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y the time a disease is diagnosed, significant pathology

already exists. Medicine has historically focused its evo-

lution on the refinement of the diagnosis of the specific

pathology with which the patient presents, The ulti-

mate objective of this medical paradigm is to establish a
descriptive term for the pathology that we call a disease. The driving
force in medicine s in establishing the differential diagnosis that
then leads to an intervention or therapy acknowledged by the stan-
dard of practice to be specific to that disease. This medical model is
based philosophically upon the assumption that each disease state
is independent from all other diseases. This approach gives rise to
the development of 2 medical paradigm that is dominated by sub-
specialties that compartmentalize diseases into different organ sys-
tems. The histopathology-based medical system has served us well
for the past 80 years, during which the dominant focus of medicine
has been on acute disease. This model was supported by the tre-
mendous success in the early 20th century that resulted from break-
throughs in the understanding of the etiology of acute infectious
diseases of bacterial origin. The development of antibiotic medica-
tions that were specific for the bacterial origin of disease resulted in
the birth of the modern pharmaceutical industry and the use of spe-
cific medications to treat specific bacterial diseases.

This medical model was successful in managing the most sig-
nificant diseases of that era. The sine qua non of this approach to
medicine was establishing the diagnosis and its association with a
specific disease. From the differential diagnosis a preferred treat-
ment emerged. The establishment of the differential diagnosis is
based on a detailed physical examination and history along with
clinical laboratory tests that define the nature of the pathology. The
clinical laboratory tests that are employed in leading to the estab-
lishment of the differential diagnosis are selected to reflect organ-
specific pathology. In the 1950s the multi-analyte clinical chemistry
screening panel was developed. This battery of serological tests was
selected to reflect liver pathology (although they were termed “liver
function tests,” which resulted in ambiguity in their application in
diagnostic medicine), diabetes, kidney disease, heart disease, and
endocrine diseases. For the past 60 years, clinical chemistry has
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focused its attention on refining the tests that are employed in the
diagnosis of disease under the assumption that improvement in
diagnosis will result in better treatment outcomes.*

Today, however, the major health problems are chronic in
nature rather than associated with acute disease pathology.?
Chroenic diseases such as cardiometabolic syndrome, insulin resis-
tance and type 2 diabetes, preclinical sutcimmune diseases, func-
tional gastrointestinal dysfunctions such as irritable bowel
syndrome, and chronic disorders of the nervous and musculoskel-
etal systems do not initially present with specific end-organ pathol-
ogies. As such, these disorders do not fit well into the dominant
medical paradigm of the differential diagnosis. That said, the phy-
sieian of the future who is best equipped to deal with these com-
plex issues related to chronic illnesses might be termed the
“specialty generalist” who is trained to look for patterns or net-
works of association among dysfunctions of different organ sys-
tems at the mechanistic level rather than focus specifically on
defining the diagnosis.®

THE “NETWORK” APPROACH TO CHRONIC DISEASE
MANAGEMENT
As was recently stated in The New England Journal of Medicine,

the network concept reveals a number of surprising connections

among diseases, forcing us to rethink the way in which we clas-

sify and separate them. . . . Indeed, the fundamental question

af where function lies within a cell is slowly shifting from a sin-

Ye-minded focus on genes to the understanding that behind
each cellular function there is a discernible network module
consisting of genes, transcription factors, RNAs, enzymes, and
metabolites. This understanding forces us to view diseases as

the breakdown of selected functional modules rather than as

single or small groups of genes. Given the many components of
such functional modules, there are different paths to disease-

inducing systems failure; this explains why often many genes
are linked o the same disease phenotype 3o

The theme of the changing landscape of medicine was elo-
quently discussed by Elias Zerhouni, MD, director of the National
Institutes of Health (NIIT) in his March 5, 2008, presentation to the
House Subcommittee on Labor-Health and Human Services-
Education. The presentation, titled, “A New Strategic Vision for
Medicine,” appears on the NIH website and is excerpted here,
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Given the dramatic shift from acute to chronic disease, the
sirategies for preventing and treating diseases are beginning
to shift. Today, we intervene late, when the patient exhibits

symptoms of disease. Our research is changing this approach,

so that we may intervene much earlier in the natural cycle of
diseases, years before they strike their victims. We must now
develop a much more preemptive approach that manages
disease over its entire life cycle, from identifying an individu-

al’s susceptibility to a disease, to prevention, early diagnosis,

redluction of complications, and smarter therapies.”

