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Metabolic syndrome is a cluster of coronary heart disease
(CHD) risk factors of which central obesity, insulin resistance,
increased triglycerides/decreased HDL cholesterol, and
hypertension are major cardiovascular risk factors. The edu-
cational objectives of this review are to describe hypocho-
lesteromic effects from soybean foods. Early ltalian observa-
tions indicated that isolated soy protein lowered total
cholesterol, especially the LDL component, in humans with
elevated serum lipids. Whole soybeans, with their major phy-
toestrogen inflavones (genistein, daidzein, and glycetin)
intact, are known to decrease both total and LDL choles-
ferol. Major early reviews, meta-analyses, and clinical frials in
hyperlipidemic humans indicate a predictable range of
decreases in serum lipids: total cholesterol (10-19%), LDL
cholesterol (14-20%), and triglycerides (8-14%). Recent,
large, randomized trials in postmenopausal women indicat-
ed that a soy protein component induces significant
increases in HDL cholesterol. Therapy for metabolic syn-
drome must first be patient education, especially for pre-
dominant U.S. minority groups (Afro-, Latino-, and Native
Americans). The four major preventive health educational
facts necessary to reduce CHD/metabolic syndrome must
now recognize that whole soybeans are abundant sources
of: 1) vegetable protein, 2} high soluble fiber content, 3} vir-
tual absence of saturated fat, though high in polyunsaturat-
ed fats, and 4) major phytoesirogens.
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African Americans have the highest overall mor-
tality rate and the highest out-of-hospital coronary
death rates of any ethnic group in the United States,
particularly at younger ages. Recent guidelines from
the National Cholesterol Education Program (NCEP):
Expert Panel on the Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (ATPIII)
indicate that lowering of LDL cholesterol become the
primary target in reducing coronary heart disease
(CHD). Mounting evidence indicate that elevated
LDL cholesterol is a major risk factor in developing
CHD, and that the hypercholesterolemia tends to clus-
ter with other cardiovascular risk factors.!

This clinical cluster, commonly known as metabolic
syndrome, has been defined by the ATPIII as: 1)
abdominal obesity (waist circumference >102 cm in
men and >88 cm in women), 2) triglycerides >150
mg/dL, 3) HDL cholesterol <40 mg/dL in men and <50
mg/dL in women, 4) fasting glucose >110 mg/dL, 5)
hypertension (systolic blood pressure [SBP] >130
mmHg or diastolic blood pressure [DBP] >85 mmHg.
The prevalence of metabolic syndrome, as estimated
10 years ago from the noninstitutionized U.S. popula-
tion, was 22.8% (men) and 22.6% (women). Major
findings in the third National Health and Nutrition
Examination Survey (NHANES III, 1988-1994) indi-
cate that metabolic syndrome was present in 4.6%,
22.4%, and 59.6% of normal-weight, overweight, and
obese U.S. adults.?

George Washington Carver, who postulated 70
years ago numerous health benefits from soybeans,
peanuts, and sweet potatoes,’ may have suggested that
the increased LDL cholesterol, especially in high-risk
minorities, may well be helped with the soybean
foods. Soybeans contain high-quality protein (as
assessed by the FDA’s “Protein Digestibility Correct-
ed Amino Acid Score”), soluble fiber, the “good”
unsaturated fat, and several classes of anticarcinogens
(protease inhibitors, phytosterols, saponins, and
isoflavones). The isoflavones are heterocyclic phenols
structurally similar to the estrogenic steroids—fre-
quently termed phytoestrogens because of their abili-
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ty to exert estrogen-like effects. Major isoflavones
include genistein, daidzein, and glycetin. These com-
pounds are usually identified in mg/g of soy protein.
Isoflavones, which are excellent antioxidants, have
more affinity for the estrogen receptor beta (ERB)
than the estrogen receptor alpha (ERA). This helps to
explain their selective tissue effects.

To reduce one risk factor for CHD within metabolic
syndrome (i.e., increased LDL cholesterol), the choles-
terol-lowering properties of soy foods should be further
investigated in populations at high risk for metabolic
syndrome. The ATPIII specifically recommends a mul-
tifaceted approach that emphasizes low-saturated fat
diets combined with plant stanols/sterols (2 g/day) and
increased viscous (soluble) fiber (1025 g/day), weight
reduction, and increased physical activity.

The medical educational objectives are first to edu-
cate physicians as to the cholesterol-lowering proper-
ties of soybean foods and to provide a chronologic
review of published mechanisms of action. The first
suggestion that soy protein lowered serum cholesterol
came from six Iowa male prison inmates in 1967 with
an ensuing lapse of 15 years*® before meaningful
human trials were again reported (Table 1).

REVIEWS (1991-1998)

In 1991, Sanchez" tried to explain these docu-
mented hypocholesterolemic effects of soy protein by
suggesting that soy protein contains higher amounts
of arginine and glycine than casein (animal protein)
and that these amino acids induce a low postprandial
insulin/glucagon ratio in both hypercholesterolemic
and normocholesterolemic subjects. (Casein is known
to produce a high postprandial insulin/glucagon ratio,
an effect that augments atherogenesis.) Their data
suggest that control of cholesterol by insulin and
glucagon may be regulated by these dietary plasma
amino acids. Later that year, Carroll reviewed a small
number of clinical trials and numerous laboratory
studies on soy and its cholesterol-lowering properties.
Brief clinical observations indicated that soy protein
(either alone or when added to the diets) lowered both
total and LDL cholesterol by approximately 20% and
that hypertriglyceridemia subjects experienced a
decrease in serum triglycerides."

