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CONVERSATION

A Conversation with Seth Baum, MD

New Member of the ANA Medical
Advisory Board

Seth J. Baum, MD, FACC, a cardiologist in Boca Raton, Florida
was recently appointed to the ANA Medical Advisory Board.
Barry Fox, PhD, JANA Associate Editor, conducted the following interview with Dr. Baum.

Q: Dr. Baum, how did you come to practice intervention
cardiology?

My initial training and practice were quite conventional.
I graduated from the Columbia College of Physicians and
Surgeons, took a Residency in Internal Medicine at NYU
Medical Center, then completed a Fellowship in Cardiology,
Interventional Cardiology, and Electrophysiology at New
York Medical College. In 1991, I opened a private practice in
Boca Raton, Florida, specializing in clinical/interventional
cardiology.

For the first several years, I primarily did tertiary care.
But after seeing patients come back for repeat procedures, I
began wondering if there wasn’t another approach. Instead
of repeatedly performing invasive techniques on people
who had already developed significant cardiovascular dis-
ease, was it possible to help prevent the cardiovascular
problems from arising in the first place? Or, at least, to
reduce the risk?

I began searching for ways to prevent disease, and to
intervene in existing disease, without using catheters and
invasive means. One of the first areas I looked into was
naturopathy. I read many of their texts, did distance train-
ing in nutrition and supplementation, and over the next sev-
eral years introduced alternative health strategies into my
practice. Overall, the results were positive and I felt I was
offering my patients the best of both worlds: alternative
methods to help them reduce the risk of developing cardio-
vascular disease, and standard medical interventional car-
diology and electrophysiology for those who already had
advanced disease.

From 2000 to 2003, I served as
Medical Director for the John W.
Henry Center for Integrative
Medicine at the Boca Raton
Community Hospital, as well as
Medical Director of the Mind/Body
Medical Institute at Beth Israel
Deaconess Hospital, Boca Raton
Division. Today, I continue to have
one foot in the world of standard
medicine and one in the world of alternative medicine,
working with my patients to reduce the risk of cardiovascu-
lar disease, as well as lecturing and writing on Preventive
Cardiology. I'm also Board Certified in Clinical Lipidology
and have achieved level 3 verification in Coronary CT
Angiography. My dream is to integrate the best of standard
and alternative approaches, and develop a center for pre-
ventive cardiology, a concept that is unfortunately not as
widespread as it should be in this country.

Seth Baum, MD, FACC

Q: As a cardiologist practicing in integrative medicine,
what do you think people should be doing to reduce their
risk of developing heart disease?

I think it’s a good idea to eat a healthful diet, take appro-
priate nutritional supplements, maintain an ideal body weight,
exercise every day, learn to manage stress, and have their
blood lipids checked regularly. I believe that, in addition, peo-
ple should ask their physicians to delve deeper into their lipids
and begin to look, for example, not just at the LDL cholesterol
level, but also at the number of LDL particles or LDL-P.
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Q: Which brings us right to the next issue. Most people are
JSamiliar with the standard “cholesterol numbers” — total
cholesterol, LDL “bad” cholesterol and HDL “good” cho-
lesterol — and know that an elevated LDL is a risk factor
Jfor cardiovascular heart disease. However, research con-
ducted over the past ten or so years has suggested that
simply keeping LDL cholesterol under control may not be
the best way to attack cardiovascular disease.

That’s true. This concept dates back to the 1960s, when
Dr. Friedrickson, one of the fathers of lipidology, said that
our focus should be on the assessment of lipoproteins, on
their number, size and characteristics, rather than simply on
the total amount of cholesterol carried by the LDL popula-
tion. Unfortunately, back then we did not have the commer-
cial capacity to measure lipoproteins, so a surrogate mark-
er, LDL cholesterol, was chosen instead.

Let me step back a bit and remind you that cholesterol
is transported through the body in different “vehicles,”
including LDL — low density lipoprotein particles. LDL
particles come in different sizes and carry differing
amounts of cholesterol, but we didn’t have an easy way of
measuring the number and sizes of those particles. What we
could do was measure the amount of cholesterol carried in
the population of LDL particles, so we did.

LDL-C, or the amount of cholesterol the population of
LDL particles contained, became the gold standard mea-
surement by default, not by choice. It was assumed that
there was a direct relationship between LCL-C and the
number of LDL particles in the blood. All of the major tri-
als were designed around measuring LDL-C. Reducing
LDL-C became a major focus of treatment, and medicines
were designed to do that.

Unfortunately, we’ve found that no matter how low we
drive the LDL-C, we’re still missing a lot of people. We’re
only decreasing the risk by about 30%, which means we’re
missing some 70% of cardiovascular events. Here’s another
alarming statistic: about 50% of the people who have heart
attacks have normal LDL-C levels.

Clearly, looking only at the LDL-C is not enough. It’s
as if a traffic engineer were only counting the number of
people on the road, rather than the numbers of cars they’re
sitting in. There might be 1,000 people on a road right now,
but the more important issue is how many cars they’re sit-
ting in. If each person is in his own car, there are 1,000 cars
on the road and you have a traffic problem. But if those
1,000 people are in 500 cars, traffic isn’t so bad. And if
they’re sitting four to a car, there are only 250 cars on the
road, so there’s absolutely no traffic at all. If you were a traf-
fic engineer trying to ensure that traffic flows smoothly, it
would certainly help to know the number of people on the
road. But it would be far better to know the number of vehi-
cles on the road.
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A number of researchers have looked into the LDL
cholesterol versus LDL particle number issue. Major stud-
ies that have looked at LDL particle information include the
Cardiovascular Health Study (Arterioscler Thromb Vasc
Biol 2002), the Women’s Health Study (Circulation 2002),
the Healthy Women’s Study (Am J Cardiol 2002), the
Veterans Affairs HDL Intervention Trial (VA-HIT) (4Am
Heart Assoc 2002, Circulation 2006), the Pravastatin
Limitation of Atherosclerosis in Coronary Arteries (PLAC-
1) (Am J Cardiol 2002), and the Framingham Offspring
Study (Am Heart Assoc 2004). These and other studies have
found that the LDL particle number is a vastly superior
measure of cardiovascular risk and future events.

LDL particle number is a better measure of risk than
LDL cholesterol because the particles come in a variety of
sizes and vary in cholesterol content. This explains why
cholesterol content and particle number fail to correlate.
The more particles you have, the greater the chance that one
— or more — will penetrate an arterial wall and begin the ath-
erosclerotic process.

Q: How does the LDL cholesterol versus LDL particle
number issue play out in your practice?

This issue arises in up to 70% of my patients. They’ve
been receiving treatment and their LDL cholesterols are
only moderately elevated, or perhaps even in the safe range.
This suggests that their treatment has been successful, but
when you measure their LDL particle number, you realize
that they are still at risk of cardiovascular disease and need
more therapy.

Q: Is the size of the LDL particles important? Should
Pphysicians be measuring this as well?

The verdict is still out on particle size, but the number
of particles is clearly much more important than their size.

Q: You said earlier that it had been difficult to measure
LDL particle number and size. Is that still a problem?

No. LipoScience Labs of Raleigh, North Carolina,
offers the NMR LipoProfile, which uses nuclear magnetic
resonance spectroscopy to measure LDL particle concen-
tration (or number) and size, as well as the LDL, HDL and
VLDL subclass levels. The test is available nationwide
through LabCorp. By way of disclosure, I should tell you
that I’'m a consultant to LipoScience Labs.

Other labs, including Atherotech of Birmingham,
Alabama, measure qualitative size and cholesterol content,
although they do not count particles.



Q: How are LDL particle results measured, and what are
the various levels?

LDL particle results are given as nmol/L. Anything
below 1,000 is considered optimal, from 1,000 to 1,300 is
near optimal, from 1,300 to 1,600 is borderline, above 1,600
is high and over 2,000 is very high risk.

Q: How do you reduce an elevated LDL particle number?

The approach to reducing an elevated LDL particle
count is the same as for reducing elevated LDL cholesterol.
The statin drugs can be helpful. Other drugs such as Zetia,
which inhibits cholesterol absorption, and Niaspan, which
can enlarge particle size and lower the particle number, often-
times without affecting LDL cholesterol, are also helpful.

Non-pharmacologically, exercise can help lower the par-
ticle number. Dietary interventions are also helpful. Transfats
are the biggest dietary offenders. Saturated fats should also
be significantly limited, but not entirely eliminated.

Q: Not every researcher agrees that the LDL particle
number should routinely be measured in cardiology
patients. Can you comment on the conflicting ideas?

It’s not unusual for doctors to disagree about the best
approach to patient care; that happens in all areas of medicine.

A great deal of research has demonstrated that measur-
ing the LDL particle number is better than simply looking
at the LDL cholesterol for identifying and managing
patients’ lipid abnormalities. Some researchers have argued
that it’s not cost-effective to measure the LDL particle num-
ber in large numbers of people over many years. I doubt that
this is true, but we practicing physicians treat our patients
individually — we care about the Mr. Jones or the Ms. Smith
who is in the office now, and deserves the best possible care.
I want to be able to look all of my patients in the eye and
tell them that I have given them the best possible care.
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GLoBAL UPDATE

International Alliance of
Dietary Supplement-Food Associations (IADSA)
Sets Agenda for 2007

Headway is expected on improved dietary supplement
regulation this year as the Internatinal Alliance of Dietary
Supplement-Food Associations (IADSA) expands its plan
of action regionally and globally. This year will be a key
year in the process of regional harmonisation in South East
Asia. TADSA continues to work closely with the Asean
Alliance of Health Supplement Associations (AAHSA),
which last December gained a place at the government table
for negotiations on the future harmonisation of supplement
regulation across the region.