Patients with chronic illnesses present with a myriad of non-
specific signs and symptoms that cross many diagnostic categories.
As a result of the complexity of their situation, they do not fit well
into the traditional diagnostic model. Early presenting signs and
symptoms include fatigue, listlessness, muscle and joint pain, dys-
pepsia, dyslipidemias, elevated blood pressure, obesity, depression
and mood swings, weakness, allergies, and frequent infections,
These chronic signs and symptoms are charactexistic of what is
known as “functional somatic syndromes.” Functional somatic syn-
dromes include such common chronic conditions as irritable bowel
syndrome, chronic fatigue syndrome, fibromyalgia syndrome,
chronic immune system problems, dyslipidernias, obesity, and
esophageal reflux syndrome, to name a few. Many of these chronic
conditions represent the early stages of dysfunction that may later
progress to a pathological state characteristic of a specific disease.’

THE DEVELOPMENT OF FUNCTIONAL BIOMARKERS

To assess the early stages of dysfunction associated with the
emergence of chronic disease, a different assessment strategy rust
be implemented. The clinical laboratory tests that are used to
define pathology are not well suited for the assessment of early-
stage dysfunction, nor are the pharmaceuticals used to treat the
pathology of disease best suited for the long-term management of
chronic illnesses. A different system of assessment and interven-
tion is required for improvement in both the prevention and treat-
ment of chronic illness. This requires the development of
functional biomarkers for defining the physiological trajectory of
dysfunction that results in chronic disease. The first well accepted
analyte to fulfill this criterion and to be included in the standard
multi-analyte screening panel was serum cholesterol. The elevation
of serum cholesteral is not associated with any specific tissue
pathology but rather is 4 surrogate biomarker for defining the risk
for chronic cardiovascular diseases. The inclusion of serum choles-
terol in the standard serological panel signaled a new era in assess-
ment moving from diagnosis to prognosis.® It is now recognized
that an assessment panel that is composed of functional biomark-
ers for chronic ilinesses should include analysis of genetic and epi-
genetic expression, proteomic analysis, and metabolomic
assessment as well as other indicators of functional status. These
tests are represented in traditional biochemistry, molecular biolo-
gy, and immunology as well as methods of radiology, kinesiology,
and diagnostic imaging. Examples of the clinical chemistry tests
that are associated with specific dysfunctions are shown in Table 1.

TABLE 1 Representative Functional Clinical Chemistry‘
Biomarkers of Chronic Illness*

Biomarker Type of Test Functional Significance
Adipenectin Plasma Adipocyte physiology and
insulin
Apo BiApo Al ratio Plasma Cardiovascular and insulin
Asymumetrical dimethyl  Serum Insulin sensitivity
arginine
Antigiadin antibedy Plasmaand  Gluten sensitivity
tecal
Calprotectin Pecal and Gastrointestinal
Plasma inflammation
Arachidonie: EPA ratio Red cell Fatty acid status
Ferritin Serum Oxidative stress
hs CRP Plasrna Cardiovascular and insulin
Homocysteine Serum Cardiovascular and
neurological
-6 Plasma Cardiovascular and
immune
Isoprostanes Serum Oxidative stress
Ghrelin Plasma Insulin sensitivity
Gamma glutamyi Plasma Liver and toxic burden,
transaminase insulin sensitivity
Plasminogen activator Plasma Insulin sensitivity
inhibitor 1
Prostate specific antigen  Plasma Prostate function
Osteocalein/C-telopeptide  Plasma Bone remodeling
N-telopeptide Urine Bone loss
(rganic acids Urine Metabolism
Amino acids Urine Metabolism
Predictive autoantibodies
ANA Plasma Autoimmune
Antt-CCP Plasma Autoimmune
Anti-TPO Plasma Autolmmuze
Anti-endomysial Plasma Autoimmune
Uric acid Serum Qxidative stress, insulin
8-hydroxy-d guansosine Serum Oxidative stress, neurology
deoxyguanosine
2:16 hydroxyestrogen Serum or Hormone metabolism
ratio urine
Glutathione:disulfide Wholeblood Oxidative stress
ratio
Neopterin Serum Tmrune, inflammatory
Phospholipase A2 Plasmmsa Cardiovascular risk