Concomitant clinical observations spanning 20
years involving over 1,000 Italians with raised serum
cholesterol indicates that textured vegetable protein
(soy-based) induces a significant hypocholesterolemia,
especially evident in Fredrickson type IIA."> Ander-
son® reported a meta-analysis of 38 controlled clinical
trials to examine the relationship between soy protein
consumption and serum lipid concentrations in
humans. In most studies, the intake of energy, fat, satu-
rated fat, and cholesterol was similar in subjects that
ingested control and soy-containing diets. Soy protein
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intake averaged 47 g per day. Soy protein produced the
following net changes in serum lipid concentration
when compared to control diets:

1) Soy protein decreased total cholesterol 23.2 mg/dl
(0.6 mmol/1) =9.3%

2) Soy protein decreased LDL cholesterol 21.7 mg/dl
(0.5 mmol/1) = 12.9%

3) Soy protein decreased triglycerides 13.3 mg/dl
(0.15 mmol/1) = 10.5%

4) Soy protein ingestion was accompanied by a non-
significant increase in HDL cholesterol of 2.4%

5) Changes in serum cholesterol and LDL concen-
trations were directly related to initial serum cho-
lesterol (p<0.001)

Table 2 summarizes studies (University of Illi-
nois, 1993-1998) using soy foods in humans with
elevated serum lipids.'+"

A small (French) study involving male smokers
(n=12) with normal lipid profiles was entered into
an eight-week trial of soybean oil (mixed with but-
ter) and normal butter.' The phytosterols were puri-
fied from soybean oil unsaponificable matter and
mixed in butter during processing to final concentra-
tions of 1.07 g/100 g butter. Subjects were then ran-
domized to four weeks of either soybean butter or
normal butter in traditional French diets then
crossed over to the other diet. Their results indicated
the soy butter decreased both the total and LDL cho-
lesterol (p<0.001) even in normal males.

Kurowska," in a family practice setting in Lon-
don, Ontario, studied 17 men and 17 women who had
increased total and LDL cholesterol (but were
healthy otherwise). A three-treatment crossover trial
determined the effects of substituting soybean prod-
ucts for cows’ milk. Subjects were randomized to one
of the following three diets for four weeks each and
washed out for two weeks between each diet. The
treatments were: 1) normal diet with cows’ milk
products, 2) normal diet with soybean products, and
3) combination of skim milk/soy oil. Each diet con-
tained 31 g protein and 18 g fat in each diet group.
Their results suggest that the diets had no effect on
body weight, body mass index, or levels of
apolipoproteins B and A. However, HDL cholesterol
was increased (mean 9%), and the LDL/HDL choles-
terol ratios decreased (mean 14%) during soybean
diets. Significant decreases in total cholesterol
results primarily from a decrease in LDL cholesterol.
In 24 subjects with the highest baseline values, the
soybean diet reduced LDL cholesterol (mean 11%),
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decreased LDL/HDL ratio (mean 19%), increased
HDL cholesterol (mean 9%), but did not significant-
ly alter triglycerides. Investigators found that soy-
bean foods reduced both the DBPs and SBPs in men
but not in women.

Soy Supplements: Studies in Normal
and Perimenopausal Women

Crouse® studied 156 healthy subjects (males and
females) to compare the effects of casein and soy
protein containing various amounts of isoflavones
on plasma concentrations of lipids and lipoproteins.
This nine-week randomized trial compared casein
25 g per day to 25 g/day of isolated soy protein
(ISP). The ISP contained isoflavones at four differ-
ent levels (27 mg; 37 mg; 62 mg; or ethanol-extract-
ed soy proteins, which contained only 3 mg). All
isoflavones quantities were expressed as their agly-
cone equivalent. The study needed 30 participants
per group to have 95% power to detect a 6% relative
change in LDL cholesterol levels among groups.
Therefore, there were 5 groups with 31 subjects per
group. Investigators stated that baseline entry LDL
levels ranged from 3.62 mmol/L (140mg/dL) to 5.17
mmol/L (200 mg/dL) while on a National Choles-
terol Education Program Step-1 diet for one month
prior to randomization. Diets were equivalent with

respect to percentage of daily energy: 15% protein;
56% carbohydrates; and 32% fat, which contained
9% saturated, 12% monounsaturated, and 12%
polyunsaturated fats. The results indicated that:

1) There was a 3-mmHg decrease in DBP in women
receiving ISP-62 mg isoflavones (p<0.04), but
there was no change in blood pressure in men.

2) ISP-62 mg isoflavone decreased total cholesterol
by 4% (241.2 to 231.7 mg/dL).

3) ISP-62 mg isoflavone decreased LDL cholesterol
by 6% (164.7 to 154.5 mg/dL) in both men and
women.

4) There were no significant effects on either
triglycerides or HDL cholesterol.

Subjects were thereafter subdivided in two groups
depending on entry LDL levels. There were 70 sub-
jects with high-LDL cholesterol; dose-dependent
changes of ISP-62 and ISP-37 isoflavone were: ISP-
62 mg isoflavones had the following effects: 1) total
cholesterol decreased by 9% (261-237 mg/dL), 2) LDL
cholesterol decreased by 10% (260240 mg/dL), and 3)
no effect on HDL cholesterol.

Table 1. Early Clinical

Source
Hodges, RE, et al. Am J Clin Nutr.
1967;20:198-208.

Study Population
Six male lowa prison inmates had a 14-day metabolic baseline
period prior to study.

Goldberg AP, et al.
Atherosclerosis. 1982;43:355-368.

Twelve type-llA hypercholesterolemic and four normals stabilized
on NIH low-fat diet x six weeks.

Fumagalii R, et al.
Atherosclerosis. 1982;43:341-353.

Seven type-ll ltalian hyperlipoproteinemic subjects studied as
inpatients.

Kolb S. & Sailer D. Nutr Report
Internat. 1984;30:719-724.

Fourteen German inpatients (11 type-llA and three type-lIB) had 10
females and four males.

Verrillo A, et al. Atherosclerosis.
1985;54:321-331.

ltalian outpatients (45 type-llA and 21 type-IIB enrolled for four-
month study.

Shorey RL, et al. Am Diet Assoc.
1985;85:1461-1465.

Twenty-two male and nine female outpatients with mild
hypercholesterolemia were studied.
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The ISP-37 mg isoflavone had similar effects: 1)
total cholesterol decreased by 8% (260240 mg/dL), 2)
LDL cholesterol decreased by 8% (182—165 mg/dL),
and 3) no effect on HDL cholesterol.

