
Nuts for the Treatment 
of Hypercholesterolemia:

Seeds of Change?
By Susan T. Marcolina, MD, FACP

IN TODAY’S FAT CONSCIOUS WORLD, THE IDEA THAT A HIGH-FAT FOOD

could be good for your heath just seems nutty. Or does it? Recent
research on the benefits of the Mediterranean diet has revealed that
all fat is not equal in terms of its effects on cardiovascular health.
Saturated fatty acids have been shown to elevate LDL cholesterol,
an independent risk factor for coronary disease.1 Monounsaturated
fatty acids (MUFA) and polyunsaturated fatty acids (PUFA),
including omega-3 polyunsaturated fats, on the other hand, are car-
dioprotective.2,3 Omega-6 and omega-3 fatty acids are essential
fatty acids because they cannot be synthesized by humans and
therefore must be ingested. 

A key whole food source of MUFA and PUFA in the Mediter-
ranean diet is nuts. Table 1 gives the fat grams contained in some
common nuts.4

Classification of Nuts
Nuts come from many different families of plants and are classi-

fied as either tree nuts (fruits with one seed in a hard shell) or
peanuts, which are classified in the Leguminosae family along with
peas and beans.4

Nutrient Composition of Nuts
Nuts are a veritable storehouse of protein, nutrients, and fats.

Table 2 lists nut prices and important nutritional constituents. Nuts
are an excellent source of the amino acid arginine, the dietary pre-
cursor of nitric oxide (NO), or endothelium-derived relaxing factor.5

Mechanism of Action
At least five mechanisms may exist by which nuts lower total

cholesterol levels. NO is a potent endogenous vasodilator and inter-
rupts the atherogenic process by inhibition of platelet adhesion,
platelet aggregation, vascular smooth muscle cell proliferation,
monocyte adherence, and chemotaxis.6 Nuts are also one of the best

Volume 5    •    Number 12    •    December 2002    •    Pages 137-148

INSIDE

Fish oils 
to lower 

triglycerides 
page 141

Ayurveda:
General 

principles
and treat-

ment of
rheumatoid

arthritis 
page 144

Ephedra 
and adverse

events 
page 147

Metabolife®

and safety 
page 147

Ephedra for
weight loss 
page 148

American Health Consultants Home Page—http://www.ahcpub.com CME for Physicians—http://www.cmeweb.com

Alternative Medicine Alert is
now available on-line. For
more information, go to

www.ahcpub.com/online.html
or call (800) 688-2421.

EXECUTIVE EDITOR
John La Puma, MD,
FACP
Director, Santa Barbara
Institute for Medical
Nutrition & Healthy 
Weight 
Research Director
www.pediatric-
obesity.com
Santa Barbara, CA 

EDITORIAL ADVISORY
BOARD
Judith Balk, MD,
FACOG
Assistant Research 
Professor
University of Pittsburgh
Pittsburgh, PA
E-P. Barrette, MD,
FACP
Assistant Professor in
Medicine, Case Western
Reserve University
School of Medicine
Metrohealth Medical
Center
Cleveland, OH
Michael Cirigliano, MD,
FACP
Associate Professor of 
Medicine
University of 
Pennsylvania School 
of Medicine
Philadelphia, PA
Dennis deLeon, MD,
FAAFP
Associate Medical 
Director 
Inland Empire 
Health Plan
San Bernardino, CA
Barak Gaster, MD
Assistant Professor 
of Medicine
University of Washington
School of Medicine
Seattle, WA
David Schiedermayer,
MD, FACP
Professor of Medicine
Professor of Ethics 
Medical College 
of Wisconsin
Milwaukee, WI
Matthew Sorrentino,
MD, FACC
Associate Professor of
Medicine
The University of 
Chicago Pritzker School
of Medicine
Chicago, IL

CME Test and 2002 Index

included with this issue



natural sources of the antioxidant vitamin E, which
attaches to LDL molecules and inhibits the propagation
of lipid peroxidation, an essential step in the pathogene-
sis of atherosclerosis.7

Nuts are one of the main food sources of copper and
magnesium, both of which have been shown to be pro-
tective for coronary heart disease (CHD): Supplementa-
tion of magnesium in the clinical setting of an acute
myocardial infarction is protective against specific ven-
tricular arrhythmias.8,9 Nuts contain large amounts of
dietary fiber, which lowers cholesterol.10 Finally, the
folic acid content of nuts may help to lower homocys-
teine levels; hyperhomocysteinemia has been linked to
increased atherosclerosis.11

Clinical Studies: CHD
Four large prospective cohort studies (The Adventist

Health Study, the Iowa Women’s Health Study, the
Nurses’ Health Study, and the Physicians’ Health Study)
examined the relationship between the consumption of
nuts and CHD risk. All found an inverse association. 

The Adventist study followed 26,473 healthy white
nondiabetic subjects for six years. It showed that sub-
jects who consumed nuts frequently (greater than five
times per week) had an approximately 50% lower risk of

either a fatal or nonfatal coronary event than those who
ate nuts rarely (less than once per week). This risk
reduction persisted despite adjustment for sex, age,
smoking, exercise, relative weight, hypertension, and
consumption of foods such as vegetables and white or
whole grain breads. 

Fraser et al evaluated 1,668 African-American
Adventists and reported a lower total mortality in the
segment of this population that consumed nuts more fre-
quently.12 A dietary substudy of 147 randomly selected
local subjects from the same cohort showed that 32% of
the nuts consumed were peanuts, 29% were almonds,
16% were walnuts, and 23% were other nuts. 

The 34,000 postmenopausal women ages 55-60 in the
Iowa Women’s Study showed a 40% reduction in risk of
fatal and nonfatal coronary events with higher nut con-
sumption, despite the fact that the highest category was
2-4 times per week.13

Hu et al examined the association between CHD
(fatal or nonfatal) incidence and nut consumption in a
cohort of 84,409 women from the Nurses’ Health
Study.14 Nut consumption was assessed at baseline and
during a 14-year follow up. The women who ate 1 ounce
of nuts five times or more per week had a significantly
decreased risk of CHD than those who consumed less
than 1 ounce per month with a relative risk of 0.65 (P for
the trend = 0.0009). 

The Physicians Health Study found a significantly
decreased risk of cardiac death among 22,000 male
physicians as nut consumption increased.15 This trend
persisted after adjustment for cardiac risk factors. 