*Apo indicates apalipoprotein; EPA, eicosapentaenoic acid; hs CRP, high sensitivi-
ty Creactive protein; 1L-6, interleukin-6; ANA, au toantibedies to nuclear antigens;
anti-CCP, anti-cyclic citrullinated peptide; anti-TPO, anti-thyroid peroxidase.
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Beyond the evaluation of specific analytes that are related to
physiological status at rest there is the need to assess functional
reserve of various organ systems that relate to the patient’s ability
to maintain homeostasis during times of physiological stress.
This has resulted in the development of specific challenge or
stress tests to examine “physiological reserve.” These functional
biomarkers include information from physiological stress tests
such as the exercise electrocardiogram and the oral glucose/insu-
lin tolerance tests that evaluate physiological organ reserve under
the stress of exercise or an oral glucose challenge, respectively.
Compromised organ reserve represents one of the principle
causes of declining function associated with chronic illness, and
it can be assessed when an individual is placed under a specific
controlled physiological stress.” Examples of physiological chal-
lenge biomarker tests are as shown in Table 2.

TABLE 3 Representative Functional Physiological Biomarker Tests

Test Clinical Implication
Mammography Breast cancer risk
Colenoscopy Colon cancer risk

Carotid intimal-medial thickness ~ Vascular endothelial function

Coronary artery calcium score Vascular disease risk

Bioimpedance analysis Body composition

Functional magnetic resonance  Bioenergetics, intramyacellular
lipotexicity

Grornic stability Functional nutritional status

Heart rate variability Cardiovascular stress and insulin

finnction

TABLE 2 Representative Functional Biomarker Challenge Tests*

Test Clinical Implication

Oral glucose and insulin tolerance  Insulin sensitivity

Oral fatty acid tolerance Insulin sensitivity

Exercise electrocardiogram Cardiovascular reserve

Oral methionine challenge Folate/homocysteine metabolism

Oral acetaminophen challenge
Oral lactulose/mannitol challenge

Hepatic detoxification finetion
Gastrointestinal mucosal integrity

Oral vitarnin By, challenge Pyidoxine functional status
Oral thiarnine EGOT challenge Thiamine functional status
DMPS challenge Heavy metal toxicity
Flove-mediated difation Vascular endothelial fonetion

*EGOT indicates erythrocyte glutamic oxalacetic transaminase; DMPS, sodium
2,3-dimercapto-I-propane sulfonate.

The underlying strategy of the use of functional hiomarker
evaluation is to employ a panel of tests that enables understand-
ing of the patient’s unique physiological pattern. Such a panel
includes not only biochemical markers and the results of specific
challenge tests but also indicators of physiological function as
measured through new noninvasive technologies, as described in
Table 3. The integration of information from the patient’s physi-
cal and history along with functional biomarkers results in a
pattern-recognition approach to the development of a personal-
ized intervention program.* No one test can provide a definitive
evaluation of a patient’s “physiological map,” but an appropriate
battery of functional biomarkers can provide the data set neces-
sary to better understand the unique dysfunctional pattern con-
tributing to a patient’s chronic illness. The development of
increased computational capability in the form of the microcom-
puter coupled with bioinformatics software has allowed for large
data sets from multi-analyte profiles made up of functional bio-
markers to be analyzed routinely. The ability to recognize pat-
terns of altered physiological function provides a significantly
different approach to laboratory assessment than the traditional
model of the clinical laboratory focused on pathological assess-

ment and diagnaesis, looking at each test result as an independent
diagnostic marker. This concept results in the development of a
systems biology approach to medicine in which patterns of
altered functional status are evaluated and then analyzed as a
network pointing toward the mechanistic origin of the signs and
symptoms associated with the dysfunction.®