Plans are also in the pipeline for regulation discussions
with China and Japan, and IADSA is organising an April
workshop in Yokohama where influential legislators from
Asia, Europe, and North America will address existing and
future models of regulation.

In India work is underway on priority action following
the country’s adoption of the Food Safety and Standards Act
2006, which now classifies supplements as food. IADSA is
also in discussions with the Mexican authorities and the
industry association, Anipron, on the development of pro-
posals for new regulation.

The Alliance’s global drive to develop strategy and
implement action on regulation and policy continues to play
an important role particularly regarding Codex
Alimentarius initiatives on additives, health claims, and the
safety of supplement ingredients.

"We continue to work towards regulatory systems where
the guidelines are appropriate to the specific characteristics
of our products," said Randy Dennin, Chairman of IADSA.
"If we are able to achieve this, governments will have
reduced healthcare costs and consumers will have wider
access to safe and beneficial products. We will continue to
work with national associations, the scientific community
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and governments worldwide towards a positive result.”

IADSA has more than doubled in size since its creation
in 1998 as a voice for the worldwide dietary supplement
manufacturing industry, and the growing alliance now rep-
resents 57 national trade associations.

On the research front, two groundbreaking publica-
tions are being drafted by TADSA’s Scientific Working
Group —"Nutrition, Healthy Ageing, and Public Policy"—
which addresses the value of dietary supplements in the
ageing population, and a second report on the safety of
bioactive substances in dietary supplements focusing on
amino acids. IADSA’s reports are sent to regulators and
other decision-makers in more than 100 countries, with
some translated into Spanish and Japanese.

For more information contact
David Pineda Ereiio, IADSA Manager,
Regulatory Affairs, 50 Rue de I’Association,
1000 Brussels, Belgium.
Tel: +32 (0)2 209 1155, fax: +32 (0)2 223 3064

or email: davidpineda@iadsa.be




NUTRACEUTICAL NEWS

ConsumerLab.com Survey
Identifies Brands and Merchants Rated Highest
by Dietary Supplement Users

ConsumerLab.com, White Plains, NY, has released the
results from their "Survey of Vitamin and Supplement
Users," which revealed that 77% of consumers surveyed
report being highly satisfied ("extremely" or "very" satis-
fied) with the brands of dietary supplements that they use.
An additional 21% were "somewhat" satisfied, and very
few (2%) were dissatisfied. Satisfaction was also high with
the merchants from which supplements were purchased,
with 71% of respondents being highly satisfied.

The most common place to purchase supplements was
online, with 40% of respondents reporting an online pur-
chase within the past year. This was followed by health food
stores (34%), vitamin stores (27%), pharmacies (25%),
warehouse clubs (23%), catalogues (20%), supermarkets
(18%), independent distributors (18%), mass merchants
(18%), and health care practitioners (9%).

The following brands and merchants received the high-
est overall satisfaction rating within their market segment.
Rankings are based on the percent of respondents highly
satisfied.

Nutrilite, a brand marketed by independent distribu-
tors, received the highest overall satisfaction rating both as
a brand and merchant. However, sample bases for other
companies within this category were not large enough to be
comparatively ranked.

The survey was based on responses from 4,181 sub-
scribers to ConsumerLab.com's e-newsletter. Respondents
were frequent users of supplements, with more than 90%
reporting the use of two or more supplements each day.
Twenty-four percent of respondents used 10 or more sup-
plements per day. Ratings were given for several hundred
brands and merchants. Among these, 33 brands and 21 mer-

chants were included in the rankings for each having
received at least one hundred consumer ratings. The results
are based entirely on consumer perceptions in November
2006 and are separate from the laboratory findings of
ConsumerLab.com.

Survey Results
Top-Rated Supplement Brands
Brand in Health Food Stores: Carlson
Brand in Mass Market Stores: Nature Made
Catalogue Brand: Puritan's Pride
Discount and Wholesale Club Brand: Kirkland (Costco)
Healthcare Practitioner Brand: Thorne Research
Pharmacy Brand: CVS
Vitamin Store Brand: Vitamin World

Top-Rated Supplement Merchants
Catalogue: Puritan's Pride

Discount and Warehouse Store: Costco
Grocery Store: Whole Foods

On-line Retailer: Vitacost.com
Pharmacy: Walgreens

Vitamin Store: Vitamin Shoppe
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NUTRACEUTICAL NEWS

Vitamin D
Fortification Needs to
be Considered

Researchers are insisting that the upper limits for vitamin D
content in dietary supplements need to be increased, and
that foods need to be fortified with the nutrient.

A new University of Pittsburgh Schools of the Health
Sciences study found 92.4 percent of African-American new-
borns and 66.1 percent of white babies studied had insufficient
vitamin D levels at birth. The study, which appears in the
March issue of the Journal of Nutrition, evaluates data from
200 black women and 200 white women, randomly selected
between 1997 and 2001.

The researchers found that more than 80 percent of the
African-American participants and nearly half of the white
women tested at delivery had levels of vitamin D that were too
low, despite the fact that over 90 percent of them had taken
prenatal vitamins during pregnancy.

"Either more foods should be fortified, or we need to
encourage supplementation of certain populations, especially
pregnant women," according to lead study author Dr. Lisa
Bodnar. "The amount of vitamin D in supplements isn't nearly
enough," Dr. Robert Heaney, a professor at Creighton
University School of Medicine who has conducted nearly two
decades worth of research on vitamin D. "Our best estimate is
that the body uses 4000 iu per day, and the dietary reference
intake for women up to the age of 50 is 200 iu per day." Now
that vitamin D deficiency has become better documented and
researched, Heaney said there is no more excuse to wait for
fortification.

"The principle obstacle has been we haven't known how
much vitamin D we have needed until the past two years," said
Heaney. "We're just starting to understand the implications."
Dr. Heaney feels that securing widespread vitamin D fortifica-
tion via the United States Food & Drug Administration is too
long of a process to wait for. Instead, the change will have to
come from industry itself.

"I think we'll see voluntary fortification," said Heaney.
"But the first thing that needs to be done is to raise public and
professional awareness."

"We are working on a lot of research in the area of vitamin
D," said Dr. Bodnar. "We are focused on understanding the con-
sequences of vitamin D deficiency for mothers and their infants."

Heaney disagrees that significantly raising upper limits of
vitamin D or widespread fortification could be accompanied by
health risks. "You have to go well above 10,000 iu per day to
get into unsafe levels," said Heaney. Heaney's voice on the
subject adds to several that have already been raised in favour
of increasing vitamin D intake.
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Wholegrain Breakfasts
Linked to Lower
Heart Failure Risk

New report from Harvard shows that a bowl of
wholegrain cereal daily could reduce the risk of heart
failure by up to 28 per cent.

In an epidemiological study of 10,469 cereal-eating
physicians taking part in the Physicians' Health Study, those
who ate two to six servings of wholegrain breakfast cereals
weekly reduced their risk of heart failure by 22 per cent. The
research, presented at the American Heart Association's 47th
Annual Conference on Cardiovascular Disease Epidemiology
and Prevention, adds to an already strong body of evidence
linking the consumption of wholegrain products to improve-
ments in cardiovascular health.

"There are good and powerful arguments for eating a
wholegrain cereal for breakfast," said lead author Luc Djoussé,
from Brigham & Women's Hospital and Harvard Medical
School. "The significant health benefits of wholegrain cereal
are not just for kids, but also for adults. A wholegrain, high-
fibre breakfast may lower blood pressure and bad cholesterol
and prevent heart attacks."

Djoussé and Michael Gaziano calculated that eating seven
or more servings per week was associated with a 28 per cent
reduction in the risk of heart failure, while eating two to six
servings per week was associated with a 22 per cent risk reduc-
tion. Eating only one serving per week reduced the risk of
heart failure by 14 per cent, they said.

Whole grains have received considerable attention in the
last year, especially in the US where the FDA permits foods con-
taining at least 51 percent whole grains by weight and are low in
total fat, saturated fat, and cholesterol to carry a health claim link-
ing them to a reduced risk of heart disease and certain cancers.

The term wholegrain is considered to be more consumer-
friendly than the term fibre, which leads some manufacturers
to favour it on product packaging since it is likely to strike
more of a chord of recognition for its healthy benefits.

The new study used food frequency questionnaires to
assess the consumption of wholegrain and refined grain cere-
als and related this to the incidence of heart failure from 1982
to 2006. Of the 10,469 physicians (average age 53.7) who
reporting cereal consumption at baseline, 8,266 (79 per cent)
ate wholegrain cereals compared to 2,203 (21 per cent) who
ate refined cereals.

Further study is required to confirm these findings, with
mechanistic studies needed to elucidate exactly how the grains
may offer protection against heart failure.



CONFERENCE REPORT

Folate: A Key to Optimal Health
Throughout the Lifespan

Lynn B. Bailey, PhD, Professor, Food Science and
Human Nutrition Department, University of Florida,
Institute of Food and Agricultural Sciences

Proceedings Report from the American Nutraceutical Association’s Fall 2006
Conference held in Memphis, Tennessee, October 21, 2006

Dr. Bailey’s research area of expertise is folate metab-
olism, estimation of folate requirements and factors that
influence disease and birth defect risk, including genetic
polymorphisms. Dr. Bailey has conducted human metabol-
ic studies over a period of 25 years, generating data that has
been instrumental in establishing new dietary intake recom-
mendations for individuals throughout the lifecycle, includ-
ing pregnant women and the elderly. Dr. Bailey has pub-
lished more than 100 scientific journal articles and book
chapters and has edited a book entitled Folate in Health and
Disease. She served as a member of the Institute of
Medicine’s Dietary Reference Intake committee for folate
and other vitamins.