Clinical Studies: Lipids
Spiller et al conducted a randomized, controlled par-

allel-design study in 45 free-living hyperlipidemic men
(12) and women (33) with a mean plasma total choles-
terol of 251 mg/dL to assess the effects of three different
fat-containing diets on serum lipid profiles.16 Twelve
subjects consumed the dairy-based fat control diet com-
posed of 85 g of cheddar cheese and 28 g of butter. The
15 subjects in the olive oil group consumed 48 g of olive
oil and the 18 subjects in the almond group received 
100 g (3.4 ounces) of almonds supplied as whole and
ground nuts.  The protein and carbohydrate content of
the diets were all similarly adjusted. After four weeks,
there were highly significant reductions in total choles-
terol (TC) (P < 0.05), LDL cholesterol (P < 0.001), and
TC/HDL ratio (P < 0.001) in the almond-based diet,
despite a total fat intake 9 g higher than recommended
by the National Cholesterol Education Program for 
lowering cholesterol. There were no significant weight
changes over the time of the study period. 
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Hyson et al performed a randomized crossover
dietary intervention trial on 22 normocholesterolemic,
nonsmoking, healthy men and women using a whole
almond (66 g or about 2.3 ounces) or almond oil (35 g)
fat replacement.17 Although there were significant
reductions in total and LDL cholesterol (4% and 6%,
respectively) after the six weeks of almond product con-
sumption compared with baseline, there were no differ-
ences in lipid levels between the two almond products.
Plasma triglyceride levels were significantly reduced,
VLDL was slightly reduced and HDL cholesterol signif-
icantly increased by 4% with both products. 

Zambon et al studied the effects of walnut substitu-
tion for monounsaturated fat on the serum lipid profiles
of 49 nonsmoking, healthy men and women (mean age
56 years) with polygenic hypercholesterolemia in a ran-
domized crossover trial.18 The control diet was Mediter-
ranean without nuts. The walnut diet was similar to the
control diet but walnuts (41-56 g or 1.4-1.9 ounces) par-
tially replaced olive oil and other fatty foods. The mean
TC level decreased by 9% during the walnut diet and by
5% with the control diet compared to baseline values.
Similarly, the mean LDL cholesterol level decreased by
11.2% during the walnut diet and 5.6% during the con-
trol diet. The two diets did not differ with respect to their
effects on HDL cholesterol, VLDL, or triglycerides. The
mean LDL/HDL cholesterol ratio did not change during
the control diet but decreased by 8% during the walnut
diet. Interestingly, the walnut diet decreased levels of
lipoprotein(a) by 9.1%; the control diet decreased these
levels by 3.4% relative to baseline. This difference was
significant in men only. 

Curb et al conducted a randomized crossover trial of
three 30-day diets in 30 free-living volunteers of diverse
ethnicities ages 18-53 years.19 Each was fed a diet high
in saturated fat (37% daily energy as fat), an AHA Step
1 diet (30% of energy from fat), and a macadamia 
nut-based (from 2.7-7.4 ounces) monounsaturated fat
diet (37% of energy from fat) in random order. Com-
pared with baseline values, the mean TC level was 5%
lower in the AHA Step 1 diet and 6% lower for the
macadamia nut diet subjects (P < 0.01 for both). Simi-
larly, LDL cholesterol levels were 7% lower than base-
line levels for both subjects in the AHA diet and the
macadamia nut diet (P < 0.05). HDL cholesterol levels
were 4.5% lower after the Step 1 and the macadamia nut
diets. Triglyceride levels, however, were increased 14%
after the Step 1 diet, but decreased 10% after the
macadamia nut diet. 

Edwards et al performed a similar controlled, ran-
domized crossover feeding study with pistachios (2.4
ounces) and found decreases in total, LDL cholesterol,
and triglycerides and and also found increases in HDL
cholesterol.20

Dosage
In a randomized controlled, crossover study involving

27 hyperlipidemic men and women, Jenkins et al found
a dose-response effect using both half-dose almonds
(36.5 g or about 1.3 ounces) and full-dose whole
almonds (73 g or about 2.5 ounces) substituted for
dietary fat.21 Half-dose almonds and full-dose almonds
produced reductions of 4.4% (P = 0.018) and 9.4% (P <
0.001), respectively, in LDL cholesterol compared to the
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Table 1

Calories and fat in some common nuts4

Shelled nut Calories Total Saturated Monounsaturated Polyunsaturated 
(per ounce) Fat (g) Fat (g) Fat (g) Fat (g)

Almonds  170 14.5 1.5 10 3
(24 nuts)

Cashews 160 13 2.5 8 2.5
(18 medium) 

Macadamias 200 20 2.5 16.5 1
(12 nuts)

Peanuts (a legume) 160 13.5 2 7 4
(35 nuts) 

Pecans 190 19 2 12 5
(15 halves)

Pistachios 160 14 2 8 4
(47 nuts)

Walnuts 180 18 2 5 11
(14 halves)



control diet. Full-dose almonds alone produced signifi-
cant reductions in lipoprotein(a) (P = 0.034) and oxi-
dized LDL levels (P < 0.001). 

Approximately 1 ounce of nuts daily confers a
hypolipidemic effect. 

Adverse Reactions
The most common side effects reported in studies

include complaints of gastrointestinal bloating and
cramping, which were temporary and generally sub-
sided with increased fluid intake and consuming nuts
throughout the day rather than eating them all at
once.12,13 Symptoms may be more problematic in indi-
viduals with chronic diverticular disease and nut con-
sumption should be avoided in these patients. Systemic
anaphylactic reactions can occur in individuals sensitive
to nut proteins and any nuts or nut products should be
carefully avoided in this population. 

Conclusion
There is good evidence from epidemiologic and clini-

cal feeding studies to support the use of almonds, wal-
nuts, pecans, pistachios, and macadamia nuts as cost-
effective, tasty dietary sources of MUFA and PUFA in a
heart healthy diet. 