There was a small decrease in LDL cholesterol
even from the 3-mg isoflavones.

When a gender subset of postmenopausal women
was considered, those that received 62-mg isofla-
vones had reductions of total cholesterol (7%) and
LDL cholesterol (8%) when compared to casein but
no change in HDL cholesterol or triglycerides.

Washburn® entered 51 perimenopausal women as
outpatients (ages 45-55 years) into a randomized,
double-blind crossover trial for 18 weeks. Subjects
were randomized to one of three treatment groups,
then crossed over to the other therapies (six weeks
per treatment). Soy protein supplements (not food)
were supplied in powder form as follows: group 1—
20 g complex carbohydrates containing no phytoe-
strogens, group 2—20 g soy protein supplement
containing 34 mg phytoestrogens once daily, and
group 3—20 g soy protein supplement containing 34
mg phytoestrogen in split doses.

All the diets were isocaloric, and women were
given the supplemental powder, which was to be
mixed with their food. The results in this short-term
study indicated that:

METABOLIC SYNDROME, SOYBEAN FOODS, AND SERUM LIPIDS

1) Significantly lower levels of serum total choles-
terol (decrease of 6%) were observed in both soy
diets when compared to the carbohydrate diet.

2) LDL cholesterol was decreased by 7.5% in both
soy diets, but there was no change in HDL cho-
lesterol.

3) The DBP was significantly lower (decrease of 4.9
mmHg) in the split soy diet, when compared to
the carbohydrate diet. Night sweats and hot flash
severity (not frequency) were decreased in the
split dosage group.

A major primate study helps to identify possible
mechanisms of action.”? Young, male cynomolgus
macaques monkeys were fed moderately atherogenic
diets for three months—thereafter, randomly assigned
to one of three groups. The source of protein in each
dietary treatment was: 1) casein/lactalbumin, n=27;
2) Supro 670-HG (soy + therapy which contained
genistein 1.10 mg and daidzein 0.37 mg per gram of
isolate, n=27; and 3) Supro-670-IF (containing genis-
tein 0.12 mg and daidzein 0.05 mg per gram of iso-
late, n=28. Amounts of calcium and phosphorus were
equal in all the diets. After the three-month baseline
period, the diets were fed for 14 months during which

Observations (1967-1985)

Study Design

No animal protein in diets; only
vegetable sources in form of isolated
soy protein (ISP). Time of trial was 24
weeks.

Clinical Results

ISP decreased serum cholesterol despite source of
carbohydrates (refined sugars or starch). Refined sugars
increased triglycerides while complex CHO's decreased
triglycerides.

Subjects were randomly assigned to
diets containing 90% soy protein or
diets with animal protein.

ISP decreased cholesterol an additional 4-10% in hyper-
cholesterolemia; TC decreased 3.5%, LDL-C decreased 6.0%,
and apoprotein B decreased 9.8%. Soy protein (n=12) lowered
LDL-C better than animal protein.

Subjects were given either textured
soy protein (three weeks) or low-fat
diet (three weeks).

Six subjects had decreased TC by 10-28%, most evident in
LDL-C. The hypocholesterolemic effects could not be
explained by fecal excretion of bile acids or neutral steroids.

After a four-week baseline period, five-
to-seven slices of crispbread, which
contained 50-60 g. Soy protein was
added to diet.

At 30 days the crispbread decreased TC 27 mg/dl (8%) and
LDL-C 46 mg/dl (16%).

Subjects given diets with soy protein
alone (85%) or diets augmented with soy
protein added to low fat/cholesterol diet.

In type-llA (n=39), the soy protein alone decreased TC 31.5%,
LDL-C 43.4% and in type-IIB (n=20), the soy protein decreased
TC 30.3% and LDL-C 31.7%

Subjects given 25 g soybean
polysaccharide (75% CHO, 12%
protein, 2% fat, 74% fiber) or placebo
starch in their diets.

During this eight-week, crossover, blind study, the soybean
polysaccharide diet decreased TC 28 mg/dl (11%) with no
change in HDL-C in the 31 subjects.

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

VOL. 96, NO. 8, AUGUST 2004 1035



METABOLIC SYNDROME, SOYBEAN FOODS, AND SERUM LIPIDS

blood samples were collected at assigned intervals. At
the end of 14 months, the youngest 11 monkeys were
necropsied (according to Federal Government Guide-
lines), and atherosclerosis evaluations and testicular
weights were analyzed. The results indicated that: 1)
The soy+ group had significantly lower total and
LDL/VLDL cholesterol when compared to the other
two groups (p<0.001); 2) The soy+ group had in-
creased HDL cholesterol when compared to the other
two groups (p<0.001); 3) Morphometric and angio-
chemical studies were done to quantify atherosclero-
sis. Coronary artery atherosclerotic lesions were
smallest in the soy+ group (90% less than the casein
group and 50% less than the soy- group; 4) Data on
intimal area (lesion size) for coronary arteries,
abdominal aorta and left carotid bifurcation, left com-
mon carotid, and left common iliac arteries indicated
that the average intimal area (atheromatous lesion
size) was smallest in the soy+ group; 5) Testicular
weights were unaffected by the phytoestrogens.