Dr. Bailey’s presentation at the conference examined the
sources and function of folate and reviewed studies investi-
gating folic acid effect’s on neural tube defects, vascular dis-
ease, cancer, impaired mental function, and other ailments.
The following report was prepared from her presentation and
written by JANA Associate Editor, Barry Fox, PhD.

INTRODUCTION

Folate is a generic term that encompasses both the syn-
thetic form of the vitamin found in supplements, and natu-

rally occurring food folate. Naturally-occurring concentrat-
ed sources of food folate include orange juice, strawberries,
vegetables such as spinach and asparagus, and legumes
such as black beans. As a general rule, the darker the green
leaf, the higher the folate content. The term “folate”
includes the folic acid added to enriched food products
since 1998, as mandated by the FDA.

The chemical structure of folate from food sources is
somewhat more complex than the structure of folic acid
from supplements. Folate from food sources is a relatively
complex structure with a polyglutamate side chain contain-
ing molecules of the amino acid glutamate hooked together.
When we consume foods with folate, enzymes in our intesti-
nal tract cleave off this side chain, amino acid by amino acid.
What we actually take up in our intestinal tract is the monog-
lutamate form, with its single amino acid. Synthetic folate is
this monoglutamate form, which frees the intestinal tract
from having to cleave to the simplified form.

We know that food folate is less bioavailable than syn-
thetic folic acid. Does this mean that folic acid—the syn-
thetic form—functions differently than folate, the food
form? The answer is that, once absorbed by the body, the
two forms function the same.
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Folate’s Function

Folate’s basic biochemical role is to serve as a coen-
zyme for one-carbon transfer reactions. A key example of
this is DNA synthesis. DNA methylation, which is very
much involved with gene regulation, is dependent on folate,
and a number of amino acids are dependent on folate for
these one-carbon transfer reactions (Figure 1).

Folate Requirements

How much folate is required? Or, how low can dietary
folate fall before we develop hypomethylation? Dr. Bailey
investigated the dosage issue in her laboratory at the
University of Florida in controlled metabolic studies in
which human subjects were fed defined amounts of dietary
folate. In the study represented in Figure 2, the volunteers
were fed a low-folate—but not severely folate—deficient—diet
for seven weeks. DNA methylation was measured at base-
line, and again at seven weeks. These measurements were
done by giving the volunteers a radio-labeled methyl com-
pound, which yields an inverse relationship with the incor-
poration of the radioactive methyl group into the DNA. In
other words, the higher the tretiated-methyl-group accep-
tance, the fewer native methyl groups are attached to the
DNA. At baseline (Figure 2), there’s adequate, normal DNA
methylation. After seven weeks on the low-folate diet, there
was more radioactive methyl group incorporation. This
means that at seven weeks on a low-folate diet, the DNA
was hypomethylated. Research findings have linked folate
to normal cell growth.

We know that red blood cell division is dependent on
folate, and that folate-dependent red blood cells provide
oxygen and energy to the body. Folate also plays a key role
in immune system health by helping to maintain adequate
numbers of white blood cells. The lifespan of a white blood
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cell is relatively brief (21 days), and leucopenia—reduction
in white blood cells—can develop with a very short-term
folate-deficient diet. Indeed, Herbert’s 1962 study showed
that folate depletion can lead to leucopenia in just twenty-
one days. The practical significance for clinicians is that a
short-term folate deficiency can lead to impairment of
immune response.

Neural Tube Defects

One major public health finding is that folic acid
reduces the risk of neural tube defects by up to 70%. This
conclusion is based on a large body of scientific evidence,
and is summarized in Figure 3.

The bottom half of the table shows the results of key
observational studies in which the percent reduction in risk
fell by 60-75% in women taking a multivitamin containing
folic acid during the periconceptual period-right before preg-
nancy—through that first 28-day period. The upper half of the
table shows interventional studies in which a folic acid sup-
plement was given. The gold-standard, placebo-controlled
intervention trial is this MRC study, which resulted in a 72%
reduction in risk with folic acid alone. This definitive study
led to the public health recommendations. However, because
a very high dose of folate was given in the MRC study—4,000
mcg per day—we didn’t know the optimal dose.

China Study

A study conducted in China and published in 1999 gave
us the answer: 400 mcg, the amount found in most multivi-
tamin supplements, is an effective dose for reducing neural
tube defect risk. The bar graph in Figure 4 shows the neural
tube defect rate per 1,000 births. The left side shows results
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from northern China, where there is severe folate deficiency. Figure 3.

Against this background of high folate deficiency, 400 mcg
of folate produced a huge drop, an 85% reduction in neural
tube defects. The right side of the graph shows results from
the south of China, which produces more vegetables and has
a longer growing season. There, 400 mcg folate reduced the
risk of neural tube defects by 41%.
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Do Women Consume Adequate Levels of Folic Acid?

About 30% of women of reproductive age take folic
acid-containing vitamins, leaving 70% who do not. What
would motivate them to change their behavior? A Gallup Poll
survey indicates that women would change their behavior if
their health care provider recommended they do so. When
women who had been informed about the value of taking
folic acid every day were questioned, only about 25% report-
ed getting that information from their health care provider.

In addition to its public health recommendation, the
FDA mandated that certain foods be fortified with folic
acid; bread and other cereal grain products have been forti-
fied since 1998. Has the fortification program done any
good? The scientific literature suggests a potential for up to
a 70% reduction in neural tube defects, but we’ve only seen
a 26% reduction in the US. We have a ways to go, and we
need to rely on taking folic acid supplements (Figure 5).

FOLATE AND HEART DISEASE

We have data that both support and refute the hypothe-
sis that folic acid is protective or preventive against chronic
disease. So we need to think of it as a scale and weigh the
evidence to come up with a definitive answer. Knowing that
heart disease is the primary cause of death among women in
the US, Dr. Bailey is interested in homocysteine, and the
ability of folic acid to reduce homocysteine as a risk for vas-
cular disease.
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Data from the Nurses Health Study found an inverse
association between folate consumption and heart disease. As
the graph in Figure 6 shows, the risk of heart disease in the
higher quintile of folate intake (that intake included supple-
ments) was significantly less than in the lower intake groups.

Relative Risk for Coronary Heart Disease Associated
with Elevated Homocysteine

The relationship between folate and homocysteine, a
non-protein-forming amino acid, may help explain this asso-
ciation. Homocysteine is associated with an elevated risk for
heart disease. As homocysteine blood levels go up, the risk of
coronary heart disease also increases. Figure 7 summarizes
the conclusions of cross-sectional, case control, and prospec-
tive studies (Archives of Internal Medicine, 2000) looking at
the relative risk of coronary heart disease associated with ele-
vated homocysteine. When the dot on the horizontal lines is
higher than one—that is, to the right of vertical line, the answer
is yes, elevated homocysteine was associated with an
increased relative risk of coronary heart disease in that study.
Study consensus is that the higher the homocysteine level, the
greater the risk for coronary heart disease.

Folate Needed for Normal Homocysteine Levels

What is the link between homocysteine and folate?
Folate provides the methyl group that converts homocysteine
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to methionine. The only difference between homocysteine
and methionine is the one methyl group that folate provides.
Inadequate folate levels will prevent the conversion of
homocysteine to methionine, and blood levels of homocys-
teine will build up. Hundreds of studies have shown that this
elevation in homocysteine can be atherogenic.

Dose Required for Homocysteine Reduction

How much folate would have to be consumed to keep
homocysteine blood levels in normal concentration? Dr.
Bailey conducted a study with women between the ages of 65
and 85, chosen because heart disease is the number one killer
of women in the US today. The volunteers were fed controlled

diets containing different amounts of folate over a 70-day
period. First they were given a folate-depletion diet, and then
the amount of folate was increased to see how much was
required to normalize homocysteine levels. Two hundred
micrograms—an amount close to the old RDA of 180 mcg per
day—was not enough to raise their homocysteine levels.
However, 400 mcg, the amount in a typical multivitamin sup-
plement, which is the current recommendation, brought the
homocysteine levels down significantly (Figure 8).

HOMOCYSTEINE AND VASCULAR DISEASE

The link between folate, homocysteine, and vascular
disease has led to the idea that folate might also help reduce
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the risk of stroke. Unfortunately, several intervention stud-
ies have shown that folic acid does not appear to reduce the
risk of recurrence, once vascular disease has been estab-
lished. But what is the effect of increased folic acid on vas-
cular disease in the general population? An answer comes
from the Centers for Disease Control, which evaluated the
effects of folic acid from fortification on a reduction in the
rate of mortality due to strokes in Canada.

The bar graph in Figure 9 shows the changes in serum
folate levels in men ages 40 to 59, men aged 60+, women
aged 49 to 59, and women aged 60+. Folic acid fortification
has had a major impact on folate status in the US, across all
age categories. As the bar graph in Figure 10 shows, folic
acid fortification also brought down plasma homocysteine
levels. The drop is significant, as indicated by the asterisks,
across all four groups. This increase in folic acid and fall in
homocysteine levels was accompanied by a reduction in the
rate of mortality due to strokes. The weight of the evidence
indicates that disease prevention—that is, consuming ade-
quate folate over a long period of time—is the primary key.