Recommendation
For patients without a history of systemic anaphylax-

is to nut proteins or diverticular disease, tree nuts and
peanuts have nutritional profiles well suited to lower the
risk of CHD effectively. Suitable patients should be
instructed to substitute 1 ounce of nuts for other dietary

fats so that weight gain and gastrointestinal disturbances
are minimized or eliminated.   ❖

Dr. Marcolina is a board-certified internist and geriatri-
cian in Issaquah, WA. 
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Table 2

Nutritional constituents and cost of commonly eaten nuts4,5

Shelled Nut Vitamin E Folate Dietary Magnesium Copper Cost
(per ounce) (mg) (mcg) Fiber (g) (mg) (mg) (per lb)
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Fish Oils to Lower 
Triglycerides
By Matthew J. Sorrentino, MD, FACC

ELEVATED TRIGLYCERIDE LEVELS COMMONLY ARE SEEN

in patients with diabetes mellitus and the metabolic
syndrome. Increased triglycerides are associated with
more highly atherogenic lipoproteins, insulin resistance,
and an increase in cardiovascular risk. Individuals that

have high triglyceride levels associated with low HDL
cholesterol levels and an elevated LDL/HDL ratio
appear to be at a significantly increased cardiovascular
risk.1

Triglycerides and Disease
Normalization of high triglyceride levels can be diffi-

cult. Lifestyle modification with exercise, weight loss,
and a diet low in complex carbohydrates can be effective
in many individuals. Certain medications, such as the
statin drugs and fibrates, can variably lower triglyceride
levels. Omega-3 fatty acids in the form of dietary fish or
fish oil capsules can help lower triglyceride levels both
as a part of a lifestyle program and in combination with
pharmacologic therapy. 

Elevated triglycerides are a marker for a clinical con-
dition known as the metabolic syndrome. The criteria
for the metabolic syndrome are listed in Table 1. The
metabolic syndrome is a pre-diabetic state with a high
likelihood of progression to Type II diabetes mellitus. 

Patients with the metabolic syndrome tend to have
small, dense LDL cholesterol particles that are them-
selves associated with an increased risk of developing
atherosclerosis.2 Triglyceride levels predict the presence
of small dense LDL particles. The presence of small,
dense LDL particles is associated with a significantly
increased risk of coronary events. Small, dense LDL
particles are present in nearly 80% of individuals with
triglyceride levels greater that 200 mg/dL.3

Several genetic conditions are known to elevate
triglyceride levels significantly, at times to values in
excess of 1,000 mg/dL.4 Excessively high triglyceride
levels are associated with an increased risk of develop-
ing pancreatitis. 

Occasionally, individuals with acquired hypertriglyc-
eridemia can have elevated triglyceride levels in excess
of 1,000 mg/dL, especially if they have glucose intoler-
ance, a high carbohydrate diet, or excessive alcohol
intake. 

Mechanism of Action
The fatty acids in fish oils that are active in lowering

triglycerides are the long-chain polyunsaturated fatty
acids: eicosapentenoate (EPA) and docosahexenoate
(DHA). These fatty acids typically comprise about 35%
of the fatty acids present in fish oils.5

The mechanism of action of fish oils is not fully
known. The lipoprotein metabolism effects of fish oils
are listed in Table 2. Fish oils appear to lower triglyc-
eride levels by inhibiting the synthesis of VLDL choles-
terol particles as well as by increasing turnover and
catabolism of VLDL particles.6
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Physiologic Effects of Fish Oils
Omega-3 fatty acids may have a number of important

cardiovascular benefits (see Table 3). Recent investiga-
tions have suggested an anti-arrhythmic effect of fish
oils, reducing the risk of sudden cardiac death in
myocardial infarction survivors.7 The effects of fish oils
on lipoproteins may make fish oils useful in patients that
have persistently elevated triglyceride levels. 

Triglyceride levels increase in the plasma after inges-
tion of a fat-containing meal. The magnitude of the post-
prandial increase in triglycerides depends on the basal
triglyceride level. Elevated postprandial hypertriglyc-
eridemia promotes the generation of small, dense LDL
particles and may be a predictor of future cardiac events.
Omega-3 fatty acids have been shown to reduce signifi-
cantly the elevation of postprandial triglycerides.8

Clinical Trials
The addition of omega-3 fish oils to the diet lowers

triglyceride levels in individuals with pronounced hyper-
triglyceridemia. Marine-based omega-3 fatty acids are
more effective in lowering triglycerides than plant-
derived oils.9 A meta-analysis of numerous fish oil trials
concluded that omega-3 fatty acid consumption can
lower triglycerides by 25-30%, raise HDL cholesterol 1-
3%, and raise LDL cholesterol by 5-10%, if saturated fat
intake remains constant.9 It is not known if the small
increase in LDL cholesterol has any detrimental effects.

Diabetic and metabolic syndrome patients frequently
have elevated triglyceride levels. Fish oils have been
shown to reduce triglycerides significantly, by 45%, in
non-insulin dependent diabetes in a small study.10 There
was no effect of fish oils on LDL particle size and
insulin resistance; the study did not bring about a nor-
malization of triglyceride levels that may be required to
shift particle size to the less atherogenic population. 

Triglyceride levels are known to increase in women
after menopause. Hormone replacement therapy can
increase triglycerides by 25%.11 Supplementation with
fish oils can lower triglycerides by 26% in post-
menopausal women receiving and not receiving hor-
mone replacement therapy.12 The dose of fish oils used
in this study was eight capsules supplying 2.4 g EPA and
1.6 g DHA. 

Fish oils also have been used in combination with
other lipid-lowering agents. In patients with combined
hyperlipidemia, the addition of 7.2 g/d of marine oils to
simvastatin 10 mg/d brought about a better reduction in
triglycerides than with the statin alone.13 In addition,
there was no attenuation of the LDL-lowering effect of
the statin with the addition of the fish oils. A second
study looked at patients with sustained hypertrigly-
ceridemia despite adequate treatment of the LDL cho-
lesterol with a statin drug. Use of a highly concentrated
omega-3 product (Omacor) bought about a 20-30% sus-
tained reduction in triglycerides over a year of treat-
ment.5 There was no change in glycemic control in the
diabetic patients. 

Dose
The dose of fish oils needed to lower triglycerides is

at least 1 g/d. Omega-3 fatty acids reduce triglycerides
in a dose-dependent manner with 1 g/d lowering triglyc-
erides about 10% on average.8 Greater reductions in
triglycerides may occur with longer duration of therapy. 

Most of the studies showing a triglyceride-lowering
effect used fish oil intakes of 10-12 g of oil per day
yielding intakes of about 4 g/d of omega-3 fatty acids.9

Higher doses of fish oils are needed for significant
triglyceride lowering than have been used in some of the
treatment trials showing a cardiovascular benefit. For
example, the GISSI prevention trial used less than 1 g/d
of fish oil capsules (equivalent to about 100 g of fatty
fish a day) and showed a reduction in the primary end-
point of death, nonfatal myocardial infarction, and
stroke in the treatment group.14 Only a small change in
triglycerides occurred in the supplementation group. 
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Table 1 

Clinical identification of the metabolic syndrome* 

• Abdominal obesity (waist circumference)
men > 40 in (102 cm)
women > 35 in (88 cm)

• Triglycerides ≥ 150 mg/dL

• HDL
men < 40 mg/dL
women < 50 mg/dL

• Blood pressure ≥ 130/≥ 85 mm Hg 

• Fasting glucose ≥ 110 mg/dL

* National Cholesterol Education Program Adult 
Treatment Panel III. Three of five required. 

