status

While the precise definition of “neighborhood” is 
yet to be determined, numerous studies have found that 
neighborhood context, or “place,” does play a role in 
quality of health.45 Neighborhood context has been 

investigated as a factor in various aspects of health, 
including child development,46 child problem behav-
ior,47 cardiovascular disease,48,49,50,51 cigarette smoking,52 
mental health,53 and overall mortality.54 It is intuitively 
obvious that a community which fosters a sense of con-
trol (e.g., personal safety, good visibility, predictability), 
access to privacy, social support, and access to nature 
and other positive recreational activities would be one 
that fosters health. Segregating out the various factors 
that contribute to the effects of community and socio-
economic status (SES) on health remains a challenge,55 
yet it is clear that socioeconomic status (usually deter-
mined by education, occupation, and income) is also a 
major contributor to differential health outcomes in 
various neighborhoods.56,57,58,59 The adverse health 
effects of socioeconomic position are not limited to 
those at the poverty level, however. In fact, the effects 
of social position occur at all levels of the social class 
hierarchy.60 This is not surprising when we realize that 
our position in the social hierarchy determines the 
degree of control we have (or think we have) over our 
environment. That sense of control is related to our 
emotional state,61 and our emotional state is the “cru-
cial driving force in a chain of events leading from psy-
chosocial interaction to neuroendocrine changes.”62 
These neuroendocrine changes involve the HPA axis 
(see discussion in Chapter 32) and involve learned 
expectations of helplessness.63 

In the attempt to determine which aspects of SES 
and neighborhoods most affect health, and to what 
degree, consideration has been given to perception of 
the physical environment,64 work conditions, housing, 
municipal services (e.g., transportation, healthcare facil-
ities), community norms and values, social support net-
works, and political empowerment as components of 
the impact of neighborhood context on health.65 The 
mediating factors that help reduce morbidity and mor-
tality via higher socioeconomic status are thought to 
vary with locale and time (e.g., higher SES is a factor in 
reduced exposure to infection in underdeveloped coun-
tries). Diet, nutrition, smoking, exercise, pathogen and 
carcinogen exposure, crime, and psychosocial factors 
are also significant areas of concern.66

The above-mentioned factors (e.g., neighborhood, 
perception of relative status, factors associated with 
poverty) are contextual, yet they operate ultimately at 
the level of the individual to impact health outcomes. 
Evidence is accumulating that there are multiple path-
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ways by which neighborhood, poverty, and SES deter-
mine health outcomes: 

• involvement of the stress response system as a 
result of cognitive appraisal of potential helpless-
ness or harm (e.g., low job control), 

• direct effect of health behaviors (e.g., diet, exercise, 
smoking), 

• neighborhood effects (e.g., availability of municipal 
services, physical perceptions of neighborhood), 
and

• social support. 

Given that socioeconomic status (as measured by 
education, occupation and income) and community 
(physical environment,67 work conditions, housing, 
municipal services such as healthcare facilities, commu-
nity norms and values, social support networks, and 
political empowerment) must play some role in health, 
the question arises: How is the practitioner of functional 
medicine to take these variables into consideration?

The answer to this question varies with the context 
within which the clinician practices. A patient popula-
tion of upper income clients, for example, is likely to 
experience fewer issues of social hierarchy relative to 
the general population. Practitioners should remember, 
however, that high SES individuals must cope with 
many other major stressors, most of which are indepen-
dent of position: illness, loss of a loved one, job prob-
lems, marital and family issues. Financial difficulties 
such as excessive debt and possible bankruptcy may 
also arise, and high SES patients may be less likely to 
admit them due to their perceived social stigma. Clients 
from very wealthy communities may labor under pres-
sure to maintain their socioeconomic status and life-
style, which is often a gauge of self esteem. 

Populations with narrower income variability tend 
to have lower mortality rates.68 This implies that health-
care practitioners should find out who the client com-
pares him/herself to, and where she/he stands in the 
hierarchy. The impact of social status on health is deter-
mined more by perception and personal expectations 
than by facts. Lacking well-validated instruments, the 
following questions might serve as a starting point for 
an analysis of the patient’s perception of socioeco-
nomic status: 

• Do you feel that the people in your life are gener-
ally more or less well off than you are? 

• If you imagined a scale of 0 to 100, with 100 being 
the people you know who are most successful in 
their work and their lifestyle, where are you, cur-
rently, in your estimation? Is that a change? 

• Are you satisfied with this, or do you feel bad about 
this sometimes? 

• Where do you expect you will be on this scale in 
the future?

Education is easily assessed with a few straight-
forward questions: 

• What is the highest degree you have attained? 
• Are you satisfied with this, or do you feel this holds 

you back? 
• Do you intend to get further education of any type?

Occupation may require a little more probing. Ask-
ing “What kind of work do you do?” might generate a 
response such as, “I work at ABC accounting corpora-
tion.” The practitioner might accept this answer, but 
still not know whether the patient is a janitor, a clerk, 
an accountant, a partner, an administrator, a salesper-
son, or in human resources. Does he/she like what he/
she does? If not, why not? Aptitude testing (to deter-
mine a more appropriate career path or job), along with 
skills training and work on interpersonal skills, might 
be important; a job change may need to be considered.

The physical environment one lives, works, and 
recreates in can have significant effects on all aspects of 
health. The biological (e.g., sanitation, water quality), 
psychological (crowding, privacy), social (safety, neigh-
bors, local services), and aesthetic (trees, flowers, 
design, open space) aspects of community are all impor-
tant. For example, a recent study of 207 elderly people 
living independently indicated that “a considerable 
number of the residents in the Silver Peer Housing facil-
ities studied had mental health problems associated 
with limitations in the layout of their apartment and/or 
the location of the housing.”69 Practitioners who are 
able to make house calls (or otherwise become familiar 
with the cultures and communities their patients 
inhabit) have an advantage both in connecting with the 
client and in avoiding the pitfalls of making unreason-
able healthcare suggestions. Asking a patient to “jog or 
walk around your neighborhood,” without knowing 
whether there are concerns about crime, traffic, or air 
quality may be a mistake. The amount of sunlight expo-
sure (affecting vitamin D levels and possibly seasonal 
affective disorder), ventilation and air quality, noise 
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exposure affecting sleep-wake cycles (e.g., 4 am street 
cleaners, airplanes overhead), and access to nature are 
additional variables to consider. The amount of per-
ceived control over one’s environment can reinforce a 
sense of optimism or despair.

As practitioners, we must consider the cultural 
norms that drive behavior. Each community has partic-
ular characteristics with which the practitioner can 
become acquainted. In higher SES communities, it 
might be the norm to have a drink at lunch or half a 
bottle of wine with dinner. Immigrant or ethnic com-
munities may connect very closely with particular 
foods; as we know, diet has a powerful impact on 
health. To elicit some of these factors, patients can be 
asked to identify potential obstacles to dietary or life-
style changes they might face within their families, at 
work, or in their communities. 

Social support networks should be assessed; ques-
tions such as the following are useful: 

• Do you feel isolated or lonely? 
• How well do you feel you fit in with your 

community? 
• Where do the different members of your family 

live? 
• Who are you closest to in your family? Where do 

they live? How often do you speak to or see them? 
• Do you generally feel better after a visit with certain 

members of your family? 
• When you have a problem, who do you turn to? 
• What kind of friendships do you have? Are they of 

long or short duration? 
• Have you suffered any losses of important people? 
• Who do you have fun with? 

Political empowerment can be defined as feeling 
able to influence the political events and economic 
decisions that affect one’s community. A community 
with low levels of political power will suffer health con-
sequences on a broad scale. Clinicians who empower 
their clients to be in charge of their health can diminish 
the helplessness that members of disenfranchised com-
munities often feel. Beyond the individual level, how-
ever, there are several other factors to consider. The 
practitioner who works in a lower SES community 
might consider connecting with influential individuals 
within the community (e.g., the pastor of a local 
church) to advance educational efforts (e.g., nutrition, 
fitness, or general health promotion programs for ado-

lescents) that have the potential to reach a larger num-
ber of people in a more fundamental manner than can 
be achieved one-on-one.

The Impact of Spirituality and/or Religion 
on Health

Defining Spirituality and Religion

Over the past 15 years, there has been increasing 
interest on the part of both patients and healthcare pro-
fessionals regarding the role of religion and spirituality 
in the promotion of health.70,71 While definitions of spir-
ituality and religious practice overlap significantly, they 
are not interchangeable terms. Spirituality and religion 
are best thought of as two overlapping circles in a Venn 
diagram.72 Spirituality can be defined as the search for 
the sacred, the sense of being connected to something 
greater than self, while religion may be defined as an 
organized, institutionalized, social mechanism for 
attaining the spiritual connection.

Relevance of Spirituality and Religion to 
Healthcare Practitioners

Human beings receive information about the world 
in three ways: from the food and water we ingest, from 
the air we breathe, and via our senses (conscious or 
unconscious experience, observation, and interpreta-
tion of the world and ourselves). These inputs impact 
the expression of our genes via complex interactive 
pathways. If we turn our attention to the third pathway, 
the senses, we recognize that the sensory input we 
receive is constantly evaluated by our mind and body, 
so that we may respond appropriately. There is an ongo-
ing automatic and preconscious inner dialogue, so to 
speak: “Is this chair comfortable?” “Do I trust this per-
son?” “Am I in danger?”

One primary filter through which we evaluate 
incoming sensory input is our set of beliefs and atti-
tudes (cortical function); another is our limbic (emo-
tional) predisposition. Support for the proposition that 
thinking affects emotion comes from Beck,73 who, in 
formulating cognitive-behavioral theory, postulated 
that one’s views of self, the world, and the future (the 
“cognitive triad”) are critical determinants of one’s 
emotional state. Numerous studies have demonstrated 
the effectiveness of cognitive therapy in a variety of 
psychiatric disorders.74,75,76,77
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Furthermore, according to Schore,78 “Because the 
right hemisphere of the brain is deeply connected into 
the limbic system and the autonomic nervous system, it 
is centrally involved in controlling vital functions sup-
porting survival and enabling the individual to cope 
with stresses and challenges.” Thus our automatic and 
rapid assessment of sensory input may be negative, neu-
tral, or positive, but the valence of the interpretation we 
place on our experience is then conveyed to the deeper 
brain structures such as the amygdala, the hippocam-
pus, the hypothalamic-pituitary-hormonal axes, the 
autonomic nervous system, the immune system,79 and 
other points on the functional medicine matrix. Given 
a favorable assessment of sensory input, we experience 
pleasant feelings, such as pleasure or relief, and a corre-
sponding physiology. A negative assessment activates a 
different psychophysiological response.

 It is thus reasonable to conclude that the separation 
of mind-body that has pervaded western medicine is 
unfounded.80 The mind-body is, in fact, an interactive 
single unit embedded in the larger sociocultural envi-
ronmental context. Beliefs and attitudes can influence 
the entire state of the person, including physiology. 
Thus, religiosity and spiritual beliefs are vital issues in 
health promotion and are addressed within the func-
tional medicine matrix. Body and mind are inextricably 
intertwined. Acknowledging these facts, researchers 
have sought to determine and define the effects of spiri-
tuality and religion on health. 

The Evidence Concerning Health Effects of 
Spirituality and Religion

In a comprehensive and systematic 2001 review of 
the literature over the past century, Koenig assessed 
over 225 reports on religion and pain/disability, heart 
disease, blood pressure, stroke, immune/neuroendo-
crine function, infectious disease, cancer, and overall 
mortality.81 He concluded that: 

While more research and better designed studies are 
needed, the vast majority of research completed to 
date indicates that religious beliefs and practices are 
associated with better mental and physical health. 
These associations are as consistent and robust as asso-
ciations between health status and other psychosocial 
variables (like social support, marital status, and cer-
tain health behaviors).

In another critical review of the evidence, which dif-
ferentially assessed religious/spiritual dimensions and 
meditation/relaxation, Seeman et al.82 created a “levels 

of evidence” ranking system to evaluate the available 
literature. Studies were ranked according to the strength 
of study design (A to C). Eleven propositions relating to 
the hypothesized relationships between spirituality/reli-
gion and physiological markers (e.g., blood pressure, 
oxidative stress) were then developed. They defined 
four levels of evidence:  

• 3 (persuasive support for the proposition, including 
at least three category A studies), 

• 2 (reasonable evidence demonstrated by two cate-
gory A studies or 3–4 category A and B studies), 

• 1 (some evidence in at least one category A study, 
or two or more category B studies), and 

• 0 (insufficient support, i.e., not even one cate-
gory A or two category B studies to support the 
proposition). 

They concluded that:
1. Meditation/relaxation is associated with better 

health outcomes in clinical patient populations 
(category 3).

2. Meditation/relaxation is associated with lower 
blood pressure (category 2.5).

3. Religion/spirituality is associated with lower blood 
pressure, less hypertension, better immune func-
tion (all category 2).

4. Meditation/relaxation is associated with lower cho-
lesterol, lower stress hormone levels, and differen-
tial patterns of brain activity (category 2).

5. Meditation is associated with less oxidative stress, 
and less blood pressure and stress hormone reactiv-
ity under challenge (category 1).

In contrast to these reviews, Sloan et al,83 in a com-
prehensive “though not systematic” earlier review of the 
empirical evidence, raised the flag of caution. While he 
acknowledged the great interest in the subject at hand, 
he pointed out that the quality of the research is marred 
by inadequate definition of terms, poor control of con-
founding variables and other covariates, a failure to con-
trol for multiple comparisons, and conflicting findings. 
He raised concerns about the ethical validity of interven-
ing in a patient’s life with a “non-medical agenda,” and 
described it as an abuse of professional status. Even if 
religious or spiritual factors are determined to be related 
to health outcome, he contended that “we generally 
regard financial and marital matters as private and per-
sonal and not the business of medicine even if they have 
health implications.” He therefore advocated that the 
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religious/spiritual should remain in that private domain. 
Finally, he expressed concerns that “linking religious 
activities and better health outcomes can be harmful to 
patients, who already must confront the age-old folk 
wisdom that illness is due to their own moral failure.”

In response to Sloan, Powell et al.84 conducted 
another “levels of evidence” approach to the question in 
2003. This review specifically excluded studies examin-
ing the link between religion or spirituality and physio-
logical markers (e.g., blood pressure), studies examining 
all psychosocial outcomes (including suicide, substance 
abuse and depression), and studies with a variety of 
methodological flaws.  Powell et al. concluded that while 
a relationship between religion or spirituality and physi-
cal health exists, it may be both more limited and more 
complex than some authors suggest. 

Among their findings:
1. In healthy individuals (especially females) there is 

a dose-response correlation, where frequency of 
church attendance is positively correlated with 
approximately 25% reduction in mortality, after 
adjustment for demographic, socioeconomic, and 
health-related confounders (e.g., better diet in 
attenders). 

2. There is inadequate support for the hypothesis that 
religiosity protects against disability.

3. While there is a positive correlation between 
weekly church attendance and reduced cardiovas-
cular disease (myocardial infarction, angina pecto-
ris, stroke, congestive heart failure, and congenital 
cardiovascular defects), a large measure of the rela-
tionship is accounted for by the healthier lifestyles 
adopted by churchgoers. Given the difficulty main-
taining long-term lifestyle change (see section on 
promoting lifestyle change) by other methods, 
these data do support encouraging church atten-
dance as one method of improving lifestyle factors 
that contribute to morbidity.

4. All five studies that qualified for review failed to 
support the hypothesis that religion or spirituality 
improves objective measures of recovery from acute 
illness. Three qualifying studies of intercessory 
prayer (prayer at a distance), although not without 
flaws, indicate that being prayed for improves the 
quality of the subjective experience during recovery 
from acute illness. 

Integrating Spirituality in Clinical Practice

As the popular pendulum swings toward the percep-
tion of spirituality as a legitimate health-promoting fac-
tor, it is simultaneously becoming clear that facile 
conclusions are unwarranted and that many voids in 
our knowledge base remain. In the face of these cross-
currents, clinicians are at the helm, obliged to navigate 
complex waters as clients, media, and the professional 
literature demonstrate increasing concern and curios-
ity.85 For those practitioners who plan to integrate this 
important aspect of health into clinical practice, there 
are some key issues to consider:

When can the clinician know that a discussion of 
religion or spirituality is indicated? Given the trend of 
the data, which indicate that there is some degree and 
nature of interaction between religion/spirituality and 
health, it seems prudent to assess this factor as a point 
for potential intervention in the majority of patients. In 
the treatment of chronic diseases, the approach must be 
individually tailored. The clinician should determine 
the relative importance the patient places on the subject 
matter, and assess the receptivity of the patient to the 
issue, while asking him/herself, for example, whether 
the relationship between the patient and healthcare pro-
vider can “hold” the subject. The majority of the Ameri-
can population would welcome their physician’s inquiry 
into their spiritual or religious practice if gravely ill.86

How does one explore the subject? On the front 
lines of medicine, statistics can only offer probabilities, 
and each patient must be recognized as unique. From 
this perspective, we might open the subject with a simple 
inquiry: “Mr. Jones, is spirituality or religion important 
to you? Is it something you would like to discuss, with 
me or with someone else?” In the case of a patient with 
chronic stress, hypertension, perhaps immune dysfunc-
tion, or an imbalance of adrenal function (such as low 
morning cortisol), meditation or relaxation techniques 
might be offered as a tool for addressing the patient’s 
physical problems.i “Development of a daily meditation 

i There are many approaches to meditation or other relaxation tech-
niques; some clearly have a spiritual or religious connection, while oth-
ers do not. It may be important to the patient to know more about 
those nuances. Resources are usually available in most communities, 
but Full Catastrophe Living (Jon Kabat-Zinn) outlines a structured medi-
tation program, and is an excellent book. A less structured approach to 
meditation is discussed in Jon Kabat-Zinn’s second book, Wherever You 
Go, There You Are. Tapes can be purchased to facilitate the learning on 
one’s own, although live training and group practice may help patients 
learn the techniques more quickly and effectively.
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practice, has been shown to be very helpful for many 
people, Ms. Jones, so that when you are stressed you will 
manage it better.” If meditation is recommended, it 
should be emphasized that this is a skill that takes time 
to develop, but one which can have many health bene-
fits, both mental and physical. In a patient who is 
depressed and/or guilt ridden, meditation (during which 
he/she may ruminate on negative cognitions) could be 
contraindicated. Similarly, I have seen religious atten-
dance be helpful as well as harmful. In cases of trauma or 
guilt associated with a specific church, the clinician 
could support the patient’s exploring other religious 
denominations (if the patient is so inclined).

After ascertaining whether the patient is religiously 
or spiritually oriented, you may want to define the dif-
ference between the two, so the patient is clear about 
the question. It’s also important to evaluate the clini-
cian’s context—i.e., what is the nature of your relation-
ship to the patient? Are you (the clinician) pursuing a 
spiritual or religious practice? Has it been helpful with 
your personal health issues? Do you have any negative 
feelings/experiences associated with religion or spiritu-
ality (e.g., being forced to go to church, abuse history 
within the church)? It may be appropriate to make a 
personal disclosure about the role of religion or spiritu-
ality in one’s own life, if the relationship with the client 
can hold the disclosure: “Self disclosure on the analyst’s 
part facilitates self disclosure by the patient, and there-
fore productive dialectical interchange between analyst 
and patient is maximized.”87 

What are the risks of raising the subject? Clini-
cians must approach the assessment of spirituality/reli-
gion with respect for the patient’s autonomy, personal 
history, and social context. The inquiry must remain as 
neutral and non-judgmental as it is for any other area of 
inquiry. The sole goal of the inquiry must be to benefit 
the person’s health. The clinician must be sensitive to 
the patient’s inclinations, and conduct the discussion 
with respect and sensitivity. If the clinician detects resis-
tance to the subject matter, it is very important to 
acknowledge the person’s right not to discuss the issue, 
and simply let them know that, should they desire to 
discuss the issue in the future, the door will be open. 
Failure to approach the person in this manner has a 
high likelihood of eroding the foundation of trust in 
the relationship.

Where/how to set the boundary between the clini-
cian’s belief system and that of the patient can be tricky. 

Generally speaking, the boundary will be a function of 
the interaction between the clinician’s belief systems 
and the patient’s belief systems, and the clinician’s 
function is, first, to protect the patient and, second, to 
guide him/her if such guidance is desired. As in all areas 
of clinical practice, there is a somewhat porous, interac-
tive boundary between the physician’s life, beliefs, per-
sonal history, personality style, and those same factors 
within the patient. Clinicians who eat properly and 
exercise may be more likely to focus on such issues with 
their patients. Consequently, a physician who manifests 
some mastery of these lifestyle factors can be perceived 
as supportive and hope-inducing by some patients; yet, 
for other patients, the clinician’s mastery may paradoxi-
cally represent a mirror of their own imperfections. 
Each clinician-client interaction presents a unique 
interactive dynamic, a human chemical reaction. So, a 
clinician who considers him/herself atheist will have a 
different interaction with a very spiritual patient than a 
clinician who is him/herself very spiritually oriented. 
It’s important to be cognizant of this interactive ten-
sion, which can be communicated by many nonverbal 
factors, ranging from body language to office decor. 

On the other hand, a clinician-patient dyad in 
which both parties are members of the same religious 
persuasion, and perhaps of the same community, offers 
different potential benefits, perils, and outcomes. The 
clinician must therefore understand that there is no for-
mulaic approach in this arena, and it is most important 
that general principles of autonomy, respect, sensitivity, 
and care are the clinician’s guideposts.

How does the clinician establish an effective 
referral to a pastor or other trusted person? Once the 
client has indicated the desire for further discussion or 
exploration of the spiritual/religious realm, the clini-
cian should help the patient determine with more pre-
cision what the needs are. If the patient is confused 
about allegiance to a church, referral to a pastor might 
be less useful and more threatening than referral to a 
pastoral counselor, who is trained in both the spiritual 
and psychological dimensions. Is the client looking for 
a new pastor or for training in meditation? Possibly a 
new religious community or a support group might be 
needed. As clinicians become more skilled and 
informed, it can be very useful to develop a resource list 
and a bibliography that can be offered to those who are 
interested. The best strategy is to address the client’s 
needs with suggestions about resources they may have 
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overlooked. Once these needs have been identified and 
a plan for action has been determined, the clinician 
may offer to make the initial contact (a referral) on the 
patient’s behalf. Finally, follow up should be done on 
the next visit with an inquiry as to action and outcome.

What clinical outcomes can the clinician and 
patient expect? Because “very little apparent progress 
has been made within the health promotion/health 
education discipline [on] the development of integrated 
content, methods, and applications for spiritual health 
promotion,”88 clinicians must extrapolate to determine 
the best methods of promoting health and setting rea-
sonable expectations for outcome. Inadequate informa-
tion also exists in other areas of healthcare, where 
clinicians must often make decisions without full infor-
mation. The data seem to support the assumption that 
the earlier one intervenes in the multicausal chain of ill-
ness, the more beneficial the effects. Powell observed 
that “the effects of prayer and meditation may be more 
powerful in the prevention of mortality before the over-
whelming force of functional impairment sets in.”89 
Early life stresses as well as chronic stress result in 
isolation, helplessness, and consequent adoption of 
unhealthy lifestyles (e.g., poor diet, smoking, lowered 
activity levels). These lifestyle habits then interact with 
genetic predispositions, mediators, and triggers, result-
ing in disease. After a comprehensive literature survey, 
Hawks90 reviewed three peer-reviewed, well-designed, 
reproducible, spiritually-based, comprehensive health 
intervention programs (the Lifestyle Heart Trial, a Stan-
ford University School of Medicine complex psycho-
social intervention in patients with metastatic breast 
cancer, and the stress reduction clinic of Jon Kabat-Zinn 
at the University of Massachusetts Medical Center). The 
Hawks concluded that:

…   improved spiritual health may be associated with 
improved behavioral and emotional health in such 
areas as diet, activity levels, communication skills, 
treatment compliance, reduced anxiety and depres-
sion, and improved mood states. These positive behav-
ioral and emotional improvements in turn may be 
associated with heart disease reversal, reduced cancer 
mortality, enhanced immune function, and reductions 
in pain and other medical symptoms.

Mind-Body Interventions in Clinical Practice 

This brief review of health effects of certain mind-
body factors—stress, religion and spirituality, commu-

nity and poverty—indicates the complexity of the field 
and the multiplicity of issues that may play a role in 
health outcomes. It is abundantly clear that each aspect 
of the bio-psycho-social–spiritual web is interactive and 
in communication with other aspects. Much remains to 
be clarified before definitive guidance can be offered by 
the research community. What is the clinician to do?

First Things First

The practitioner’s choices will be dependent, in part, 
on the type of clinical setting and the resources avail-
able to both clinician and client. Clinicians who prac-
tice in a private setting can “provide health education 
advice to individual patients, whereas clinicians in com-
munity health centers are more likely to be involved in 
group health promotion activities and broader commu-
nity development initiatives.”91 The functional medi-
cine practitioner needs to determine, first, how, and to 
what depth, he/she will be integrating this material into 
clinical practice. That assessment will affect the setting 
and style of practice, as well as the potential activities 
that can be integrated.

Helping Patients to Change

Next, it is good to have an awareness of the factors 
involved in making permanent behavior change. While 
it is frequently possible to assist patients in making 
short-term changes in lifestyle factors known to pro-
mote health (e.g., improvement of diet, addition of 
meditation and exercise, etc.), it is far more challenging 
to promote long-term lifestyle change. Recognizing this 
fact, in January of 2003, the National Institutes of 
Health, Office of Behavioral and Social Sciences Research 
targeted funds toward the study of factors involved in 
the maintenance of long-term behavioral change.92 
While clinicians wait for the results of this research ini-
tiative, certain guidelines can tentatively be suggested.

From the clinician’s perspective, it is best to view 
change as a long-term process, involving different 
stages of both change and relapse. “Behavior change is 
rarely a discrete, single event; the patient moves gradu-
ally from being uninterested (pre-contemplation stage 
of change) to considering a change (contemplation 
stage) to deciding and preparing to make a change.”93 
These stages are followed by the active change phase 
and then maintenance of change. Most people find 
themselves “cycling through” the stages of change sev-
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eral times (relapsing) before the change becomes truly 
established. A detailed discussion of the stages of 
change approach is provided in Chapter 36.

Emphasizing the fact that long-term change requires 
long-term support and follow-up, a randomized five-
year outcome study of the effect of dietary change and 
smoking reduction in patients with angina revealed 
that changes were sustained at two years, but not at five 
years.94 The intervention group received two years of 
quarterly personal health promotion from a trained 
nurse. This study highlights both the efficacy of short-
term interventions, and the unanswered questions 
about induction of long-term change. 

Short-term Studies of Health Promotion

Successful intervention on the nutritional level can 
have broad-ranging benefits on health outcomes. In a 
systematic and thorough review of published informa-
tion on methods to change key dietary habits (fat, fiber, 
and fruit and vegetable intake), Bowen and Beresford95 
focused on interventions at the individual level, the 
family/provider, worksite interventions, and commu-
nity level. Multiple studies in their review indicated 
that nutritional counseling, individually or in group 
settings, can have sustained impact on nutritional sta-
tus at one year following intervention.

Another one-year follow-up reported in 2003 used 
biomarkers of dietary change (e.g., plasma beta caro-
tene) to measure outcome.96 This study supported the 
hypothesis that brief interventions (two 15-minute ses-
sions, two weeks apart, supported by written materials 
and consisting of either behavioral or generalized 
nutritional counseling) can be an effective means of 
increasing consumption of fruits and vegetables. The 
behavioral intervention (which was statistically more 
effective in changing the biomarkers than the general-
ized nutritional counseling approach) was based on 
the “stages of change model.”97 The intervention was 
tailored to which stage of change the subject was 
considered to be in (i.e., precontemplation, contem-
plation, preparation for change, action, or mainte-
nance). This individualized approach was found to 
be superior to the generalized nutritional approach 
(which pointed out the importance of healthful diet, 
the constituents of a nutritionally sound diet, and the 
effects on health). Interestingly, the effects of the inter-
ventions were similar across income groups. Based on 
this study, clinicians might consider assessing the cli-

ent’s stage of change before intervening, with the 
intention of offering stage-appropriate advice. 

In a survey of 796 low-income people, Eikenberry 
and Smith98 provided evidence that low-income individ-
uals lack knowledge of what constitutes a healthful diet, 
that racial and economic differences exist in motivation 
for eating well (African Americans and lower-income 
individuals had less motivation), and that time and 
money were cited as the most significant barriers to 
healthful eating. The most common promoters of 
healthful eating were social factors (living alone was a 
frequent barrier; how one was raised was also influen-
tial) and food assistance programs. Based on this survey, 
and the common-sense notion that eating is generally a 
social activity, clinicians might consider promoting 
increased (or at least regular) frequency of family meals. 
Encouraging patients to reconnect with their cultural 
cuisine might be an additional incentive for some indi-
viduals to steer away from fast food, and move toward 
a more wholesome and meaningful diet; this might also 
enhance a sense of connectedness to a larger commu-
nity. For adolescents, family meals can have a marked 
influence on a variety of behaviors. “In general, adoles-
cents who reported more frequent family meals, high 
priority for family meals, a positive atmosphere at fam-
ily meals, and a more structured family meal environ-
ment were less likely to engage in disordered eating.”99 
Frequency of family meals has been positively correlated 
with reduced substance use, academic performance, self 
esteem, depressive symptoms, suicidal ideation, and sui-
cide attempts.100

Similar results were reported from a short-term 
intervention for behavior change directed at reduction 
of cardiovascular risk factors;101 however, due to the 
short duration of the intervention, the actual risk levels 
were not changed (with the exception of blood pres-
sure), despite changes in behavior. 

In an evidence-based review of physical activity pro-
motion, Eakin, Glasgow and Riley102 found that “well 
controlled physical activity studies have generally pro-
duced moderate short-term improvements, but these 
results are often less encouraging at long-term follow-
up. Of significant note is the fact that all except two of 
the 15 studies that met the criteria for review relied on 
self reports of physical activity, although the two stud-
ies that used objective measures (e.g., activity moni-
tors) corroborated the self reports. In addition there 
was considerable variability across studies.” Physical 
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activity-only interventions fared better in the short 
term, but all three of the studies with significant long-
term effects were multiple risk factor interventions 
(e.g., diet/exercise/smoking). While conclusions are cer-
tainly premature, this could imply that long-term 
change is best achieved by approaching the patient’s 
life with a broad lens. A program that utilizes multiple 
interventions and recognizes the whole person, includ-
ing social and occupational contexts, as well as stages 
of change, might be most useful. Clinicians can expect 
significant failure rates from any approach they 
employ, as study attrition rates were 20–56% in the 
longer-term follow ups. Not surprisingly, those in 
poorer health, those with less education, and smokers 
were more likely to drop out of the studies.

Long-term Studies of Health Promotion

A more recent review of physical activity promotion 
studies,103 using similar exclusion criteria (the RE-AIM 
model104), indicated that five out of nine long-term stud-
ies (six-month follow up or longer) reported positive 
findings for a variety of interventions (e.g., physician/
nurse counseling, written materials, mailings, and tele-
phone follow-up), varying frequency, and duration of 
contact. This report concludes that “the evidence about 
the long-term impact of single risk factor interventions 
and about the effect of multiple risk factor interven-
tions” is equivocal. There is good evidence that “inter-
ventions delivered to primary care patients that address 
physical activity alone can achieve short-term” changes 
in physical activity. The author recommends that clini-
cians “carry out brief interventions to advise patients 
with health problems who could benefit from increased 
physical activity.” (An extensive review of the health 
effects of increased physical activity is available in Chap-
ter 13; Chapter 29 offers a detailed discussion of how to 
help patients plan and implement a physical fitness pro-
gram.) In clinical practice, the clinician must follow up, 
at each visit, on the targeted behavioral changes, which 
should be prominently displayed in the patient’s chart 
or problem list. When dealing with chronic health prob-
lems, long-term changes in health-inducing behaviors 
require long-term concern, monitoring, encouragement, 
positive reinforcement, and problem solving on the part 
of both clinician and client.

Summary

This review of the effects of spirituality, community, 
poverty, and stress on health indicates that much more 
research is called for to help us understand the influ-
ence of these factors on patient (and population) 
health. We do know, however, that there can be signifi-
cant health effects, that these are complex variables, 
and that they are in all likelihood linked inextricably 
with the larger societal context within which people 
live. Our current system is making slow progress in 
quantifying factors and variables that affect quality of 
life and health status, but the evidence-based recom-
mendations offer only broad guidelines. These facts 
make broad-based, one-size-fits-all suggestions difficult 
and inappropriate. Fortunately, several themes emerge 
from the data, to help the practitioner who wishes to 
expand her/his clinical practice to include direct atten-
tion to mind-body factors.

Interventions must be individualized. Individual-
ization of care requires that we obtain more informa-
tion about our patients’ lives. Clinicians must find ways 
to acquire knowledge that, in the past, was often gained 
by the house call (“Hey Joe, I don’t like what I am see-
ing in your refrigerator”). Thinking outside the box (a 
picture is worth a thousand words), one might ask 
patients for pictures of their home, their kitchen, etc. 
Fundamental questions must be asked: Who exactly is 
in the patient’s intimate social network? How much 
contact with them are they able to have? What does 
their home and neighborhood look and feel like to 
them? What are the patient’s social and personal barri-
ers to improving specific health behaviors? What is the 
patient’s financial situation? How does the patient feel 
about religion or spirituality? How does the patient 
experience and cope with stress (are symptoms felt in 
the mind, the body, or both)? 

Some sort of partnership with the patient must be 
formed. Many patients, but certainly not all, prefer to 
be involved in the clinical decision-making process.105,106 
As patients age, they want more interest from their 
healthcare providers regarding health care.107 

Clinicians must be realistic about what they can 
expect of themselves and of their clients. These 
expectations should be contingent on the setting and 
skills of the practitioner and the life setting of the client. 
Expectation of behavioral change must be tempered by 
an understanding of the long-term nature of that pro-
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cess, and various interventions must be tried, seeking a 
suitable and personalized approach for each client.

Finally, healthcare practitioners must strive to 
form caring, warm, empathic, genuine relationships 
with their clients. The clinician-patient dyad can be 
considered, like most relationships, a third entity that 
grows over time, out of the affinity that the parties 
develop for each other. This third entity evolves within 
a socioeconomic and political medium that is different 
for each client, and often includes a wide variety of 
influential third parties (e.g., clergy, therapists, insurers, 
courts, pastoral counselors). The nature of the partner-
ship is influenced by all of these factors. The clinician’s 
availability in times of urgent need can help solidify the 
partnership, as can genuine empathy, acceptance, 
warmth, appropriate humor, and a real interest in who 
the client is in body, mind, and spirit. It is only in the 
clear air of such a healing relationship that new and 
healthier behaviors can be nurtured.
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Chapter 34
The Patient’s Story; the Clinician’s Thinking—A Place 
to Start
Michael Stone, MD, and David S. Jones, MD

Introduction

Healthcare practitioners—whether modern or 
ancient, from Western or Eastern disciplines, physician 
or shaman—have always needed a system for con-
structing an “explanatory story” of the patient’s illness. 
These systems can vary from a few questions and much 
observation (an approach characteristic of the Yupik 
shaman), or prolonged palpation of the pulse while lis-
tening to the breathing pattern (a Tibetan healer), to 
patient questionnaires accompanied by physical exam 
and laboratory data (the Western medical model). 
Whatever the tradition or training, the healer/health-
care practitioner and patient together construct a story; 
the most comprehensive methods integrate experi-
ences, perceptions, observations, and objective infor-
mation into a coherent, culturally-sensitive narrative. 
Two important outcomes are generated from a compre-
hensive patient story: (1) the patient experiences being 
understood within a context that is often considerably 
broader than the standard biomedical portrait, and (2) 
hope is established in the minds of both patient and 
practitioner that steps can be taken to change the tra-
jectory of the present illness back toward health.

Clinical medicine really begins with the patient’s 
story, so it is worth our time to be sure we construct 
that story in a way that is appropriate to the patient, to 
his or her complaint(s), and to the therapeutics that can 
be most helpful.

Most healthcare systems have a heuristic approach 
to this challenge—a shorthand way of directing atten-
tion that does not require continuous application of 
the entire, detailed decision model at every step of the 
process. Collecting, sorting, and focusing relevant data 
toward the development of a coherent story and well-
founded therapeutic plan can, indeed, be cumbersome 
and time-consuming in the absence of an efficient 
model. In standard medical care, efficiency is gained by 
generating and sorting information through a well-
established and very useful model: chief complaint, 
medical history of the presenting problem(s), past med-
ical history (including important family medical his-
tory), social and work history, present medications, 
history of drug sensitivities, and a complete review of 
systems. This standard medical heuristic is organized to 
achieve a relatively quick and highly useful distillation 
of the patient’s story into a “short list” of potential 
diagnoses; the process of selecting among those poten-
tial diagnoses (achieving the differential diagnosis) is 
usually facilitated by collecting further data (physical 
examination, laboratory measures) related to the most 
likely choices.

The inherent goal in this model is to narrow the 
inquiry down as quickly as possible to a specific diagno-
sis,1 with the expectation that such a process leads fairly 
directly to a therapeutic plan of (usually) pharmaceuti-
cal and/or surgical intervention(s).2 Implicit in such a 
model is a belief that enough of the patient’s full story 
can be captured by a diagnosis that an appropriate and 
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effective treatment plan can be based upon it. The orga-
nization of information into only those categories that 
help the clinician formulate the diagnosis and the treat-
ment plan simplifies the process of “doctoring,” and 
lends coherence and reproducibility to the standard 
medical approach.

The cost, however, of the speed and efficiency of 
this model is that the narrow focus precludes a compre-
hensive response to some of today’s most common and 
costly conditions: chronic, complex illnesses.3 Speed 
and efficiency are highly desirable in the acute care set-
ting; however, the steady and disturbing rise in the inci-
dence and prevalence of serious chronic diseases makes 
the case that those are not the best standards for non-
acute circumstances.

This textbook has been devoted to the exposition of 
a new information-gathering-and-sorting architecture 
that stands on the very substantial shoulders of the stan-
dard medical paradigm, expanding it with an emphasis 
on principles and mechanisms that weld meaning and 
mechanistic explanations to the diagnosis, and deepen 
the clinician’s understanding of the often overlapping 
ways things “go wrong,” and what to do about it.

Any methodology for constructing a coherent story 
and an effective therapeutic plan in the context of 
complex, chronic illness must be flexible and adaptive. 
Like an accordion file that can compress and expand 
upon demand, the amount and kind of data needed 
will necessarily change in accordance with the patient’s 
situation and the clinician’s time and ability to piece 
together the underlying threads of dysfunction. In the 
acute setting, the clinical information requirements 
contract to a very slim, survival-driven set of points 
that provide guidance and milestones with as little 
extraneous information as possible in order to achieve 
rapid diagnosis and intervention. Relevant examples 
of the clinical conditions responsive to this model 
abound: cardiac arrest, gram-negative shock, pneu-
monia, herpetic corneal infection, spinal cord com-
pression, and so forth. However, in the approach to 
complex chronic illness, with multiple co-morbidities, 
the accordion file must expand to incorporate a much 
larger database of relevant information. For example, 
the compilation of the “present illness” section of the

history and physical must expand to include a thor-
ough investigation of antecedents, triggers, and media-
tors (see Chapter 8), if the completed story is to develop 
and sustain a robust partnership between the patient 
and the healthcare provider. Personalized medical care 
without this essential investigation will fall short. There 
are many pathways that can lead to chronic disease; the 
story elements must broaden sufficiently to assess 
those.4 Diagnosis is only one step in the functional 
medicine process; it is not, as it often is in the standard 
paradigm, the final step before intervention.

Traditionally, the review of systems assesses how the 
various organ systems—neurological, ENT, respiratory, 
cardiovascular, etc.—are functioning; it follows the 
questions about present illness and past medical his-
tory and often completes the initial data collection 
process. In the setting of complex, chronic illness, how-
ever, a new step must be inserted after the review of sys-
tems. In order to construct a robust response to the 
many issues of chronic illness, a “review of mechanisms” 
(functional medicine’s raison d’être) must engage the 
clinician’s attention. (As is apparent from a glance at 
the functional medicine matrix—discussed below—this 
process includes the mind-body or psychosocial mech-
anisms as well as the physical.) This step enables the 
clinician to engage in a focused review of pathways and 
factors that contribute to the development and perpet-
uation of disease. To complete the metaphor, in the 
acute medical setting, the accordion file takes on a com-
pressed, streamlined profile, with non-essential infor-
mation removed to facilitate rapid response. But in 
chronic, complex disease care, the file expands to accom-
modate a more comprehensive set of data elements 
that help the clinician understand a great deal more 
about the patient: environment, genetic predisposi-
tions, physiological and biochemical functionality, 
and body/mind/spirit influences. The end point of this 
expanded process is a patient story that is broader and 
deeper, and that contains many more indicators for 
both patient and practitioner in terms of developing 
and implementing an effective therapeutic plan.
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The Functional Medicine Matrix or Web

In 1913, William Osler anticipated our ability to 
“study the interaction of internal secretions, their influ-
ence upon development, upon mental process and 
upon disorders of metabolism.” He believed it would 
“likely prove of a benefit scarcely less remarkable than 
that which we have traced in the infectious diseases.”5 
In recent years, examples of our more sophisticated 
understanding of human physiology are increasingly
part of our common knowledge and clinical thinking—
from genetics and the genome to cytochrome P450 
polymorphisms, from the symphony of cytokines 
involved in inflammation to emerging vitamin D 
research documenting its role as a humoral, immune 
modulator (a “hormone”). As a result, we now recog-
nize many different opportunities for clinical interven-
tion. Figure 34.1 depicts one way of considering the 
continuum of health in the functional medicine model.

Methods for helping clinicians incorporate new evi-
dence and new ways of thinking into the pressured 
pace of clinical practice must be improved. Functional 
medicine offers an approach to the comprehensive 
review of essential elements and mechanisms of disease 
that incorporates “the interaction of internal secre-
tions” and the emerging understanding of human 
physiology and mind-body research. Explicit in the 

principles of functional medicine is the concept that 
each patient comprises his or her own “universe” with 
a unique set of interconnections, potentials, diversities, 
and reserve capacities.6 Also recognized is that “the 
body can only be understood as a whole.”7 The func-
tional medicine principles (see Section II of this book) 
add a significant level of complexity to the clinical 
thinking process, requiring not only more data collec-
tion but also a conscious synthesizing process: Who is 
this patient—in detail and in whole? IFM has devel-
oped some tools to facilitate both data collection and 
sorting, as well as analysis/synthesis. The central orga-
nizing tool is the functional medicine matrix or web 
tool (see Figure 34.2). Further on in the chapter, we’ll 
discuss the use of the matrix, but it’s important to have 
the basic image in mind at this point.

2010 Update Note: The Functional Medicine 
Matrix Form™    and concepts continue to evolve. 
Throughout most of this book, an older version of the 
matrix is shown and discussed. In Figure 34.2, however, 
we show the 2010 version of the matrix, so the reader 
can examine what has changed. The new cases included 
in Chapter 37 also show the 2010 version of the matrix 
form.

—The Editors

Figure 34.1 Intervention opportunities in functional medicine
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Figure 34.2 The Functional Medicine Matrix Form™

Understanding the Functional Medicine 
Model: Comprehensive Care, Part I

Consider a woman in her 60s with a fractured toe. 
The acute problem is identified, evaluated, and fixed 
(orthopedically, if necessary) and the patient’s toe heals. 
Right? This is often true and usually signals the end of 
standard medical management. However, comprehen-
sive care, even in this apparently simple acute case, 
encompasses a broader mission; further evaluation 
might indicate underlying contributory problems, and 
a preventive approach to those may prevent similar 
problems in the future.

Asking one basic question initiates a process that 
could have significant long-term health benefits for the 
patient: What were the antecedents to and/or triggers of the 
problem? Underlying issues may include bones weakened 
from vitamin D or mineral undernutrition; medication-
nutrient interactions that have altered absorption or 
excretion of bone matrix substrate; endocrine dysfunc-
tion; chronic inflammation; lack of exercise or altered 
weight bearing; balance or movement problems perhaps 

triggered by intoxication; pharmaceuticals or botanicals 
that may be affecting detoxification. Perhaps the patient 
was simply clumsy, hurried, or distracted. If so, why? 
Stress, sleep dysfunction, and mental or emotional dis-
tress could all be factors. Organizing a rational process 
for this more robust investigation will be the focus of 
the remaining parts of this chapter.

Tools to Assist in Comprehensive History-taking

Before proceeding further with this case, let’s imag-
ine an entire therapeutic encounter. First of all, a critical 
aspect in the establishment of trust and the creation of 
a therapeutic alliance is cultural sensitivity to the cir-
cumstances and beliefs of the person seeking help (see 
Chapter 36 for an in-depth discussion on creating effec-
tive doctor-patient relationships). How a question is 
asked can be nearly as important as whether it was 
asked at all. In gathering information to illuminate the 
diagnosis and functional assessment, the stage is also 
being set for downstream issues of compliance with 
treatment recommendations and alliance in the thera-

Immune Surveillance
& Inflammatory Process

Digestion
& Absorption

Structural &
Membrane Integrity

Oxidative/Reductive
Homeodynamics

Detoxification &
Biotransformation

Hormone &
Neurotransmitter

Regulation

Psychological &
Spiritual Equilibrium

The Patient’s Story Retold
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peutic relationship. Identifying obstacles to health in 
the data-gathering process—whether physical, mental, 
emotional, or environmental—demands conscious 
attention, skillful interviewing, and effective listening. 
Table 34.1 reviews common elements of a comprehen-
sive history; most of these points will be familiar to cli-
nicians from many different disciplines, but it’s good to 
have the basic context in mind, because it’s what we 
build upon.

The history-taking can be facilitated by appropri-
ately focused data-collection forms. Every office has 
these, of course, but we offer in the Appendix samples 
of a few forms that support a functional medicine 
approach: 

• The Adult or Child Toxin Exposure Questionnaire is 
useful if the patient has a history suggesting drug, 
nutrient, or environmental intolerance. 

• The Life Stress Questionnaire will help identify 
issues that are known to affect emotional stress 
and health. 

• The 3-Day Diet Record provides a very straight-
forward way of assessing dietary habits, and it can 
be reviewed in the context of the healthy eating 
pyramid8 proposed by Walter Willett. This type of 
record can be used to assess adequacy of diet com-
pared to the old and new USDA food pyramids9,10 
and the vegetarian food pyramid guidelines,11 as 
well as other popular diets, all of which have their 
own strengths and weaknesses.12,13 

• Additional useful forms include the Detailed Review 
of Systems and the Medical Symptoms Questionnaire, 
which quantifies the incidence of symptoms and 
their frequency (and also provides a quick measure 
of patient improvement, if it is re-administered at 
regular intervals).

Interactions and adverse reactions. Today’s 
history-taking process is complicated by the fact that 
many people use multiple OTC and prescription drugs, 
as well as nutraceuticals of various kinds. We now 
know that this situation creates increased risks of intol-
erance and/or adverse reactions for a variety of reasons. 
As part of normal history taking, therefore, all herbal, 
pharmaceutical, and nutritional supplements should 
be listed in the patient’s chart, updated regularly, and 
reviewed for possible interactions. Clinicians should be 
cognizant of the fact that there are now commercially 
available drug-drug interaction software programs, as 

well as drug-nutrient, nutrient-nutrient, and botanical-
drug publications and programs to help in evaluating 
the patient’s list for potential problems. An article pub-
lished in 200114 identified 27 drugs frequently cited in 
adverse drug reaction studies. Among these drugs, 59% 

Table 34.1 Components of a Comprehensive History

Chief Complaint: The current concern or problem
Present Illness: The timeline and symptoms involved with the 
current problem(s) and associated complaint(s); functional 
medicine practitioners add questions that explore any notewor-
thy antecedents, triggers and mediators of the present illness.

Past Medical and Surgical History
Review of Lifestyle and Habits

Review of Organ Systems

Considered within the context of underlying mechanisms 
in the areas of the functional medicine matrix:

Environmental Inputs
Oxidative Stress
Mind/Body
Immune/Inflammation

Structural
Neuroendocrine
Detoxification
GI Function

• Medical problems

• Surgeries and hospitalizations

• Traumas

• Medications

• Supplements, herbs, nutrients, homeopathics, adaptogens

• Allergies, sensitivities, or intolerance to medications, herbs, 
foods

• Exercise patterns

• Diet or special dietary habits:
– What foods are regularly eaten or avoided?
– Artificial sweeteners or fats: aspartame, sucralose, olestra

• Social, occupational, and lifestyle history:
– Relationships (family, work, community)
– Passions, hobbies, interests
– Work and potential environmental exposures
– Habits and addictions: tobacco, alcohol, caffeine, 

illegal drugs
– Sexually active (if yes, practicing safe sex?)
– Spirituality and faith
– Preventive medicine interventions
– Vaccinations and immunizations

• Family history
– Genetically-linked illnesses and predispositions
– Family behaviors or emotional tones
– Lifestyle issues of family members

Differential Diagnosis
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are metabolized by at least one enzyme with a variant 
allele known to cause poor metabolism. These findings 
are summarized in Table 34.2.

Other important factors to consider: 
• Many pharmaceuticals and herbs pass through the 

main cytochrome P450 enzymes as substrates, and 
can act as inducers or inhibitors of these enzyme 
systems. 

• In addition, the list of enzyme polymorphisms that 
affect the efficacy and clearance of various drugs 
and herbs is now extensive and is updated regularly. 

• The prevalence of poor metabolizers (a function of 
polymorphisms in the P450 system) varies by race. 
A few examples will bring this point home: 
– Among Caucasians, 12% are poor metabolizers 

of CYP1A2 substrates, up to 6% of CYP2C9 and 
CYP2D19, and up to 10% of CYP2D6 substrates. 

– Among Chinese, up to 17% are poor metaboliz-
ers of CYP2C19 substrates, and <2% are poor 
metabolizers of CYP2D6 substrates. 

– In people with Japanese heritage, up to 23% are 
poor metabolizers of CYP2C19 and <2% are poor 
metabolizers of CYP2D6 substrates. 

– There are many genetic variants within each 
group of cytochrome alleles and each has its own 
incidence among races. For example within the 
CYP2D6 enzyme, there are at least 31 allele vari-
ants, with race data showing presence of allele 
variants in up to 50% of Chinese, 34% of African 
Americans, 60% of Japanese, 19% of Koreans, 
50% of other Asians, and 34% of Africans. (More 
information on genetic variability and polymor-
phisms in detoxification can be found in Chap-
ters 22 and 31.)

Genetic inheritance, diet, and combinations of drugs 
(and other substances) ingested are all factors in the 
incidence of adverse drug reactions.15 A study published 
in 2003 reported that “one quarter of outpatients had 
adverse drug events during a three-month period …   .”16 
Thirty-nine percent of the ADRs reported were classified 
as “ameliorable or preventable,” which implies that 61% 
were not (given current knowledge). The most common 
cytochrome polymorphisms are listed in Table 34.3, and 
the Appendix provides an extensive listing of inhibitors 
and inducers of some important P450s. Clinicians do 
need to consider ways in which the patient’s history can 
be evaluated for some of the most common potential 
problems elucidated by this complex and rapidly grow-
ing research.

Table 34.2 Commonly Identified Drugs in Adverse Drug 
Reactions

Therapeutic Category 
and Drug Class

Specific Drug

Cardiovascular
• Beta blockers

• Angiotensin converting 
enzyme (ACE) inhibitors 

• Diuretics

• Calcium channel 
blockers

• Inotropic agents/
pressors

atenolol, metoprolol

lisinopril

furosemide, hydrochlorothiazide

diltiazem, verapamil

digoxin

Analgesics
• NSAIDs

• COX-2 inhibitors

aspirin, piroxicam, ibuprofen, 
naproxen

Vioxx®, Bextra® , Celebrex®

Psychiatric
• Tricyclic antidepressants

• SSRIs

imipramine, nortriptyline

fluoxetine

Antibiotics
• Penicillin

• Antitubercular agents

• Macrolides

amoxicillin

isoniazid, rifampin

erythromycin

Other
• Anticoagulants

• Corticosteroids

• Anticonvulsants

• Antidiabetic agents

• Bronchodilators

• Electrolytes

• Antiemetics or 
antihistamines

warfarin sodium

prednisone

carbamazepine, phenytoin

insulin

theophylline

potassium

meclizine hydrochloride

Adapted from Phillips KA, et al. Potential role of pharmacogenomics 
in reducing adverse drug reactions; a systemic review. JAMA. 
2001;286:2270-79.
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Understanding the Functional Medicine 
Model: Comprehensive Care, Part II

The review of underlying mechanisms of disease (the 
functional medicine matrix) is where the functional 
medicine approach begins to significantly depart from 
the standard model of care, to establish a more compre-
hensive model. This section of the comprehensive his-
tory is best filtered through the functional medicine 
matrix, a tool that helps organize information, clarifying 
the level of present understanding and illuminating the 
need for broader investigation (an example of “knowl-
edge-coupling” as proposed by Dr. Larry Weed17,18). Let’s 
look at this methodology, as illustrated by a continua-
tion of the “Broken Toe” case (see Figure 34.3).

The functional medicine matrix tool was developed 
by the Institute of Functional Medicine’s Curriculum 
Committee through a two-year process of repeatedly 
asking the question: “For comprehensive evaluation of 
underlying elements and mechanisms of disease, what 
categories would need to be represented?” This question 
was subjected to all areas of scientific inquiry in the area 
of human biology including the expanding research in 
the importance of mind-body-spirit web-like intercon-
nectedness with physiology. All areas of credentialed

medical practice were also drawn into this web of 
inquiry. We have entered the 21st century with the real 
possibility of moving medical care from a focus on the 
differential diagnosis to a focus on understanding the 
mechanisms associated with the origins of the signs and 
symptoms that underlie the patient’s dysfunction. In 
21st century medicine, we will learn to extract the expla-
nation from our understanding of specific antecedents, 
triggers, and mediators, as well as the frequency, inten-
sity, and duration of the patient’s symptoms.19

The Institute for Functional Medicine teaches the 
expanded use of the evolving functional medicine 
matrix in the six-day course, Applying Functional Medi-
cine in Clinical Practice (AFMCP). Information about 
that course can be reviewed on IFM’s web page: 
www.functionalmedicine.org. The first step in the utili-
zation of the matrix requires a disciplined understand-
ing and review of each element of the matrix, 
connecting important signs and symptoms to their 
appropriate element or mechanism of action. The short-
hand version of this step in the use of the matrix is 
illustrated in Figure 34.3 for our sample case (we return 
here to the older version of the matrix). The web-like 
connections within the eight elements of the matrix 
will be further elaborated as we progress through this 
illustrative case study.

The Comprehensive Physical Exam

The physical exam is a key component of patient 
assessment in nearly all healthcare disciplines. Com-
mon components of the basic physical exam are listed 
in Table 34.4. More extensive systemic exams can be 
completed, depending on initial findings, specific 
symptoms, or specialty focus. Signs of undernutrition or 
altered nutrition are summarized in the Appendix and 
are extremely important to watch for. For example, 
many patients with bulimia, and between 24–76% of 
patients with anorexia nervosa,20 have dermatologic 
and physical exam findings of multiple nutritional defi-
ciencies; knowing what those are can help identify a 
serious underlying problem. Nutritional deficiencies are 
also common in the elderly, who have a significant risk 
of being deficient in at least two nutritional cofactors.21

Table 34.3 Drugs Implicated in Adverse Drug Reactions 
Metabolized by Enzymes with Variant Alleles Associated 
with Poor Metabolism

Enzyme Drugs

CYP1A2 Carbamazepine, diltiazem, erythromycin, 
fluoxetine, imipramine, isoniazid, naproxen, 
nortriptyline, phenytoin, rifampin, 
theophylline, verapamil.