Folate and Mental Function

Both low folate and high homocysteine are associated
with impaired cognitive function, dementia, and Alzheimer’s.
Figure 11 shows a data slide from the classic Nun’s Study
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(Snowdon et al., 2000). As part of this study, Snowden and
colleagues looked at autopsy samples from nuns who had
died from Alzheimer’s disease, and for whom they had long-
term blood level data. This figure compares serum folate lev-
els to the severity of brain atrophy. When the blood levels
were low, there was severe atrophy; when the blood levels
were higher, there was none.

A controlled intervention trial conducted by Dr. J.
Durger (who provided Dr. Bailey in-press data) examined
the relationship between folate and cognitive function
(Figure 12). Dr. Durger and her fellow investigators con-
ducted a three-year, double-blind, placebo-controlled inter-
vention trial with 818 men and women between 50 and 70
years old. All had elevated homocysteine and normal B,
levels. Researchers assessed the volunteers’ mental function
at baseline and after three years of either 800 mcg of sup-
plemental folic acid daily, or a placebo. They found a sig-
nificant elevation in blood folate, and a 26% drop in homo-
cysteine in the folic acid group. The more exciting result was
a significant improvement in memory, information process-
ing speed, and sensorimotor speed in the same group.

On the other hand, other studies have not found posi-
tive results. More research data is needed to arrive at a
definitive conclusion.
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Figure 11.
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Intake Recommendations

How much folate is required to maintain good health?
The bottom line is 400 mcg per day, the most recent Dietary
Reference Intake suggested by the Institute of Medicine.
(This figure is given in dietary folate equivalents, a unit used
to convert the more bioavailable synthetic form to equivalent
dietary folate.) The 400 mcg of dietary folate is the recom-
mendation for an adult. A separate recommendation for
women of childbearing age suggests they take a folic acid
supplement in addition to the 400 mcg per day dietary intake.

The Institute of Medicine determined that folic acid is
non-toxic, and set an upper limit of 1,000 mcg per day. Why
an upper limit, when folic acid is non-toxic? This issue
affects people who are deficient in vitamin B,,, for whom
folic acid can mask megaloblastic anemia and delay its
diagnosis, hence the basis of the 1,000-mcg upper limit.

CONCLUSION

Folate is a key to optimal health. We’ve seen evidence
of its benefits with regard to neural tube defect reduction.
We’ve seen evidence, pro and con, relating to folic acid’s
effects on vascular disease, cancer, and impaired mental
function. While there is conflicting data regarding its affects
on chronic disease, data overall suggest that chronic pre-
vention, not short-term intervention, is the key.

Healthcare professionals can modify behavior for the
better by encouraging their patients to consume folate-dense
foods during their entire lifespan. Women who could become
pregnant should be encouraged to take a folic—acid—contain-
ing supplement, and women who drink alcohol should
increase folate intake to reduce breast cancer risk.
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Figure 12.

Effect of Folic Acid on
Mental Function
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Lowering LDL and Total Serum Cholesterol:

An Overview of Drug and Dietary Therapies,

Including the Portfolio Diet and Its Impact on
Lipids and Hypertension

Proceedings Report From the American Nutraceutical Association’s
Fall 2006 Conference Held in Memphis, Tennessee, October 21, 2006

David J.A. Jenkins, MD, PhD, DSc. Professor, Dept. of Nutritional Sciences
Director, Clinical Nutrition and Risk Factor Modification Center
St. Michael's Hospital, University of Toronto
Canada Research Chair in Metabolism and Nutrition

Dr. Jenkins is credited with developing the concept of
the glycemic index as a way of explaining how dietary car-
bohydrate impacts blood sugar. His first paper on the sub-
ject appeared in the March edition of the American Journal
of Clinical Nutrition, 1981. His most recent publication
deals with the Portfolio Diet. The results of his most recent
study were published in the March 2006 edition of the
American Journal of Clinical Nutrition, and showed that
people who ate a diet rich in cholesterol-lowering foods for
a year lowered their cholesterol levels by 20% or more, a
reduction comparable with that achieved by taking statins.
Dr. Jenkins’ presentation at the ANA Conference examined
his work in studying the role of diet and drug therapies in
managing lipids and hypertension. JANA Associate Editor,
Barry Fox, PhD, prepared this report on his talk.

INTRODUCTION

The statin intervention trials have had an immense
impact on the practice of medicine. Perhaps the most suc-
cessful class of drugs ever launched, statin sales command
an enormous share of the market. Statin trials are large, from
6,000 participants up to the 20,000 randomized in the Heart
Protection Study. Although the study results don’t entirely
agree with one another, their protocols tend to produce sim-

ilar reductions in LDL cholesterol. As the third column in
Figure 1 indicates, the protocols yield 26 to 35% reductions
in LDL cholesterol. These studies were conducted with first-
generation statins. Rosouvastatin and future generations of
statins may produce a 60%+ drop in LDL cholesterol. In
existing studies, we usually (but not always) see 26-30%
fewer cardiovascular events as a result of statin intervention.

Dr. Jenkins felt we can’t get all the cardiovascular pro-
tection we need in a nutraceutical poly-pill, so he decided
to see if he could gather all the good things possible from
the plant kingdom into a risk management portfolio, simi-
lar to a financial portfolio. We will return to this soon.

The ATP III Revision Committee has updated the guide-
lines for cholesterol management (Figure 2). They conclud-
ed, in light of recent statin trials, that people at very high risk
should have an LDL cholesterol of less than 70 mg/gL.

Rats tend to have cholesterol levels in this range, and,
in general, rats don’t develop heart disease. If we were more
like rats, Dr. Jenkins noted, we’d be better off. When we
look at animals genetically closest to us — the gibbon,
orangutan, gorilla, and chimpanzee — we see that a lot of
their metabolic machinery is similar to ours, including the
digestive tract. The gibbon, orangutan, and gorilla eat a
high-fiber vegetarian diet, while the chimpanzee eats a
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Figure 1.

Statin Intervention Trials:

Cholesterol Lowering & CVD Prevention

high-fiber omnivorous diet. The human is the odd “man”
out. Humans eat a low-fiber omnivorous diet, tending
toward a higher animal-produce diet. This change in the
human diet is relatively recent, evolutionarily speaking, and
we have not evolved accordingly. In a sense, there is a dis-
connect between our genetics and our dietary habits. That is
why we need statins—or a modified diet.

Initial Study

Dr. Jenkins and his colleagues performed a study
(Figure 3) to see how blood lipids would respond to diets
closer to what, presumably, we ate in the early stages of
human evolution For this study, a group of volunteers fol-
lowed three different diets:

* a low-fat, therapeutic (NCEP Step II) diet, with five serv-
ings a day of low-fat dairy, white rice, potato, fruit and
vegetables.

« an early Stone Age, Neolithic, high-fiber starch-based diet,
with 5 servings a day of low-fat yogurt, whole grains,
lentils, fruit and vegetables.

* a Simian diet based on what humans presumably ate
before they mastered fire or developed stone implements,
with 63 servings a day of fruit, vegetables and nuts
(almonds and hazelnuts). Sixty-three servings were
required for the subjects to maintain their weight. This
was not a low-protein diet: the total protein intake was 93
grams. Total dietary fiber was 143 grams, with 1 gram of
phytosterols and about 70 grams of nuts per day.

The study was short in duration because it is difficult to
get people to follow these diets for long periods of time.
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Trial N % drop in Events Versus
LDL-c Placebo
WOSCOPS 6,595 26% Mi 30%
pravastatin CHD-DEATH Fewer events
AFcaps/TEXcaps 6,605 25% Mi 36%
lovastatin CHD-DEATH Fewer events
PROSPER 5,804 34% CHD-DEATH 13%
pravastatin Mi Fewer events
CVA
HPS 20,536 35% Non-fatal Mi 26%
simvastatin CHD-DEATH Fewer events
Figure 2.

NCEP ATP lll Update

In light of recent statin RCTs

People at Very High Risk:
LDL-C < 70 mg/gL < 1.8 mmol/L

Grundy et al., Circulation 2004

The Step 11 diet produced a 5 to 10% reduction in LDL
cholesterol, as seen in the first curve on the left side of Figure
4. The second curve, representing the Neolithic Diet, quickly
fell to about a 23% reduction in LDL cholesterol. The third
curve, representing the Simian diet, produced almost a 35%
reduction with no weight change. These results confirmed Dr.
Jenkins’ belief that our biochemistry is out of sync, geneti-
cally speaking, with our modern eating habits.

Health Claims Allowed by FDA for CHD Reduction

The FDA currently allows certain foods to make a
claim for CHD risk reduction: vegetable protein (soy), oat
bran and other viscous fibers, nuts, and a provisional claim
for phytosterols (Figure 5). These same components were
particularly notable in Dr. Jenkins’ Simian Diet, and they
have different mechanisms of action. The viscous fibers
tend to increase bile acid losses; soy protein tends to reduce
cholesterol synthesis and increase LDL receptor uptake;
plant sterols reduce cholesterol absorption; while almonds
contain antioxidants, monounsaturated fats, some plant
sterols and vegetable protein, and work by multiple mecha-




Figure 3.