Table 2 

Lipoprotein metabolism effects of fish oils6

• Inhibition of VLDL synthesis

• Decreased apolipoprotein B synthesis

• Enhanced VLDL turnover and increased catabolism 
of VLDL

• Depression of LDL synthesis

• Reduction of postprandial lipemia 



Formulation
There are many fish oil products on the market, with

dosages ranging from less than 500 mg of EPA/DHA to
more than 1,500 mg per serving (capsule or liquid). The
GISSI prevention trial used a gelatin capsule containing
850-882 mg of EPA and DHA as ethyl esters in an aver-
age EPA/DHA ratio of 1:2. One to two capsules of most
currently available brands should give this amount of
omega-3 fatty acids. For a greater triglyceride lowering
effect of 30-40%, approximately 4 g of EPA/DHA
would be required, although over time, equivalent
triglyceride reductions may be achieved with half that
dose. For individuals with extremely elevated triglyc-
erides, higher doses may be used with further lowering
of triglycerides. Doses as high as 24 g/d of fish oils
(more than 8 g of omega 3) have been used. Fish in the
diet will not be able to achieve these doses. 

Side Effects
Doses of approximately 4 g of omega-3 fatty acids

daily generally are well tolerated without adverse effects
in the clinical trials. Potential side effects are listed in
Table 4.6 The most common side effect is a fishy odor
and gastrointestinal upset with some preparations. Many
products use flavoring and coatings to decrease gastroin-
testinal effects. In addition, many products claim that
careful screening is done to avoid toxic metals and
chemicals. 

Conclusion
The addition of marine-derived omega-3 fatty acids

in the diet lower triglyceride levels and are an important
treatment option for individuals with significantly ele-
vated triglyceride levels. Fish oils are as effective in low-
ering triglycerides as currently available pharmacologic
agents (mainly fibrates). Dietary fish intake also may
have important cardiovascular benefits, but a substantial
intake is required to obtain a significant triglyceride-
lowering effect. Because current guidelines recommend
lowering triglyceride levels in high-risk patients (diabet-
ics and metabolic syndrome patients), fish oils will be an
important therapeutic option for many patients. 

Recommendation
Current guidelines indicate that triglyceride levels

below 150 mg/dL are normal, between 150 and 200
mg/dL are intermediate, and 200 mg/dL or greater indi-
cate high risk. A lifestyle program concentrating on mild
weight loss, moderate exercise, and a diet that restricts
complex carbohydrates can significantly reduce triglyc-
eride levels. Dietary fish at least twice a week can give
additional cardiac benefit. To lower triglycerides further,
daily supplementation with fish oil capsules may be nec-
essary. Recommend beginning with 1-2 g/d of omega-3
fish oil capsules (EPA and DHA), gradually increasing
to 3-4 g/d as tolerated. In combination with a good diet
and exercise program, this regimen should improve
triglyceride levels for most individuals.   ❖
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Table 3 

Physiologic effects of fish oils 

• Lower triglyceride levels and VLDL synthesis 
• Inhibit atherosclerosis 
• Lower blood pressure 
• Antithrombotic effect (reduce platelet aggregation) 
• Suppress cardiac arrhythmias and decrease sudden 

cardiac death 

Table 4 

Potential side effects of fish oil capsules6

• Fishy odor and gastrointestinal upset 
• Increased bleeding time, easy bruising or bleeding 
• Increase in LDL cholesterol 
• Increase weight gain from increased caloric intake 
• Decreased cell-mediated immunity (unclear 

significance) 
• Toxicity: Vitamin A and D in some preparation; 

pesticides 
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Ayurveda: General 
Principles and Treatment 
of Rheumatoid Arthritis
By Manorama Venkatraman, PhD,
and Nassim Assefi, MD

DEEPAK CHOPRA HAS CHAMPIONED CERTAIN ELEMENTS

of Ayurvedic practices in the United States over the
last few years, but in India, Ayurveda has been an offi-
cially recognized health system for centuries. 

Ayurvedic treatment for rheumatoid arthritis (RA) is
appealing for many reasons and 68-94% of RA patients
have reported using a complementary therapy at least
once.1 There is historical precedent for its use: Classical
Ayurvedic texts dating as far back as 1500 BC describe
rheumatic diseases as well as their pathogenesis and
treatment, including “astonishingly elaborate descrip-
tions of rheumatoid arthritis features.”2

Philosophy
Translated from Sanskrit as “the knowledge of life

and longevity,” Ayurveda is a multifaceted system,
including herbal medicine, diet modification, oil thera-
pies, massage, yoga, and meditation. Its holistic
approach to the prevention and treatment of illness
include lifestyle modification and a system of therapies
that aim to restore balance to body, mind, and spirit. 

Current practice and knowledge of Ayurveda are
based on three classic Sanskrit texts, the most important
of which is Charaka Samhita (circa 1500 BC). This
text’s classification of more than 200 diseases is remark-
ably consistent with World Health Organization (WHO)
disease classification criteria. 

Principles
Ayurveda has eight traditional branches: surgery;

internal medicine; gynecology; pediatrics; ophthalmolo-
gy and otolaryngology; psychiatry; toxicology; and geri-
atrics. According to Ayurveda, the human body is a
microcosm of the universe, composed of five elements
(space, fire, water, earth, and air). The body consists of
seven dhatus or tissues (fluid, blood, muscle, fat, bone,
marrow, and reproductive tissue); three malas or waste
products (feces, urine, and sweat); and agni, the energy
of metabolism. Fluids and life forces travel through
numerous channels that connect tissues. 

The functional and maintenance aspects of the body
are governed by the three dynamic energies called
doshas (vata, pitta, and kapha), the active forms of the
five elements. Doshas reportedly are formed in the 
body from food and other physiologic processes, and
regulate thousands of separate functions in the mind-
body system. Dosha equilibrium (their quantity, quality,
and function relative to each other) is thought to 
be essential for optimal health and prevention of 
disease. An individual’s constitution and personality is
determined by a unique combination of these three
doshas. 

