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Phenotypic Nutrition

A New Strategy for Preventing Metabolic Syndrome
By Steven V. Joyal, MD

Can you control your genetic destiny? Are you doomed to suffer debilitating diseases because of “bad genes™?

The answer is that a powerful strategy called phenotypic nutrition can help modulate the expression of your unique genetic code,
thus dramatically reducing your risk of developing disease. Phenotypic nutrition uses specific nutrients with targeted biochemical
and genetic effects to help protect you from disease.

One of the most important threats to your health and longevity is metabolic syndrome, a disorder little known to the public but
fast becoming an extremely important public health issue. This deadly, common condition affects approximately one of every five
people overall, with even higher rates among certain ethnic groups.1

By applying a phenotypic nutrition strategy, we can help to guard against the deadly dangers of cardiovascular disease
associated with metabolic syndrome.

METABOLIC SYNDROME DEFINED

Over 20 years ago, Stanford University professor Gerald Reaven, MD, coined the term “Syndrome X” to describe a constellation of
metabolic abnormalities in serum cholesterol, blood pressure, blood-clotting tendencies, and cardiovascular disease risk.2

Now known as metabolic syndrome, this constellation of abnormalities is recognized as placing individuals at dramatically in-
creased risk for cardiovascular disease.3 For example, a study published in 2004 in the Journal of the American Medical
Association followed more than 1,200 men for 11 years. The investigators found that men with metabolic syndrome were 160-
320% more likely to die from coronary heart disease than those without metabolic syndrome.s

The diagnostic criteria for metabolic syndrome proposed by the Third Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel IIl)
include:

Central obesity (waist circumference) greater than 40 inches for men and greater than 35 inches for women
Fasting blood triglycerides greater than or equal to 150 mg/dL

Blood high-density lipoprotein (HDL) of less than 40 mg/dL for men and less than 50 mg/dL for women
Blood pressure greater than or equal to 130/85 mmHg

Fasting glucose greater than or equal to 110 mg/dL.5

Despite the grave cardiovascular risk posed by metabolic syndrome, there is currently no standard, accepted interventional
treatment regimen to prevent the disorder. However, for those at greatest risk for metabolic syndrome, phenotypic nutrition allows
us to tailor a nutrient and supplement strategy to amplify beneficial biochemical pathways as well as gene expression.



ORTHOMOLECULAR MEDICINE: VISIONARY SCIENCE

In 1968, the Nobel Prize-winning scientist Linus Pauling, PhD, published an article in the journal
Science describing the “orthomolecular” approach to illness. This was the first time that such an
approach was presented to the public—specifically, that “varying the concentrations of substances
normally present in the human body may control mental disease.”s Dr. Pauling later extended this
strategy beyond mental iliness to include the discipline of orthomolecular medicine.

Orthomolecular medicine is a paradigm that attempts to prevent and treat disease by integrating
conventional medical therapies with vitamins, phytonutrients, and other dietary micronutrients. Dr.
Pauling’s fascination with vitamin C and its role in helping to prevent and treat disease is an
example of orthomolecular medicine. Dr. Pauling published pioneering reviews on the use of vitamin C and the orthomolecular
approach to cancer over 30 years ago.7,s

BIOCHEMICAL VARIATIONS AND NUTRIENT NEEDS

From our physical and psychological traits to our enzyme systems that process nutrients and help guard against disease, each
of us is unique.

Roger Williams, PhD, discoverer of pantothenic acid (vitamin B5) and founder and director of the Clayton Foundation Biochemical
Institute at the University of Texas, was a visionary in the understanding of biochemical uniqueness. Dr. Williams’ timeless
classic Biochemical Individuality, originally published in 1956, acknowledges the unique biochemical variations among individuals
and how these differences relate to their distinct nutritional needs for optimal health and disease prevention.

NUTRIGENOMICS: GUIDING GENETIC DESTINY

41.|:| -
Driven by recent technological breakthroughs associated with the :g T
mapping of the human genome, the science of nutrigenomics ] B White

holds great potential for predicting how specific nutrients and

20~ Black
dietary ingredients can directly affect health and disease by 15 Il Hispanic
specific genetic interactions. Nutrigenomics holds promise in 1E--I— B Other
advancing the goal of preventing disease with individualized, 51

[:l A

targeted nutrient-gene interactions.s,10 Nutrigenomics suggests
that genetic testing will allow for “individualized nutrition” based
on unique genetic needs.