CYP2C9 Fluoxetine, ibuprofen, imipramine, isoniazid, 
naproxen, phenytoin, piroxicam, rifampin, 
verapamil, warfarin

CYP2C19 Fluoxetine, imipramine, isoniazid, nortriptyline, 
phenytoin, rifampin, warfarin

CYP2D6 Diltiazem, fluoxetine, imipramine, metoprolol, 
nortriptyline, theophylline.

From Phillips KA, et al. Potential role of pharmacogenomics in reducing 
adverse drug reactions; a systemic review. JAMA. 2001;286:2270-79.
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Figure 34.3 The matrix as applied to the “Broken Toe” case

Comprehensive history taking and physical exam 
from a functional medicine perspective require a differ-
ent time frame and the use of additional data-gathering 
and sorting tools. It is impossible to investigate the 
patient’s unique health history using a review of mecha-
nisms, and perform a thorough physical, within the time 
constraints of a brief office visit. Recent research has 
documented that all primary care providers in the 
present healthcare environment face a significant time 
problem in managing patients with chronic, complex 
illnesses.22 However, after the comprehensive assessment 
is completed, it is then possible to break further assess-
ments and interventions into shorter segments; but a 
comprehensive approach to the first visit is critical.

Sidney Baker, MD tells a story about his early medical 
training and mentoring while serving in Kathmandu, 
Nepal in 1959. His senior medical tutor, before the com-
pletion of a patient workup, always asked: “Sidney, is 
there anything else we can do for this patient?” We sug-
gest a similar question: “What additional information 
would be helpful to understand this patient?” Chapter 
35 focuses on just that question, emphasizing dietary 
assessment and the benefits and limitations of labora-
tory assessment.
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Table 34.4 Common Components of the Basic Physical Exam

General Height, weight, blood pressure, pulse, respiratory rate, temperature, appearance, somatotype, emotional state

Head Configuration, shape, symmetry or asymmetry, excess hair or hair loss, lesions, scars, bruits or tenderness behind 
the ears, tenderness on the temporal arteries, prominence of vessels

Eyes Visual acuity, conjunctiva, sclera color, extraocular movements, visual fields by confrontation, papillary reaction to 
light and accommodation, iris, funduscopic examination of the lens, disks, retinal vessels, upper and lower lids

Ears Auditory acuity, shape, external auditory canal, tympanic membranes and acoustic meatus, hearing—bone/air 
conduction

Nose Air movement, nares, turbinates, polyps, septum, mucosa, drainage, rhinorrhea, smell

Mouth Symmetry, control of lips and jaw. Oral exam: lips, mucosa, gingival plaque; normal, decayed, or missing teeth; 
enamel staining/color, dentures, or implants; degree of amalgams and what type, occlusion; saliva, ducts, tongue 
color, fissuring, tastebud lack or prominence, tonsils, pharynx, redundancy of tissue, uvula at rest and during 
phonation, lesions, infections

Neck Symmetry and configuration, movement, strength; mobile and midline trachea; cervical anterior, posterior, and 
supraclavicular lymph nodes; thyroid, bruits, carotid pulses, muscle symmetry, masses, cysts. Suprasternal notch 
or supraclavicular fossa fullness. Inspect and palpate spine.

Axilla Nodes, masses, hair presence or absence

Chest Symmetry, excursion/movement. Palpate for tenderness of ribs, masses, maldevelopment, or crepitus.

Breasts Symmetric, masses, cysts, tenderness, discharge, lesions on nipple

Lungs Rate and rhythm of respiratory cycle, vital capacity, hoarseness, clarity with breathing, symmetric, rhonchi, rales, 
wheezes, crepitus, pleural rub, percussion symmetry

Heart Rhythm; heart valves—sounds, murmurs, changes with position; pulses—radial, femoral, popliteal, dorsalis pedis, 
lateralization of the point of maximal impulse; extra sounds—rubs, clicks

Abdomen Symmetry; liver or spleen enlargement; bowel sounds, bruits, friction rubs, tenderness, masses; percussion ten-
derness; rectus diastasis, hernias. Palpate the femoral and iliac arteries, abdominal aorta. Palpate lymph nodes of 
the inguinal canal

Back Symmetry of station, musculature, posture. Vertebral tenderness. Range of motion of neck, thorax, lumbar spine

Musculoskeletal Trigger-point tenderness; normal movement of the shoulders, elbows, wrists, hands, hips, knees, ankles, toes—
opening/closing of hands; hips, knees, ankles, toes. Swelling, tenderness, or asymmetry of joints or tendons; 
signs of ligament laxity; signs of previous or current injury.

Rectal Perianal or anal lesions, fissures, masses; sphincter tone; prostate size (males), retroflexed uterus (female)

Genitourinary Male: scrotum, testes, epididymi, penis, glans, lesions
Female: external genitalia, introitus, mucosa of the introitus, vagina, cervix; presence of rectocele/cystocele; 
palpation of the cervix, uterus, and adnexa; discharge or masses; ovaries present

Skin Texture, lesions, abnormal discolorations, hair pattern; subcutaneous fat texture. Nails—dysmorphic, texture or 
asymmetry, marks, abnormal thickness or consistency. Nail beds—color, lesions

Neurologic Auditory acuity, intelligence, memory, mood, speech, gait, balance, involuntary movements. Cranial nerves 
1–12; cerebellar exam; frontal release signs. Deep tendon reflexes of the biceps, triceps, brachioradialis, patellar, 
Achilles, and plantar. Proprioception, vibratory sense; orientation, mini-mental status. Can the patient get up 
from sitting, walk across the room, pick up a piece of paper, walk back, and sit down?
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The matrix, however, is extremely useful in identify-
ing where the preponderance of evidence from the ini-
tial history and physical lies, and also in clarifying 
where further investigation (e.g., laboratory work) is 
needed. For example, indicators of inflammation on the 
matrix might lead the clinician to request tests for spe-
cific inflammatory markers (such as hsCRP, interleukin 
levels, and/or homocysteine) to help illuminate the 
“immune/inflammatory” processes that might be at 
work. Essential fatty acid levels, methylation pathway 
abnormalities, and organic acid metabolites help deter-
mine adequacy of dietary and nutrient intakes. Markers 
of detoxification (glucuronidation and sulfation, cyto-
chrome P450 enzyme heterogeneity) can determine 
functional capacity for molecular biotransformation. 
Neurotransmitters and their metabolites (vanilmande-
late, homovanillate, 5-hydroxyindoleacetate, quinoli-
nate) and hormone cascades (gonadal and adrenal) 
have obvious utility in exploring “messenger molecule” 
balance. CT scans, MRIs, or plain x-rays extend our view 
of the patient’s structural dysfunctions. The use of bone 
scans, dexa scans, or bone resorption markers23,24 can be 
useful in further exploring the web-like interactions of 
the matrix. Newer, useful technologies such as func-
tional MRIs, SPECT or PET scans open a frontier of 
more comprehensive assessment of metabolic function 
within organ systems. But it is the process of complet-
ing a comprehensive history and physical and then 
charting these findings on the matrix that best directs 
the choice of laboratory work and successful treatment.

Five Levels of Functionality: Selecting 
Effective Treatments

Distilling the data from the history, physical exam, 
and laboratory into a narrative story line that includes 
antecedents, triggers, and mediators can be daunting. 
Key to developing a thorough narrative is viewing 
the story through the lens of the functional medicine 
matrix, which facilitates organizing the story according 
to a set of eight common underlying mechanisms of (or 
influences upon) health. However, even with the matrix 
as an aid to synthesizing and prioritizing information, it 
can be very useful to consider the impact of each vari-
able at five different levels: 

1. Whole body (the “macro” level) 
2. Organ system 
3. Metabolic or cellular 

4. Subcellular/mitochondrial 
5. Subcellular/gene expression

Therapies should be chosen for their potential 
impact on the most central imbalances of the particular 
patient; evaluating interventions that are available at 
each of the five levels can help to identify a reasonably 
comprehensive set of options from which to choose. 
The following lists incorporate only a few examples of 
various types of interventions within these five differ-
ent levels. The rest of this book contains many more.

1. Whole body interventions: Because the human 
organism is a complex adaptive system, with count-
less points of access, interventions at one level will 
affect points of activity in other areas as well. For 
example, improving the patient’s sleep will benefi-
cially influence the immune response, melatonin 
levels, T cell lymphocyte levels, and will help to 
decrease oxidative stress. Incorporating exercise 
markedly affects many areas of the matrix; we 
know that exercise reduces stress, improves insulin 
sensitivity, and improves detoxification, just to 
mention a few instances. Reducing stress (and/or 
improving stress management) can reduce cortisol 
levels, improve sleep, improve emotional well 
being, reduce the risk of heart disease, and so forth. 
Changing the diet can have myriad effects on 
health, from reducing inflammation to reversing 
coronary artery disease. (See Chapter 26 for a dis-
cussion of the many potential benefits of dietary 
interventions.) 

2. Organ system interventions: These interventions 
are used more frequently in the acute presentation 
of illness. Examples include splinting; draining 
lesions; repairing lacerations; reducing fractures, 
pneumothoraxes, hernias or obstructions; or 
removing a stone to reestablish whole organ func-
tion. There are many interventions that improve 
function. For example, bronchodilators improve 
air exchange, thereby decreasing hypoxia, reduc-
ing oxidative stress, and improving metabolic 
function and oxygenation in a patient with reac-
tive airway disease. 

3. Metabolic or cellular interventions: Cellular 
health can be addressed by insuring the adequacy 
of macronutrients and micronutrients, the cofac-
tors for intracellular metabolism. For example, 
deficiencies of folate, vitamins B6, and B12 are 
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widespread.25 An individual’s metabolic enzyme 
polymorphisms can profoundly affect his or her 
nutrient requirements. Providing adequate essential 
amino acids, vitamins, and cofactor minerals in the 
diet according to the patient’s unique metabolic 
needs is essential. The frequency and impact of 
the greater than 50 identified enzymatic polymor-
phisms that are common in the population have 
been outlined.26 These affect enzymatic systems in 
the cytosol and mitochondria. There are many 
more examples of appropriate nutrient interven-
tions that should be made in the context of the 
patient’s condition. For example, adding conju-
gated linoleic acid (CLA) to the diet can alter the 
PPAR system, affect body weight, and modulate 
the inflammatory response.27,28,29 However, in a 
person who is diabetic or insulin resistant, adding 
CLA may induce hyperproinsulinemia, which is 
detrimental.30,31 Altering the types and proportions 
of carbohydrates in the diet may increase insulin 
sensitivity, reduce insulin secretion, and funda-
mentally alter metabolism in the insulin-resistant 
patient. Alcohol consumption and smoking both 
change requirements for many of the nutrient and 
vitamin cofactors. Decreasing use of these sub-
stances may lower excessive demand and exert less 
pressure on the cellular detoxification pathways in 
the lungs and liver. Supporting liver detoxification 
pathways with supplemental glycine and N-acetyl-
cysteine improves the endogenous production of 
adequate glutathione, an essential antioxidant in 
the central nervous system and GI tract. N-acetyl-
cysteine also plays a role in the sulfur conjugation 
pathway that is important in the detoxification of 
acetaminophen and other substances. 

4. Subcellular/mitochondrial interventions: There 
are many examples of mitochondrial nutrient-
support interventions.32,33 Inadequate iron intake 
causes oxidants to leak from mitochondria, dam-
aging mitochondrial function and mitochondrial 
DNA. Making sure there is sufficient iron helps 
alleviate this problem. Inadequate zinc intake 
(found in >10% of the U.S. population) causes 
oxidation and DNA damage in human cells.34 
Insuring the adequacy of antioxidants and cofac-
tors for the at-risk individual must be considered 
in each part of the matrix. Carnitine, for example, 
is required as a carrier for the transport of fatty 

acids from the cytosol into the mitochondria, 
improving the efficiency of beta oxidation of 
fatty acids and resultant ATP production. In 
patients who have lost significant weight, car-
nitine undernutrition can result in fatty acids 
undergoing omega oxidation, a far less efficient 
form of metabolism.35 Patients with low carnitine 
may also respond to riboflavin supplementation.36 

5. Subcellular/gene expression interventions: As 
will be clear to the reader of this book, many com-
pounds interact at the gene level to alter cellular 
response, thereby affecting health and healing. Any 
intervention that alters NFB entering the nucleus, 
binding to DNA, and activating genes that encode 
inflammatory modulators such as IL-6 (and thus 
CRP), cyclooxygenase 2, IL-1, lipoxygenase, induc-
ible nitric oxide synthase, TNF-, or a number of 
adhesion molecules will impact many disease con-
ditions.37,38 There are many ways to alter the envi-
ronmental triggers for NFB, including lowering 
oxidative stress, altering emotional stress, and con-
suming adequate phytonutrients, antioxidants, 
alpha-lipoic acid, EPA, DHA, and GLA.39 Adequate 
vitamin A allows the appropriate interaction of 
vitamin A-retinoic acid with over 370 genes.40 
Vitamin D in its most active form intercalates with 
a retinol protein and the DNA exon and modulates 
many aspects of metabolism including cell division 
in both healthy and cancerous breast, colon, pros-
tate, and skin tissue.41 Vitamin D has key roles in 
controlling inflammation, calcium homeostasis, 
bone metabolism, cardiovascular and endocrine 
physiology, and healing.42 Many of the finer points 
of the functions of vitamins A and D in health have 
been covered earlier in the text. Folate and B12 are 
key in DNA repair. Requirements vary among dif-
ferent patients; therefore, adequacy must be indi-
vidually determined and maintained.43

Understanding the Functional Medicine 
Model: Comprehensive Care, Part III

Returning once again to the “Broken Toe” case, we 
must now connect the Part I data on antecedents, 
triggers, and mediators with the Part II assessment of 
underlying mechanisms to answer the key clinical ques-
tion: At what levels can we intervene effectively? By this 
time, most of the issues mentioned below will likely 



Section VII
Putting It All Together

700

have been resolved and the remaining questions will be 
answerable, leading to clear indications for treatment.

1. Whole body interventions: Depending on our 
findings, we may determine that the patient needs 
to use a balance aid, or learn some core strengthen-
ing exercises to avoid further injury. Checking for 
balance on a neurologic exam can be essential to 
configuring an appropriate secondary prevention 
program. If osteoporosis is a factor, dietary and 
exercise recommendations may be a high priority.

2. Organ system interventions: Splinting or immo-
bilization by buddy taping or wearing a stiff-soled 
shoe reduces fracture line movement and speeds 
healing. Orthopedic consultation for possible pin-
ning may be in order, depending on the fracture 
site and extent (i.e., great toe, middle phalanx 
involving the joint space). Checking for drug/
nutrient interactions may uncover causes of cal-
cium or magnesium deficiency (environmental 
input/diet element of the matrix). Consider deter-
mining bone density; perhaps she has significant 
osteoporosis. Suggest dietary changes to improve 
calcification and healing, timing of fiber, and cal-
cium or magnesium supplementation. If she is on 
calcium, evaluate her source. Is she on a proton 
pump inhibitor or acid blocker that may be affect-
ing B12 availability and absorption? Has she had 
prior injury and has there been a program of recon-
ditioning? Consider gonadal function and bone 
strength. How is her eyesight, as well as her propri-
oception or vibratory sense? 

3. Cellular/metabolic interventions: Does the 
patient live north of 35 degrees N, or south of 35 
degrees S? What is the color of her skin? Does she 
get enough UV B light? Is she inside all the time? Is 
she always covered with clothing or sunscreen? In 
other words, is she at risk for vitamin D deficiency 
and thus secondary hyperparathyroidism, resulting 
in osteomalacia or osteoporosis? What is her caf-
feine consumption? Caffeine increases calcium and 
magnesium loss in the urine. Are there gut absorp-
tion problems that could affect calcium absorption? 
Is she taking a diuretic? Does she have indices of 
inflammation? TNF- inhibitors have been associ-
ated with slowing the speed of fracture healing. Is 
she taking an anti-inflammatory? Anti-inflammato-
ries can also slow the healing of fractures.44 

4. Subcellular/mitochondrial interventions: Are 
there any obvious mitochondrial issues? Is nutrient 
intake adequate? Is she on a level of fixed income 
that is associated with poor nutrient status? Does 
she have adequate energy? Excessive fatigue can 
interfere with compliance on treatment recommen-
dations such as exercise or physical therapy.

5. Subcellular/gene expression interventions: Does 
she have any physical exam findings or genetic his-
tory that would suggest she has an altered require-
ment for specific nutrients? Is she getting enough 
vitamin A, vitamin K, vitamin D? Does she need 
intervention to alter NFB with phytonutrients, 
or nutritionals?45,46

Re-Assessment: After appraising the five levels dis-
cussed above, and assessing and initiating appropriate 
interventions, one last re-assessment question should 
be asked: What is now known with certainty, and which 
points on the matrix still merit further investigation? A 
final review of the matrix, this hologram that you have 
constructed, can elucidate areas that still need fleshing 
out, or that may not truly reflect the patient’s reality. 
Allow yourself a frank and critical review process.

Consider referrals: No single practitioner—and no 
single discipline—can cover all the viable therapeutic 
options. Interventions will differ by training, licensure, 
specialty focus, and even by beliefs and ethnic heritage. 
However, all the specialties and disciplines can—to the 
degree allowed by their training and licensure—use a 
functional medicine approach, including integrating 
the matrix as a basic template for organizing and cou-
pling knowledge and data. So, where possible, seek out 
other providers who have also acquired some functional 
medicine training. Treatment success can be affected by 
the cultural bias of the patient and the provider, so get 
to know your colleagues in other fields.

Educate yourself about what other disciplines have 
to offer. Should any medical specialists be involved? If 
you are not well trained in physical medicine, consider 
a chiropractor or osteopathic physician. If your experi-
ence with botanicals, supplements, and dietary inter-
ventions is limited, a naturopathic physician might be a 
wise choice. In-depth nutritional counseling is offered 
by nutritionists and registered dietitians. Acupuncture 
has much to offer, as does Traditional Chinese Medicine 
(TCM). It is beyond the mission of this book to discuss 
the training, scope of practice, or therapeutics of the 
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many different healthcare approaches available today, 
but many publications and websites do provide such 
information. Regardless of what discipline you have 
been trained in, developing a network of capable, col-
laborative clinicians with whom you can co-manage 
challenging patients and to whom you can refer for 
therapies outside your own expertise will enrich the 
care your patients receive, and will strengthen the clini-
cian-patient relationship. Many patients do not tell one 
practitioner about care they are receiving from other 
practitioners. Keep those lines of communication open 
and alive. All referral relationships should be handled 
with the same professionalism and courtesy.

A Concluding Short Story of Comprehensive 
Care

We’ll let another case demonstrate the value to the 
patient of using a comprehensive functional medical 
model of care. The Lancet reported a case study in 
March 1999 in a paper titled: “A Woman Who Left Her 
Wheelchair.”47 A 32-year old woman had suffered for 
over two years with progressive muscular weakness and 
pain. Her standard (and very thorough) medical workup 
had ruled out emergency spinal crisis with appropriate 
imaging techniques including CT scan, MRI, and bone 
scan. Her neurological exam did not show sensory or 
motor disturbance, or muscle atrophy. Electromyogra-
phy and nerve conduction studies were reported to be 
normal. A diagnosis eluded her physicians, except for a 
documented iron-deficiency anemia that was treated 
with iron-dextran, given intravenously. Her weakness 
progressed over the ensuing two years, eventually 
requiring use of a wheelchair.

In 1997, after two years of investigation, a new 
review of the present medical problem, filtered through 
the lens of antecedents/triggers/mediators, revealed a long-
term history of Crohn’s disease, requiring steroids by 
age 21, followed more recently by a small-bowel resec-
tion. She had not experienced the symptoms of progres-
sive muscular weakness and pain prior to the small-
bowel resection. In a review of underlying mechanisms of 
illness, the question of nutrient adequacy in the context 
of chronic Crohn’s and small-bowel disease was raised. 
With small-bowel resection of one meter of ileum, bile 
salt loss with steatorrhea can occur; she did suffer from 
foul-smelling stools. A fecal sample from the patient 
showed 90 g of fat loss over 24 hours. A complete meta-

bolic panel was unremarkable except for elevated values 
of alkaline phosphatase and markers of bone reabsorp-
tion (osteocalcin and pyridinoline cross-linked telo-
peptide), but with normal calcium and parathyroid 
hormone. Further testing demonstrated a 25-OH-Vit D 
level that was profoundly low (2.4 ng/mL).

Tying together the antecedent conditions, triggers, 
and mediators of her illness with the review of under-
lying mechanisms of illness, a diagnosis was made: 
hypovitaminosis D due to selective fat malabsorption 
(including fat-soluble vitamin D) after small-bowel 
resection for resistant Crohn’s disease. A treatment plan 
was instigated. Her metabolic stores were repleted using 
parenterally administered 1,25 dihydroxyvitamin D3 
with additional calcium, and a phosphate-rich diet, low 
in fat (meat, fish, liver and root vegetables). Within 
three weeks she was able to walk without assistance; her 
weakness and bone pain resolved and did not return.
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Elimination Diet and Laboratory Testing
Dan Lukaczer, ND, and Barb Schiltz, MS, RN

Introduction

“Where do I start?” 
“What’s the best nutritional intervention?” 
“Which lab test should I order?” 

These three questions are the most frequently asked 
by clinicians new to functional medicine. As even a 
quick review of the preceding chapters will attest, there 
is often no simple (or single) diagnosis or treatment for 
patients with chronic health issues. This is the bane and 
the boon of functional medicine. Real people, real lives, 
and real problems frequently don’t fit neatly into simple 
diagnostic (or treatment) categories. There is a complex-
ity to medicine when viewed in this way that makes it 
forever fascinating, challenging and new, but also frus-
trating because of the myriad threads that must be 
woven together into a coherent pattern. 

When viewed through the functional medicine 
lens, the conventional medical model often does not 
approach the patient holistically, and it stops short of 
approaching disease from the perspective of underlying 
mechanisms. The functional medicine model encom-
passes biochemical individuality in the context of mul-
tiple mechanisms and environmental influences; the 
symphony (some would say cacophony) of signs and 
symptoms must be organized in a way that suggests a 
discernable pattern. The preceding chapters have pro-
vided many insights on how to approach patients from 
this perspective, but questions about getting down to 
specific actions on Monday morning may still exist. 

That larger vision, the bird’s eye view, must be trans-
lated into pragmatic steps that any practitioner inter-
ested in this medicine can take.

Although the practice of functional medicine can 
be frustratingly complex when piecing together the 
puzzle that each new patient presents, there are, in 
fact, specific approaches that help make the complexity 
manageable. One of those—the use of the functional 
medicine matrix—was presented in the preceding chap-
ter and can help to define where on the interconnected 
web the clinician can begin. This chapter will focus on 
helpful first steps and approaches that can be used to 
set the groundwork for more detailed evaluation and 
treatment to be performed subsequently. The three 
major topics we will cover are dietary assessment, 
understanding laboratory assessment, and utilizing 
practical interventions that work to normalize multiple 
systems (more “bang for the buck”).

The First Step: Dietary Assessment

While the possible interventions in functional medi-
cine are numerous, the place to start is almost invari-
ably with food. Too often we are so enamored of the 
newest test or diagnostic procedure that we forget the 
fundamental step of assessing dietary intake. Everyone 
must eat. Dietary assessment can provide significant 
clues about the patient’s problems. It has been esti-
mated that over the course of 70–80 years of living a 
person consumes approximately 80–90,000 individual 
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meals. Thousands of compounds must be inspected, 
recognized, broken down, packaged up, and digested or 
discarded. Given the enormity of this process, and the 
many opportunities for things to go amiss, it clearly 
makes sense to begin our evaluation here. 

How does a clinician assess this most basic question: 
Is the patient eating (or not eating) in a way that has 
become either the cause of, or a mediating influence on, 
his or her presenting signs and symptoms? From a sci-
entific perspective, the answer is often difficult to pin 
down. The underlying mechanisms that elicit a food 
reaction are complex and even controversial.i Food 
reactions can run the gamut from

• those that are immunologically mediated (immedi-
ate or delayed allergic or hypersensitivity reactions, 
respectively), to 

• non-immunologically mediated reactions such as 
food intolerances or sensitivities (e.g., lactose intol-
erance, sulfite or salicylate sensitivity), to 

• reactions secondary to the effects of certain foods 
on other regulatory systems (e.g., simple sugars and 
reactive hypoglycemia), to 

• reactions associated with the effects of a specific 
food on bowel flora (described by Hunter as “enter-
ometabolic” reactions1). 

A variety of assessment techniques and tools have 
been used to identify these food-related reactions. Unfor-
tunately, none are foolproof. Generally, the most cost-
effective and accurate method of identifying reactivity to 
specific foods is an oligoantigenic diet followed by rein-
troduction or food challenge. (This is not to deny the 
utility of laboratory testing, which can play a very impor-
tant role in patient assessment; right now, however, we 
are focusing on an almost universally useful and afford-
able approach—dietary assessment.) 

Why is assessment of food reactions so important? 
Even a quick scan of the medical literature clarifies the 
connection between food and disease (see Chapter 26 
for a comprehensive review of the subject). Studies have 
been conducted on dietary interventions in the treat-
ment of, for example, rheumatoid arthritis,2 irritable 
bowel syndrome,3 migraine headaches,4 attention defi-
cit disorder,5 infantile colic,6 otitis media,7 atopic der-
matitis,8 chronic urticaria,9 and Crohn’s disease.10 All 

have shown a connection with food as an etiological 
agent, to one degree or another. While clearly not all 
patients in these or other conditions respond positively 
to a dietary approach, dietary changes can produce a 
sustained positive response in a subset of patients with 
chronic complex problems. Therefore, this is an 
extremely important starting point. 

What is needed to carry out such a protocol? First, 
patients must be educated to understand that this 
approach can provide information essential to under-
standing their problems. Second, patients need to know 
that the approach is valid, is “do-able,” and can be 
accomplished within a limited time frame. Third, the 
clinician needs tools to easily and comprehensively test 
the hypothesis that diet is an influence on the patient’s 
health.

Assessment of Food Reactions with an 
Elimination Diet

Diet Diary

The first step is to find out what the patient is eating 
regularly. This can be accomplished with the use of a 
three-day diet diary. A sample form is provided in the 
Appendix. A careful review of the diet diary will often 
identify foods that are eaten frequently and extensively, 
and therefore may be the first target for an elimination 
diet. However, given that food reactions often present 
with delayed onset of 4 to 72 hours, food diaries are not 
always able to clarify which particular food(s) may be 
the offending agent(s). The idea that one single food is 
culpable, while enticing, is an approach that does not 
generally hold up in clinical practice.

The Program

A program that eliminates certain foods or food 
groups from the diet for diagnostic purposes can take 
many forms. Simpler programs may eliminate only one 
or two specific foods or food groups, often focusing on 
specific proteins found in dairy, wheat (or all gluten-
containing foods), egg, soy, pork, beef, or corn. These 
more narrowly focused dietary exclusion programs can 
be particularly useful when treating children, because 
they are easier to carry out than a program that elimi-
nates many foods and food groups. 

A comprehensive program that eliminates more 
foods may be advisable as a starting point for many 

i There are many chapters in this book where various approaches to 
assessing food reactions are discussed. Please see the Index for help in 
locating specific content.
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adult patients. A sample comprehensive elimination 
diet can be found in the Appendix, with a list of foods 
to exclude, foods to include, and a chart for recording 
reactions upon reintroduction. This example eliminates 
most foods that have been found, over time and across 
many patients, to produce reactions. Such a program is 
easily modifiable to fit individual patients and situa-
tions; it allows the practitioner to throw a broader net 
that is more likely to catch the right fish. The common 
foods eliminated in this program include gluten, dairy, 
beef, pork, citrus fruits, corn, eggs, soy, various food 
additives, and colorants. Many clinicians have used this 
or a similar program and have found it to be generally 
well tolerated. 

There is really no typical or normal response. Often, 
a patient’s primary health concerns improve signifi-
cantly within the first three weeks on such a program. 
Additionally, patients often report other nonspecific 
improvements such as increased energy, mental alert-
ness, a general sense of improved well-being, or the dis-
appearance of symptoms they have lived with for years. 
It is prudent to warn patients that they may have some 
initial reactions to the program, especially in the first 
week or ten days. Such reactions are sometimes difficult 
to explain. They may be secondary to the so-called 
Herxheimer reaction,ii to alterations in GI function 
from diet-induced changes in flora, to caffeine or simple 
sugar withdrawal, or to other less well understood 
causes. Symptoms may include changes in sleep pat-
terns, lightheadedness, headaches, joint or muscle stiff-
ness, constipation, diarrhea, rash or pruritis. Generally, 
such symptoms abate in the first 7–10 days of the pro-
gram and can be handled with supportive measures, 
including activated charcoal, Alka Seltzer Gold®, addi-
tional fiber, rest, and saunas.

While changing food habits dramatically can be a 
complex, difficult, and sometimes confusing process, 
given the proper tools, encouragement, and a circum-
scribed timeframe, it can be a very practical and empow-

ering endeavor. Along with providing inspiration and 
clear dietary instructions, the clinician should supply 
patients with written information tailored to their spe-
cific program. These include an explanation of the pro-
cess, general food guidelines (what to eat, what not to 
eat), shopping lists, and sources of hidden foods. The 
Appendix provides an example of some patient hand-
outs that can be adapted for these purposes.

An elimination diet should be carried out under 
close supervision for an initial period of not less than 
three weeks. While the program is generally not calorie 
restricted, many patients do lose 4–6 pounds over this 
time. At the three-week mark, it is reasonable to proceed 
with a careful reintroduction of excluded foods and an 
evaluation of the response. However, the program can 
be continued uninterrupted for as long as the clinician 
deems necessary (and the patient is compliant). A patient 
who has experienced noticeable improvement in certain 
symptoms, and is interested in continuing without re-
introducing foods that have been excluded, should be 
strongly encouraged. In fact, in some conditions the full 
extent of improvement may not be completely realized 
for months.11 There are no dietary deficiencies that we 
are aware of that make a long-term commitment to this 
program contraindicated.

Reintroduction Process

When excluded foods are reintroduced, the patient 
should use a systematic recording method, the main 
features of which should be: 

• A particular excluded food is chosen for reintroduc-
tion. (Often those foods that were most commonly 
eaten prior to the elimination diet are chosen first.) 

• The food is ingested two to three times over the 
course of a day. 

• The patient otherwise continues to eat only the 
foods on the current food list. 

• Responses are recorded on a chart such as the one 
shown in the Appendix. (The patient may use dif-
ferent headings to correspond with whatever signs 
and symptoms are experienced.)

• Only one new food is introduced at a time. 
• The patient waits at least two days (48 hours) before 

challenging a new food. 
• If a reaction is noted, the patient waits until that 

reaction has dissipated before reintroducing 
another food. (If the patient is unsure whether a 
reaction occurred, the same food is retested in the 

ii The Jarisch-Herxheimer reaction (often referred to as Herxheimer or 
Herx) is believed to be caused by gut organisms dying off at a rapid 
rate. Many of these organisms, or their metabolic by-products, may be 
absorbed into the systemic circulation as endotoxins and overwhelm 
the liver’s ability to adequately scavenge and process. Systemic reac-
tions can thus occur and may include joint pain, fever and malaise. 
These reactions were originally observed in patients with syphilis who 
received mercury treatment, but have also been more recently charac-
terized in Lyme disease treatment as well. Some clinicians also refer to 
this phenomenon as a “detoxification” or “clearing” reaction.
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same manner after the possible reaction 
has dissipated.)

• A reactive food is recorded and kept on the 
excluded list. 

Many underlying mechanisms may cause reactions 
to a given food or food group. Genetic predisposition, 
impaired enzyme or acid secretion, protozoal infection, 
bacterial dysbiosis, medications, concurrent disease, 
nutritional insufficiency, and aging all can play a role. 
Addressing these underlying issues may eventually 
allow the patient to resume eating some foods to which 
they had previously reacted. Even fairly reactive foods 
may eventually be tolerated in small amounts on an 
occasional basis.

Evaluating the Role of Laboratory Testing in 
Functional Medicine

Laboratory evaluation can play a pivotal and central 
role in clinical practice. Among its many uses are: iden-
tification of the underlying etiology of a health condi-
tion, serving as an aid to accurate diagnosis, providing 
a predictive measure of future health problems, or track-
ing the progress a patient makes on a particular inter-
vention. The question of what laboratory tests are 
useful from a functional medicine perspective seems to 
take on a larger and even more complicated role than in 
the conventional realm. In the functional medicine 
work-up, the clinician often looks to lab, not only for 
signs of pathological change, but also to assess more 
subtle signs of imbalance or dysfunction. Bacterial dys-
biosis that may be associated with digestive or systemic 
complaints, functional folic acid deficiency that may be 
associated with a mood disorder, or estrogen/progester-
one shifts that may be associated with fatigue or sleep 
disturbances are not completely diagnosable by labora-
tory measures. In fact, these laboratory evaluations, if 
taken outside the context of the patient’s totality of 
signs and symptoms, may not offer significant clues. 

For example, two individuals may show a modest 
elevation in serum homocysteine, a functional test of 
folic acid insufficiency. In a patient who suffers from 
depression, this may be a key finding in clarifying the 
underlying etiology of the depression. In another 
patient, this functional folic acid deficiency may be 
unassociated with any sign or symptom. While it may 
be useful to replete with folic acid regardless, it is a less 
significant finding and in fact may not be a laboratory 

test that one would normally request for an individual 
with no overt symptomatology. The research literature 
clearly supports the link between depression and ele-
vated homocysteine.12,13 However, it just as clearly shows 
that not all depressed individuals will have an elevated 
homocysteine, and not all elevated homocysteine will 
result in depression. It is the context within which the 
clinician finds the patient that is important for ordering 
and then interpreting that laboratory marker. 

Bacterial dysbiosis is another diagnosis that should 
not be made out of context. Clinicians may find that 
patient stool cultures are often positive for unusual or 
non-commensal bacteria. In our experience, this finding 
can occur in both symptomatic and healthy individuals, 
and it is only within the framework of the total patient 
work-up that the relative importance of such results is 
understood. The patient may present with other relevant 
history such as digestive complaints following repeated 
courses of antibiotics, unexplained joint pain or fatigue, 
and dermatological symptoms. When the available infor-
mation coalesces into a coherent story suggesting gut 
dysbiosis as an underlying cause, then the laboratory 
results do help in confirming the patient’s problem and 
planning a therapeutic intervention.

While laboratory evaluation can thus be of signifi-
cant importance to the functional medicine practition-
er, he or she must be careful to scrutinize the utility and 
predictive value of each laboratory test selected. There 
are many laboratory tools from which to choose and 
there is no one lab test that will uncover the dysfunc-
tion(s) in all patients. As is always the case in good 
health care, functional medicine practitioners first per-
form a careful history and physical exam, including the 
review of mechanisms (described in Chapter 34), and 
sorting the information on the functional medicine 
matrix. Those findings, combined with any laboratory 
results selected in the initial work-up, will in large part 
determine where on the matrix to focus initially. For 
specific laboratory tests to consider in various situa-
tions, the practitioner is referred back to other sections 
of the book, particularly Fundamental Clinical Imbal-
ances and A Practical Clinical Approach. The scope of this 
section will be to provide some general information 
that can be of use in selecting laboratory tests.

In functional medicine, laboratory evaluation is 
often on the cutting edge of clinical science. It is an area 
of ongoing and dynamic research that can help us 
assess functionality in new and exciting ways. However, 
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a thorough understanding of variability, precision, and 
accuracy should be foremost in the clinician’s mind 
when considering any new or unfamiliar laboratory 
assessment. Functional medicine teaches us to under-
stand and assess fundamental physiological processes 
and to recognize subtle signs and symptoms in an inter-
connected mosaic. Basic sciences, cell physiology, ani-
mal studies, epidemiological, case-controlled, and 
randomized controlled trials help us arrive at reasonable 
conclusions and follow up with integrative interven-
tions. When assessments and interventions do not yet 
have many years of valid and reproducible data behind 
them, the clinician (in any discipline) must use both art 
and science to weave together the history, physical 
exam, and laboratory findings and filter those conclu-
sions through a vast array of scientific data to arrive 
confidently at a useful place to begin. We are always 
functioning in an imperfect world with incomplete 
data. Lab tests may be valuable even if they are not 
definitive; they can provide general information and 
clues to potential underlying problems, helping us to 
decipher the complex tapestry of a patient with chronic 
unwellness. And, we must use a reliable standard of 
scrutiny and evaluation in the selection of laboratory 
tests upon which that patient’s health may depend.

Assessing the Performance of a Laboratory Test

To be used with a high degree of confidence in clin-
ical decision making, laboratory methods must meet 
certain standards of statistical reliability. Simply put, 
a test must be reproducible over time, with variability 
that is limited to known parameters and is not so large 
that it renders interpretation of the findings problem-
atic. That is, one must be able to assume that a change 
in a test result is a result of the treatment plan, not the 
result of wide variability in the test itself. The reliability 
of a test includes what are termed analytical and non-
analytical factors. 

Analytical factors are broken down into test accu-
racy, precision, sensitivity, and specificity. These basic 
concepts, discussed below, are the cornerstones of ana-
lytical reliability. If a given test does not have reason-
able precision, accuracy, specificity, and sensitivity, it is 
a test with little reliability.

Measurements of accuracy and precision reveal a test’s 
basic reliability. Accuracy and precision can be compro-
mised by fluctuations in temperature, variability in vol-
ume sample, adequacy of reagent used, changes in 

environment, and/or inconsistent handling of speci-
mens. Accuracy and precision are measured and tested 
through duplicate sampling and internal quality control 
procedures. A test is accurate when it measures what it 
was intended to measure—the true value of concentra-
tion of the substance being measured in a given sample. 
A test is said to be precise when repeated analyses on the 
same sample give very similar results. When a test 
method is precise, the amount of random variation is 
small. A precise test method has results that are reliably 
reproduced time after time. A test method can be precise 
(reliably reproducible) without being accurate (measur-
ing what it is supposed to measure), or vice versa.

As a test is performed on patient specimens, its accu-
racy is routinely monitored with a control specimen. 
The control has a known test value and is analyzed 
alongside patient specimens, revealing whether the test 
measurement process is correct. Although a test that is 
100% accurate and 100% precise is the ideal, in reality, 
tests, instruments, and personnel perform less perfectly 
than that. A small amount of variability does not usu-
ally detract from the test’s value. The level of accuracy 
and precision that can be obtained is specific to each 
test method. For newer laboratory assessments, these 
measurements should be requested from the individual 
laboratory, and if this information is not forthcoming, 
or is of poor quality or high variability, one should have 
a healthy degree of skepticism regarding the usefulness 
of that test (or that laboratory).

While accuracy and precision are critical compo-
nents of a lab value, a laboratory test must also be able 
to detect abnormalities with reasonable certainty. How 
likely is it that an individual has the disease or condi-
tion that the test suggests? That question is influenced 
by both false positives (reporting the patient has the 
condition when he/she does not) and false negatives 
(reporting the patient free of the condition when she/
he is not). The clinician will want to know the chances 
of a test delivering either a false negative or a false posi-
tive—if those chances are too high either way, using the 
test may not be advisable. 

To this end, labs develop and monitor statistics on 
each test’s diagnostic specificity and sensitivity. These mea-
surements reveal how likely a false negative or false posi-
tive result is when a particular test is performed by a 
specific lab. Sensitivity is the ability of a test to correctly 
identify individuals who have a given disease or disorder. 
For example, a certain test, such as an ova and parasite 
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examination of stool, may have a sensitivity of 90% for 
diagnosing an infection with the protozoa Blastocystis 
hominis. This would mean that if 100 people known to be 
infected with the organism are tested by that laboratory 
facility, the test will correctly identify 90 of those 100 
infections. The other 10 people who were tested also 
have the parasite, but the test will fail to detect it (the 
test delivers a false negative). A test’s sensitivity becomes 
particularly important when a clinician is seeking to 
exclude a significant health issue that would change the 
intervention. In this example, believing that the organ-
ism is not present may lead to trying therapies that will 
not be effective for the real problem. The more sensitive 
a test is, the fewer false negatives it produces. In sum-
mary, a false negative fails to expose a condition that is 
present; a high rate of false negatives indicates the test 
has poor sensitivity.

Specificity is the ability of a test to correctly exclude 
individuals who do not have a given disease or disor-
der. Using a different example, testing a blood speci-
men for elevated IgG antibodies to egg might have a 
specificity of, say, 70%. If 100 individuals who are 
known not to have elevated IgG antibodies to egg are 
tested with that method, only 70 of those 100 people 
will be reported as having no antibodies. For the 
remaining 30%, their “abnormal” findings are a mis-
leading false positive. That is, they do not have the 
condition, but were falsely reported as having it. This 
may result in those patients being put on a therapy for 
something they do not have. The more specific a test is, 
the fewer false positives it produces. In summary, a false 
positive reports the presence of a condition or disease 
that a patient does not have; tests with a high rate of 
false positives have poor specificity. 

Clearly, tests that have poor specificity and/or sensi-
tivity are of less value in correctly diagnosing a patient’s 
condition.

Non-analytical factors are also important in predict-
ing the usefulness of a test. They fall into two main areas: 
pre-analytical variation and within-subject (normal) biologi-
cal variation. Pre-analytical variations are factors affecting 
a test’s result that exclude the actual performance (preci-
sion and accuracy) of the testing protocol itself. Pre-
analytical variation can be affected by sample collection, 
storage, transport, type of sample, and even such things 
as tourniquet application (in the case of blood samples). 
For example, whether a sample degrades at room temper-
ature may be a significant pre-analytical variability in the 

test results. Laboratories should perform various tests on 
samples, including shipping, temperature changes, and 
collection variations, to determine how and whether pre-
analytical variation can be limited. 

Biological variation (within-subject variation or 
intra-individual variation) involves normal day-to-day 
variations in an analyte caused or affected by circadian 
rhythms, sleep-wake cycles, food intake, physical 
activity, time of year or season, stress or anxiety, and 
concurrent illness. For example, the assessment of 
high sensitivity C-reactive protein may be affected by 
seasonal allergies. Therefore, its evaluation as a marker 
for cardiovascular disease in an individual patient may 
be problematic unless this biological variation is 
accounted for.14 Biological variation is of critical 
importance for the laboratory to determine; without 
that information, the clinician has little idea if the 
change in analyte being measured is significant (sec-
ondary to therapy) or random. If serum cholesterol, for 
example, had a known variation depending on time of 
year, a measurement in January might be significantly 
different from one in June, not because of any thera-
peutic intervention, but because of the natural varia-
tion from winter to summer. While this is not the case 
with cholesterol, there are many analytes for which 
biological variation has not been determined, or has 
been determined and has shown wide variation. Bio-
logical variation is determined, in general, by collect-
ing a series of samples from a group of participants at 
regular intervals, minimizing pre-analytical and ana-
lytical variation, storing samples for batch analysis 
later, analyzing samples in duplicate, removing outli-
ers, and then determining within-subject (biological) 
analysis of variance.

It is vital for those involved in laboratory testing to 
minimize analytical and pre-analytical variability and to 
measure and report biological variation. One must con-
sider the influence of these factors on laboratory tests 
and on the interpretation of laboratory results. Clini-
cians considering the use of new or unfamiliar tests 
should request information from the laboratory on all 
the factors discussed above, and should examine the data 
before relying on the test for clinical decision making.
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Identifying Practical Interventions that Help 
to Normalize Multiple Symptoms
Nancy Sudak, MD, and Virginia Shapiro, DC

The initial functional medicine approach involves 
foundational recommendations that produce a positive 
impact on multiple systems. Many of these interventions 
have been extensively discussed and documented in the 
preceding section of this book (A Practical Clinical 
Approach), but still we are left with the question of how 
and where to begin with a particular patient. Looking for 
the simplest interventions that will achieve maximum 
impact is a reasonable starting point. Although these ini-
tial interventions may sound very basic, patients are typ-
ically quite pleased to find that implementation can 
produce a dramatic enhancement of well-being.

It is clear that our daily behaviors have a large impact 
on our health. Patients seem to understand the relation-
ship between diet and physical activity as they relate to 
common diseases. We are aware of abundant evidence 
that dietary measures can reduce the incidence of adult 
onset diabetes; lifestyle changes have been shown to 
meaningfully outperform metformin in generating a 
higher rate of diabetes prevention.15,16 Secondary preven-
tion of myocardial infarction has also been demonstrated 
dramatically by dietary interventions involving omega-3 
fatty acids in the GISSI Trial,17 the DART Study, 18 and the 
Lyon Study.19 The functional medicine style of practice 
teaches patients that their daily choices have a powerful 
effect on their health. Therefore, in-office patient educa-
tion (a very important, albeit basic, intervention) is a 
critical factor in achieving success with lifestyle changes. 
The functional medicine model requires active patient 
participation, and may be challenging for those expect-
ing passive delivery of health care.

Numerous lifestyle modifications of benefit to the 
patient are likely to be identified early in a functional 
medicine work-up. Many such changes are already 
familiar to most patients as recommended healthy prac-
tices, but they have not been adopted for a variety of 
possible reasons: unpreparedness for change; belief that 
low-tech interventions are unlikely to have a measur-
able effect; insufficient understanding of how lifestyle 
habits affect health; and home or work situations with 
little support for changing behaviors. When a practi-
tioner or patient educator thoroughly and non-judg-
mentally explains the basis for lifestyle recommenda-
tions relative to the individual’s specific situation, a 

door opens for patients to meaningfully reevaluate their 
daily actions.

Patients need information, instruction, and ongoing 
support as they integrate untried practices and abandon 
comfortable habits that have long undermined their 
health. An integral element of the art of practicing func-
tional medicine is the ability to encourage patients with-
out overwhelming them. An overzealous functional 
medicine practitioner or educator may impair the thera-
peutic relationship by mandating too many changes 
simultaneously, when a given patient may already be 
struggling to put new principles into operation.

No two patients are treated identically in functional 
medicine, but some advice is applicable to nearly every 
patient. The following lifestyle recommendations also 
meet the criterion of helping to normalize multiple sys-
tems and thus provide a better foundation for health:

• Removal of processed foods and trans fatty acids
• Ingestion of healthy whole-food meals at regular 

intervals
• Increased intake of vegetables, with moderate 

fruit intake
• Consumption of organically raised and locally 

grown foods whenever possible
• Achieving balance of macronutrients
• Removal of potential or documented food allergens
• Adequate daily intake of essential fatty acids, fiber, 

and pure water
• Deletion of toxic influences (including, for exam-

ple, household pesticides and herbicides, toxic 
household and personal cleaning products, and 
certain cosmetics)

• Inclusion of exercise, stress management tech-
niques, and spiritual centering in daily life.

As functional medicine practitioners, we know that 
poor diet, toxic overload, and overstimulation of inflam-
matory mediators impair proper function. Consistent 
application of healthier lifestyle habits optimizes broad 
areas of function by minimizing metabolic demand. 
When we restore nutrient adequacy, reduce toxic bur-
den, and diminish excessive activation of the hypotha-
lamic-pituitary-adrenal (HPA) axis, metabolic efficiency 
is more likely to normalize. Patients who have been 
effectively instructed on these concepts often establish 
early improvement of symptoms before more specific 
and advanced interventions are suggested.



Section VII
Putting It All Together

710

For example, when women with a variety of meno-
pausal or perimenopausal symptoms implement basic 
lifestyle modifications, they tend to report improve-
ment in bowel function, energy, mood, and general 
sense of well-being, as well as reduction of myofascial 
pain, and diminished frequency/intensity of headaches 
and hot flashes. When patients with extremely complex 
disorders and imbalances make similar changes, they 
often achieve substantial, sometimes astonishing 
improvements in their physical conditions. The power 
of lifestyle modification in complex illness should not 
be underestimated. When these measures alone are 
ineffective in removing barriers to proper function, fur-
ther investigation and treatment are warranted.

The following case example illustrates a patient with 
multiple and complex areas of dysfunction and her 
response to some fairly simple initial interventions.

A 57-year-old woman visited our office with a chief 
complaint of active ulcerative colitis of 3.5 years’ dura-
tion. Colonoscopy revealed extensive ulceration of her 
colon; multiple medications had been used unsuccess-
fully or were not tolerated; and her gastrointestinal spe-
cialists had stated that colon resection appeared to be 
her only viable long-term treatment option. Additional 
medical problems included osteoarthritis of her neck 
and right shoulder for 14 years and hypertension.

Five years previously, she had traveled overseas and 
returned with abdominal bloating and diarrhea, acute 
diffuse joint pain (reactive arthritis), iritis, and urethritis. 
She had been diagnosed with probable giardiasis (nega-
tive stool study) and Reiter’s syndrome, experiencing 
symptom resolution with antibiotics. One year later, her 
diffuse joint pain recurred, and rofecoxib was initiated. 
Shortly after the addition of this medication, classic 
symptoms of ulcerative colitis occurred, and she was 
treated conventionally, without any correlation made 
between her colitis and the cyclooxygenase (COX)-2 
inhibitor. Her medications at the time of presentation in 
our office included rofecoxib (4 years), atenolol (5 years), 
mesalamine (3 years), and mercaptopurine (1 year).

Our initial clinical assessment indicated gastrointes-
tinal inflammation, altered intestinal permeability, and 
mild dysbiosis of her gastrointestinal flora. We advised a 
basic approach, including trial elimination of gluten 
grains and dairy products, avoidance of refined sugars 
and trans fatty acids, macronutrient-balanced diet, and 
implementation of the general bulleted recommenda-
tions itemized above. She was also started on EPA/DHA 

fish oil, vitamin E, zinc, carnosine, 5-methyltetrahydro-
folate, a probiotic supplement, L-glutamine, and an 
herbal anti-inflammatory product containing extracts 
of hops, rosemary, and olive leaf.

After two months, her bowel function, energy level, 
and sense of well-being were dramatically improved. 
Her blood pressure had normalized and atenolol was 
discontinued. rofecoxib was completely withdrawn by 
month four, and relief from osteoarthritis symptoms 
was maintained with adjunctive chiropractic care and 
frequency specific microcurrent therapy. She has had 
no recurrence of her reactive arthritis. She was eventu-
ally able to discontinue the mesalamine and mercap-
topurine, and remains free of gastrointestinal symptoms 
over a year after initial interventions in our office.

The functional medicine approach successfully 
addressed her underlying inflammatory dysregulation 
and ultimately spared her from a total colectomy. This 
case is also an example of the complexity of many cases 
seen in functional medicine practices, in which multiple 
causative factors occur in layers (including iatrogenic 
influences). In such cases, simple initial interventions 
may or may not result in such complete results. When 
symptoms continue, patience and persistence are 
required as the astute clinician learns to tease apart the 
various components of the patient’s condition to deter-
mine underlying causes.

The elimination diet (discussed earlier in this chap-
ter) is an example of a therapeutic strategy (with a diag-
nostic component) that tends to produce improvement 
in multiple systems.20,21,22 Patients with numerous 
symptoms who are employing a standard American 
diet often benefit from a comprehensive elimination 
diet, in which commonly irritating foods such as glu-
ten grains, dairy products, corn, chocolate, peanuts, 
and eggs are avoided for a period of several weeks. 
Relief from symptoms such as migraine headaches,23,24 
fatigue, body aches, mood disturbances, irritable bowel 
complaints,25,26 dermatitis, and perennial rhinitis27 is 
typical during the elimination phase.

A principal mechanism underlying symptom resolu-
tion in many cases is reduction of inflammatory activa-
tion from offending foods. It is helpful to consider the 
central location of most of the immune system—within 
the gastrointestinal tract. When antigenic exposures to 
foods mismatched to an individual’s physiology are 
removed, physiologic function improves. If patients 
find that systematic reintroduction of foods, one by 
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one, indicates several intolerances, a functional medi-
cine practitioner will consider the likelihood of altered 
intestinal permeability. Reasons underlying the passage 
of large molecules through the gastrointestinal mucosa 
will then have to be explored. (Chapters 28 and 31 pro-
vide detailed information on intestinal permeability.)

When we decipher a patient’s story by constantly 
asking why a condition has emerged, we may eventu-
ally reach a core dysfunction that can be remediated. 
The process of prescribing this “simple” intervention, 
the elimination diet (with its diagnostic and therapeutic 
elements), may be represented by the scheme shown in 
Figure 35.1.

Figure 35.1 Schema for use of elimination diet

In summary, it behooves functional medicine practi-
tioners and their patients to carefully consider founda-
tional lifestyle practices when making initial assessments 
of patients with complex disorders or health histories. It 
has frequently been our experience that many medica-
tions can be reduced or eliminated through simple life-
style modification. This should not, however, diminish 

the importance of thorough evaluation of the patient, 
appropriate to their specific condition and to the creden-
tials and training of the practitioner. Basic changes in 
dietary and exercise practices can often be implemented 
in conjunction with more conventional treatment. In 
addition, many foundational lifestyle changes can be 
initiated without harm, while more in-depth investiga-
tions (laboratory, radiology, or others) are pending. The 
patient’s response (or lack of response) to these basic 
interventions can often provide additional diagnostic 
information to the astute clinician, as well as provide 
the patient with encouraging relief of symptoms.

References
1. Hunter JO. Food allergy—or enterometabolic disorder? Lancet. 

1991;24;338(8765):495-496.
2. Muller H, de Toledo FW, Resch KL. Fasting followed by vegetarian 

diet in patients with rheumatoid arthritis: a systematic review. 
Scand J Rheumatol. 2001:30(1):1-10.

3. Stefanini GF, Saggioro A, Alvisi V, et al. Oral cromolyn sodium in 
comparison with elimination diet in the irritable bowel syndrome, 
diarrheic type. Multicenter study of 428 patients. Scand J Gastroen-
terol 1995;30(6):535-541.

4. Mansfield LE, Vaughan TR, Waller SF, et al. Food allergy and adult 
migraine: double-blind and mediator confirmation of an allergic 
etiology. Ann Allergy. 1985;55(2):126-129.

5. Carter CM, Urbanowicz M, Hemsley R, et al. Effects of a few food 
diet in attention deficit disorder. Arch Dis Child. 
1993(5);69:564–568.

6. Hill DJ, Hudson IL, Sheffield LJ, et al. A low allergen diet is a signif-
icant intervention in infantile colic: results of a community-based 
study. J Allergy Clin Immunol. 1995(6 Pt 1);96:886–892.

7. Juntti H, Tikkanen S, Kokkonen J, et al. Cow’s milk allergy is associ-
ated with recurrent otitis media during childhood. Acta Otolaryn-
gol 1999;119(8):867–873.

8. Niggemann B, Sielaff B, Beyer K, et al. Outcome of double-blind, 
placebo-controlled food challenge tests in 107 children with atopic 
dermatitis. Clin Exp Allergy 1999;29(1):91–96.