Ayurvedic Pathophysiology for RA
Ayurvedic “pathophysiology” links vata, pitta, and

kapha to the process of joint motion, metabolic and
secretory functions (synovial fluid), and lubrication and
preservation (structure and homeostasis), respectively.
Inappropriate food habits are thought to weaken diges-
tion and metabolism, causing an accumulation of impu-
rities, which build up in the blood. Circulating through-
out the body, these impurities are blocked in the struc-
tural curvature of the joints and theorized to remain
lodged there. Associating with the doshas, they then
cause the symptoms and signs of RA. 
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Diagnostics
Ayurvedic diagnostics are similar in some respects to

those of conventional allopathic medicine. They include
a detailed history and physical (including highly special-
ized examination of the pulse, tongue, and urine). In
addition, the patient’s constitution and personality are
determined, as well as the nature of imbalance among
the doshas. 

Treatments
In Ayurvedic treatment, the selection and dosage of

medicines are specific to the patient and will depend on
which of the three doshas are out of balance. Ayurveda
has a rich tradition of plant pharmacotherapy with a
great variety of anti-arthritic plants believed to improve
digestion, remove impurities, and balance the doshas. 

The traditional treatment system to balance doshas
involves five therapies: purgatives or laxatives, therapeu-
tic vomiting, medicated enema, nasal administration of
medicines, and blood purification. If the patient is not
strong enough to tolerate these therapies, a gentler pal-
liative treatment to strengthen the patient is given first.
Medicated enemas are considered to be highly effective
for purifying the system, normalizing metabolism, pre-
venting relapse, and promoting rejuvenation. 

Ayurvedic treatment for RA includes herbal medi-
cines, medicated oils, and analgesic pastes. Oil therapies
reportedly increase the mobility of the joints, relieve
muscular spasm, and push accumulated toxins into the
large intestine. These toxins are expelled from the body
by medicated enemas.3 A light vegetarian diet is recom-
mended, with avoidance of foods known to trigger
painful disease activity (e.g., the “nightshade” vegeta-
bles such as potato and eggplant). Rest during the active
disease phase, meditation, and yoga are advocated. 

Clinical Research
A controlled trial of the whole system of Ayurvedic

treatment for RA has not yet been reported in the litera-
ture, but the World Health Organization (WHO) studied
Ayurveda for RA in its first-ever study of a traditional
medical system at the Ayurvedic Trust in Coimbatore,
India, enrolling 240 subjects from 1977 to1984.4 In this
open, unblinded study, Ayurvedic physicians adminis-
tered the treatment; the collaborating allopathic panel
from the Indian Council for Medical Research evaluated
the effects of the treatment, using American Rheuma-
tism Association criteria (grip strength, walking time,
number of swollen and painful joints, sedimentation rate
[ESR], rheumatoid factor). Treatment was individual-
ized according to the degree of imbalance of the doshas,
and included internal herbal medicines, external applica-

tion of analgesic pastes and medicated oils, specialized
oil therapies, medicated enema, yoga, and dietary and
lifestyle modification. The subjects were prohibited
from taking allopathic medicines. The average length of
treatment was four months. Tests done at six-week inter-
vals showed no evidence of renal, liver, or blood abnor-
malities as a result of the Ayurvedic medicines. 

The allopathic panel outcome evaluation indicated
that there was significant improvement in the subjects’
conditions. Statistically significant results were noted in
all parameters from baseline to end of treatment: Grip
strength increased from 82 mm Hg to 111 mm Hg 
(P < 0.001); walking time decreased from 7.5 seconds to
4.8 seconds (P < 0.001); swollen joints decreased from
6.6 to 4.3 (P < 0.001); painful joints decreased from 7.8
to 3.6 (P < 0.001); mean joint count decreased from 74
to 30 (P < 0.001); mean ESR decreased from 59 mm to
37 mm (P < 0.001). Whereas 60% were classified as
belonging to functional class III or IV at admission
(American College of Rheumatology), only 12% were
classified as such at the time of discharge: 33%
improved by one class, 12% improved by two classes,
and 6% improved by three classes. Subjects evaluated
their condition at discharge more favorably than did the
allopathic physicians. Follow-up data on 47 patients at
six months after discharge showed that improvement in
walking time and joint circumference were maintained
and that mean ESR dropped to 25 mm (P < 0.01). 

There are three reported clinical trials of isolated
Ayurvedic herbal formulations for RA, two of them
using the gum resin of Boswellia serrata, which tradi-
tionally has been used in Ayurvedic medicine to treat
chronic inflammatory diseases like RA, asthma, and
ulcerative colitis. Boswellic acids inhibit the leukotriene
biosynthesis in neutrophilic granulocytes by a non-
redox, noncompetitive inhibition of 5-lipoxygenase.5

Boswellia serrata extract (three 400 mg tablets two or
three times a day) was effective in reducing symptoms
of RA in 50-60% of 260 patients in a double-blinded,
placebo-controlled clinical trial.6 Compared to the
placebo group, there was a statistically significant reduc-
tion in swelling and pain. 

A 16-week randomized double-blind, placebo-con-
trolled trial of a standardized drug of Ayurvedic origin,
RA-1 (Withania somnifera, Boswellia serrata, Curcuma
longa, and zinc ash) was conducted in 182 patients with
active RA.7 Concurrent use of nonsteroidal anti-inflam-
matory drugs (NSAIDs) and disease-modifying anti-
rheumatic drugs were not allowed, but 76 patients on a
fixed daily dose of prednisone (mean dose of 5.1 mg)
were enrolled. Tenderness, pain, swelling, and several
other efficacy measures were assessed.8 An intention-to-
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treat analysis showed improvement in the active group
compared to baseline values, but the results were not
significantly superior to the strong placebo response,
except for improvement in joint swelling. 

U.S. Practices
Ayurveda is not yet recognized as a legitimate health

care practice in the United States. Ayurvedic physicians
have an educational and training requirement similar to
allopathic physicians in India: approximately 10 years
of study and supervised practice. However, Ayurvedic
physicians in the United States must obtain a doctoral
degree in one of the licensable professions (e.g., MD,
DO, ND, DC) to diagnose and recommend Ayurvedic
treatment.9 Even then, they are only able to incorporate
particular aspects, and not the whole system of Ayurveda
into their practice. Although a limited selection of symp-
tom-specific Ayurvedic herbal products are marketed as
food supplements, the majority of Ayurvedic medicines
are prohibited due to Food and Drug Administration
restrictions. 

