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Science ory

Soy Protein, Isoflavones, and Cardiovascular Health

An American Heart Association Science Advisory for Professionals
From the Nutrition Committee

Frank M. Sacks, MD; Alice Lichtenstein, DSc; Linda Van Horn, PhD, RD; William Harris, PhD;
Penny Kris-Etherton, PhD; Mary Winston, EdD;
for the American Heart Association Nutrition Committee

Abstract—Soy protein and isoflavones (phytoestrogens) have gained considerable attention for their potential role in
improving risk factors for cardiovascular disease. This scientific advisory assesses the more recent work published on
soy protein and its component isoflavones. In the majority of 22 randomized trials, isolated soy protein with isoflavones,
as compared with milk or other proteins, decreased LDL cholesterol concentrations; the average effect was ~3%. This
reduction is very small relative to the large amount of soy protein tested in these studies, averaging 50 g, about half the
usual total daily protein intake. No significant effects on HDL cholesterol, triglycerides, lipoprotein(a), or blood pressure
were evident. Among 19 studies of soy isoflavones, the average effect on LDL cholesterol and other lipid risk factors
was nil. Soy protein and isoflavones have not been shown to lessen vasomotor symptoms of menopause, and results are
mixed with regard to soy’s ability to slow postmenopausal bone loss. The efficacy and safety of soy isoflavones for
preventing or treating cancer of the breast, endometrium, and prostate are not established; evidence from clinical trials
is meager and cautionary with regard to a possible adverse effect. For this reason, use of isoflavone supplements in food
or pills is not recommended. Thus, earlier research indicating that soy protein has clinically important favorable effects
as compared with other proteins has not been confirmed. In contrast, many soy products should be beneficial to
cardiovascular and overall health because of their high content of polyunsaturated fats, fiber, vitamins, and minerals and
low content of saturated fat. (Circulation. 2006;113:000-000.)
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S oy protein has gained considerable attention for its
potential role in improving risk factors for cardiovascular
disease (CVD). In October 1999, the US Food and Drug
Administration (FDA) approved labeling for foods containing
soy protein as protective against coronary heart disease.! The
FDA based this decision on clinical studies showing that at
least 25 g of soy protein per day lowered total and LDL
cholesterol. The FDA requires for the claim that a serving
contain at least 6.25 g of soy protein, 25% of the necessary
daily amount (25 g), with the expectation that foods contain-
ing soy protein would be eaten at least 4 times per day. The
FDA also stated that “the evidence did not support a signif-
icant role for soy isoflavones in cholesterol-lowering effects
of soy protein.”!

In 2000, the American Heart Association (AHA) Nutrition
Committee released a scientific advisory on soy protein and

CVD.2 At that time, the conclusion was that “it is prudent to
recommend including soy protein foods in a diet low in
saturated fat and cholesterol.” Since then, many well-
controlled studies on soy protein and soy-derived isoflavones
substantially added to the knowledge base. For this reason,
the AHA Nutrition Committee decided to reevaluate the
evidence on soy protein and CVD and update its scientific
advisory. Thus, this scientific advisory assesses the more
recent work published on soy protein and its component
isoflavones. The focus is on blood LDL cholesterol because it
is by far the most studied risk factor for CVD, is the primary
criterion on which the National Cholesterol Education Pro-
gram estimates risk and recommends therapy,? and forms the
basis for the FDA-approved health claim. In this advisory, we
also consider the effects of soy protein and isoflavones on
several other CVD risk factors: HDL cholesterol, triglycer-
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ides, lipoprotein(a), and blood pressure. The medical litera-
ture was searched comprehensively for original research
publications on the effects of soy protein or isoflavones on
CVD risk factors, and all controlled trials that separately
listed soy protein and isoflavone content were used. In
addition, this advisory reviews the evidence on soy products
in other health conditions, including menopausal symptoms,
osteoporosis, and cancer.

Soy protein, like any other dietary protein, contains calo-
ries and could be used in the diet to replace animal protein or
other vegetable proteins. Soy protein also could replace other
sources of calories such as carbohydrate or fat, raising the
total amount of protein eaten and reducing carbohydrate or fat
intake. Most studies exchanged soy protein for other dietary
proteins, and this evidence is evaluated in the present advi-
sory. Much less is known about the potential impact on risk
factors for CVD of increasing total protein intake by adding
soy or other plant protein in place of carbohydrate or fat; this
important dietary change is currently being studied.