9. Henz BM, Zuberbier T. Most chronic urticaria is food-dependent, 
not idiopathic. Exp Dermatol 1998;7(4):139–142. Review.

10. Jones VA, Dickinson RJ, Workman E, et al. Crohn's disease: mainte-
nance of remission by diet. Lancet 1985 Jul 27;2(8448):177-180 

11. Kjeldsen-Kragh J, Haugen M, Borchgrevink CF, et al. Controlled 
trial of fasting and one-year vegetarian diet in rheumatoid arthri-
tis. Lancet, 1991. 338(8772): 899-902.

12. Sachdev PS, Parslow RA, Lux O, et al. Relationship of homocys-
teine, folic acid and vitamin B12 with depression in a middle-aged 
community sample. Psychol Med. 2005;35(4):529-38.

13. Bottiglieri T. Homocysteine and folate metabolism in depression. 
Prog Neuropsychopharmacol Biol Psychiatry. 2005;Aug 15:[Epub 
ahead of print].

14. Campbell B, Badrick T, Flatman R, Kanowski D. Limited clinical 
utility of high-sensitivity plasma C-reactive protein assays. Ann 
Clin Biochem. 2002 Mar;39(Pt 2):85-88.

15. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the 
incidence of type 2 diabetes with lifestyle intervention or met-
formin. N Engl J Med. 2002;346:393-403.

16. Tuomilehto J, Lindstrom J. The major diabetes prevention trials. 
Current Diab Rep. 2003;3(12):115-122.

Multiple symptoms

4-week elimination diet

Symptom relief?

Yes

No, or only a little Investigate for other causes

No, just 1-2

Yes

Systematic food reintroduction

Symptoms recur with more than 2 foods? Avoid offending food(s)

Investigate for altered intestinal permeability

Heal GI tract with "4R" program
(See Chapter 28.)

Avoid/heal underlying cause(s) of 
altered intestinal permeability

Intestinal dysbiosis
Alcohol use
NSAID use
Excessive HPA activation
Nutritional insufficiencies
(essential fatty acids, zinc, vitamin A)



Section VII
Putting It All Together

712

17. Grundy SM. N-3 fatty acids: priority for post-myocardial infarction 
clinical trials. Circulation. 2003;107;1834-36.

18. Burr ML, Fehily AM, Gilbert JF, et al. Effects of changes in fat, fish, 
and fiber intakes on death and myocardial reinfarction: diet and 
reinfarction trial (DART). Lancet. 1989;2(8666):757-761.

19. de Lorgeril J, Renaud S, Mamelle N, et al. Mediterranean alpha-
linolenic acid-rich diet in secondary prevention of coronary heart 
disease. Lancet. 1994;343(8911):1454-1459.

20. Gaby A. The role of hidden food allergy/intolerance in chronic dis-
ease. Alt Med Rev. 2001;3(2):90-100.

21. Sampson HA. Food allergy. JAMA. 1997;278(22):1888-1894.
22. Bock SA. Diagnostic evaluation. Pediatrics. 2003;111(6):1638-1644.
23. Egger J, Carter CM, Wilson J, et al. Is migraine food allergy? A dou-

ble-blind controlled trial of oligoantigenic diet treatment. Lancet. 
1983;2(8355):865-869.

24. Mansfield LE, Vaughan TR, Waller SF, et al. Food allergy and adult 
migraine: double-blind and mediator confirmation of an allergic 
etiology. Ann Allergy. 1985;55(2):126-129.

25. Atkinson W, Sheldon TA, Shaath N, Whorwell PJ. Food elimination 
based on IgG antibodies in irritable bowel syndrome: a randomised 
controlled trial. Gut. 2004;53(10):1459-1464.

26. Isolauri E, Rautava S, Kalliomaki M. Food allergy in irritable bowel 
syndrome: new facts and old fallacies. Gut. 2004;53(10):1391-1393.

27. Pastorello EA, Stocchi L, Pravettone V, et al. Role of the elimina-
tions diet in adults with food allergy. J All Clin Immun. 
1989;84(4 Pt 1):475-483.



713

Chapter 36
The Healing Relationship
� Creating Effective Doctor-Patient Relationships
� Helping Patients Change Unhealthy Behaviors

Creating Effective Doctor-Patient Relationships
Edward (Ted) Leyton, MD, CCFP

Introduction

In the Introduction to this book, we read the follow-
ing statement:

Functional medicine could be characterized, there-
fore, as “upstream medicine” or “back to basics”—back 
to the patient's life story, back to the processes wherein 
disease originates, and definitely back to the desire of 
healthcare practitioners to make people well, not just 
manage symptoms.

This begs the question of how clinicians can obtain 
enough of the right kind of information from patients 
in the relatively short period of time we are in contact 
with them. Patients have lived a lifetime of experiences, 
some good, some bad, some with significant impact, 
and some that are insignificant. How do we put all of 
this together in a frame that helps us mold a functional 
diagnosis and treatment plan? It has been said that 90% 
of all diagnoses in medicine are still made on the basis 
of history, symptoms, and review of systems—although 
we would add review of mechanisms to that list (see 
Chapter 34)—and that technological investigations, 
though frequently helpful, are most often illustrative 
and additive.1

In this chapter—indeed, in this whole section of the 
book—we are learning how to elicit, organize, and use 
information about the antecedents and triggers that 
precede the onset of symptoms, and the mediators that 
keep the dysfunction going. Antecedents and triggers 
can be amazingly diverse, ranging from motor vehicle 
accidents to sexual abuse, from toxic exposure and fam-

ily history to limiting decisions and beliefs that patients 
have adopted from an early age regarding their lives. 
The ability to glean this information from the patient is 
critical to weaving the interconnected web that is so 
basic to the functional medicine model.

Therapy actually begins from the moment the 
patient enters the clinic. From the atmosphere in the 
waiting room to the physical posture, attitudes, beliefs, 
and language of the practitioner and staff, there is 
always a need to foster in the patient an awareness of 
what it means to view health as positive vitality.

Rapport

To elicit and understand the patient’s story, to help 
people make changes that are beneficial, and to create a 
healing relationship, it is important to be able to develop 
a rapid and powerful rapport with patients, so they feel 
comfortable telling their stories and revealing intimate 
information and significant events. Rapport is the core 
element that enables a practitioner to glean this kind of 
information from patients. Without rapport, both the 
functional diagnosis and treatment recommendations 
may be flawed or ignored. We will examine the following 
elements of the successful doctor-patient relationship:

• What is rapport and how can it be established rap-
idly and respectfully?

• What questions elicit the information needed to 
weave the functional web or matrix, so that treat-
ment can be successful?
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• What language empowers and motivates patients in 
a movement toward positive vitality and wellness?

• How do we de-emphasize the pathology model to 
which we are accustomed?

• How do we help patients change their behaviors and 
lifestyles so they feel empowered, fully functional, 
and able to manage on their own to a large degree?

What Is Rapport?

Being in rapport is the ability to enter another per-
son’s model of the world, communicating that we truly 
understand that world, in a congruent way. Being con-
gruent means that we express ourselves with all our 
senses in a unified way. You have been establishing rap-
port unconsciously all your life; we all learned this as 
we figured out how to get along with people. Now we 
can enhance this process by making it conscious.

In functional medicine, patients are seen as unique 
individuals who may not fit the pre-determined models 
that correspond to particular diseases or conditions. 
Rapport will help us elicit, in a short space of time, the 
patient’s complete story so that we can begin formulat-
ing a treatment plan. Traditional diagnosis is usually a 
part of the story—at least at the outset—but it is not a 
primary goal, and it will not tell the full story. The ini-
tial goals are to gather information that will help to 
create an individualized picture of the patient, create a 
working hypothesis about the dysfunctions underlying 
the symptoms and complaints, and form an effective, 
professional bond with the patient.

Presuppositions

Presuppositions about our patients set the stage for a 
positive or negative relationship, and they can interfere 
with establishing rapport. What you believe will influ-
ence the course of the patient’s illness or wellness, if not 
at the conscious level, then certainly at the unconscious 
level. This is demonstrated eloquently in Daniel Moer-
man’s Meaning, Medicine and the ‘Placebo Effect,’ wherein 
he explores and explains the research about placebo.2 
Moerman argues that it is not so much the patient who 
produces the placebo effect, but rather the healthcare 
practitioner whose beliefs about the treatment or the 
patient have considerable influence on the outcome. 
Here are some helpful presuppositions (assumptions) 
to have about all patients:3

• Patients have all the resources they need to heal. 
Clearly they may not have the same knowledge as 
you do about biochemistry and metabolism, but 
remember that they live in their bodies, and they 
have had to learn many things in order to survive 
and function.

• The meaning of your communication is the 
response you get. If a patient gives you a signal 
(verbal or non-verbal) that something you have 
said or done has triggered a negative emotional 
state (see below), use that information as feedback 
for a different approach, because …   

• Your personal flexibility will determine your 
success. If something you are doing or saying isn’t 
working—change it. Systems theorists have shown 
that the system with the most flexibility is the one 
that generally ends up working.4

• Every behavior has a useful purpose in some 
context. Patients with chronic illness sometimes 
develop illness behavior, which you may have 
learned to view as a negative trait. Remember that 
this behavior serves some useful purpose (usually 
unconscious) for the patient. Understanding this 
will help you avoid the trap of labeling anyone as a 
“problem patient.”

Emotional States

An emotional state is a particular way of feeling, 
brought about by internal representations and physio-
logical shifts, as a result of a person’s life experience, 
conceptual filters, and internal map of reality, at that 
moment, and in that context.

Emotional states can range from depression to ela-
tion, with myriad possibilities in between: aggravation, 
frustration, excitement, boredom, joy, amusement, 
grief, and so on. Emotional states are internally gener-
ated by information that comes to us through the five 
senses—visual, auditory, kinesthetic, gustatory, and 
olfactory. The information is then processed through a 
variety of unconscious filters that ultimately create an 
internal representation of what we see, hear, taste, smell 
or feel. Such representations have the power to create a 
shift in a physiological state and can influence subse-
quent behavior.

A simple example will illustrate. A man is driving 
home on the highway from work after a stressful day. 
His mind is filled with thoughts about his day and any-
thing that may have precipitated unpleasant feelings 



715

Chapter 36
The Healing Relationship

that we generally characterize as “stress.” Perhaps he has 
a headache, neck pain, or stomach ache. As he looks out 
of his car window, he sees (visual representation) the sun 
setting in the west. He is reminded of his last vacation 
(past experience), when he saw a beautiful sunset, and 
he recalls the closeness that he felt with his wife as they 
watched it from their hotel balcony. As he “connects” to 
this past experience, he can feel his shoulders relaxing 
and the tension easing from his body (kinesthetic shift). 
This man has just changed his emotional state, fortu-
itously on this occasion, by changing his focus of atten-
tion and by remembering a pleasant past experience.

Most patients are in what we might call a problem 
state when they see us. They feel bad. They have to feel 
that way in order to communicate effectively about 
their problems—in other words, they have been think-
ing about the problem and how they are going to 
describe it. They have been internally rehearsing prior 
to the visit.

An important factor to take note of here is that 
we—the practitioners—are also in some kind of emo-
tional state, and whatever it is will surely affect our 
interaction with the patient. So, it’s good to take stock: 
Consider what kind of state you are in before you see 
the patient. Are you in a bad mood, or stressed out? 
Did the last patient trigger some bad feelings? Do you 
have some personal matters you are bringing to the 
interview? Or, on the positive side, are you relaxed, 
curious, and eager to discover something unique about 
the person you are about to see? If so, you are in an 
excellent state for seeing patients.

You can help yourself achieve that positive state. 
Remember a time when you felt really curious about 
something. Mentally imagine yourself being curious, 
hear what you are saying to yourself, and feel the 
change in your body as you do this exercise. Take a few 
deep breaths to relieve any tension you might have, and 
then greet the patient with a genuine, flexible, curiosity. 
This will go a long way toward building rapport and 
establishing a comfortable ongoing relationship with 
your patients.

Communication

Communication is 7% words, 38% tonality, and 
55% physiology. As mentioned above, we all use our 
senses to take in our experience of the world. Research 
has shown that we use the following percentages of our 
senses to map our reality:5

• Visual—60%
• Auditory—20%
• Kinesthetic—20%
• Olfactory/gustatory— <1%

Therefore, your patients will be communicating 
problems to you with many of these senses, although 
most of us have a preferred style—most often visual, 
then auditory and kinesthetic.

Let’s look at this a little more closely. Since we all take 
in the world through our senses, the type of sense we use 
will depend on the circumstances. For example, at a con-
cert, the primary sense is tuned to the auditory channel. 
Looking at a painting requires a visual focus. Doing a 
workout requires a kinesthetic sense of body position 
and movement. When we communicate with others, 
we also express ourselves in one or more of these senses:

Sometimes when I sit out on my deck I feel really ful-
filled and content. I can see the vibrant colors of the 
blooming flowers, and hear the gentle trickling of the 
waterfall in my pond. Further off in the distance I can 
hear the fluttering of bird's wings as they play in the 
birdbath, while a gentle breeze wafts across my face 
bringing me the sweet scent of July blooms.

What’s missing from this paragraph? Tonality and 
physiology are missing, and if you read this to yourself, 
you will fill them in automatically, based on your own 
experience. But notice that in this example the verbs or 
descriptive words match the nouns—that is, you see col-
ors, hear the trickling-fluttering; feel the wafting breeze. 
This matching helps make the passage congruent. How-
ever, congruence also depends upon tone and physiology 
even more than the choice of words. Sarcasm is a good 
example of how this works—a sarcastic comment is one 
in which words, tonality, and expression are not bal-
anced: “I really like your tie” (sneer). What do we tend to 
believe? The tone and the visual cues. If the comment is 
more veiled, we may just feel uneasy, or think that 
something “isn’t quite right.”

Obviously, this is important information to have, 
both in the context of what you hear patients saying, 
and how you say things to them. Some people select 
primarily visual language: “I see what you mean.” “This 
colors my judgment.” “You can look back on this mate-
rial and notice how easily it comes to you.” Others 
choose auditory images: “I hear what you’re saying.” 
“That rings a bell.” “This idea is coming across loud and 
clear.” Still others use kinesthetic words: “I can’t grasp 
that.” “Hold on a minute!” “I’m going to pieces.” “I think 
I have a handle on this now.”
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With this information in mind, we now turn to the 
development of patient rapport.

Establishing Rapport

People tend to like people who are like them-
selves. When we meet someone new, we search for 
commonality. Rapport is created and established by 
pacing the individual’s communication through mir-
roring and matching the key elements of a person’s 
physiology—gestures, facial expressions, eye blink, 
breathing; tonality—tone, tempo, timbre, volume, 
pitch, pauses; and words—predicates (verb phrases), 
key words, associations.

You know you are in rapport when:
1. You are getting the outcome you want (that might 

be just getting along with the patient or making the 
patient feel comfortable), and

2. You calibrate to the person’s level of comfort—that 
is, you keep the level of comfort relatively steady 
and, if discomfort arises in the patient, you change 
your approach so that rapport is re-established. 
(Sometimes when you have sufficient rapport, the 
relationship can tolerate a certain amount of dis-
comfort. However, handling discomfort in the rela-
tionship is beyond the scope of this text.)

There are clearly varying degrees of rapport, as shown 
in Figure 36.1. In professional relationships, optimum 
rapport is defined in a fairly narrow band. It is important 
to avoid overidentification with the patient (and his or 
her problem) and still be able to communicate under-
standing and empathy. Physicians are often taught 
to aim for a cooler demeanor, to avoid getting “too 
involved.” Unfortunately, this can result in a lack of 
rapport, generating frequent complaints from patients. 
In my practice, I often hear that other physicians “don’t 
care about me, and don’t listen to my concerns.” I feel 
confident that usually the other physician does care, 
but because of our professional training, he or she may 
equate objectivity with emotional distance or coolness. 
I believe that maintaining understanding, openness, and 
empathy without overidentification is critical. Clinician/
patient boundaries are important; clinicians must recog-
nize that there are limits to their responsibility to and 
for the patient. Boundary issues regarding overidentifica-
tion and sexual/romantic connections with patients are 
beyond the scope of this text, but have been dealt with 
adequately elsewhere.6

Figure 36.1 Degrees of rapport

Behaviors and Skills that Build Rapport

In order to build rapport, you need to develop sen-
sory acuity. The more sensory acuity you have, the more 
you can calibrate to the patient’s nonverbal but signifi-
cant communications. We gain sensory acuity by watch-
ing, listening, and occasionally smelling and touching 
our patients. We use many of our senses to communi-
cate, and also to calibrate to our patient’s state. When 
we calibrate well, we can shift our behavior to match 
and mirror the patient, in order to gain more rapport. 
This is called pacing current experience.

Pacing current experience. You can learn how to 
match and mirror your patient’s words, tone, and phys-
iology, and thus gain sensory acuity and rapport at the 
same time. People feel more comfortable with someone 
who responds to them in the same language representa-
tions that they are using. This will lead you rapidly into 
a state of rapport that can—seemingly magically—pro-
duce a wealth of information in a short time. The fol-
lowing characteristics of certain people will help you to 
determine their primary representational system.

Primary
Representational Characteristics 
System Displayed

Visual Thin, ectomorphic, wiry,
wide-eyed, fast talkers, neat,
chest breathers

Auditory Mesomorphic, easily distracted,
very verbal, even breathers

Kinesthetic Endomorphic, lax in dress, slow
talkers, diaphragmatic breathers

Degrees of Rapport

Spiritual Communion

Sexual/Romantic Connection

Warm – good friends

Identification

Understanding – empathy

Neutral

Cool

Distant

Intolerant

Enemies
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Pacing and then …   leading. With pacing, you 
begin to establish more rapport. Once rapport is estab-
lished at a sufficient level, you can begin to lead the per-
son. Leading is a mild challenge—have you ever paced a 
friend who was training to run a certain distance in a 
certain time? If you ran slightly ahead of him (or her), 
you would induce him to run faster to keep up, and then 
you could pace him again by running beside him. In 
interviewing and psychotherapy, leading may be used to 
help a person feel more comfortable in their surround-
ings, or to move them from a non-resourceful emotional 
state to a resourceful state. The overall process for estab-
lishing rapport through pacing is shown in Figure 36.2.

Figure 36.2 The process of establishing rapport

Matching is an integral part of pacing and rapport 
building. Table 36.1 reviews the different ways in which 
matching can be done.

Understanding the Story—Some Questions 
to Ask

Patients often provide clues about important factors 
in their stories in ways that can sometimes be easily 
overlooked when we focus too much on physical vs. 
emotional content. Open-ended questioning, together 
with listening in a non-judgmental way, will provide us 
with the opportunity to really hear what the patient is 
saying. Here are some open-ended questions that can 
elicit very useful information:

1. When did you last feel really well? This is an 
extremely important question because it takes the 
patient back to a time before things changed from 
good to bad. The answer may elicit both the tempo-
ral onset of symptoms and the triggers or anteced-
ents for the functional issue. Asking the question in 

establish rapport, 
increase receptivity and responsiveness, 

and establish a foundation of trust, 
understanding, and credibility.

approximate the form of some aspect of 
the patient's external behavior, and thus

adjusting some aspect of your external behavior through 
mirroring and matching, to

PACING
is the ongoing process of helping your patients 

feel comfortable with you by

Table 36.1 Matching Behaviors

Type of Matching Behaviors

Whole Body Matching Adjust your body to approximate 
the patient's postural shifts, e.g., 
cross legs, adjust torso angle, etc.

Partial Body Matching Pace any stylistic use of body 
movements, e.g., eye blink, head 
shakes, head/shoulder angle, etc.

Vocal Qualities Match shifts in tonality, tempo, 
volume, timbre, cadence or 
intonation.

Verbal Patterns Hear and utilize sensory system 
language that matches and paces 
the representational system used 
by the patient (i.e., auditory, 
visual, or kinesthetic language).

Facial Expressions Notice the patient’s facial expres-
sions—wrinkles, lips, eyebrows, 
etc.

Gestures Respectfully match the patient's 
gestures.

Breathing Adjust your breathing pattern to 
match the patient’s.

Matching is NOT copying.
All of the above must be below the client's level of awareness.
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this way, as opposed to focusing on when the 
patient began to feel sick (a more standard inquiry), 
requires patients to access, in memory, a time when 
they felt good, and that may give you important 
information that will help you to manage their 
“wellness program.” If there were only one question 
that a clinician could ask, it might well be this one. 
Ensure that you do initially elicit a wellness descrip-
tion here, as it is likely that the patient will gravitate 
to an illness description in order to tell you what is 
wrong, purely out of cultural conditioning.

2. What happened then? This is the next question to 
ask because you want to elicit a sequential response 
that will maximize the possibility of accurately iden-
tifying antecedents and triggers. Depending upon 
the patient’s particular way of telling stories, you will 
get more or less detail. Sometimes you may have to 
curtail too much detail, and at other times you may 
have to fish for more detail, remembering that you 
are looking for clues about triggers and antecedents.

3. Was there anything going on in your life at that 
particular time that might have precipitated this 
[illness, pain, or other symptom]? This question 
allows the patient to connect symptoms of any 
kind with stresses or life changes that they may 
have experienced. It gives them permission to 
make, or recall, that connection.

4. Do you think that this [illness, pain, or other 
symptom] had anything to do with the fact 
that you [had a car accident, lost your father, 
became unemployed …   insert the specific event 
you are inquiring about]? Again, this gives the 
patient permission to make connections between 
possible antecedents or triggers and their present 
symptoms. If they do make such a connection, 
the chances are it has some validity in their model 
of the world.

5. Did anything happen to you as a child that 
made you feel bad? This question is very open-
ended, and may yield a number of results. Some 
patients may simply answer “no,” in spite of the 
fact that such an answer is unlikely to be correct, 
since most people can recall at least one bad thing 
that happened to them during childhood. The “no” 
answer may have two possible reasons: perhaps 
something did happen that they don’t want to talk 
about, or, in their map of the world, they simply 
don’t include “bad things.” Both of these have to 

be respected. I sometimes preface this question, 
particularly in patients who are presenting with 
gastrointestinal issues, in the following way: 

There is research showing that some people with 
long-standing intestinal problems have had abuse 
issues as children. I don't want to suggest that that 
might have happened to you, but I do need to ask …    
Did anything happen to you as a child that 
made you feel bad?7,8

You may be thinking, “What do I do with this kind 
of information if I get it?” The answer will depend 
upon your particular clinical skills, focus of interest, 
and degree of comfort with exploring such issues. For 
those with appropriate training and interest, affirma-
tive answers to any psychological questions can be 
explored further for the purpose of healing. That work 
may not be appropriate for an initial intake and may be 
deferred to future sessions; this of course should be 
communicated to the patient. For clinicians with less 
training in this area, it is important to support patients 
in some way when they disclose triggers of a sensitive 
nature. This might take the form of acknowledging the 
importance of the connection, followed by suggestions 
for appropriate therapy and follow-up with a profes-
sional trained in the area. For example:

This is obviously a sensitive and important area, 
and may have an impact upon your ultimate recovery. 
In the functional medicine model, these emotional 
factors can have a significant negative impact on our 
overall well-being. Would you be willing to talk to 
someone whose training could help you resolve any 
lingering issues that you might have with regard to 
this problem?

Raising questions in the way described above gives 
the patient the opportunity to engage with difficult 
issues or to bow out without feeling pressure. It is also 
helpful to give them a future option such as, “Feel free 
to talk to me about this again if you change your mind.” 
All too often, patients have not been given the opportu-
nity to even mention such matters in a practitioner’s 
office, let alone been given the opportunity to consider 
a solution.

You might wonder whether asking these kinds of 
questions could raise issues that are better left alone; in 
other words, is re-opening old wounds a good idea? I 
frequently find that the patient has made these connec-
tions anyway, and is relieved to know that a professional 
sees the importance of them. Sometimes just acknowl-
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edging this can provide such significant relief that noth-
ing more needs to be said. This is the power of a really 
effective doctor/patient relationship—it becomes a heal-
ing relationship.

Motivation, Changing Behaviors, and 
Feedback

Language is really how we measure experience, and 
how we re-present our experience to others. Since our 
primary goal as practitioners is to help people feel better 
on many levels, it is important to use language that is 
positive and, at the same time, an honest appraisal of 
the situation. Transmission of hope to the patient is 
often essential to a good outcome.

Healing language encompasses:
• Self-empowerment
• Direction
• Motivation and feedback

Whatever the particular problems of your patients, 
the chances are that some aspects of their behavior will 
need to change in order for them to feel better. Changes 
may relate to diet, exercise patterns, stress management, 
leisure activities, or some other behavior. The functional 
medicine practitioner is in an advantageous position 
with patients because the model not only allows, but 
demands, that we take advantage of this “teachable 
moment.” The functional medicine model is a genera-
tive one, in which new behaviors lead to feeling better 
emotionally, physically, and spiritually.

It is a good idea to assume that patients are willing 
to change their behavior in order to feel better. They 
need to begin at the appropriate “stage of change” (the 
subsequent discussion in this chapter addresses that 
topic in depth); fortunately, if that need is met and real 
help is offered, great progress can be made. While it is 
true that there are some patients with recalcitrant, 
addictive behaviors, it is also true that even these peo-
ple usually want to change for the better. If we see a 
patient as an addict, rather than as someone who is 
capable of changing an addictive behavior, then the 
label “addict” tends to reinforce the belief that the con-
dition is immutable. How can the practitioner in a gen-
eral functional medicine practice help people change 
their unhealthy behaviors?

Motivation

People are motivated by a variety of factors. Often 
what brings people to practitioners is the fear of an 
incurable or painful condition. This at least gets them 
in the door, and indeed it may be a powerful motivator 
to do something different. However, as the person who 
is motivated by fear begins to get better, the impetus for 
the motivation decreases because the fear is no longer 
there. One very important factor is to ensure that the 
patient also has a positive future motivation, as well as 
a motivation to move away from the problem. You can 
access the desire for something positive in the future by 
posing some of the following questions:

• Tell me what it will be like when you are free of this 
problem?

• What will you be doing that is different?
• How will you be feeling that is different from the 

way you are feeling now?
• How will other people see you differently?
• How do you think I can help you, and what kinds 

of resources do you need?

Asking these questions requires that patients con-
ceptualize future associations with wellness to sustain 
the changes in their lives even after fear and pain have 
subsided. When a patient is close to achieving initial 
goals, he or she can be helped to create other goals that 
can strengthen their motivation for the long term.

Different people motivate themselves in different 
ways. Here are some unhelpful motivational styles, as 
outlined by Connirea Andreas in the book, Heart of 
the Mind:9

• Overwhelm motivators often select a huge goal 
and make it so big in their minds that they are 
actually unable to get started because the goal 
overwhelms them. If you ask what the goal “looks 
like” to them, they will tell you that it is very large 
and occupies a lot of their mental space. No won-
der they feel overwhelmed. With these people it 
is a good idea to “chunk down” their goal into 
smaller, more easily obtainable portions. With 
weight loss, for example, aiming for small consis-
tent losses over shorter periods of time is more 
effective than talking about a large weight loss 
over a longer period of time.

• Dictator-style motivators tend to talk to them-
selves in a negative way using language that is 
authoritarian and demanding. They don’t get things 



Section VII
Putting It All Together

720

done because there is often a rebellious response to 
such demands. Generally people don’t respond well 
to authoritarian approaches, even their own! Help-
ing such patients create more respectful inner dia-
logues about their future goals can be helpful.

• Seeing-it-done motivators. Have you ever had 
trouble motivating yourself to do something you 
like? Probably not. We don’t usually have to moti-
vate ourselves to go to a movie, eat a meal, or go 
on vacation because these activities, for most of us, 
are enjoyable. We imagine doing them and we feel 
good. However, when it comes to doing the dishes, 
tidying our desks, or cleaning the house, the very 
thought can be unpleasant. The trick here is to visu-
alize having it done. Seeing the house tidy, the dishes 
clean, the desk organized—or the exercise com-
pleted, vegetables in the refrigerator, a healthy meal 
actually on the table—can create a positive impetus.

Of course, these patterns are not mutually exclusive; 
they may vary from one context to another within a 
single individual. Figure 36.3 shows a general pattern 
for helping patients to motivate themselves.

Figure 36.3 Motivating patients

In words, it might be phrased this way:

Pick a goal in the future that you want (e.g., weight 
loss). See yourself having accomplished that goal 
now—you are a healthy weight, wearing the clothes 
you like, and doing the things you like to do. Tell 
yourself in an encouraging internal voice how good 
you will feel when you get there, and how you will 
notice changes almost immediately that are small 
but pleasant. Remember to see yourself having 
accomplished the task. If that is too overwhelming, 
then see the first step clearly in your mind, and move 
on to each successive step as you are able.

Remember, motivating patients—and ultimately 
helping them to find their own effective motivation—is 
essential for a good outcome. People often feel over-
whelmed at the thought of changing the habits of a life-
time, especially around food and exercise. However, 
remember that people are motivated when they enter 
your office. They may already be looking for a different 
approach and may expect you to recommend actions 
they can take on their own behalf, so they are primed. If 
you present, in an attainable way using some of the con-
cepts outlined above, a plan for change, you enter into a 
partnership with them for achieving desirable goals. I 
find working with nutrition excellent in this regard 
because it often works quickly. If I have formulated the 
problem correctly, and the patient has carried out the 
instructions faithfully, by the next visit (two weeks), 
many patients find their symptoms have improved by as 
much as 50%. The Medical Symptoms Questionnaire 
(see Appendix) can be used as an objective measure of 
improvement if you ask your patients to fill it out at reg-
ular intervals. Patients can see how much better they are 
in black and white, so to speak. A sense of accomplish-
ment is, in itself, a powerful motivating force.

General Language Guidelines and Giving 
Feedback

There is, of course, much more to be learned about 
how health professionals can communicate effectively 
with patients. Further reading from the references, or 
focused training, will help you move beyond this intro-
ductory information. A very useful book in this regard, 
particularly for health professionals, is Irresistible Com-
munication: Creative Skills for the Health Professional by 
King, Novik, and Citrenbaum.10 Although this book is 
both out of print and a little dated in its approach, it 
contains a wealth of useful information for communi-
cating with patients in the healthcare setting, with 
excellent examples.

In thinking about the language we use with patients, 
it is helpful to remember that language consists not 
only of words strung together into sentences—we also 
group sentences into paragraphs or blocks of words to 
expand and enhance meaning. And, in oral communi-
cation, there is the final nuance, the unique way in 
which words and sentences are spoken (and heard), 
with differences in tonality, pitch, and speed, and 
accompanied by facial expressions and other physical 

I am really doing 
something

good for myself

I feel GREAT!

See small steps
completed first

"I'm getting there..."
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manifestations. It is this complex structure that imparts 
such meaning to the words themselves.

In the old paradigm, we might have spoken to a 
patient in the following way regarding, for example, 
irritable bowel syndrome:

We have performed all the tests and they are all 
negative—we couldn’t find anything wrong. This 
means you have something called irritable bowel syn-
drome. IBS is common; we really don’t know what 
causes it; and there is not a lot we can do about it. 
You may have heard that it is caused by food aller-
gies, but there really isn’t any hard evidence for that, 
so I wouldn’t avoid particular foods. You can eat 
what you want. You should increase your fiber intake 
and use bran or Metamucil®. Drink lots of fluids. 
Relaxation is sometimes helpful; take a few days off 
and relax. But stress doesn’t cause the disease. You 
will likely have this for the rest of your life. I can give 
you some medication for the pain, and I’ll see you 
again in a year to see how you’re doing.

All too often, this is actually a paraphrase of what is 
told to patients. The most common complaint I hear 
from patients is that they feel hopeless about this con-
dition, and the specialist did not listen to any of their 
ideas about it.

Strictly speaking, what has been said in the above 
example is mostly true (albeit incomplete). But, we 
should ask ourselves, in any patient encounter, “What 
is my intention?” If our intention is to have the patient 
feeling better, then the above language needs to change.

Here is my critique of this approach:
• We have performed all the tests and they are all nega-

tive—we couldn’t find anything wrong. Implies to the 
patient that there is something wrong, but we 
couldn’t find it, OR there is nothing wrong and 
therefore,“Why are you complaining?”

• This means you have something called irritable bowel 
syndrome. IBS is common; we really don’t know what 
causes it; and there is not a lot we can do about it. Sets 
the patient up to feel hopeless.

• You may have heard that it is caused by food allergies, 
but there really isn’t any hard evidence for that, so I 
wouldn’t avoid particular foods. You can eat what you 
want. Implies the patient can eat anything with 
impunity—the patient probably knows better, but 
may likely accede to the specialist/expert. Very few 
of us can truly eat exactly what we want.

• You should increase your fiber intake and use bran or 
Metamucil®. Drink lots of fluids. Relaxation is some-
times helpful; take a few days off and relax. Implies that 
relaxation is easily accomplished, instead of a skill to 
be learned. Does not address dietary approaches to 
increasing fiber, which can have many other bene-
fits as well. Using approaches that help to normalize 
multiple systems is efficient and effective.

• But stress doesn’t cause the disease. Implies, therefore, 
that stress is not really important.

• You will likely have this for the rest of your life. In hyp-
nosis, this is called an embedded command—it can 
create a powerful negative suggestion at the uncon-
scious level.

• I can give you some medication for the pain, and I’ll 
see you again in a year to see how you’re doing. Some 
patients interpret this as a brush-off, and it cer-
tainly doesn’t create a sense of partnership in 
addressing the problem.

Overall, this is not an empowering communication:
1. It provides less information than there really is 

about the condition. There are approaches that 
can improve IBS; a number are discussed elsewhere 
in this book. There are dietary changes that can 
have multiple benefits. Training in stress manage-
ment and relaxation is widely available and can be 
very helpful. For some patients, food sensitivities 
can be a problem; an elimination diet might help 
discover if that is the case. Exercise may help certain 
patients, and supplementation may help others.

2. It leaves the patient feeling powerless. If patients 
are empowered, they can be extremely effective 
partners in identifying triggers and mediators for 
this and countless other conditions. You want them 
working with you (and for themselves).

There are some guidelines for using language as a 
tool to create the outcome you and your patients want:

• Tense. People with chronic illness are often stuck in 
the past. They wish “it” hadn’t happened, or it 
could have been different. Your language can bring 
them into the present and on into the future. 
Remember to move them forward: “What you are 
doing now, by changing your diet, will help you to 
feel better in the future. Let’s imagine what that 
will feel like so that it becomes real for you.”
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• Unconditional presuppositions. Use when rather 
than if. “If” implies doubt that it might happen; 
“when” presupposes that it will happen—it’s just a 
question of time and effort. For example, “When 
you start your nutrition program, you will …   .”

• How or what, rather than why. “Why” questions 
generally get us into trouble and don’t lead any-
where except to more generally unhelpful informa-
tion. “How” questions provide more useful 
information. So if a patient says, “I haven’t been 
able to do the diet, it was just too much for me,” 
don’t ask “Why?” because that invites a list of 
excuses. Ask, for example:
– “How did you actually stop yourself from start-

ing the diet?”
– “What would make it more likely that tomorrow 

you can take the first step?”

Answers to these questions should give you more 
information about how to help patients overcome the 
obstacles they have named.

• Offer choices that help the patient to focus on spe-
cific times and actions. For example, if a patient is 
beginning a lifestyle change program, say “Will 
you start the (nutrition, exercise) program before 
or after you go on holiday?” “What day will you 
begin?” The assumption is they will start; it’s just a 
question of when.

• Giving feedback. The more encouraging feedback 
you can give, the better. Remember, your patients 
have been sick for a while, and they need lots of 
encouragement to initiate and maintain healthy 
changes. When you want something done differ-
ently, or you are concerned about progress, finding 
a respectful way to give feedback is very important. 
A feedback sandwich can work well; you sandwich 
any feedback that might be perceived as negative 
between two positive comments. For example:

I like the changes you have made to your nutrition 
program so far, especially the new foods you have 
introduced. The fact that you haven’t lost weight yet 
is not uncommon. It would be a good idea to replace 
those granola bar snacks with fruit, for more energy. 
And keep up the good work; you are headed in the 
right direction!

Summary

As you review the ideas and techniques presented so 
far in this chapter, keep in mind that you—just as much 
as your patients—are now taking on the challenge of 
changing your behavior as a clinician. You will need to 
find your own motivation and reinforcement, measure 
your own progress, and ask for help where needed. You 
will need to practice; just reading about these ideas 
doesn’t build the skills or the ability to maintain the 
new behaviors under stress. We have covered some 
important topics—establishing and building rapport, 
creating good communication, and developing a 
healing language. All of these can help us become more 
effective in our work with patients. If this work is new to 
you, then my hope is that you will be delightfully sur-
prised and satisfied to learn, not immediately, perhaps, 
but after you have developed some skill, that your 
patients are responding in a different, more positive 
way, and accomplishing their goals with greater effec-
tiveness. When that begins to happen, you will know 
that you are utilizing the tools that have been described 
in this chapter at both the conscious and unconscious 
level—they have become a part of you.

Helping Patients Change Unhealthy 
Behaviors
Janice M. Prochaska, MSW, PhD, and 
James O. Prochaska, PhD

Introduction

Healthcare providers can often become frustrated by 
the fact that too many of their patients have unhealthy 
diets, are inactive, smoke, abuse alcohol, don’t manage 
stress effectively, and don’t take their statins or anti-
hypertensive medication as prescribed. If we don’t like 
the way our patients are behaving, then the first thing we 
need to change is our own behavior. It begins by chang-
ing our mental models of behavior change. An action 
model has dominated medicine for more than a century. 
Patients are seen as changing when they quit smoking, 
start to exercise, or take their medications as prescribed. 
Action-oriented approaches are prescribed but they have 
little impact; for example, when healthcare systems offer 
action-oriented smoking cessation clinics for free, the 
pecentage of eligible smokers who participate annually is 
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only 1%. We cannot impact the health of our patient 
populations if all we treat with the most deadly of behav-
iors is 1%. In this discussion, you will be introduced to a 
model of behavior change that can be matched to the 
needs of all patients and not just the minority who are 
ready to take action. This chapter is designed to help you 
change your mind so you can be better prepared to help 
your patients change their behavior.

The Transtheoretical Model of Behavior 
Change

The Transtheoretical Model (TTM), one of the lead-
ing approaches to health behavior change, can provide 
guidance in the development of interventions to 
increase readiness to change unhealthful behaviors. The 
TTM systematically integrates four theoretical con-
structs central to change:

1. Stages of Change Readiness to practice a
healthy behavior

2. Decisional Pros and Cons associated with
Balance a healthy behavior

3. Self-Efficacy Confidence to practice and
sustain the healthy behavior
in difficult situations

4. Processes of Ten cognitive, affective, and
Change behavioral activities that 

facilitate the healthy behavior
change

The TTM understands change as progress, over time, 
through a series of stages: Precontemplation, Contempla-
tion, Preparation, Action, and Maintenance. Nearly 25 
years of research on a variety of health behaviors have 
identified processes of change that work best in each 
stage to facilitate change.

The Stages of Change

Stage of change is the TTM’s central organizing con-
struct. Longitudinal studies of change have found that 
people move through a series of five stages when modi-
fying behavior on their own or with the help of formal 
interventions.11,12 In the first stage of change, Precontem-
plation, individuals may be unaware of the negative con-
sequences of their behavior, believe the consequences 
are insignificant, have given up the thought of changing 
because they are demoralized, or may be defensive about 
the need to change. They are not intending to take 

action in the next six months. Individuals in the Con-
templation stage are more likely to recognize the benefits 
of changing their behavior. However, they continue to 
overestimate the costs of changing and are ambivalent 
and not ready to change. Those in the Preparation stage 
are seriously considering taking action within the next 
30 days, and have already begun to take small steps 
toward the goal. Their concern is that they will fail. Indi-
viduals in the Action stage are overtly engaged in modi-
fying their problem behaviors or acquiring new, healthy 
behaviors. Individuals in the Maintenance stage have 
been able to sustain change for at least six months, and 
are faced with the challenge of sustaining the change 
over the long term.

Research comparing stage distributions across 
behaviors and populations finds that only a minority 
of people are in Preparation, with a majority in Precon-
templation and Contemplation.13,14 Those data suggest 
that if we offered all individuals action-oriented inter-
ventions that assume readiness to practice a healthy 
behavior, we would be mis-serving the majority who 
are not prepared to take action.

Stage-matched interventions can have a greater 
impact than action-oriented, one-size-fits-all programs, 
by increasing participation and increasing the like-
lihood that individuals will take action. Stage-matched 
interventions for smokers more than doubled the 
smoking cessation rates of the best action-oriented 
interventions available.15 Stage-matched interventions 
have also out-performed one-size-fits-all interventions 
for exercise acquisition,16 dietary behavior,17 and mam-
mography screening.18

Stage of change is generally assessed using a staging 
algorithm, a set of decision rules that place an individ-
ual in one of the five stage categories based on their 
responses to a few questions about their intentions, 
past behavior, and present behavior. The algorithms 
assess individual readiness to take action, such as to 
quit smoking or to exercise regularly for 30 minutes a 
day. The response categories place participants in one 
of five stages: Precontemplation (not intending to take 
an action such as quitting smoking in the next six 
months), Contemplation (intending to take action in 
the next six months), Preparation (intending to take 
action in the next 30 days), Action (already quit smok-
ing but for less than six months), or Maintenance (quit 
smoking for more than six months).
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Decisional Balance

Change requires the consideration of the potential 
gains (Pros) and losses (Cons) associated with taking 
action. The Decisional Balance Inventory consists of 
two scales, the Pros of Change and the Cons of Change. 
Longitudinal studies have found those measures to be 
among the best available predictors of future change.19 
Across more than 50 behaviors, Hall and Rossi,20 and 
Prochaska, Velicer, Rossi, et al.21 found that the balance 
of Pros and Cons was systematically related to stage of 
change. The Cons of changing to a health-promoting 
behavior outweighed the Pros in the Precontemplation 
stage; the Pros surpassed the Cons in the middle stages; 
and the Pros outweighed the Cons in the Action stage. 
So the first principle of helping patients progress in Pre-
contemplation is to increase the Pros of changing. Ask a 
couch potato, “What are all the benefits that you could 
get from regular exercise?” They can usually list four or 
five. Tell them there are at least 40 scientifically-docu-
mented benefits (see the Appendix). Ask them to try to 
double their list, and they can start changing. Let them 
know that there is something they can do for 30 min-
utes a day that can give them so many benefits.

Participants in the Contemplation stage need to 
lessen the Cons of changing. For quitting smoking, 
withdrawal is one of the big Cons. Fortunately, there are 
a variety of medications, such as nicotine replacement 
therapies, that can dramatically reduce this Con.

Self-Efficacy

Self-efficacy, or the degree to which an individual 
believes he or she has the capacity to attain a desired 
goal, can influence motivation and persistence.22 Self-
efficacy in the TTM has two components that are dis-
tinct but related: confidence to make and sustain 
changes, and temptation to relapse. Like decisional bal-
ance, levels of self-efficacy differ systematically across 
the stages of change, with subjects further along in the 
stages of change generally experiencing greater confi-
dence and less temptation. Self-efficacy means having 
the confidence to practice the healthy behavior in a 
variety of difficult situations (e.g., when one is stressed, 
has an increased workload, or has conflicting demands).

One of the best ways to increase self-efficacy is to 
help the patient set realistic goals. Patients in Precon-
templation will have little confidence that they can 
take effective action at this time. But they can have 

much greater confidence that they can progress to Con-
templation (e.g., doubling their list of Pros). Once they 
start progressing, they can break out of their demoral-
ized or defensive place, experience some success, and 
increase their self-efficacy. Temptations can be reduced 
by using strategies to cope with difficult situations, 
such as taking deep breaths rather than smoking as a 
way to reduce stress.

Processes of Change

In a comparative analysis of 24 major systems of 
psychotherapy, Prochaska and DiClemente23 distilled 
a set of 10 fundamental processes by which people 
change. These 10 processes describe the basic patterns 
of activity that should be encouraged by clinicians to 
help patients change problem behaviors:

Consciousness raising Finding and learning new
facts, ideas, and tips that 
support the healthy behavior
change

Dramatic relief Experiencing the negative
emotions (fear, anxiety,
worry) that go along with
unhealthy behavior risks

Self re-evaluation Realizing that the behavior
change is an important part
of one’s identity as a person

Environmental Realizing the negative impact
re-evaluation of the unhealthy behavior or

the positive impact of the
healthy behavior on one’s
proximal social and physical
environment

Self-liberation Making a firm commitment
to change

Helping relationships Seeking and using social 
support for the healthy
behavior change

Counter-conditioning Substituting healthier 
alternative behaviors and 
cognitions for the unhealthy
behaviors
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Reinforcement Increasing the rewards for
management the positive behavior change

and decreasing the rewards of
the unhealthy behavior

Stimulus control Removing reminders or cues
to engage in the unhealthy
behavior and adding cues or
reminders to engage in the
healthy behavior

Social liberation Realizing that the social
norms are changing in the
direction of supporting the
healthy behavior change.

Figure 36.4 depicts our current understanding of the 
patterns of emphasizing particular processes as they 
progress through the stages.24

Figure 36.4 Stages of change in which particular processes of 
change are emphasized

Stage-Matched Interventions Based on the 
TTM

In addition to providing an assessment framework, 
the TTM provides a scheme for tailoring programs by 
matching them to the needs of patients at each stage of 
change for a new healthy behavior. The degree of tailor-
ing possible depends directly on the extent of the assess-
ment. The following are descriptions of how one could 
use TTM for increasing a healthy behavior through man-
uals, provider interventions, or internet-based programs.

Stage-Based Manuals

When only the staging algorithm is administered, 
tailoring can occur at the stage level. Stage-based manu-
als describe how self-changers progress through each 
stage of change, and how they recycle if they relapse. 
The manuals teach users about general principles of 

behavior change, about their particular stage of change, 
and the processes they can use to progress to the next 
stage. Appropriate sections of the manuals are matched 
to each stage of change and provide detail on change 
processes and stage-matched exercises. There are several 
ways to use the manuals. First, they can be read for the 
big picture of how people change; next, readers can 
turn to the section for the stage they are in and study 
that stage for a while. This is a good way to be sure they 
are heading in the right direction. Then, users can look 
ahead to the next stage to learn more about how to 
move forward. For example, if a patient in the Precon-
templation stage for effective stress management is 
underestimating the Pros, that patient could use the 
section of the manual that describes dozens of docu-
mented Pros of doing effective stress management. The 
patient would also be encouraged to seek more informa-
tion about the importance of stress management from 
the media and their healthcare provider.

Changing for Good25 is a popular paperback that 
patients can use to help guide them through the stages of 
change for a broad range of health behaviors and other 
problem behaviors. Or a stage-based manual specific to 
stress management, smoking cessation, medication 
adherence, exercising regularly, or weight management 
can be viewed at www.prochange.com.

Stage-Based Provider Guidance

Healthcare providers can also tailor interventions to 
the patient’s stage of change by administering the stag-
ing algorithm (e.g., in the waiting room). Providers can 
then base brief interventions on processes that are most 
helpful to a particular stage. For example, Precontem-
plators come in denying or minimizing their problems. 
They may be unaware of the negative consequences of 
their unhealthy behavior or they may be demoralized 
because of repeated failures in changing their behavior.

The goal for the provider is to engage Precontem-
plators in the change process. Lecture and confronta-
tion won’t work. Trying to pressure or persuade them to 
take immediate action will only make them more defen-
sive or demoralized. As we saw earlier, just helping them 
to increase their awareness of the Pros of changing will 
help them to progress. Providers also can help Precon-
templators raise consciousness by teaching them about 
the stages of change, and providing more information to 
dispel any misconceptions the patient may have. During 
the first appointment with Precontemplators, providers 

Precontemplation PreparationContemplation Action Maintenance

Social Liberation has not been found to have a differentiated emphasis across all five stages.

Consciousness Raising

Dramatic Relief

Environmental Reevaluation

Self-Reevaluation

Self-Liberation Reinforcement Management

     Helping Relationships

     Counter-Conditioning

     Stimulus Control
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can ask if they are willing to do any of the following 
before the next time they meet:

• Read about the healthy behavior
• Double their list of the Pros
• Talk with someone who has successfully changed 

the target behavior.

Providers should reinforce the notion that their 
patients have the capacity to progress (see related discus-
sion in the first part of this chapter). They should 
remind their patients that any forward movement (e.g., 
becoming more open to considering alternatives, 
becoming more aware) is progress; change does not 
equal action—change means progressing to the Con-
templation stage. 

Contemplators are thinking about changing but are 
not yet committed to do so. They are more likely to 
acknowledge that their behavior needs to be changed, 
but they substitute thinking about it for acting on it. 
They recognize the benefits of changing, but overesti-
mate the Cons. Contemplators are ambivalent about 
changing and are often waiting for the magic moment. 
Providers can assist by acknowledging the ambivalence 
and working to resolve it by encouraging Contempla-
tors to weigh the Pros against the Cons. Patients are 
asked to shrink Cons by comparing them to the grow-
ing list of Pros, by asking how important they are rela-
tive to the Pros, and by challenging themselves to 
counter the Cons. For example, time is the number one 
Con for regular exercise. But time becomes less of a bar-
rier if we can get more than 40 benefits for 30 minutes. 
Interventions in these appointments can be more ambi-
tious, including taking small steps toward the healthy 
behavior. For example, smokers in Contemplation can 
be given three choices to progress to Preparation: 

1. Quit for 24 hours in the next month;
2. Delay the first cigarette by an extra 30 minutes; or
3. Reduce the number of cigarettes they smoke by 

three or four.

“Which are you most confident you can do? Great. 
Take it and run with it.”

Providers can help by using motivational interview-
ing strategies like reflective listening to assist Contem-
plators to resolve their ambivalence by working with 
them to identify the negative consequences of continu-
ing the unhealthy behavior, and by providing case 
examples of people who have been able to change.

Helping patients create a healthier image is impor-
tant in Contemplation. Providers can encourage patients 
to ask themselves about their image. For example, “How 
do you think and feel about yourself as an inactive per-
son? What might it be like if you became more active?”

Patients in Preparation assess the Pros as more 
important than the Cons, are more confident and less 
tempted, are developing a plan, and are more likely to 
participate in programs. With those in Preparation, pro-
viders need to be experienced coaches to provide encour-
agement. They need to coach, not lecture, and give 
praise, support, and recognition for taking small steps; 
keep interventions short, focused, and action-oriented; 
be available for phone support; focus on developing a 
plan for doing the healthy behavior; and problem solve.

Providers can enhance progress by ensuring that 
patients choose steps that are realistic, concrete, and 
measurable. Those in Preparation should be asked to 
put plans in writing and to role play how they will tell 
others about their commitment to their healthy behav-
ior. It is important to help patients identify sources of 
support for their new behaviors—family members, co-
workers, or friends. Providers can also help the patient 
to think about how they will feel about themselves after 
they have started making changes.

Patients in Action have recently begun doing the 
healthy behavior. They are using behavioral processes of 
change. Their confidence is building, but temptation 
and risk of relapse are concerns. Providers with patients 
in Action need to be facilitators for the behavior 
change. The focus is on the behavioral processes of 
change—counter-conditioning, stimulus control, and 
reinforcement management. It is also important to help 
patients plan ahead to prevent lapses and relapses.

Providers can help by getting patients to identify 
problematic beliefs and behaviors that inhibit change, 
and then by problem solving about positive alterna-
tives that they believe will work for them. People, 
places, and things that increase the likelihood of not 
adhering need to be avoided or controlled (tempting 
cues). Reminders in both familiar and unexpected 
places that support the healthy behavior need to be left 
around—like a gym bag filled and ready to use, a pic-
ture on the desk of relaxing with friends, or pill-taking 
scheduled on the calendar. Those in Action also need to 
notice the intrinsic rewards of their healthy behavior—
better health, more energy, more control of life. 
Patients need to reward themselves with positive state-
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ments; providers can praise achievements and help 
patients recognize the benefits of their efforts.

Here is a simple strategy that can help patients acti-
vate a series of important change processes. “Do you 
make to-do lists? OK, good. Now, for this week, write in 
your to-do list walking for my heart. Next week, walking 
for my stress. Then, walking for my bones; walking for my 
brain; walking for my immune system. Pretty soon you 
will be running.” This technique involves self-liberation 
(writing down a commitment to walk); stimulus control 
(continue walking); and reinforcement (scratching 
walking off one’s daily to-do list). This approach helps 
providers communicate to their patients that they care 
for them as whole people and not just as patients with a 
disease. Patients are being encouraged to walk not only 
to prevent or manage a disease like diabetes or CVD; 
they are encouraged to walk to enhance the health of 
their whole self—body, mind, and spirit.

Patients in Maintenance have high confidence, 
and temptations are low. They are at risk primarily in 
times of distress or atypical temptations. With those in 
Maintenance, the provider needs to be a consultant to 
provide advice regarding relapse prevention. Providers 
can do this by helping patients to cope with distress 
(the major cause of relapse), continuing to refine a 
relapse prevention plan, being available to provide sup-
port, and establishing a support system in the commu-
nity. For many people, Maintenance can be a lifelong 
struggle—it is a dynamic not a static stage. There needs 
to be work to consolidate gains and increase self-effi-
cacy through increasing coping skills. 

Remember, a majority of individuals relapse to ear-
lier stages before reaching permanent Maintenance. 
Your job is to make sure they don’t give up on them-
selves and that you don’t give up on them.

Intra- and Internet Expert System Program

Lengthier assessments that include each of the con-
structs of the TTM permit significantly more tailoring, 
but may be impractical in a clinic setting where compet-
ing demands limit time. We have developed computer-
ized tailored health behavior change programs that are 
designed to be easy and engaging for patients to use and 
can be delivered over intra- or internet platforms which 
offer a cost-effective, easily disseminated alternative. The 
technical basis for these systems relies on the integration 
of statistical, word processing, multimedia, and database 
software. A system resides either on an internet server or 

a local network server, and can be accessed by anyone 
who has the appropriate address and password. Such pro-
grams are being made more available to patients through 
their insurers or employers. Once a patient logs onto the 
program, they are asked to complete a TTM assessment 
that evaluates stage, decisional balance, self-efficacy, and 
the processes of change.

During a patient’s first use of the program, feedback 
is based on a comparison of the responses of the indi-
vidual to a larger comparative sample of successful and 
unsuccessful individuals making the behavior change. 
This feedback relies only on normative comparisons, 
which differ by stages. The initial norms are derived 
from a naturalistic sample of individuals. Evaluation of 
the expert system provides updated norms at periodic 
intervals. The second and subsequent interactions com-
pare the individual to both the normative group and to 
their own previous responses, and provide both ipsative 
(i.e., self-comparisons) and normative comparisons. The 
ipsative comparisons require access to the database for 
the results of the previous contact. The program makes 
individualized recommendations of change and guides 
the participant through the behavior change process 
that meets their individual needs. 