CLINICAL APPLICATION OF THE FUNCTIONAL
BIOMARKER CONCEPT

The 26th Annual JP Morgan Healthcare Conference held in
January 2008 focused much of its attention on the development of
new methods applied to the evolution of personalized medicine,
The concept of personalized medicine emerged in the 1990s,
when new databases were being developed by such companies as
Incyte Pharmaceuticals (Wilmington, Delaware) and Human
Genome Sciences (Rockville, Maryland) that made differences in
the genome among individuals due to the presence of single
nucleotide polymorphisms (SNPs) well recognized. Up to this
time the development of drugs that achieved blockbuster status
was built upon the concept that all people would respond to the
agent similarly. When one considers the therapeutic index for a
drug that is now recognized to have significant variability in the
individual manner with which it is used, metabolized, and excret-
ed, it has become clear that only 50% of patients actually receive
the most benefit with the fewest side effects for a particular
disease-focused medication at a specific dose. The interest at the
JP Morgan Conference was in new diagnostic/prognostic tests
that would allow for early intervention and personalization of
therapy. Many new biomarkers for chronic illness and later dis-
ease were described at the conference, including test kits such as
those offered by Myriad Genetics (Salt Lake City Utah), to screen
for the presence of oncogenes such as BRCA1 to determine a
woman’s predisposition to breast cancer. From this analysis a pre-
ventive intervention strategy for breast cancer can be developed.”
This is just the tip of the iceberg relative to the development of
new biomarker technologies that will move the clinical laboratory
from a primary focus on diagnosis to that of balance with progno-
sis and the support of the development of personalized medicine.
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 Most analysts in the laboratory sector see this as the next major
growth opportunity for the clinical laboratory business.

The application of this concept extends far beyond cancer
prevention to the prevention of virtually all chronic diseases,
including cardiovascular disease, stroke, type 2 diabetes, and
autoimmune diseases. All of these conditions share common fea-
tures of alterations in systems biology that can be analyzed
through the use of appropriate validated biomarkers. Robert
Eckel, MD, in his presidential address at the 2005 American Heart
Association Scientific Session, commented that preventive cardi-
ology associated with lifestyle and pharmacological therapy was
dependent upon the development of better biomarkers for estab-
lishing personalized risk for cardiovascular disease and providing
objective markers for following the success of early intervention.
The traditional Framingham Risk Factors for coronary heart dis-
ease are of great value, but as all physicians learn in practice, there
are patients who suffer a cardiovascular event who have none of
the traditional Framingham Risk Factors.” This has resulted in the
development of new biomarkers that extend beyond the tradi-
tional risk factors, such as homocysteine, high sensitivity
C-reactive protein, and phospholipase A2 to define individual
risk and to follow the success of early intervention. The US Food
and Drug Administration and insurance providers are seeking
new methods for assessing targeted biomarkers for the early
assessment of risk. Gordon Mills, MD, chairman of the
Department of Systems Biology at the M.D. Anderson Cancer
Center in Houston, recently said, “The key right now is the con-
current development of biomarkers and therapeutics.” John
Sninsky, vice president of discovery research at Celera (Rockville,
Maryland) has said that with the development of new predictive
biomarkers a shift is emerging in the approach to complex chron-
ic conditions such as cardiovascular disease, Alzheimer’s disease,
rheumatoid arthritis, and cancer. “These are catch-all diseases
that all look the same,” he said in a presentation in January 2008,
“but when you scratch below the surface, you begin to understand
that the underlying physiology of similar phenotypes can be fun-
damentally different.” This observation makes the concept of dis-
ease diagnosis much less important and raises the importance of
understanding the individual alterations in function of the specif-
ic patient that result in the presenting signs of illness.