Conclusion
Ayurveda offers a holistic, historically rooted, report-

edly safe, alternative treatment for RA patients, but no
well-designed studies have evaluated the comprehensive
Ayurvedic system on RA compared to the natural histo-
ry of disease or conventional therapies. Two random-
ized, double-blinded, placebo-controlled studies of
Ayurvedic herbs for RA containing Boswellia serrata
show promising results. The Table summarizes the chal-
lenges of designing a high-quality trial of Ayurveda. 

Findings from such studies enhance understanding of
how various herbs work and fit the notion of herbs as

medicines, but they represent only part of the multi-
faceted Ayurvedic system of treatment. Ideally, Ayurve-
da’s various components should be included together in
a trial; however, blinded studies of an entirely different
health system are challenging to perform and may not be
feasible. 

Recommendation
Until there is better quality evidence for the effective-

ness and safety of Ayurvedic treatment for RA, such
therapies should be reserved for patients who fail all
conventional therapies (either because they are ineffec-
tive or cause unbearable toxicities). If used, Ayurvedic
treatments are most likely to be effective if they repre-
sent the holistic practice, and not just an element of
Ayurveda in isolation. Nevertheless, the Ayurvedic herb,
Boswellia serrata, warrants further study.   ❖

Dr. Venkatraman is Research Assistant Professor,
School of Nursing, and Dr. Assefi is Attending (Clini-
cian-Teacher), Departments of Medicine and Obstetrics/
Gynecology, Complementary and Alternative Medicine
Liaison, School of Medicine, University of Washington in
Seattle. 

References 
1. Visser GJ, et al. Rheumatologists and their patients

who seek alternative care: An agreement to disagree.
Br J Rheumatol 1992;31:485-490. 

2. Ulrich-Merzenich G, et al. Rheumatic diseases in
Ayurveda: A historical perspective. Arthritis Rheum
1999;42:1553-1555. 

3. Varier KS. Rheumatoid Arthritis: The Ayurvedic
Approach. Coimbatore, India: The Ayurvedic Trust;
1994. 

4. Ayurvedic Trust. World Health Organization/Indian
Council for Medical Research Collaborative Study on
the Efficacy of Ayurvedic Treatment in Rheumatoid
Arthritis. Coimbatore, India: The Ayurvedic Trust;
1984. 

5. Ammon, HP. Lehrstuhl Pharmakologie fur Naturwis-
senschaftler. Wien Med Wochenschr 2002;152:373-378. 

6. Etzel R. Special extract of Boswellia serrata (H15) in
the treatment of rheumatoid arthritis. Phytomedicine
1996;3:91-94. 

7. Chopra A, et al. Randomized double-blind trial of an
ayurvedic plant derived formulation for treatment of
rheumatoid arthritis. J Rheumatol 2000;27:1365-1372. 

8. Felson DT, et al. The American College of Rheumatol-
ogy preliminary core set of disease activity measures
for rheumatoid arthritis clinical trials. Arthritis
Rheum 1993;36:729-740. 

146 December 2002

Table

Methodological challenges of studying Ayurveda 

• Individualized diagnoses and subcategories of 
diagnosis within biomedically recognized diseases

• Individualized treatment regimens consisting of 
multiple different interventions (herbal medicines, 
oils, massage, yoga, meditation, etc.)

• Difficulty constructing a useful control group given 
the multiple types of interventions

• Blinding of patients and independent physician 
assessors (blinding of Ayurvedic practitioners is 
virtually impossible)

• Limited scope of Ayurvedic practice outside of India
• Adequate sample sizes/power to detect a difference
• Valid subjective and objective outcome measures
• Duration of follow-up
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CME Questions
40. Nuts are a source of which of the following nutrients? 

a. Magnesium 
b. Copper 
c. Folate 
d. Vitamin E 
e. All of the above 

41. Side effects of eating nuts may include: 
a. bloating. 
b. abdominal cramping. 
c. anaphylaxis. 
d. All of the above 

42. High triglyceride levels are associated with: 
a. atherogenic lipoproteins. 
b. insulin resistance. 
c. an increased cardiovascular risk. 
d. All of the above 

43. Physiologic effects of fish oils include which of the following? 
a. Lower triglyceride levels and VLDL synthesis 
b. Lower blood pressure 
c. Suppress cardiac arrhythmias 
d. All of the above 

44 Ayurveda is an ancient health system from China. 
a. True 
b. False 

45. Ayurveda often includes multifaceted treatments such as
herbal medicines, yoga, and lifestyle modification. 
a. True 
b. False 
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Clinical Briefs
With Comments from John La Puma, MD, FACP

Ephedra and 
Adverse Events 

Source: Samenuk D, et al. Adverse cardio-
vascular events temporally associated with
ma huang, an herbal source of ephedrine.
Mayo Clin Proc 2002;77:12-16.

TO EVALUATE POSSIBLE CARDIOVAS-
cular toxic effects associated with

use of dietary supplements containing
ma huang, an herbal source of
ephedrine, these authors reviewed the
comprehensive database Adverse Reac-
tion Monitoring System of the Food and
Drug Administration (FDA), which
included clinical records, investigative
reports, and autopsy reports related to
ma huang use. The main outcome meas-
urements were stroke, myocardial
infarction, and sudden death. From
1995 to 1997, 926 cases of possible ma
huang toxicity were reported to the
FDA. In 37 patients (23 women, 14
men, mean age ± SD: 43 ± 13 years),
use of ma huang was temporally related
to stroke (16), myocardial infarction
(10), or sudden death (11). Autopsies
performed in seven of the 11 patients
who experienced sudden death showed
a normal heart in one, coronary athero-
sclerosis in three, and cardiomyopathies

in three. In 36 of the 37 patients, use of
ma huang was reported to be within the
manufacturers’ dosing guidelines.
Analysis of the 37 patients indicates the
following findings: 1) ma huang use is
temporally related to stroke, myocardial
infarction, and sudden death; 2) under-
lying heart or vascular disease is not a
prerequisite for ma huang-related
adverse events; and 3) the cardiovascu-
lar toxic effects associated with ma
huang were not limited to massive
doses. Although the pathogenesis of the
cardiac toxic effects of ma huang
remains incompletely defined, available
observational and circumstantial evi-
dence indicates that use of the substance
may be associated with serious medical
complications. 