Prevalence, %o

Men Wormen

Figure 1: Age-Adjusted Prevalence of Metabolic Syndrome
Currently, however, nutrigenomics remains a very young and

developing science that has not yet developed to the point of being able to offer broad-based nutrient-gene testing of this sort.
Furthermore, ethical questions surround genetic testing. For example, if you were to undergo a genetic test predicting you were
at fourfold greater risk of having a heart attack unless you consumed specific nutrients, would you want that information shared
with your health insurance company or employer? Who would control the confidentiality of this type of information?

There is, however, another approach that we can use for specific, individualized nutrient recommendations that incorporates Dr.
Pauling’s visionary approach to orthomolecular medicine, Dr. Williams’ brilliant insight into biochemical individuality, and the
futurist promise of nutrigenomics—without having to worry about the ethical and confidentiality issues related to genetic testing.

This alternative approach is called phenotypic nutrition.
GENES, GENOTYPE, AND PHENOTYPE

Your unique genetic code defines your genotype. The expression of your individual genetic code is your phenotype. Both your
genes and your environment influence your phenotype.

While it is not known exactly which genes are responsible for the constellation of abnormalities associated with metabolic
syndrome, a humber of genes so far identified play a role in the malfunction associated with abnormally elevated plasma
glucose.11

Metabolic syndrome is a phenotypic expression of the genetic code as it interacts with the environment. Specifically, if you have
a genetic tendency to develop the metabolic syndrome phenotype, you will be far more likely to develop this phenotype if you are
overweight, do not exercise, consume a diet high in simple sugars and saturated fats, and do not consume enough specific
nutrients with beneficial nutrient-gene interactions.



In 2004, an innovative approach to weight management and obesity was published in the peer-reviewed journal Current Drug
Targets. This approach, called “nutriphenotypic,” is selective nutrition based on an individual’'s phenotypic metabolic
characteristics.12

This past year, researchers described the concept of a “nutritional phenotype” that characterizes the relationship of biochemical
measures, metabolic parameters, and functional characteristics (for example, exercise, body weight, exposure to environmental
pollutants and toxins, emotional stress) on health. The nutrient phenotype is a function of genes, diet, environment, and
behavior.13

The nutriphenotypic/nutrient phenotype approach represents an integrative strategy to help

prevent and treat disease. Health
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With phenotypic nutrition, once high-risk individuals have been identified, strategies that
include dietary modifications and specific nutraceuticals can be implemented to help
decrease disease risk.

Figure 3: Components of the Nutritional
Phenotype

IDENTIFYING THOSE MOST AT RISK

Metabolic syndrome is characterized by insulin resistance. Identifying individuals with evidence of insulin resistance before the
development of full-blown metabolic syndrome allows us to intervene with a nutrient and lifestyle strategy to prevent the
progression of this condition.

Thankfully, simple metabolic markers are very useful in helping to identify individuals with insulin resistance who are at high risk
of cardiovascular disease.

Triglycerides, insulin, and HDL. Clinical studies suggest that the following threshold values for plasma triglycerides, the
ratio of triglycerides to HDL, and fasting insulin are the most useful metabolic markers in identifying insulin-resistant
individuals at risk of cardiovascular disease:14

Triglycerides greater than or equal to 130 mg/dL

Triglycerides/HDL ratio greater than or equal to 3.0

Fasting insulin level greater than or equal to 15 pU/mL.
C-reactive protein.