The computer generated feedback also links or refers 
participants to sections of a stage-matched self-help 
interactive resource workbook. Like the stage-matched 
manual described above, the online integrated work-
book teaches users about general principles of behavior 
change, as well as their particular stage of change and 
the processes they can use to progress to the next stage. 
The individualized feedback reports refer participants 
(via links) to appropriate sections of the workbook to 
provide more detail on change processes and stage-
matched exercises. For example, a participant can link to 
the online workbook where there are testimonials about 
the effects of stress from people who are now effectively 
managing their stress, an exercise to learn about what 
controls one’s behavior, a bulletin board listing rewards 
people give themselves for effectively managing stress, 
and substitutes for unhealthy stress management that 
don’t involve food, smoking, or alcohol. For a sample of 
this program designed for stress management, please go 
to www.prochange.com/PDF/stress.pdf.
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Summary

What is the number one reason that a majority of 
providers do not practice behavioral medicine? Time 
is number two. Reimbursement is number three. The 
number one reason is that two-thirds of providers have 
come to believe their patients cannot change or will not 
change. We are convinced they have become demoral-
ized by the action paradigm.

Here is a prescription for producing a demoralized 
provider and a non-compliant patient. An actual case 
involved a 50-year-old obese male recently diagnosed 
with type 2 diabetes. His physician with all good intent 
told him, “You have to test your blood glucose twice a 
day, take your medication twice a day, change your 
diet, exercise, quit smoking, and lower your stress. 
Good luck!”

Two large population studies demonstrated that 
health behavior changes could be made simultaneously 
with populations of patients with diabetes by applying 
counseling, computers, and manuals.26,27 But the patients 
were not asked to take action on these behaviors at once. 
Less than 10% were ready to take action on two or more 
of those risks. They were helped to set goals that were 
realistic for the stage they were in and then to use princi-
ples and processes of change to progress from one stage 
to the next.

As professionals, we can apply the same approach to 
changing our own behaviors. The goal for this chapter 
was to help you progress one stage toward adopting a 
more effective approach to functional medicine. If you 
have progressed just a single stage, then our time 
together has been worthwhile.
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Metabolic Syndrome, Cardiovascular Disease, and Related Conditions: Extended Discussion
Mark C. Houston, MD, MSc, SCH, ABAAM, FACP, FAHA

Fifty-five (55) year-old white male, long-distance 
truck driver, presents with a chief complaint of “head-
ache, chest pain, and shortness of breath with exercise.” 
(Table 37.1 provides a list of abbreviations used this 
chapter.)

Present Illness

The patient states that he began to have occipital 
headaches three months prior to this visit. The head-
aches were described as a dull ache, intermittent, but 
worse early in the morning and often would wake him 
up. The headaches were five out of ten in severity, with-
out radiation or other associated symptoms initially, and 
were relieved partially by aspirin or acetaminophen. 
About two months prior to his visit, he had one episode 
of numbness and weakness in his right hand, associated 
with mild dizziness and posterior headache while driv-
ing his truck; it lasted for less than five minutes, resolved 
completely, and has not recurred since. One month ago, 
he noticed substernal chest pain and dyspnea while 
unloading his truck and also when walking up steps in 
his home. The chest pain was described as a “heaviness 
and aching” in the middle of the chest with some radia-
tion into the left arm and hand, eight out of ten in 
severity and relieved by resting for three to four min-
utes. He also noted some shortness of breath and mild 
wheezing with the exertional chest pain that was so 
severe that he had to stop and rest. There was no cough, 

hemoptysis, or sputum production. He denied any other 
symptoms or problems.

Personal History

Social: He was born in southern Georgia where he 
has lived all of his life. He is married and has four chil-
dren, ages 16, 20, 23, and 25. His wife recently lost her 
job, has been very depressed, and has started drinking 
alcohol heavily. They have had financial problems since 
then, and he has taken out a loan from the bank. He is 
contemplating working extra shifts for the trucking 
firm to pay back the loan and improve his finances. His 
youngest son has been arrested twice for DUI and is fail-
ing his high school classes. The patient started working 
as a long-distance truck driver 37 years ago, when he 
dropped out of high school early to support his mother 
after his father died of a heart attack at the age of 43. 
All members of his extended family moved to Texas 10 
years ago and he rarely sees them or communicates 
with them. His wife’s family lives in Mississippi, and 
they do not see them much either.

Habits, nutrition and exercise: The patient has 
smoked two packs of cigarettes per day for 40 years, 
drinks six beers per day, and consumes 10 to 12 cups of 
coffee and six soft drinks per day. He has less than one 
glass of tap water per day. He eats mostly in fast food 
restaurants with lots of “burgers, fries, fried chicken, 
tacos, and burritos.” He hates fruits and vegetables
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 other than potatoes, and often eats steak and mashed 
potatoes when he is home. His usual breakfast is a cup 
of coffee, a Danish, and a cigarette. He carries various 
types of candies and sweets in his truck to snack on dur-
ing the day. He is in his truck either driving or sleeping 
70% of the time. He uses the air conditioner or heater in 
the truck depending on the weather, but never has the 
windows open. The only exercise that he gets is when he 
occasionally unloads a few boxes from his truck. He 
states that he has been overweight since he was 21 and 
has gained over 30 pounds in the last 10 years. His work 
schedule allows little time for socializing with family and 
friends and he is so “stressed out” and “depressed” about 
his job, finances, wife, and son that he wants to be alone 
most of the time anyway. He has never attended any reli-
gious services or church.

Past Medical History

Hospitalizations and operations: None
Medical illnesses: Mild sinus congestion and 
“heartburn”

Infectious diseases: Mumps, rubella, and chickenpox 
as a child; otherwise, negative
Immunizations: Tetanus toxoid six years ago
Skin tests: N-isopropyl-N’-phenyl-p-phenylenediamine 
(IPPD) is negative
Injuries: None
Transfusions: None
Medications: Aspirin (four to five per day), acetami-
nophen (four per day), TUMS® (six per day) and prn 
over-the-counter sinus medications.
Allergies: None
Family history: Father died at 43 of a heart attack. 
He had hypertension and high cholesterol, smoked 
heavily, and was obese. Mother is alive at 83 with 
osteoarthritis, hypothyroidism, and hypertension. 
Brother is 57 and had a heart attack at age 50. He is 
also hypertensive and has high cholesterol. He now has 
severe congestive heart failure and is on disability. Sister 
is 49 with hypertension and high cholesterol. Grand-
father died at 56 of unknown causes. Grandmother 
died at 71 of unknown causes.

Table 37.1 Abbreviations Used in Chapter 37

A-II
ABP
ACEI
ARB
BMI
C3

CCB
CHD
CSF-1
CVD
DBP
EBT
eNOS
FBG
FBS
FFA
GFR
HCT
HDL
HS-CRP
IBW
ICAM
IL-6
ILI-B
IMT
IR
IRS 1/2

Angiotensin-II
Ambulatory blood pressure
Angiotensin-converting enzyme inhibitor
Angiotensin-receptor blocker
Body mass index
Complement 3
Calcium channel blocker
Coronary heart disease
Colony stimulating factor-1
Cardiovascular disease
Diastolic blood pressure
Electron beam tomography
Endothelial nitric oxide synthase
Fasting blood glucose
Fasting blood sugar
Free fatty acids
Glomerular filtration rate
Hematocrit
High density lipoprotein
High sensitivity C-reactive protein
Ideal body weight
Intracellular cell adhesion molecule
Interleukin-6
Interleukin IB
Intimal medial thickness
Insulin resistance
Insulin receptor substrate 1 and 2

IVUS
LAD
LAH
LCX
LDL
LP (a)
LVH
MAPK
MAU
MCP-I
MI
MIP-1
MUFA
NMR
OGTT
PAI-1
PGE
PI3-K
PPAR
PRA
PUFA
ROS
SBP
TG
TNF-
VLDL
VSM

Intravascular coronary ultrasound
Left anterior descending
Left atrial hypertrophy
Left circumflex
Low density lipoprotein
Lipoprotein (a)
Left ventricular hypertrophy
Mitogenactivated protein kinase
Microalbuminuria
Monocyte chemoattractant protein-I
Myocardial infarction
Macrophage inflammatory protein-1 alpha
Monounsaturated fats
Nuclear magnetic resonance analysis
Oral glucose test
Plasminogen activator inhibitor-1
Prostaglandin E
Phosphatidyl inositol 3 kinase
Peroxisome proliferator activated receptors
Panel-reactive antibody
Polyunsaturated fats
Reactive oxygen species
Systolic blood pressure
Triglyceride
Tumor necrosis factor-alpha
Very-low-density lipoprotein
Vascular smooth muscle
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Review of systems: Negative except for those symp-
toms and problems mentioned in the present illness.

Physical Exam

General: Obese, anxious, pleasant white male appear-
ing older than his stated age.
Blood pressure: First blood pressure was 182/104 mm 
Hg in left arm sitting. Five minutes later the blood pres-
sure was 176/102 mm Hg in the left arm sitting. Ten 
minutes later the blood pressure was 178/104 mm Hg 
in the right arm sitting. Twelve minutes later the blood 
pressure was 170/100 mm Hg in the left arm standing.
Heart rate: The initial heart rate was 92 and regular 
while sitting. Five minutes later the heart rate was 90 
and regular while sitting. Ten minutes later the heart 
rate was 80 while sitting. Twelve minutes later the heart 
rate was 82 and regular while standing.
Temperature: 98.8 F
Respiratory rate: 16 and non-labored
Weight: 225 pounds, large frame
Height: 5 feet, 10 inches
Waist circumference: 42 inches (normal <40)
Waist-hip ratio: 1.4 (normal <1.0)
Body mass index (BMI): 32.0 kg/m2. Stage 1 obesity 
(normal is <25). BMI is weight in kg divided by m2 
in height.
Percent body fat: 28% (normal <16% in males)
Skin: No rash, abnormal nevi, or other lesions; normal 
hair and nail examination.
Head and neck: Eyes show no scleral icterus; mild 
erythematous scleral injection bilaterally; extraocular 
motion intact; and normal visual fields. Pupils are 
equal and reactive to light and accommodation. Vision 
is 20/20 bilaterally. Retina shows grade 2 Keith Wage-
ner hypertensive changes with arteriolar narrowing 
and arteriolar/venous nicking. Optic discs appear nor-
mal. Ears have normal hearing with no abnormalities. 
Nose and mouth are erythematous without lesions. 
Neck shows bilateral carotid bruits, supple, no thy-
romegaly, neck masses, or lymphadenopathy.
Chest: Mild barrel chest; hyper-resonant to percussion; 
diffuse expiratory wheezes, no rales or rhonchi; no 
chest wall tenderness.
Cardiac: Regular rate and rhythm; increased intensity 
of the second heart sound, A-2 with an S4 atrial gallop 
sound and a II-III/VI holosystolic murmur at the lower 
left sternal border, but loudest at the apex with radia-
tion to this area.

Pulses: Normal pulses in the radial, brachial, femoral, 
posterior tibial and dorsalis pedis bilaterally; minimal 
diminution of the carotid pulses bilaterally.
Abdomen: Obese, soft; normal bowel sounds; minimal 
tenderness in the mild epigastric area; no palpable liver, 
spleen or other masses; no abdominal or renal bruits.
Lymphatics: No lymph node enlargement in the cer-
vical area, axillary, epitrochlear, inguinal or any other 
location.
Musculoskeletal: Normal muscle strength, tone, and 
flexibility.
Neurological: Mildly depressed and anxious affect; 
normal short- and long-term memory; normal cranial 
nerves; normal motor and sensory examination with 
normal reflexes in the upper and lower extremities 
bilaterally.
Genitourinary: Both testicles descended without 
masses or tenderness and no scrotal masses.
Rectal: Stool negative for occult blood; prostate two 
plus enlarged without masses or tenderness.
Extremities: No cyanosis, clubbing or edema

Nutritional Evaluation (done with diet diary and 
nutritionist interview)

Total daily caloric intake: 3600 KCAL
Macronutrient percentages:

Simple and refined carbohydrates: 60%
Crude fiber: <5 grams
Protein: 15%
Fats: 25%

Saturated fats: 82%
Polyunsaturated fats (PUFA): 5%
Monounsaturated fats (MUFA): 5%
Trans fats: 8%

Exercise

Total estimated aerobic exercise per day: 10 minutes
Resistance: No resistance exercise except for occasional 
lifting of boxes from his truck

Initial Lab Results

Initial visit tests for urinalysis, urea nitrogen, sodium, 
potassium, chloride, carbon dioxide, calcium, total pro-
tein, albumin, globulin, total bilirubin, alkaline phos-
phatase, AST, ALT, T4, FT4, FT3, TSH, prostate specific 
antigen, 24-hour urine volume, and total cholesterol 



Section VII
Putting It All Together

732

were within normal limits. Urine, serum, hair, and nail 
evaluations were performed for mercury, lead, arsenic, 
cadmium, etc. and were normal. The following tests 
were abnormal:
Sed rate by modified Westergren42 mm/hr 

(normal  20)
Creatinine, 24-hour urine2.69 g (normal range

0.63–2.50 g)
Iron binding saturation52% (normal range

10–36%)

Cardiovascular Testing

24-hour ambulatory blood pressure monitor:
Increased BP load and mean BP
Systolic blood pressure (SBP): >140 mm Hg, 95%
  (normal load is <15%)
Diastolic blood pressure (DBP): >90 mm Hg, 88%
  (normal load is <15%)
Mean BP: 178/98 mm Hg
No nocturnal dipping (normal decrease is SBP 
  10%–12% and decreased DBP 14%–17%)

Treadmill test: Positive hypertensive response to exer-
cise, 220/112 mm Hg, with 1½   mm ST segment depres-
sion in the inferior, anterior, and lateral leads with 
T-wave inversion
Thallium treadmill test: Positive—anterior, inferior, 
and lateral perfusion defects/ischemia
Carotid artery duplex: Increased intimal medial thick-
ness (IMT) with 60% left common carotid artery obstruc-
tion and 40% right common carotid artery obstruction
Electron beam tomography (EBT): Multi-site Ca++ – 
inferior, anterior, lateral. Calcium score (CAC): 485 
(>99th percentile) (Figure 37.1)
Computerized arterial pulse wave analysis (age and 
gender adjusted):

C-1 AC: 8, which is low (normal is >12) 
  (large arterial compliance)
C-2 AC: 2, which is low (normal is >7) (small 
  arterial compliance)

Cardiac echo: Mitral regurgitation 1+ to 2+, moderate 
left ventricular hypertrophy (LVH), diastolic dysfunc-
tion, enlarged left atrium (LAH)
Electrocardiogram (EKG): Abnormal—sinus tachy-
cardia, non-specific diffuse ST-T wave changes, LAH 
and LVH

Chest x-ray: Abnormal—hyperexpanded lung fields 
consistent with early emphysema; increased interstitial 
markings in the bases of both lungs
Renal artery duplex: Normal
Coronary arteriogram: Normal coronary arteries; no 
obstructive disease
Intravascular coronary ultrasound (IVUS): Severe 
extra-luminal atherosclerotic disease in left anterior 
descending (LAD), left circumflex (LCX), and right coro-
nary arteries (Figure 37.2 shows an image that is very 
similar to this patient’s).

Figure 37.1 Non-contrast EBT scan at the base of the heart

Figure 37.2 Angiographically inapparent atheroma

Used by permission of author. Source: Nissen, et al. In: Topol. Interventional 
Cardiology Update. 14;1995.
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Standard Diagnostic Summary

Cardiovascular

Disease manifestations:
1. Hypertension: Essential/genetic/nutritional, obe-

sity and lifestyle. High plasma renin activity 
(PRA), high catecholamines and cortisol. Stage 2

2. Dyslipidemia: Familial/nutritional/lifestyle. Low 
HDL-C, increased LDL particle number, dense/
small LDL, dense/small HDL, intermediate very-
low-density-lipoprotein (VLDL), elevated lipopro-
tein a [LP(a)] (Figure 37.3 shows an NMR lipopro-
tein analysis)

3. CHD: Non-obstructive, symptomatic, positive 
EBT, microvascular ischemia

4. Generalized endothelial dysfunction and reduced 
arterial compliance

5. Bilateral carotid artery disease/obstruction and 
increased IMT

6. Mitral regurgitation: moderate
7. LVH and left atrial hypertrophy (LAH)
8. Diastolic dysfunction
9. Resting tachycardia
10. Chest pain secondary to hypertension, LVH and 

microvascular angina
11. Carotid artery obstruction with history of tran-

sient ischemic attacks

Risk factors and contributing factors:
12. Homocysteinemia
13. Elevated hs-CRP (high-sensitivity C-reactive pro-

tein) and ESR (erythrocyte sedimentation rate)
14. Polycythemia
15. Elevated iron, iron stores, and percent saturation
16. Elevated fibrinogen

Renal

17. Mild renal insufficiency with MUA

Hematology

18. Leukocytosis

Endocrine

19. Obesity: Stage I—high risk
20. Insulin resistance/metabolic syndrome: Hyperten-

sion, android/central obesity (BMI, waist circumfer-
ence, waist-hip ratio); increased hs-CRP; increased 

adipose tissue as a percentage of body weight; ele-
vated fasting blood sugar (FBS) and 2 hour oral glu-
cose test (OGTT), C-peptide, Hg A1C, and insulin 
with impaired glucose tolerance, dyslipidemia

Gastrointestinal

21. Gastritis/Gastroesophageal reflux disease (GERD)

ENT

22. Sinusitis
23. Headaches secondary to hypertension and/or 

sinusitis

Pulmonary

24. Dyspnea secondary to lung disease
25. Emphysema and chronic obstructive pulmonary 

disease secondary to tobacco abuse

Nutritional Problems

26. Multiple micronutrient and macronutrient 
deficiencies

27. Reduced antioxidant defenses with increased 
oxidative stress

28. Caffeine abuse
29. Soft drink abuse

Genetics

30. Positive family history of premature CHD, hyper-
tension, hyperlipidemia

Psychosocial

31. Stress, anxiety, and depression

Functional Medicine Assessment: Using 
the Matrix

The functional medicine matrix (presented in Chap-
ter 34) can help to organize the multiple inter-connected 
elements of this patient’s primary disease, the metabolic 
syndrome. Pathophysiology, nutrition, biochemistry, 
prevention, and treatment will be discussed utilizing a 
functional medicine approach. Following the conclusion 
of the Case Presentation, an extended discussion of met-
abolic syndrome can be found.
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Figure 37.3 NMR lipoprotein analysis
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Environmental Inputs: The Influence of 
Environment on Gene Expression

Diet: His caloric intake is excessive with incorrect 
proportions of macronutrients. Excessive calories and 
obesity contribute to vascular inflammation, endothelial 
dysfunction, vascular and cardiac structural abnormali-
ties, oxidative stress, and hormonal imbalance.1,2,3,4,5 
These, in turn, contribute to his metabolic syndrome, 
insulin resistance, dyslipidemia, hypertension, and 
many other problems.6,7,8,9,10 Adipose tissue is both the 
source and target of inflammatory mediators.11,12

Nutrition: His refined carbohydrate content is too 
high; crude fiber content is too low; the protein types 
and proportions are inappropriate; saturated and trans 
fats are disproportionately represented, with subopti-
mal intake of PUFA and MUFA. There is inadequate con-
sumption of fruits and vegetables, low-fat dairy, and 
many micronutrients. His poor nutritional status is a 
major contributing factor for vascular inflammatory 
biology, immune dysfunction, oxidative stress with 
reduced oxidative defenses, mitochondrial dysfunction, 
hormonal imbalance, vascular structural abnormalities, 
and endothelial dysfunction.13,14,15,16,17,18 These are the 
basic underlying pathophysiological abnormalities, for 
his most pressing health problems (obesity, metabolic 
syndrome, insulin resistance, dyslipidemia, hyperten-
sion, CHD, and vascular disease). His nutritional state 
creates an inflammatory, oxidatively stressed, immuno-
logically and hormonally imbalanced environment.

Air and water: He gets little fresh air, with ventila-
tion primarily from air conditioning and heat from his 
truck. He is chronically dehydrated due to excess caf-
feine and sodas (diuretic effects) combined with insuffi-
cient water intake. This will affect his body’s ability to 
provide adequate hepatic metabolism, detoxification, 
and renal excretion of xenobiotics.

Physical exercise: He has minimal-to-no aerobic 
or resistance exercise and lives a very sedentary lifestyle. 
Exercise improves insulin resistance, vascular inflamma-
tion, vascular endothelial function and vascular structure, 
increases lean muscle mass, reduces adiposity, improves 
gastrointestinal function, hormonal balance, oxidative 
stress, and immune function.19,20,21,22,23,24,25,26,27,28,29,30,31 The 
lack of exercise contributes to his insulin resistance, meta-
bolic syndrome, CHD, dyslipidemia, and hypertension, as 
well as other health issues.

Xenobiotics: The excessive intake of aspirin and 
TUMS could be causing his gastric and renal prob-
lems.32,33 The excessive TUMS (calcium carbonate) may 
alter blood pH, increase serum calcium, reduce phos-
phorous, and cause rebound gastric acidity.34 Aceta-
minophen will deplete glutathione, impair hepatic 
metabolism, detoxification and biotransformational 
processes of drugs, xenobiotics and nutrients, as well 
as inducing hepatic and renal dysfunction.35 The glu-
tathione deficiency contributes to reduced oxidative 
defense and increases vascular inflammation and the 
risk for CHD and MI.36,37

Radiation: No obvious exposure.
Psychosocial: He has major psychosocial problems 

(as noted in the history) that are contributing to his 
health by inducing hormonal imbalances, oxidative 
stress, endothelial dysfunction, immune dysfunction, 
and inflammation, all of which contribute to his 
hypertension, hyperglycemia, dyslipidemia, and 
CHD.38,39,40,41,42,43,44,45,46 The significant problem 
areas are:

• Family
• Work
• Community
• Economic status
• Stress
• Lack of support

Emotional, mind, and spirit: His life of anxiety, 
depression, and chronic stress creates hypercortisolism, 
a hypercatecholamine state, oxidative stress, and sup-
pressed immune function, contributing to hyperglyce-
mia, hypertension, dyslipidemia, endothelial function, 
and vascular disease.47,48,49,50,51,52,53,54,55

Hormonal and Neurotransmitter Messenger 
Imbalances

The patient exhibits excessive production of corti-
sol, catecholamines, and insulin. Each of these hor-
mones in excess will induce inflammation, oxidative 
stress, and structural abnormalities, and will interfere 
with various biochemical and nutritional pathways that 
are related to his hypertension, hyperglycemia and dia-
betes, dyslipidemia, vascular disease, and other prob-
lems.56,57,58,59,60,61,62,63,64,65,66,67,68
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Oxidation-Reduction Imbalances and 
Mitochondropathy

The mitochondria are intimately involved in insu-
lin resistance and the metabolic syndrome.69,70,71,72,73,74 
The mitochondria are smaller, have impaired bioener-
getic capacity with a defect in oxidative phosphoryla-
tion and production of adenosine triphosphate 
(ATP).75,76,77 The skeletal muscle has a marked increase 
in the intramyocellular lipid content. The insulin resis-
tance results in preferential metabolism of FFAs with 
reduced glucose utilization. The FFAs inhibit glucose 
uptake transporter-4 and enhance gluconeogenesis. 
Adipose tissue releases specific cytokines such as TNF- 
and IL-6, which increase inflammation, hs-CRP, exacer-
bate the insulin resistance and increase FFA concentra-
tion.78,79 TNF- also inhibits endothelial nitric oxide 
(eNOS) and NO, elevating blood pressure. The FFAs 
increase uncoupling protein 3, which uncouples mito-
chondrial respiration from oxidative phosphorylation 
and increases oxidative stress and release of superoxide 
anion and subsequent ROS.80,81,82,83,84,85,86,87,88 A genetic 
polymorphism, called PGC-1 (PPAR gamma coactive-1) 
regulates mitochondrial biogenesis and fat oxidation 

and is essential for the synthesis of the mitochondrial 
enzymes for the beta-oxidation of fatty acids.89 PGC-1 
levels are increased by weight loss, exercise, and opti-
mal nutrition.90,91,92

Detoxification and Biotransformational 
Imbalances

The various micronutrient deficiencies noted in the 
antioxidant panel analysis (described at the bottom of 
Table 37.2, which shows the patient’s lab results over 12 
months) will contribute to a wide variety of abnormali-
ties in hepatic detoxification of intrinsic toxins and 
xenobiotics by the cytochrome P450 system as well as 
other pathways.93 In addition, many biochemical nutri-
tional pathways will be impaired by deficiencies in B 
vitamins, amino acids, carnitine, vitamin D, calcium, 
zinc, magnesium, glutathione, CoQ10, vitamin E, and 
lipoic acid that will have enormous downstream effects 
on inflammation, immune function, hormonal and 
neurotransmitter function, oxidative stress, and vascu-
lar functional and structural integrity.94 These will 
induce dyslipidemia, hypertension, and insulin resis-
tance, among other problems.95

Table 37.2 Patient Lab Results

General Initial 2 Months 6 Months 12 Months

Magnesium
WBC/HCT
Creatinine
GFR
Estimated GFR = (140 – age) x weight (Kg) 
/ 72 x creatinine
24 hour urine MAU
Cortisol AM
Cortisol PM
PRA
Aldosterone (serum)
24-hour urine

Ketosteroids
Corticosteroids
Free cortisol
Norepinephrine
Epinephrine
Dopamine
Total catecholamines
(norepinephrine + epinephrine)
Normetanephrines
Metanephrines
Total metanephrines
(normetanephrine + metanephrine)
Vanillylmandelic acid

1.2 mg/dL
12,200/55
1.6 mg%

86 cc/minute

80 mgs
30 mcg/dL
22 mcg/dL

9.2 ng/mL/hr
30 ng/dL

12.3 mg
5.8 mg

126 mcg
140 mcg

9 mcg
498 mcg
149 mcg

580 mcg
51 mcg

631 mcg

4.4 mg

1.8 mg/dL
10,400/50
1.4 mg%

95 cc/minute

22 mgs
25 mcg/dL
20 mcg/dL

5.1 ng/mL/hr
25 ng/dL

11 mg
4.6 mg
98 mcg

122 mcg
8 mcg

396 mcg
130 mcg

475 mcg
42 mcg

517 mcg

3.9 mg

2.1 mg/dL
8,600/46
1.2 mg%

102 cc/minute

0
18 mcg/dL
12 mcg/dL

1.2 ng/mL/hr
20 ng/dL

10.0 mg
4.1 mg
72 mcg
88 mcg

7 mcg
324 mcg
95 mcg

392 mcg
38 mcg

430 mcg

3.2 mg

2.4 mg/dL
8,200/45
1.1 mg%

106 cc/minute

0
16 mcg/dL
10 mcg/dL

0.5 ng/mL/hr
18 ng/dL

9 mg
4.0 mg
76 mcg
81 mcg

6 mcg
301 mcg
87 mcg

360 mcg
33 mcg

393 mcg

3.0 mg
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Immune System and Inflammatory Messenger 
Imbalances

Adipose tissue is an active, intricate, metabolic 
paracrine and endocrine organ that produces a variety 
of “adipokines,” including inflammatory mediators 
and hormones that result in chronic inflammation, 
endocrine and metabolic dysfunction manifesting as 
insulin resistance, glucose intolerance, diabetes melli-
tus, dyslipidemia, hypertension, and vascular diseases 
such as CHD, MI, and carotid artery obstruction.96,97,98 
The adipocytes are both a source and a target of proin-

flammatory signals, such as IL-6 and TNF-.99,100,101 IL-6 
and TNF- increase hs-CRP, which is both a CVD risk 
marker and mediator of the inflammatory process 
and is highly correlated with future cardiovascular 
events.102,103 Adipose tissue— through its effective hor-
mones, cytokines, and central nervous system mecha-
nisms—regulates food intake, energy homeostasis, 
whole body insulin action and insulin sensitivity, body 
adiposity, carbohydrate and lipid metabolism, blood 
pressure, inflammation, thrombosis, and subsequent 
atherothrombotic disease.104,105

CHD Risk Markers Initial 2 Months 6 Months 12 Months

Homocysteine
Serum iron
Serum ferritin
Fibrinogen
HS-CRP

24 micromole/L
220 microgm/dL

460 ng/mL
580 mg/dL

6

16 micromole/L
200 microgm/dL

390 ng/mL
500 mg/dL

3

7.7 micromole/L
140 microgm/dL

180 ng/mL
340 mg/dL

0.5

6.8 micromole/L
124 microgm/dL

150 ng/mL
302 mg/dL

0.4

Glycation Initial 2 Months 6 Months 12 Months

Fasting blood sugar
2 hour OGTT
C-peptide
Hg A1C
Fasting insulin

110 mg%
180 mg%
4.0 ng/mL

6.6%
44 uu/mL

82 mg%
140 mg%
3.0 ng/mL

5.6%
32 uu/mL

74 mg%
118 mg%
1.7 ng/mL

5.1%
20 uu/mL

72 mg%
110 mg%
1.3 ng/mL

4/6%
5 uu/mL

NMR Lipid Profile Initial 2 Months 6 Months 12 Months

LDL-C
HDL-C
TG
LP(a)
LDL particle number
LDL pattern
HDL pattern
VLDL pattern

94 mg/dL
24 mg/dL

142 mg/dL
62 mg/dL

1809 nmol/L
B

Small
Large

58 mg%
34 mg%
92 mg%

30 mg/dL
1100 nmol/L

A
Large
Small

55 mg%
42 mg%
78 mg%

16 mg/dL
900 nmol/L

A
Large
Small

52 mg%
44 mg%
70 mg%

11 mg/dL
822 nmol/L

A
Large
Small

Oxidative Stress Initial 2 Months 6 Months 12 Months

CoQ10 level
Serum lipid peroxides
Urine lipid peroxides
Urine 8-OHdG
Total oxygen radical absorbance capacity 
(ORAC)

1.0 ug/mL
3.9 uM
2.4 uM

63 ng/mL
2200 uM

3.4 ug/mL
2.8 uM
18 uM

54 ng/mL
3000 uM

3.5 ug/mL
2.3 uM

14.9 uM
46 ng/mL
4200 uM

3.5 ug/mL
2.1 uM

13.2 uM
39 ng/mL
4400 uM

Other Initial 2 Months 6 Months 12 Months

C-1 AC
C-2 AC

8
2

14
4

16
8

17
9

An antioxidant panel reviewing Vitamin E, B vitamins, amino acids, metabolites, fatty acids, Vitamin D, calcium, zinc, magnesium, glutathione, cysteine, 
selenium, and CoQ10 showed abnormal function initially (24th percentile), with steady improvements to the 50th (2 months), 70th (6 months), and 80th 
(12 months) percentiles for total antioxidant function.

Table 37.2 Patient Lab Results (Continued)
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Digestive, Absorptive, and Microbiological 
Imbalances

The presence of gastrointestinal pathology with 
mucosal inflammation and leaky gut may increase 
absorption of allergens, bacteria such as Helicobacter 
pylori, HIV, and various periodontal microorganisms 
that can contribute to vascular inflammation and oxi-
dative stress-related CVD.106,107,108,109,110,111,112

Structural Imbalances from Cellular Membrane 
Function to the Musculoskeletal System

Abnormalities in ionic membrane transport of 
sodium, potassium, magnesium, and calcium may 
result in increased intracellular content of calcium and 
sodium with reduced intracellular content of magne-
sium and potassium. These ionic concentration defects 
contribute to vascular and cardiac muscle dysfunction, 
hypertrophy and hyperplasia, reduced arterial compli-
ance, insulin resistance, hyperglycemia, dyslipidemia, 
increased vascular resistance, hypertension, and subse-
quent CVD.113,114,115,116

Goals of Treatment

General:
Improve diet and nutrition.
Improve physical fitness.
Improve insulin sensitivity.
Improve cardiovascular function.
Improve antioxidant status.
Reduce oxidative stress.
Improve emotional status.
Specific:
Heart rate (resting): <70 beats per minute
Blood pressure:

110-120/70-75 mm Hg
Blood pressure load <15 % of the SBP >140 mm 
  Hg and DBP >90 mm Hg
Re-establish normal nocturnal dipping

Dyslipidemia:
LDL-C 60-70 mg%
HDL >40 mg%
TG <75 mg%
LDL particle number <900 nmol/L
LDL to pattern A (large)
HDL to large pattern
VLDL to small pattern
LP(a) <50 mg/dl

Homocysteine: <9.0 umol/L (ideal <5.0)
hs-CRP: <0.6 mg/L
Fibrinogen: <400 mg/dL
Serum iron(Fe): <180 microgm/dL
Serum ferritin: <300 ng/mL
FBS: <90 mg% (ideal <75 mg%)
Hemoglobin A1C: <5%
2 hour OGTT: <120 mg%
C-peptide (fasting): <2 ng/mL
24 hour urine MAU: 0 (<30 mg/24 hour)
Creatinine: <1.2 mg%
Improve arterial compliance: C-1 >12.0 and C-2 >7.0
Reduce WBC: <10,000
Ideal body weight (IBW): 166 pounds
Waist circumference: <38 inches
Waist-hip ratio: <1.0
BMI: <25
Percent body fat: <16%
Hematocrit (HCT): <46%
Glomerular filtration rate (GFR): stabilize or improve
Stabilization or regression of CHD by EBT and IVUS
Reduce LVH, diastolic dysfunction, and mitral 

regurgitation
Improve pulmonary function
Stabilize and improve carotid artery disease

Treatment Strategies

Action steps:
Stop tobacco.
Stop caffeine, sodas, and alcohol.
Reduce or stop use of regular aspirin, acetaminophen, 

and TUMS.
Baby aspirin per day should be continued.
Phlebotomy for increased iron (every eight weeks until 

iron is normal).
Reduce to IBW: 1-to-2 pounds per week.
Aerobic exercise for 60 minutes per day and resistance 

exercise for 20-30 minutes per day three to four times 
per week.

Meditation, yoga, prayer.
Diet and nutrition:
DASH-2 diet, Paleo diet, or Mediterranean diet: 1,750–

2,000 calories per day
8-10 servings of fruits and vegetables per day
30%-40% protein (fish, lean meat, fowl)
40% carbohydrates (complex, fiber) and significantly 

reduce refined carbohydrates
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Reduce fats to 30% of calories:
Saturated fats <10%; MUFA (extra virgin olive oil), 

PUFA, and omega-3/6 should be ~90% of fats.
Eliminate trans fats entirely.
Omega-3/6 ratio—2:1 to 4:1
Fiber: >40 grams per day
Garlic: 1-2 cloves per day
Celery: 2-4 pieces per day
Sodium: 50-100 mmol per day
Potassium: 60-100 meq per day
Whey protein (hydrolyzed): 30 grams per day
Probiotic capsules: 2 bid
Nutraceuticals/vitamins/antioxidants/minerals:
Alpha lipoic acid (with biotin 2,000 micrograms): 

600 mg bid
Calcium: 500 mg bid
Co-enzyme Q10: 60 mg bid
Folic acid: 1,200 micrograms per day
Fruit, vegetable and dark berry concentrate extract
L-carnitine: 1,000 mg bid
Lycopene tomato extract: 5 mg bid
Magnesium chelates: 400 mg bid
High gamma/delta mixed tocopherols: 400 IU per day
N-acetylcysteine: 1,000 mg bid
Niacin (non-flush) (IHN): 1.5 grams bid
Olive oil: 1 teaspoon bid
Omega-3 fatty acids

DHA: 1000 mg bid
EPA: 500 mg bid

Selenium: 200 micrograms per day
Taurine: 1.5 grams bid
Tocotrienols: 100 mg at bedtime
Vitamin B complex: 1 bid
Vitamin B12: 1,000 micrograms per day
Vitamin B6: 100 mg bid
Vitamin C: 250 mg bid
Vitamin D: 400 IU bid
Zinc: 25 mg per day

Case Discussion

Although this case is complex (involving many 
details about different assessments, re-assessments, 
and interventions), it exemplifies exceptionally well the 
impact of the interaction of genes and environment on 
inflammatory, immune, hormonal, oxidative stress, 
mitochondrial, and structural pathways in vascular 
pathophysiology. This patient came in with an identifi-

able genetic predisposition to cardiovascular disease 
and insulin resistance (by family history). He might 
never have manifested those diseases had he chosen a 
lifestyle that reflected an understanding of his risks and 
how to minimize them. Even after many years of sub-
jecting his genes to a very poor environment, however, 
we were able to help him reverse his disease and regain 
his health.

This patient refused pharmacologic treatment. He 
was motivated and compliant with a nutritional and 
lifestyle approach, which resulted in normalization of 
virtually all laboratory and clinical problems over 12 
months of aggressive treatment. Tables 37.2 and 37.3 
present, respectively, the laboratory results and the 
patient visit record over the course of a year’s treatment.

Utilizing the matrix helps to organize and visualize 
all the interconnected biochemical and physiological 
mechanisms that contribute to the beginnings of the vas-
cular disease process. As we saw, certain mechanisms 
(inflammation, oxidative stress, endocrine dysfunction) 
were represented over and over again around the 
matrix, helping us to recognize where the preponder-
ance of evidence about this patient was to be found. 
From there, we focused on treatments that address 
those common underlying pathways, thus normalizing 
multiple systems—in this case, without drugs.

Early diagnosis, aggressive prevention, and treatment 
directed at the genesis of identified functional abnor-
malities are more logical, efficient, and effective than 
directing treatment modalities at the endpoints of the 
clinical disease—the symptoms. Virtually none of the 
treatments listed above were directed toward symptoms; 
they were focused on restoration and normalization of 
function. Recognition of the downstream pleiotropic 
effects of nutrient imbalances, insufficiencies (for a par-
ticular patient in a particular environment), and defi-
ciencies on the disease-development process is crucial to 
redirecting therapeutic emphasis. The vascular system 
has a finite number of ways to respond to an infinite 
number of insults. Identification and treatment of these 
initial and basic common insults will become the future 
of treatment in vascular medicine.
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Extended Discussion: Metabolic Syndrome 
and Cardiovascular Disease

Background

The current and expanding epidemic of obesity and 
the metabolic (insulin resistance) syndrome has fueled 
an increase in cardiovascular disease (CVD). The meta-
bolic syndrome is an insulin-resistant state characterized 
by visceral obesity, hypertension, dyslipidemia, glucose 
intolerance, and microalbuminuria (MAU). The cardio-
vascular risk and complications may follow obesity by 
10 or more years. Thus, escalating rates of obesity predict 
further substantial increases in type 2 diabetes mellitus, 
coronary heart disease (CHD), myocardial infarction 
(MI), and total CVD that are likely to rapidly eclipse rates 
observed throughout the 20th century in the U.S.117,118 
Environmental and lifestyle factors (inappropriate nutri-
tion such as consumption of high-calorie foods and 
refined carbohydrates; reduced physical activity) as well 
as genetic considerations are major contributors to the 
metabolic syndrome and visceral obesity.119,120

The overall prevalence of metabolic syndrome is 24% in 
adults, with a higher incidence in minorities, and meta-
bolic syndrome progressively increases with age, rising 
from ~7% for adults in the third decade of life to nearly 
45% for those over 60 years of age.121

Risk Factors and Associated Conditions

Definitive associations of CVD and metabolic syn-
drome include a marked increased risk in CHD, MI, 
stroke, and total mortality that is directly proportional 
to the number of components of the metabolic syn-
drome.122,123,124 The incident risk of CVD is greater than 
five-fold in subjects with four or more components, 
compared to those with only one component.125 There 
clearly exists a continuum of risk, based on both severity 
of the risk factor itself and on combinations of risk fac-
tors. The metabolic syndrome and obesity are major 
public health and economic problems that require 
urgent and aggressive identification, prevention, and 
treatment with lifestyle modifications (nutrition, weight 
reduction, exercise) and pharmacologic modalities.

Table 37.3 Patient Visit Record

Initial 2 Months 6 Months 12 Months

Weight 225 pounds 215 pounds 182 pounds 170 pounds

Blood pressure 182/104 mm Hg
176/102 mm Hg
178/104 mm Hg
170/100 mm Hg

120/76 mm Hg
118/74 mm Hg
118/72 mm Hg

112/72 mm Hg
116/74 mm Hg

110/70 mm Hg
112/72 mm Hg

BP load and dipping Abnormal Normal Normal Normal

Heart rate 92 regular
90 regular
80 regular
82 regular

74/minute 66/minute 62/minute

Waist circumference 42 inches 40 inches 36 inches 34 inches

Waist-hip ratio 1.4 0.9 0.8 0.7

BMI 32.0 kg/m2 31 kg/m2 26 kg/m2 24 kg/m2

% Body fat 28% 22% 18% 14%
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Definitions

The term metabolic syndrome denotes a constella-
tion of cardiovascular risk factors related to insulin 
resistance and obesity with a centripetal fat pattern. 
Definitions have varied, but the basic elements are well 
validated.126,127,128,129 National Cholesterol Education 
Program—Adult Treatment Panel III (NCEP-ATP-III) 
(2001)130 and World Health Organization (WHO) 
guidelines (1999)131,132 include hypertension, athero-
genic dyslipidemia (high triglyceride, low HDL, dense 
LDL), obesity (elevated waist circumference, BMI, 
waist-hip ratio), hyperglycemia, and MAU. (See Table 
37.4.) However, this definition must be expanded to 
recognize the underlying mechanisms: insulin resis-
tance, inflammation, and immunologic dysfunction 
with increased oxidative stress, prothrombotic compo-
nents, vascular endothelial dysfunction, vascular struc-
tural abnormalities, and accelerated atheroembolic 

disease.133,134,135 (See Table 37.5.) Insulin resistance is 
the primary underlying dysfunction. The metabolic 
syndrome with insulin resistance and inflammation 
precede clinical events by decades; thus, early detec-
tion is mandatory.

Mechanisms of Action

Imbalanced vascular endothelial mediators create 
endothelial dysfunction and inflammation, the earliest 
markers of atherosclerosis. Hypertension and atheroscle-
rosis are primarily diseases of inflammation.136 Excess 
angiotensin-II (A-II) and a deficiency of nitric oxide (NO) 
result in vasoconstriction, growth promotion, and a pro-
thrombotic, proinflammatory, and prooxidant state. This 
constellation of events is directly connected to insulin 
resistance, the metabolic syndrome, and the frequent 
clinical association of hypertension, dyslipidemia, and 
diabetes mellitus.137,138,139,140,141

Table 37.4 Published Criteria for the Diagnosis of Metabolic Syndrome

National Cholesterol Education Program—
Adult Treatment Panel III (NCEP-ATP-III)

World Health
Organization (WHO)

Hypertension Current antihypertensive therapy 
or BP >130/85 mm Hg

Current antihypertensive therapy 
and/or BP >140/90 mm Hg

Dyslipidemia Plasma triglyceride level >150 mg/dL
HDL-C level:

Men: <40 mg/dL
Women: <50 mg/dL

Plasma triglyceride level >1.7 mmol/L (150 mg/dL) 
and/or HDL-C level:

Men: <0.9 mmol/L (35 mg/dL) 
Women: <1.0 mmol/L (40 mg/dL)

Obesity Waist circumference 
Men: >40 inches 
Women: >35 inches

BMI >30 kg/m2 and/or waist/hip ratio:
Men: >0.90 
Women: >0.85

Glucose Fasting blood glucose level >110 mg/dL Type 2 diabetes or impaired glucose tolerance (IGT)

Other Microalbuminuria (overnight urinary albumin excre-
tion rate >20 µg/min [30 mg/g Cr])

Requirements 
for diagnosis

Any three of the above disorders Confirmed type 2 diabetes or IGT and any two of the 
above criteria. If normal glucose tolerance, must dem-
onstrate three of the above criteria.
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Table 37.5 Expanded Definition and Criteria: Metabolic Syndrome

Major Criteria

Fasting glucose >110 mg% or hemoglobin A1C over 6.5, 2 hour PPG >140 mg%, fasting C-peptide elevated

Abdominal obesity 
(visceral)

Waist circumference: Men: >40 in (102 cm); Women: >35 inches (88 cm)
Waist-Hip ratio: Men: >0.90; Women: >0.85
Body Fat: Men: >29% (normal is <16%); Women: >37% (normal is <22%) 
BMI over 30 kg/m2

Dyslipidemia (atherogenic) TG >130 mg% (large VLDL) (optimal is <75 mg%)
HDL: Men: <40 mg%; Women: <50 mg% (small HDL)
TG/HDL ratio >3.0
Small dense type B LDL with increased LDL particle number exceeding 900 (NMR)
Elevated Lp(a)

Hypertension BP >135/85 mm Hg (24 hour ABP monitoring with BP load, mean, circadian cycle and nocturnal 
dipping) (optimal BP 110/70 mm Hg)

Microalbuminuria >30 mg in 24 hours or >20 ug/minute or albumin creatinine ratio >30 mg/g

Prothrombotic state PAI-1, increased platelet activation and aggregation, fibrinogen, von Willebrand factor, Factor VII, 
thrombin

Insulin resistance and hyper-
insulinemia

Fasting insulin, proinsulin, C-peptide

Proinflammatory state HS-CRP, fibrinogen, IL-6, IL-1B, TNF-, leukocytosis

Minor Criteria

Endothelial dysfunction

Abnormal arterial 
compliance

Especially small resistance arteries, low C2 compliance and increased pulse wave velocity

Left ventricular hypertrophy 
and diastolic dysfunction

Hyperuricemia

Increased vascular oxidative 
stress

>9 ug/L

Homocysteine

Objective evidence of 
accelerated atherogenesis for 
age-matched gender, 
ethnicity and age

Abnormalities in autonomic 
nervous system regulation 
and activation of the cardio-
vascular system

Important Points
1. This is a continuum of risk starting at BP of 110/75 mm Hg, FBS of 75 mg%, LDL of 60 mg%, TG of 75 mg%, declining HDL from 

85 mg% and homocysteine of 5 µg/L. Insulin resistance and the metabolic syndrome do not start at an arbitrary cutoff level.
2. 25–30% U.S. population have metabolic syndrome.
3. Common pathogenetic factors to type 2 diabetes mellitus exist in the metabolic syndrome.

Definition for Confirmed Diagnosis
1. Three major criteria
2. Two major criteria plus two minor criteria
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Insulin mediates metabolic, mitogenic and 
vasodilatory-vascular functions in skeletal muscle and 
adipose tissue, but also in the liver, brain, heart, blood 
vessels, pancreas, and other tissues.142,143,144,145 Insulin 
resistance results in an imbalance of the mitogen-
activated protein kinase (MAPK) and phosphatidyl inos-
itol 3-kinase (PI3-K) pathways (Figure 37.4), which pro-
motes cell proliferation and migration, thrombosis, and 
inflammation with increased cytokines and cell adhe-
sion molecules. An imbalance in these pathways also 
reduces glucose transport in insulin-dependent tissues 
and decreases endothelial nitric oxide synthase/nitric 
oxide bioactivity.146,147,148,149 The enhanced MAPK path-
way is proatherogenic, which overrides the antiathero-
genic PI3-K pathway. The roles of the insulin receptors, 
the mitochondria, the pancreatic beta cells, inflamma-
tory cytokines, radical oxygen species (ROS), and free 
fatty acids are important in the clinical expression of 
insulin resistance and type 2 diabetes. Chronic insulin 
resistance, when followed by beta cell dysfunction and 
failure, eventually produces type 2 diabetes.150,151,152,153

Figure 37.4 Stimulation of the MAPK pathway in endothelial 
and VSM cells

Adipose tissue is an endocrine organ that pro-
duces a variety of “adipokines,” including inflamma-
tory mediators and hormones that result in chronic 
inflammation, endocrine and metabolic dysfunction 
that manifests as insulin resistance, and the clinical dis-
eases of hypertension, dyslipidemia, hyperglycemia, 
diabetes, and CVD.154,155

The adipocytes are both the source and the target 
of proinflammatory signals from various mediators 
such as angiotensinogen, A-II, intracellular cell adhe-
sion molecules (ICAM), interleukin-6 (IL-6), interleu-
kin IB (ILI-B), prostaglandin E-2 (PGE-2), monocyte 
chemotactant protein-I (MCP-I), colony stimulating 
factor-1 (CSF-1), macrophage inflammatory protein-1 
alpha (MIP-1), tumor necrosis factor-alpha (TNF-), 
complement 3 (C3), resistin, ASP (acetylation stimulat-
ing protein), leptin, FFA, lipoprotein lipase, adiponec-
tin, chemotaxin, plasminogen activator inhibitor-1 
(PAI-1) tissue factor, and other mediators.156,157,158 The 
subsequent increase in high sensitivity C-reactive pro-
tein (hs-CRP is both a risk factor marker and a media-
tor) is highly correlated with future cardiovascular 
events.159 The role of peroxisome proliferator activated 
receptors (PPAR) alpha and gamma are important in 
insulin resistance, glucose and lipid metabolism, and 
overall vascular function, inflammation, atherosclero-
sis, and hypertension.160

Prevention and Treatment

Prevention and treatment approaches for the 
metabolic syndrome and its components include early 
detection, aggressive nutritional intervention, nutra-
ceuticals, supplements, vitamins, antioxidants, miner-
als, functional foods, weight management, aerobic and 
resistance exercise, moderation of alcohol ingestion, 
discontinuation of all tobacco products, and limited 
caffeine.161,162,163

A 6.5% weight loss reduces BP 11/6 mm Hg, glucose 
17 mg/dL, triglycerides 94 mg/dL, total cholesterol 37 
mg/dL at one month.164 These changes are sustained 
with further decreases in BP and triglycerides at four 
months.165 Exercise improves all components of the 
metabolic syndrome.166,167,168,169,170,171,172,173,174,175,176,177,178

Nutritional supplement recommendations are out-
lined in Table 37.6.179 Pharmacologic therapy with 
antihypertensive, antidiabetic, antilipid, and anti-
inflammatory medications may be required to achieve 
new target goals in all of the various risk factors. 
Although the treatment goals for risk factors continue 
to change, optimal goals are yet to be established. In 
the author’s opinion, new aggressive optimal goals to 
achieve the best reduction in cardiovascular events are: 
BP <110/75 mm Hg, fasting blood glucose (FBG) ~75 
mg%, LDL-C 60 mg%, triglyceride (TG) 75 mg%, 

Insulin

Insulin receptor

MAPK P13-K

●  Glucose transport
●  eNos stimulation
●  � NO

Insulin dependent target tissues

Systemic defect in this
pathway defines IR

Angiotensin II

IRS 1/2

Anti-
atherogenic

pathway

Pro-
atherogenic

pathway

●  Cell growth
●  Cell movement
●  � PAI-1
●  � ICAM-1
●  � MCP-1

●  Adipose tissue
●  Skeletal muscle
●  Heart
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HDL >85 mg%, homocysteine <5 micromoles/L, and 
hs-CRP <1.0.

Angiotensin-converting enzyme inhibitors (ACEIs), 
angiotensin-receptor blockers (ARBs), and calcium chan-
nel blockers (CCBs) have the best overall profile for the 
pharmacologic treatment of hypertension.180,181 The 
ACEIs and ARBs are preferred for patients with pro-
teinuria or renal insufficiency. Thiazide, thiazide-like 
diuretics, and beta blockers may have adverse effects on 
glucose and lipid metabolism and should be reserved for 
resistant hypertension or compelling indications.182 

Indapamide is the preferred diuretic in the metabolic 
syndrome due to its better antihypertensive effect and 
minor or no adverse effects on glucose, lipids, potassium, 
uric acid or renal function.183,184,185,186 Alpha blockers and 
central alpha agonists may be used, but are limited due 
to clinical side effects.

Statins, fibrates and niacin should be used as phar-
macologic monotherapy or in combination for patients 
with various forms of dyslipidemia.187,188,189

Metformin and thiazolidinediones are the pre-
ferred pharmacologic treatment of insulin resistance, 
glucose intolerance and type 2 diabetes, as they 
increase insulin sensitivity, reduce insulin levels, 
and improve glucose.190,191,192

A combination of vitamin B6 25 g qd, B12 1,000 g 
qd, and folate 800 µg qd is usually optimal treatment 
for elevated levels of homocysteine. Low-dose aspirin 
(81 mg/day), omega-3 fatty acids, mixed tocopherols, 
garlic (allicin), statins, ACEIs, ARBs, and possibly CCBs 
should be used to prevent thromboembolic problems, 
CVD, cardiovascular atherosclerosis, and reduce inflam-
mation and hs-CRP.

Summary

The metabolic syndrome is an insulin-resistant state 
associated with lipotoxic visceral obesity, nutritional 
deficiencies, and unhealthy lifestyles that induce inflam-
mation, oxidative stress, and immunologic abnormali-
ties. It is a common condition, increasing in incidence, 
and is associated with a high risk of CVD. Effective man-
agement requires aggressive recognition, prevention, and 
treatment of CVD risk factors and identifiable vascular 
disease. Lifestyle modifications (improved diet and nutri-
tion, weight loss, increased exercise), nutritional supple-
ments, and pharmacologic therapy to achieve new goal 
levels of BP, lipids, glucose, and homocysteine will 
reduce cardiovascular complications.
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2010 Update Note: The cases you are about to read, on psoriatic arthritis and ADHD, have been structured to 
exemplify the functional medicine process and architecture from several perspectives. Each has a Full Case narrative, 
a Functional Medicine Matrix Form™  , and a one-page Case at a Glance. Both cases have also been published in Alter-
native Therapies in Health and Medicine and 21st Century Medicine: A New Model for Medical Education and Practice. We 
hope that by disseminating these cases widely, we can contribute to the broader adoption of functional medicine by 
many more practitioners of all disciplines. We welcome submission by readers of new cases using this structure; we 
will give them every consideration for use in future IFM publications.

—The Editors

Full Case: Psoriatic Arthritis*
Kara N. Fitzgerald, ND, and Mark Hyman, MD

*This case was assembled and edited by The Institute for Functional 
Medicine with the gracious support of Metametrix Clinical Laboratory 
and The UltraWellness Center.

Functional Medicine and Autoimmune 
Disease

Autoimmune diseases collectively affect up to 23.5 
million Americans.1 They are heterogeneous in pathol-
ogy but relatively uniform in etiology. Classifying 
autoimmune diseases based on symptoms and pathol-
ogy does not usually improve treatment decisions. 
Standard treatments include NSAIDs, steroids, anti-
neoplastic agents, and tumor necrosis factor-alpha 
antagonists. These tools have significant risks and are 
often applied regardless of the diagnosis. Frequently, 
they are only modestly effective in relieving symptoms 
and limiting the advancing disease process. Despite 
the extensive categorization of autoimmune diseases 
into diagnoses such as lupus, rheumatoid arthritis, 
psoriatic arthritis, inflammatory bowel disease, multi-
ple sclerosis, nephritis, and scleroderma, the treat-
ments are based on pathology, not etiology. The 
conventional approach to autoimmune disease seeks 
to answer the question of WHAT disease the patient 
has, not WHY the patient has the disease, suggesting 
only small variations in treatment. 

Functional medicine considers the diagnosis, of 
course, but also seeks to answer the question WHY. The 
etiology of any disease may be different in people with 
the same diagnosis or pathology. Conversely, the etiol-
ogy may be the same in patients with very different 
pathologies—for example, mercury toxicity is found in 
both multiple sclerosis and Crohn’s disease. Approaches 
to treatment, therefore, will vary when the upstream 
causes and downstream effects differ from patient to 

patient. Treating only the downstream effects (such as 
nutrient deficiencies or food sensitivities due to malab-
sorption and intestinal hyperpermeability) without 
treating the upstream causes (such as gluten sensitivity, 
gastrointestinal yeast, or mercury toxicity) will often 
result in treatment failure.

Focusing on the patient’s individual etiology of 
autoimmune disease provides a personalized framework 
for diagnosis and treatment. There are 5 primary etio-
logic factors that affect gene expression and give rise to 
nearly all disease, including autoimmune disease: tox-
ins, allergens, infections (or microbial imbalances), poor 
diet, and stress. 