The Soy Protein Hypothesis on
LDL Cholesterol

An Overview

Animal proteins raise blood cholesterol concentrations in
several animal species fed cholesterol-free semisynthetic
diets.*> Casein, the most prevalent protein in milk, has been
used most often, although other animal proteins such as pork
and beef protein do the same. This is a useful established
nutritional model for studying diet-induced hypercholesterol-
emia and atherosclerosis and an alternative to feeding animals
large amounts of cholesterol. In contrast, when soy protein is
substituted for the animal protein, hypercholesterolemia does
not occur. Thus, either some animal proteins have a direct
hypercholesterolemic action, or soy protein has a cholester-
ol-lowering action. This latter possibility led to intensive
work in the late 1970s and 1980s to test the hypothesis that
soy protein can be a nutritional approach to reducing blood
cholesterol. This concept gained support from epidemiologi-
cal observations on diet and CVD in Japan and other Asian
countries where large amounts of soy products were eaten
and blood cholesterol concentration and CVD incidence were
low. However, many differences in diet and lifestyle be-
tween Asian and Western countries could explain the differ-
ences in the prevalence of CVD.

Early indications that soy protein had much less effect in
humans than in animals came from direct application of the
animal model to humans. Diets similar to those eaten by
humans, based on either soy protein or casein, were fed to
rabbits, and, as expected, casein produced hypercholesterol-
emia.” However, when the same diets were fed to healthy
people, the protein source did not affect blood cholesterol.”-
Others studied the effect of casein in strict vegetarians who
ate no dairy or animal proteins to provide a human counter-
part to the mainly vegetarian animal (eg, rabbit) models.
Compared with soy protein, no effect of casein on blood
cholesterol was found.’

In the late 1970s and early 1980s, the soy protein hypoth-
esis was greatly strengthened as a result of studies by Sirtori

et al'® and Descovich et al,'' who found that diets high in soy
protein, replacing nearly all the animal protein, substantially
reduced blood LDL cholesterol by 20% to 30% in severe
hypercholesterolemia. Because the soy protein diets were also
reduced in saturated fat and cholesterol and increased in
polyunsaturated fat and because the patients also often lost
weight on the dietary protocols, the results were often
confounded. The authors reported that textured soy protein
(50% soy flour, 50% soy protein concentrate) but not soy
protein isolate (90% soy protein) was effective. This raised
the possibilities that, rather than the soy protein itself, the
nonprotein components of the soy protein preparation or the
effect of soy displacing cholesterol-raising fats in the diet
could have had a blood cholesterol-lowering action. Results
of other early studies of soy protein in hypercholesterolemic
subjects showed either cholesterol reduction'> or no
effect.!314

A meta-analysis published in 1995 attempted to reconcile
the many divergent findings among studies of soy protein.'>
In 29 controlled studies, a trend emerged that soy protein
selectively reduced blood cholesterol in direct proportion to
the degree of hypercholesterolemia. For example, in those
with severely elevated blood cholesterol (>335 mg/dL), soy
protein reduced blood cholesterol by 20%. Only a 7%
reduction occurred in those with cholesterol levels between
259 and 333 mg/dL; if the initial blood cholesterol was <255
mg/dL, there was no significant effect. Thus, the response to
soy protein was determined more by the initial blood choles-
terol level and, surprisingly, not by the amount of soy protein
eaten, which ranged widely from 18 to 124 g/d. When the
control group was not included in the statistical analysis,
there was a significant correlation between the dose of soy
protein and the degree of cholesterol reduction. However, an
analysis without a control group introduces the effects of
confounding and drift in serum cholesterol that often occur in
experimental situations. This meta-analysis also was limited
by the quality of the studies; studies were less well controlled
in people with hypercholesterolemia than in those with
average cholesterol levels. It is difficult to determine how
much effect this had on the overall results of the meta-anal-
ysis. Thus, the available literature provided some support,
albeit with limitations, for the concept that soy protein is an
effective treatment for severe hypercholesterolemia, that it
produces a mild benefit in people with moderate elevations of
cholesterol, but that it has no effect in those with mildly
elevated or average cholesterol levels. The soy protein
hypothesis culminated in FDA approval of a health claim for
soy protein in foods.

Soy Isoflavones

Subsequent to the meta-analysis by Anderson et al,'> many
well-controlled studies explored the soy protein hypothesis
with greater specificity. In addition, recognition that soy
protein products contain bioactive molecules called phy-
toestrogens or isoflavones added a fascinating new aspect to
the soy protein hypothesis.!®!17-18 Jsoflavones remain in soy
protein preparations that are not extracted with alcohol.
During the preparation of soy protein isolate, the soy is
washed with alcohol, removing a substantial amount of the
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isoflavones. The soy isoflavones have strong biological
properties in animals, causing arterial vasodilation, lowering
serum cholesterol,'® and inhibiting atherosclerosis in post-
menopausal monkeys.!® This led to the intriguing idea that the
presence and amount of isoflavones explain the variable
results of soy studies; only those that used high-isoflavone
preparations produced favorable results.!320 [soflavone con-
tent was not known in many of the earlier studies. Several
subsequent studies tested the effects of soy protein and
isoflavones separately.