Serum Lipid Response to a Diet Very High in Fiber from
Vegetables and Fruit (Simian Diet)

e Low-fat therapeutic diet (NCEP step 2)
low-fat dairy, white rice, potato, fruit & vegetables (5 servings/d)

¢ High-fiber starch-based (Neolithic)
low-fat yogurt, whole grains, lentils, fruit & vegetables (5 servings/d)

¢ High-fiber vegetable-based (Simian)
63 servings/d fruit 7 vegetables, nuts (almonds and hazelnuts)

Jenkins DJ, Kendall CW et al. Metabolism; 2001

Figure 4.
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Serum Lipid Response to a Diet Very High in Fiber from
Vegetables and Fruit (Simian Diet)
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nisms. This combination of foods effectively gives one a
cholestyramine analogue, a very mild sort of statin, an eze-
timibe (simvastatin) type of product, and a sort of poly-pill
in the form of a nut.

Portfolio Diet Study

The good results seen with the Simian Diet, plus the dif-
ficulty of following such a diet in the modern world, led Dr.
Jenkins to consider a portfolio approach, a diet containing
many foods readily available in the supermarket. Dr. Jenkins
and his colleagues did a series of studies on this portfolio diet.
In the third study, Figure 6, they compared an older statin — 20
mg lovastatin — to the Step II control diet and the Portfolio

Diet. They used lovastatin because the study was performed
during the Baycol scare. Baycol is the statin removed from the
market because it increased rhabdomyolysis; some study par-
ticipants responded by being wary of statins.

Portfolio Diet Study Results

The results were as expected (see Figure 7). The 30%
reduction in LDL cholesterol on the Portfolio diet was sim-
ilar to the reduction on the statin drug, and superior to the
9-10% reduction on the control diet. This happened quick-
ly: within two weeks a physician should be able to see
whether the diet is working or not, assuming the patient is
sticking to the protocol.
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Figure 5.

Current FDA Health Claims
for CHD Risk Reduction

Vegetable Proteins
e Soy

Viscous FibersPhytosterols
* Oat p-glucan * Sterols

* Barley p-glucan e Stanols
* Psyllium

Nuts (almonds)

Figure 7.

Figure 6.

Dietary Portfolio

Study Foods: Readily available in supermarkets.

Nuts: ~ 30 g/d
almonds

Viscous Fiber: ~ 20 g/d
oats, barley, psyllium, legumes, eggplant, okra

Vegetable Protein: ~ 80 g/d (50% soy)
soy, beans, chick peas, lentils

Plant Sterols: ~ 2 g/d
plant sterol margarine

Jenkins DJ, Kendall CW et al. Metabolism; 2002

Figure 8.

Dietary Portfolio Study #3: Results
Changes in LDL-C
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Dietary Portfolio Study #3: Results
Changes in C-Reactive Protein

C-reactive Protein
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The effects on C-reactive protein were surprising. The
statin lowered C-reactive protein, but so did the Portfolio
Diet, and to a similar extent (Figure 8). Dr. Jenkins found
the same positive effects on C-reactive protein when he test-
ed the diet in a larger series.

Portfolio Diet — Long Term Study

While the short-term studies were interesting, they
raised a question: What happens in the long run? With the
short-term diet, all food was prepared and packed in meta-
bolic kitchens and shipped to the subjects, which made it
easier for them to follow the protocol. But can people living
in the “real world,” doing their own shopping and food
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preparation, stick to the protocol over time? To find the
answer, Dr. Jenkins and his colleagues conducted another
study — a year-long, open-label, non-randomized effective-
ness study in which the participants were given dietary
advice to follow the Portfolio Diet (Figure 9).

Figure 10 shows what happened to the volunteers’
blood lipids during the study. The top line is the HDL cho-
lesterol, which rose significantly over the year. The second
line is the LDL cholesterol, which fell dramatically in the
first three or four weeks, rose, and then remained flat at
about a 15% reduction from baseline. Dr. Jenkins noted that
the peak in the LDL line around week 16 was due to poor



Figure 9.

Long Term Self-Selected Portfolio
Dietary Portfolio Study #4: Methods

Study Design:

Duration:
1 year plus.

Intervention:

Non-randomized effectiveness study.

Dietary advice to follow the Portfolio Diet.

Jenkins DJ, Kendall CW et al. Am J Clin Nutr 2006

Figure 10.

Figure 11.

Long Term Effectiveness
Blood Lipid Changes over
52 Weeks
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eating habits at Christmas, which, curiously, didn’t make
much difference in serum triglyceride levels, which fell over
the course of the study.

The net results of this study were about 50% of what
Dr. Jenkins had seen in the studies performed under meta-
bolic conditions. This means that about a third of the people
did as well as they had done on a statin drug, a third did half
as well, and for the last third, nothing happened. Could
these results be due to genetic differences in the volunteers?
Half of the people in this year-long, “free living” study had
previously been on the metabolic diet, so Dr. Jenkins reex-
amined their data and concluded that while genetics may
modulate the results, the really big issue is compliance.

When food is provided, people do well; when people are
advised how to prepare their own food and do so, they
respond variously. On the positive side, a third of the peo-
ple in this group managed the diet by themselves for a year
and did quite well. In fact, some of Dr. Jenkins’ volunteers
have been on the diet for three years.

This long-term study also monitored the effect on blood
pressure, as well as C-reactive protein. Figure 11 shows the
periodic blood pressure readings for study volunteers who
maintained their weight, lost a modest amount of weight and
had a large weight loss. Systolic blood pressure tended to be
reduced, and diastolic to some extent, with or without weight
loss. The intermediate group — showing a modest weight loss
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over one year — had the same magnitude of blood pressure
reduction as would be expected from the DASH diet.

SUMMARY

Dr. Jenkins concluded (Figure 12) that while statins
have their place, the use of cholesterol-lowering foods as
recommended by ATP III and to some extent, by AHA, may
in combination produce serum lipid reductions that bridge

Figure 12.

the therapeutic gap between a generally good diet and statin
therapy. There is a group of people who should work with
diet and lifestyle — plus exercise and nutraceuticals, a whole
portfolio of items — before going on drugs. Approximately
30% of serious dieters can achieve a 20% LDL-C reduction
in six months on a dietary portfolio of viscous fiber, plant
sterols, and soy protein foods, together with almonds. Other
risk factors for CHD may also be reduced, including blood
pressure and C-reactive protein.

together with almonds.

C-reactive protein.

Summary from the Presentation Made by Dr. Jenkins
* Use of cholesterol-lowering foods as recommended by ATP Il and AHA may in
combination produce serum lipid reduction, which bridges the therapeutic gap
between a generally good diet and statin therapy
* Approximately 30% of serious dieters can achieve a >20% LDL-C reduction in 6

months on a dietary portfolio of viscous fiber, plant sterols, and soy protein foods

e Other risk factors for CHD may also be reduced, including blood pressure and

JANA Vol. 10, No. 1,2007

20



PERSPECTIVE ARTICLE

Preventive Cardiology, Our Greatest Hope
for Eradicating Heart Disease

By Seth J. Baum, MD, FACC
Integrative Heart Care, Boca Raton, Florida
Member, ANA Medical Advisory Board

We physicians struggle daily to do what is best for our
patients. We assiduously endeavor to stay current with the
ever-expanding volumes of medical literature, simultane-
ously responding to our patients’ very real and immediate
health issues. Journals multiply like viruses and studies fill
these journals. How do we digest all the data? How do we
sift through divergent results and conclusions, and arrive at
an approach that is reasonable and effective? How do we
practice evidence-based medicine when the evidence is so
ephemeral? On one hand, doctors tend to resist change,
clutching their views like life preservers in a raging storm
at sea. On the other hand, we can be fickle, latching on to a
single trial that jibes with our oft-times preconceived
notions and personal belief systems, the end result being a
dismissal of something that may be of immense value. A
perfect example of this latter phenomenon relates to
Homocysteine. Elevated levels of Homocysteine have
clearly been associated with cardiovascular events — not to
mention Alzheimer’s, osteoporotic fractures, macular
degeneration and stroke — yet a single negative trial in the
realm of heart disease serves as a battle axe to the
Homocysteine naysayers, which they weild to dismantle all
prior literature. An example of the former phenomenon
relates to cholesterol. The powers that be, the doctors who
establish guidelines such as NCEP and ATP 3, have held
tight to cholesterol as the answer to the cardiovascular
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plague that afflicts the western world. Yet a thorough
review of the major Statin trials (that utilize LDL-C, the
cholesterol contained within LDL particles) teaches us that
controlling LDL-C eliminates only thirty or thirty-five per-
cent of cardiovascular risk. What of the remaining sixty-
five or seventy percent of events? If controlling LDL-C is
THE answer, how do we account for this massive remain-
ing unmanaged risk? Clearly there is far more to this story.
And this brings us to the concept of Prevention, an
approach to patient care that demands open-mindedness
and at times, great inner strength.

The practice of Preventive Medicine, though a concept
thousands of years old, has recently enjoyed a resurgence.
Perhaps it is the increasingly impersonal medical system or
the over-abundance of technologically-oriented aspects of
medicine that has brought prevention to the fore in many
circles. Perhaps it is our patients’ clamoring for solutions
that reach beyond the patchwork effects of medications and
surgery. Whatever the reason, prevention seems to be here
to stay. And when we look at some statistics as they relate
to Cardiovascular Prevention — my particular area of inter-
est — they reveal why prevention is so essential. Forty-two
percent of Americans still die from cardiovascular disease.
That’s one American every thirty-three seconds. One and a
half million heart attacks still occur annually in the United
States. Sixty-four percent of us are overweight, while a
solid thirty-three percent are, by definition, obese. A third
of our country’s youth is now overweight and consequently,
“Adult Onset” Diabetes Mellitus is becoming common-
place in children. Without a concrete preventive approach,
we will surely continue on the road to disaster. In the
remainder of this article, I will address three tools that can
be incorporated in a clinical practice of Preventive
Cardiology — LDL particle information, Coronary CT
Angiography (CCTA), and assessment of the Carotid
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Intima-Media Thickness (CIMT). Please do not infer that
the absence of a discussion on Therapeutic Lifestyle
Changes (TLC) means that I undervalue exercise, dietary
interventions, and stress modification. In fact, the opposite
is true. I believe wholeheartedly that TLC is the corner-
stone of disease prevention. I also believe that in doing
everything humanly possible to try to stave off the number
one killer in the western world, we physicians should exam-
ine and treat other important lipid components — HDL-C
and Triglyceride — as well as the “emerging cardiovascular
risk factors” such as CRP, Lp-PLA2, and Lp(a). My focus
on the three aforementioned tools stems from an issue of
space; it is just impractical to discuss all preventive tech-
niques in this article. Also, follow-up case reports in the
next few issues of JANA will focus on the merits of these
three tools. And so, let me now introduce these techniques
and their clinical applicability.