The need for the development of validated functional bio-
markers presently represents the limiting factor in the evolution
of this approach to the eatly recognition of dysfunction and man-
agement of chronic illness.”? The development of successful
patientindividualized intervention programs to meet the needs
of patients with various chronic illnesses is dependent upon the
evolution of the field of functional biomarkers. In the absence of
aligning the clinical laboratory with these objectives, medicine
will have limited success in managing the rise in prevalence of
chronic diseases that is occurring as a result of the aging baby
boomer generation and the increase in chronic dysfunctions in
children and adolescents, such as autistic spectrum disorders
and atopic and attention disorders.** The medical laboratories
that provide panels of validated functional biomarkers and the

analytical ability to interpret physiological patterns that atlow for
improved patient outcomes at earlier stages of dysfunction,
before the onset of overt pathology, will emerge as leading labo-
ratory businesses in the development of 21st-century medicine.

REFERENCES

1. Caraway WT. The scientific development of clinical chemistry to 1948. Cife Chem.
1673;19{4:373-383.

2. Holman H. Chronic disease—the need for a new clinical education. JAMA.
2004;202(9):1057-1059.

3. Barabasi AL. Network medicine—from obesity to the “diseasome.” N Engl J AMed.
2007;357(4%:370-379.

4. Elias Zerhouni, MD, Director, Natienal Instttutes of Health in his March 5, 2008 presenta-
tien fo the House Subtommittee on Labor-Health and Hizman Services-Bducation A New
Strategic Vision for Medicine, Available at: http://www.nih.gov/strategicvision.htm,
Accessed May 14, 2008,

5. Bland J. Functional somatic syndromes, stress pathelogies, and epigenetics, Alfern Ther
Heafth Med, 2008;14(1%.14-16.

6. Stamler], Stamler R, Brown WV, et L. Serum cholesterol. Doing the right thing. Gireedution.
1993;88(4 P 1%:1954-1960.

7. Fries JF. Fraility, heart disease, and stroke: the Comipression of Morbldity paradigm. Am J
Prev Med. 2005,25(5 Supp! 1):164-168.

& Yan Q, The integration of personalized and systems medicine: bioinformatics support for
pharmacogenomics and drug discovery. Methods Mol Biol. 2008;448:1-19,

9. van der Greef], Martin 5, Juhasz P, et al. The art and practice of systems biology In medicine:
mapping patterns of relationships. f Protegme Res, 2007;6(4)1540-1559.

10, DentR, Warner E. Screening for heredity breast cancer. Semin Oneol. 2007;34(5):392-400.

1. Anthony D. Diagnosis and screening of ceronary artery disease. Prim Care.
2005;32(4):631-946.

12. Rafier ], Scientific basis of biomarkers and benefits of functional foods for reduction of dis-
ease risk: cancer, BrJ Nutr, 2002;83 Suppl 2:5219-5224,

13. Bhattacharya J, Choudhry K, Lakdawalla D. Chronic disease and severe disability amang
working-age populations. Med Care. 2008;46(1).92-100.

14 Nicholas]S, Charles TM, Carpenter LA, King LB, Jenner W, Spratt EG. Prevalence and char-
acteristics of children with autisse-spectrum disorders, Ann Epidemiol 2008;18(2):130-136.

Functional Bicrmarkers in the Management of Chronic Illness

3 ._ Netwmkmg Evéﬁt Of The Yea1 i

AMER !ﬁ[

ACADEMY OF
ANTI-ALING
MEDICIHE

% Hyperthermia Intervention
for Cancer and Chronic

infectious Disease

For continuing
education
information, f eted U
¢ Depleted Uranium and
please contact us L anim and

.'(.]:qrgen Therapies:
Hyperbaric, Hypoxia,
Ozone Treatment

c Impravements

with Cheek Implants
Rejuvenation and
esthetic Repair of Aging
- Midface

70+ Topics Including

* 3,000+ Participants

* 300+ Exhibitors

» 70+ Presentations

= 60+ International
Speakers

* 14+ Hands-on/live
Demo Workshops

* FREE Evening Workshops

( IHEiTlBin-identical
2 Hormonal Therapies
WWW.WORLDHEALTH.NET

e

Dr.Robert Goldman
MD, PhD, DO, FAASP
Chaiman of the Boord A4M

Dr.Ronald Klatz
“ MD, DO
President, A4

ALTERNATIVE THERAPIES, JUL/AUG 2008, VOL. 14, NO. 4 21