The 3 major isoflavones found in soybeans are genistin,
daidzin, and glycitin. Their abundance in soy protein prepa-
rations varies widely and depends on the processing tech-
niques used during production.?!2> These compounds have
both estrogenic and antiestrogenic activity?324 and effects that
are unrelated to estrogen activity.?> Dehulling, flaking, and
defatting soybeans produces a relatively pure preparation of
protein that is low in isoflavones,?6?7 whereas methods used
to produce textured soy protein result in a preparation that
retains the isoflavones.?! Isoflavone concentrations range
from ~2 mg/g protein in textured soy protein, soy flour, and
soy granules to 0.6 to 1.0 mg/g protein in isolated soy protein.
Intakes of 45 g soy flour have resulted in a 20- to 40-fold
increase and a 50- to 100-fold increase in blood and urinary
isoflavones, respectively,?® and there is a dose-dependent
relationship at more moderate intakes.>®

Effect of Soy Protein on LDL Cholesterol and
Other Lipoproteins

Soy Protein With Isoflavones

First, we summarize studies that tested soy protein that
contained a substantial amount of isoflavones. Because it was
recognized that isoflavones could be the bioactive component
attributed to soy protein, studies published in the late 1990s
and beyond generally stated the amount and type of isofla-
vones in the soy protein. In 22 randomized trials, isolated soy
protein with isoflavones was compared with casein or milk
protein,20-30-46 wheat protein,*” or mixed animal proteins.48-50
The range of soy protein was 25 to 135 g/d; the range for
isoflavones was 40 to 318 mg. LDL or non-HDL cholesterol
concentrations decreased in most studies, statistically signif-
icantly in 8, with an overall effect of ~3% (weighted
average). A recent meta-analysis that included 10 studies
published from 1995 to 2002 found a similar percentage
reduction in LDL cholesterol with no dose effect.>! Over all
studies in Table 1, there is no apparent dose effect; the 8
studies with 50 g of soy protein showed a drop in LDL
cholesterol concentration similar to those using a smaller
amount of soy, ~3% overall (Table 1). This cutpoint for daily
soy protein intake, 50 g, defines a large amount, half or more
of the daily average total protein intake in the United States.
No significant effects were evident for HDL cholesterol or
triglycerides in most of the studies; the weighted average
effects were very small: 1.5% for HDL cholesterol and —5%
for triglycerides.

Soy Protein Without Isoflavones
In 7 trials, soy protein, washed with alcohol to remove
isoflavones, was compared with casein or milk pro-
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tein20-33:39.43.52 or various animal proteins (Table 2).495° Two
studies showed small significant decreases in LDL cholester-
0l.49:50 These studies were very carefully controlled feeding
studies, with all meals formulated according to strict nutri-
tional specifications, and complete meals were provided to
the participants.**-° Specifically designed to sort out the
effects of the protein from the effects of the isoflavones, the
studies showed an effect of protein but not isoflavones on
LDL cholesterol. The declines in LDL cholesterol were
small, 2% to 7%, relative to the large amounts of soy protein
eaten daily, 50 to 55 g. However, other well-controlled
studies did not find significant effects of soy protein on LDL
cholesterol,2033:3943.52 and the average change across all 7
studies was only a 1% to 2% decrease. Changes in HDL
cholesterol and triglycerides were generally small and were
nonsignificant in 6 of the 7 trials. No dose effect was evident.

Effect of Isoflavones

Some studies compared soy protein that did or did not contain
isoflavones (Table 3),20-30.33.39.43.49.50.52-57 yhereas other studies
tested isoflavones in pill form as compared with placebo.58-%3 A
wide range of isoflavone amounts was studied. One study
compared the effect of isoflavones provided with either soy or
animal proteins.* Among these 19 studies,?0-30-33.39.43.49,50,52-63
only 3 showed significant reductions in LDL cholesterol con-
centration,”>>>%¢ and the effect among all studies (weighted
average) was nil, 0%. Changes in HDL cholesterol and triglyc-
erides were not significant and showed no trend toward an effect
of isoflavones. Despite large increases in blood isoflavone
concentrations, there is no indication of a dose effect on blood
lipids. A recent meta-analysis concluded that isoflavones do not
affect blood lipid concentrations.>!

Influence of Initial Blood LDL Cholesterol Level
In the Anderson et al'> meta-analysis, a strong gradient of

LDL cholesterol reduction was found among studies accord-
ing to initial cholesterol level. Lichtenstein et al*® and Crouse
et al?® found slightly more LDL cholesterol reduction in
people with LDL cholesterol >160 to 164 mg/dL than in
those with lower levels, although Dent et al? did not find an
effect in women with hypercholesterolemia as compared with
women with average cholesterol levels. However, a larger
percentage reduction in LDL cholesterol in hypercholesterol-
emia is not evident among the 22 recent trials (Table 1).
Among studies of isoflavones, no relation is evident between
initial cholesterol and cholesterol lowering (Table 3).