Moreover, research has demonstrated that a condition of low-grade systemic inflammation is associated with insulin resistance.
For example, a recent clinical study showed that insulin and insulin resistance remained significantly and independently related
to C-reactive protein (CRP) levels, a marker of inflammation, after adjustments for age, sex, body mass index, waist size, alcohol
consumption, level of physical activity, and smoking habits.15s Another clinical study found that CRP was significantly correlated
to insulin resistance.1s



DHEA. Scientists have associated suboptimal levels of dehydroepiandrosterone (DHEA) with risk
for metabolic syndrome. For example, a cross-sectional study of 400 independently living men aged
40-80 reported a statistically significant relationship between DHEA levels and risk of metabolic
syndrome—specifically, the higher the level of DHEA, the lower the risk of metabolic syndrome.17

A number of randomized, placebo-controlled clinical studies have shown that supplemental DHEA
excels in improving many metabolic derangements associated with metabolic syndrome. For
example, in a study of elderly men and women, 50 mg per day of DHEA for six months was
associated with significant improvements in visceral fat, subcutaneous fat, and insulin sensitivity.1s
Another study evaluated DHEA'’s effects on markers of insulin resistance and cardiovascular risk in
28 hypoadrenal (demonstrating diminished adrenal gland function) women. In this randomized,
double-blind, placebo-controlled crossover study, women supplementing with DHEA significantly
improved their insulin sensitivity and reduced their levels of triglycerides and low-density lipoprotein
(LDL).19

These simple, surrogate screening assessments for insulin resistance and cardiovascular disease risk—that is, of triglycerides,
insulin, HDL, CRP, and DHEA—can identify those at high risk of developing metabolic syndrome.

DHA AND EPA

Peroxisome proliferator-activated receptors (PPARS) are genetic transcription factors that act on DNA response elements.
Carbohydrate responsive element binding protein (ChREBP) and sterol regulatory element binding protein-1c (SREBP-1c) are two
other critical regulators of glucose metabolism in the liver. Fatty acids such as DHA (docosahexaenoic acid) and EPA
(eicosapentaenoic acid) are nutrients that directly affect these genetic transcription factors.

PPARs are present in high-energy-demand tissues, including the liver, heart, and, to a lesser extent, skeletal muscle. PPARs
are critical to a phenotypic nutrition approach to preventing metabolic syndrome, as PPARs promote fatty acid oxidation and fat
cell differentiation while promoting glucose utilization.zo

Studies have shown that EPA and DHA decrease the expression of genes involved in fatty acid storage. Through a depleting
effect on SREBP-1c, EPA and DHA reduce insulin response to oral glucose and protect against the effect of insulin resistance
induced by a high-fat diet. At the molecular level, this is accomplished by preventing the decreased expression of the gene
encoding the glucose transporter GLUT4 in fat cells.21

Research has also shown that EPA and DHA down-regulate genes involved in inflammation, an important protective attribute for
our prevention program, given inflammation’s association with metabolic syndrome. For example, pre-clinical studies have shown
that these fatty acids down-regulate pro-inflammatory nuclear factor-kappa beta (NfkB) through a PPAR-gamma-dependent
pathway.22 Human studies have shown a relationship between increased DHA consumption and diminished CRP levels,23 and
other in-vivo studies have shown that markers of oxidative stress such as urinary F2-isoprostanes decrease significantly with
EPA and DHA intake.24

LIPOIC ACID

A naturally occurring nutrient, lipoic acid is known to improve glucose metabolism by influencing
genetic transcriptional factors in fat cells through the mitogen-activated protein kinase (MAPK)
pathway.2s For example, in a multicenter, placebo-controlled trial, type Il diabetes patients treated
with lipoic acid demonstrated a significant increase in insulin-stimulated glucose disposal.2s
Furthermore, lipoic acid’s molecular attributes include increasing glucose uptake through
recruitment of the glucose transporter-4 (GLUT-4) to plasma membranes, a mechanism that is
shared with insulin-stimulated glucose uptake.27

Research also shows that lipoic acid decreases markers of vascular inflammation in metabolic
syndrome. A recent randomized, double-blind clinical trial showed that after four weeks of therapy,
endothelium-dependent vasodilation of the brachial artery was increased by 67%, 44%, and 75% in
groups receiving irbesartan (an angiotensin-blocking drug), lipoic acid, and irbesartan plus lipoic
acid, respectively, compared to placebo. Furthermore, treatment with irbesartan and lipoic acid was
associated with statistically significant reductions in plasma levels of pro-inflammatory mediators such as interleukin-6.2s
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GLUCOSE AND DIETARY CARBOHYDRATES

The Mediterranean diet is rich in whole grains, fruits, vegetables, and fat from fish, nuts, and olives. Low in rapidly digested
simple carbohydrates, this diet is helpful in decreasing genetic expression of fat-storage enzymes activated by high amounts of
dietary carbohydrates.