Findings and Assessment at Initial Visit

History of Present Illness

At age 56, MP presented with a 4-year diagnosis of 
psoriatic arthritis that was progressively worsening 
despite aggressive medication therapy. He experienced 
severe pain, decreased range of motion, and swelling in 
his feet, ankles, knees, and hands. He walked with a 
limp. His left shoulder was also frequently painful. All 
symptoms were worse in the morning. He had been tak-
ing etodolac (Lodine® ) and methotrexate for the past 3 
years, and adalimumab (Humira® ) for the past 6 
months. The onset of psoriatic arthritis began with the 
development of pain and redness in his right great toe, 
for which he was treated unsuccessfully with antibiot-
ics. Shortly thereafter, he developed psoriasis behind his 
knees, on his feet, and behind his ears. He had psoriatic 
nails for most of his life.

Just prior to receiving the diagnosis of psoriatic 
arthritis, he had a left knee arthroscopy that was nega-
tive for degenerative disease but positive for synovitis. 
He also developed a hemorrhagic Baker’s cyst, causing 
severe swelling and pain in his left foot and knee. MP 
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also complained of esophageal reflux, a recent 15-
pound weight gain, and intermittent depression. 

Past Medical History 

Migraine headaches
Disc protrusion with sciatica at L5-S1

Family Medical History 

• MP’s mother is alive at age 82; she has been diag-
nosed with congestive heart failure, malnutrition, 
rheumatoid arthritis, depression, and schizophrenia.

• MP’s father died at age 62; he had cancer, obesity, 
and alcoholism. 

• MP’s brothers have been diagnosed with cancer, 
inflammatory arthritis, inflammatory bowel dis-
ease, alcoholism, and depression. 

• His sisters have alcoholism, depression, and bipolar 
disorder. 

• The maternal grandmother died at 80; she had 
been diagnosed with hypertension, diabetes and 
depression. 

• The paternal grandmother died at 70; she had heart 
disease, hypertension, obesity, and diabetes. 

• The paternal grandfather died at 80; he had heart 
disease, hypertension, obesity, and diabetes. 

• MP’s son has schizophrenia and his daughter has 
ADHD.

Medications and Supplements

Etodolac (Lodine) 500 mg; 1 tab PO QD 
Methotrexate 2.5 mg; 6 tablets per week 
Adalimumab (Humira) 40 mg/0.8 mL; 1 SQ injection 
every other week
Aspirin 81 mg; 1 tablet PO QD
Zolpidem (Ambien® ) prn
Omega-3 EPA 1000 mg; 1 capsule PO QD
Multivitamin and mineral; 1 tablet PO QD
Past history of multiple courses of antibiotics 

Social History

MP leads a stressful life with a highly demanding job 
as a university professor and researcher. His schedule 
leaves little time for relaxation, although he does medi-
tate daily. MP is married with 2 children, including one 
who has been diagnosed with schizophrenia and lives 
at home.

Nutrition, Exercise, and Environmental Exposures

Usual Dietary Intake
Breakfast: oatmeal with low fat milk, brown sugar
Lunch: tuna wrap or soup with cookies. 
Dinner: fish or meat, vegetables, potato or pasta, occa-
sional salad with commercial salad dressing
Snacks: cookies or protein bars

MP avoids chocolate and fatty foods. He eats out 
more than 5 times per week. He craves sweets and caf-
feine. MP consumes 3–4 cups of coffee and one diet 
soda per day (357–464 mg caffeine). MP drinks approxi-
mately 12 alcoholic beverages per week, including wine 
and the occasional scotch. MP reported that his liver 
enzymes have been elevated, and he has some concern 
about his drinking.

Exercise
MP does not engage in exercise due to his long days, 

but is motivated to start. 

Environmental Exposures
Many mercury amalgams
Mold exposure

Systems Review

General: 15-pound weight gain 
HEENT: Sensitive to loud noises; dry eyes with crusty 
secretions; intolerant of cigarette smoke, perfumes, and 
auto exhaust; canker sores; esophageal reflux
GI: Chronic constipation
MSK: Tendonitis 
M/E: Intermittent depression, difficulty concentrating, 
irritability

Significant Physical Exam Findings

Blood pressure 138/87 (LAS) 
Height 70.5"
Weight 204 pounds 
Body mass index 28.85
Waist circumference 40"
Hip circumference 43"
Waist-hip ratio 0.9 
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Initial Assessment and Laboratory 
Recommendations

Organized According to the Functional Medicine Matrix

 

Initial Clinical Assessment Laboratory Tests Ordered

Immune Surveillance and Inflammatory Process

Psoriatic arthritis
Psoriasis
Psoriatic nails
Blepharitis
Aphthous stomatitis

1. HLA DQ2 and DQ8 genotypes
2. Celiac panel
3. IgG food sensitivities 
4. Inflammatory/autoimmune panel with Iron 
5. Vitamin D
6. Omega-3 and 6 fatty acids
7. Lipid peroxides (oxidative stress marker)
8. RBC magnesium

Hormone and Neurotransmitter Regulation

Depression
Family history of heart disease, hypertension, psychiatric 
disorders, diabetes

9. Comprehensive metabolic panel with fasting glucose & 
insulin, HgbA1C

10. Lipids
11. Saturated and monounsaturated fatty acids
12. Thyroid panel

Digestion and Absorption

Gastroesophageal reflux disease
Chronic constipation 
Yeast overgrowth 
Migraines
Family history IBD

13. DNA microbial stool analysis with chemistries
*HLA DQ, IgG foods, celiac panel

Detoxification and Biotransformation

Mercury toxicity (multiple amalgams) 14. Whole blood toxic metals
15. Urine toxic metals challenge test (with DMPS chelating 

agent)

Psychological and Spiritual Equilibrium

High-stress work life
Depression
Family history of psychiatric illness

*Vitamin D, omega-3 and 6 fatty acids, thyroid panel

*Laboratory tests frequently pertain to multiple areas of imbalance, and therefore may be listed in more than one Matrix category.
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Significant Laboratory Findings

Organized According to the Functional Medicine Matrix

Psoriatic arthritis is associated with celiac disease 
and subclinical gluten enteropathy.2 HLA DQ is a het-
erodimer cell surface type protein found on antigen-
presenting cells. There are 9 serotypes of DQ proteins. 
Approximately 90% of celiac patients express the DQ2 
heterodimer serotype, and approximately 7% of 
patients express the DQ8. The DQ2 heterodimer is 
encoded by the DQA1*0501 and the DQB1*0201 alleles; 
DQ8 is encoded by the DQA1*0301 and the DQB1*0302 
alleles. More than 3% of celiac patients present with 
half the DQ2 heterodimer. In one study looking at 1008 

European celiac patients, 61 were identified who carried 
neither the DQ2 nor DQ8 heterodimers; 57 of these 
encoded half of the DQ2 heterodimer.3 

MP’s test results demonstrated the presence of half 
the DQ2 heterodimer—specifically, the HLA DQA1*05 
allele. Thus, celiac disease could not be ruled out based 
on this finding. HLA DQ susceptibility is carried by 
about 30-40% of the population, but only 1% manifest 
with frank celiac disease.

IgA tissue transglutaminase antibodies (TTG) were 
undetectable, reducing the likelihood of celiac disease. 
However, antigliadin IgA and IgG antibodies may detect 

milder gluten intolerance. Unfortunately, though 
ordered, the laboratory did not perform these tests.

Immune Surveillance and Inflammatory Process

Test Results

1. DQ Genotype Allele Detected: HLA DQA1*0501

Test Results Reference Interval

2. Celiac Disease Panel

Immunoglobulin A 438 HN 82–453 mg/dl; OR 10 mg/dL

Transglutaminase IgA <20 <20 Units
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ELISA testing for total IgG response to 90 different 
foods demonstrated a strong positive reaction to eggs 
and yeast, and mild positive reactions (+1 or +2) to 25 
other foods, including gluten-containing wheat and 
barley. Food sensitivities generate significant inflamma-
tion, and as such are both a cause and effect of intesti-
nal hyperpermeability.4-6 Other factors contributing to 
intestinal hyperpermeability included alcohol and 
NSAID use.7,8 

Despite the equivocal celiac panel discussed above, a 
gluten-free trial was suggested because of the positive 
IgG reaction to wheat and barley and the presence of 
the DQ2 allele. It was also recommended that he elimi-
nate dairy and those foods with reactivity of +3 and 
above, and limit intake of the other +2 foods.

Test

3. IgG (total) Reactive Foods*

Almond (+2) Chili Pepper (+2) Lobster (+1) Sesame (+1)

Amaranth (+1) Clam (+2) Milk, Cow’s (+2) Shrimp (+1)

Barley (+1) Corn (+1) Onion (+1) Tomato (+1)

Bean, Kidney (+1) Crab (+1) Oyster (+2) Wheat (+2)

Cantaloupe (+1) Cranberry (+1) Pineapple (+1) Yeast, Baker’s (+3)

Cashew Nut (+1) Egg (+3) Potato, White (+1) Yeast, Brewer’s (+4)

Cheese (+1) Garlic (+1) Scallops (+2)

* Results range from 0 (no reaction) to +5 (severe reaction).
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With the exception of a high-normal ferritin and 
elevated hs-CRP, none of the inflammatory markers 
were abnormal. Methotrexate and adalimumab 

(Humira) attenuate markers of inflammation, and may 
have been responsible for these negative findings.9-11 

The pathophysiology of psoriatic arthritis includes 
upregulation of Th1-driven inflammation. Vitamin D 
specifically regulates T-helper and dendritic cell func-
tion while inducing regulatory T-cells, causing a 
decrease in Th1 activity.12, 13 MP’s low serum vitamin 
D level may have contributed to the severity of his 

symptoms. The optimal serum vitamin D range is 
now thought to be 40–70 ng/mL. Individuals with 
chronic disease should maintain levels between 55 
and 70 ng/mL.14 Hypovitaminosis D may also have 
played a role in MP’s depression.15

Test Results Reference Interval

4. Inflammatory Markers

Iron 80 50–150 mcg/dL

Transferrin 246 201–336 mg/dL

TIBC 308 255–450 mg/dL

Iron saturation 26 20–50%

Ferritin 322 HN 23–336 ng/mL

ESR Westergren 7 0–20 mm/hr

CRP High Sensitivity    2.9 mg/L H Relative Cardiovascular Risk: 
Low <1.0; Average 1.0–3.0; 
High 3.1–10.0

Rheumatoid Factor <20 <30 IU/mL

ANA Screen Negative Negative

Test Results Reference Interval

5. Vitamin D 25 OH 21 ng/mL L < 20 ng/mL: Insufficiency
20–40 ng/mL: Hypovitaminosis D
40–100 ng/mL: Sufficiency
> 100 ng/mL: Toxicity
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Probably because MP was supplementing them, the 
omega-3 fatty acids (ALA, EPA, and DHA) were all 
within normal limits. However, the omega-6 fatty acid 
AA was high normal, supporting the production of pro-
inflammatory cytokines. The 2- and 4-series 
eicosanoids, produced from AA, stimulate the upregula-
tion of TNF-alpha, a Th1 cytokine strongly implicated 
in psoriatic arthritis pathogenesis.16 MP was taking the 
drug adalimumab (Humira), which binds TNF-alpha 
directly, blocking its ability to bind certain receptors.17 
Reducing AA could assist in modulating the inflamma-
tory effects of psoriatic arthritis by reducing AA-derived 
eicosanoids. 

MP also demonstrated signs of insulin resistance 
(discussed further below). It has been suggested that 
insulin stimulates the production of AA,18 and AA eleva-
tion has been associated with insulin resistance.19,20 
These findings suggest a mechanistic link between pso-
riatic arthritis and metabolic syndrome. An elevated 
AA/EPA ratio has been shown to positively correlate 
with depression.21 MP had more than 7 times the 
amount of AA relative to EPA in his plasma, despite sup-
plementation with omega-3 fatty acids. 

Test Result uM 80% and 95% Reference Intervals

6. Plasma Omega-3 and 6 Fatty Acids

Omega-3 fatty acids:

Alpha linolenic acid (ALA) 60 >37; 22–144

Eicosapentaenoic acid (EPA) 105 >44; 19–362 

Docosahexaenoic acid (DHA) 327 >172; 95–333

Omega-6 fatty acids:

Arachidonic acid (AA) 739 H 330–630; 260–750 
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Elevated serum lipid peroxides demonstrated oxida-
tive stress. Sub-optimal magnesium is found in a large 

percent of the population, and is a common finding in 
those with chronic disease.22

MP’s lab findings met the American Heart Associa-
tion guidelines for the diagnosis of metabolic syn-
drome: elevated fasting blood glucose, triglycerides, and 
blood pressure, with low HDL.23 The elevated ALT sug-
gested early fatty liver disease.24A triglyceride/high-den-
sity lipoprotein ratio greater than or equal to 3.5 was 
suggestive of insulin resistance, and an increased likeli-
hood of coronary artery disease.25, 26 A fasting insulin 

between 18.56 and 225 has been associated with a sig-
nificantly greater risk for cardiovascular disease as com-
pared to a fasting insulin between 0.1-5.0.23 An 
association between psoriatic arthritis, dyslipidemia, 
hypertension, obesity, and insulin resistance has been 
suggested due to the shared upregulation of inflamma-
tory pathways.27 

Test Results Optimal and 95% Reference Intervals

7. Lipid Peroxides (serum) 1.6 nmol/mL H <1.5; 2.0

8. Magnesium (RBC packed cells) 25 ppm L >26; 18–40

Hormonal and Neurotransmitter Regulation

Test Results Reference Interval

9. Comprehensive Metabolic Panel:

Glucose 106 H 70–99 mg/dL

Insulin 21 H 6–27 uIU/mL 
(ORI: 0.1-5.0)23

Glycohemoglobin A1C  5.5 4.4–6.8%

ALT 44 H 0–40 IU/L

10. Lipids:

Cholesterol, Total 218 H < 200 mg/dL

Triglycerides 431 H < 150 mg/dL

Cholesterol, HDL 43 LN 40–59 mg/dL

Cholesterol, LDL Not done due to 
interference of elevated 
triglycerides

< 130 mg/dL
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Elevated saturated and monounsaturated fatty acids 
represent a pattern seen in metabolic syndrome with 
hypertriglyceridemia, where insulin stimulates the liver 
enzyme fatty acid synthase to produce saturated fatty 

acids. Insulin also stimulates delta-9 desaturase, which 
converts saturated to monounsaturated fatty acids, pri-
marily palmitoleic, vaccenic, and oleic.28 

MP’s thyroid panel was within normal limits, 
including antibodies. Optimal TSH is now considered to 
be 2.5, but may be as low as 1.18 mIU/L.29 Free T3 and 
free T4 were low normal. These results suggested that 
the thyroid should be monitored, particularly given the 

association of hypothyroidism with rheumatologic con-
ditions. Nutrients involved with thyroid function, 
including red blood cell zinc, whole blood selenium, 
and plasma tyrosine, were within normal limits.

Test Result uM 80% and 95% Reference Intervals

11. Saturated and monounsaturated fatty acids

Plasma saturated fatty acids:

Palmitic acid 3,408  HN 1,610–2,946; 1,364–3,525

Monounsaturated fatty acids:

Palmitoleic acid 327 H < 155; 238 

Vaccenic acid 208 H 87–175; 74–209

Oleic acid >2800 H 1,079–2,733; 1,079–2,800

Test Result Reference Interval

12. Thyroid Panel

TSH 2.39 HN 0.28–3.89 mIU/L

T4, Free 0.58 LN 0.58–1.64 ng/dL

T3, Free 2.9 LN 2.5–3.9 pg/mL

Thyroglobulin Ab < 20 < 40 IU/mL

Thyroid Peroxidase Ab < 20 <35 IU/mL
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As suspected, DNA stool analysis demonstrated a sig-
nificant quantity of Candida species in the gastrointes-
tinal tract. Candida species in particular been found in 

significant amounts relative to controls in the saliva, 
skin, and stool of psoriatic patients.30 

Digestion and Absorption

Test Result

13. DNA microbial stool profile

Candida sp. +3 10,000 pg DNA/g specimen    H

Detoxification and Biotransformation

Given MP’s high number of amalgams, there was concern about mercury. 
According to the CDC, up to 75% of an individual’s mercury exposure may be 
released from amalgams.31 Whole blood toxic metals (Test #14) were within 
normal limits, ruling out significant current release from amalgams. A DMPS-
challenged urine toxic element test (Test #15) was also ordered to assess body 
burden, but MP had not completed the test at the time of this publication. 



Section VII
Putting It All Together

760

Summary of Initial Assessments, Laboratory 
Findings, Treatments, and Treatment 
Rationale 

Organized According to the Functional Medicine Matrix

Immune Surveillance and Inflammatory Process

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• Gluten sensitivity
• Intestinal 

hyperpermeability
• Multiple IgG food 

sensitivities
• Hypovitaminosis D 
• Psoriatic arthritis
• Psoriasis
• Psoriatic nails
• Blepharitis
• Aphthous stomatitis
• Family history of 

autoimmunity

• + celiac gene (HLA DQ2)
• + IgG to 27 foods 
• Low serum vitamin D
• Elevated plasma 

arachidonic acid 
• Elevated serum lipid 

peroxides
• Low RBC magnesium

• Anti-inflammatory 
medicinal food; 
2 scoops QD

• EPA/DHA 6:1; 1 cap BID

• Vitamin D3 5000IU;
2 caps QD

Dietary changes:
• 100% gluten and 

dairy free. 
• Avoid yeast and eggs. 
• Eat whole, low glycemic 

index foods, good fats 
and protein. 

• Discontinue alcohol, 
caffeine, sugar.

• Intended to reduce GI 
inflammation and 
intestinal permeability 

• Anti-inflammatory omega-
3 fatty acids used to 
minimize pro-
inflammatory events 
supported by high 
arachidonic acid

• Serum vitamin D goal: 
55–70 ng/mL

• Dietary changes are based 
on clinical history, IgG 
food sensitivities, HLA DQ2 
status, elevated metabolic 
markers, and GI yeast 
overgrowth

*Also supportive: probiotics 
and multivitamin and mineral
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Hormone and Neurotransmitter Regulation

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• Metabolic syndrome
• Suspected fatty liver
• Subclinical hypothyroidism
• Migraine headaches
• Depression
• Family history of heart 

disease, hypertension, 
psychiatric disorders, 
diabetes

• Elevated triglycerides
• Elevated blood glucose
• High insulin
• Elevated total cholesterol
• Low-normal HDL
• Elevated ALT
• High-normal TSH; low-

normal free T3 and free T4

• Methyl donors (B12, folic 
acid, and B6); 1 cap BID

• Amino acids (taurine, 
glycine, N-acetyl-cysteine, 
methionine); 3 caps BID

• High-dose multivitamin 
and mineral without iron; 
4 tabs BID

• Dietary changes as noted 
under Immune Surveillance 
and Inflammatory Process 
(above)

• Methyl donors may be 
effective for both 
methylation and 
sulfuration activity. As 
such, they are beneficial 
for mood, cardiovascular 
and hepatic health 

• These amino acids support 
hepatic function, are 
neuroactive, and may be 
anxiolytic.

• High-dose multivitamin/
mineral is used for general 
micronutrient (cofactor/
coenzyme) support

• A low glycemic index diet 
with good sources of fatty 
acids and proteins is 
imperative for metabolic 
issues

*Also supportive: EPA/DHA; 
vitamin D

Digestion and Absorption

Clinical Assessment 
and Diagnoses

Laboratory Result Recommended Treatment Treatment Rationale

• Gastroesophageal reflux 
disease

• Chronic constipation 
• GI yeast overgrowth
• Family history IBD

• DNA stool analysis: 
+3 Candida sp.

• 450 billion CFU probiotic; 
1 packet BID

• Fluconazole 100 mg; 
1 tab QD x 30 days

• High-dose probiotic 
therapy supports a healthy 
microbiota and is 
beneficial for treatment of 
autoimmunity, intestinal 
hyperpermeability, food 
sensitivities, constipation, 
GI yeast, and parasitic 
infections

• Yeast overgrowth has been 
associated with psoriatic 
arthritis and antibiotic use. 
Clinical experience dictates 
long-term fluconazole with 
dietary changes for best 
outcome
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Detoxification and Biotransformation

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• Mercury toxicity (multiple 
amalgams)

• Negative whole blood 
toxic metals

• Urine toxic metals (MP did 
not complete this test)

• Methyl donors; 1 cap BID

• Amino acids (taurine, 
glycine, N-acetyl-cysteine, 
and methionine); 
3 caps BID

• High-dose multivitamin 
and mineral without iron; 
4 tabs BID

• The blood toxic metals 
assay was negative, ruling 
out current exposure. 
However, there was 
concern about a mercury 
body burden from past 
exposure

• Methyl donors and amino 
acids are helpful in 
supporting hepatic 
detoxification of toxic 
metals

• The multivitamin and 
mineral formula supports 
detoxification/antioxidant 
enzymes by providing 
cofactor and coenzyme 
nutrients
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Psychological and Spiritual Equilibrium

Clinical Assessment and 
Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• High-stress work life
• Depression
• Family history of 

psychiatric illness

• Low serum vitamin D
• Elevated plasma 

arachidonic acid 
• High-normal TSH 
• Low-normal free T3 

and free T4

• Continue daily meditation 
practice

• Vitamin D3 5000IU; 
2 caps QD

• EPA/DHA 6:1; 1 cap BID

• Dietary changes as noted 
under Immune Surveillance 
and Inflammatory Process 
(above)

• Methyl donors (B12, folic 
acid, and B6); 1 cap BID

• Amino acids (taurine, 
glycine, N-acetyl-cysteine, 
methionine); 3 caps BID

• High-dose multivitamin 
and mineral without iron; 
4 tabs BID

• Meditation improves 
general well-being and 
reduces stress, 
inflammation, and 
depression

• Hypovitaminosis D and an 
elevated plasma AA/EPA 
ratio have been associated 
with depression

• Removing antigenic, 
inflammatory foods (and 
alcohol, caffeine, and 
sugar) supports 
psychological equilibrium 

• Methyl donors may be 
effective for both 
methylation and 
sulfuration activity; hence, 
they are beneficial for 
mood, cardiovascular and 
hepatic health 

• These amino acids support 
hepatic function, are 
neuroactive, and may be 
anxiolytic

• High-dose multivitamin/ 
mineral is used for general 
micronutrient (cofactor/
coenzyme) support

*Assessments, laboratory tests and treatments frequently pertain to multiple areas of imbalance and may therefore be listed in more than one 
Matrix category.
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Follow-up Visit at Five Months 

MP arrived pain-free the day of the 5-month follow-
up visit, stating he hadn’t felt so good in years. On aver-
age, he reported an 80% reduction in pain with 
improved mobility. He could climb stairs more quickly 
and was no longer limping. Morning pain and stiffness 
were gone. Previously, his hands were swollen and diffi-
cult to open. Now, the swelling was resolved and move-
ment was normal. MP had not used any nonsteroidal 
anti-inflammatories or adalimumab for 2 months. He 
reduced methotrexate from 15 to 5 mg per week. 

His reflux and migraines were gone. His mood had 
improved and he was less irritable. He was no longer 
constipated. He reported having a single, well-formed 
bowel movement daily. He was still under a great deal 
of stress, working 80 hours a week, but meditation con-
tinued to be helpful. He reported he was still getting 
occasional canker sores.

He quit caffeine and reduced alcohol intake consid-
erably. He started on hypoallergenic prepared meals, 
which were perfect for his busy lifestyle, enabling him 
to follow the dietary suggestions. He was taking his sup-
plements regularly. He was losing weight, his clothes fit 
much better, and he was satisfied with his dietary 
changes. Overall, he was very pleased with his progress.

The RD/Nutritionist’s Comments

Because of his busy lifestyle, the prepared, low glyce-
mic index, hypoallergenic (gluten-, dairy-, and yeast-
free), whole-foods meals were a nice match for MP. 
Indeed, he experienced the greatest symptom relief 
when he began eating these meals as his primary food 
source. The dietary changes addressed his metabolic 
syndrome and provided a good balance of macro- and 
micronutrients, including vitamins, minerals, protein, 
and unsaturated fatty acids. 

When he reintroduced gluten-containing foods 
some months later, there was a strong recurrence of 
arthritic pain and fatigue. It appeared to MP that gluten 
was a major trigger for his arthritis, which is interesting 
because the laboratory findings showed eggs and yeast 
to be the most antigenic foods. MP was counseled on 
dining out gluten-free since he ate out regularly. 

MP was encouraged to eat whole foods high in the 
nutrients that he was deficient in, so as to minimize 
long-term dependence on multiple supplements. For 

example, nuts, legumes, gluten-free whole grains such 
as buckwheat, and dark leafy greens are high in magne-
sium; salmon and sardines are good sources of vitamin 
D (in addition to sunlight). He was given resources to 
gradually expand his nutritional portfolio with whole-
foods recipes and simple-to-prepare menus. MP was also 
educated to minimize exposure to factors that contrib-
ute to intestinal hyperpermeability, including alcohol 
and NSAIDs. 

Significant physical exam findings on follow-up:

Blood pressure 118/73 LAS (5 months ago: 138/87) 
Pulse 58 BPM
Weight 200 pounds (5 months ago: 204)

Case Summary

In this particular patient (MP), gluten sensitivity and 
yeast overgrowth were the proximal etiologies, with 
multiple downstream effects including increased intes-
tinal permeability, nutrient malabsorption and defi-
ciency, constipation, GERD, canker sores, blepharitis, 
psoriasis, and metabolic syndrome (triggered by inflam-
matory factors). Psoriatic arthritis and psoriasis are 
often caused by gluten and/or other food sensitivities, 
yeast overgrowth, or mercury toxicity. These may all 
serve as triggers for a chronic inflammatory disease and 
they all need to be addressed in the assessment and 
treatment. Treating upstream causes and addressing 
downstream effects is necessary for all chronic illness, 
especially autoimmune diseases. 

Removing gluten, other sensitive foods, and harmful 
microbes, while replacing missing nutrients and provid-
ing compounds to facilitate gut healing, were the core 
components of this patient’s therapy. His unique needs 
were identified and treated in a personalized approach 
that models the diagnostic and therapeutic framework 
for treatment of nearly all chronic diseases using the 
matrix of functional medicine.
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Figure 37.5 Completed matrix form for MP

Immune Surveillance
& Inflammatory Process

Digestion,
& Absorption

Oxidative/Reductive
Homeodynamics

Detoxification &
Biotransformation

Hormone &
Neurotransmitter

Regulation

Psychological &
Spiritual Equilibrium

The Patient’s Story Retold
Antecedents
(Predisposing)

Triggering Events
(Activation)

Nutrition Status Exercise Sleep Beliefs & Self-Care Relationships

Date: ___________     Name: _________________________     Age  _____     Sex _____  Diagnoses: ______________________________________
©2010 The Institute for Functional Medicine

Psoriatic arthritis
Psoriasis

Psoriatic nails
Blepharitis

Aphthous stomatitis

Gastroesophageal reflux disease
Chronic constipation

Yeast overgrowth
Migraines

Family history IBD

Mercury toxicity (multiple amalgams)

Family history of heart disease, hypertension,
psychiatric disorders, diabetes

Depression

High-stress work life
Depression

Family history of psychiatric illness

Easts out + 5x week. 
Avoids fatty foods.
Eats wheat, dairy, cookies; 
alcohol, caffeine daily.

Not enough time, 
but would like to start.

Ambien for insomnia Meditates daily Supportive spouse;
2 children at home,
1 with special needs

PMH: psoriatic nails
FMH: inflammatory arthropathies, 
          IBD, depression
Aphthous stomatitis
Celiac gene

Multiple mercury amalgams
Past mold exposure
Use of antibiotics
Nutritional deficiencies
Chronic stress

gluten, eggs, dairy = pain

Functional Medicine Matrix Model™
Patient: MP    Age: 56    Sex: Male

Chief Complaint: Psoriatic Arthritis
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Case at a Glance: Psoriatic Arthritis

History of Present Illness

MP was 56 when he presented to the clinic with psoriatic arthritis. Over the previous year, his symptoms had progressively worsened, with increased 
pain, decreased range of motion, and swelling in his feet, ankles, hands, and knees. He walked with a limp and had difficulty climbing stairs. His left 
shoulder was also frequently painful. He was taking etodolac (Lodine® ), methotrexate, and adalimumab (Humira® ), which did not adequately control 
his symptoms. He maintained a highly demanding career as a university professor and researcher. He drank alcohol and caffeinated beverages 
regularly. He meditated 15 minutes each morning. He had a positive family history for rheumatoid arthritis, sero-negative inflammatory arthritis, 
schizophrenia, and inflammatory bowel disease. 

Abbreviated Assessments, Laboratory Findings, and Treatments
Organized According to the Functional Medicine Matrix

(Refer to full case presentation for details, including treatment rationale.)

Clinical Assessment Laboratory Results Recommended Treatment

Immune Surveillance and Inflammatory Process

Gluten sensitivity
Intestinal hyperpermeability
Multiple IgG food sensitivities
Hypovitaminosis D
Psoriatic arthritis, nails, skin
Blepharitis, aphthous stomatitis
FMH: autoimmunity

+ celiac gene (HLA DQ2)
+ IgG to 27 foods
Low vitamin D & magnesium
Elevated arachidonic acid & lipid peroxides

Anti-inflammatory medicinal food
EPA/DHA
Vitamin D3
Dietary changes: Gluten and dairy free. 
Avoid yeast and eggs. Eat whole, low glycemic 
foods, good fats & protein. D/C alcohol, 
caffeine, sugar.

Hormone and Neurotransmitter Regulation

Metabolic syndrome
Suspected fatty liver
Subclinical hypothyroidism
Migraine headaches
FMH: HD, DM, HTN, psychiatric disorders

Elevated triglycerides, FBS, insulin, cholesterol
Low-normal HDL
Elevated ALT
High normal TSH

Methyl donors (B12, folic acid, and B6)
Amino acids (taurine, glycine, N-acetyl-cysteine, 
methionine)
High-dose multivitamin and mineral without iron
Dietary changes as noted above 

Digestion and Absorption

GERD
Chronic constipation
GI yeast overgrowth
Family history IBD

DNA stool analysis:
+3 Candida sp.

450 billion CFU probiotic
Fluconazole 100 mg; 1 tab QD  x  30 days

Detoxification and Biotransformation

Mercury toxicity (multiple amalgams) Negative whole blood toxic metals
Urine toxic metals challenge test not completed

Methyl donors (B12, folic acid, and B6)
Amino acids as noted above
High-dose multivitamin and mineral without iron

Psychological and Spiritual Equilibrium

High-stress work life
Depression
Family history of psychiatric illness

Low serum vitamin D
Elevated arachidonic acid
High-normal TSH
Low-normal free T3 and free T4

Continue daily meditation practice
Vitamin D3 5000IU
EPA/DHA
Dietary changes as noted above
Methyl donors (B12, folic acid, and B6)
Amino acids as noted above
High-dose multivitamin and mineral without iron

5-Month Follow-up:

MP was markedly improved, stating that he hadn’t felt so good in years. He reported an 80% reduction in overall pain, with improved mobility and 
decreased swelling. He was able to walk upstairs and his limp was gone. Morning pain and stiffness were gone. He had not used adalimumab (Humira) 
for two months and reduced methotrexate from 15 to 5 mg per week.  He was following the dietary recommendations and taking the supplements. 
He eliminated caffeine and reduced alcohol intake considerably. 

Reflux and migraines were gone. His mood improved, and he was less irritable. He lost weight. He was no longer constipated. He was still under a 
great deal of stress, working 80 hours a week, but meditation continued to be helpful. 
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Full Case: Attention Deficit Hyperactivity 
Disorder (ADHD)*
Kara N. Fitzgerald, ND, and Mark Hyman, MD

*This case was assembled and edited by The Institute for Functional 
Medicine with the gracious support of Metametrix Clinical Laboratory 
and The UltraWellness Center.

Findings and Assessment at Initial Visit

History of Present Illness

LC, 12 years old, presented with attention deficit 
hyperactivity disorder (ADHD), dysgraphia, environ-
mental allergies, asthma, insomnia, eczema, canker 
sores, migraine headaches, muscle cramps, stomach 
pain, nausea and diarrhea. He was first diagnosed with 
ADHD at age 5. He repeated kindergarten because of 
attention and behavioral difficulties. He began meth-
ylphenidate (Ritalin® ) in first grade and continued to 
take it through fourth grade, although it did not change 
his behavior significantly. The drug was discontinued in 
fourth grade due to growth retardation. Off the medica-
tion, he gained weight but also increased his intake of 
junk food and deli meats. 

LC had never received a positive teacher’s report. Off 
the methylphenidate, he continued to be disruptive 
and unfocused. He excelled in math but had severe dys-
graphia (Figure 37.5). (Dysgraphia is defined as illegible 
handwriting and spelling errors and is associated with 
ADHD.1) LC’s environmental allergy symptoms were 
sinus congestion, postnasal drip, sore throats, and 
hives, for which he took cetirizine (Zyrtec® ). His 
mother had removed his bedroom carpet and installed 
hardwood floors, but there was minimal improvement 
in his symptoms after these changes. His mother noted 
that dairy worsened his sinus congestion and postnasal 
drip. LC usually developed full-blown sinusitis about 
twice a year, for which he was prescribed antibiotics. 

As a toddler, LC had developed asthma, hyperkera-
tosis pilaris, and eczema. For the asthma, LC was main-
tained on albuterol, levalbuterol (Xopenex® ) and 
flunisolide (AeroBid® ). The asthma caused difficulty 
with breathing at night, and therefore he did not sleep 
well. LC also suffered with cold-induced asthma attacks. 
His skin and anus were frequently itchy, and he got fre-
quent canker sores in his mouth. 

LC suffered from migraine headaches with hyper-
sensitivity to light and sound, and had muscle cramps 
and spasms. For these complaints, he was given ace-
taminophen and ibuprofen. His stomach pain was 
treated with cimetidine. He also complained of nausea 
and had frequent bouts of diarrhea.

Comment: In most realms of psychiatry all the 
physical problems covered in LC’s HPI are considered 
irrelevant in guiding diagnosis and therapy of brain dis-
orders or ADHD. In looking at his case from a func-
tional perspective, however, they are the most relevant 
findings in his history and provide clear treatment 
direction.

Past Medical History 

Birth and Infancy

LC was a healthy seven lb, 10 oz baby, but the vagi-
nal delivery was difficult. He was treated for hyper-
bilirubinemia. LC was breastfed for 10 months, and 
then he was given soy formula due to a “sensitive stom-
ach.” Gluten-containing grains were introduced before 
one year of age. He was prone to diaper rash, had sensi-
tive skin, and received frequent antibiotics for otitis 
media as a toddler.

Comment: When introduced into the diet prior to 
the age of one, gluten-containing grains are associated 
with a statistically significant increase in the incidence 
of celiac disease in susceptible patients.2 Further, the use 
of soy formula in infants with a first degree relative 
with allergies may be associated with increased inci-
dence of allergies, food intolerances and eczema.3 Early 
antibiotic use is also associated with increased incidence 
of atopic conditions, including asthma.4-7

Immunizations 

LC received a full vaccine schedule, including 
annual influenza shots.

Trauma 

LC sustained a concussion at 5 years old, but the 
CAT scan was normal.

Family Medical History

LC’s mother had migraine headaches, sinusitis, and 
food allergies. His sister had environmental allergies. 
LC’s father was in good health.
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Medications

Cetirizine (Zyrtec) 
Albuterol 
Levalbuterol Inhaler (Xopenex) 
Flunisolide (Nasarel) 
Cimetidine (Tagamet® )
Acetaminophen 
Ibuprofen

Comment: This is an overwhelming pharmaco-
poeia for a 12-year-old boy, and his physical, mental, 
and behavioral symptoms still were not under control. 
Even the methylphenidate did not significantly help his 
school performance or behavior or “cure” his ADHD, 
although it did cause growth retardation, and was 
therefore discontinued. Side effects of his other medica-
tions may also have been involved in the pathogenesis 
of his complaints. For example, cimetidine has been 
associated with nutritional deficiencies and gastrointes-
tinal bacterial overgrowth from gastric acid inhibition.8 
Glutathione depletion results from acetaminophen 
use9; and intestinal permeability increases with use of 

nonsteroidal anti-inflammatory medications such as 
ibuprofen.10 Flunisolide has also been shown to inhibit 
growth in children.11 

Nutrition and Environmental Exposures

Usual Dietary Intake
Breakfast: eggs and bacon, cereals with soy milk, occa-
sional fruit
Lunch: deli meat sandwiches, cookies, peanut butter and 
crackers, carrots, and lemonade 
Dinner: pizza, pork or chicken, broccoli, green beans, 
and rice/pasta/potatoes. 

LC had strong sugar and pasta cravings. He ate 
candy, cookies, or ice cream on a daily basis, although 
he felt better when he avoided dairy.

Environmental Exposures
LC’s house had an unaddressed mold infestation. 

The type of mold was unknown. LC had no known drug 
allergies, but had numerous environmental allergies, 
including tree pollen and mold. 



Section VII
Putting It All Together

770

Initial Assessment and Laboratory 
Recommendations 

Organized According to the Functional Medicine Matrix

Initial Clinical Assessment Laboratory Tests Ordered

Lifestyle Factors: Nutrient Imbalances

Nutrient-poor diet
Muscle spasms
Audio sensitivity
Hyperkeratosis pilaris 
Anxiety
ADHD

1. RBC essential minerals
2. Serum vitamins A, E, & beta carotene
3. Serum fatty acids 
4. Organic acid B vitamin markers

Immune Surveillance and Inflammatory Process

ADHD
Asthma 
Allergies 
Headaches 
Hives 
Sinusitis
Atopic dermatitis
Aphthous stomatitis
PMH: diaper rash, otitis media
FMH: food and environmental allergies, migraine headaches, 
sinusitis

5. Vitamin D
6. IgG food sensitivities
7. Celiac panel 

Digestion and Absorption

GERD
IBS
Pruritus ani > GI yeast infection
Nausea
Frequent antibiotic use
ADHD

8. Complete blood count and metabolic panel (assesses 
yeast or 
parasite infection)

9. Organic acids microbial markers
 
*IgG food sensitivities, celiac panel

Detoxification and Biotransformation

ADHD
Food additives

10. 6-hour urine toxic metal challenge test with 250 mg 
DMPS (2,3-dimercapto-1-propane-sulphonic acid) 
provocation

Hormone and Neurotransmitter Regulation

ADHD 
Dysgraphia
Insomnia
Anxiety 

11. Plasma amino acids 
12. Urine neurotransmitter metabolites

*Laboratory tests frequently pertain to multiple areas of imbalance, and therefore may be listed in more than one Matrix category.
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Significant Laboratory Findings 

Organized According to the Functional Medicine Matrix 

LC was very low in zinc and magnesium; low-nor-
mal levels were reported for the rest of the minerals. 
These findings were not surprising given LC’s poor diet, 
GI inflammation, and cimetidine use. Zinc deficiency is 
implicated in asthma, atopic dermatitis, allergies, and 
ADHD.12-14 Magnesium deficiency is also implicated in 

headaches, insomnia, muscle cramps, and spasms.15 
Copper and manganese are important cofactors in the 
antioxidant enzyme superoxide dismutase. Chromium 
as chromodulin may improve cellular glucose uptake by 
potentiating insulin receptor activity.16 

Fat-soluble vitamins were found to be low (vitamins 
E and A) or undetectable (beta carotene) in LC’s serum, 
including vitamin D (discussed below). While some-

times such a pattern can indicate fat malabsorption, in 
LC’s case this was most likely due to poor dietary habits.

Lifestyle Factors: Nutritional Imbalances

Test Results 95% Reference Interval

1. Red Blood Cell Minerals 

Zinc  2.5 L 3.3–7.7 ppm

Magnesium 15 L 18–40 ppm

Copper 260 LN 257–500 ppb

Manganese 22 LN 19–41 ppb

Chromium  1.7 LN 1.4–7.9 ppb

Test Results mg/L 95% Reference Interval

2. Serum Vitamins

Vitamin E 7.2 LN 7.1–31.0 

Vitamin A 0.55 LN 0.41–1.5 

Beta-carotene <0.2 L 0.22–2.7
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Plasma free fatty acids (primarily palmitic acid) 
roughly approximate plasma triglyceride levels.17 The 
numerous high-normal saturated fatty acids indicated 
that, at 12 years old, LC probably had higher triglycer-
ides as well, most likely caused by insulin-stimulated 
upregulation of liver fatty acid synthesis. Given LC’s 
high-sugar diet, early onset dysinsulinemia was not sur-
prising. As discussed above, mild chromium deficiency 
could be another underlying factor contributing to dys-
insulinemia.

The elevated trans fatty acids (TFAs) were further evi-
dence of LC’s poor food choices. TFAs are strongly 
implicated in metabolic syndrome and cardiovascular 
disease.18 

Of the polyunsaturated omega fatty acids, the 
inflammatory eicosanoid precursor arachidonic acid 
(AA) was very elevated. It was found in much greater 
quantity than the anti-inflammatory omega-3 fatty acid 
eicosapentaenoic acid (EPA), creating a relative defi-
ciency of EPA. AA is implicated in the pathogenesis of 
allergies and asthma,19,20 while EPA insufficiency and a 
low EPA/AA ratio are implicated in ADHD.21,22

Comment: Had LC continued with his presenting 
diet and lifestyle, the plasma fatty acid analysis reveals 
the likelihood for continued inflammatory conditions 
as an adult, including possibly heart disease, diabetes, 
and cancer. Addressing these findings early not only 
treated his initial complaints, but significantly reduced 
his risk for a future of ill health. 

Test Results uM 80% and 95% Reference Intervals

3. Serum Fatty Acids

Plasma saturated fatty acids:

Palmitic 3,425 HN 1,610–2,946; 1,364–3,525

Stearic 951 HN 546–851; 501–1,007

Arachidic 23.0 H 11.3–19.9; 9.7–22.8

Behenic 84 H 31–57; 27–66

Lignoceric 53 H 24–45; 20–52

Plasma trans fatty acids:

Palmitelaidic 14.5 HN 10.8; 18.6

Total C:18 Trans 199 HN 107; 210

Plasma omega-3 fatty acids:

Alpha linolenic acid (ALA) 60 >37; 22–144

Eicosapentaenoic acid (EPA) 100 >44; 19–362

Docosahexaenoic acid (DHA) 60 >46; 31–112

Omega-6 fatty acids:

Arachidonic acid (AA) 785 H 330–630; 260–750
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When elevated, the organic acids above demonstrate 
a functional B6 insufficiency.23 A number of LC’s symp-

toms may have been attributable to insufficient B6, 
including ADHD, mood disturbances, and insomnia.24

Hypovitaminosis D likely played a role in LC’s 
imbalanced immune response, contributing to both his 
chronic infections and hypersensitivities. Low vitamin 
D has been implicated in asthma, general development 
problems, and mood disorders.25 Optimal serum vita-

min D is now thought to be between 40-70 ng/mL; indi-
viduals with serious diseases should maintain levels 
between 55–70 ng/mL.26 

ELISA testing for IgG response to 90 different foods 
demonstrated a strong positive reaction to dairy and 
peanuts, and mild positive reactions (+1 or +2) to six 
other foods, suggesting intestinal hyperpermeability 

and GI inflammation.27-29 These sensitivities may be 
associated with the pathogenesis of atopic dermatitis, 
asthma, and ADHD.30-32 

Test Results ug/mg creatinine 80% and 95% Reference Intervals 

4. Urinary Organic Acids

Kynurenate 3.0 HN 2.9; 4.7 

Xanthurenate 0.9 HN 0.90; 1.50 

Immune Surveillance and Inflammatory Process

Test Result Reference Intervals

5. Serum Vitamin D 25 OH 24 ng/m L < 20 ng/mL: Insufficiency
20–40 ng/mL: Hypovitaminosis
40–100 ng/mL: Sufficiency
> 100 ng/mL: Toxicity

Test

6. IgG (total) Reactive Foods*

Bean, Kidney (+1) Cheese (+1)

Milk, Cow’s (+4) Mustard (+1)

Peanut (+4) R. Seed (Canola) (+1)

Walnut (+1) Yeast, Brewer’s (+2)

* Results range from 0 = no reaction to +5 = severe reaction.
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LC’s IgG antigliadin antibodies were trending high 
at 17 units. Clinical experience warranted minimizing 
gluten intake.

DMPS (2,3-dimercapto-1-propanesulfonic acid) 
provocation challenge demonstrated an elevated urine 
lead level in LC. While whole blood is considered the 
gold standard for identifying lead toxicity, urinary lead 
concentration has also been shown to increase with 
toxicity.33 Chelating agents have been shown to acceler-
ate the urinary excretion of lead and therefore may be 
useful for revealing lead exposure. Lead exposure may 
produce cognitive deficits at levels commonly encoun-
tered in blood, and therefore numerous recommenda-

tions have been made to reduce safe threshold levels.34 
Lead toxicity and environmental toxins such as house-
hold mold have been linked to cognitive and behavioral 
problems in children, including ADHD.35-38 Sources of 
lead include toys, paint, contaminated soil, lead plumb-
ing, and glazed pottery.34 Since essential mineral defi-
ciencies may allow for increased uptake of toxic 
metals,39 repletion prior to and during treatment of tox-
icity is important.

Test Result 95 % Reference Interval 

7. IgG antigliadin 17 HN 0–19 units

Digestion and Absorption

Test #8: Complete Blood Count 
and Metabolic Panel

LC’s serum chemistries and com-
plete blood count were within nor-
mal limits, although his lymphocyte 
count was higher than his neutrophil 
count. Clinical experience suggested 
that this finding, when combined 
with his history of antibiotic use and 
complaint of anal itching, probably 
indicated a fungal or viral infection.

Test #9: Organic Acid Microbial 
Markers

Surprisingly, LC’s organic acid micro-
bial markers were within normal lim-
its, ruling against significant GI 
dysbiosis, although he did demon-
strate intestinal hyperpermeability 
with multiple food sensitivities, as 
discussed above in “Immune Surveil-
lance and Inflammatory Process.”

Detoxification and Biotransformation

Test Result ug/g creatinine 95% Reference Interval

10. Urine Toxic Metals (6-hour 
challenge test)

Lead 17 H 5



775

Chapter 37
Case Presentations

The urinary neurotransmitter metabolites for 
dopamine and serotonin, homovanillate (HVA) and 
5-hydroxyindoleacetate (5-HIAA), were low normal in 
LC, suggesting lower total body neurotransmitter turn-
over. Corroborative evidence for the risk of serotonin 
insufficiency was found with low plasma tryptophan, 
the amino acid precursor to serotonin. Furthermore, 2 
important nutrients involved in dopamine and seroto-

nin synthesis, B6 and magnesium, were both reported 
insufficient in LC (discussed above in “Lifestyle Factors: 
Nutritional Imbalances”). Genetic and metabolic 
research has linked imbalances of CNS dopamine and 
serotonin to ADHD with regard to uptake, synthesis, 
and breakdown, although there has not been a consis-
tent pattern noted.40 Serotonin imbalance has also been 
implicated in insomnia41 and IBS.42

Hormonal and Neurotransmitter Regulation

Test Result 80% and 95% Reference Intervals

11. Plasma Amino Acids

Tryptophan 36 LN >40; 26–62

Test Result ug/mg creatinine 80% and 95% Reference Intervals 

12. Urine Neurotransmitter 
Metabolites 

Homovanillate 3.0 LN 3.2–16.7; 1.0–23.0

5-Hydroxyindoleacetate 2.6 LN 2.7–14.0 1.2–39.0
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Summary of Initial Assessments, Laboratory 
Findings, Treatments, and Treatment 
Rationale

Organized According to the Functional Medicine Matrix

Lifestyle Factors: Nutrient Imbalances

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• Nutrient deficiencies 
• Fatty acid imbalance
• Anxiety
• Muscle spasms 
• Audio sensitivity
• Hyperkeratosis pilaris

• Low RBC essential minerals
• Low serum vitamins A, E, 

and beta carotene
• Elevated plasma AA:EPA 

ratio
• Low B6 (organic acid 

functional markers) 
• Elevated plasma saturated 

and trans fatty acids

• Zinc citrate 20 mg; 
1 tab QD

• Magnesium glycinate 
120 mg; 2 caps QHS

• Multivitamin/mineral 
(MVM); 2 tabs QD

• EPA/DHA 6:1; 1 cap BID

• Pyridoxal 5’ phosphate 
(activated B6) 50 mg; 
1 cap QD

• Dietary changes as noted 
in “Immune Surveillance 
and Inflammatory Process” 
below

• MVM for general nutrient 
needs with extra zinc for 
immune dysfunction, 
diarrhea and allergies, and 
magnesium for muscle 
cramps, insomnia, anxiety, 
and auto sensitivity.

• Anti-inflammatory omega-
3 fatty acid used to 
minimize pro-
inflammatory arachidonic 
acid cascade as seen 
clinically with asthma, 
allergies, dermatitis 
hyperkeratosis pilaris 

• B6: evidence supports its 
use in ADHD, serotonin 
metabolism, and 
methylation/sulfuration
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Immune Surveillance and Inflammatory Process

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• Hypovitaminosis D
• Multiple food sensitivities
• Intestinal 

hyperpermeability
• ADHD
• Asthma 
• Allergies 
• Headache 
• Hives 
• Sinusitis
• Atopic dermatitis
• Aphthous stomatitis
• PMH: diaper rash, 

otitis media
• FMH: food and 

environmental allergies, 
migraine headaches, 
sinusitis

• Low serum vitamin D
• Multiple + IgG food 

sensitivities 
• Elevated IgG antigliadin 

antibodies

• Vitamin D3 1000 U; 
1 cap QD

• Diet: Modified elimination 
diet based on test results. 
No dairy, peanuts, gluten, 
sugar, or trans fatty acids. 
Reduce saturated fat 
intake. Whole foods, 
minimally processed; 
organic diet. Organic dark 
chocolate is fine. (See also 
Nutritionist Comments 
below.)

• Serum vitamin D goal: 
40–70 ng/mL

• Dietary changes based on 
clinical history, IgG food 
sensitivities, antigliadin 
antibodies, intestinal 
hyperpermeability, fatty 
acid deficiency, and 
suspected fungal 
overgrowth

*Also supportive: zinc, magne-
sium, probiotics

Digestion and Absorption

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• Yeast overgrowth
• GERD
• IBS
• Pruritus ani
• Intestinal 

hyperpermeability
• Nausea

• Elevated lymphocyte: 
neutrophil ratio

*  +IgG food sensitivities, 
IgG antigliadin antibodies

• Fluconazole 100 mg; 
1 tab QD x 30 days

• Broad spectrum probiotics; 
2 caps Q AM 

• Clinical and laboratory 
evidence for Candida 
overgrowth. Clinical 
experience suggests long-
term fluconazole with 
dietary changes for best 
outcome

• Probiotic therapy to 
support microbiota. 
Beneficial for treatment of 
intestinal 
hyperpermeability and 
immune hypersensitivity, 
food sensitivities, and IBS
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Detoxification and Biotransformation

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• Mild lead toxicity 
• ADHD
• Food additives

• Elevated 6-hour urine lead 
after 250 mg DMPS 
(2,3-dimercapto-1-
propane-sulphonic acid) 
provocation

• After 2 months on 
treatment protocol: Start 
DMSA (dimercaptosuccinic 
acid) 100 mg, one twice a 
day, every other week for 3 
days (such as MTW), then 
11 days off. Do this for 6 
months and then repeat 
the DMPS challenge test 

• Dietary changes as noted 
in “Immune Surveillance 
and Inflammatory Process” 
above

• Oral chelation with DMSA 
is one of the main 
treatments for lead 
toxicity. Pulse dosing 
DMSA and concurrent 
detoxification and essential 
minerals supplementation 
will minimize adverse 
reactions. It is important to 
ensure normal kidney 
function and bowel 
movements and treat 
nutrient deficiencies first, 
particularly essential 
minerals, amino acid 
deficiencies, and impaired 
methylation

Hormone and Neurotransmitter Regulation

Clinical Assessment 
and Diagnoses

Laboratory Results Recommended Treatment Treatment Rationale

• ADHD 
• Dysgraphia
• Insomnia

• Low-normal plasma 
tryptophan

• Low-normal urine HVA, 
5HIAA

• 5HTP 50–100 mg QHS as 
needed for sleep

• 5HTP is a serotonin 
precursor. It will provide 
substrate for serotonin 
production while 
preserving tryptophan. 
CNS serotonin is 
methylated to produce 
melatonin. Increased 
serotonin may therefore 
help with insomnia

*Assessments, laboratory tests, and treatments frequently pertain to multiple areas of imbalance and may therefore be listed in more than one 
Matrix category.
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Follow-up Visit at Two Months

After starting his treatment, which included remov-
ing yeast and antigenic foods and adding the needed 
micronutrients and probiotics, LC’s mother stated that 
he was much less disruptive in the classroom. He was 
sleeping though the night. His headaches and runny 
nose improved. He hadn’t required cetirizine or 
flunisolide for some time. His asthma symptoms 
improved and were no longer triggered by cold. Light, 
sound, and smell sensitivities were reduced consider-
ably. LC tolerated supplements and diet changes well, 
because he felt so much better when he followed the 
plan. No changes were made to LC’s treatment plan at 
his 2-month visit.

Follow-up Visit at Six Months

LC’s mother reported that he was free from his 
chronic symptoms for the first time in his life. His dys-
graphia improved considerably (see Figures 37.6 and 
37.7 for the pre- and post-treatment writing samples). 
He no longer required his medications, including anti-
histamines (cetirizine and cimetidine), bronchodilators, 
steroid inhaler, acetaminophen, and ibuprofen. His 
mood and behavior had stabilized, and his ability to 
focus improved greatly. His hyperactivity symptoms, 
including disruptiveness, irritability, and anxiety, were 
gone. His hives, asthma, runny nose and postnasal drip, 
anal itching, stomachaches, nausea, diarrhea, head-
aches, muscle cramps, and sensitivity to loud noises 
were all completely resolved. He slept soundly at night. 
He was doing well in school, academically and socially. 

Just after his 6-month follow-up, LC’s mother wrote 
the following: 

We had a meeting at LC’s school this 
morning, where the teachers, school counselor, 
parents, and principal all get together to review 
“the plan” for kids with special educational 
needs (in LC’s case prompted by the ADHD 
diagnosis). This was the first time in his entire 
schooling history that everything seems to be 
going well. The input from his teachers was 
that he is “a different kid” than they saw in the 
first half of the year and that they’re amazed by 
the difference. The school nurse hasn’t seen 
him [in months] (and he used to be in her 
office several times a week). The school psy-

chologist said his social skills are very good, age 
appropriate, and that she sees no problems at 
all. She also noted that LC seems very proud of 
himself and his new health and that he’s taking 
good ownership of all the changes in his diet. 
He even seems to be shrugging it off when the 
other kids at school tell him he’s an “alien” 
because he doesn’t drink soda. 

This was just such a fantastic meeting and 
I wanted to pass along the good news and say 
Thank You! 

