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Abstract

Objective—Soy has been associated with lower risk of cardiovascular disease in Asian countries
which consume daily soy. Our study examined whether production of equol, an estrogen
metabolite, affected the ability of soy nuts to improve cardiovascular risk factors.

Materials/Methods—Sixty postmenopausal women participated in a randomized, controlled,
crossover trial of a Therapeutic Lifestyle Changes (TLC) diet alone and a TLC diet in which 0.5
cups of say nuts (25 g of soy protein and 101 mg of aglycone isoflavones) replaced 25 g of nonsoy
protein daily. Each diet was followed for 8 weeks at the end of which blood pressure (BP), lipid
levels, adhesion molecules and inflammatory markers were measured.

Results—Women with MetS had significantly higher baseline body mass index (BMI), BP,
triglycerides (TG), and soluble intercellular adhesion molecule (sSICAM) than women without
MetS. In women with MetS on the soy diet, significant reductions in diastolic BP (7.7%; P=0.02),
TG (22.9%; P=0.02), C-reactive protein (CRP) (21.4%; P=0.01) and sICAM (7.3%; P=0.03) were
noted among equol producers compared to levels on the TLC diet. No significant changes were
noted in equol nonproducers. Similarly, in women without MetS, only equol-producers had
significant reductions in diastolic BP (3.3%, £=0.02) and CRP (30%, P=0.04). In contrast to
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women with MetS, TG and sICAM levels were not affected in women without MetS, a finding
possibly related to lower baseline levels.

Conclusions—Cardiovascular risk reduction with soy nuts is not uniform and may be greater

among producers of equol.
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1. Introduction

Coronary heart disease (CHD) is the leading cause of death among women aged 60 years
and older. The incidence rises in postmenopausal women presumably due to loss of
estrogen, which has vascular protective effects [1,2]. Hormone replacement therapy has been
associated with increased risk of cardiovascular disease (CVD), cancer and dementia [3];
therefore, alternative vasoactive agents have been studied for their potential to decrease
cardiovascular morbidity and mortality. Daily soy food intake has been associated with a
reduction in CHD risk factors in Chinese women [4,5] and was inversely proportional to
serum cholesterol level in Japanese adults [6]. Higher intake of dietary soy has been
associated with lower cardiovascular mortality in Japanese women [7].

The metabolic syndrome (MetS) is comprised of a cluster of closely related risk factors,
including visceral adiposity, insulin resistance, hypertension and dyslipidemia that increase
cardiovascular risk [8]. The risk of CHD attributed to MetS is more than twice in women
compared to men and more than half of all cardiovascular events in women are related to
MetS [9]. Postmenopausal status is independently associated with a 60% additional risk of
MetS after adjusting for age, body mass index (BMI), lifestyle-related factors and
socioeconomic status [10]. This may be at least partly due to decline in circulating estrogen
levels, which may increase cardiovascular risk through effects on adiposity, blood pressure
(BP), lipid metabolism and prothrombotic state [11,12]. The prevalence of MetS in
postmenopausal women aged 50-59 years is around 35% and increases to around 45% for
women aged =60 [13].

We previously reported that substituting a whole soy food (soy nuts) for nonsoy protein in a
therapeutic lifestyle changes (TLC) diet lowered systolic and diastolic BP in hypertensive,
prehypertensive and normotensive women [14] and that the beneficial effect may be
mediated via an effect on inflammation [15]. Since our original study design, the potential
role of equol, an estrogen metabolite which can be formed from the soy isoflavone daidzein,
in mediating beneficial effects of soy has become apparent [16]. Equol might be predicted to
lower cardiovascular risk via potent inhibition of inflammation and oxidation [17].
Therefore, we performed a post-hoc analysis of our data stratified by equol production and
metabolic syndrome status to test the hypothesis that equol production status affects the
ability of soy nuts to lower BP and improve lipid levels and inflammatory markers in
postmenopausal women.
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2. Material and Methods
2.1 Subjects

Sixty healthy postmenopausal women (absence of menses for at least 12 months or irregular
periods and hot flashes) without atherosclerosis or diabetes participated in this study. These
are the same women in our prior report in which inclusion and exclusion criteria were
described [14]. The institutional review board of the Beth Israel Deaconess Medical Center
approved the protocol, and all participants gave informed consent.