Scientists have realized that in addition to the key regulatory hormone insulin, glucose itself plays a critical role in helping to
regulate glucose metabolism and fat storage (lipogenesis). Decreased ChREBP gene expression results in decreased fat-storage
gene expression, thereby demonstrating the direct implication of ChREBP in glucose action and fat storage.29

Randomized clinical trials have shown that high-carbohydrate/low-fat diets accentuate the metabolic abnormalities of patients
with glucose dysregulation such as diabetes. For example, a trial evaluated patients with type Il diabetes mellitus after they were
randomly placed on diets comprising either 55% carbohydrates, 30% fat, and 15% protein, or 40% carbohydrates, 45% fat, and
15% protein for six weeks, followed by crossover to the other diet. The high-carbohydrate/low-fat diet in patients with type Il
diabetes led to:

higher day-long plasma glucose, insulin, and triglyceride concentrations
postprandial accumulation of triglyceride-rich lipoproteins from the intestine
increased production of very low-density lipoprotein-triglyceride (VLDL-TG).30

Simply stated, in people with impaired blood glucose control, a diet high in carbohydrates will cause gene expression to activate
enzymes involved in fat storage. Furthermore, a diet moderate in carbohydrates and relatively high in monounsaturated fat from
olive oil and polyunsaturated fatty acids from fish, such as the Mediterranean diet, has been shown in prospective, randomized
clinical trials to decrease insulin resistance, improve endothelial function, and decrease markers of inflammation.s1 Also, this
dietary approach may be better than the National Cholesterol Education Program’s Step 1 prudent diet in preventing cardiac
events.32

Other prospective clinical trials have shown that replacing carbohydrate
calories with calories from nuts such as almonds, which are rich in
monounsaturated and polyunsaturated fats, reduces many of the metabolic
abnormalities associated with metabolic syndrome.33

e

Clearly, a Mediterranean-type diet low in simple sugars and rich in
vegetables, fruits, fish, nuts, olive oil, and whole grains is an ideal dietary
strategy for helping to prevent metabolic syndrome.

BIOFLAVONOIDS

Inflammation and associated insulin resistance play a critical role in the development of metabolic syndrome and type I
diabetes.34,35 Nutrients that act to down-regulate genes involved in inflammation are critical to preventing metabolic syndrome.

Quercetin, a potent bioflavonoid found in vegetables, has been shown to inhibit the genetic expression of pro-inflammatory
cytokines through inhibition of the NfkB pathway both in cell studies and animal trials.3s

Along with quercetin, the bioflavonoid resveratrol, found in the skin of red fruits like grapes, has been shown in molecular pre-
clinical studies to inhibit NfkB and cAMP response element binding protein-dependent, pro-inflammatory gene transcription to a
greater extent than the potent cortico-steroid dexamethasone.s7

The benefits of olive polyphenols are striking. Olive polyphenols have direct effects on the expression of genes involved in the
vascular endothelium (the lining of blood vessel walls). At nutritionally relevant concentrations, hydroxytyrosol, a principal
polyphenol in olives, reduced cell “stickiness” to the vascular endothelium by decreasing genetic expression for NfkB of vascular
cell adhesion molecule-1 (VCAM-1) messenger RNA (MRNA).38



Furthermore, pre-clinical studies have shown that olive oil with a higher content of polyphenolic compounds shows protective
effects in models of inflammation.3s Other pre-clinical studies have shown that olive polyphenols dramatically increase the
resistance of LDL to oxidation.so Oxidized LDL is a potent trigger for atherosclerosis.41

= TOCOPHEROLS

" . Vitamin E is an important nutrient in preventing metabolic syndrome, as it helps regulate several
iy genes affecting cardiovascular disease risk:42

Genes that are associated with lipid uptake and atherosclerosis (CD36, SR-BI, and SR-AI)
Genes that are related to inflammation, cell adhesion, and platelet aggregation (E-selectin, ICAM-1,
integrins, glycoprotein llb, IL-2, IL-4, and IL-beta).