Influence of Serum Cholesterol-Lowering Diet
In their meta-analysis, Anderson et al'> reported that soy

protein tended to have less effect on LDL cholesterol in trials
in which the participants were eating a low-fat and low-cho-
lesterol diet as compared with a more usual higher-fat and
higher-cholesterol diet. In 11 of the studies listed in Tables 1
through 3, soy protein or isoflavones were tested in combi-
nation with a serum cholesterol-lowering di-
©t,20,30,31,34,42,45.47.48,50.,58,60 The average reduction in LDL in
these studies was 2%, similar to that in the full group. Thus,
the effect on LDL of soy protein or isoflavones does not
appear to be modulated by the saturated fat and cholesterol
content of the diet.
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TABLE 1. Soy Protein and Blood Lipid Risk Factors: Effects of Soy Protein With Isoflavones
Base TC,
Study and Year Reference n Type Age,y  Design Dose Duration ~ mg/DL TC, % LDL, % HDL, % TG, % Comments
West et al 2005 45 32 M, F, HC 58 X, DB ISP 25 g IF 90 vs 6 wk 250 T1(NS) 0 11 (NS) 15 (NS)
milk protein
Kreijkamp-Kaspers 44 88 F, HC 67 Para, DB ISP 26 g + IF 99 mg 12 mo 240 12 (NS) 14 (NS) T3(NS) | 8(NS)
et al 2004 vs milk protein
Steinberg 43 28 F, NI 55 X, DB ISP 25 g + IF 107 mg 6 wk 190 14 (NS) 13 (NS) 17 (NS 16 (NS)
et al 2003 vs milk protein
Cuevas et al 2003 42 18 F, HC 59 X, DB ISP 40 g + IF 80 mg 4 wk 285 11 (NS) 0 14 (NS) | 15(NS)
Vs casein
Blum et al 2003 37 24 F, HC 55 X, DB ISP 25 g + IF 85 mg 6 wk 270 M (NS) 14 (NS) L4NS) L1
vs milk prot
Dalais et al 2003 38 38 F, HC 60 Para, DB ISP 40 g + IF 118 mg 3 mo 236 14 (NS) 16* 17 (NS) | 26*
Vs casein
Jenkins et al 2002 50 41 M, F, HC 62 X ISP 50 g + IF 73 mg vs 1 mo 260 |4 16* 12 (NS) 12 (NS)
dairy + egg protein
Tonstad et al 2002 46 30 M, F, HC 52 Para ISP 30-50 g + IF 16 wk 270 14 1 5* 13(NS) | 3(NS) No dose
111-185 mg effect
Vs casein
Meinertz 39 12 M, F, NI 30 X ISP 133 g + IF 318 32d 164 18 (NS) 12 (NS) 110* 112 (NS) Liquid
et al 2002 mg vs casein diets
Lichtenstein 49 42 M, 18;F, 24 63 X F: ISP 559 + IF 6 wk 236 T1(NS) 14 (NS) 13 L7
et al 2002 108 mg;
M:ISP 71 g + IF 280 L7 L7 LT(NS) |17 (NS)
139 mg vs dairy
and meat protein
Sirtori et al 2002 41 20 M, F, HC 60 X, DB Soy 259 + IF 4 wk 325 1 3 (NS) 14 (NS) ND ND
77 mg vs cow’s milk
Puska et al 2002 36 30 HC 56  Para, DB ISP 52 g + IF 192 mg 6 wk 290 13 15* T1(NS) 13(NS)
Vs casein
Dent et al 2001 33 24 F 50 Para ISP 40 g + IF 80 mg vs 24 wk 220 No effect on
milk protein lipids; numerical
data not shown
Van Horn et al 2001 34 62 F, HC 67 Para ISP 29 g + IF 85 mg vs 6 wk 240 0 L1 (NS) 71 (NS) ND
milk protein
Teede et al 2001 35 90 M, F 61 Para, DB ISP 40 g w/IF 118 mg 3 mo 225 12 (NS) 14 (NS) 15 (NS) | 15*
Vs casein
Hermansen 40 20 DM 64 X, DB ISP 50 g + IF 165 mg 6 wk 212 18 110 0 19
et al 2001 Vs casein
Vigna et al 2000 32 40  F, Postmen 53 Para, DB ISP 60 g + IF 76 mg 12 wk 240 0 L1 (NS) 12(NS) | 1(NS)
Vs casein
Jenkins et al 2000 47 25 M, F, HC X ISP 36 g + IF 168 mg vs 3 wk 270 12 (NS) L1 (NS) L2(NS) | 6(NS)
wheat protein
Teixeira et al 2000 31 16 M, HC 45 Para ISP 50 g + IF 95 mg vs 6 wk 240 |7 Non-HDL | 9* 12 (NS) 1 8(NS) No dose
casein 50 g effect from
20-50 g
ISP 20 g + IF 38 mg vs - Non-HDL | 7* 12 (NS) 1 1(NS)
casein 50 g
Crouse et al 1999 20 30 M, F 52 Para, DB ISP 259 + IF 9 wk 240 |4 16* 0 (NS) 19 (NS)  No effect in
62 mg vs casein LDL <164
mg/dL grou
High LDL group 260 Lo 1100 pams)  Logr OO
>164 mg/dL
Wong et al 1998 48 26 HC, 13 38 X ISP 50 g +IF vs 5 wk 270 13 16* 13 16 (NS) IF content
mixed animal not
specified
NI, 13 170 13 16* 0 16 (NS)
Baum et al 1998 30 21 F, Postmen 61 Para, DB ISP 40 g + IE 90 mg 24 wk 250 12 NS Non-HDL | 4* 14 T1(NS)