Laboratory Tests

Follow-up testing revealed normalization of the 
lymphocyte:neutrophil ratio and improvement in his 
nutritional status, including normalized levels of vita-
min E and beta carotene, RBC minerals, and tryp-
tophan. His saturated fatty acids and trans fatty acids 
were all within their normal ranges, reducing the con-
cern for dysinsulinemia and confirming LC’s commit-
ment to following dietary changes. He still required 
vitamins D and A. The dietary changes and supplement 
interventions reversed not only his presenting com-
plaints, but radically improved the prognosis for his 
future health.

The RD/Nutritionist’s Comments

LC made remarkable changes, and he was very moti-
vated to do so because he received the immediate feed-
back of improved health. Most notable, of course, was 
the resolution of the ADHD symptoms. LC’s changes 
did not come overnight. Indeed, his was a “top-down” 
change, with his mother making the first moves toward 
wellness in her life, and experiencing the fruits of good 
health herself, and then bringing along her family. 
Wellness of this nature is an ecological shift, like a peb-
ble tossed in a pond that ripples slowly to those around 
us.

I had been working with LC’s mom for a long time 
before we saw LC. With his mom (as with most people) 
we started slowly. We did an initial clean-up of the 
worst (most problematic/toxic) foods in the house, and 
then removed one problem food per week from her 
diet. (Sometimes we would negotiate one food change a 
month. It’s important to move at the patient’s pace and 
ability to integrate change.) 



Section VII
Putting It All Together

780

Generally, when a child needs to make major dietary 
changes, it does require the family’s buy-in. A signifi-
cant move away from being unconscious about what we 
eat toward paying very close attention to where food 
comes from, what it’s made of, the toxin and nutrient 
content, and the macronutrient composition requires a 
powerful and intentional return to our roots, how we 
evolved to eat. We must also pay attention to how we 
feel after we eat, and notice the impact of food on our 
health and well-being. We need to have everyone on 
board in the family, even if only a little, when thinking 
about food from this perspective. The home front is the 
nutritional frontier!

To succeed with such changes, the basics need to be 
addressed:

• Where to shop/what to buy
• How to avoid antigenic foods
• How to replace the foods being eliminated from the 

diet with healthy alternatives
• How to read and understand food labels
• Identifying hidden food additives and antigens 

• “Natural” versus “organic”
• Healthful, affordable foods
• Easy, quick recipe ideas
• Eating healthy on the go
• Eating well at restaurants
• Knowing the nutrient content of foods
• Relying on foods, rather than supplements, for 

long-term nutrient needs
• Understanding the appropriate balance and quan-

tity of food
• Stress-free eating: rest and digest
• Resources for healthy eating: cookbooks, internet 

sites

The team approach to treatment in the case of LC 
was vital to his success. In addition to his medical doc-
tor, he worked with me, a support RN, and of course his 
mother, father, and siblings. I am not sure we would 
have seen such a significant turnaround, as demon-
strated by his writing specimens, without this approach 
to care.
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Figure 37.6 LC’s Pre-treatment writing sample
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Figure 37.7 LC’s Post-treatment writing sample
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Figure 37.8 Completed matrix form for LC

Lifestyle Factors:
Nutrient Imbalances

Digestion,
& Absorption

Oxidative/Reductive
Homeodynamics

Detoxification &
Biotransformation

Hormone &
Neurotransmitter

Regulation

The Patient’s Story Retold
Antecedents
(Predisposing)

Triggering Events
(Activation)

Immune Surveillance
& Inflammatory Process

Nutrient-poor diet
Muscle spasms
Audio sensitivity

Hyperkeratosis pilaris
Anxiety
ADHD

ADHD, asthma, headache
Allergies, hives, sinusitis

Atopic dermatitis
Aphthous stomatitis

PMH: Diaper rash, otitis media
FMH: Allergies, sinusitis, headaches

ADHD 
Dysgraphia 
Insomnia 
Anxiety

ADHD
Food additives

GERD 
IBS 

Pruritus ani 
Nausea 

Headache 
ADHA 

Frequent antibiotic use

Nutrition Status Exercise Sleep Beliefs & Self-Care Relationships

Date: ___________     Name: _________________________     Age  _____     Sex _____  Diagnoses: ______________________________________
©2010 The Institute for Functional Medicine

SAD, sugar and pasta cravings. 
Candy, cookies, and ice cream
daily. Congestion with dairy.
Likes veggies.

Minimal Insomnia worsened by
nightime asthma.

Wants to get better. Supportive family
and school.

Family history of migraines,
    sinusitis, food and 
    environmental allergies
Atopy
Early introduction of 
    potentially antigenic foods

Infectious and/or toxic exposures
Early introduction (and chronic use)
    of antibotics
Poor diet
IBS
NSAID use

Exposure to environmental allergies and/or toxins
Ingestion of antigenic foods

Functional Medicine Matrix Model™
Patient: LC    Age: 12    Sex: Male

Chief Complaint: ADHD
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Chapter 37
Case Presentations

Case at a Glance: ADHD

History of Present Illness

LC presented at age 12 with attention deficit hyperactivity disorder (ADHD), dysgraphia, environmental allergies, asthma, insomnia, eczema, canker 
sores, migraine headaches, muscle cramps, stomach pain, nausea, and diarrhea. LC was first diagnosed with ADHD at age 5. He repeated kindergarten 
because of attention and behavioral difficulties. He began methylphenidate (Ritalin® ) in 1st grade and continued to take it through 4th grade, 
although his behavior did not change significantly. The drug was discontinued in 4th grade due to growth retardation. Off the medication, he gained 
weight and increased his intake of junk food and deli meats. He continued to have trouble focusing in school and was still disruptive. He had never 
received a positive teacher report. He had severe dysgraphia, but excelled in math. His medications included: cetirizine (Zyrtec® ), albuterol, leval-
buterol inhaler (Xopenex® ), flunisolide (Nasarel or AeroBid® ), cimetidine (Tagamet® ), acetaminophen, and ibuprofen. He liked pasta, sweets, and ice 
cream despite the fact that he felt better avoiding dairy.

Abbreviated Assessments, Laboratory Findings and Treatments
Organized According to the Functional Medicine Matrix

(Refer to full case presentation for details, including treatment rationale.)

Clinical Assessment Laboratory Results Recommended Treatment

Lifestyle Factors: Nutrient Imbalances

Nutrient deficiencies 
Fatty acid imbalance
Anxiety
Muscle spasms 
Audio sensitivity
Hyperkeratosis pilaris

Low essential minerals
Low vitamins A, E, beta carotene
Elevated AA:EPA ratio
Low B6 (organic acid markers) 
Elevated saturated and trans fatty acids

Zinc citrate 
Magnesium glycinate 
Multivitamin/mineral 
EPA/DHA  
Pyridoxal 5’ phosphate 
Dietary changes as noted below

Immune Surveillance and Inflammatory Process

Hypovitaminosis D
Food sensitivities 
Intestinal hyperpermeability
ADHD
Asthma, allergies, headache, hives, sinusitis
Atopic dermatitis
Aphthous stomatitis

Low serum vitamin D
Multiple + IgG food sensitivities 
Elevated IgG antigliadin antibodies

Vitamin D3 
Dietary changes: Modified elimination diet 
based on test results. No dairy, peanuts, gluten, 
sugar, or trans fatty acids. Reduce saturated fat 
intake. Whole foods, minimally processed, 
organic diet. (Nutritionist comments available in 
full case presentation.)

Digestion and Absorption

Yeast overgrowth
GERD, IBS, pruritus ani
Nausea

Elevated lymphocyte:neutrophil ratio
+IgG food sensitivities, IgG antigliadin 
antibodies 

Fluconazole 
Broad spectrum probiotics 

Detoxification and Biotransformation

Mild lead toxicity 
ADHD
Food additives

Elevated 6- hour urine lead after 250 mg DMPS 
(2,3-dimercapto-1-propane-sulphonic acid) 
provocation

After 2 months on treatment protocol: Start 
DMSA (refer to full case presentation for details)
Dietary changes as noted above

Hormone and Neurotransmitter Regulation

ADHD, dysgraphia
Insomnia

Low-normal plasma tryptophan
Low-normal urine HVA, 5HIAA

5HTP 50–100 mg QHS as needed for sleep

6-Month Follow-up:
LC’s mother reported that he was free from his chronic symptoms for the first time in his life. His dysgraphia improved dramatically (compare Figures 
37.6 and 37.7 in full case presentation). He no longer required his medications, including antihistamines (cetirizine and cimetidine), bronchodilators, 
steroid inhaler, acetaminophen, and ibuprofen. His mood and behavior stabilized, and his ability to focus improved greatly. His hyperactivity symp-
toms, including disruptiveness, irritability, and anxiety, were gone. His hives, asthma, runny nose and postnasal drip, anal itching, stomachaches, nau-
sea, diarrhea, headaches, muscle cramps, and sensitivity to loud noises were all completely resolved. He slept soundly at night. He was doing well in 
school, academically and socially (see mother’s comments in full case presentation). LC tolerated supplements and dietary changes well, because he 
felt so much better when he followed the plan.
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30 Top-Selling Drugs and 10 Top-Selling Herbal Supplements 
in the United States (2003)

Bold: Common adverse drug reaction
*Different dosage than #3.

Drugs
x 1 million 

scripts
Herbs

Lipitor
Synthroid
Hydrocodone/Acetaminophen
Norvasc
Zoloft
Toprol XL 
Hydrocodone/Acetaminophen*
Zocor
Prevacid
Amoxicillin 
Albuterol 
Azithromycin
Premarin
Zyrtec
Atenolol 
Levoxyl
Celebrex
Ambien
Fosamax
Allegra
Nexium
Furosemide 
Vioxx
Singulair
Ortho TriCyclen 28
Neurontin
Cephalexin
Effexor
Hydrochlorothiazide
Protonix

68.95
49.78
44.07
36.43
32.71
29.73
29.65
29.35
28.27
27.57

St. John's Wort; Hypericum perforatum
Echinacea
Ginkgo biloba
Saw palmetto
Feverfew
Garlic
Ginger
Ginseng
Ephedra
Valerian
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the American Society of Hypertension as a specialist in 
clinical hypertension (SCH); and the American Board of 
Anti-Aging Medicine (ABAAM). He completed a Master 
of Science degree in clinical human nutrition from the 
University of Bridgeport, Connecticut. He is Editor-in-
Chief for the Journal of the American Nutraceutical Associ-
ation (JANA), has published more than 120 articles and 
scientific abstracts, and completed over 70 clinical 
research studies. He co-authored the Handbook of Anti-
hypertensive Therapy (Hanley and Belfus Inc., 2000), Vas-
cular Biology in Clinical Practice (Hanley and Belfus Inc., 
2002), and What Your Doctor May Not Tell You about 
Hypertension (Warner Books, 2003).

Mark A. Hyman, MD, is Editor-in-Chief of Alterna-
tive Therapies in Health and Medicine. For nearly 10 years 
he was Co-Medical Director at Canyon Ranch in the 
Berkshires, an internationally acclaimed health resort, 
which is an affiliated practice with Harvard University’s 
Brigham and Women’s Hospital. He graduated with a BA 
from Cornell University in 1982 and Magna Cum Laude 
from the University of Ottawa School of Medicine in 
1987 and from the University of San Francisco’s program 
in family medicine at Community Hospital of Santa 
Rosa. He is board certified in family medicine. He 
recently testified at the White House Commission on 
Complementary and Alternative Medicine Policy on 
health promotion and wellness, and met with and 
advised the Surgeon General on a new diabetes preven-
tion initiative. He is on the editorial board of Integrative 
Medicine: A Clinician’s Journal. Dr. Hyman combines the 
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best of conventional and alternative medicine with a 
blend of science, integrity, intuition and compassion. He 
is co-author of Ultraprevention, the 6-Week Plan that Will 
Make You Healthy for Life (Scribner, 2003), and The Detox 
Box, a Program for Greater Health and Vitality (Sounds 
True, 2004). He serves on the Board of Directors for The 
Institute for Functional Medicine.

Mary James, ND, is a 1985 graduate of the National 
College of Naturopathic Medicine in Portland, Oregon. 
Dr. James was in private practice for several years in 
Portland, represented a nutraceutical company in the 
northeast, and has worked in medical education at 
Great Smokies Diagnostic Laboratory in Asheville, NC 
for more than 10 years. She has lectured widely within 
the U.S. and abroad, provided ongoing technical sup-
port to physicians, developed products, and authored 
an extensive array of therapeutic guides and technical 
articles, particularly in the areas of endocrinology and 
genomics. Dr. James is a member of the American Asso-
ciation of Naturopathic Physicians and serves on the 
Editorial Review Board of the Alternative Medicine Review.

David Jones, MD, is President of The Institute for 
Functional Medicine. He has practiced as a family phy-
sician with emphasis in functional and integrative med-
icine for over 25 years. He is a recognized expert in the 
areas of nutrition, lifestyle changes for optimal health, 
and managed care, as well as the daily professional 
functions consistent with the modern specialty of Fam-
ily Practice. Dr. Jones is the recipient of the 1997 Linus 
Pauling Award in Functional Medicine. He is also the 
Past President of PrimeCare, the Independent Physician 
Association of Southern Oregon (IPASO) representing 
the majority of physicians in the Southern Oregon area. 
He is author of Healthy Changes: Taking Charge of Your 
Health (HealthComm, 1996).

Joseph J. Lamb, MD, is board certified in both inter-
nal medicine and holistic medicine. He is president of 
the Integrative Medicine Works in Alexandria, Virginia, 
and is an Assistant Clinical Professor of Medicine at 
George Washington University School of Medicine. Dr. 
Lamb works in partnership with his patients to create 
optimal health and well-being by using functional med-
ical approaches including lifestyle modification, herbal 
and nutritional therapies, and cognitive therapy. He 
completed his graduate education at the Medical Col-
lege of Virginia in Richmond and his residency at Pres-
byterian University of Pennsylvania Medical Center in 
Philadelphia. Dr. Lamb, a native Alexandrian, is active 

in his community. He is the Past President of the St. 
Stephen’s & St. Agnes Alumni Association and the 
school physician at Episcopal High School in Alexan-
dria. He is also the president of the Commonwealth 
Consultants Foundation, a local charity chartered to 
provide unique educational and social experiences for 
economically deserving children and young adults.

Robert H. Lerman, MD, PhD, is Medical Director of 
MetaProteomics, Inc., a subsidiary of Metagenics, Inc., 
with major emphasis on clinical research at the Func-
tional Medicine Research Center. Previously, he was 
Senior Medical Advisor and Director of Medical Educa-
tion for IFM, Director of Clinical Nutrition at Boston 
Medical Center, and Clinical Associate Professor of 
Medicine at Boston University School of Medicine. 
Dr. Lerman is board certified in internal medicine and 
completed fellowships in nephrology and clinical 
nutrition. He received his MD degree from Jefferson 
Medical College and a PhD in nutritional biochemistry 
from M.I.T. He completed a rotating internship at Let-
terman Army Medical Center in San Francisco and an 
internal medicine residency at Tripler Army Medical 
Center in Honolulu, and attained the rank of major in 
the U.S. Army Medical Corps. He was Chief of Medi-
cine at U.S. Army Hospitals in Berlin, Germany and 
Vicenza, Italy and Acting Chief of Nephrology at 
Soroka Medical Center in Beer Sheba, Israel. He has 
authored and co-authored numerous papers and book 
chapters in addition to lecturing widely.

Edward Leyton, MD, CCFP, received his BSc (Hons.) 
in Biochemistry from the University of Western Ontario 
in 1970, and subsequently his MD degree in 1975. Since 
then he has trained in acupuncture with the Canadian 
Acupuncture Foundation (1979); gestalt therapy with the 
Gestalt Institute of Toronto (1976); and has followed the 
concepts of functional nutritional medicine as taught by 
Dr. Jeffrey Bland since 1982. More recently, Dr. Leyton 
has attained a master practitioner level in Neuro-Linguis-
tic Programming (NLP) and is a certified hypnotherapist. 
He was an adjunct faculty member with The Institute of 
Functional Medicine, where he taught in the Applying 
Functional Medicine in Clinical Practice course. He is an 
adjunct academic staff member in the Department of 
Family Medicine, Queens University, Kingston, Ontario, 
an award recipient, and published author.

Peter Libby, MD, is the Chief of Cardiovascular 
Medicine at Brigham and Women’s Hospital, Boston, 
MA, and Mallinckrodt Professor of Medicine at Harvard 
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Medical School. He directs the D.W. Reynolds Cardio-
vascular Clinical Research Center at Harvard. Dr. Libby’s 
research currently focuses on the role of inflammation 
in vascular diseases such as atherosclerosis. His clinical 
expertise includes general and preventive cardiology, 
and he has published extensively in medical journals. 
An editor of Braunwald’s Heart Disease, he also contrib-
uted two chapters on atherosclerosis to Harrison’s Prin-
ciples of Internal Medicine. He has held numerous visiting 
professorships and has delivered over 40 named or key-
note lectures. Dr. Libby is a member of the Association 
of American Physicians and the American Society for 
Clinical Investigation. An active member of the Ameri-
can Heart Association, he has served on its Executive 
Committees of the Councils on Arteriosclerosis, Circula-
tion, and Basic Science. He consults frequently to the 
National Heart, Lung and Blood Institute, and also 
served a five-year term on the Board of Scientific Coun-
cilors. Dr. Libby earned his medical degree at University 
of California-San Diego, and completed his training in 
internal medicine and cardiology at the Peter Bent 
Brigham Hospital.

DeAnn Liska, PhD, is Director of Technical Infor-
mation and Scientific Publications at Metagenics’ Func-
tional Medicine Research Center. She received her PhD 
in Biochemistry from the University of Wisconsin-Mad-
ison in 1987, where she performed her graduate thesis 
studies on several aspects of vitamin K biochemistry. 
She also did postgraduate studies in the Department of 
Biochemistry at the University of Washington as Senior 
Fellow and, subsequently, Research Assistant Professor, 
on the subject of nutrient and growth factor effects on 
gene expression. Dr. Liska has authored numerous 
papers in peer-reviewed journals, contributed to text-
books on nutrition, is on the Biotechnology and Bio-
medical Device Advisory Board for the Washington 
Technology Center. She holds four U.S. patents. Dr. 
Liska has been an invited speaker at national and scien-
tific meetings, Chair of the Nutrition Division and a 
member of the Scientific Advisory Panel for the Ameri-
can Association of Cereal Chemists (AACC). She is a 
member of the National Science Teachers Association 
and the American Medical Writers Association and 
serves on IFM’s CME Advisory Committee.

Jay Lombard, MD, is an Assistant Clinical Professor 
of Neurology at Cornell Medical School and Director of 
the Brain Behavior Center in Pomona, NY. He special-
izes in Behavioral Neurology including Alzheimer’s and 

other dementias, autism, Asperger’s syndrome and 
ADHD. His research involves brain imaging and neu-
ropsychopharmacology. Dr. Lombard has published sev-
eral books including The Brain Wellness Plan 
(Kensington Press, 2000) and Balance Your Brain (Wiley, 
2004), as well as numerous articles on topics related to 
brain health. Recently, Dr. Lombard was the medical 
consultant in the film, Manchurian Candidate, starring 
Denzel Washington and Meryl Streep.

Dan Lukaczer, ND, received his undergraduate 
degree from Duke University in 1980 and his doctorate 
in naturopathic medicine from Bastyr University in 
1991. From 1991 to 1995, he developed and maintained 
a private practice. In 1996, he became Director of Clini-
cal Research for the Functional Medicine Research Cen-
ter, a division of Metagenics, Inc., and served in that 
capacity until 2005. He is currently working as a senior 
research scientist for SaluGenecists Inc., a company that 
is developing evidence-based expert logic health diagnos-
tic systems using advanced computer-based technology. 
Dr. Lukaczer has taught, lectured and written extensively 
on botanical and nutritional medicine. He is a core fac-
ulty member of The Institute for Functional Medicine 
and serves on IFM’s CME Advisory Committee.

Michael D. Lumpkin, PhD, is a tenured Professor 
and Chairman of the Department of Physiology and 
Biophysics at Georgetown University School of Medi-
cine. He earned his doctoral degree in physiology in 
1981 from the University of Texas Southwestern Medi-
cal School in Dallas. He completed NIH-sponsored post-
doctoral fellowship training in neuroendocrinology at 
Southwestern Medical Center in 1983. Dr. Lumpkin’s 
current research involves studying the stress-related 
mechanisms by which HIV/AIDS disrupts the neuroen-
docrine systems that regulate growth, immunity, and 
reproduction. From this work, he and his research 
group have produced a patent for treating AIDS-related 
wasting syndromes in adults and children. He is also a 
central participant in a large NIH-funded initiative to 
bring integrative medicine research and education to 
medical and graduate students at Georgetown. Dr. 
Lumpkin lectures extensively on the subjects of stress 
physiology and psychoneuroimmunology. He is an 
officer in two international scientific societies and 
serves on several boards of medical foundations. He lec-
tures, instructs and facilitates groups in all aspects of 
neuroendocrinology, psychoneuroimmunology and 
mind-body medicine. He is a representative to the 
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Consortium of Academic Health Centers for Integrative 
Medicine. Dr. Lumpkin is the author of 180 scientific 
articles, book chapters, and abstracts.

Michael Lyon, BSc, MD, is Medical and Research 
Director for the Canadian Center for Functional Medi-
cine located in Coquitlam, BC. He heads up a team of 
clinicians and researchers dedicated to biotechnology 
and natural health product research. He is involved in 
collaborative clinical research with the University of 
Toronto and the Imperial College of Medicine in 
London, England in the field of obesity, diabetes, and 
appetite regulation; and with the University of British 
Columbia in the area of childhood learning and behav-
ioral disorders. Dr. Lyon served as an Olympics team 
physician (1988-1992) and was also head of a National 
Sport Science Committee for Sport Canada. He has a 
long-standing interest in toxicology and he has lectured 
frequently on the subject. He is the author of Healing the 
Hyperactive Brain through the New Science of Functional 
Medicine (Focused Publishing, 2000), and co-author of Is 
Your Child’s Brain Starving? (Mind Publishing, 2002), and 
How to Prevent and Treat Diabetes with Natural Medicine 
(Riverhead Books, 2003).

Woody R. McGinnis, MD, was educated at Dart-
mouth College and the University of Colorado. After 
volunteer medical work in rural Peru, he practiced gen-
eral medicine in Arizona for many years. In 1993, Dr. 
McGinnis began studying nutritional influences on 
behavior. Nutritional treatment of autism and other 
behavioral disorders became the primary focus of his 
practice. In 2001, Dr. McGinnis committed to full-time 
research in behavioral nutrition. He initiated and coor-
dinates the Oxidative Stress in Autism Study, a first-of-
its-kind university collaboration measuring a broad 
range of oxidative markers in the urine, blood, and cen-
tral nervous system of children with autism. The uri-
nary Mauve Factor is an area of special interest for 
McGinnis, who proposes that Mauve is a biomarker for 
oxidative stress. He resides in Ashland, Oregon, with his 
wife, Julia, and two sons. To balance his work, he reads, 
plays frisbee, does yoga, picks blueberries and generally 
strives to exemplify a healthful, low-oxidizing lifestyle.

Carolyn McMakin, MA, DC, is the clinical director 
of Integrated Pain Solutions and the Fibromyalgia and 
Myofascial Pain Clinic in Portland, Oregon. In addition 
to maintaining an active clinical practice, she teaches 
seminars on the use of Frequency Specific Microcurrent. 
She has lectured at the National Institutes of Health and 

at numerous conferences in the U.S., England, Canada 
and Australia on the subjects of fibromyalgia, and fibro-
myalgia associated with cervical trauma; and on the dif-
ferential diagnosis and treatment of pain and pain 
syndromes, and sports injuries.

David Musnick, MD, is board certified in internal 
medicine and sports medicine with 16 years of experi-
ence. He practices in Bellevue, Washington at the Com-
prehensive Medical Center, an integrative medical 
center. His practice focuses on orthopedic and sports 
medicine, pain management, and functional internal 
medicine. An expert in exercise prescription, Dr. Mus-
nick is the author of Conditioning for Outdoor Fitness: 
Functional Exercise and Nutrition for Every Body (The 
Mountaineers Books, 2004). He teaches seminars on 
Exercise Prescription, Orthopedic Medicine and Pain 
Management. Dr. Musnick is on the faculty at the Uni-
versity of Washington, Dept. of Sports Medicine and 
Orthopedics, and was the instructor of Orthopedic 
Medicine and Sports Medicine for five years at Bastyr 
University. He serves on the CME Advisory Committee 
for The Institute for Functional Medicine.

Joseph E. Pizzorno Jr., ND, is a leading authority on 
science-based natural medicine. A physician, educator, 
researcher, and expert spokesperson, Dr. Pizzorno was 
the Founding President (now Emeritus) of Bastyr Uni-
versity. He is also President of SaluGenecists, Inc. In 
1996, he was appointed to the Seattle/King County 
Board of Health and the founding board of directors of 
the American Herbal Pharmacopoeia. In 2002, he 
became the founding editor of Integrative Medicine: A 
Clinician’s Journal. Dr. Pizzorno was appointed by Presi-
dent Clinton in December 2000 to the White House 
Commission on Complementary and Alternative Medi-
cine Policy and, in November 2002, was appointed by 
President Bush’s administration to the Medicare Cover-
age Advisory Committee. In 2002, he was awarded 
“Naturopathic Physician of the Year” by the American 
Association of Naturopathic Physicians; in 2003, the 
American Holistic Medical Association recognized him 
as a “Pioneer in Holistic Medicine”; and in 2004, The 
Institute for Functional Medicine honored him with the 
Linus Pauling Award. Dr. Pizzorno is the author of Total 
Wellness and co-author of A Textbook of Natural Medi-
cine, Handbook of Natural Medicine, Encyclopedia of Natu-
ral Medicine, Natural Medicine for the Prevention and 
Treatment of Cancer, and The Encyclopedia of Healing 
Foods (Atria Books, 2005).
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Lara Pizzorno, MA Div, MA Lit, LMT, was among 
the first 10 women to graduate from Yale Divinity School 
with a Masters in Divinity in 1973. She earned her sec-
ond Masters in Literature from the University of Wash-
ington and is also a Licensed Massage Therapist. A 
member of the American Medical Writers Association 
with more than 25 years of experience writing and edit-
ing articles, books, and website content for physicians 
and the public, Lara is employed as Senior Medical Editor 
for SaluGenecists, Inc., in Seattle. Her favorite responsi-
bility is reviewing and summarizing the nutrition-related 
research each month to update The World’s Healthiest 
Foods, a non-profit website created by SaluGenecists for 
the George Mateljan Foundation. Lara has attended all 
but one of the IFM symposia and is an AFMCP graduate. 
She is a contributing author to the Textbook of Natural 
Medicine (Churchill Livingstone, 3rd ed. 2005), lead 
author of Natural Medicine Instructions for Patients 
(Churchill Livingstone, 2002), and a co-author of The 
Encyclopedia of Healing Foods (Atria Books, 2005).

James O. Prochaska, PhD, is Director of the Cancer 
Prevention Research Center and Professor of Clinical and 
Health Psychology at the University of Rhode Island. He 
is the author of over 250 publications, including three 
books, Changing for Good, Systems of Psychotherapy and 
The Transtheoretical Approach. He is internationally recog-
nized for this work as a developer of the stage model of 
behavior change. He is the principal investigator for over 
$70 million in research grants for the prevention of can-
cer and other chronic diseases. Dr. Prochaska has won 
numerous awards including the Top Five Most Cited 
Authors in Psychology from the American Psychology 
Society; an Innovator’s Award from the Robert Wood 
Johnson Foundation and he is the first psychologist to 
win a Medal of Honor for Clinical Research from the 
American Cancer Society.

Janice M. Prochaska, MSW, PhD, is President and 
CEO of Pro-Change Behavior Systems, Inc. and an 
adjunct professor in the Department of Human Devel-
opment and Family Studies at the University of Rhode 
Island. Her business is dedicated to the scientific devel-
opment and dissemination of Transtheoretical Model-
based change management programs. Through Small 
Business Innovation research grants from the National 
Institutes of Health, her company’s LifeStyle manage-
ment programs for depression management, regular 
exercise, stress management, and weight management 
are being disseminated through health insurance com-

panies and employers. In addition, through an alliance 
with the Channing Bete Company, Pro-Change is devel-
oping effectiveness tested programs for elementary, mid-
dle, and high schools that include obesity prevention, 
bullying prevention, and substance abuse prevention.

Sheila Quinn, BS, has worked in health-related non-
profit organizations for more than 30 years, and in the 
healthcare arena itself for more than 45 years. Following 
twelve years as Co-founder and Vice President at Bastyr 
University and seven years as Executive Director of the 
American Association of Naturopathic Physicians, she 
became Senior Editor at IFM in late 2000. She has co-
authored and edited many reports and publications, and 
was Managing Editor for IFM’s Clinical Nutrition: A Func-
tional Approach, 2nd edition (2004). She helped to orga-
nize the Seattle Town Hall Meeting for the White House 
Commission on CAM Policy in October 2000. She 
served on the Steering Committee for the 2001 National 
Policy Dialogue to Advance Integrated Health Care: Finding 
Common Ground (and co-edited the final report). She is 
currently Board Chair and member of both the Execu-
tive Committee and the Education Task Force for the 
Integrated Healthcare Policy Consortium. Through her 
decades of work both inside and outside the healthcare 
mainstream, she has become knowledgeable about 
health-related public policy issues and is committed to 
helping create a safe and effective integrated healthcare 
system. She attended Reed College, Stanford University, 
and received a BS in accounting from City University.

Robert Rountree, MD, received his medical degree 
from the University of North Carolina School of Medi-
cine at Chapel Hill in 1980. He subsequently completed 
a residency in family and community medicine at the 
Milton S. Hershey Medical Center in Hershey, PA, after 
which he was certified by the American Board of Family 
Practice. He is a diplomate of the American Board of 
Holistic Medicine and has augmented his training with 
postgraduate studies in nutritional and herbal pharma-
cology and certification as a master practitioner of 
Neuro-Linguistic Programming. Dr. Rountree has pro-
vided his unique combination of traditional family med-
icine, nutrition, herbology, and mind-body therapy in 
Boulder, CO since 1983. He is co-author of three books 
on Integrative Medicine, Immunotics: A Revolutionary Way 
to Fight Infection, Beat Chronic Illness and Stay Well (Put-
nam, 2000), Smart Medicine for a Healthier Child (Avery 
Publishing, 1994) and A Parent’s Guide to Medical Emer-
gencies (Avery, 1997). Dr. Rountree is an adjunct faculty 
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member at The Institute for Functional Medicine, and 
serves on the advisory board for the Herb Research Foun-
dation and on the editorial boards of The Journal of Alter-
native and Complementary Medicine, Alternative and 
Complementary Therapies, and Delicious! Living Magazine. 

Barb Schiltz, RN, MS, CN, has been a registered 
nurse for 40 years with an undergraduate degree in 
Foods and Nutrition and a Master’s Degree in Nutrition 
from Bastyr University. Since 1996, she has been work-
ing as a nutrition consultant and research nurse at The 
Functional Medicine Research Center (FMRC) in Gig 
Harbor, WA, monitoring patients undergoing clinical 
trials for irritable bowel disease, fibromyalgia, diabetes, 
ADHD, and PMS. Her passion was expressed in her Mas-
ter’s Thesis, The Unique Role of Carbohydrate Metabolism 
in Regulation of Glycemic Index.

Virginia Shapiro, DC, DACBN, has practiced func-
tional medicine as a chiropractor since 1985. She earned 
her bachelor’s degree in biology at Carleton College in 
1977, and her doctor of chiropractic degree at North-
western University of Health Sciences in Minneapolis in 
1985. In 1996 she completed her board certification in 
clinical nutrition by the American Chiropractic Board of 
Clinical Nutrition. A student of clinical nutrition and 
natural health care approaches, she has continued 
intensive postgraduate studies with a number of the 
most prominent holistic practitioners in the U.S. and 
the U.K. She has lectured to clinicians regarding clinical 
nutrition, essential fatty acid biology, nutrition in car-
diovascular health, nutrition in mood and behavioral 
disorders, and applying functional medicine to women’s 
hormonal health. Her successful functional medicine 
practice, Northland Health and Wellness in Duluth, 
Minnesota, provides comprehensive medical, nutri-
tional, and chiropractic services in a joyful, compassion-
ate, and healing environment.

Michael Stone, MD, MS, is a board certified family 
physician who practices in Ashland, Oregon with Leslie 
Stone, MD, and David Jones, MD. He has experience in 
rural and frontier family medicine, emergency medi-
cine, and as a hospitalist. His undergraduate and gradu-
ate degrees are in human nutrition. He graduated from 
the University of Washington, and did his residency 
training in family practice at UCLA-Ventura, where he 
was chief resident, and also completed a teaching fel-
lowship in family medicine. Dr. Stone has been an 
adjunct faculty at UCLA and University of Washington 
for primary care students in the Doctoring and RUOP 

programs. His career has offered him medical experi-
ences and practice in Thailand, Alaska, eastern Sierras, 
Idaho, and Oregon. His interests and lectures have cov-
ered a wide range of topics, including bezoars to neona-
tal hypocalcemia, health issues with depleted uranium, 
exposure to Vitamin D and chronic disease.

Nancy Sudak, MD, completed her medical educa-
tion at Case Western Reserve University in 1989, and 
received her residency training in family practice in 
Duluth, Minnesota in 1992. Board certified in both fam-
ily practice and holistic medicine, she is currently in 
private practice in an integrated chiropractic-medical 
clinic in Duluth. She is a clinical instructor for the Uni-
versity of Minnesota School of Medicine, an active 
board member of the American Board of Holistic Medi-
cine, and an editorial board member for Integrative Med-
icine: A Clinician’s Journal. She attended the inaugural 
Applying Functional Medicine in Clinical Practice 
course by The Institute for Functional Medicine in 
1998, which facilitated a comprehensive revitalization 
of her practice. She is an enthusiastic community 
speaker on various health-related topics.

Thomas Sult, MD, practices family and functional 
medicine in St. Cloud, MN. He utilizes a full range of 
diagnostic and therapeutic interventions ranging from 
ultra-fast CT and genomic testing, to lifestyle counsel-
ing and meditation. Dr. Sult is an Assistant Clinical Pro-
fessor of Medicine at the Department of Family and 
Community Medicine, University of MN, and an 
instructor for the Rural Health School of Medicine, a 
cooperative educational outreach program of the Uni-
versity of MN. He is also the Medical Director of A 
Chance to Grow, a multidisciplinary rehabilitation 
clinic for brain-injured children, in Minneapolis. Dr. 
Sult is board certified in family medicine and holistic 
medicine. He is a Fellow of the American Academy of 
Family Medicine and a graduate of Applying Functional 
Medicine in Clinical Practice. While spending two years 
at St. Georges School of Medicine in Grenada, West 
Indies, he was introduced to the herbal and shamanistic 
customs of the Grenadian “bush doctor.” Upon transfer 
to UCLA School of Medicine, Dr. Sult was introduced to 
Dr. Norman Cousins and the Division of Psycho-
neuroimmunology. Dr. Cousins became a close mentor 
to Dr. Sult and helped him form an understanding of 
the healing techniques he had witnessed in Grenada.

John M. Tatum, MD, is Founder and Medical Direc-
tor of Optimal Health & Learning Center in Winter Park, 
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Florida. Dr. Tatum completed his medical degree at the 
Medical College of Georgia and his specialty training in 
psychiatry at the Shepard and Enoch Pratt Hospital in 
Baltimore, MD. He specializes in functional medicine, 
wellness, psychiatry, psychotherapy, microcurrent ther-
apy, ADHD, learning disabilities, relationship therapy, 
and personal growth. He uses quantitative electroen-
cephalograms, neurofeedback, and Tomatis Listening 
Therapy. He was the first to introduce and write about 
the synergy of combining Tomatis sound stimulation 
with simultaneous learning disability remediation. 
Although the field of psychotherapy focuses mostly on 
cognitive behavioral therapy, Dr. Tatum believes it is 
what is programmed into the deeper unconscious that 
causes most people their repetitive psychological prob-
lems, and this can be accessed through the body’s subtle 
energy system. He has developed techniques for inte-
grating bioenergetics into psychotherapy and has writ-
ten and lectured on this at a national level. By using this 
multimodality approach and allying with the body’s 
powerful forces for healing and growth, people can 
achieve levels of healing and growth not possible with a 
medication-only model.

Alex Vasquez, DC, ND, completed his undergradu-
ate work in human biology by studying disorders of iron 
metabolism, and later published some of his findings in 
Nutritional Perspectives and Arthritis & Rheumatism. He 
graduated from Western States Chiropractic College with 
his Doctor of Chiropractic degree before attending Bastyr 
University, where he received his Doctor of Naturopathic 
Medicine degree. While maintaining a private practice in 
Seattle, Dr. Vasquez served as Adjunct Professor of Ortho-
pedics, Rheumatology, and Radiographic Interpretation 
at Bastyr University, and he began work on his 486-page 
textbook, Integrative Orthopedics: The Art of Creating Well-
ness While Effectively Managing Musculoskeletal Disorders 
(Natural Health Consulting Corp., 2004). Dr. Vasquez has 
lectured nationally and internationally to professional 
audiences, and his articles and letters have been pub-
lished by Journal of the American Medical Association, Brit-
ish Medical Journal, The Lancet, Alternative Therapies in 
Health and Medicine, and many other peer-reviewed med-
ical journals. 

David Wickes, DC, is Executive Vice President and 
Provost at the Western States Chiropractic College in 
Portland, Oregon. He graduated in 1977 from the 
National College of Chiropractic (NCC) and completed 
a two-year residency in chiropractic family practice. He 

chaired the Department of Diagnosis at NCC from 
1980-1991, then he subsequently served as the Director 
of the Inpatient Facility, the Director of the Training 
and Assessment Center, the Dean of Clinics, the Vice 
President for Academic Affairs, and the Senior Vice Pres-
ident and Provost. He is board certified in diagnosis and 
internal disorders, and has been an adjunct faculty 
member of The Institute for Functional Medicine. He 
has lectured nationally and internationally on the diag-
nosis and management of chronic disorders.

Catherine Willner, MD, is a practicing neurologist 
in Durango, Colorado. She received her formal training 
in Neurology at the Mayo Clinic including subspecialty 
training in autonomic, peripheral neurology as well as 
pain management. She remained on staff at the Mayo 
Clinic until 1997, at which time she relocated to Colo-
rado to focus her practice on functional neurology. She 
is board certified in neurology and in pain manage-
ment. Prior to pursuing her MD degree, Dr. Willner was 
enrolled briefly in the National College of Naturopathic 
Medicine when the program was in Kansas. Her interest 
in biochemical individuality, nutritional biochemistry 
and functional medicine, though somewhat on hold 
during the Mayo years, is currently thriving in 
Durango. She is an adjunct faculty member of The Insti-
tute for Functional Medicine, and created a clinical 
module in Functional Neurology for IFM.
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Comprehensive Elimination Diet—Sample Patient Handouts

Introduction

The Comprehensive Elimination Diet is a dietary 
program designed to clear the body of foods and chemi-
cals you may be allergic or sensitive to, and, at the same 
time, improve your body’s ability to handle and dispose 
of these substances.

We have called this an “Elimination Diet” because we 
will be asking you to remove certain foods, and food cat-
egories, from your diet. The main rationale behind the 
diet is that these modifications allow your body’s detoxi-
fication machinery, which may be overburdened or com-
promised, to recover and begin to function efficiently 
again. The dietary changes help the body eliminate or 
“clear” various toxins that may have accumulated due to 
environmental exposure, foods, beverages, drugs, alco-
hol, or cigarette smoking.

In our experience, this process is generally well tol-
erated and extremely beneficial. We obviously hope 
that you will find it useful too. There is really no “typi-
cal” or “normal” response. A person’s initial response 
to any new diet is highly variable, and this diet is no 
exception. This can be attributed to physiological, 
mental, and biochemical differences among individu-
als; the degree of exposure to, and type of “toxin”; and 
other lifestyle factors. Most often, individuals on the 
elimination diet report increased energy, mental alert-
ness, decrease in muscle or joint pain, and a general 
sense of improved well-being. However, some people 
report initial reactions to the diet, especially in the first 
week, as their bodies adjust to a different dietary pro-
gram. Symptoms you may experience in the first week 
or so can include changes in sleep patterns, lighthead-
edness, headaches, joint or muscle stiffness, and 
changes in gastrointestinal function. Such symptoms 
rarely last for more than a few days.

We realize that changing food habits can be a com-
plex, difficult and sometimes confusing process. It 
doesn’t have to be, and we think that we have simpli-
fied the process with information to make it a “do-able” 
process. Peruse this information carefully. 

Bon appétit!

Guidelines

A 7-Day Menu Plan (including recipes) and three 
tables are included with these materials:

• Table 1—Foods to Include and Exclude. Eat only 
the foods listed under “Foods to Include,” and 
avoid those foods shown under “Foods to Exclude.” 
If you have a question about a particular food, 
check to see if it is on the food list. You should, of 
course, avoid any foods (listed or not) to which you 
know you are intolerant or allergic. Some of these 
guidelines may change based upon your personal 
health condition and history.

• Table 2—Shopping List
• Table 3—Food Reintroduction Chart

A few suggestions that may be of help:
• You may use leftovers for the next day’s meal or 

part of a meal, e.g., leftover broiled salmon and 
broccoli from dinner as part of a large salad for 
lunch the next day.

• It may be helpful to cook extra chicken, sweet pota-
toes, rice, and beans, etc. that can be reheated for 
snacking or another meal.

• If you are consuming coffee or other caffeine-
containing beverages on a regular basis, it is always 
wise to slowly reduce your caffeine intake rather 
than abruptly stop it; this will prevent caffeine-
withdrawal headaches. For instance, try drinking 
half decaf/half regular coffee for a few days, then 
slowly reduce the total amount of coffee.

• Select fresh foods whenever you can. If possible, 
choose organically grown fruits and vegetables to 
eliminate pesticide and chemical residue consump-
tion. Wash fruits and vegetables thoroughly.

• Read oil labels; use only those that are obtained by 
a “cold pressed” method.

• If you select animal sources of protein, look for free-
range or organically raised chicken, turkey, or lamb. 
Trim visible fat and prepare by broiling, baking, 
stewing, grilling, or stir-frying. Cold-water fish (e.g., 
salmon, mackerel, and halibut) is another excellent 
source of protein and the omega-3 essential fatty 
acids, which are important nutrients in this diet.
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• Remember to drink at least two quarts of plain, fil-
tered water each day.

• Strenuous or prolonged exercise may be reduced 
during portions of this program (or even during the 
entire program) to allow the body to heal more 
effectively without the additional burden imposed 
by exercise. Adequate rest and stress reduction are 
also important to the success of this program.

Finally, anytime you change your diet significantly, 
you may experience such symptoms as fatigue, head-
ache, or muscle aches for a few days. Your body needs 
time as it is “withdrawing” from the foods you eat on a 
daily basis. Your body may crave some foods it is used to 
consuming. Persevere. Those symptoms generally 
don’t last long, and most people feel much better over 
the next couple of weeks.
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7-Day Menu Plan

This suggested day-by-day menu that can be fol-
lowed for one week while on the Comprehensive Elimi-
nation Diet is intended only as a sample; it can be 
modified according to the patient’s preferences. Serving 
sizes in each recipe are approximate and can be adapted 
to the patient’s appetite. Foods from different days may 
be mixed and matched differently, according to the 
patient’s preferences.

Substitutions are allowed as long restricted foods are 
avoided. For example, many instant or canned soups 
from the health food store are acceptable, but all labels 
must be read to be sure.

DAY 1

Breakfast
Cooked whole grain cereal (oatmeal, cream of brown rice, 

buckwheat, teff, or quinoa flakes) 
• served with rice, oat, or almond milk, cinnamon, and 

allowable sweetener of your choice 
• garnished with chopped walnuts, almonds, hazelnuts, or 

toasted pumpkin seeds
• topped with fresh or frozen unsweetened fruit 

Lunch
Lentil soup or split pea soup or black bean soup 
Sesame rice crackers or rice cakes
Carrot and celery sticks
Fresh figs, plums, or cherries

Dinner
Broiled salmon 
Cooked millet or baked white or sweet potato or quinoa salad
Oven-roasted veggies
Mixed green salad with vinaigrette dressing
Crispy rice squares or fresh apple

DAY 2

Breakfast
Fruit Smoothie:

• blend rice or almond milk with ½   banana and/or pineapple 
slice and one or two ice cubes 

• add flax powder or other fiber if desired
Applesauce bread or banana bread 

Lunch
Asparagus soup (or yesterday’s leftover soup)
Cabbage salad
Rice cakes with walnut butter
Fresh peach or pear

Dinner
Broiled lamb chop 
Nutty green rice or mock mac’n cheese
Cooked veggie mix: 

• steam broccoli, cauliflower, and carrots 
• toss with olive oil and herbs (oregano, thyme, basil, tarragon, 

etc.)
Fruity spinach salad 

DAY 3

Breakfast
Nutri-Ola or crispy brown rice or puffed rice or puffed millet cereal 

• served with rice or almond milk, topped with sliced berries
Leftover applesauce bread or banana bread

Lunch 
Brown rice and black beans mix 

• topped with flax oil 
• garnished with chopped scallions and sliced avocado or 

guacamole
Baking powder biscuits
Tropical fruit salad 

• sliced mango, kiwi, and strawberries 
• topped with shredded unsweetened coconut and chopped 

walnuts or pecans

Dinner 
Broiled or poached halibut
Baked butternut or acorn squash, sprinkled with cinnamon
Chopped zucchini, red peppers, garlic, and onion sautéed in olive 

oil, topped with basil
Mixed green salad with vinaigrette dressing

• choose greens from arugula, endive, radicchio, red leaf, 
romaine, butter head, Boston, cabbage, dandelion, escarole; 
add red cabbage, garbanzo beans, red onion, olives, carrots 

Mochi rice squares and fresh fruit

DAY 4

Breakfast
Sweet potato delight and/or leftover Nutri-Ola square
Cantaloupe half, filled with blueberries and sprinkled with 

cinnamon

Lunch
Leftover brown rice and black beans mix or
Halibut salad:

• Mixed greens of your choice
• chopped vegetables with garbanzo or kidney beans
• leftover halibut cut into chunks
• vinaigrette dressing 

Fresh banana or leftover crispy rice squares
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Dinner
Skinless chicken, oven baked or broiled, sprinkled with garlic 

powder and tarragon
Brown rice or wild rice, or basic kasha, dressed with flax or 

sesame oil
Asparagus, cut into 1-inch pieces and stir-fried in olive oil 

and garlic
Gingerbread

DAY 5

Breakfast
Mochi rice waffles, topped with sautéed apples 
Fruit smoothie: 

• blend rice or almond milk with a peach and/or raspberries 
and one or two ice cubes 

• add flax powder or other fiber if desired

Lunch
Quinoa salad or
Chicken salad:

• mixed greens
• leftover chicken, cut into pieces
• your choice of guacamole or nutty mayo

Beans and greens soup
Rice cakes or rice bread with pear honey or unsweetened 

apple butter

Dinner
Fresh tuna, topped with herbs (tarragon, dill, or parsley), and 

broiled 
Rice pasta with olive oil and mock pesto or baked sweet potato 

topped with flax oil
Steamed vegetables: kale or collard greens tossed with olive oil 

and garlic
Mixed green salad with kidney beans and vinaigrette dressing 
Fresh fruit salad: mango and pineapple chunks, sliced kiwi

DAY 6

Breakfast
Meal in a muffin or breakfast rice pudding 
Rice milk, oat milk, or almond milk; berries, sweetener, and pecans

Lunch
Tuna salad:

• leftover tuna, mashed and mixed with:
• hummus (made with only natural food ingredients)

Leftover beans and greens soup 
Baking powder biscuits
Fresh pear or nectarine

Dinner
Roast turkey breast or broiled turkey burger or spiced lentil 

casserole
Brown rice and peas
Steamed broccoli, carrots, and/or green beans topped with flax oil 

and herbs of choice
Baked apple

DAY 7

Breakfast
Toasted rice bread topped with pear butter or 
Rice pancakes topped with pear butter or sautéed apples
Cantaloupe chunks

Lunch
Turkey salad:

• Mixed greens or mix of cannelini beans, celery, scallions, and 
apple chunks,

• Nutty mayo or hummus 
Cucumber slices marinated in rice vinegar and dill
Rice crackers
Banana

Dinner
Rice pasta primavera or black beans and yellow rice
Pickled beets
Mixed green salad with cherry tomatoes and vinaigrette dressing
Leftover breakfast rice pudding topped with dried apples

Snack Suggestions

Rice cakes or rice crackers spread with: 
• almond or cashew nut butter or
• apple butter or
• pear honey

Sesame rice crackers and hummus 
Fresh fruits (except orange)
Fresh raw veggie wedges 
Nuts and seeds (except peanuts)
Crispy rice squares, gingerbread 
Mochi rice squares, plain, with smashed berries or nut butters
Sparkling mineral water or seltzer with unsweetened fruit juice
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Recipes for 7-Day Menu (in alphabetical order)

Applesauce Bread—Yields 14 slices

1 cup teff flour 
1 cup oat or rice flour
1 tsp. baking soda
½   tsp. cinnamon
¼   tsp. salt
¼   tsp. nutmeg
1 cup unsweetened applesauce
1 tbsp. safflower or sesame oil
½   cup brown rice syrup or fruit juice concentrate
egg replacer to equal 1 egg (recipe under Baking Tips) 
3–4 tbsp. apple butter 
1 tsp. pure vanilla extract

Combine the dry ingredients in a large bowl. Combine the wet 
ingredients in a small bowl and mix into the dry ingredients. Pour 
into oiled 9-inch square pan. Bake at 350 degrees for 30 minutes.

Asparagus Soup—Serves 4
Used with permission from “The Allergy Self Help Cookbook,” by 
Marjorie Hurt Jones, R.N. Rodale Press, Emmaus, Pa.

1 lb. asparagus, trimmed
2 medium leeks or 4 large shallots
1 tbsp. oil
2–3 cloves garlic, minced
2 cups water, vegetable, or chicken stock (or a combination)
1 tsp. dried dill weed
pinch nutmeg

Slice off the tips of the asparagus and reserve them. Cut the 
remaining stalks into 1” pieces. Slice the leeks in half lengthwise 
and wash under cold water to remove any sand. Slice into ¼  “ 
pieces. Sauté the leeks or shallots in the oil over medium heat until 
soft. Add the garlic and sliced asparagus stalks. Cook, stirring, 
another minute or two. Add the water or stock and dill. Simmer 
10–12 minutes. 

Remove from heat, allow to cool 5–10 minutes. Puree half the 
volume at a time. Return to pan, add the reserved asparagus tips 
and simmer 3–5 minutes or until tips are just barely tender. Add 
nutmeg. If soup is too thick, thin with additional water or stock.

Baked Apple—Serves 6

1/3 cup golden raisins
2 tbsp. apple juice
6 cooking apples, cored
1½   cups water
¼   cup frozen unsweetened apple juice concentrate
2 tsp. pure vanilla extract
1 tsp. cinnamon 
1 tsp. arrowroot

Remove peel from top third of each apple and arrange in a small 
baking dish. In a medium saucepan, combine other ingredients 
and bring to a boil, stirring frequently. Reduce heat and simmer 
2–3 minutes, until slightly thickened. Distribute raisins, filling 
centers of each apple. Pour sauce over apples and bake, 
uncovered, at 350 degrees for 1 to 1½   hours. Baste occasionally 
and remove from oven when apples are pierced easily with a fork. 
Spoon juice over apples and serve warm.

Baking Powder Biscuits—Makes one dozen

1½   cups brown rice flour
½   cup tapioca flour
4 tsp. baking powder 
1/8 tsp. salt
3 tbsp. safflower or sesame oil
1 cup applesauce, unsweetened

Preheat oven to 425 degrees. In a medium-large mixing bowl, stir 
together dry ingredients. Sprinkle oil on top and mix well with a 
pastry blender or fork, until consistency is crumbly. Mix in 
applesauce and stir until blended. Spoon heaping tablespoonfuls 
onto ungreased cookie sheet. With spoon, lightly shape into 
biscuit. Bake 15–18 minutes until slightly browned. Serve warm 
for best flavor, but may be lightly reheated in a microwave. 

Banana Bread—Yields 14 slices

¼   cup walnuts, ground finely in blender
1¾   cups brown rice flour
½   cup arrowroot
2 tsp. baking soda
¼   tsp. salt
½   cup chopped walnuts
1½   cups ripe mashed banana
¼   cup safflower or sesame oil
6 tbsp. apple juice concentrate
egg replacer to equal 2 eggs (recipe under Baking Tips) 
1 tsp vanilla extract

Preheat oven to 350 degrees. Mix finely ground walnuts with flour, 
arrowroot, baking soda and salt in a large bowl. Stir in the chopped 
walnuts. In a separate bowl, mix together the banana, oil, apple 
juice, egg replacer, lemon and vanilla. Add to the flour mixture and 
stir until just moistened. Do not overmix. Pour into a greased 
9” x 5” loaf pan and bake for 55–60 minutes or until cake tester 
inserted in middle comes out clean. Cool in pan for 10 minutes, 
then remove from pan and cool on wire rack. 
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Basic Kasha—Serves 4–5

1 cup buckwheat groats
2 cups water, chicken or vegetable broth (or a combination)

Roast the dry buckwheat groats over medium heat in a dry skillet, 
stirring until the grains begin to smell toasty, about 2 minutes. 
Add the water or broth, cover and simmer for 20–30 minutes, 
until kasha is tender but not mushy. Pour off any excess liquid. 
Optional: add onion, garlic and herbs to the dish.

Beans and Greens Soup—Serves 4–5 

2 cups cooked white beans
2 tbsp. olive oil
2 medium cloves garlic, crushed
1 large onion, chopped
1 bay leaf
1 stalk celery, diced
2 medium carrots, diced
1 tsp. salt
fresh black pepper
6 cups water, vegetable or chicken broth (or a combination)
½   lb. fresh chopped escarole, spinach, chard, or collards (or a 
combination)

In a 4–6 quart soup pot, sauté the onions and garlic in olive oil 
over low heat. When onions are soft, add bay leaf, celery, carrot, 
salt and pepper. Stir and sauté another 5 minutes. Add broth or 
water and cover. Simmer about 20 minutes. Add cooked beans 
and your choice of greens. Cover and continue to simmer, over 
very low heat, another 15–20 minutes. Serve immediately or 
refrigerate and reheat.

Black Beans and Yellow Rice—Serves 4 

Black Beans
1 cup dry black beans, soaked overnight and drained
4 cups water
1 small onion, chopped
1 small carrot, chopped
2 cloves garlic, minced
1 bay leaf
1 tsp. cumin

In a 3-quart saucepan, combine beans, water, onion, carrot, garlic, 
bay leaf, cumin, and pepper flakes. Bring to a boil over medium 
heat and simmer, uncovered, about 2½   hours, or until beans are 
tender and almost all liquid is absorbed. Discard bay leaf. (May be 
made up to 2 days ahead; reheat before serving.)