■■ COMMENT 
This objective analysis of FDA data

shows that in those patients in the FDA
database through 1997, 36 of 37 had
temporally related vascular events.
These data have been disputed by a paid
consultant to the Ephedra Education
Council, who found other reasons for
sudden death and for the cardiovascular
events reports in 20 of the 22 fatal cases. 

Fewer than 10%, and some believe
that less than 1%, of adverse reactions
to dietary supplements are reported to

the FDA. So, these data, even if associ-
ated with other possibilities, and even
though they are simply adverse event
reports, need to be more carefully
researched. 

Is there a safe dose of ephedra? The
industry recommends no more than 100
mg/d. The FDA tried unsuccessfully to
limit what manufacturers could recom-
mend to a dose of 24 mg/d for seven
consecutive days. Many manufacturers
recommend much more than this. 

Recommendation
Give patients an alternative to

ephedra just by raising the question.
From pre-contemplation to contempla-
tion is a big step, and can be a quantita-
tive one: “I’m concerned about the
effect your weight has on your risk fac-
tors for heart disease. Your risk is X%
in 10 years. Have you thought about try-
ing to lose weight?” ❖

Metabolife®

and Safety 

Sources: Adams C. Senate Committee Criti-
cizes Metabolife Over Ephedra (Wall Street
Journal Oct. 9, 2002); Adams C. Officials
Open Criminal Probe On Metabolife 



International (Wall Street Journal Aug. 15,
2002); Parker-Pope T. Despite Evidence of
Success, Ephedra Comes With Risks (Wall
Street Journal April 6, 2002). 

THIS TRIFECTA OF POPULAR PRESS

articles summarizes Metabolife’s
and ephedra’s current circumstances.
Ephedra, they note, “is chemically simi-
lar to phenylpropanolamine, or PPA, a
cold-medicine and diet-pill ingredient
recently banned by the FDA after
research found an increased risk of hem-
orrhagic stroke in young women who
used PPA products.” 

The Justice Department’s criminal
investigation of Metabolife for allegedly
lying about the existence of side effect
reports may be beginning to bear fruit:
The Wall Street Journal reported that
more than 13,000 reports had been
received by the company between 1997
and 2002. And the company president is
reported by the paper to have said he
had no knowledge of such reports. 

What brought down Big Tobacco
may bring down Big Ephedra. Lying to
doctors and patients is never a good
idea. What is a good idea is to give the
FDA some jurisdiction—even with the
tangibility of the Samenuk et al data,
and the FDA’s own adverse event report
database, the FDA is powerless. The
American Medical Association has
called on the FDA to ban ephedra, and
Metabolife’s argument that people who
were harmed may not be using the prod-
uct properly simply proves the point that
it ought to be available, if it is safe, by
prescription only. Adams reports in the
Wall Street Journal (Oct. 9, 2002) that
“The Senate panel was told that more
than 30 military personnel using
ephedra had died, which led to
ephedra’s ban at some commissaries.” 

Recommendation
Although the issue is not completely

settled, ephedra-caffeine is not the
answer for weight loss. Recommend
that patients avoid it. ❖

Ephedra for 
Weight Loss 

Source: Boozer CN, et al. Herbal ephedra/
caffeine for weight loss: A 6-month random-
ized safety and efficacy trial. Int J Obes
Relat Metab Disord 2002;26:593-604. 

TO EXAMINE LONG-TERM SAFETY AND

efficacy for weight loss of an herbal
ma huang and Kola nut supplement
(90/192 mg/d ephedrine alkaloids/caf-
feine), a six-month randomized, double-
blind placebo controlled trial was under-
taken. A total of 167 subjects (body
mass index 31.8 ± 4.1 kg/m2) were ran-
domized to placebo (n = 84) or herbal
treatment (n = 83) at two outpatient
weight control research units. Primary
outcome measures were changes in
blood pressure, heart function, and body
weight. Secondary variables included
body composition and metabolic
changes. By last observation carried for-
ward analysis, herbal vs. placebo treat-
ment decreased body weight (-5.3 ± 5.0
kg vs. -2.6 ± 3.2 kg, P < 0.001), body fat
(-4.3 ± 3.3 kg vs. -2.7 ± 2.8 kg, P =
0.020) and LDL-cholesterol (-8 ± 20
mg/dL vs. 0 ± 17 mg/dL, P = 0.013),
and increased HDL-cholesterol (+2.7 ±
5.7 mg/dL vs. -0.3 ± 6.7 mg/dL, P =
0.004). Herbal treatment produced
small changes in blood pressure vari-
ables (+3 to -5 mm Hg, P < 0.05) and
increased heart rate (4 ± 9 beats/min vs.
-3 ± 9 beats/min, P < 0.001), but cardiac
arrhythmias were not increased (P >
0.05). By self-report, dry mouth, heart-
burn, and insomnia increased and diar-
rhea decreased. Irritability, nausea,
chest pain, palpitations, and numbers of
subjects who withdrew did not differ.
Herbal ephedra/caffeine (90/192 mg/d)
promoted body weight and body fat
reduction and improved blood lipids
without significant adverse events. 

■■ COMMENT 
This study was well-conducted, with

substantial exclusion criteria—anyone

with a chronic disease, recent weight
loss, use of weight loss agents, or the
slightest hint of illness. 

These data show that an ephedra-
caffeine combination in moderately
high dosage helps promote weight loss.
With lost weight and body fat comes a
reduction in LDL; with extra sympath-
omimetics comes a boost in energy,
blood pressure, and pulse. 

Research support was provided in
part by an ephedra trade group, which
notes that “… researchers were granted
the right to publish study results regard-
less of outcome. Funding was provided
by the Ephedra Research Foundation”
(available at: www.ephedrafacts.com/
overviewharvard.html; accessed Nov.
11, 2002). 

The investigators offer “coincidence,
pre-existing pathology, non-recom-
mended usage, and increased individual
sensitivity” as possible explanations for
the difference between their positive
results, the negative Mayo Clinic data
(see page 147), and a Harvard analysis
of FDA data, published in 2001. They
believe that adverse events are
inevitable, and that “The real question is
not whether adverse events occur in a
population undergoing treatment, but
whether these occur at a rate that is
higher than that of a matched, untreated
group.” 

Unfortunately, for clinicians, the real
question is whether real patients with
complicated medical histories deserve a
chemical stress test. It’s obvious that
anyone with any vascular illness or at
risk for same should not use this combi-
nation. These same patients don’t want
to be told “No” by their doctor, so they
may not show up not for a routine office
visit, but for an urgent EKG. That’s why
ephedra and its combinations should be
banned. 