VS casein

TC indicates total cholesterol; TG, triglycerides; M, male; F, female; HC, hypercholesterolemic; DM, diabetes mellitus; NI, normolipidemic; DB, double blind; X,
crossover; Para, parallel group; ISP, isolated soy protein; IF, isoflavones; NS, not significant (P>0.05); and ND, not determined. Percentages are the mean change

in soy protein minus the change in the control group.
*P<0.05 for effect of soy protein vs other protein.

Effects on Lipoprotein(a)

Lipoprotein(a), an LDL-like lipoprotein that is an indepen-
dent predictor of CVD,** was increased by soy protein in 2
studies®>¢> and unchanged in 9 others.20:31:32,36.40,44-46,50
Meinertz et al** found that alcohol-extracted soy protein,
lacking isoflavones, did not raise lipoprotein(a) as found in
their earlier study of intact soy protein,®> which suggests an
adverse effect of isoflavones. However, isoflavones had no

effect on lipoprotein(a) in 6 other studies,%-50-5:60-61.63 nor did
soy protein that contained isoflavones.20:31,32,36,40.44-46,50

Effects on Blood Pressure

Several studies tested the effect of soy protein with isofla-
vones, as compared with casein or milk protein, on blood
pressure.32.35:40.42.47.50 Blood pressure decreased significantly
in 1 study® but not in the other 5 studies.32404247.50 The
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TABLE 2. Effects of Soy Protein With Low or No Isoflavones
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Study and Base TC,
Year Reference  n Type Age,y  Design Dose, g Duration  mg/dL TC, % LDL, %  HDL, % TG, %
Steinberg 43 28 F, NI 55 X,DB ISP 25 vs 6 wk 190 12 (NS) L2(NS) L4 (NS) 110 (NS)
et al 2003 milk protein
Jenkins 50 41 M, F, HC 62 X ISP 50 vs dairy 1 mo 260 | 6* L7(NS) 12(NS) |10 (NS)
et al 2002 and egg protein
Lichtenstein 49 42 M, F 63 X ISP55F, 71 M 6 wk 236 171 (NS) T3NS  13%* | 14*
et al 2002 vs dairy and
meat protein
280 |3 | 5* 0 111 (NS)
Meinertz 39 12 M F NI 30 X ISP 133 vs casein 32d 164 T4 (NS) T4 (NS) 16(NS) 111 (NS)
et al 2002 liquid diets
Dent et al 33 24 F 50 Para ISP 40 vs 24 wk 220 No effect
2001 milk protein on lipids
(data not shown)
Gardner 52 31 F, Postmen 60 Para ISP 42 vs 12 wk 240 13 (NS) 15(NNS) 17(NS) | 8(NS)
et al 2001 casein
Crouse 20 30 M, F 52 Para,DB ISP 25 vs 9 wk 240 12 (NS) L2(NS) [4(NS) | 1(NS)
et al 1999 casein
High LDL group 260 1 4 (NS) L5(NS) 15(NS) 121(NS)
>164 mg/dL

Abbreviations as in Table 1. Percentages are the mean change in the soy protein minus the change in the control group.