Yellow Rice
2 cups chicken or vegetable stock
1 small onion, finely chopped
2 tsp. olive oil
1 clove garlic, minced

½   tsp. turmeric
1 cup uncooked long-grain brown rice

In a 2-quart saucepan over low heat, sauté onions in oil until 
tender, about 5 minutes. Add the garlic and sauté 1 minute. Stir in 
turmeric, then rice. Add stock. Bring to a boil, cover and simmer 
45 minutes over low heat, or until rice is tender and all liquid is 
absorbed. Do not stir. Spoon beans over rice.

Breakfast Bars 

Add egg replacer (recipe under Baking Tips) to equal 2 eggs to 
Nutri-Ola (recipe below).
Slowly add additional water to make a stiff batter. Follow 
directions for Nutri-Ola, but spread into an 8- or 9-inch square 
pan (ungreased) and bake at 350 degrees about 30 minutes. Cut 
into squares when done.

Breakfast Rice Pudding—Serves 4 

1 cup uncooked short grain brown rice
1¼   cups coconut milk 
1¼   cups water
½   tsp. salt
1 tbsp. brown rice syrup
1 tsp. cinnamon
chopped almonds or sunflower seeds or other nuts of choice or a 
mixture (optional)

Combine water and coconut milk in heavy pot; bring to boil, 
adding rice and salt. Simmer, covered (do NOT stir) for about 
45 minutes or more, until liquid is mostly absorbed and rice is soft. 
Remove from heat and allow to cool for 15 minutes. Stir in brown 
rice syrup and cinnamon and top with nuts or seeds as desired.

Brown Rice and Peas—Serves 4

Add 1 cup of green peas (either fresh and lightly steamed or 
frozen and just defrosted baby peas) to 2 cups of cooked brown 
rice. Top with your favorite herbs and flax oil to taste.

Cabbage Salad—Serves 4–6

1 small to medium head red cabbage, thinly sliced (or use half red 
and half green cabbage)
8 sliced radishes, and/or 1 grated carrot
3 green apples, diced
1 stalk celery, chopped
½   cup chopped walnuts or pecans (or mixture)
dash garlic powder
2 tbsp. olive oil
2 tsp. vinegar
1 tsp. lemon juice 

Mix all ingredients in a bowl and allow to rest and blend for an 
hour, stirring once or twice. Serve cold or at room temperature.
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Crispy Rice Squares—2 dozen 

1 tsp. cold pressed canola oil
½   cup brown rice syrup
2 tbsp. sesame tahini or almond butter
3 tsp. vanilla extract
2 cups crispy brown rice cereal
2 cups puffed rice
2 cups puffed millet or Perky’s Nutty Rice
½   cup pumpkin or sunflower seeds
½   cup currants or chopped dried apple or chopped dates

Heat oil in a large pot; add rice syrup and tahini or almond butter. 
Stir until bubbly. Remove from heat and stir in vanilla. Add 
remaining ingredients and mix well with a wooden spoon. Press 
into an ungreased 13 x 9 pan and press mixture flat. Let mixture 
rest at room temperature or refrigerate. Cut into squares. Store in 
an airtight container. 

Fruity Spinach Salad—Serves 6–8

1 lb. fresh spinach, washed, dried, torn into pieces
1 pint fresh organic strawberries or raspberries, washed 
½   cup chopped walnuts or sliced almonds

Dressing:
2 tbsp. sesame seeds
1 tbsp. poppy seeds
2 scallions, chopped
¼   cup flax seed oil
¼   cup safflower oil
¼   cup balsamic vinegar 

Cut berries in half and arrange over spinach in serving bowl. 
Combine dressing ingredients in blender or food processor and 
process until smooth. Just before serving, pour over salad and toss. 
Garnish with nuts. 

Gingerbread—9 squares
Adapted with permission from “Gluten-Free, Sugar-Free Cooking” by 
Susan O’Brien, Da Capo Press, 2006.

½   cup pecans or walnuts, finely chopped
½   cup agave nectar (preferred) or fruit sweetener 
¼   cup canola oil
egg replacer to equal 2 eggs (see Baking Tips)
1 tsp vanilla
1½   cups brown rice flour
½   tsp salt
1 tsp baking powder
1 tsp baking soda
2 tsp ginger
1½   tsp cinnamon
¼   tsp nutmeg
1/8 tsp cloves
½   tsp orange rind
1 cup unsweetened applesauce

In a large mixing bowl, combine the agave nectar and oil. Beat on 
high speed until thoroughly blended. Add in the eggs, one at a 
time. Be sure to beat well between eggs. Add in the orange rind 
and vanilla and continue to blend together. Set aside.

Meanwhile, preheat the oven to 350 degrees and spray a 9 x 9 
square pan with a nonstick spray. Sift together the dry ingredients 
and add the nuts. Add some of the dry ingredients to the wet 
ingredients, a little at a time, blending well. Add in ¼   cup of the 
applesauce, blend, then add in more flour. Continue this process 
until you have added all of the ingredients. 

Pour the batter into the prepared pan and bake for 20–25 minutes, 
or until the gingerbread is done. Check for doneness by inserting a 
toothpick, or touching lightly on the center. Freezes well. 

Guacamole—Makes 1½  –2 cups
Used with permission from “The Allergy Self Help Cookbook,” by 
Marjorie Hurt Jones, R.N. Rodale Press, Emmaus, Pa.

2–3 ripe avocados
¼   cup chopped onions
¼   tsp. vitamin C crystals
1 tbsp. water
1 small clove garlic, chopped

Cut the avocados in half, remove the pits, then scoop the flesh 
into a blender or food processor. Add the onions, vitamin C 
crystals, water, and garlic. Process until smooth. Transfer to a small 
bowl. Cover and chill. Use within 2–3 days. To prevent darkening, 
coat top with a thin layer of oil. For a chunky version, mash the 
avocado with a fork and finely chop onions and garlic.

Lentil Soup—Serves 4

2 cloves garlic, minced
1 medium onion, chopped
2 large carrots, sliced or chopped
2 stalks celery, chopped
1½   cups red and/or green lentils, well rinsed
2 quarts water or broth
pinch thyme or any herbs of your choice 
Salt to taste

Combine first 6 ingredients and bring to boil. Add seasonings. 
Reduce heat to medium-low and simmer, partially covered, until 
lentils are soft. Add herbs and salt about 5–10 minutes before 
cooking is finished. Green lentils need about 45 minutes to 1 hour, 
while red lentils only need 20–30 minutes. Puree half of the soup 
in the blender if you prefer a creamy soup. 
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Meal in a Muffin—Makes one dozen

Adapted with permission from “Wheat-free Sugar-Free Gourmet 
Cooking” by Susan O’Brien, Gig Harbor, WA, 2001

1 medium carrot, grated
1 large apple, grated
¼   cup canola oil
¼   cup unsweetened applesauce
egg replacer to equal 2 eggs (recipe under Baking Tips)
1/3 cup Mystic Lake Dairy sweetener
2 tsp. vanilla
¼   cup garbanzo bean flour
½   cup brown rice flour
¼   tsp. cinnamon
½   tsp. baking powder
¼   tsp. ginger
1/8 tsp. nutmeg
¼   cup shredded unsweetened coconut 
½   cup chopped dates 

Preheat oven to 375 degrees. Mix together all wet ingredients and 
set aside. In a separate bowl, mix dry ingredients then mix both 
together. Lightly coat muffin tins with oil spray. Fill 3/4 full and 
bake 15–20 minutes or until toothpick comes out clean. Allow to 
cool on a rack. 

Mochi Rice Waffles—Serves 4

Purchase 1 package of cinnamon-apple Mochi and defrost. 
Cut into quarters. Slice each quarter across to form 2 thinner 
squares. Place one square into preheated waffle iron and cook 
until done. Top with your choice of fruit or sautéed apples 
(recipe below).

Mock Mac’n Cheese—Servings depend on amounts of ingredients 
used

Cook desired amount of brown rice pasta according to package 
instructions. Toss cooked pasta with olive oil and sprinkle with 
several tablespoons of nutritional yeast. The yeast gives the pasta a 
cheese-like taste.

Mock Pesto—Makes 1 cup

Used with permission from “The Allergy Self Help Cookbook,” by 
Marjorie Hurt Jones, R.N. Rodale Press, Emmaus, Pa.

1 large ripe avocado
1 cup basil leaves
¼   tsp. lemon juice
1 garlic clove, minced or 1/8 tsp. garlic powder
¼   cup pine nuts
½   tsp. olive or flax oil

Cut the avocado in half and remove the pit. Scoop out the flesh 
and place it in bowl of a food processor. Add the basil, lemon 
juice, garlic and pine nuts. Process for about 2 minutes—scrape 
the bowl as necessary. Transfer it to a small bowl and coat the 
surface with oil to prevent browning. Chill. 

Nutri-Ola (basic recipe)—Serves 10 
Adapted with permission from “Allergy Recipes,” by Sally Rockwell, 
Nutrition Survival Press, Seattle, Washington 

2 cups arrowroot or millet flour or finely ground filberts, pecans, 
almonds, walnuts, or sesame seeds
1 cup filberts or walnuts, coarsely ground
1 cup whole sesame seeds or sunflower seeds (or a combination)
1 cup (combined) finely chopped dried apples, papaya, apricots, 
currants
½   cup fruit puree or frozen fruit concentrate
½   cup sesame or walnut or sunflower oil
2 tsp. pure vanilla or almond extract

Preheat oven to 275 degrees. Use a blender or food processor to 
grind nuts, grains, or seeds to desired consistency. Mix the nuts, 
seeds and/or grains in a large bowl. Mix with fruit and sweetener, 
oil and vanilla. Pour over the dry mixture and stir lightly. Spread 
mixture into a lightly oiled 15” x 10” x 1” baking pan. Bake for 
1 hour, stirring every 15 minutes. Cool. Break into small pieces for 
cereal or large chunks for snacks. 

Nutty Green Rice—Serves 4

1 cup brown basmati rice
2 cups water
¼   to ½   tsp salt 
½   cup almonds
1 bunch parsley
1 clove garlic
1½   tbsp. lemon juice
1½   tbsp. olive oil
½   cucumber, diced
pepper to taste

Bring water to a boil, add rice and salt, stir and simmer, covered, 
for 45 minutes. Remove from heat and let sit for another 10 
minutes; then remove cover and allow to cool. While rice is 
cooking, blend almonds, parsley, garlic, and oil in a food 
processor. When rice is cool, stir with nut mixture and add pepper 
to taste. Garnish with cucumber if desired. 
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Nutty Mayo—Makes 1¼   cups. Keeps well for 3 weeks

Adapted and used with permission from “The Allergy Self Help 
Cookbook,” by Marjorie Hurt Jones, R.N., Rodale Press, Emmaus, Pa.

½   cup cashews or other nuts
¾   cup water
3 tbsp. vinegar
2 tbsp. oil
1 tbsp. arrowroot
1 tbsp. brown rice syrup
1 tbsp. minced parsley
1 tbsp. snipped chives
1½   tsp. dry mustard

Grind the nuts to a fine powder in a blender. Add the water, blend 
1 minute to make sure the nuts are fully ground. Add the vinegar, 
oil, arrowroot, sweetener, and seasonings. Blend until very 
smooth. Pour into a saucepan and cook a few minutes, until thick. 
Allow to cool, transfer to a glass jar. Store in the refrigerator. 

Oven-roasted Veggies—number of servings depends on amount of 
veggies used

Use any combination of the following vegetables, unpeeled, 
washed, and cut into bite-sized pieces: eggplant, small red 
potatoes, red onion, yellow or green summer squash, mushrooms, 
asparagus. Toss with crushed garlic cloves and olive oil and 
sprinkle with rosemary, oregano, tarragon, and basil to taste. 
Spread in roasting pan in single layers and roast approximately 
20–25 minutes at 400 degrees until veggies are tender and slightly 
brown, stirring occasionally. The amount of time needed depends 
on the size of the veggie pieces. Salt and pepper to taste. Serve 
while warm, or use cold leftovers in salad.

Pear Honey—Makes 3 pints
Used with permission from “The Allergy Self Help Cookbook,” by 
Marjorie Hurt Jones, R.N. Rodale Press, Emmaus, Pa.

15 very ripe pears
½   cup water
½   cup brown rice syrup or fruit juice sweetener

Peel, quarter and core the 15 pears. Place 12 of the pears in a 
stainless steel or enamel Dutch oven or 3 quart saucepan. Coarsely 
chop the remaining 3 pears. Place them and the water in a 
blender. Process until pureed. Pour into the pan with the pear 
quarters.

Bring to a boil, then reduce the heat to a simmer. Stir in the 
sweetener. Cook until pears are tender, about 30 minutes. Purée the 
cooked fruit in batches using a blender or food processor. The purée 
should be about the consistency of honey. If too thin, return it to 
the pan and boil it down a bit. If too thick, dilute with a little juice. 
Pour into jars, and store in the refrigerator for up to 1 month.

Pickled Beets—Serves 4–6

Adapted and used with permission from “The Allergy Self Help 
Cookbook,” by Marjorie Hurt Jones, R.N., Rodale Press, Emmaus, Pa.

4 beets, cooked and skinned
¼   cup water
1 tbsp. brown rice syrup or fruit sweetener
¼   cup rice vinegar
¼   tsp. ground cinnamon
pinch each of cloves and allspice
Combine the water, sweetener, vinegar, cinnamon, cloves and 
allspice in a medium saucepan. Simmer for 2 minutes. Stir in the 
beets, and heat through. Serve hot or warm.

Quinoa Salad—Serves 8–10

1½   cups quinoa, rinsed several times
3 cups water, or chicken or vegetable broth (or a combination)
1 cup fresh or frozen peas (frozen baby peas should be just 
defrosted)
chopped veggies, raw or lightly steamed (broccoli, asparagus, 
green beans, etc.)
½   cup chopped red onion
1 pint cherry tomatoes (optional)
½   cup chopped black olives (optional)
1/3 cup olive oil
2 tbsp. balsamic vinegar or lemon juice
1 or 2 crushed garlic cloves
2–4 tbsp. fresh dill, chopped (or 1 tbsp. dried dill)
2 tbsp. chopped fresh parsley
salt and pepper to taste

Rinse quinoa well (quinoa tastes bitter if not well rinsed). Bring 
3 cups water or broth to a boil. Add rinsed quinoa and bring back 
to boil. Simmer uncovered for about 15 minutes until liquid is well 
absorbed. Transfer to large bowl with a small amount of olive oil 
to prevent sticking, and allow to cool. Meantime, mix together 
remaining oil, vinegar or lemon juice, parsley, and garlic in a small 
bowl. Add veggies to quinoa and toss well with dressing mixture, 
dill, salt and pepper. Chill before serving. 

Rice Pancakes—Makes approximately 14 (4-inch) pancakes

1 1/3 cups rice flour
½   cup oat or millet flour
2 tsp. baking powder
½   tsp. baking soda
¼   tsp. salt
1 tbsp. apple butter
1 tbsp. safflower or sesame oil
egg replacer to equal 2 eggs (recipe under Baking Tips)
1½   cups almond, oat, or rice milk
1½   tbsp. white vinegar
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Mix the almond or rice milk with the vinegar and allow the 
mixture to stand for 5 minutes until curdles form. Mix dry 
ingredients together and set aside. In large mixing bowl, beat 
apple butter, oil, egg, and milk. Add dry mixture and stir gently. 
Be careful not to overmix. Serve with sautéed apples (recipe 
below).

Rice Pasta Primavera—Serves 4

2 cups uncooked rice pasta (noodles, spaghetti, elbows)
1 large whole chicken breast, cut into thin strips (optional)
broccoli florets, chopped carrot, and/or other favorite veggie, 
lightly steamed
3-4 scallions, chopped
2 cloves garlic, minced
1 tbsp. olive oil (more if needed)
¼   cup fresh basil, finely chopped
¼  –½   cup coconut milk
Cook rice pasta according to package directions. While pasta is 
cooking, heat oil in wok or heavy frying pan, and stir fry chicken 
strips (or tofu chunks), garlic, scallions, and basil for about 5 
minutes; add remaining vegetables and coconut milk and 
continue to cook until veggies are soft and glisten. Add more 
coconut milk as needed. Remove from heat and spoon over 
drained rice pasta and garnish with black olives and extra olive oil, 
if desired. 

Sautéed Apples—Serves 2 

2 apples, washed
½   tbsp. safflower oil or canola oil
2 tsp. cinnamon
2–3 tbsp. apple juice

Thinly slice apples and sauté in oil until softened. Add cinnamon 
and apple juice and simmer, stirring, uncovered for a few more 
minutes.

Spiced Lentil Casserole—Serves 4

1½   cups lentils, rinsed well
2 tbsp. sesame oil
3 cloves garlic, crushed
1 stalk celery, chopped
1 large onion, chopped
½   tsp. salt
1 cup shredded, unsweetened coconut
½   tsp. cinnamon
½   tsp. powdered ginger
½   tsp. turmeric
2 large green apples, washed and diced

Simmer lentils, covered, in 2½   cups water for 30–40 minutes, 
until tender. While they are cooking, in a wok or heavy skillet, 
sauté remaining ingredients, except apples, in oil until tender. 
Add water as necessary. Add apples and cook 10 more minutes 
covered. Combine with cooked lentils in a casserole dish.

Split Pea Soup—Serves 6

3 cups dry split peas, well rinsed
2 quarts water
1 tsp. salt
1 bay leaf 
½   –1 tsp. dry mustard
2 onions, chopped fine
4 cloves garlic, minced
3 stalks celery, chopped
2 medium carrots, sliced
salt and pepper to taste
3 tbsp. apple cider vinegar or rice vinegar 

Combine peas, water, salt, bay leaf, and mustard in 6-quart pot. 
Bring to boil, reduce heat and simmer, partially covered for about 
20 minutes. Add vegetables and simmer for another 40 minutes, 
stirring occasionally. Add more water as needed. Add salt, pepper, 
and vinegar to taste. 

Sweet Potato Delight—Serves 1–2
Adapted and used with permission from “The Allergy Self Help 
Cookbook,” by Marjorie Hurt Jones, R.N., Rodale Press, Emmaus, Pa.

2–4 tbsp. chopped nuts
1 ripe banana
1 medium sweet potato, cooked
1 tsp. oil
1 tbsp. fruit sweetener, molasses, or brown rice syrup (optional)

In a large frying pan, dry roast the nuts over medium heat for a 
few minutes. Shake the pan often. Cut the banana in half 
lengthwise. Cut the cooked sweet potato into ½   " pieces. Add the 
oil to the pan. Push the nuts to the outer edges. Place the banana 
pieces, flat sides down, in the pan. Add the sweet potatoes. Cover 
and cook for 2 minutes. Uncover, and cook for 5 minutes, until 
everything is heated through and browned on one side. Add the 
sweetener before serving. 

Vinaigrette Dressing—6 servings (approximately)

Note: Ingredient amounts in this recipe are approximate; use more or 
less of certain ingredients to adapt recipe to your personal taste.

¼   cup each flax and extra-virgin olive oils
3 tbsp. balsamic vinegar (preferred because it has the richest 
flavor)
2–3 tbsp. water
1 tsp. dry mustard
1–3 cloves fresh garlic (whole pieces for flavor or crushed for 
stronger taste)
Salt and pepper to taste
Oregano, basil, parsley, tarragon or any herbs of your choice, fresh 
or dried 

Place vinegar, water, and mustard in a tightly capped jar, and 
shake well to thoroughly dissolve mustard. Add oil and remaining 
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ingredients and shake well again. Refrigerate and shake well 
before using. Dressing will harden when cold; allow 5-10 minutes 
to re-liquify. 

Baking Tips

Finely-ground nut meal is included in muffin recipes, in addition 
to chopped nuts, because it helps retain moisture and allows for a 
small amount of leavening.

To grind soft nuts such as walnuts or pecans, use 1–2 tbsp. of the 
starch called for in the recipe and add to the grinding mixture to 
prevent clumping. 

The grinding may be done with a nut chopper, a small (very 
clean) coffee grinder, or by pulsing on a food processor. Particles 
should be fine enough to pass through a strainer. Grind only what 
you will need. If you are allergic to nuts, replace the amount of nut 
flour with an equal amount of another flour or starch called for in 
the recipe.

Egg Replacer (equals one egg)

1/3 cup water
1 tbsp. whole or ground flaxseed

Combine the water and flaxseed and allow to jell for about 
5 minutes. This mixture will bind patties, meat loaves, cookies, 
and cakes as well as eggs do, but it will not leaven like eggs for 
souffles or sponge cakes. Increase amounts accordingly for 
additional egg replacement.

Corn Free Baking Powder

2 tsp. cream of tartar
2 tsp. arrowroot
1 tsp. baking soda

Sift together to mix well. Store in an airtight container. Make small 
batches.
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Table 1. Typical Foods to Include and Exclude on an Elimination Diet Program

Include Exclude

Fruits Whole fruits, unsweetened, frozen or water-
packed, canned fruits and diluted juices

Oranges and orange juice

Dairy and dairy substitutes Rice, oat, and nut milks such as almond milk and 
coconut milk

Dairy and eggs: milk, cheese, eggs, cottage 
cheese, cream, yogurt, butter, ice cream, frozen 
yogurt, non-dairy creamers

Grains and starch Brown rice, oats, millet, quinoa, amaranth, teff, 
tapioca buckwheat, potato flour

Grains: corn and non-gluten grains: wheat, 
barley, spelt, kamut, rye, triticale

Animal protein Fresh or water-packed fish, wild game, lamb, 
duck, organic chicken and turkey

Pork, beef/veal, sausage, cold cuts, canned 
meats, frankfurters, shellfish

Vegetable protein Split peas, lentils, and all dried beans other than 
soybeans

Soybean products (soy sauce, soybean oil in 
processed foods; tempeh, tofu, soy milk, soy 
yogurt, textured vegetable protein)

Nuts and seeds Sesame, pumpkin, and sunflower seeds, walnuts, 
hazelnuts, pecans, almonds, cashews, nut 
butters such as almond or tahini

Peanuts and peanut butter

Vegetables All raw, steamed, sautéed, juiced or roasted 
vegetables

Corn, creamed vegetables

Oils Cold-pressed olive, flax, walnut, safflower, 
grapeseed, sesame, almond, sunflower, canola, 
pumpkin, and coconut oils

Butter, margarine, shortening, processed oils, 
salad dressings, mayonnaise, and spreads

Drinks Filtered or distilled water, non-caffeinated herbal 
teas, seltzer or mineral water

Alcohol, coffee and other caffeinated beverages, 
soda pop or soft drinks

Sweeteners Brown rice syrup, agave nectar, stevia, fruit 
sweeteners, blackstrap molasses

Refined sugar, white/brown sugars, honey, 
maple syrup, high fructose corn syrup, 
evaporated cane juice, sucanat

Condiments Vinegar, all spices, including salt, pepper, basil, 
carob, cinnamon, cumin, dill, garlic, ginger, 
mustard, oregano, parsley, rosemary, tarragon, 
thyme, turmeric

Chocolate, ketchup, relish, chutney, soy sauce, 
barbecue sauce, teriyaki, and other condiments

Read Ingredient Labels Carefully! Things to watch for:
Corn starch in baking powder and any processed foods.
Corn syrup in beverages and processed foods.
Vinegar in ketchup, mayonnaise and mustard is usually from wheat or corn.
Breads advertised as gluten-free may contain spelt, kamut, rye.
Many amaranth and millet flake cereals have corn.
Many canned tunas contain textured vegetable protein, which is from soy.
Look for low-salt versions which tend to be pure tuna, with no fillers.
Multi-grain rice cakes may not be just rice. Purchase plain rice cakes.
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Table 2. Sample Shopping List for Use with an Elimination Diet

Fruits
Apples, applesauce
Apricots (fresh)
Bananas
Blackberries
Blueberries
Cantaloupe
Cherries
Coconut
Figs (fresh)
Grapefruit
Huckleberries
Kiwi
Kumquat
Lemon, lime
Loganberries
Mangos
Melons
Mulberries
Nectarines
Papayas
Peaches
Pears
Prunes
Raspberries
Strawberries
All the above fruits can be consumed raw or juiced.

Vegetables
Artichoke
Asparagus
Avocado
Bamboo shoots
Beets & beet tops
Bok choy
Broccoflower
Broccoli
Brussels sprouts
Cabbage
Bell peppers
Carrots
Cauliflower
Celery
Chives
Cucumber
Dandelion greens
Eggplant
Endive
Kale
Kohlrabi
Leeks
Lettuce (red or green leaf; Chinese)
Mushroom
Okra

Onions
Pak-Choi
Parsley
Potato
Red leaf chicory
Sea vegetables—seaweed, kelp
Snow peas
Spinach
Squash
Sweet potato & yams
Swiss chard
Tomato
Watercress
Zucchini
All the above vegetables can be consumed raw, juiced, steamed, 
sautéed, or baked.

Beans
All beans except soy
Lentils—brown, green, red
Split peas
All the above beans can be dried or canned.

Nuts & Seeds
Almonds
Cashews
Flax seeds
Hazelnuts (Filberts)
Pecans
Pistachios
Poppy seeds
Pumpkin seeds
Sesame seeds
Sunflower seeds
Walnuts
All the above seeds can be consumed as butters and spreads 
(e.g., tahini).

Non-Gluten Grains
Amaranth
Millet
Oat
Quinoa
Rice—brown, white, wild
Teff
Buckwheat

Vinegars
Apple cider
Balsamic
Red wine
Rice
Tarragon
Ume plum
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Herbs, Spices & Extracts
Basil
Black pepper
Cinnamon
Cumin
Dandelion
Dill
Dry mustard
Garlic
Ginger
Nutmeg
Oregano
Parsley
Rosemary
Salt-free herbal blends
Sea salt
Tarragon
Thyme
Turmeric
Pure vanilla extract

Cereals & Pasta
Cream of rice
Oats
Puffed rice
Puffed millet
Quinoa flakes
Rice pasta
100% buckwheat noodles
Rice crackers and rice cakes

Breads & Baking
Arrowroot
Baking soda
Rice bran
Gluten free breads
Flours: rice, teff, quinoa, millet, tapioca, amaranth, garbanzo 
bean, potato, tapioca, oat, buckwheat
Rice flour pancake mix
Mochi

Flesh Foods
Free-range chicken, turkey, duck
Fresh ocean fish, e.g., Pacific salmon, halibut, haddock, cod, sole, 
pollock, tuna, mahi-mahi
Lamb
Water-packed canned tuna (watch for added protein from soy)
Wild game

Dairy Substitutes
Almond milk
Rice milk
Coconut milk
Oat milk

Beverages
Herbal tea (non-caffeinated)
Mineral water
Pure unsweetened fruit or vegetable juices
Spring water

Oils
Almond
Flax seed
Canola
Grapeseed 
Olive
Pumpkin
Safflower
Sesame
Sunflower
Walnut

Sweeteners
Fruit sweetener (Mystic Lake Dairy, or Wax Orchards, or 
apple juice concentrate)
Agave nectar
Molasses, blackstrap only
Rice syrup
Stevia

Condiments
Mustard (made with apple cider vinegar)
Nutritional yeast
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Note: Please reintroduce only one new food at a time. Ingest it 2–3 times in the same day, and then assess your response over the next 48 
hours. Wait two full days to see whether you have a reaction. You may insert different headings on this chart to correspond with whatever 
signs or symptoms you experience. Important indicators that must be charted include: digestion, bowel function, and energy level. If you 
require more space, use the back of this sheet and clearly mark the day, the food, and your symptoms. If you are unsure whether you had 
a reaction, retest the same food in the same manner (after the two-day waiting period).

Table 3. Sample Food Reintroduction Tracking Form

Date or Day

Food
Digestion/

Bowel 
Function

Joint/
Muscle 
Aches

Headache
Pressure

Nasal or 
Chest

Congestion

Kidney-
Bladder

Skin 
Function

Energy
Level

Time Food



815

Appendix

Cytochrome P450 Enzymes: Drug and Natural Product Substrates, Inhibitors, 
and Inducers

Cytochrome P450 1A2

Drug Substrate Natural Substrate Inhibitors Inducers

Acetaminophen
Amitriptyline—Elavil
Caffeine
Chlordiazepoxide
Clomipramine—Anafranil
Clopidogrel—Plavix
Clozapine—Clozaril
Cyclobenzaprine— Flexeril
Desipramine—Norpramin
Diazepam—Valium
Estradiol—Estrace
Flutamide
Fluvoxamine—Luvox
Haloperidol—Haldol
Imipramine—Tofranil
Levobupivacaine
Mexiletine—Mexitil
Mirtazapine—Remeron
Naproxen
Nortriptyline
Olanzapine—Zyprexa
Ondansetron—Zofran
Pentazocine—Talwin
Propafenone
Propranolol—Inderal

Riluzole
Ropinirole
Ropivacaine
Tacrine: Cognex
Theophylline—Theo-Dur
Verapamil—Calan
R-warfarin
Zileuton—Zyflo
Zolmitriptan—Zomig

Cabbage
Ginkgo leaf
Grapefruit skin
Indole-3-carbinol
Ipriflavone
Nutmeg
Mace
Ipriflavone
St. John’s Wort

Amiodarone
Cimetidine
Ciprofloxacin
Citalopram
Clarithromycin
Diltiazem
Enoxacin
Erythromycin
Acetaminophen
Fluvoxamine
Hops
Isoniazid
Ketoconazole
Methoxsalen
Mexiletine
Nalidixic acid
Norethindrone
Norfloxacin
Omeprazole
Oral contraceptives
Paroxetine
Tacrine
Ticlopidine
Troleandomycin
Zileuton

Carbamazepine
Charbroiled food
Cruciferous vegetables
Lansoprazole
Omeprazole
Phenobarbital
Phenytoin
Primidone
Rosemary
Rifampin
Ritonavir
Smoking
St. John’s Wort
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Cytochrome P450 2C9

Drug Substrate Natural Substrate Inhibitors Inducers

Amitriptyline—Elavil
Carvedilol
Celecoxib
Clomipramine—Anafranil
Clopidogrel—Plavix
Clozapine—Clozaril
Desogestrel
Diazepam—Valium
Diclofenac
Dronabinol
Estradiol (Estrace)
Fluoxetine—Prozac
Flurbiprofen
Fluvastatin—Lescol
Formoterol
Glimepiride
Glipizide
Glyburide
Grepafloxacin—Raxar
Ibuprofen
Imipramine—Tofranil
Indomethacin
Irbesartan
Losartan—Cozaar
Mefenamic acid
Meloxicam
Mirtazapine—Remeron
Montelukast
Naproxen
Nateglinide

Omeprazole
Ondansetron—Zofran
Phenytoin
Piroxicam
Rosiglitazone
Sildenafil
Sulfamethoxazole
Tacrine—Cognex
Tolbutamide
Torsemide
Valdecoxib
Valsartan
Verapamil— Calan
Voriconazole
S—Warfarin—Coumadin
Zafirlukast
Zileuton-Zyflo

Ipriflavone
St. John’s Wort

Amiodarone
Chloramphenicol
Cimetidine
Clopidogrel
Cotrimoxazole
Delavirdine
Disulfiram
Efavirenz
Fenofibrate
Fluconazole
Fluorouracil
Fluoxetine
Fluvastatin
Fluvoxamine
Gemfibrozil
Imatinib
Isoniazid
Itraconazole
Ketoconazole
Leflunomide
Lovastatin
Metronidazole
Milk Thistle
Modafinil
Omeprazole
Paroxetine
Sertraline
Sulfonamides
Ticlopidine
Voriconazole
Zafirlukast

Aprepitant
Carbamazepine
Phenobarbital
Primidone
Rifampin
Rifapentine
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Cytochrome P450 2C19

Drug Substrate Natural Substrate Inhibitors Inducers

Amitriptyline—Elavil
Carisoprodol
Cilostazol
Citalopram
Clomipramine—Anafranil
Cyclophosphamide
Desipramine—Norpramin
Diazepam—Valium
Esomeprazole
Formoterol
Hexobarbital
Imipramine—Tofranil
Indomethacin
Lansoprazole—Prevacid
Mephobarbital
Moclobemide
Nelfinavir
Nilutamide
Omeprazole
Pantoprazole
Pentamidine

Phenytoin
Progesterone
Proguanil
Propranolol—Inderal
Rabeprazole
Teniposide
Thioridazine
Tolbutamide
Voriconazole
R-warfarin

Citalopram
Delavirdine
Efavirenz
Felbamate
Fluconazole
Fluoxetine
Fluvastatin
Fluvoxamine
Indomethacin
Isoniazid
Ketoconazole
Letrozole
Modafinil
Omeprazole
Oxcarbazepine
Paroxetine
Sertraline
Telmisartan
Ticlopidine
Topiramate
Voriconazole

Carbamazepine
Norethindrone
Phenobarbital
Phenytoin
Prednisone
Rifampin
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Cytochrome P450 2D6

Drug Substrate Natural Substrate Inhibitors Inducers

Amitriptyline—Elavil
Amphetamine
Atomoxetine
Bisoprolol
Carvedilol
Cevimeline
Chlorpromazine
Chlorpropamide
Clomipramine—Anafranil
Clozapine—Clozaril
Codeine
Cyclobenzaprine—Flexeril
Desipramine—Norpramin
Dexfenfluramine
Dextromethorphan
Dolasetron
Donepezil—Aricept
Doxepin
Encainide
Fenfluramine
Fentanyl—Duragesic
Flecainide
Fluoxetine—Prozac
Fluphenazine
Fluvoxamine—Luvox
Formoterol
Galantamine
Haloperidol—Haldol
Hydrocodone
Imipramine—Tofranil
Lidocaine
Maprotiline

Meperidine
Methadone
Methamphetamine
Methoxyamphetamine
Metoprolol
Mexiletine—Mexitil
Mirtazapine—Remeron
Morphine
Nortriptyline
Olanzapine
Ondansetron— Zofran
Oxycodone
Paroxetine
Perphenazine
Pindolol
Propafenone
Propoxyphene
Propranolol—Inderal
Quetiapine
Risperidone
Thioridazine
Tramadol
Trazodone
Venlafaxine

Ginkgo leaf
Ginseng, Panax
St. John’s Wort

Amiodarone
Bupropion
Celecoxib
Chloroquine
Chlorpheniramine
Cimetidine
Citalopram
Clomipramine
Cocaine
Desipramine
Diphenhydramine
Fluoxetine
Fluphenazine
Halofantrine
Haloperidol
Hydroxychloroquine
Imatinib
Levomepromazine
Methadone
Moclobemide
Norfluoxetine
Paroxetine
Perphenazine
Propafenone
Propoxyphene
Quinacrine
Quinidine
Ranitidine
Ritonavir
Sertraline
Terbinafine
Thioridazine

Carbamazepine
Ethanol
Phenobarbital
Phenytoin
Primidone
Rifampin
Ritonavir
St. John’s Wort
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Cytochrome P450 3A4

Drug Substrate Natural Substrate Inhibitors Inducers

Alfentanil
Almotriptan
Alprazolam
Amitriptyline—Elavil
Amiodarone
Amlodipine
Amprenavir
Aprepitant
Atorvastatin
Bepridil
Bexarotene
Bromocriptine
Budesonide
Buprenorphine
Buspirone
Busulfan
Cannabinoids
Caffeine
Carbamazepine
Cevimeline
Chlorpheniramine
Cilostazol
Cisapride
Citalopram
Clarithromycin
Clindamycin
Clomipramine—Anafranil
Clonazepam
Clopidogrel—Plavix
Cocaine
Cyclobenzaprine—Flexeril
Cyclophosphamide
Cyclosporine
Dapsone
Delavirdine
Desogestrel
Dexamethasone
Dextromethorphan
Diazepam—Valium
Dihydroergotamine
Diltiazem
Disopyramide
Docetaxel
Dofetilide
Dolasetron
Donepezil—Aricept
Doxorubicin

Dronabinol
Dutasteride
Efavirenz
Ergotamine
Erythromycin
Esomeprazole
Estrogens, contraceptives
Ethinyl estradiol
Ethosuximide
Etonogestrel
Etoposide
Exemestane
Felodipine
Fentanyl—Duragesic
Fexofenadine
Finasteride
Flutamide
Fluticasone
Fulvestrant
Galantamine
Haloperidol—Haldol
Hydrocodone
Hydrocortisone
Ifosfamide
Imatinib
Imipramine—Tofranil
Indinavir
Isradipine
Itraconazole
Ketoconazole
Lansoprazole—Prevacid
Letrozole
Levobupivacaine
Lidocaine
Lopinavir Loratadine
Losartan—Cozaar
Lovastatin
Methadone
Methylprednisolone
Miconazole
Midazolam
Mifepristone
Mirtazapine—Remeron
Modafinil
Mometasone
Montelukast

American elder
Bishop’s weed
Bitter orange
Cat's claw
Chamomile
DHEA
Echinacea
Elder root
Garlic
Ginkgo leaf extract
Goldenseal
Licorice
Milk thistle
Red clover
Red yeast
Saw palmetto
St. John’s wort
Valerian
Wild cherry bark

Acitretin
Amiodarone
Amprenavir
Aprepitant
Cimetidine
Ciprofloxacin
Clarithromycin
Cyclosporine
Danazol
Delavirdine
Diltiazem
Diethyl-
dithiocarbamate
Efavirenz
Eleuthera
Erythromycin
Acetaminophen
Fluconazole
Fluoxetine
Fluvoxamine
Gestodene
Grapefruit
Indinavir
Imatinib
Isoniazid
Itraconazole
Ketoconazole
Metronidazole
Methylprednisone
Miconazole
Mifepristone
Milk Thistle
Nefazodone
Nelfinavir
Nicardipine
Nifedipine
Norethindrone
Norfloxacin
Norfluoxetine
Oxiconazole
Prednisone
Quinine
Ritonavir
Roxithromycin
Saquinavir
Sertraline
Synercid

Aminoglutethimide
Acetaminophen
Carbamazepine
Dexamethasone
Efavirenz
Ethosuximide
Garlic
Glucocorticoids
Glutethimide
Griseofulvin
Modafinil
Nafcillin
Nevirapine
Oxcarbazepine
Phenobarbital
Phenytoin
Primidone
Rifabutin
Rifampin
Rifapentine
St. John’s Wort
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Cytochrome P450 3A4 (Continued)

Drug Substrate Natural Substrate Inhibitors Inducers

Nateglinide
Nefazodone
Nelfinavir
Nevirapine
Nicardipine
Nifedipine
Nimodipine
Nisoldipine
Nitrendipine
Nortriptyline
Norethindrone
Omeprazole
Ondansetron—Zofran
Oral contraceptives
Oxybutynin
Paclitaxel
Pantoprazole
Pimozide
Pioglitazone
Prednisolone
Prednisone
Progesterone/Progestins
Quetiapine
Quinidine
Quinine
Rabeprazole
Repaglinide
Rifabutin
Rifampin
Ritonavir

Salmeterol
Saquinavir
Sertraline
Sibutramine
Sildenafil
Simvastatin
Sirolimus
Tacrolimus
Tamoxifen
Temazepam
Testosterone
Tiagabine
Tolterodine
Toremifene
Tramadol
Trazodone
Triazolam
Trimetrexate
Valdecoxib
Verapamil- Calan
Vinblastine
Vincristine
Vinorelbine
Voriconazole
R-warfarin
Zaleplon
Zileuton-Zyflo
Ziprasidone
Zolpidem
Zonisamide

Troleandomycin
Verapamil
Voriconazole
Zafirlukast
Zileuton
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Detailed Review of Systems

General Fever, weight loss, weight gain. Are you at the weight you want? How much time do you exercise 
per day _____, per week _____? Hours of sleep per night? Any problems with sleep?

Head Headaches, migraine, trauma, vertigo, syncope, convulsive seizures.

Eyes Visual loss or color blindness, diplopia, hemianopsia, trauma, inflammation, glasses (date of 
refraction). Cataracts, decreased vision or blindness at night.

Ears Deafness, tinnitus, vertigo, discharge from the ears, pain, mastoiditis, operations. Sounds you have 
trouble hearing.

Nose Coryza, rhinitis, sinusitis, discharge, obstruction, epistaxis, polyps, deviation of septum, operations.

Mouth Soreness of the mouth or tongue, gingivitis, change in taste, tooth pain, aphthous ulcers. 

Throat Sore throats, tonsillitis, voice changes, hoarseness, polyps, difficulty swallowing.

Neck Swelling, suppurative lesions, enlargement of the lymph nodes, goiter, stiffness, limitation of 
motion.

Breasts Development, lactation, trauma, lumps, pains, discharge from nipples, gynecomastia, changes in 
nipples, soreness, previous biopsies.

Respiratory Pain, shortness of breath, wheezing dyspnea, nocturnal dyspnea, orthopnea, cough, sputum, 
hemoptysis, night sweats, pleurisy, bronchitis, tuberculosis (history of contacts), pneumonia, 
asthma, other respiratory infections—coccidioidomycosis, histoplasmosis exposures.

Cardiovascular Palpitation, tachycardia, irregularities of rhythm, pain in the chest, exertional dyspnea, paroxysmal 
nocturnal dyspnea, orthopnea, cough, cyanosis, ascites, edema. Intermittent claudication, cold 
extremities, phlebitis, postural or permanent skin color changes. Hypertension rheumatic fever, 
chorea, syphilis, diphtheria. When you exercise how fast do you get your heart rate? _____% 
Maximal predicted heart rate (220 - age = _____). Wheezing with exercise. Problems walking up a 
hill. Do you get short of breath or have chest pain when vacuuming, raking, or shoveling snow or 
dirt?

Gastrointestinal Appetite, anorexia, dysphagia, nausea, eructations, flatulence, abdominal pain or colic, vomiting, 
hematemesis, jaundice (pain, fever, intensity, duration, color of urine and stools), stools (color, 
frequency, consistency, odor, gas, cathartics), hemorrhoids—internal/external. Change in bowel 
habits.

Genitourinary Color of urine, polyuria, oliguria, nocturia, dysuria, hematuria, pyuria, urinary retention, urinary 
frequency, incontinence, pain or colic, passage of stones or gravel.
Menstrual history: Age of onset, frequency of periods, regularity, duration, amount of flow, 
leukorrhea, dysmenorrhea, date of last normal and preceding periods, date and character of 
menopause, postmenopausal bleeding.
Pregnancies: Number, abortions, miscarriages, stillbirths, chronologic sequence, complications of 
pregnancy.
Venereal history: Chancre, bubo, penile or vaginal discharge. Treatment of venereal diseases.
Sexual history: Age of onset of sexual relations, single partner or number of partners, libido, ability 
to orgasm, erectile dysfunction, sexual preference, satisfaction. Fertility issues?
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Adapted from Degowin EL and Degowin RL. Bedside Diagnostic Examination. 3rd Edition. Macmillan Publishing Co.,1975, p. 24-26.

Nervous system Disturbances of smell (1), visual disturbances (2,3,4,6); orofacial paresthesias and difficulty in 
chewing (5); facial weakness and taste disturbances (7); disturbances in hearing and equilibrium 
(8); difficulties in speech, swallowing and taste (9,10,12); limitation in motion of neck (11).
Motor system: Paralysis, atrophy, involuntary movements, convulsions, gait, incoordination
Sensory system: Pain, lightning pain, girdle pain, paresthesia, hypesthesia, anesthesia.
Autonomic system: Control of urination and defecation, sweating, erythema, cyanosis, pallor, 
reaction to heat and cold.

Mental status Describe reactions to and influence of parents, siblings, spouse, children, friends and associates, 
sexual adjustments, successes and failures, illnesses. Lability of mood, hallucinations, grandiose 
ideas, sleep disturbances. How is your memory—short term, long term? Any memory frustrations?

Skin Color, pigmentation, temperature, moisture, eruptions, pruritus, scaling, bruising, bleeding.
Hair: Color, texture, abnormal loss or growth, distribution.
Nails: Color changes, brittleness, ridging, pitting, curvature or white spots.

Lymph nodes Enlargement, pain, suppuration, draining sinuses, location.

Bones, joints, muscles Fractures, dislocations, sprains, arthritis, myositis, pain, swelling, stiffness, migratory distribution, 
degree of disability, muscular weakness, wasting, or atrophy. Night cramps.

Hematopoietic Anemia (type, therapy, and response), lymphadenopathy, bleeding (spontaneous, traumatic, 
familial).

Endocrine History of growth, body configuration and weight. Size of hands, feet, and head, especially 
changes during adulthood. Hair distribution, skin pigmentation, weakness, goiter, exophthalmos, 
dryness of skin and hair, intolerance to heat or cold, tremor. Polyphagia, polydipsia, polyuria, 
glycosuria. Secondary sex characteristics, impotence, sterility, treatment. Sun exposure/week.

Immunologic and allergy Dermatitis, urticaria, angioneurotic edema, eczema, hay fever, vasomotor rhinitis, asthma, 
migraine, vernal conjunctivitis. Seasonal incidence of previous conditions.
Known sensitivity to pollens, foods, danders, or drugs. Previous skin tests and their results.
Results of tuberculin tests and others. Desensitization, vaccinations and immunizations.
Lyme disease. Mold sensitivities. HIV exposures or concerns. Hepatitis exposures or concerns.
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Adult Toxin Exposure Questionnaire
Considering the LAST 12 MONTHS, do you have regular exposure to anything in the lists below?  
Please check:

(Y) Yes
(N) No
(?) Unknown
(P) for exposure more than 12 months ago

Community

Home and/or Work Environment

Do you have regular exposure to: Y N ? P Notes

Automobile exhaust

Farm/Industrial/Power plant or lines

Radio tower

Landfill/Dump

Hydro tower

Do you live in a: (Circle one) House Apartment Building Mobile Home

Do you work in: (Circle one) House Office Building Factory Outdoors

Bathing/Showering water source: (Circle one) Well Public Works Bottled

Do you have regular exposure to: Y N ? P Notes

Forced air heat

Renovations (new carpets, add-ons, etc.)

Basement cracks or dirt floor

Damp basement or crawl space

Wet windows or outside closet walls

Water leaks (ceilings, walls, floors)

Visible mold

Old or cracking ceiling tiles

Old or cracking vinyl linoleum flooring
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Hobby and Work Activities

Diet

Crumbling pipe insulation

Crumbling wall or ceiling insulation

Old or cracking paint

Carpets or rugs

Stagnant or stuffy air

Gas or propane stove

Coal or wood stove

Other gas appliance (water heater, furnace)

Do you have regular exposure to: Y N ? P Notes

Contact with smokers

Pesticides or herbicides

Harsh chemicals (varnish, glue, gas, acid, etc.)

Welding or soldering

Metals (lead, mercury, etc.)

Paints

Photo developing/Dark room

Airplane travel

Cleaning chemicals

Drinking/Cooking water source: Well Public Works Bottled Filtered

Caffeine? What kind: How much:

Do you have regular exposure to: Y N ? P Notes
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Do you regularly consume: Y N ? P Notes

Fish (fresh, frozen, canned, etc.)

Artificial sweeteners (circle all that apply):  NutraSweet, 
Equal, Aspartame, Splenda

Alcohol
• If yes, how much?
• How often?

Animal products
• How often?
• What percentage of your animal product consumption 

is organic?

Do you wash your produce?
• What percentage of your produce is organic?

Deep fat fried foods

Sodas, juices, drinks containing high fructose corn syrup.
If yes, how many per day?

Do you have: Y N ? P

Allergies

Sensitivity to smells (gas, perfume, paint, etc.)

Artificial materials in the body (implants, pins, joints, etc.)

Immunizations

Have you ever: Y N ? P

Used tobacco

Experimented with recreational drugs

Led a high-stress lifestyle

Experienced a stressful or traumatic event

Been under anesthesia

Had an illness during foreign travel

Had an illness while camping or hiking

Had food poisoning
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Dental Care

Please list all PRESCRIPTION or OVER THE COUNTER medications you currently take on a regular basis, including birth control pills and 
allergy injections:

Please list all VITAMINS/MINERALS, HERBS, or OTHER SUPPLEMENTS you currently take on a regular basis:

Y N ? P Notes

Do you currently have amalgam fillings or caps?
• How many amalgam fillings do you have now?

Have you removed or lost dental fillings or caps?

Did you have fillings as a child?
• How many fillings did you have?

Have your wisdom teeth been removed?
• At what age?
• Any complications such as dry socket or abscesses?

Have you had any root canals?
• How many and when were they placed?

Did your mother have dental fillings prior to giving birth 
to you?

• During her pregnancy with you?

 Other:

Name of medication Dose (mg, ML, IU)
How often do 
you take it?

How long have
 you taken it?

If you have side 
effects, please specify

Name of supplement
Dose 

(mg, ML, IU)
How often do 
you take it?

How long have 
you taken it?

If you have side 
effects, please specify
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Adverse Reactions: Please list ANY medication, anesthetics, immunizations, herbs or supplements you have had to stop taking because of 
side effects or allergic reactions:

Name of medication/ 
immunization

Type of side effects or allergic reaction that caused you to stop it Age Year
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Child Toxin Exposure Questionnaire
Considering the LAST 12 MONTHS, does your child have regular exposure to anything in the lists below?  
Please check:

(Y) Yes
(N) No
(?) Unknown
(P) for exposure more than 12 months ago

Community

Home and/or Work Environment

Does your child have regular exposure to: Y N ? P Notes

Automobile exhaust

Farm/Industrial/Power plant or lines

Radio tower

Landfill/Dump

Hydro tower

Where does your child live? (Circle one) House Apartment Building Mobile Home

If he/she works, where? (Circle one) House Office Building Factory

Bathing/Showering water source: (Circle one) Well Public Works Bottled

Does your child have regular exposure at home or work to: Y N ? P Notes

Forced air heat

Renovations (new carpets, add-ons, etc.)

Basement cracks or dirt floor

Damp basement or crawl space

Wet windows or outside closet walls

Water leaks (ceilings, walls, floors)

Visible mold

Old or cracking ceiling tiles

Old or cracking vinyl linoleum flooring
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Hobby and Work Activities

Crumbling pipe insulation

Crumbling wall or ceiling insulation

Old or cracking paint

Carpets or rugs

Stagnant or stuffy air

Gas or propane stove

Coal or wood stove

Other gas appliance (water heater, furnace)

Does your child have regular exposure at home or work to: Y N ? P Notes

Contact with smokers

Pesticides or herbicides

Harsh chemicals (varnish, glue, gas, acid, etc.)

Welding or soldering

Metals (lead, mercury, etc.)

Paints

Photo developing/Dark room

Airplane travel

Cleaning chemicals

Does your child have regular exposure at home or work to: Y N ? P Notes
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Diet

Drinking/Cooking water source: Well Public Works Bottled Filtered

Caffeine? What kind: How much:

Does your child regularly consume: Y N ? P Notes

Fish (fresh, frozen, canned, etc.)

Artificial sweeteners (circle all that apply):  NutraSweet, 
Equal, Aspartame, Splenda

Alcohol
• If yes, how much?
• How often?

Animal products
• How often?
• What percentage of your animal product consumption 

is organic?

Do you wash your produce?
• What percentage of your produce is organic?

Deep fat fried foods

Sodas, juices, drinks containing high fructose corn syrup.
If yes, how many per day?

Does your child have: Y N ? P

Allergies

Sensitivity to smells (gas, perfume, paint, etc.)

Artificial materials in the body (implants, pins, joints, etc.)

Immunizations

Has your child ever: Y N ? P

Used tobacco

Experimented with recreational drugs

Led a high-stress lifestyle

Experienced a stressful or traumatic event

Been under anesthesia

Had an illness during foreign travel
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Dental Care

School

Had an illness while camping or hiking

Had food poisoning

Y N ? P Notes

Does your child currently have amalgam fillings or caps?
• How many amalgam fillings are in place at this time?

Has your child ever removed or lost dental fillings or caps?

Has your child had any wisdom teeth removed?
• At what age?
• Any complications such as dry socket or abscesses?

Does your child have any root canals?

How many and when were they placed?

Did the child’s mother have dental fillings prior to 
giving birth?

• Did she have dental work done during her pregnancy?

Other:

Age of school building:

Location of school building: Rural City Suburban

Does your child have regular exposure at school to: Y N ? P Notes

Automobile exhaust

Farm/Industrial/Power plant or lines

Radio tower

Landfill/Dump

Water tower

Renovations (carpeting, ceiling tiles, rooms)

Outdoor activities (recess, sports, etc.)

Other:



Textbook of Functional Medicine

832

Please list all PRESCRIPTION or OVER THE COUNTER medications your child currently takes on a regular basis, including birth control 
pills and allergy injections:

Please list all VITAMINS/MINERALS, HERBS, or OTHER SUPPLEMENTS your child currently takes on a regular basis:

Adverse Reactions: Please list ANY medication, anesthetics, immunizations, herbs or supplements your child has had to stop taking 
because of side effects or allergic reactions:

Name of medication Dose (mg, ML, IU)
How often does
he/she take it?

How long has 
she/he taken it?

If he/she has side 
effects, please specify

Name of supplement
Dose 

(mg, ML, IU)
How often does
he/she take it?

How long has 
she/he taken it?

If he/she has side 
effects, please specify

Name of medication/ 
immunization

Type of side effects or allergic reaction that caused your child to stop it Age Year
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Health Benefits of Exercise

Recommended Reading:

Boule NG, Kenny GP, Haddad E, et al. Meta-analysis of the effect of structured exercise training on cardiorespiratory fitness in Type 2 diabetes mellitus. 
Diabetologia. 2003 Aug;46(8):1071-1081.

Castaneda C, Gordon PL, Parker RC, et al. Resistance training to reduce the malnutrition-inflammation complex syndrome of chronic kidney disease. 
Am J Kidney Dis. 2004 Apr;43(4):607-616.

Craft LL, Perna FM. The benefits of exercise for the clinically depressed. Prim Care Companion J Clin Psychiatry. 2004;6(3):104-111.

Karlsson M. Does exercise reduce the burden of fractures? Acta Orthop Scand. 2002 Dec;73(6):691-705.

Nestle M. Exercise and Work Performance, Chapter 50, p. 271 in Nutrition in Clinical Practice. Jones Medical Publication. 1985.

Okura T, Nakata Y, Tanaka K. Effects of exercise intensity on physical fitness and risk factors for coronary heart disease. Obes Res. 2003 Sep;11(9):1131-1139.

Rochester CL. Exercise training in chronic obstructive pulmonary disease. J Rehabil Res Dev. 2003 Sep-Oct;40(5 Suppl 2):59-80.

Sato Y, Nagasaki M, Nakai N, et al. Physical exercise improves glucose metabolism in lifestyle-related diseases. Exp Biol Med (Maywood). 2003 
Nov;228(10):1208-1212.

Seguin R, Nelson ME. The benefits of strength training for older adults. Am J Prev Med. 2003 Oct;25(3 Suppl 2):141-149.

System Increases Decreases

Cardiovascular HDL cholesterol
Cardiac output
Fibrinolytic activity in
Response to venous occlusion
Increases arteriolar diameter

Serum triglycerides
Heart rate
CRP
Incidence of cardiac arrest
Coronary mortality
Coronary artery occlusion
Peripheral arteriolar resistance
Blood pressure

Endocrine
Diabetes

Hyperlipidemias
Metabolic rate

Mood

Improves glucose tolerance
Concentration of insulin receptors
HDL cholesterol
Increases
Caloric expenditure
Proportion of lean body mass
Endorphins

Insulin requirements

Serum triglycerides
Proportion of fat
Body weight

Depression scores

Respiratory disease Exercise endurance
Cognition
Work tolerance
VO2 max

Breathlessness

Skeletal Bone retention
Muscle mass 
Sleep
Balance
Muscle strength
Coordination

Number of falls

Overall health Mobility, strength, endurance
Overall longevity

Chronic disease risk
Desire for alcohol, smoking
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Internet-based Resources for the Healthcare Practitioner

http://medicine.iupui.edu/flockhart/
This site provides a table that is designed as a hypothe-
sis testing, teaching and reference tool for physicians 
and researchers interested in drug interactions that are 
the result of competition for, or effects on, the human 
cytochrome P450 system.