We have known for many decades that cholesterol plays
a pivotal role in the genesis of atherosclerosis. In 1913,
Anitshkow showed that cholesterol fed rabbits developed
aortic atherosclerotic plaques, whereas sunflower oil fed
rabbits did not. In the mid 1960s, Fredrickson, one of the
fathers of Lipidology, emphasized that Lipoproteins (LDL,
VLDL, HDL, IDL, and Chylomicrons), not the cholesterol
contained within them, should be the focus of our attention.
Although he proclaimed that the preferred way to manage
our patients would be to directly count these lipoproteins,
the lack of a commercial means to do so led to the adopta-
tion of LDL-C as a surrogate marker for LDL-P (the number
of Low Density Lipoprotein Particles), and thus a Gold
Standard by default. Earlier I alluded to the inability of LDL-
C to adequately predict CV events. Many studies have shown
us this. Even the famed Framingham Trial found that half of
all heart attack victims have normal LDL-C levels, and eighty
percent of premature CV events occur in individuals with an
LDL-C under 125 mg/dl. From where does this LDL-C short-
coming emanate, and why is LDL-P such a superior predic-
tor? The answer to these questions lies in the nature of LDL
(again, the particles that carry cholesterol).

It turns out that LDL particles vary greatly in both their
size and the amount of cholesterol they contain.
Consequently, there cannot possibly be a consistent and
direct relationship between LDL-C and LDL-P. One is
unable to glean from LDL-C how many particles exist, and
the opposite holds true as well. This reality would be incon-
sequential were it not for the fact that LDL particles are
what penetrate arterial walls to cause vascular disease.
These particles do not dump their cholesterol in the blood;
they enter the intima-media as holoparticles and once inside
the arterial wall, they do their damage. In this circum-
stance, as in many other aspects of medicine, gradients
come into play. The more particles there are in the blood-
stream, the more likely they will be to invade the arteries.
How much cholesterol they carry is not the issue; it’s how
many LDL particles there are that counts. This is why study
after study has shown that LDL-P is far more effective at
predicting CV events than LDL-C. It is a better clinical tool
by which we can manage our patients’ lipid abnormalities
and prevent events. Though anecdotal, my management of
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LDL-P has resulted in a dramatic decline in the number of
acute myocardial infarctions I see in my clinical practice.
In fact, I cannot recall the last patient I saw who had an
acute event with an optimally controlled LDL-P.

Coronary CT Angiography is a technology that fits well
in both medical camps — Preventive and Therapeutic. Our
ability to image coronary arteries non-invasively through
high speed CT scanners has enabled us to detect early disease
in the vessel walls. The therapeutic implications abound, but
for now I’ll limit myself to the Preventive applications. By
seeing coronary artery disease directly, unequivocally, and
far sooner than either stress testing or cardiac catheterization
would enable us to do, doctors can now aggressively attack
risk factors before the disease has progressed to a sympto-
matic stage. We are all familiar with patients who resist our
attempts to manage their CV risks. The old adage, “A picture
is worth a thousand words” can be understood with crystal
clarity when we present these resistant patients with images
of their own diseased arteries. It is an unparalleled motivator
to see your own vessels clogging with plaque. Once this
alarming plaque accumulation is actually witnessed and the
ramifications of these findings fully explained (i.e., the very
real risk and possibly imminent danger of stroke, MI, etc.), it
is rare for patients to oppose making the appropriate health-
ful changes in their lives.

Carotid Intima-Media Thickness can be utilized in a
fashion similar to the CCTA. By measuring the intima-
media thickness, we can predict future cardiovascular and
cerebrovascular events. In fact, in 2000, the AHA recog-
nized IMT as an independent predictor of CV events, and in
2006, the Screening for Heart Attack Prevention and
Education (SHAPE) Task Force recommended the use of
IMT in Low and Intermediate risk patients for improved
risk categorization. The downside of CIMT is that it is only
a surrogate marker for coronary artery disease. Unlike
CCTA, it does not tell us with absolute certainty whether or
not a patient has CAD. However, because of the systemic
nature of atherosclerosis, 70% of people with this disorder
have both coronary and carotid artery disease. This makes
CIMT a very accurate predictor of the presence of coinci-
dent coronary artery disease. The upside of CIMT is that it
does not introduce radiation exposure or require the admin-
istration of contrast. CIMT can be used not only as a means
of establishing a patient’s current CV risk (at times upgrad-
ing low or intermediate risk patients to high risk), but also
as a guide in managing our patients’ risk factors — when
intima-media thickness increases by more than 0.033 mm
annually, we are alerted to the fact that much more needs to
be done from a preventive standpoint.

This article has been a brief introduction to three rela-
tively recent advances in the world of preventive cardiology
—LDL-P, CCTA, and CIMT. The next few issues of JANA
will include case reports that elucidate how internists, fam-
ily practitioners, and cardiologists can utilize these tools to
help prevent CV events. I am confident that by possessing
greater knowledge about our patients’ CV status, we will be
more likely to make real and permanent changes in our
patients’ lives and by so doing, decidedly diminish their
risks of succumbing to a CV event.
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OPINION ARTICLE

Migraine Prophylaxis: Comparable Effects or
Unadjusted Effects That Could Be Misleading?
Review of a Study by Maizels et al.
Published in
Headache: Journal of Head and Face Pain

Yuxin Zhang, PhD, XTiers Consulting, Inc., Potomac, Maryland

Based on the findings from a randomized, double-blind,
placebo-controlled trial (RCT) published in Headache:
Journal of Head and Face Pain that evaluated the efficacy
for migraine prophylaxis, Morris Maizels et al. concluded
that Riboflavin 25 mg used in the trial as the placebo treat-
ment showed an effect comparable to a combination of 400
mg Riboflavin, 300 mg Magnesium and 100 mg Feverfew.!
Of the 49 patients who completed the 3-month trial, there
was no significant difference noted between the combina-
tion drug group (n=24) and “placebo” group (n=25) for the
primary efficacy measure, a 50% or greater reduction from
baseline in monthly migraine frequencies, which was
achieved by 10 (42%) and 11 (44%) patients, respectively.
With reference to the published data, Morris Maizels et al.
concluded that the placebo response observed in this trial
exceeded that of the placebo response found in any other tri-
als of migraine prophylaxis, which was approximately 24%
(95% CI: 18.3% to 28.8%), reported in a meta-analysis by
Van der Kuy and Lohman.2
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Were these really comparable effects or were there
some contributing factors Morris Maizels et al. did not con-
sider? To the general public and research community, the
conclusion provides very confusing information.3

This trial was originally designed to randomize 48
patients per group for a statistical power of 80% to detect a
difference of 30% in response rate at the significance level
of 0.05 (2-sided), based on an anticipated response rate of
60% for the combination drug and 30% for the placebo.
However, it did not employ a washout period prior to ran-
domization for patients who might have been on migraine
prophylaxis. Furthermore, the trial allowed patients to use
Triptan medications, which are indicated for migraine
headache, throughout the study; and, patients could have
changed their Triptan doses over the course of the 3-month
treatment. Considering the fact that Triptan medications
reduce the migraine frequencies at a response rate ranging
from 55% to 77%,%5 the anticipated response rate of 60%
was clearly a long shot for the combination drug in this trial
that actually had an add-on design; and consequently, the
trial was lacking adequate power.

As reported, patients in this trial used Triptan medica-
tions on average 4.72 and 3.09 doses per month during the
third treatment month, respectively, for the “placebo” and
combination groups, whereas it was 4.2 and 3.3 doses per
month prior to randomization, respectively.! In reference to
the baseline use, placebo-treated patients apparently
increased the monthly Triptan doses during the blinded
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treatment period, while patients on the combination treat-
ment decreased the monthly Triptan doses. Relative to the
patients in the combination treatment, the use of Triptan
medications was approximately 53% more [i.e., (4.72-
3.09)/3.09=0.53] at the third treatment month in the placebo-
treated patients, which was obviously too large of a percent-
age to be ignored.

To make a fair comparison, we calculated the adjusted
response rate of the primary efficacy for the placebo group,
relative to the combination group, for the use of Triptan
medications in the third treatment month. The calculation
was done in accordance with the following: subtract from
the original response rate of the placebo group a portion
defined as the original response rate multiplied by the fac-
tor of 0.53, which was attributable to the Triptan use. As a
result, the adjusted response rate was 21% [i.e., 44% (1-.58)
=21%] for the placebo treatment, which fell well within the
range of 18.3% to 28.8% for the placebo response in the
published data reported by Van der Kuy and Lohman.2 For
this trial, the primary efficacy response rate was therefore
42% for the combination of 400 mg Riboflavin, 300 mg
Magnesium, and 100 mg Feverfew; and 21% for the “place-
bo” (or Riboflavin 25 mg) after adjusting the monthly use of
Triptan medications. Consequently, the p value (2-sided)
associated with the difference in response rate after adjust-
ment was 0.113 and 0.027, respectively, for both the actual
sample size and the planned sample size, had the trial been
completed as originally designed. Although the adjustment
to the response rate and p value calculation was performed
ad hoc and from a non-model-based approach, it was
unlikely that anyone who assessed the confounding factor
of Triptan use would have reached the same conclusions as
the authors for this trial.