*P<0.05 for effect of soy protein vs other protein.

weighted average change is —1 mm Hg systolic blood pres-
sure. Several studies that evaluated the effect of soy isofla-
vones also did not find a significant effect on blood
pressure.505&605166

Effects on Health Conditions Related
to Estrogens

Menopausal Vasomotor Symptoms

Because of their weak estrogenic activity, soy isoflavones
have been hypothesized to improve several estrogen-
dependent conditions, including perimenopausal vasomotor
symptoms (hot flashes) and postmenopausal bone loss. A
recent review examined 11 clinical trials of soy protein or
isoflavones®’ for treating hot flashes. Only 3 of 8 studies with
treatment lasting >6 weeks found modest improvement in
hot flashes, and most benefits disappeared after 6 weeks. Five
additional studies®®~72 not included in that review showed no
benefit for hot flashes of soy isoflavones. Longer studies
showed no benefit of isoflavones at 24 weeks”? or 2 years.”!
Substantial reduction in hot flashes, often 40% to 60%,
occurred in the placebo or control group in these studies,
similar to the reduction in the soy group. In contrast, estrogen
replacement markedly reduces hot flashes, more so than
placebo. Thus, it seems unlikely that soy isoflavones have
enough estrogenic activity to have an important impact on
vasomotor symptoms of estrogen deficiency in perimeno-
pausal women.

Osteoporosis

Another estrogenic effect of soy isoflavones could be to
reduce bone loss after menopause; this hypothesis gains
strength from population studies and certain animal models of
osteoporosis.”* However, clinical trials so far have had
insufficient duration and size to be conclusive, and results
have varied.*+7* The studies used either direct measurements
of bone mineral content and density in the spine and hip or

biochemical indices of bone resorption or formation to test
the effect of soy isoflavones ranging in amount from 54 to
300 mg, but most studies used 80 to 110 mg. Soy isoflavones
lessened bone loss over 6 to 24 months in some studies,’>78
whereas other trials did not show a benefit over the same
duration.*+37.7* There is also inconsistency in the studies
showing favorable effects, with one study showing benefit in
the spine but not hip7> and another showing the opposite,”” or
improvement in bone mineral content but not bone mineral
density.”>77 Diminution of bone loss, indicated by a reduction
in biochemical markers of bone resorption, was found in
some studies’®80:81 but not in others.3844.53.55.82.83 The
amounts of isoflavones were similar in studies that found
favorable or no effects. The longest study in any primate
species was in postmenopausal monkeys (cynomolgus ma-
caques); after 3 years, soy isoflavones did not slow bone loss,
whereas estrogen replacement increased bone mineral content
and density, as expected.®* These varied results of clinical
trials suggest the need for investigations of isoflavones and
bone health that have substantial sample size and long
duration to provide a definitive result.

Cancer

The weak estrogenic action of soy isoflavones and other
phytoestrogens suggested the possibility that they could
lessen the deleterious effects of more potent endogenous
estrogens on breast and endometrial cancer. This hypothesis
came from the low incidence of breast and endometrial
cancers in Asian countries where soy products are prevalent
in the diet and from certain animal models of breast and
endometrial cancer showing benefit of soy isoflavones.35-87
In reality, a host of complexities have emerged that make it
impossible to state a clinical recommendation for the use of
soy isoflavones. In epidemiological studies, associations var-
ied between intake of soy foods and isoflavones and inci-
dence of breast cancers>38-99; some showed protective asso-
ciations, and others showed no association.8588-90 Clinical
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TABLE 3. Effects of Isoflavones