An Australian study (placebo-controlled,
crossover trial) in healthy women (perimenopausal
and menopausal) employed isoflavone tablets (80
mg isoflavone, of which 45 mg was genistein) and
placebo to measured systemic arterial compliance
within the main conduit arteries.” Investigators esti-

mated arterial elasticity by frequent automated arte-
rial pressure measurements at five- and 10-week
intervals. Isoflavones (80-mg tablets) improved sys-
temic arterial compliance, and the mean difference
(placebo = 0.81 + 0.4 and isoflavone = 0.99 + 0.54)
was highly significant (paired t-test analysis,
p=0.011). Placebo had no effect on systemic arterial
compliance, while the isoflavone group experienced
a 26% improvement in arterial compliance. The
authors speculated that the smooth muscle layer
within the vessel wall may be under influence of
endothelial cell events, and that soybean isoflavones
stimulate endothelial-related arteriolar relaxation.
Cassidy,* in studying 15 healthy (inpatient) non-
vegetarian premenopausal women, provided evi-
dence that soybean protein may have both agonist
(stimulation) or antagonist (inhibitory) effects on
estradiol 17 Beta receptors. Subjects were assigned
to one of three groups receiving: 1) 60 g textured
soybean protein (TSP) containing 45 mg conjugated
isoflavones, n=6); 2) 28 g textured soybean protein
containing 23 mg conjugated isoflavones, n=6); and
3) 50 g miso (fermented soybean paste) which con-
tains 25 mg unconjugated isoflavones, n=3).
Methodological limitations exist in these small num-
bers, as no diet significantly affected transit time

Table 2. lllinois Clinical Trials:

Investigator/Year
Potter SM, et al. Am J Clin Nutr.
1993;58:501-506.

Method/Material

Thirty-nine males (inpatients VA Hospital) control on NCEP
Step-1 diet. Randomization: four weeks each of following:
1) soy flour with 50% protein and 2 g fiber

2) soy protein/soy cotyledon fiber

3) nonfat dry milk/casein

4) ISP/cellulose

Bakhit RM, et al. J Nutr.
1994;124:213-222.

Twenty-one male outpatients were controlled on two weeks
of NCEP Step-1 diet; then randomized to one of four RX for
four weeks each:

1) ISP/cellulose

2) ISP/soybean cotyledon fiber

3) Casein/soybean cotyledon fiber

4) Casein/cellulose

Baum JA, et al. Am J Clin Nuftr.
1998;68:545-551.

Sixty-six postmenopausal females (BMI range 26.7-29.1) were
entered into a six-month study. There were 24 with increased
baseline TC. Subjects were stabilized and maintained on
NCEP Step-1 diet during trials of:

1) ISP56 mg total (1.39 mg) isoflavone/40 g protein

2) ISP90 mg total (2.25 mg) isoflavone/40 g protein

3) Casein+nonfat dry milk/no isoflavone (control)

Potter SM, et al. Am J Clin Nutr.
1998:68(Suppl):$1375-§1379.

Bone mineral content and density of lumbar spine (L1-4),
femur and total body measured by dual-energy x-ray
absorptiometry at entry and 24 weeks.

ISP: isolated soy protein, TC: total cholesterol, HDL-C:
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over complete menstrual cycle. The menstrual tran-
sit time during the follicular phase was longer in the
miso group (miso= 45.8 + 5.3 hours; control = 35.1
+ 4.7 hours). These normal premenopausal females
exhibited a decrease in total cholesterol in the group
receiving with TSP-60 g with 45 mg isoflavones. In
addition, the group receiving the higher (TSP-60 g
with 45 mg isoflavones) exhibited increased follicu-
lar phase length and peak progesterone concentra-
tions delayed (p<0.01). Mid-cycle peaks in luteiniz-
ing hormone (LH) and follicle stimulating hormone
(FSH) were suppressed with 45 mg isoflavonoids.
(p<0.05). The menstrual cycle effects of soybean
protein with intact isoflavones must be evaluated.

CLINICAL RANDOMIZED TRIALS
(2000-2003)

Dose responses for varying concentrations of soy-
bean protein were determined in 81 hypercholes-
terolemic males (ages 23—74, free-living outpatients,
Champaign-Urbana, IL) while being maintained on
National Cholesterol Education Program Step-1 diet.
(<30% energy from fat, <10% saturated fat, and <300
mg cholesterol).” Pertinent baseline data included mild
hypercholesterolemia (220-300 mg/dL) and the body
mass index range 26.4-27.8. After a three-week lead-in

METABOLIC SYNDROME, SOYBEAN FOODS, AND SERUM LIPIDS

period, subjects were randomly assigned to one of five
experimental groups. For six weeks, each group
received 50 g/day, which included isolated soy protein
(ISP; Supro Plus 675 HG with 1.9 mg total isoflavone
aglycone units/g protein, Protein Technologies Interna-
tional, St. Louis, MO) and casein (calcium caseinate,
Alanate 391; New Zealand Milk Products, Welling-
ton). The five groups received 50-, 40-, 30-, 20-, and 0
g (control) ISP and 0-, 10-, 20-, 30-, and 50 g casein,
respectively. Test proteins were given through baked
foods and ready-to-mix beverages, and the consump-
tion of foods was monitored five times per week. Pri-
mary outcome measurement was change from baseline
for each subject, and there were 15-18 males per
group. At six weeks, non-HDL cholesterol was
reduced in all groups that received ISP. The reduction
in total cholesterol was significant at six weeks for the
groups that 20-, 30-, and 50-g ISP. The 40-g ISP
reduced total cholesterol 0.053 mmol/L (statistically
not significant). At week six, no significant changes
were found for concentrations of HDL cholesterol, tria-
cylglycerol, apo A-I, or lipoprotein(a) or TC:HDL cho-
lesterol in any group that received ISP. This trial there-
fore identifies a cholesterol lowering effect with doses
as low as 20 g of soy protein/day in this normal-weight,
mildly hypercholesterolemic male population.

Studies on Serum Lipids (1993-1998)

Result

In subjects with hypercholesterolemia (n=26), the three treatments with soy decreased TC at 16 weeks. The
ISP/cotyledon fiber group had the most marked decrease in both TC and LDL. The ISP groups lowered
apolipoprotein B, but there was no effect on HDU-I HDL-C.

A repeated ANOVA performed on all (n=21) subjects indicated that dietary RX did not influence serum
lipids. In subjects with elevated initial TC (n=11), both ISP protein RXs lowered TC when compared to the

two casein groups (p<0.05).

Non-HDL-C in both ISP56 and ISP90 groups was reduced compared to control (p<0.05), but the TC was not
significantly changed. HDL-C was increased in both ISP56 and ISP90 groups (p<0.05). Ratio of TC to HDL-C
was decreased in ISP56 and ISP90 when compared to control. Mononuclear cell LDL receptor mRNA was

increased in subjects receiving ISP56 and ISP90.