PDR net for physicians
http://www.pdr.net/pdrnet/librarian/
Database containing 15 full text journals, PDR drug 
book, PDR drug interactions book. Medical news is also 
posted, and Medline can be accessed. Free to some 
health professionals.

MD consult
http://www.mdconsult.com
A library of 48 full text journals, 36 books, medical 
news, and Medline access. Subscription. Free 10-day 
trial for physicians.

Medscape
http://www.medscape.com/px/splash
Access to 62 full text journals, many non-journal peri-
odicals and professional publications, Medline, online 
medical textbooks, and journal scanning to extract 
highlights from recent literature within chosen fields. 
Conference listings; direct CME offerings; news items.

WebMD
http://www.webmd.com
Consumer-focused content. Medscape is their physician 
content site. This site provides access to a wide array of 
physician-focused and medical office Internet-based 
services.

Databases, Research, and Scientific Resources

Organizing Medical Networked Information (OMNI)
http://omni.ac.uk/
OMNI offers free access to a searchable catalogue of 
Internet sites covering health and medicine.

Merck Manual
http://www.merck.com/mrkshared/mmanual/home.jsp
This website provides access to the 17th edition of the 
Merck Manual.

Harvard Department of Molecular and 
Cellular Biology 
http://mcb.harvard.edu/Biolinks.html

Rosenthal Directory of Databases
www.rosenthal.hs.columbia.edu/Databases.html
This website provides a compilation of established 
sources in the U.S., Europe and Asia, designed to facili-
tate research by both professionals and the public in 
clinical, biomedical, review, meta-analytical or survey 
research. Many of the databases listed do charge a fee.

MedWeb Plus
http://medwebplus.com/about.html 
From the site: Our goal at MedWebPlus is to give users 
tools to quickly locate and assimilate good and reliable 
information covering the entire spectrum of healthcare.

Cancer Detection and Prevention Online 
http://www.cancerprev.org/
This is an International Society for Preventive Oncology 
(ISPO) website that offers access to current and past 
issues of Cancer Detection and Prevention journals. 
$225 annual subscription fee. Some free browsing.

Pesticides, Metals, & Chemical 
http://vm.cfsan.fda.gov/~lrd/pestadd.html
This is U.S. FDA/Center for Food Safety and Applied 
Nutrition (CFSAN) website provides information regard-
ing pesticides, metals, and chemical contaminants in 
food(s).

BioMedNet
http://www.biomednet.com/ 
This website provides information for biological and 
medical researchers. It offers access to a full-text library 
(over 170 biological and medical journals), and 
BioMedLink (evaluated and annotated database of 
internet resources for biological and medical research-
ers). Access to Medline reviews of 3500 websites. Free 
registration.
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Medical Biochemistry Subject List
http://web.indstate.edu/thcme/mwking/subjects.html
This website offers details on specific biochemistry and 
medical subjects.

Elsevier Science
http://www.elsevier.nl/
This website provides access to purchasing of research 
publications and journals in the physical, life and social 
sciences.

The Lancet
http://www.thelancet.com/

British Medical Journal
http://bmj.com/
All articles of BMJ are available for free online.

NLM Clinical Trials Database
http://clinicaltrials.gov
Location, design, purpose, criteria and other informa-
tion on NIH clinical trials.

PubMed 
http://www.ncbi.nlm.nih.gov/PubMed/
National Library of Medicine; free access to Medline.

USDA Nutrient Database
http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl 
This interface allows simple searches on the USDA 
Nutrient Database

General Resources

National Center for Complementary and Alternative 
Medicine (NCCAM)
http://nccam.nih.gov
This is a NIH website offering fairly comprehensive 
information regarding alternative therapies. Includes 
Consensus Reports, research, clinical trials, database 
links.

NIH Office of Dietary Supplements 
http://odp.od.nih.gov/
The International Bibliographic Information on 
Dietary Supplements (IBIDS) is a NIH website produced 
by the Office of Dietary Supplements (ODS). It offers a 
database of published, international, scientific litera-
ture on dietary supplements, including vitamins, min-
erals, and botanicals. Search can be limited to peer-
reviewed publications.

Herb Research Foundation (HRF)
http://www.herbs.org/
A nonprofit research and educational organization 
focusing on herbs and medicinal plants.

American Botanical Council's Herbal Information
http://www.herbalgram.org/
This website provides information about herbs that 
have been compiled from a number of reputable scien-
tific sources including the German Commission E 
Monographs, Botanical Safety Handbook, and numer-
ous clinical trials that have been referenced in Herbal-
Gram, their quarterly publication.

Healthfinder
http://www.healthfinder.gov
This website provides consumer health and human ser-
vices information developed by the U.S. Department of 
Health and Human Services. It provides access to selected 
online publications, clearinghouses, databases, websites, 
and support and self-help groups.

NIH Consumer Health Information
http://health.nih.gov/
This website provides access to consumer publication 
titles specific to certain conditions/diseases.

HealthGate
http://www.healthgate.com/
This website provides patient and consumer informa-
tion regarding drugs and vitamins, symptoms and med-
ical tests, and general health. It also provides access to 
Medline. Provider of web-enabled technology and ser-
vices for healthcare organizations, including hospitals.
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Medherb
http://medherb.com/
This website of Medical Herbalism, a quarterly journal 
of clinical herbalism. It provides links to medical infor-
mation and to any resource relevant to medicinal herbs 
or herbalism practiced in clinical settings, plus sample 
articles on hundreds of herbs.

The World Lecture Hall
http://www.utexas.edu/world/lecture/
This website provides links to pages created by faculty 
worldwide who are using the web to deliver university-
level academic courses in any language.

Food Allergy and Anaphylaxis Network (FAAN)
http://www.foodallergy.org/
This website provides access to FAAN, a nonprofit orga-
nization established to increase public awareness about 
food allergy and anaphylaxis. It offers, among other 
things, a bimonthly newsletter, product alerts, and 
updates on food allergy.

Dr. Duke's Phytochemical and Ethnobotanical 
Databases
http://www.ars-grin.gov/duke/
Database of phytochemical ingredients for herbs and 
spices.

http://www.essentialfats.com
This website presents information about the role of 
essential fatty acids in health and disease. It includes 
discussions on fatty acid analysis, research results, new 
diagnostic and treatment approaches of fatty acids in 
such areas as lipid abnormalities and inflammatory 
bowel disease.

Other Useful Sites

• http://commons.ucalgary.ca/mercury (Video on the 
toxic neurologic effects of mercury)

• http://ods.od.nih.gov (Office of Dietary Supple-
ments Database)

• http://vm.cfsan.fda.gov/~frf/sea-mehg.html (EPA 
Report of Mercury Levels in Seafood)

• www.ajcn.org (American Journal of Clinical 
Nutrition)

• www.alternative-therapies.com (Alternative Thera-
pies in Health and Medicine)

• www.bmj.com (British Medical Journals)
• www.bruceames.org (researcher in aging and 

nutrition)
• www.cdc.gov/exposurereport (Second National 

Report on Human Exposure to Environmental 
Chemicals)

• www.celiac.com (resource for celiac disease and 
gluten-free diet)

• www.cfsan.fda.gov/~dms/admehg3.html 
(EPA Mercury Fish Advisory)

• www.cmbm.org (The Center for Mind Body 
Medicine)

• www.consumerlab.com (Consumer Lab: Indepen-
dent Assays of Supplements)

• www.ehponline.org (Environmental Health 
Perspectives)

• www.ewg.org (Environmental Working Group)
• www.ewg.org/reports/bodyburden (Study of Body 

Burden of Toxins)
• www.functionalmedicine.org (The Institute for 

Functional Medicine)
• www.healthjourneys.com (resource for audio 

recordings to support mind body healing)
• www.imconsortium.org (The Consortium of Aca-

demic Health Centers for Integrative Medicine or 
CAHCIM)

• www.jama.com (Journal of the American Medical 
Association)

• www.nap.edu/books/0309071402/html (Toxicolog-
ical Effects of Methyl Mercury, 2000; National 
Academy of Sciences Press)

• www.ncbi.nlm.nih.gov/entrez (National Library of 
Medicine—Pub Med)

• www.nccam.nih.gov (National Center for Comple-
mentary and Alternative Medicine)

• www.nejm.org (New England Journal of Medicine)
• www.padmamedia.com (practical products to sup-

port an authentic life and the healing arts)
• www.whccamp.hhs.gov (White House Commission 

on Complementary and Alternative Medicine Pol-
icy. Final Report, March 2002)

• www.yourcancerrisk.harvard.edu (a risk assessment 
questionnaire)



837

Appendix

Food Resources

• www.vitalchoice.com (Vital Choice Seafood—wild 
salmon and other food products)

• www.whfoods.org (World’s Healthiest Foods)
• www.diamondorganics.com (source for home deliv-

ery of organic and healthful foods)

Supplement Companies and Distributors 

(There are many to choose from; here are a few to 
get started with.)

• www.biotics research.com
• www.collegepharmacy.com
• www.designsforhealth.com
• www.douglaslabs.com
• www.emersonecologics.com
• www.integrativeinc.com
• www.metabolicmaintenance.com
• www.metagenics.com
• www.nordicnaturals.com
• www.protherainc.com
• www.thorne.com
• www.tidhealth.com
• www.vitalnutrients.net
• www.xymogen.com

Laboratory Testing and Diagnostic Resources 

• www.doctorsdata.com (testing for heavy metal tox-
icity and other nutritional and metabolic disorders)

• www.enterolab.com (home stool gluten sensitivity 
testing)

• www.geimatron.com (electron beam tomography 
scanning for evaluation of calcium scores of the 
heart to assess cardiovascular risk)

• www.genovations.com (genetic testing for SNPs)
• www.gsdl.com (testing for digestive, immune, 

nutritional, endocrine, and metabolic function)
• www.igenex.com (specialized testing for detecting 

chronic infections such as Lyme Disease with PCR 
technology)

• www.immunolabs.com (IgG food sensitivity 
testing)

• www.immunoscienceslab.com (immunological and 
infectious diseases assessments)

• www.liposcience.com (nuclear medicine spectros-
copy for the assessment of lipid particle size; assess-
ing cardiovascular risk factors)

• www.melisa.org (immunotoxicology of heavy 
metals)

• www.metametrix.com (nutritional and metabolic 
testing)

• www.prometheus-labs.com (testing for gluten-
related disease)

• www.questdiagnostics.com (common conven-
tional laboratory testing)

• www.questest.com (self-testing)
• www.spectracell.com (functional analysis of essen-

tial micronutrients)
• www.yorkallergyusa.com (IgG food sensitivity 

testing)
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Medical Symptoms Questionnaire

Name: _____________________________________________________Date: _________________________

Rate each of the following symptoms based upon your typical health profile for:

 Past 30 days Past 48 hours

Point Scale
0 - Never or almost never have the symptom
1 - Occasionally have it, effect is not severe
2 - Occasionally have it, effect is severe
3 - Frequently have it, effect is not severe
4 - Frequently have it, effect is severe

HEAD __________ Headaches
__________ Faintness
__________ Dizziness
__________ Insomnia

Total __________ 

EYES __________ Watery or itchy eyes
__________ Swollen, reddened or sticky eyelids
__________ Bags or dark circles under eyes
__________ Blurred or tunnel vision (does not include near- or
                  far-sightedness)

Total __________ 

EARS __________ Itchy ears
__________ Earaches, ear infections
__________ Drainage from ear
__________ Ringing in ears, hearing loss

Total __________ 

NOSE __________ Stuffy nose
__________ Sinus problems
__________ Hay fever
__________ Sneezing attacks
__________ Excessive mucus formation

Total __________ 

MOUTH/THROAT __________ Chronic coughing
__________ Gagging, frequent need to clear throat
__________ Sore throat, hoarseness, loss of voice
__________ Swollen or discolored tongue, gums, lips
__________ Canker sores

Total __________ 

SKIN __________ Acne
__________ Hives, rashes, dry skin
__________ Hair loss
__________ Flushing, hot flashes
__________ Excessive sweating

Total __________ 

HEART __________ Irregular or skipped heartbeat
__________ Rapid or pounding heartbeat
__________ Chest pain

Total __________ 
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LUNGS __________ Chest congestion
__________ Asthma, bronchitis
__________ Shortness of breath
__________ Difficulty breathing

Total __________ 

DIGESTIVE TRACT __________ Nausea, vomiting
__________ Diarrhea
__________ Constipation
__________ Bloated feeling
__________ Belching, passing gas
__________ Heartburn
__________ Intestinal/stomach pain

Total __________ 

JOINTS/MUSCLE __________ Pain or aches in joints
__________ Arthritis
__________ Stiffness or limitation of movement
__________ Pain or aches in muscles
__________ Feeling of weakness or tiredness

Total __________ 

WEIGHT __________ Binge eating/drinking
__________ Craving certain foods
__________ Excessive weight
__________ Compulsive eating
__________ Water retention
__________ Underweight

Total __________ 

ENERGY/ACTIVITY __________ Fatigue, sluggishness
__________ Apathy, lethargy
__________ Hyperactivity
__________ Restlessness

Total __________ 

MIND __________ Poor memory
__________ Confusion, poor comprehension
__________ Poor concentration
__________ Poor physical coordination
__________ Difficulty in making decisions
__________ Stuttering or stammering
__________ Slurred speech
__________ Learning disabilities

Total __________ 

EMOTIONS __________ Mood swings
__________ Anxiety, fear, nervousness
__________ Anger, irritability, aggressiveness
__________ Depression

Total __________ 

OTHER __________ Frequent illness
__________ Frequent or urgent urination
__________ Genital itch or discharge

Total __________ 

GRAND TOTAL ____________________
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Life Stress Questionnaire

Name _______________________________________________________________ Date ______________________________

During the past two years, have you had any of the following things happen to you? If so, simply circle one of the numbers 
following those items (and only those items that apply to you). Circle only one number after each event which has occurred in 
your life recently.

LIFE EVENT POINT VALUE
Slight Moderate Great

Example: Change in social activities
Change in sleeping habits
Change in residence

10
10
10

15
15
15

20
20
20

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Change in social activities
Change in sleeping habits
Change in residence
Change in work hours
Change in church activities
Tension at work
Small children in the home
Change in living conditions
Outstanding personal achievement
Problem teenager(s) in the home
Trouble with in-laws
Difficulties with peer group
Son or daughter leaving home
Change in responsibilities at work
Taking over a major financial responsibility
Foreclosure of mortgage or loan
Change in relationship with spouse
Change to different line of work
Loss of a close friend
Gain of a new family member
Sex difficulties
Pregnancy
Change in health of family member
Retirement
Loss of job
Change in quality of religious faith
Marriage
Personal injury or illness
Loss of self-confidence
Death of a close family member
Injury to reputation
Trouble with the law
Marital separation
Divorce
Death of spouse
Other (invalid in family; drug or alcohol problem, etc.)
Other: ________________________________________________

10
10
10
15
15
20
20
20
25
25
25
25
25
25
25
25
30
30
30
35
35
35
40
40
45
45
45
45
55
50
50
55
55
65
80

__________
__________

15
15
20
20
20
25
25
25
30
30
30
30
30
30
30
30
35
35
35
40
40
40
45
45
50
50
50
50
60
60
60
65
65
76

100
__________
__________

20
20
30
25
25
30
30
30
35
35
35
35
35
35
35
40
40
40
45
45
45
50
50
55
55
55
55
65
70
70
75
75
85

120

__________
__________

Total of three columns

Scoring System
(1) Greater than 300, highly significant life stress
(2) 200–300, significant life stress
(3) 150–200, moderate life stress
(4) Less than 150, low life stress

__________ __________ __________
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Nutrient Deficiency Signs and Symptoms

By Nutrient:

Vitamin A

Face Acne, dermatitis (dry, scaly skin), follicular hyperkeratosis

Eyes Photophobia; poor twilight vision; loss of shiny, bright, moist appearance of eyes; xerosis of 
bulbar conjunctivas; loss of light reflex; decreased lacrimation; keratomalacia (corneal softening); 
corneal ulceration which may lead to extrusion of lens; Bitot's spots (frothy white or yellow spots 
under bulbar conjunctivas); conjunctival xerosis; corneal xerosis

Mouth Gingivitis

Throat Enlarged tonsils in a child

Skin Dry skin (xerosis); rough, bumpy skin on back of arms; psoriasis; erythema early, vascularization, 
crusting, desquamation; increased pigmentation (even in black people), thickened, inelastic, 
fissured, especially in skin exposed to sun; becoming scaly, dry, atrophic in intertriginous areas, 
maceration and abrasion may occur; Casal's necklace in neckline exposed to sun; malar and 
supraorbital pigmentation; impaired wound healing

Skeletal Bone/joint pain

Vitamin B12

Face Yellow face

Eyes Optic neuritis

Mouth Angular stomatitis

Tongue Geographic tongue; sore, reddened tongue; filiform papillary atrophy; glossitis

Skin Hyperpigmentation; pallor, icterus; rough, bumpy skin on back of arm

Circulation Anemia, megaloblastic

Nervous System Ataxia, with loss of ankle knee reflexes; peripheral neuropathy; paresthesia; areflexia, extensor 
plantar responses, loss of position and vibratory sense, ataxia, paresthesia; psychotic behavior 
(dementia); wide-based gait

Vitamin B6

Mouth Angular stomatitis

Tongue Sore, reddened tongue

Lips Cheilosis, inflammation of the mucus membranes of the lips, loss of clear differentiation between 
mucocutaneous border

Skin Seborrheic-like dermatitis; skin deterioration; rough, bumpy skin on back of arm
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Hands/Fingers/Fingernails Tender lumps on finger end joints

Nervous system Peripheral neuropathy; tremors, convulsions, behavioral disturbances; slow mentation, mental 
depression

Riboflavin

Eyes Circumcorneal capillary injection with penetration of corneal limbus; red and moist tissue at 
external angles of both eyes; angular blepharitis (or palpebritis); conjunctival xerosis

Mouth Gums, periodontal problems; angular stomatitis; gingivitis

Tongue Sore, reddened tongue; filiform papillary atrophy; glossitis

Lips Cheilosis, inflammation of the mucus membranes of the lips, loss of clear differentiation between 
mucocutaneous border

Nose Nasolabial dyssebacea (exfoliation, inflammation, excessive oil production, fissuring of sebaceous 
glands, which are moist and red)

Skin Decreased skin-hair-nail turgor; seborrheic-like dermatitis

Niacin

Mouth Gingival tenderness; gingivitis; angular stomatitis

Tongue Sore, reddened tongue; filiform papillary atrophy; glossitis; tongue fissuring; halitosis

Lips Cheilosis, inflammation of the mucus membranes of the lips, loss of clear differentiation between 
mucocutaneous border

Skin Dermatitis, hyperpigmentation; erythema early, vascularization, crusting, desquamation; 
increased pigmentation (even in black people), thickened, inelastic, fissured, especially in skin 
exposed to sun; becoming scaly, dry, atrophic in intertriginous areas, maceration and abrasion 
may occur; Casal's necklace in neckline exposed to sun; malar and supraorbital pigmentation; 
scrotum dermatitis, erythema, hyperpigmentation; pellagrous dermatosis

Hands/Fingers/Fingernails Onycholysis

Gastrointestinal Tract Diarrhea

Nervous System Psychotic behavior (dementia); acute disorientation

Thiamine

Throat Parotid enlargement

Muscular Muscle pain; calf muscle tenderness, weakness

Cardiovascular Tachycardia, cardiac enlargement, congestive heart failure (high-output type); palpitations, 
arrhythmia; cardiomegaly

Circulation Intermittent claudication
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Nervous System Ataxia, with loss of ankle knee reflexes; peripheral neuropathy; paresthesia; loss of proprioception; 
hyporeflexia, foot and wrist drop; hypesthesia; paresthesia; psychotic behavior (dementia); 
nystagmus; ophthalmoplegia; wide-based gait; peripheral edema; somatic wasting

Niacinamide

Hands /Fingers/ Fingernails Slightly swollen and painful PIP joints (osteoarthritis); painful, swollen MCP joints, as well as wrists 
and other joints (rheumatoid arthritis); tender lumps on fingers and joints

Vitamin C

Mouth Gums, periodontal problems; herpes; reddened gumline without margination; ecchymotic-like 
lesions; interdental gingival hypertrophy

Throat Enlarged tonsils in a child

Skin Perifollicular petechiae that produce a "pink-halo" effect around coiled hair follicles, intradermal 
petechiae (purpura, ecchymoses due to capillary fragility), hemarthroses (cortical hemorrhages of 
bone visualizable on X-ray); impaired wound healing

Hair Corkscrew, "swan neck" deformity

Hands/Fingers/Fingernails Splinter hemorrhages

Skeletal Bone/joint pain; subperiosteal hematoma, epiphyseal enlargement (painful)

Muscular Intramuscular hematoma

General Easy bruising

Vitamin D

Mouth Gums, periodontal problems

Hands/Fingers/Fingernails Psoriatic nails

Skeletal Epiphyseal enlargement (painless), beading of ribs ("rachitic rosary"), delayed fusion of 
fontanelles, craniotabes (abnormal softening of the skull bones), bowed legs, frontal or parietal 
bossing of skull, deformities of thorax (Harrison's sulcus, pigeon breast), osteomalacia, 
osteoporosis, rickets; bone/joint pain; bone tenderness

Muscular Hypotonia; myofascial back pain; decreased grip strength

Cardiovascular Hypertension

General Tetany and muscle cramps

Vitamin E

Eyes Retinal field defect

Circulation Anemia, hemolytic

Nervous System Ataxia, with loss of ankle knee reflexes; peripheral neuropathy
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Vitamin K

Skin Perifollicular petechiae that produce a "pink-halo" effect around coiled hair follicles, intradermal 
petechiae (purpura, ecchymoses due to capillary fragility), hemarthroses (cortical hemorrhages of 
bone visualizable on X-ray); intracutaneous hemorrhages, GI hemorrhage

Mouth Ecchymotic-like lesions

Circulation Prolonged clotting time

Cardiovascular Palpitations, arrhythmia

General Easy bruising

Biotin

Tongue Sore, reddened tongue

Skin Dry skin (xerosis); seborrheic-like dermatitis

Hair Thin, sparse distribution; hair becomes fine, dull, dry, brittle, stiff, straight; becomes red in black 
people, then lighter in color; may be “bleached” in white people (“flag sign”); can be plucked 
easily and painlessly

Nervous System Slow mentation, mental depression

Copper

Hair Menkes steely hair

Hands/Fingers/Fingernails Fingernails that are ridging, brittle, easily broken, flattened, spoon-shaped, thin, lusterless, Beau's 
lines, Muehrcke's lines

Circulation Anemia, microcytic hypochromic

Calcium

Teeth Mottled enamel, fluorosis

Hands/Fingers/Fingernails Fingernails that are weak, thin, bend easily, frequently crack and chip

Skeletal Epiphyseal enlargement (painless), beading of ribs ("rachitic rosary"), delayed fusion of 
fontanelles, craniotabes (abnormal softening of the skull bones), bowed legs, frontal or parietal 
bossing of skull, deformities of thorax (Harrison's sulcus, pigeon breast), osteomalacia, 
osteoporosis, rickets

Cardiovascular Hypertension; palpitations, arrhythmia

Nervous System Paresthesias about the lips, tongue, fingers; carpopedal spasm

General Tetany and muscle cramps
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Folate/Folic Acid

Eyes Pale palpebral conjunctivas

Mouth Gums, periodontal problems; aphthous stomatitis

Tongue Geographic tongue; sore, reddened tongue; filiform papillary atrophy; glossitis

Skin Hyperpigmentation; pallor, icterus

Circulation Anemia, megaloblastic

Nervous System Psychotic behavior (dementia)

Fluoride

Teeth Caries

Iodine

Throat Neck mass (goiter)

Nervous System Hyporeflexia, foot and wrist drop, hypesthesia, paresthesia

Iron

Face Pale tongue, cheeks, and conjunctives

Eyes Pale palpebral conjunctivas

Mouth Angular stomatitis

Tongue Filiform papillary atrophy; glossitis

Skin Pallor, icterus

Hands/Fingers/Fingernails Fingernails that are ridging, brittle, easily broken, flattened, spoon-shaped, thin, lusterless, Beau's 
lines, Muehrcke's lines; onycholysis; pale nail beds

Circulation Anemia microcytic hypochromic

Gastrointestinal Tract Plummer Vinson syndrome

Pyridoxine

Eyes Angular blepharitis (or palpebritis)

Tongue Glossitis

Nose Nasolabial seborrhea

Nervous System Peripheral neuropathy, symmetrical sensory and motor deficits, especially in lower extremities; 
drug-resistant convulsions (infants); dementia, forgetfulness
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Selenium

Face Acne

Mouth Cold sores

Cardiovascular Cardiomegaly

Zinc

Face Acne; dermatitis (dry, scaly skin), follicular hyperkeratosis

Eyes Photophobia; poor twilight vision; loss of shiny, bright, moist appearance of eyes; xerosis of 
bulbar conjunctivas; loss of light reflex; decreased lacrimation; keratomalacia (corneal softening); 
corneal ulceration which may lead to extrusion of lens; Bitot's spots (frothy white or yellow spots 
under bulbar conjunctivas)

Mouth Angular stomatitis

Tongue Geographic tongue; hypogeusia (diminished taste acuity)

Throat Enlarged tonsils in a child

Skin Acne on back, chest, face, and shoulders; dry skin (xerosis); psoriasis; seborrheic-like dermatitis; 
erythema early, vascularization, crusting, desquamation; increased pigmentation (even in black 
people), thickened, inelastic, fissured, especially in skin exposed to sun; becoming scaly, dry, 
atrophic in intertriginous areas, maceration and abrasion may occur; Casal's necklace in neckline 
exposed to sun; malar and supraorbital pigmentation; impaired wound healing

Hair Thin, sparse distribution; hair becomes fine, dull, dry, brittle, stiff, straight; becomes red in black 
people, then lighter in color; may be “bleached” in white people (“flag sign”); can be plucked 
easily and painlessly

Hands/Fingers/Fingernails Cracks and splitting of skin on fingertips; fingernails that are weak, thin, bend easily, frequently 
crack and chip; white pitting (leukonychia); fingernails that are ridging, brittle, easily broken, 
flattened, spoon-shaped, thin, lusterless, Beau's lines, Muehrcke's lines; chronic paronychia; white 
spots on fingernails

Gastrointestinal Tract Diarrhea

General Somatic wasting

Essential Fatty Acids

Face Acne; dermatitis (dry, scaly skin), follicular hyperkeratosis

Eyes Reduced visual acuity

Nose Nasolabial seborrhea

Skin Acne on back, chest, face, and shoulders (omega-3); dry skin (xerosis); rough, bumpy skin on 
back of arm; dermatitis; eczema; lackluster skin (omega-3); thick calluses (omega-3); impaired 
wound healing (omega-6); oily/combination skin (omega-3)

Hair Dry hair, dandruff
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Hands/Fingers/Fingernails Cracks and splitting of skin on fingertips; fingernails that are weak, thin, bend easily, frequently 
crack and chip

Nervous System Paresthesia (omega-3); weakness, inability to walk (omega-3); neuropathy

General Decreased memory and mental abilities, psychological disturbances; thirst, polydipsia, polyuria

Protein

Face Brown, patchy pigmentation of cheeks, parotid enlargement, and "moon face" (calorie)

Mouth Reddened gumline without margination (energy)

Teeth Malposition, hypoplastic line across upper primary incisors, becomes filled with yellow-brown 
pigment, caries then occurs and tooth may break off (calorie)

Skin  Impaired wound healing (calorie)

Hair Thin, sparse distribution (energy); dry, dull, depigmented; hair becomes fine, dull, dry, brittle, 
stiff, straight; becomes red in black people, then lighter in color; may be “bleached” in white 
people (“flag sign”); can be plucked easily and painlessly (calorie)

Hands/Fingers/Fingernails Transverse depigmentation; fingernails that are ridged, brittle, easily broken, flattened, spoon-
shaped, thin, lusterless, Beau's lines, Muehrcke's lines

Gastrointestinal Tract Ascites; hepatomegaly

Muscular Atrophic muscles; decreased grip strength

General Peripheral edema, muscle wasting (calorie)

Fat

Gastrointestinal Tract Hepatomegaly

General Reduced subcutaneous fat as evidenced by well-demarcated bony prominences and veins, loss of 
gluteal and perianal fat

Coenzyme Q10

Mouth Gums, periodontal problems

Cardiovascular Tachycardia, cardiac enlargement, congestive heart failure (high-output type); palpitations, 
arrhythmia

Lysine

Mouth Herpes

Flavonoids

Mouth Herpes
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Phosphorus

Teeth Caries

Nervous System Acute disorientation; circumoral and extremity paresthesias

Nickel

Skin Psoriasis

Bromide

Skin Psoriasis

Manganese

Hair Dry, dull, sparse, depigmented

Glucosamine Sulfate and Chondroitin

Hands/Fingers/Fingernails Slightly swollen and painful PIP joints (osteoarthritis)

Eicosatetraenoic Acids

Hands/Fingers/Fingernails Painful, swollen MCP joints, as well as wrists and other joints (rheumatoid arthritis)

Cetyl Myristoleic Acid

Hands/Fingers/Fingernails Painful, swollen MCP joints, as well as wrists and other joints (rheumatoid arthritis)

Magnesium

Respiratory Reactive airways

Muscular Spasm

Cardiovascular Hypertension; palpitations, arrhythmia

Nervous System Tremor, convulsions, behavioral disturbances; carpopedal spasm

Potassium

Gastrointestinal Tract Ileus

Cardiovascular Hypertension

General Tetany and muscle cramps

Linolenic Acid

Skin Dry skin (xerosis); seborrheic-like dermatitis
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Nutrient Deficiency Signs and Symptoms, continued 

By Physical Exam Finding:
Potential Association with Nutrient 
Deficiency/Insufficiency or Allergen:

Face

Acne Zinc
Allergy (eliminate refined foods/sugars)
Vitamin A
Essential fatty acids
Selenium

Pale tongue, cheeks, and conjunctivas Anemia (iron deficient)

Brown, patchy pigmentation of cheeks, parotid enlargement, and “moon 
face”

Protein-calorie

Reddened facial skin, especially on forehead and cheeks, often with scattered 
medium to large acne-like lumps (i.e., acne rosacea)

Low stomach acid and pepsin production

Red face (rosacea) Food allergy, yeast, skin mites allergy

Flushing Allergy (e.g., red ears) 

Yellow face Vitamin B12

Dermatitis (dry, scaly skin), follicular hyperkeratosis Essential fatty acids, vitamin A, zinc

Eyes

Dilated pupils Allergy (especially milk)

Photophobia; poor twilight vision; loss of shiny, bright, moist appearance of 
eyes; xerosis of bulbar conjunctivas; loss of light reflex; decreased lacrimation; 
keratomalacia (corneal softening); corneal ulceration which may lead to 
extrusion of lens; Bitot's spots (frothy white or yellow spots under bulbar 
conjunctivas)

Vitamin A, zinc

Pale palpebral conjunctivas Iron or folate

Circumcorneal capillary injection with penetration of corneal limbus Riboflavin

Red and moist tissue at external angles of both eyes Riboflavin

Angular blepharitis (or palpebritis) Pyridoxine, riboflavin

Optic neuritis Vitamin B12

Conjunctival xerosis Vitamin A, riboflavin

Corneal xerosis Vitamin A

Dark under-eye circles (allergic shiners) Allergy (food or other)
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Retinal field defect Vitamin E

Reduced visual acuity Essential fatty acids

Mouth

Canker sore (aphthous ulcer) Food allergy(ies)
Toothpaste with sodium lauryl sulfate can cause 
recurrences

Aphthous stomatitis Folic acid

Cold sores Selenium

Gums; periodontal problems Coenzyme Q10, folate "mouthwash," vitamin C, 
riboflavin, vitamin D

Gingival tenderness Niacin

Herpes Lysine, vitamin C, flavonoids

Reddened gumline without margination Vitamin C

Ecchymotic-like lesions Vitamins C and K, protein-energy

Angular stomatitis Riboflavin, niacin, other B vitamins, iron, zinc

Interdental gingival hypertrophy Vitamin C

Gingivitis Vitamin A, niacin, riboflavin

Tongue

Geographic tongue Folate
Vitamin B12
Zinc
Genetic and unchangeable

Sore, reddened tongue Niacin, folate, vitamins B12 and B6, biotin, riboflavin

Filiform papillary atrophy Niacin, iron, folate, vitamin B12, riboflavin 

Glossitis Riboflavin, folic acid, pyridoxine, niacin, vitamin 
B12, iron

Hypogeusia (diminished taste acuity) Zinc

Teeth indentations on tongue Food allergy(ies)

Tongue fissuring Niacin

Halitosis Niacin
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Lips

Cheilosis, inflammation of the mucus membranes of the lips, loss of clear 
differentiation between mucocutaneous border

Riboflavin, vitamin B6, niacin

Teeth

Caries Fluoride, phosphorus

Mottled enamel, fluorosis Fluoride (excessive), calcium

Malposition, hypoplastic line across upper primary incisors, becomes filled 
with yellow-brown pigment, caries then occurs and tooth may break off

Protein-calorie

Nose

Polyps in the nose Allergy (very likely salicylate sensitive)

Nasolabial dyssebacea (exfoliation, inflammation, excessive oil production, 
fissuring of sebaceous glands, which are moist and red)

Riboflavin

Nasolabial seborrhea Pyridoxine, essential fatty acids

Throat

Enlarged tonsils in a child Food allergy(ies)
Vitamin A
Vitamin C
Zinc

Swollen lymph nodes in neck Food allergy(ies)

Parotid enlargement Thiamin

Neck mass (goiter) Iodine

Skin

Acne (back, chest, face, shoulders) High-dose vitamin A, zinc, omega-3 oils

Dry skin (xerosis) Essential fatty acids, vitamin A, biotin, linolenic acid, 
zinc

Skin surface slightly yellow Beta-carotene (excessive)

Rough, bumpy skin on back of arm Vitamin A
Essential fatty acids
B vitamins
Pancreatic enzymes to aid absorption of essential 
fatty acids, vitamin A, carotene

Psoriasis Nickel, bromide, vitamin A, zinc
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Perifollicular petechiae that produce a "pink-halo" effect around coiled hair 
follicles, intradermal petechiae (purpura, ecchymoses due to capillary 
fragility), hemarthroses (cortical hemorrhages of bone visualizable on X-ray)

Vitamin C, vitamin K

Decreased skin-hair-nail turgor Riboflavin

Dermatitis Niacin, essential fatty acids

Seborrheic-like dermatitis Riboflavin, vitamin B6, biotin, zinc, linoleic acid

Skin deterioration Vitamin B6

Hyperpigmentation Folate, vitamin B12, niacin

Intracutaneous hemorrhages, GI hemorrhage Vitamin K

Pallor, icterus Iron, folic acid, vitamin B12

Erythema early, vascularization, crusting, desquamation; increased 
pigmentation (even in black people), thickened, inelastic, fissured, especially 
in skin exposed to sun; becoming scaly, dry, atrophic in intertriginous areas, 
maceration and abrasion may occur; Casal's necklace in neckline exposed to 
sun; malar and supraorbital pigmentation

Niacin, vitamin A, zinc

Scrotum dermatitis, erythema, hyperpigmentation Niacin

Eczema Allergy
Fatty acids

Itching: anus, arms, ear canals, eyes, feet, hands, legs, nipples, nose, penis, 
roof of mouth, scalp, skin in general, throat

Allergy

Lackluster skin Omega-3 oils

Thick calluses Omega-3 oils

Bumps on back of upper arms Omega-3 oils; could also be vitamin A responsive; 
sometimes a weird expression of eczema

Pellagrous dermatosis Niacin

Impaired wound healing Vitamin C, vitamin A, zinc, protein, omega-6 
essential fatty acids

Oily skin (also what TV used to call combination skin) Omega-3 oils 

Hair

Thinning hair on arms, legs, pubic area of older females DHEA

Thin, sparse distribution Protein-energy, biotin, zinc

Corkscrew, "swan neck" deformity Vitamin C

Dry, dull, sparse, depigmented Protein, manganese
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Hair becomes fine, dull, dry, brittle, stiff, straight; becomes red in black 
people, then lighter in color; may be “bleached” in white people (“flag sign”); 
can be plucked easily and painlessly

Protein-calorie, zinc, biotin

Menkes steely hair Copper

Dry hair, dandruff Essential fatty acids

Hands/Fingers/Fingernails

Cracks and splitting of skin on fingertips Zinc, essential fatty acids

Slightly swollen and painful PIP joints (osteoarthritis) Glucosamine sulfate and chondroitin
Niacinamide
"Nightshade" vegetable allergies

Painful, swollen MCP joints, as well as wrists and other joints (rheumatoid 
arthritis)

Food allergy(ies)
Niacinamide
Eicosatetraenoic acids
Cetyl myristoleic acid

Tender lumps on finger end joints Niacinamide, vitamin B6

Fingernails that are weak, thin, bend easily, frequently crack and chip Underfunctioning stomach (low acid, low pepsin)
Essential fatty acid
Calcium
Zinc

Transverse depigmentation Protein

White pitting (leukonychia) Zinc

Psoriatic nails Vitamin D

Fingernails that are ridging, brittle, easily broken, flattened, spoon-shaped, 
thin, lusterless, Beau's lines, Muehrcke's lines

Iron, copper, zinc, protein

Onycholysis Iron, niacin

Chronic paronychia Zinc

Splinter hemorrhages Vitamin C

Pale nail beds Iron

White spots on fingernails Zinc

Skeletal

Epiphyseal enlargement (painless), beading of ribs ("rachitic rosary"), delayed 
fusion of fontanelles, craniotabes (abnormal softening of the skull bones), 
bowed legs, frontal or parietal bossing of skull, deformities of thorax 
(Harrison's sulcus, pigeon breast), osteomalacia, osteoporosis, rickets

Vitamin D, calcium

Bone/joint pain Vitamin A, vitamin D, vitamin C
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Bone tenderness Vitamin D

Subperiosteal hematoma, epiphyseal enlargement (painful) Vitamin C

Respiratory

Reactive airways Magnesium

Circulation

Anemia, hemolytic Vitamin E

Anemia, microcytic hypochromic Copper, iron

Anemia, megaloblastic Folate, vitamin B12

Prolonged clotting time Vitamin K

Intermittent claudication Thiamin

Gastrointestinal Tract

Ascites Protein

Hepatomegaly Protein, fat

Diarrhea Zinc, niacin, dysbiosis

Ileus Potassium

Plummer Vinson syndrome Iron

Muscular

Hypotonia Vitamin D

Muscle pain Thiamin

Intramuscular hematoma Vitamin C

Calf muscle tenderness, weakness Thiamin

Atrophic muscles Protein

Myofascial back pain Vitamin D

Decreased grip strength Protein, vitamin D

Spasm Magnesium
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Cardiovascular

Tachycardia, cardiac enlargement, congestive heart failure (high-output type) Thiamine, coenzyme Q10

Hypertension Calcium, potassium, magnesium, vitamin D

Palpitations, arrhythmia Thiamine, magnesium, coenzyme Q10, vitamin K, 
calcium

Cardiomegaly Selenium, thiamin

Nervous System

Ataxia, with loss of ankle knee reflexes Thiamin, vitamin E, vitamin B12

Peripheral neuropathy Thiamin, vitamin B6, vitamin E, vitamin B12

Peripheral neuropathy, symmetrical sensory and motor deficits, especially in 
lower extremities; drug-resistant convulsions (infants); dementia, forgetfulness

Pyridoxine

Paresthesia Thiamin, vitamin B12, omega-3 essential fatty acids

Loss of proprioception Thiamin

Hyporeflexia, foot and wrist drop, hypesthesia, paresthesia Thiamin, iodine

Areflexia, extensor plantar responses, loss of position and vibratory sense, 
ataxia, paresthesia

Vitamin B12

Paresthesias about the lips, tongue, fingers Calcium

Tremor, convulsions, behavioral disturbances Magnesium, vitamin B6

Psychotic behavior (dementia) Niacin, thiamin, vitamin B12, folate

Acute disorientation Phosphorus, niacin

Nystagmus Thiamin

Ophthalmoplegia Thiamin

Wide-based gait Thiamin, vitamin B12

Weakness, inability to walk Omega-3 fatty acids

Carpopedal spasm Calcium, magnesium

Circumoral and extremity paresthesias Phosphorus

Slow mentation, mental depression Biotin, vitamin B6

Neuropathy Essential fatty acids
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General

Peripheral edema Protein, thiamin

Muscle wasting Protein, calorie

Somatic wasting Thiamin, zinc

Reduced subcutaneous fat as evidenced by well-demarcated bony 
prominences and veins, loss of gluteal and perianal fat

Fat

Decreased memory and mental abilities, psychological disturbances Essential fatty acids

Thirst, polydipsia, polyuria Essential fatty acids

Tetany and muscle cramps Vitamin D, magnesium, calcium, potassium

Red ears Allergy (food or other)

Easy bruising Allergy (food or other), often yeast, vitamin K, 
vitamin C

Swollen ankles and feet Allergy vs. the obvious cardiac/renal problems
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Appendix

Three-Day Diet Diary

Please complete this Three-Day Diet Diary for three 
consecutive days within a week before your scheduled 
visit. Please include one weekend day.

• Record information as soon as possible after the 
food has been consumed.

• Describe the food or beverage consumed e.g., 
milk—whole, 2%, or nonfat; toast—whole wheat, 
white, buttered; chicken—fried, baked, breaded, 

etc. Record the amount of each food consumed 
using standard measurements as much as possible, 
such as 8 ounces, 1/2 cup, 1 teaspoon, etc.

• Include any added items. For example: tea with 1 
teaspoon sugar, potato with 2 teaspoons butter, etc.

• Please record all beverages, including water. List 
them in the “Beverage” category.

Diet Diary

Name:  _____________________________________________________________    Date:  _________________________

Time Food Amount Time Beverage Amount
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NOTE: An f after a page number denotes a figure; a t denotes a table.

A
A NERD (mnemonic), 552–53
AA. See Arachidonic acid
AAS. See Anabolic-androgenic steroids
Abdominal fat, 245, 742t
Absorption, 190–91, 330–32. See also Digestion and absorption, under 

Digestion
imbalances associated with, 327–37, 435–44, 649
optimization of, 440–41

Accuracy, of laboratory tests, 707
Acetaldehyde, 568
Acetaminophen detoxification, 289, 289f
Acetyl-CoA, 175, 185, 267

in acetylcholine production, 640
Acetylation, 280
Acetylation stimulating protein (ASP), 743
Acetylcarnitine (ALC), 114, 394, 640t

supplementation for mitochondrial function, 362t
Acetylcholine (ACH), 582t, 640

modulation of, 640t, 643
ACH. See Acetylcholine
Acidic fibroblast growth factor (aFGF), 409
Aconitase, 270
Acquired immune deficiency syndrome. See AIDS
Acrometagenic, 381–82
ACTH (adrenocorticotropin), 142, 235, 582t, 608f
Action potential, 259–60
Acute-care model, 891–3
Acute myocardial infarction, 408–9
Adenosine, 643
Adenosine triphosphate. See ATP (adenosine triphosphate)
ADHD, 639, 640t, 641–42, 768–785 (case)

omega-3 fatty acid therapy, 87
Adhesion molecules, 306, 314, 587, 743

intercellular (ICAMs), 205, 582t, 587, 743
Adhesive capsulitis, 341
Adipocytes, 743
Adipokines, 743
Adiponectin, 179, 743
Adipose tissue

AMPK in, 177
as endocrine organ, 743

Adrenal glands. See also Hypothalamic-pituitary-adrenal (HPA) axis
adrenal exhaustion, 650
stress and, 604–5, 650
symptoms of adrenal imbalance, 357

Adrenaline, 12, 215, 223, 227–28
and anxiety, 228, 229, 624
and body type, 623
chronically elevated, 229
and cortisol, 229–30, 623

counterbalancing, 228–29
and depression, 229, 230
elevated, 228–30
and heart rate, 227
and hot flashes, 223, 227–28
insulin and balance of, 215
lowering of, 230
metabolism, 229
thyroid interactions, 229–30, 627

Adrenocorticotropin (ACTH), 142, 235, 582t, 608f
ADRs. See Adverse drug reactions
Advanced glycation end products (AGEs), 357, 405–6, 523
Adverse drug reactions (ADRs), 39, 69–70, 693–95

commonly identified drugs in, 70t, 694t, 695t, 789
race and, 694

Aerobic exercise, 130–33, 483–86. See also Exercise
benefits of, 483–84
exercise program, 484–86

Aerobic oxidation of pyruvate, 185–88
Agent Orange, 147
AGEs. See Advanced glycation end products
Aging, 18–19, 111–19. See also Degenerative diseases

autoantibodies and, 593
chronic degenerative diseases of, 12, 368
decreases in androgens, 220, 238, 241
healthy aging, 18–19, 111–19
inflammation and, 85–86
mechanisms, 114–15
mitochondrial decay of, 394, 506
morbidity curve, 111–14
National Institute on Aging FICSIT trails, 135–36
neuroendocrine function and, 592–93
philosophy of treatment, 244–45
population aging, 113
resistance exercise and, 135–36

AID (aminoglycoside-induced deafness), 268t
AIDS (acquired immune deficiency syndrome), 210, 615–17

clinical approaches to, 616–17
dementia, 617
highly active antiretroviral therapy (HAART), 616

Air, 8, 127–29
importance of assessing, 128
oxygen as limiting nutrient, 127–28
pollution, health effects of, 128–29

ALC. See Acetylcarnitine
Alcohol

bacteria-mediated production of, 568
and carcinogenesis, 355, 361
in diet, 358t, 598, 634
and oxidative stress, 362t
and pancreatic secretions, 191
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Alcoholism
alcoholic liver disease, 567
chronic, 230–40
vitamin supplements and, 509

Aldosterone, 582t
Aldrin, 149t
Alexander, B. Jayne, 140, 790
Alkaptonuria, 10
Allergies. See Autoimmune diseases; Autoimmunity; Food allergies
Allium sativa. See Garlic
Allostasis, 138
Allostatic load, 138, 145–46, 670
Alosetron, 459
Alpha blockers, 744
Alpha lactalbumin (LAC), 642
-keto acid dehydrogenase, 586
-lipoic acid, 586–87, 622.  See also lipoic acid

supplementation for mitochondrial function, 362t
ALS (amyotrophic lateral sclerosis), 271, 362t, 640, 644
Aluminum, 290, 549
Alzheimer’s disease, 71, 221, 236, 240, 258t, 269, 292, 300, 303, 315, 

355, 371t, 394, 512, 514, 605, 644
acetylcholine in treatment of, 640, 643
antioxidants and, 24, 118
glutamate excess and, 640
and Herpes simplex, 585
NOS and, 262
and oxidative stress, 362t
and stress (cortisol), 583

Ames, Bruce N., 12–13, 114, 355, 388, 508, 790
Amino acid neurotransmitters, 640
Amino acids

insulinotropic, 126
needs during detoxification, 549
supplementation, 364t, 523, 617, 635

Aminoglycoside-induced deafness (AID), 268t
Amiodarone (Cordarone), 647
Ammonia, 564–65
Amoxicillin, 70f, 380t
AMP-activated protein kinase (AMPK), 175–77
AMPK (AMP-activated protein kinase), 175–77, 179
AMPKK, 174
Amygdala, 610
Amyotrophic lateral sclerosis (ALS), 271, 640, 644
Anabolic-androgenic steroids (AAS), 134–35, 237
Anaerobic catabolism of glucose, 183–85, 184f, 503
Anaphylaxis, 309
Anastrozole (Arimidex), 243
Androgens, 220. See also Male hormones; Testosterone

age-related decrease in, 220, 238, 241
androgen receptor (AR), 235–36
androgenic vs. anabolic effects, 234
effects of, 235–38

Androstenedione, 220, 234, 235f, 631, 633
and DHEA, 240–41, 604–5, 611

Anemia, X-linked sideroblastic, 268
Angiotensin-converting enzyme inhibitors (ACEIs), 70t, 423, 744
Angiotensin-II, 741, 743
Angiotensin-receptor blockers (ARBs), 744
Angiotensinogen, 743
Ankylosing spondylitis (AS), 332, 441
Antecedents of illness, 80–81
Anti-inflammatory substances, 350t, 415–17. See also Inflammation

antioxidants, 281

botanicals, 416–17
dietary omega-3 fatty acids, 420–27
NSAIDs, 70t, 311–13, 317

alternatives to, 414–17
Anti-inflammatory therapeutic interventions, 315, 414–17
Anti-rheumatic drugs, 314
Antibiotics, 55, 70t, 380t

antibiotic-resistant bacteria, 385
residues in foods, 385, 647

Antibodies, 193–95
autoantibodies, 592, 599–600, 601
B-cells as source of, 210
role of, 195f

Anticoagulants, 70f
Anticonvulsants, 70f
Antidepressants, 70t
Antidiabetic agents, 70t
Antiemetics, 70t
Antigen-presenting cells (APCs), 209, 300–301, 565
Antihistamines, 70t
Antioxidants, 10, 24, 113, 118, 119, 154, 155, 197, 259, 268, 270, 278, 

281, 295, 322, 355, 359
Alzheimer’s disease and, 24, 118
as anti-inflammatory, 281
antioxidant capacity, 102
antioxidant enzymes, 270
antioxidant therapies, 271
biological response modifiers, 320
blood levels, 108
CoQ10, 113, 116, 259, 267, 268, 270, 503, 504
defenses (superoxide dismutase), 281
deficiency of, 357, 361
dietary, 259, 361
as dietary supplements, 635, 647
endogenous, 259
essential fatty acids (EFAs), 308, 361, 418–27, 468, 509–10
estrogen-like properties, 197
glutathione, 174–75, 292–93, 509, 586
herbal, 363t, 789
in HIV/AIDS treatment, 617
hyperglycemia and, 527–29
idebenone, 270
inflammation regulation, 356
and intercellular signaling, 586–87
lipoic acid, 114, 154, 394, 586–87
lowered in autism, 514t
lycopene, 154
melatonin, 154, 582t, 640t
metallothioneins and, 294
and mitochondrial function, 507–9
mitochondrial protection, 271
neuroprotective effects of, 270
nutritional support, 293
polyphenols and, 293
regulation of NFB, 322
in rosemary, 294
substrates optimizing, 271
support, 281
therapy, 322
vitamin C, 116, 154, 603
vitamins, 45
zinc, 374, 468, 521, 601, 646

Antiporter, 282–83, 282f
Antipsychotics, 647
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cortisol and, 229

APCs. See Antigen-presenting cells
Apolipoproteins, 196
Apoptosis. See Cell death
Applying Functional Medicine in Clinical Practice (AFMCP), 695
AR (androgen receptor), 236
Arachidonic acid (AA), 306, 312, 340, 413, 418–20, 507, 571, 582f, 642

and autism, 523
cascade, 420f
and migraine, 42f

ARBs (angiotensin-receptor blockers), 744
Arginine, 133–34, 167, 262, 289, 330, 357, 358t, 364t, 374, 612
Arimidex (anastrozole), 243
Aromatase, 231, 236
Arsenic, 290
Arthritis, 37, 58, 71, 81–82, 84–85, 103, 190t, 339, 371t, 380t, 412, 414, 

448, 497, 589. See also Osteoarthritis; Rheumatoid arthritis
fasting and, 561
psoriatic, 632

Artificial fats, 383
Artificial intelligence research, 41–43
Artificial sweeteners, 358t, 384–85
AS (ankylosing spondylitis), 332, 441
ASP (acetylation stimulating protein), 743
Aspartame, 384–85
Aspirin, 311–13

detoxification of, 290, 290f
low-dose, 744

Asthma, 438, 463
fish oils and, 423–24
and oxidative stress, 362t

Atenolol, 70t
Atheromatous plaque, 406–7
Atherosclerosis, 60, 102, 126, 146, 203, 206, 211t, 246, 300, 303–4, 353, 

405–8, 426, 588–89, 595, 741, 743
and DHEA, 240

Atopic syndrome/disease, 200, 299, 305–6, 312, 324, 326, 463
omega-3 fatty acid therapy, 87

ATP (adenosine triphosphate), 183–88, 699
in glycolysis, 183–84
mitochondria and, 265, 269, 507
structure of, 184f

Attention deficit/hyperactivity disorder (ADHD), case presentation, 
768–95

Autism, 445, 512–26, 640t
blood brain barrier and, 516, 516t
excitotoxic markers in, 518, 518f
impaired cholinergics in, 518–19
impaired energetics in, 517–18, 518f
lipofuscin in, 512–13, 513f
melatonin deficiency and, 643
nutrients in treatment of, 519–23
oxidative stress in, 512–22, 514t

future directions, 524–25
laboratory assessment of, 523–24

serotonin and, 639
Autoantibodies, 592, 593, 599–600, 601, 603
Autoimmune diseases. See also Rheumatoid arthritis

and antigenic exposure, 305, 449
case presentation, 750–767
and elimination diet, 369, 463, 561
estrogen and, 231
and gluten sensitivity (or celiac disease), 60, 80, 319, 369, 370t

hormones and, 230–32, 236
mechanisms, 231
neuroendocrine function and, 101–3, 592
thyroid, 341, 599–600, 599–602, 645, 647, 649

Autoimmunity
autism, 516
endocrinological influences, 411, 592, 624–25, 633
environmental/xenobiotic influences, 365, 411–12
inflammation and, 308, 314, 371t, 409–17
multiple manifestations of, 410–13, 750–767

endocrinological influences, 411
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gastrointestinal and mucosal influences, 412–13, 435–36, 444–

45, 568
neurogenic influences, 413
nutritional influences, 413
psychoemotional influences, 410–11

triggers of, 368
Autonomic nervous system dysfunction, 497–98, 742t
Autonomic signaling, 611
Awareness, 258
Azoreductases, 564
Azoospermic males, 238

B
B cells, 194, 210, 221, 422, 565
B-complex nutrients, 116, 219, 224, 357, 391–92. See also Vitamins
Back pain, 496
Bacteria. See Microorganisms
Bacterial infections, GI, 380t
Bacteroides, 564
Baker, Sidney MacDonald, 10, 55, 696, 754
Balance. See Dynamic balance
Balance exercises, 489–90
Basal body temperature, 645
Bayer, Friedrich, 311
Bayes inference, 42–44, 43f
Benign prostate hypertrophy (BHP), 238–39, 243
Bennett, Peter, 554, 556, 790
Benzodiazepine-like compounds, 565
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Beta carotene, 154, 163, 365t, 508–9, 598
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detoxification and, 70–71, 548–52
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future of, 74–75
history of, 64–66
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nutrition and, 71–73
proteomics and metabolomics, 73–74

Biochemical mediators, 85–86
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Biological variation, 708
Biotin, 357, 358t, 364t, 377t, 388, 621, 739, 744t
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oxidative stress sensitivity, 516
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