Recommendation
There are better ways to lose weight,

although they are harder than taking
pills. ❖
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Foods to Reduce the Risk 
of Cardiovascular Disease 

CORONARY HEART DISEASE (CHD) IS THE MOST COMMON, MOST FREQUENTLY REPORTED, AND

most serious form of cardiovascular disease, and is the No. 1 cause of death in the Unit-
ed States. Despite the decline in deaths from CHD over the past 30 years, this disease still
causes more than 500,000 deaths annually, and contributes to another 250,000 deaths. High
blood total cholesterol and high low-density lipoprotein (LDL) cholesterol levels are proven
risk factors for CHD. 

The American Heart Association (AHA) recommends a variety of foods to target four
major goals: achieve a healthy overall diet, achieve a healthy weight, promote desirable lipid
levels, and promote desirable blood pressure. Specific foods recommended by the AHA
include fruits and vegetables, grain products (including whole grains), fish, lean meat and
poultry, fat-free or low-fat dairy products, and legumes.1

The Food and Drug Administration (FDA) has evaluated many foods to determine their
role in reducing the risk of CHD. The FDA has found a relationship between reduced CHD
risk and soy protein (25 g/d), plant sterols/stanols (1.3/3.4 g/d), and soluble fiber (3 g/d).2 If a
food product meets certain criteria established by the FDA, the manufacturer may include a
health claim for reduced CHD risk in the product labeling. 

In addition, the National Cholesterol Eduation Program Adult Treatment Panel III recom-
mends reduction in saturated fat and cholesterol and therapeutic dietary options for enhanc-
ing LDL-cholesterol lowering, with inclusion of plant sterols/stanols (2 g/d) and increased
soluble fiber (10-25 g/d).1

Soy
Although the cardiovascular benefits of soy endorsed by the FDA have been attributed to

soy protein, researchers at the Clinical Nutrition and Rsik Factor Modification Center, St.
Michael’s Hospital, in Toronto, Ontario, studied the effects of high- and low-isoflavone soy-
protein foods on the risk factors for cardiovascular disease (CAD).3 Forty-one hyperlipidem-
ic men and postmenopausal women participated in the study with three one-month diets: a
low-fat dairy food control diet and a high- (50 g/d soy protein and 73 mg/d isoflavones) and
low- (52 g/d soy protein and 20 mg/d isoflavones) isoflavone soyfood diets. All three diets
were very low in saturated fat (< 5% of energy) and cholesterol (< 50 mg/d). 

No significant differences were seen between the high- and low-isoflavone soy diets.
Compared with the control diet, however, both soy diets resulted in significantly lower total
cholesterol, estimated CAD risk, and ratios of total to high-density lipoprotein (HDL) cho-
lesterol, LDL to HDL cholesterol, and apolipoprotein B to A-I. No significant sex differ-
ences were found, except for systolic blood pressure, which in men was significantly lower
after the soy diets than after the control diet. On the basis of blood lipid and blood pressure
changes, the calculated CAD risk was significantly lower with the soy diets (10.1 ± 2.7%). 

The authors concluded that the substitution of soy-protein foods for animal products
reduces CAD risk, with reductions in blood lipids, oxidized LDL, homocysteine, and blood
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pressure. Importantly, both diets provided at least 
50 g/d of soy protein, twice the FDA recommendation. 

Plant Sterols/Stanols
Most research on the effects of plant sterols/stanols

on cholesterol levels has focused on sterol/stanol-
enriched margarines and salad dressings. These oil-
based products can lower LDL cholesterol concentra-
tions by 10-14%; however, few studies have examined
the effects of low-fat sterol/stanol-enriched products.
Mensink et al assessed the effects of plant stanol esters
emulsified into a low-fat yogurt on fasting concentra-
tions of plasma lipids and lipid-soluble anitoxidants.4

Sixty non-hypercholesterolemic subjects first consumed
three cups (3 × 150 mL) of placebo yogurt daily for
three weeks. For the next four weeks, 30 subjects contin-
ued with the placebo yogurt, while the other 30 subjects
received three cups of stanol-enriched (0.71 g sitostanol
+ 0.29 g campe-stanol) yogurt. 

LDL cholesterol increased 0.06 ± 0.21 mmol/L in the
placebo group, but decreased 0.34 ± 0.30 mmol/L in the
experimental group. The difference in changes between
the two groups (0.40 mmol/L or 13.7%) was highly sig-
nificant (P < 0.001). Effects were maximal after one
week. HDL cholesterol and triacylglycerol concentra-
tions did not change. Total tocopherol levels increased
by 1.43 micromol/mmol LDL cholesterol (14%, P =
0.015). Beta-carotene levels decreased by -0.02 micro-
mol/mmol LDL cholesterol (-14.4%, P = 0.038). 

The authors concluded that low-fat yogurt enriched
with plant stanol esters lowers within one week LDL
cholesterol levels to the same extent as oil-based 
products. 

Soluble Fiber
Research recently published not only has supported

the FDA’s health claim for soluble fiber and cholesterol,5

but also has examined the effects of soluble fiber on
hypertension.6,7

In a randomized, controlled, parallel-group pilot
study, Keenan et al compared an oat cereal group (5.52
g/d beta-glucan) to a low-fiber cereal control group 
(< 1.0 g/d total fiber) over six weeks.6 The oat cereal
group experienced a 7.5 mm Hg reduction in systolic
blood pressure and a 5.5 mm Hg reduction in diastolic
blood pressure; there was virtually no change in blood
pressure in the control group. The oats group also expe-
rienced a significant reduction in total cholesterol (9%)
and LDL cholesterol (14%). 

Pins et al randomized 88 hypertensive men and
women to a 12-week controlled parallel-group trial of
whole grain oat-based cereals vs. refined grain wheat-
based cereals.7 After four weeks of baseline feeding,
antihypertensive medication dose was maintained or
reduced by half or completely throughout the middle
four weeks of the study. In the final four weeks, partici-
pants continued cereal consumption and medication was
adjusted according to protocol. Severty-three percent of
participants in the oat group vs. 42% in the control
group were able to stop or reduce their medication by
half. Treatment group participants whose medication
was not reduced had substantial decreases in blood pres-
sure. The oats group also experienced a 24.2 mg/dL
reduction in total cholesterol, a 16.2 mg/dL reduction in
LDL cholesterol, and a 15.03 mg/dL reduction in plas-
ma glucose levels vs. controls. 
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