Study and Year Reference  n Type Age,y  Design Duration BranS:/dTIf;' TC, % LDL, % HDL, % TG, %
Nikander et al 2004 63 56 F, NI 55 X, DB IF 117 vs 0 pills 3 mo 226 11(NS) 19 (NS) 11 (NS) 11 (NS)
Gallagher et al 2004 57 17 F, NI 55  Para, DB IF 96 vs 4; w/ISP 9 mo 218 11 (NS) 13 (NS) 13(NS) |14 (NS)
IF 52 vs 4; w/ISP 0 13 (NS) L2(Ns) 117 (NS)
Steinberg et al 2003 43 28 F, NI 55 X, DB IF 107 vs 2; w/ISP 6 wk 190 12 (NS) 0 L4 (NS) |4 (NS)
Jenkins et al 2002 50 4 M, F, HC 62 X, DB IF 73 vs 10; w/ISP 1 mo 260 12 (NS) 1 1(NS) 12 (NS) 120 (NS)
Lichtenstein et al 2002 49 42 M, F 63 X IF 108-139 vs 0 6 wk 236 11 (NS) 13 (NS) T1(NS) 14 (NS)
w/ISP or animal protein 280 13 12 (NS) 12 (NS) 12 (NS)
Squadrito et al 2002 58 30 F, Postmen 56 Para, DB IF 54 vs 0 pills 6 mo 207 12 (NS) 15 (NS) 18 (NS) 126 (NS)
Sanders et al 2002 54 22 M, F, NI 30 X IF 56 vs 0; w/ISP 2 wk 170 12 (NS) 0 14 16 (NS)
Dewell et al 2002 59 20 F, Postmen 70 Para, DB IF 150 vs 0 pills 6 mo 263 0 Non-HDL | 6 (NS) 0 15 (NS)
Meinertz et al 2002 39 12 M, F, NI 30 X IF 318 vs 0; w/ISP 32d 164 14 (NS) 16 (NS) 14 (NS) 1 26*
Dent et al 2001 33 24 F 50 Para IF 80 vs 0; w/ISP 24 wk 220 All NS (data
not shown)
>220 All NS (data
not shown)
Gardner et al 2001 52 31 F, Postmen 60 Para IF 80 vs 0; w/ISP 12 wk 240 13" 18 0 0
Wangen et al 2001 55 18 F, Postmen 57 X IF 65 vs 7; w/ISP 3 mo 215 L2 (NS) 15 (NS) 12 (NS) 15 (NS)
IF 132 vs 7; w/ISP 13 (NS) 16 T1MNS)  15(NS)
Mackey et al 2000 53 25 F, Postmen 56 Para, DB IF 65 vs 4; w/ISP 12 wk 285 0 L1 (NS) 12 (NS) 16 (NS)
Merz-Demlow et al 2000 56 13 F, Premen 26 X IF129 vs 10; w/ISP 3 mo 150 NS 1 7* 0 0
IF 65 vs 10; w/ISP All NS
Simons et al 2000 60 20  F, Postmen 59 X, DB IF 80 vs 0 pills 8 wk 228 11 (NS) 12 (NS) L1(NS)  15(NS)
Crouse et al 1999 20 30 M, F 52 Para, DB IF 62 vs 3; w/ISP 9 wk 240 | 4 (NS) 15 (NS) 14 (NS) |10 (NS)
High LDL group 260 1 6* 1 6 (NS) 11 (NS) 1 9 (NS)
>164 mg/dL
Baum et al 1998 30 21 F, Postmen 61 Para, DB IF 90 vs 56; w/ISP 24 wk 250 0 Non-HDL 0 L4(NS)  11(NS)
Hodgson et al 1998 61 30  M,F, Postmen 56 Para, DB IF 55 vs 0 pills 8 wk 210 L1 (NS) 13 (NS) L 1(NS) 15 (NS)
Nestel et al 1997 62 21 F, Postmen 54 X IF 80 vs 0 pills 5 wk 215 12 (NS) 12 (NS) L5 (NS) 118 (NS)

Abbreviations as in Table 1, plus Premen indicates premenopausal. Percentages are the mean change in the isoflavone minus the change in the control group.

*P<0.05 for isoflavone effect.

studies suggested that soy phytoestrogens stimulate epithelial
cell proliferation in breasts of premenopausal women, a
potential precursor of cancer.’’*2 Animal and cell culture
experiments also found a cancer-stimulating effect.®3-°> Phy-
toestrogens reduce the activity of enzymes that inactivate
endogenous estrogens, potentially leading to increased active
estrogen concentrations.®® Nonlinear dose effects, unique
effects of specific types of isoflavones, changes in isoflavone
composition and structure during the processing of soy foods,
and interperson variation in isoflavone metabolism all could
affect cancer initiation and progression®>8¢87 and are virtually
unexplored in the clinical arena. It has been hypothesized
from animal experiments that soy isoflavones could be
protective throughout adult life only if eaten in childhood or
puberty.®” Case-control studies in Shanghai®® and in Asian
Americans®® found that high soy intake in adolescence was
associated with low risk for breast cancer in adulthood.
Finally, several recent expert reviews and editorials con-
cluded that the research overall remains insufficient to know
whether certain phytoestrogens are protective or harmful for
breast cancer and at what dose and time period, if any, in a
woman’s life they are active.87.100.101

Concepts with regard to soy isoflavones and breast cancer
are applicable to uterine endometrial cancer, an estrogen-
dependent cancer, although data are much less extensive. Soy
food or isoflavone intake was associated with low risk for

endometrial cancer in case-control studies in Shanghai,!?
Hawaii,'®* and California.!®* This suggests that soy phy-
toestrogens have antiestrogenic effects on the uterus. How-
ever, a single pilot trial of soy isoflavones given together with
estrogen to perimenopausal or postmenopausal women found
no lessening of estrogen-mediated stimulation of the endo-
metrium.'?> Several clinical trials found that isoflavones did
not affect the uterine endometrium of perimenopausal or
postmenopausal women.!05-119 However, these trials may
have had insufficient duration (3 to 6 months) or sample size
to identify an effect. Recently, a relatively large placebo-
controlled trial in postmenopausal women found that isofla-
vone tablets caused endometrial hyperplasia, a precursor to
cancer, after 5 years in 6 of 154 women compared with none
on placebo (P<<0.05).!'! Another 5 women in the phytoestro-
gen group had proliferative endometrium compared with
none in the placebo group after 5 years. These effects were
not found at 2'» years. Thus, some cautionary evidence
indicates that soy phytoestrogens have enough estrogenic
activity to stimulate the endometrium of postmenopausal
women, although the evidence overall is inadequate to draw
conclusions on whether soy protein or isoflavones taken by
perimenopausal or postmenopausal women eventually would
cause endometrial cancer.