2.2 Study Design

This was a randomized controlled crossover trial of the effect of one-half cup of soy nuts
daily for 8 weeks on cardiovascular risk factors in postmenopausal women with and without
MetS. A registered dietitian instructed the participants to consume a TLC diet, which
consisted of 30% of energy from total fat (<7% saturated fat, 12% monounsaturated fat, and
11% polyunsaturated fat), 15% from protein and 55% from carbohydrate; less than 200 mg
of cholesterol per day [18]; and 1200 mg of calcium and 2 fatty fish meals per week. Those
ingesting suboptimal dietary calcium were given calcium carbonate supplementation.

After a 4-week diet run-in, participants adherent to the TLC diet (from review of two 3-day
food records) were randomized in a crossover design between 2 diet sequences for 8-week
periods: the TLC diet without soy or the TLC diet with prepackaged daily allowances of
one-half cup of unsalted soy nuts (Genisoy, Fairfield, Calif) containing 25 g of soy protein
and 101 mg of aglycone isoflavones divided into 3 or 4 portions spaced throughout the day.
Detailed nutritional composition of one-half cup of soy nuts has been previously published
[14]. We chose a whole soy food, dry-roasted soybeans, which were administered 3 times
daily to mimic Asians who consume whole soy food or fermented soy products high in
aglycone isoflavones at several times throughout the day.

After a 4-week washout on the TLC diet alone, participants crossed over to the other arm for
an additional 8 weeks. Participants were individually advised from which sources to
decrease their protein intake to compensate for the 25 g of soy protein in the soy diet arm to
keep protein amounts similar on both diet arms. At the end of each 8-week period, fasting
blood was collected for measurement of lipid levels, and participants collected a 24-hour
urine sample for measurement of isoflavone and creatinine levels. Dietary assessment (from
3-day food records) and exercise assessment was as previously described [14].

2.3 MetS criteria and blood pressure measurements

The assessment of MetS was based on the presence of three of its five components according
to a modified version of the Adult Treatment Panel 111 guidelines [18] for women: 1. BMI =
28.8 kg/m?; 2. triglyceride levels of 150 mg/dL or greater; 3. High- density lipoprotein
cholesterol (HDL-C) level less than 50 mg/dL; 4. BP of 130/85 mm Hg or higher; and 5.
abnormal glucose metabolism as identified by a fasting blood glucose level of 100 mg/dL or
higher. Because waist circumference was not available at baseline, a cutpoint for obesity of
BMI (calculated as the ratio of body mass expressed in kilograms to the square of height
expressed in meters) of 28.8 kg/m? or higher was used as a surrogate. A similar modification
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has been previously used [19]. BP measurements were performed with cycling dynamaps
(GE Medical Systems Information Technologies, Inc, Milwaukee, Wis) at the end of each
diet period as previously described [14,20,21].

2.4 Laboratory measurements

Fasting blood samples and 24-hour urines were obtained at screening and at the end of each
diet period. Lipids, glucose, apolipoprotein B-100 (apoB), serum soluble vascular cell
adhesion molecule 1 (sVCAM-1), sICAM-1, interleukin-6 (IL-6), matrix metalloproteinease
9 (MMP-9), high-sensitivity C-reactive protein (CRP) and isoflavones and equol were
measured as previously described [14,15,22,23]. An equol producer was defined as having
an equol level greater than 1000 nmol/L in the urine [24,25].