Within the ISP90 group, there was a significant increase in both bone mineral content and density at 24

weeks.

high-density cholesterol, LDL-C: low-density cholesterol
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Another randomized, double-blind, placebo-con-
trolled study from Brazil* examined the change in
menopausal symptoms and cardiovascular risk fac-
tors in 80 postmenopausal women (ages 45-55).
These subjects all had to be in menopause at least 12
months, and no subject had been treated with hor-
monal or lipid lowering therapies within the previ-
ous 12 months. Subjects were randomized to either:

1) Isoflavone group (n=40)—Each capsule was 83.3
mg and was composed of soy protein 50.3 mg (60%)
and isoflavone 33.3 mg (40%), which consisted of
genistein (23.3 mg), daidzein (6.2 mg), and glycetin
(3.8 mg).

2) Placebo group (n=40)—Each capsule was 83.3
mg and was composed of purified soy protein 50.3
mg (without any kind of isoflavone) and glucose
33.3 mg.

The 80 women completed the five-month study,
which included screening, baseline, and four months
of treatment. At the end of the study, menopausal
symptoms were assessed; BMI, blood pressure,
lipids, hormone levels, and transvaginal sonography
were determined; and these data compared to base-
line. The Kupperman index was used to evaluate 11
menopausal symptoms: 1) hot flashes (vasomotor),
2) paresthesia, 3) insomnia, 4) nervousness, 5)
melancholia, 6) vertigo, 7) weakness, 8) arthral-
gia/myalgia, 9) headache, 10) palpitation, 11) formi-
cation (the sense of feeling ants or insects on the
skin). To calculate the index, each symptom is grad-
ed (0-3) for no, slight/moderate, or severe com-
plaints. Symptoms are rated as follows: hot flashes
(x4) paresthesia (x2), insomnia (x2), nervousness
(x2), and all others (x1). Therefore, the highest
potential score is 51. The score of hot flashes was
based on number of complaints per day: slight (<5),
moderate (5-10) or severe (>10).

Evaluations of cardiovascular disease risk indi-
cated that both total and LDL cholesterol were sig-
nificantly decreased in the isoflavone group com-
pared with baseline or placebo group. The HDL
cholesterol and triglycerides increased in both
groups. (control n=40, isoflavone (n=40). Iso-
flavones decreased total cholesterol (mean + SEM)
by 26.8 + 5.8 (p<0.001) and LDL cholesterol by
13.3 £ 4.6 (p<0.001). HDL cholesterol increased in
both groups by 4 + 1.5 (p<0.001 paired t-test, two-
tailed.) Triglycerides were modestly elevated in both
control (10.3 + 6.2) and isoflavone groups (6.5 +
15). During the four-month treatment period, the
menopausal symptoms in the isoflavone group were
significantly less than placebo group. The Kupper-
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man menopausal index, decreased approximately 20
points within the isoflavone group, was accompa-
nied by marked improvements in climacteric signs
and symptoms.

Phytoestrogens have recently been linked to
improved bone health in postmenopausal women in
anecdotal, lay press, and agromedical literature.
Estrogen consumed in foods of postmenopausal
females has long been suggested as playing a role in
the decreased osteoporosis in Chinese, Japan, and
other Asian countries.” Recent reports (Women’s
Health Initiative Investigators) in postmenopausal
women of serious HRT-induced, adverse side effects
from especially the oral estrogen/progesterone com-
binations® have resulted in decreased prescriptions
for Prempro (66%) and Premarin (33%) during the
six months January—June 2003 when compared to
January—June 2002.?

A large study (n=650) of Hong Kong southern
Chinese females has correlated soy food intake using
food frequency tertiles and documents these effects
on bone health.*® There were nine major sources of
soy foods evaluated by low, medium, and high daily
intake. Bone mineral density (BMD) was measured
at lumbar spine (L2—4), femoral neck, trochanter,
Ward’s triangle, and total hip using dual-energy x-ray
absorptiometry in 293 premenopausal and 357 post-
menopausal women. BMD measurements of the
three groups of phytoestrogen intakes were evaluated
after controlling for age, weight, height, and years
since menopause, smoking, alcohol, calcium intake,
and previous hormonal replacement therapy (only
4.5% within postmenopausal women group had pre-
vious HRT). Their data indicate that postmenopausal
females consuming higher daily intake of soy foods
had increases in bone mineral density at three char-
acteristics locations: Lumbar spines 2—4, total hip,
and femoral head (Ward’s triangle). Ward’s triangle,
an area of radiolucency between primary trabecular
patterns within the femoral neck, is a particularly
prone to osteoporosis in menopausal women. Though
soybean foods appear to increase BMD within these
three anatomic areas in postmenopausal Chinese
women, there were no detectable effects in pre-
menopausal women presumably because there was
still enough circulating endogenous estrogen. Evi-
dence exists that soybean sources of estrogen in post-
menopausal women induce positive effects in bone
physiology. This results in a decreased loss of bone
because soybean foods slow the resorption of bone.
Women with the highest intake of isoflavones had
significantly lower levels of serum PTH, osteocal-
cin, and urinary NTx excretion when compared to
the low isoflavone intake group.