Soy isoflavones have estrogenic, antiandrogenic, and other
activities that could prevent prostate cancer or slow its
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TABLE 4. Nutrient Content of Popular Soy-Containing Foods
Total Saturated Polyunsaturated n-3 Fatty n-6 Fatty Monounsaturated Dietary

Calories, Carbohydrates, Protein, Fat, Fat, Fat, Acids, Acids, Fat, Cholesterol, Sodium, Fiber,
Food ftem Quantity keal g g g g g g g g mg mg g
Edamame 1/2 cup, 90 g 126 10 11 5 05 3 05 25 15 0 225 4
Miso 2 Thsp, 34 ¢ n 10 4 2 05 11 0.1 1 05 0 1200 2
Tofu, extra firm 799 80 2 8 4 05 25 05 2 1 0 0 1
Tofu, firm 794 70 2 7 3 05 2 05 15 05 0 0 <1
Tofu, silken 91g 45 2 4 25 05 15 05 1 05 0 5 0
Soy burger 1 patty, 57 ¢ 60 6 13 0 0 0 0 0 0 0 270 3
Soy hot dog 1link, 42 g 45 2 9 0 0 0 0 0 0 0 320 1
Roasted soy butter 2Thsp, 32 ¢ 170 10 6 1 15 6 NA NA 25 0 170 1
Soy milk, plain flavor 1 cup, 240 mL 100 8 7 4 05 25 0.5 2 1 0 120 1
Soy milk, chocolate 1 cup, 240 mL 140 23 5 35 05 2 02 18 1 0 100 2
Soy candy bar, chocolate 1bar, 6159 240 35 14 5 3 NA NA NA NA 0 210 2
Soy nuts, roasted, unsalted 102,289 120 9 12 4 0 NA NA NA NA 0 10 5

NA indicates not available. Values derived from Nutritionist Pro, version 2.10.13, First DataBank, Inc, 2004.

progression.3¢-87-112.113 Prostate cancer incidence is relatively
low in Asian countries where soy products are commonly
eaten, and certain epidemiological studies have shown an
inverse association between soy foods, serum phytoestrogen
levels, and prostate cancer.'!3!* However, as pointed out by
Messina,'!? the epidemiological findings are inconsistent, and
there are important limitations in study design. Soy isofla-
vones prevent the development and growth of prostate cancer
in animal models. In prostate cancer cells, genistein reduced
the synthesis of prostate-specific antigen, a marker of prostate
cancer development and progression that is in extensive
clinical use.3¢ However, soy isoflavones did not reduce either
prostate-specific antigen or serum testosterone levels in men
with early-stage prostate cancer!'2115.116 or in healthy middle-
aged men.!'” Thus, the effectiveness of soy isoflavones in
preventing or treating human prostate cancer is unknown.

Conclusions
Earlier research indicating that soy protein, as compared with
other proteins, has clinically important favorable effects on
LDL cholesterol and other CVD risk factors has not been
confirmed by many studies reported during the past 10 years.
A very large amount of soy protein, more than half the daily
protein intake, may lower LDL cholesterol by a few percent-
age points when it replaces dairy protein or a mixture of
animal proteins. The evidence favors soy protein rather than
soy isoflavones as the responsible nutrient. However, at this
time, the possibility cannot be ruled out that another

component in soybeans could be the active factor. No
benefit is evident on HDL cholesterol, triglycerides, li-
poprotein(a), or blood pressure. Thus, the direct cardiovas-
cular health benefit of soy protein or isoflavone supple-
ments is minimal at best. Soy protein or isoflavones have
not been shown to improve vasomotor symptoms of
menopause, and results are mixed with regard to the
slowing of postmenopausal bone loss. The efficacy and
safety of soy isoflavones for preventing or treating cancer
of the breast, endometrium, and prostate are not estab-
lished; evidence from clinical trials is meager and caution-
ary with regard to a possible adverse effect. For this
reason, use of isoflavone supplements in food or pills is not
recommended. In contrast, soy products such as tofu, soy
butter, soy nuts, or some soy burgers should be beneficial
to cardiovascular and overall health because of their high
content of polyunsaturated fats, fiber, vitamins, and min-
erals and low content of saturated fat!'8 (Table 4). Using
these and other soy foods to replace foods high in animal
protein that contain saturated fat and cholesterol may
confer benefits to cardiovascular health.''® Soy protein
also may be used to increase total dietary protein intake
and to reduce carbohydrate or fat intake. However, much
less is known about the potential impact of high-protein
diets on risk factors for CVD. In the meantime, these
remain dynamic areas for research. The AHA will continue
to monitor the results and modify its advisory statement as
needed.
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