As mentioned before, this trial also allowed the on-
going use of prophylactic drugs. However, it did not report
the changes in the use of these prophylactic drugs in the
placebo and combination groups during the randomized
treatment period, which could have impacted the efficacy
findings as well.

For researchers and healthcare professionals in a clini-
cal practice, it is important to understand the limitations and
weaknesses of a trial design and its conduct, to utilize
appropriate statistical methodologies, and take into consid-
eration any possible factors that may confound the results.

ACKNOWLEDGMENTS

Supported by a grant from Concourse Health Sciences
LLC, Encino, California.

REFERENCES

1. Maizels M, Blumenfled A, Burchette R. A combination
of riboflavin, magnesium, and feverfew for migraine pro-

JANA Vol. 10, No. 1,2007

phylaxis; a randomized trial. Headache: Journal of Head
and Face Pain. 2004;44:885-890.

2. Van der Kuy P-HM, Lohman JJHM. A quantification of
placebo response in migraine prophylaxis. Cephalalgia.
2002;22:265-270.

3. Awang D VC. Combination of feverfew, magnesium, and
riboflavin for migraine prevention. HerbalGram.
2005;65:36-37.

4. Merck & Co. Inc. Maxalt® package insert accessed online,
http://www.maxalt.com/rizatriptan_benzoate/maxalt/hcp/i
ndex.jsp, 2006 (June).

5. Ortho-McNeil Pharmaceuticals Inc. Axert® package
insert, accessed online, http://www.axert.com/con-
tent/Documents/AxertPl.pdf#zoom=100, 2006 (June).

24



ORIGINAL RESEARCH

An Evaluation of the Immunological Activities
of Commercially Available g1, 3-Glucans

Vaclav Vetvicka, PhD*, Jana Vetvickova, MS
University of Louisville, Department of Pathology, Louisville, Kentucky

ABSTRACT
Introduction

f1,3-glucan’s role as a biologically active
immunomodulator has been well documented for over 40
years. Interest in the immunomodulatory properties of
polysaccharides was initially raised after experiments show-
ing that a crude yeast cell preparation stimulated
macrophages via activation of the complement system.!
Further work identified the immunomodulatory active com-
ponent as 1,3-glucan.2 Numerous studies (currently more
than 1,600 publications) have subsequently shown that
B1,3-glucans, either particulate or soluble, exhibit
immunostimulating properties, including antibacterial and
anti-tumor activities.3:4

Despite extensive investigations, no consensus on the
source, size and other biochemical or physicochemical
properties of f1,3-glucan has been achieved. In addition,
numerous concentrations and routes of administration have
been tested — including oral, intraperitoneal, subcutaneous
and intravenous applications.
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This fact, together with the fact that there are probably
more than a hundred different samples on the US market
alone, leads to confusion about the quality, biological
effects, and overall efficiency of glucan. Therefore, we
decided to compare the basic immunological activities of a
group of glucans. The list of products chosen came from
those heavily advertised, commonly available and easily
obtained in the US, Europe, Southeast Asia and Japan. In
order to be certain that we are measuring the effects of glu-
can only, we picked the commercial samples with glucan
(either from one source or a mixture of different glucans) as
the only active ingredient.

The collection of tested biological reactions (phagocy-
tosis, surface markers on splenocytes, cytokine synthesis,
and stimulation of antibody response) represents both the
humoral and cellular branches of the immune reaction, thus
offering insight as to the immunological activities of stud-
ied glucans.

MATERIAL AND METHODS
Animals

Female, 6-to 10—week—old BALB/c mice were pur-
chased from the Jackson Laboratory (Bar Harbor, ME). All
animal work was done according to the University of
Louisville IACUC protocol. Animals were sacrificed by
CO, asphyxiation.

Materials

RPMI 1640 medium, sodium citrate, dextran, Ficoll-
Hypaque, antibiotics, sodium azide, bovine serum albumin
(BSA), Wright stain, Limulus lysate test E-TOXATE,
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Freund’s adjuvant and Concanavalin A were obtained from
Sigma Chemical Co. (St. Louis, MO). Fetal calf serum
(FCS) came from Hyclone Laboratories (Logan, UT).

B1,3-glucans

The glucans used in this study were purchased from the
following companies: Now BETA glucan from Now Foods
(Bloomingdale, IL), IMMUTOL from Biotec (Tromso,
Norway), Immune Builder and Maitake Gold 404 from
Mushroom Science (Eugene, OR), Glucan #300 from
Transfer Point (Columbia, SC), Glucagel T from GraceLinc
(Christchurch, New Zealand), and Senseiro from Sundory
(Tokyo, Japan).

Antibodies

For fluorescence staining, the following antibodies
have been employed: anti-mouse CD4, CD8 and CD19,
conjugated with FITC were purchased from Biosource
(Camarillo, CA).

Flow cytometry

Cells were stained with monoclonal antibodies on ice
in 12x75-mm glass tubes using standard techniques. Pellets
of 5x10> cells were incubated with 10 pul of FITC-labeled
antibodies (1 to 20 pg/ml in PBS) for 30 minutes on ice.
After washing with cold PBS, the cells were re-suspended
in PBS containing 1% BSA and 10 mM sodium azide.
Flow cytometry was performed with a FACScan (Becton
Dickinson, San Jose, CA) flow cytometer and the data from
over 10,000 cells/samples were analyzed.

Phagocytosis

The technique employing phagocytosis of synthetic
polymeric microspheres was described earlier.5¢ Briefly:
peritoneal cells were incubated with 0.05 ml of 2-hydrox-
yethyl methacrylate particles (HEMA; 5x108/ml). The test
tubes were incubated at 37° C for 60 min. with intermittent
shaking. Smears were stained with Wright stain. The cells
with three or more HEMA particles were considered positive.
The same smears were also used for evaluation of cell types.

Evaluation of IL-2 production

Purified spleen cells (2x106/ml in RPMI 1640 medium
with 5% FCS) were added into wells of a 24-well tissue cul-
ture plate. After addition of 1 mg of Concanavalin A into
positive-control wells, cells were incubated for 72 hrs. in a
humidified incubator (37°C, 5% CO,). At the endpoint of
incubation, supernatants were collected, filtered through
0.45 mm filters and tested for the presence of IL-2.7 Levels
of the IL-2 were measured using a Quantikine mouse 1L-2
kit (R&D Systems, Minneapolis, MN).

RESULTS

The number of individual glucans is almost as great as
the number of sources used for their isolation. The rationale
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for this combination of glucan samples was not only their
commercial availability and success, but most importantly,
we tried to include both soluble and insoluble glucans, and
also glucans from different sources, including yeast, mush-
rooms and cereals (Table 1).

Glucagel barley -glucan is a mixed link (13, 14)-8-D-
glucose polymer, in which cellotriosyl and cellotetraosyl
residues occur in a ratio of ~3:1. The natural purification
process yields a reduced molecular weight B-glucan (typi-
cally ~130 kDa) that is more readily hydrated than other
conventionally purified -glucans. The typical carbohy-
drate content is 85-90%.

Senseiro is a soluble, high molecular weight glucan
isolated from Agaricus blazei, consisting of approximately
63% carbohydrate. Glucan #300 is a proprietary (13, 16)-
B-D-glucan purified from Saccharomyces cerevisiae by
Biothera for Transfer Point and even when corresponding to
the glucan sold under WGP name, has much higher purity
(app. over 96%).

B-glucans are generally considered to be potent stimu-
lators of cellular immunity, with macrophages and neu-
trophils being the most important targets. Not surprisingly,
we started our evaluation of glucan activities by phagocyto-
sis. We used the synthetic polymeric microspheres, HEMA,
since their use, dose and timing are already well established
in glucan studies.”? Results summarized in Figure 1 show
significant effects of glucan samples on encapsulation of
synthetic particles by peripheral blood neutrophils. The sig-
nificant stimulation of phagocytic activity was found with
five glucans — Now Beta Glucan, Maitake Gold, Immune
Builder, IMMUTOL and Glucan #300. The other samples,
with the exception of Glucagel T, also stimulated the
phagocytosis, but at a much lower level and the results were
not significant.

Next, we compared the effects of tested glucans on the
expression of several membrane markers on splenocytes.
Twenty-four hours after an ip. injection of 100 ug of indi-
vidual glucan, spleen cells were isolated and the surface
expression of CD4, CD8 and CD19 was evaluated by flow
cytometery. The results summarized in Figure 2 demon-
strated that only three glucans -Now Beta Glucan, Maitake
Gold, and Glucan #300-significantly increased the migra-
tion of CD4- and CDS8-positive T lymphocytes; none of the
glucans had any significant effect on changes in the pres-
ence of CD19-positive B lymphocytes.

Evidence of the immunomodulating activity was also
demonstrated through effects on the production of IL-2 by
spleen cells (Figure 3). The production of IL-2 was mea-
sured after a 72 hr. in vitro incubation of spleen cells iso-
lated from control and glucan-treated mice. Again, treat-
ment of mice with Now Beta Glucan, Maitake Gold, and
Glucan #300 showed the highest stimulation of IL-2 pro-
duction. Immune Builder and IMMUTOL showed medium
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Figure 1.