2.5 Statistical analyses

Results are expressed as mean + SD. Continuous variables were compared using 2-tailed
paired (within MetS group) and unpaired (No MetS to MetS) t tests. A repeated-measures
analysis of variance was performed to examine whether there was a carryover effect from
the order of diets, with order and treatment as independent variables and outcome as the
dependent variable. Normality tests were conducted using the Shapiro-Wilk test. For skewed
variables (all lipid levels and CRP), log-transformed values were used in all analyses and
reported as geometric mean = SD. A probability value < 0.05 was considered statistically
significant.

3. Results

Baseline characteristics were compared in women with and without MetS (Table 1). Mean
age and time since menopause were similar in the two groups; however, women with MetS
had higher BMI, systolic BP, diastolic BP, TG, apoB and sICAM and lower HDL levels at
baseline compared to women without MetS.

3.1 Isoflavone levels and dietary content

Soy nut compliance was assessed by urinary isoflavone levels, which were significantly
higher in the soy diet arm compared with the control diet arm for daidzein, genistein and
equol for both groups of women (Table 2). Glycitein levels were higher in women without
MetS on a soy diet. Thirty-five women (58%) were equol producers. Levels of

enterolactone, a lignan phytoestrogen found in fruits and vegetables [25], were not
significantly different in the control versus soy diet arm for women with and without MetS, a
finding suggesting that fruit and vegetable intake was similar in both diets.

Analysis of dietary content revealed that total and saturated fat levels were significantly
lower and protein significantly higher on the soy diet compared with the control diet in both
groups of women (Table 3). Polyunsaturated fat content was higher on the soy diet in both
groups of women but reached significance only in those without MetS. Cholesterol levels
were less than 200 mg per day in each diet arm and saturated fat content was close to goal
(7%), suggesting compliance with the TLC diet.
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3.2 Effect on blood pressure, lipids and inflammatory markers

Table 4 compares changes in women with MetS compared to those without MetS. Diastolic
BP was significantly lowered by soy compared to the control diet in women with MetS
(5.4%, £=0.03) and in women without MetS (3.4%, £=0.008). In women without MetS,
systolic BP was significantly lowered (5.9%, £ < 0.001) whereas there was a similar %
reduction in women with MetS (6.7%) of borderline significance (= 0.10). CRP was
lowered 11.8% (P = 0.04) and 30% (£ = 0.01) in women with and without MetS,
respectively, on the soy diet compared to control. Otherwise, there were no significant
changes in women without MetS. In contrast, women with MetS had significant reductions
in TG (17.8%, £=0.04) and sICAM (5.2%, P=0.04) on the soy diet compared to the
control diet. Of note, VCAM approached significance but there were no changes in apoB,
IL-6, fibrinogen or MMP-9 (data not shown). Order of diets did not affect response in either
group of women stratified by MetS status. There was no statistically significant change in
either BMI or exercise on the soy diet vs the control diet for women with or without MetS;
therefore, neither weight change nor exercise level accounts for the beneficial effects
observed in the soy diet arm.

When women with MetS were stratified by equol production status, equol producers had
significant reductions in diastolic BP (7.7%; P= 0.02), TG (22.9%; P=0.02), C-reactive
protein (CRP) (21.4%; P=0.01) and sICAM (7.3%; P = 0.03) on the soy diet compared to
levels on the TLC diet whereas nonproducers did not (Figure 1 and Table 5).

Similarly, in women without MetS, only equol producers had significant reductions in
diastolic BP (3.3%, £=0.02) and CRP (30%, £=0.04) (Figure 2 and Table 6). In contrast to
their counterparts with MetS, TG and sICAM were not affected in women without MetS, a
finding possibly related to lower baseline levels of these molecules. Systolic BP was
significantly lowered in both producers and nonproducers without MetS (Table 6).

When stratified by equol production, TG/HDL ratio, a measure of insulin resistance, was
significantly lower in equol-producing women both with and without MetS (24% reduction
and 13.3% reduction on soy compared to control, 7= 0.01 and P = 0.05, respectively)
(Tables 5 and 6, respectively).