Two Canadian studies involving unique popula-
tions of hyperlipidemic Caucasians reported the

VOL. 96, NO. 8, AUGUST 2004



effects of soy foods on elevated serum lipoproteins.
The first* involves 41 subjects, whose mean age was
62 and mean BMI=25.3. No subject had clinical or
biochemical evidences of diabetes, liver, or renal
disease. All subjects had elevated LDL cholesterol
(>4.1 mmol/L). The three diet phases included: 1)
Control phase—Ilow fat dairy, egg substitution, low
fat cheeses, and protein foods of the NCHEP Step-11
diet (<7% energy from saturated fats and <200 mg/d
of dietary cholesterol) 2) Low isoflavone phase, and
3) High isoflavone phase. The major isoflavones
were genistein, daidzein, and glycetin, and the
approximate amounts obtained in the low phase
were 10 mg/d and 73 mg/d in the high phase.
Sources of soy protein and isoflavones were soy
milk (low fat 0.1% fat), soy hot dogs, breakfast
links, cold cuts, and tofu burgers and nuggets made
from soybeans. Their results indicated that there was
over 96% compliance to the diets in all three phases.
There was no significant difference in blood lipid
responses between the low- and high-phase isofla-
vone groups, but both exhibited significantly more
effects than the control phase. More specifically,
there were significant decreases in total cholesterol
(7%) and LDL cholesterol (7.1%). Both soy iso-
flavone phases decreased the oxidized LDL levels
and homocysteine levels (6%). The high isoflavone
group experienced a 8% decrease in SBP in men but
not women.

A follow-up outpatient (three-month) study from
the same Toronto center has been completed in 46
subjects. The randomized, clinical trial was designed
to compare low-fat foods and lovastatin 20 mg/day
in hyperlipidemic Caucasians.” There were 25 males
and 21 postmenopausal women and only one black
female. The mean age was 59 (range 3685 years),
mean body mass index (BMI) was 27.6 + 0.5 (range
20.5-35.5). Mean LDL cholesterol was >158 mg/dL
or >4.1 mmol/L. No subject had a history of heart
disease, diabetes, renal or liver disease, and no sub-
ject was receiving lipid-lowering agents. (Twenty-
one subjects had been treated with oral statins, but
all had discontinued these medications two weeks
prior to study and five subjects received antihyper-
tensive medications throughout the study.) There
was only one cigarette smoker. All subjects received
the NCHEP Step-II diet for one month prior to study
entry. Subjects were randomized to either: 1) a diet
very low in saturated fat, based on milled whole-
wheat cereals and low-fat dairy foods (n=16; con-
trol) 2) same diet plus lovastatin, 20 mg/d (n=14), or
3) diet high in plant sterols (dietary portfolio)
derived from enriched margarines (1.0 g/1,000
kcal), soy protein (21.4 g/1,000 kcal), viscous fibers
(9.8 g/1,000 kcal), and almonds (14 g/1,000 kcal;
n=16). The control, statin, and dietary portfolio
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groups had mean (SE) decreases in LDL cholesterol
of 8.0 = 2.1% (P=0.002), 30.9 + 3.6% (P<0.001),
and 28.6 + 3.2% (P<0.001), respectively. The reduc-
tions in C-reactive protein were 10 = 8.6% (control),
33.3 £ 8.3% (statin group) and 28.2 + 10.8%
(dietary portfolio). Hence, there was no significant
difference in efficacy between the statin group and
dietary portfolio group, yet both diets were superior
to the control diet. Both Canadian studies confirm
soybean foods, often-reported serum-cholesterol-
lowering effects, even within in this unique Cau-
casian population (no biochemical or clinical indica-
tors of diabetes, liver or renal disease). Preventive
primary care must now mandate that soy foods,
which are known to lower the bad LDL cholesterol,
become a primary intervention for elevated choles-
terol before our polypharmacy approach.*

Call-to-Action: Community
Coordination to Reduce
Metabolic Syndrome

The full preventive potentials of soybeans and
their derivatives can be maximized by including them
in comprehensive lifestyle behavior changes. The
Food and Drug Administration (October 1999) recog-
nized the benefits of soy foods on cardiovascular dis-
eases in its statement that daily consumptions of 25 g
of soy protein combined with other lifestyle modula-
tions (i.e., exercise) helps prevent heart disease.** The
American Heart Association statement on the known
modifiable risk factors in heart disease suggests that
physicians and healthcare provide encouragement for
the incorporation of soy foods into primary preven-
tive therapy for elevations in total and LDL choles-
terol. The most frequently documented soybean
effect has been the decrease in the total and bad LDL
cholesterols, yet soybeans are also an excellent source
of dietary soluble fiber which also is known to
decrease serum cholesterol.*

Metabolic syndrome mandates that each of its five
components be approached with diet/exercise as pri-
mary preventive therapy. Low-fat, high vegetable/fruits
diets (Dietary Approaches to STOP Hypertension—
DASH diet) have been shown to reduce both SBP and
DBP in Afro-Americans as well as single-drug therapy.
Hypertensive black subjects (n=133) within the DASH
trial had decreases of 11.4 mmHg in SBP and 5.5
mmHg in DBP?” Further restriction of sodium intake
within the DASH diet indicated additive hypotensive
effect on blood pressure. Blacks exhibited a 12.6
mmHg decrease SBP, yet only a 9.5-mmHg decrease
was documented within other ethnic groups. Subjects
most responsive to sodium restriction were those with
established hypertension, blacks, and women.*® Com-
prehensive lifestyle modification (reduced weight,
improved fitness, and sodium restriction) on blood
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pressure control (PREMIER clinical trial)* has also
indicated that an additional 4.3-mmHg decrease in
SBP occurs within DASH-type food therapy. Hence,
physician education must now include pertinent heart-
healthy properties of soy foods.

The surgeon general’s warning (overweight/obe-
sity) and its Call-to-Action must now incorporate
community resources with known dietary therapies
that may reduce metabolic syndrome, especially
within high-risk minority populations.” Govern-
mental surveys (NHANES 2000 and BRFSS 2001)
have emphasized our nations’ obesity epidemic in
the U.S. adult population, but there are dramatic
increases in prevalence within the three major
minority groups (African-, Mexican/Latino-, and
Native Indian Americans.*** The major challenge
facing physicians and healthcare providers hinges
on our ability to disseminate the known preventive
health education to high-risk minority groups in cul-
turally sensitive educational models. Only after rec-
ognized ethnic/cultural barriers to diet and exercise
lifestyle changes have been identified can we begin
to reduce long-term effects of metabolic syndrome.
There are no quick fixes to this pandemic, and soy
supplements do not offer the solution because they
do not possess the same heart-healthy properties as
whole soy foods.*

REFERENCES

1. Executive Summary of the Third Report of the National Cholesterol Edu-
cation Program (NCEP) Expert Panel of Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adults Treatment Panel Il). Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults. JAMA. 2001;285:2486-2497.