O Now Beta Glucan O Maitake Gold
O IMMUTOL O Glucagel T
B Glucan #300 B PBS

B Immune Builder

A O
© ©

N
©

% of phagocytosing neutrophils

Effect of an ip. administration of 100 pg of different glucan samples on phagocytosis by peripheral blood granulocytes. Each value rep-
resents the mean + SD. *Represents significant differences between control (PBS) and glucan samples at P <0.05 level.

Figure 2.
O Now Beta Glucan Z Maitake Gold B iImmune Builder
OIMMUTOL & Glucagel T Senseiro
B Glucan #300 E PBS
60-
o 40
2 Z
s 20
& 0- Z

CD4 CD8

CD19

Effect of ip. injection of 100 pg of tested glucans on the expression of CD4, CD8 and CD19 markers by spleen cells. The cells from three
donors at each time interval were examined and the results given represent the means + SD. *Represents significant differences between
control (PBS) and samples at P < 0.05 level.
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Figure 3.

O IMMUTOL

B Glucan #300 O PBS

O Now Beta Glucan Z Maitake Gold
B Glucagel T

B iImmune Builder
Senseiro
EConA

1000

500

Pg IL-2/ml

0-

Effects of glucans on Con A-stimulated secretion of IL-2 by spleen cells. *Represents significant differences between control (PBS) and

samples at P < 0.05 level.

level stimulation. As the secretion of IL-2 by non-stimulat-
ed splenocytes (PBS group) is almost zero, even low stimu-
lation by Glucagel T was significant. Another way to com-
pare the effect on IL-2 formation and/or secretion is to com-
pare it to the Con A stimulation. In this case, only Glucan
#300 showed higher effects than Con A, whereas Now Beta
Glucan and Maitake Gold were comparable, and the rest of
the glucans showed much smaller effects.

We then focused on the use of glucan as an adjuvant.
As an experimental model, we used immunization with
ovalbumin. Glucans were applied together with two
intraperitoneal doses of antigen; a commonly used Freund’s
adjuvant was used as additional positive control. The results
(Figure 4) showed that only Immune Builder and Senseiro
glucans had no effects on antibody response. All other glu-
cans significantly supported the formation of specific anti-
bodies. Glucans with the highest stimulation were Glucagel
T and Glucan #300. It must be noted, however, that none of
the glucans potentiated the humoral immunity to the level
of Freund’s adjuvant.

Table 2 summarizes the activities of individual glucans
in all tested functions. Clearly, the most active samples were
Glucan #300, followed by Now Beta Glucan and Maitake
Gold 404. Senseiro glucan was almost without measurable
activity.
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DISCUSSION

Despite the extensive amount of scientific reports about
glucans and their biological activities, most of the studies
are focused on the description of chemical and/or biological
properties of one particular glucan. Numerous types of glu-
cans have been isolated from almost every species of yeast
and fungi. For a long time, attention was focused mainly on
glucans isolated from yeast and mushrooms. Recently, the
existence of a highly purified linear f1,3-glucan named
Phycarine, and subsequent study showing that Phycarine
induced a broad range of defense reactions in tobacco
cells,!0 brought new attention to seaweed-derived glucans.!!-
13 More studies revealed that Phycarine significantly stimu-
lated phagocytosis, synthesis and release of IL-1, IL-6 and
TNF-0, and NK cell-mediated killing of tumor cells both in
vitro and in vivo.® Similarly, recent clinical trials demon-
strated the high activity of glucan isolated from barley.!4 It
is clear, therefore, that the biological activities of glucans
might be related more to the purity and biochemical/physio-
chemical characteristics than to the source.

Comprehensive reviews comparing several glucans are
rare. However, in one of those studies, Yadomae reviewed
how the structural properties of glucans affected biological
activities and found that branched or linear 1,4—glucans
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Table 1.

Glucan used in this study
Name Source Manufacturer/Distributor Solubility
B-1,3/1,6-D-glucan Saccharomyces cerevisiae Now Foods No
Grifola frondosa
MaitakeGold 404 Grifola frondosa MushroomScience Yes
Immune Builder Agaricus blazei MushroomScience No
Cordyceps sinensis
Coriolus versicolor
Ganoderma lucidum
Lentinula edodes
Grifola frondosa
IMMUTOL Saccharomyces cerevisiae Biotec ASA No
Glucagel T Barley GraceLinc
Senseiro Agaricus blazei Sundory Yes
Glucan #300 Saccharomyces cerevisiae Transfer Point No
Table 2.
Comparison of individual glucans
Name Phagocytosis  CD expression II-2 production Antibody formation
Now Beta Glucan ++ +++ ++ ++
MaitakeGold 404 ++ +++ ++ ++
Immune Builder ++ + + -
IMMUTOL ++ + + +
Glucagel T - - +/- +++
Senseiro + + - -
Glucan #300 4+ 4+ +++ +++

have limited activity and B-glucans with a 1,3 configuration
with additional branching at the position 0-6 of the 1-3
linked D-glucose residues have the highest immunostimu-
lating activity.!5 Readers seeking additional reviews might
see Kogan!® or Vetvicka.!” However, it is important to keep
in mind that these reviews are oriented towards comparing
results of numerous publications and none of them offers a
face-to-face comparison of several glucans. At the same
time, with the high number of individual glucans and huge
differences in their biological activities, it is imperative to

29

evaluate their biological properties before any suggestions
for use of a particular glucan can be made.

In our paper, we compared seven commercially suc-
cessful glucans, differing both in source (mushroom, yeast
and barley) and solubility. At the same time, we used iden-
tical amounts of glucans from each sample. In the case of
complex mixtures (such as Immune Builder), the total
amount of used sample corresponded to the ratio of indi-
vidual glucans.
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As various glucans are well known to stimulate phago-
cytosis,!8 one of the first tests of the immunological charac-
teristics of any glucan is phagocytosis. We used the 2-
hydroxyethyl methacrylate particles, which have only a
slight negative charge and thus do not nonspecifically
adhere to the cell surface. This guarantees that only phago-
cytosing cells will engulf these particles and significantly
lowers the chance of false negativity.! Our investigation
showed that while most of the tested glucans stimulated
phagocytosis of synthetic microspheres (with the exception
of Glucagel T), the highest effects were obtained with
Glucan #300.

As some of the glucans are known to regulate the influx
of cells into individual lymphatic organs,8 we compared the
effects of a single injection on expression of the basic mem-
brane markers present on splenocytes. Only three glu-
cans—Now Beta Glucan, Maitake Gold, and Glucan #300 —
changed the number of CD4- and CD8-positive lymphocytes.
No glucan significantly changed the percentage of B lym-
phocytes. The effects on CD4-positive cells corresponded to
the previously found effects of Phycarine® or lentinan.20

In addition to the direct effect on various cells of the
immune system, the immunostimulating action of p-glu-
cans is caused by potentiation of a synthesis and release of
several cytokines such as TNFa, [FNa, IL-1 and IL-2. This
cytokine—stimulating activity is dependent on the triple
helix conformation.2! The only glucan without a trace of

Figure 4.

pro-inflammatory cytokine stimulation is PGG-glucan.22
We focused on the stimulation of IL-2 production by spleen
cells in vitro and found that whereas all glucans (with the
exception of Senseiro) stimulated production of IL-2, only
two of the samples (Maitake Gold and Glucan #300)
showed stimulation comparable to the common stimulator
Concanavalin A. The activity of the most active glucan was
comparable to the previously published data.%.23

Glucans are usually considered stimulators or modula-
tors of the cellular branch of immune reaction and very lit-
tle attention has been focused on their potential effects on
antibody response. We decided to take advantage of the
recently published method of evaluating the use of glucan
as an adjuvant.24 Our results rather surprisingly showed that
most of the tested glucans revealed some level of stimula-
tion of antibody response, the strongest being Glucagel T
and Glucan #300. In this case, however, the stimulation
was always significantly lower than in the case of combin-
ing antigen and Freund’s adjuvant.

Data presented in this study and summarized in Table
2 clearly demonstrated the differences in activities among
individual types of glucans. Also, it is clear that individual
glucans can be highly active in one particular part of
immune reactions (e.g., Glucagel T on antibody produc-
tion), and almost without any significant biological activity
in other parts of defense reaction. Glucan #300 showed not
only a broad range of action, but in all tested reactions (with

O Now Beta Glucan Maitake Gold

OIMMUTOL & Glucagel T Senseiro
B Glucan #300 OVA HOVA+FA

B immune Builder

400

% of control

200- =

Effects of two ip. injections of tested glucans on formation of antibodies against ovalbumin. Mice were injected twice (two weeks apart)
and the serum was collected 7 days after last injection. Level of specific antibodies against ovalbumin was detected by ELISA. As positive
control, Freund’s adjuvant was used. *Represents significant differences between control (ovalbumin alone) and samples at P < 0.05 level.
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th

e exception of the antibody formation where it was the

second most active sample) was the biologically most rele-
vant immunomodulator.

Cr

Several conclusions can be made: 1) Not all glucans are
eated equal; 2) some of the commercial glucans have sur-

prisingly low activity; 3) most glucans differ in biological
effects based on tested characteristics; and 4) for good

e

sults in immunomodulation, it is more imperative to find

a glucan from a solid vendor who is able to back the claims
with solid scientific data. Thinking about the biological
source of glucan is much less important.
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