Furthermore, the appropriate genetic regulation of glucose transport protein (GLUT-3) is critical to
optimal blood glucose control. Studies have shown that both aging and vitamin E deficiency are
associated with decreased expression of GLUT-3.43

CAROTENOIDS AND RETINOIDS

Using data from the Third National Health and Nutrition Examination Survey (1988-1994), researchers evaluated the intake of
vitamins A and C, retinyl esters, five carotenoids, and other trace nutrients in 8,808 US adults aged 20 and older with and without
metabolic syndrome. After adjusting for factors like age, sex, ethnicity, education, smoking status, and physical activity, they
found that individuals with metabolic syndrome had significantly lower concentrations of retinyl esters, vitamin C, and
carotenoids, except lycopene.44

Vitamin A is particularly important in preventing metabolic syndrome, given research showing that vitamin A plays a role in the
regulation of genes involved in systemic insulin resistance. Specifically, researchers have shown that retinoic acid, the acid form
of vitamin A, is a signal that inhibits the expression of resistin, an adipocyte-secreted protein previously proposed to act as an
inhibitor of adipocyte differentiation and as a systemic insulin resistance factor.4s

Pre-clinical models of early development have also shown that suboptimal intake of vitamin A decreases insulin-producing cells,
and that this reduction can be attributed to a reduced rate of fetal beta-cell replication. This could potentially contribute to
impaired glucose tolerance later in adult life.4s

High-risk blood parameters

* Triglycerides > 130 mg/dL

* Triglycerides/HDL ratio > 3.0

e Insulin > 15 pU/mL

* C-reactive protein > 3.00 mg/L

* DHEA < 400 mcg/dL (men);< 350 mcg/dL (women)

Dietary strategy

« Avoid refined carbohydrates (for example, white flour, soda, potato chips, bagels) and saturated fats (such as bacon, beef,
and tropical oils)

« Emphasize fish, nuts, olive oil, vegetables, and whole fruits

Nutraceutical strategy

* DHEA: 10-50 mg per day to start (men), 10-30 mg per day to start (women); assess effect via repeat blood test
* EPA/DHA: 2 capsules twice daily

« Lipoic acid: 150 mg once or twice daily

» Mixed bioflavonoids: 1400 mg twice daily

» Mixed tocopherols: 400 IU twice daily with mixed tocotrienols (75 mg twice daily)

« Vitamin A: 5000 IU per day, with mixed carotenoids (for example, lutein 5000 mcg, lycopene 3000 mcg, and zeaxanthin
360 mcg) daily

» Water-soluble cinnamon extract: 85 mg three times daily, 30 minutes before meals

* Barley extract: 2.5 grams three times daily with meals

* Pycnogenol: 200 mg daily

 Coffee extract standardized for 50% phenolic acids: 100 mg three times daily, 30 minutes before meals



Exercise strategy
» Moderate aerobic activity: 3-5 days per week for 20-40 minutes per session

CINNAMON EXTRACTS
In clinical trials, cinnamon has demonstrated remarkable effects on glucose control.

In 2003, a placebo-controlled study of type Il diabetes patients who were given one, three,
or six grams a day of cinnamon or placebo showed that after 40 days, all three levels of
cinnamon reduced mean fasting serum glucose by 18-29%, triglycerides by 23-30%, LDL
by 7-27%, and total cholesterol by 12-26%. No significant changes were noted in the
placebo groups.s7
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Cinnamon also has been shown to have excellent antioxidant properties. Natural water-
soluble cinnamon extract has been shown to inhibit oxidation by 88%, while a synthetic
antioxidant control, butylated hydroxytoluene, inhibited oxidation by only 80%.4s