2. Park YW, Zhu S, Palaniappan L, et al. The Metabolic Syndrome: Preva-
lence and associated risk factor findings in the U.S. population from the
Third National Health and Nutrition Examination Survey, 1988-1994. Arch
Intern Med. 2003;163:427-436.

3. Carver GW. Nature's garden for victory and peace. Tuskegee Institute
Bulletin. No.43, March 1942.

4. Hodges RE, Krehl WA, Stone DB, et al. Dietary carbohydrates and low
cholesterol diets: effects on serum lipids of man. Am J Clin Nutr. 1967:20:
198-208.

5. Goldberg AP, Lim A, Kolar JB, et al. Soybean protein independently low-
ers plasma cholesterol levels in primary hypercholesterolemia. Atheroscle-
rosis. 1982;43:355-368.

6. Fumagalli R, Soleri L, Farina R, et al. Fecal cholesterol excretion studies in
type-Il hypercholesterolemic patients treated with the soybean protein
diet. Atherosclerosis. 1982;43:341-353.

7.Kolb S, Sailer D. Soybean protein crispbread as additional dietetic meas-
ure in hypercholesterolemia. Nutrition Reports International. 1984;30: 719-
724.

8. Verrillo A, de Teresa A, Giarrusso PC, et al. Soybean protein diets in the
management of type-Il hyperlipoproteinemia. Atherosclerosis. 1985;54:
321-331.

9. Shorey RL, Day PJ, Wiliis RA, et al. Effects of soybean polysaccharide on
plasma lipids. J Am Diet Assoc. 1985;85:1461-1465.

10. Sanchez A, Hubbard RW. Plasma amino acids and the insulin/glucagon
ratio as an explanation for the dietary protein modulation of atherosclero-
sis. Medical Hypotheses. 1991;35:324-329.

11. Carroll K. Review of clinical studies on cholesterolHowering response to
soy protein J Am Diet Assoc. 1991:91:820-827.

1040 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

12. Sirtori CR, Lovati MR, Manzoni C, et al. Soy and cholesterol reduction:
Clinical experience. J Nutr. 1995;125:5985-6055.

13. Anderson JW, Johnstone BM, Cook-Newell ME. Meta-analysis of the
effects of soy protein intake on serum lipids. N Engl J Med. 1995:333:276-282.

14, Potter SM, Bakhit RM, Essex-Sorlie DL, et al. Depression of plasma choles-
terol in men by consumption of baked products containing soy protein.
Am J Clin Nutr. 1993;58:501-506.

15. Bakhit RM, Klein BP, Essex-Sorlie D, et al. Intake of 25 g of soybean pro-
tein with or without soybean fiber alters plasma lipids in men with elevated
cholesterol concentrations. J Nutr. 1994;124:213-222.

16. Baum JA, Teng H, Erdman JW, et al. Long-term intake of soy protein
improves blood lipid profiles and increases mononuclear cell low-density-
lipoprotein receptor messenger RNA in hypercholesterolemic, post-
menopausal women. Am J Clin Nutr. 1998;68:545-551.

17. Potter SM, Baum JA, Teng H, et al. Soy protein and isoflavones: their
effects on blood lipids and bone density in postmenopausal women. Am J
Clin Nutr. 1998;68(Suppl):$1375-51379.

18. Pelletier X, Belbraouet S, Mirabel D, et al. A diet moderately enriched in
phytosterols lowers plasma cholesterol concentrations in normocholes-
terolemic humans. Ann Nutr Metab. 1995;39:291-295.

19. Kurowska EM, Jordan J, Spence JD, et al. Effects of substituting dietary
soybean protein and oil for milk protein and fat in subjects with hypercho-
lesterolemia. Clin Invest Med. 1997;20:162-170.

20. Crouse JR, Morgan T, Tenry JG, et al. A randomized trial comparing the
effect of casein with that of soy protein containing varying amounts of
isoflavones on plasma concentrations of lipids and lipoproteins. Arch Intern
Med. 1999;159:2070-2076.

21. Washburn §, Burke GL, Morgan T, et al. Effect of soy protein supplemen-
tation on serum lipoproteins, blood pressure, and menopausal symptomsin
perimenopausal women. Menopause. 1999;6:7-13.

22. Anthony MS, Clarkson TB, Bullock BC, et al. Soy protein versus soy phy-
toestrogens in the prevention of diet-induced coronary artery atheroscle-
rosis of male cynomolgus monkeys. Arterioscler Thromb Vasc Biol. 1997:17:
2524-2531.

23. Nestel PJ, Yamashita T, Sasahara T, et al. Soy isoflavones improve sys-
temic arterial compliance but not plasma lipids in menopausal and peri-
menopausal women. Arterioscler Thromb Vasc Biol. 1997;17:3392-3398.

24. Cassidy A, Bingham S, Setchell K. Biological effects of isoflavones in
young women: importance of the chemical composition of soybean prod-
ucts. BrJ Nutr. 1995;74:587-601.

25. Teixeira SR, Potter SM, Weigel R, et al. Effects of feeding four levels of soy
protein for three- and six weeks on blood lipids and apolipoproteins in
moderately hypercholesterolemic men. Am J Clin Nutr, 2000;71:1077-1084.

26. Han KK, Soares JM, Haidar MA, et al. Benefits of soy isoflavone therapeu-
tic regimen on menopausal symptoms. Obstet Gynecol. 2002:99:389-394.

27. Merritt JC. Therapeutic Options: Hormone replacement therapy-soy
therapy. J Natl Med Assoc. 2001;93:288-292.

28. Writing Group for the Women's Health Initiative Investigators. Risks and
benefits of estrogen plus progestin in healthy postmenopausal women:
principal results from the Women's Health Initiative randomized confrolled
frial. JAMA. 2002;288:321-333.