Fasting blood glucose (mgfdL)
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Water-soluble polyphenol polymers (polyphenol type-A polymers) from cinnamon increase

insulin-dependent glucose metabolism in vitro. These polymers have recently been

characterized by nuclear magnetic resonance and mass spectroscopy.49 Figure 4: Effects of Malted Barley Extract

on Fasting Blood Glucose Levels in

. . ) . Genetically Diabetic Mice
The polyphenol type-A polymers from cinnamon up-regulate expression of genes involved in

activation (phosphorylation) of the insulin receptor and increase glucose uptake in cell studies.so In other cell studies, other
cinnamon polyphenol polymers such as methylhydroxychalcone have been shown to be potent insulin mimics.s1

BARLEY EXTRACTS

Purine adenine derivatives called cytokinins (not to be confused with the pro-inflammatory glycoproteins called cytokines) have
been shown to control ribosomal RNA (rRNA) in barley.s2 Furthermore, cytokinin genes in barley have recently been cloned.ss

In pre-clinical studies, cytokinin-rich barley extract has been shown to alleviate many diabetes symptoms, including fasting
serum glucose, in genetically obese mice, without affecting insulin levels.s4

Most compelling is that the barley extract appears to function similarly to the drug metformin, known to dramatically improve
plasma glucose in patients with type Il diabetes. Cell study data show that barley extract inhibits gluconeogenesis (creation of
new glucose molecules) in liver cells.ss

Human pilot studies have also been impressive. The preliminary data show that barley extract reduced fasting and postprandial
glucose levels in type Il diabetes, reduced the LDL/HDL ratio, improved postprandial (after-meal) glucose, and improved glucose
transport into muscle cells.ss

COFFEE POLYPHENOLS

Several published studies associate coffee consumption with a dramatically reduced
risk of type Il diabetes.

For example, a large study (involving 16,670 men and women) published in JAMA in
2004 showed a very strong relationship between increased coffee consumption and =
decreased risk of developing type Il diabetes mellitus.ss Another very large study that o
followed 41,934 men from 1986 to 1998, and 84,276 women from 1980 to 1998, Evs
showed a similar, powerful association between greater coffee intake and reduced risk
for type Il diabetes after adjusting for age, body mass index, and other risk factors.s7

Water extracts of roasted coffee residues, including the primary coffee polyphenols caffeic acid and chlorogenic acid, have also
been found to scavenge free radicals and offer protection against lipid peroxidation and the oxidative damage of protein.ss

Found in relatively abundant amounts in coffee beans, chlorogenic acid is also found in blueberries, apples, and eggplant. Animal
studies have shown that chlorogenic acid improves glucose tolerance, decreases fasting plasma cholesterol and triglycerides,
and improves mineral pool distribution.se



Clinical studies have shown that chlorogenic acid delays glucose absorption and improves gastrointestinal hormone secretion.
For example, a randomized crossover study in healthy volunteers showed that consuming 400 mL of decaffeinated coffee
(equivalent to 2.5 mmol of chlorogenic acid per liter) significantly increased glucagon-like peptide 1 (GLP-1) secretion after meals
compared to controls.eo

The association between chlorogenic acid and GLP-1 is particularly remarkable. Several GLP-1-related pharmaceutical agents
are mimicking this hormone as a treatment for type 1l diabetes mellitus, including the recently FDA-approved GLP-1 analog
BYETTA™ (exenatide). Chlorogenic acid acts to increase GL:IP and delay glucose absorption, thereby maintaining the
responsiveness of the insulin-producing beta cells of the pancreas.s1

Ferulic acid, another water-soluble coffee extract, improves blood vessel relaxation and decreases levels of homocysteine, an
independent cardiovascular risk factor.s2

CONCLUSION
You are not doomed to disease by “bad genes”

Phenotypic nutrition enables you to choose dietary strategies and nutrients that influence powerful biochemical and genetic
factors to help control the expression of your genetic code to your benefit.

In a prevention program to guard against metabolic syndrome, the first step is identifying if you are at high risk. This can easily
be accomplished by checking simple blood tests of triglycerides, insulin, HDL, CRP, and DHEA. Next, select specific nutritional
strategies to beneficially influence the expression of your genetic code and biochemical make-up to decrease your disease risk.

It is up to you—help control your own genetic destiny, or roll the dice and hope for the best.
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