29. Hersh AL, Stefanick ML, Stafford RS. National use of postmenopausal
hormone therapy: Annual trends and response to recent evidence. JAMA.
2004;291:47-53.

30. Mei J, Yeung SSC, Kung AWC. High dietary phytoestrogen intake is asso-
ciated with higher bone mineral density in postmenopausal but not pre-
menopausal women. J Clin Endocrinol Metab. 2001;86:5217-5221.

31. Jenkins DJA, Kendall CWC, Jackson CJC, et dl. Effect of high- and low-
isoflavone soyfoods on blood lipids, oxidized LDL, homocysteine, and
blood pressure in hyperlipidemic men and women. Am J Clin Nutr. 2002;76:
365-372.

32. Jenkins DJA, Kendall CWC, Marchie A, et al. Effects of a dietary portfo-
lio of cholesterol-lowering foods vs. Lovastatin on serum lipids and C-reac-
tive protein. JAMA. 2003;290:502-510.

33. Anderson JW. Diet first, then medication, for hypercholesterolemia.
JAMA. 2003;290:531-533.

34. Food and Drug Administration. Food labeling: health claims; soy protein
and coronary heart disease. Fed Regist. 1999;64:57699-57733.

VOL. 96, NO. 8, AUGUST 2004



METABOLIC SYNDROME, SOYBEAN FOODS, AND SERUM LIPIDS

35. Erdman JW. Soy protein and cardiovascular disease: A statement for 43. Freedman DS, Khan LK, Serdula MK, et al. Trends and correlates of Class
healthcare professionals from the Nutrition Committee of he AHA. Circula- 3 obesity in the United States from 1990 through 2000. JAMA. 2002;

tion. 2000;102:2555-2559. 288:1758-1761.
36. Brown L, Rosner B, Willett WW, et al. Cholesterol-lowering effects of 44. Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity, dia-
dietary fiber: a meta-analysis. Am J Clin Nutr. 1999;69:30-42. betes, and obesity-related health risk factors, 2001. JAMA. 2003;289:76-79.

37. Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial of the effects of 45. Messina M. Experts offer opposing viewpoints on supplements. The Soy

dietary patterns on blood pressure. N Engl J Med. 1997:336:1117-1124.

38. Sacks FM, Svetkey LP, Volimer WM, et al. Effects on blood pressure of
reduced dietary sodium and the dietary approaches to stop hypertension
(DASH) diet. N Engl J Med. 2001;344:3-10.

39. Effects of comprehensive lifestyle modification on blood pressure con-
frol: Main results of the PREMIER Clinical Trial. Writing group of the PREMIER
Collaborative Research Group. JAMA. 2003;289:2083-2093.

40. The Surgeon Generals Call to Action to Prevent and Decrease Over-
weight and Obesity 2001. Available at http://www.surgeongeneral.gov/
library.

41. Flegal KM, Carroll MD, Ogden CL, et al. Prevalence and trends in obesi-
ty among U.S. adults, 1999-2000. JAMA. 2002;288:1723-1727.

42. Ogden CL, Flegal KM, Camoll MD, et al. Prevalence and trends in over-
weight among U.S. children and adolescents, 1999-2000. JAMA. 2002;
288:1728-1732.

Connection. 2004;12:1-5. www.talksoy.com/soyconnection. B

We Welcome Your Comments
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The Depariment of Anesthesiology at the University of Texas Med-
ical Branch in Galveston, Texas is recruiting for a full-ime, board-
eligible or board-cerfified Anesthesiologist from an accredited
insfitution with complefion of a one-year clinical fellowship. Pre-
femed requirements include a one-year general fellowship and a
one-year postdoctoral fellowship in research. Responsibilities
include providing clinical anesthesia, instructing residents, and
supervising CRNAs in a busy 25room operating suite performing
more than 1,700 cases per month. Rotating shifts (nights, week-
ends and call) are required. Annual accrued vacation up to
three weeks, plus five additional educational days. Benefits
package includes malpractice, medical, dental, disability and
life insurance. Refirement plans include employer-matched plan
plus 401K and 457B—all with pre-tax money. UTMB, home of the
oldest medical school in Texas, is located on a beaufiful subfropi-
cal island. Social events include Dickens on the Strand, New
Orleans-style Mardi Gras, Carbbean festivals, outdoor sports (fish-
ing, sailing, camping, horseback riding, etc.). Cultural center
events include plays and entertainment by world-famous per-
formers at the Grand 1894 Opera House. Many other activities
await you on this historic island. Please send a letter and C.V. to:
Donald $S. Prough, M.D., Professor and Chair, Department of
Anesthesiology, UTMB, 301 University Bivd., Galveston, TX 77585-
0591, or email: dsprough@utmb.edu. Tel; 409-772-2965, Fax; 409-
772-4166. UTMB is an equal opportunity, affrmative action institu-
tion, which proudly values diversity. Candidates of all
backgrounds are encouraged to apply.

Instructor

Applications are invited from qualified candidates
for the position of Instructor in the Department of
Human Genetics, Virginia Commonwealth Univer-
sity. Candidates should hold the PhD degree and
have at least three years post-doctoral experi-
ence in the molecular genetics of cancer. Candi-
dates should have broad range of knowledge in
molecular biology and experience in the geneti-
cally engineered mouse models, including mouse
husbandry. The successful applicant will be
expected to carry out research related to the
molecular genetics of cancer in transgenic/
knock-out mouse models and to oversee daily
laboratory operations in a basic research labora-
tory. Independent research interests in projects
related to the overall goals of the laboratory are
also encouraged. Applicants should send their
curriculum vitae and names of three references to
Jolene J. Windle, PhD, Search Committee Chair,
Department of Human Genetics, Virginia Com-
monwealth University, Box 980033, Richmond, VA
23298-0033, USA by August 31, 2004.

Virginia Commonwealth University is an EEO/AA
Employer, Women, minorities and persons with dis-
abilities are encouraged to apply.
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