4. Discussion

The new finding in this post-hoc analysis of our randomized, controlled crossover trial of
soy nuts consumed several times daily for 8 weeks is that only equol producers among
women with MetS had significant reductions in diastolic BP, TG, TG/HDL ratio, CRP and
SsICAM-1 on a soy diet compared to the TLC diet without soy. Similarly, among those
without MetS, only equol producers had significant reductions in diastolic BP, CRP and
TG/HDL ratio; however, the differential effect was less marked compared to women with
MetS. The lack of effect on TG and sICAM in those without MetS is probably due to lower
baseline levels of these biomarkers in women without MetS compared to the higher levels in
those with MetS, a finding which suggests that soy may have more effect when
cardiovascular risk factors and inflammation are higher. Taken together, these findings
suggest a role of equol in mediating beneficial effects of soy.
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Equol is a biologically active estrogenic metabolite produced from the soy isoflavone
daidzein by microbial biotransformation in the intestine usually in less than 50% of subjects
consuming soy [16]. Inflammatory mechanisms underlie atherosclerosis with endothelial
injury caused by hypertension and/or hypercholesterolemia leading to activation of NF-xB
which in turn causes expression of cellular adhesion molecules as VCAM-1 and ICAM-1 on
the endothelial wall [26]. Circulating leukocytes and monocytes bind to these adhesion
molecules and are taken up into the subendothelial space where they become macrophages
and foam cells, which take up oxidized LDL and develop into fatty streaks, the precursor of
the atheromatous lesion. Equol is a potent inhibitor of oxidation and therefore, may protect
against CVD by preventing oxidation of LDL [reviewed in ref 27]. Equol has also been
shown to block LPS-induced NF-xB activation in RAW 264.7 cells and thus, may be
predicted to lower CVD risk by inhibiting inflammation [17]. In the current study, the
significant reductions in CRP and sSICAM-1 in women with MetS who produced equol in
response to soy suggests that equol may mediate a beneficial effect through a favorable
effect on inflammation and adhesion molecules in women with high cardiometabolic risk.
Among postmenopausal women in the Women’s Health study, CRP was the most powerful
predictor of cardiovascular risk, and the relative risk of cardiovascular events was greater in
subjects with elevated CRP compared to those with abnormal serum lipids [28]. In this
context, it could be predicted that the significant reductions in CRP with soy in the current
study in equol producers both with and without MetS may indicate a reduction in
inflammation which may lower cardiovascular risk in postmenopausal women.

Hypertension, one component of MetS, alone conveys a 4-fold risk of CHD compared to
normotensive women [29,30]. Equol may protect against CVD by increasing the
transcription of endothelial nitric oxide synthase and increasing levels of nitric oxide, a
vasodilator which may lower blood pressure [reviewed in ref 27]. Soy lowered systolic BP in
the current study in women with and without MetS. The ability to produce equol was a more
important factor in lowering diastolic BP in those with MetS than those without MetS, a
finding suggesting that equol production may be especially important in women with high
cardiometabolic risk.

The Lipid Research Clinic data showed that TG and HDL-C are better predictors of
cardiovascular risk in women than LDL-C [31]. Moreover, in a meta-analysis of 17
population-based studies, a TG level increase of 1 mmol/l (89 mg/dl) was associated with a
76% increase in the risk of CVD in women [32]. Therefore, modalities lowering TG would
be predicted to lower risk of CVD in women. In the present study, we observed a significant
17.8% reduction in TG levels with the soy diet in women with MetS, a finding possibly
related to the higher baseline TG (192+109.8 mg/dL) in women with MetS compared to
women without MetS (baseline TG 91.2+76.4 mg/dL). Moreover, only those with MetS who
produced equol had a significant reduction in TG level (22.9%). Therefore, the current study
suggests that whole dietary soy is most effective in lowering TG in women with MetS who
produce equol. Our observation on TG levels is in line with results from a cross-sectional
study of 572 Chinese adults (362 women and 210 men) in which equol secretors had a
38.2% lower serum triglyceride level (p=0.012) compared to nonproducers [33]. Equol
producers also had a 4.9% lower carotid intima-media thickness (2= 0.033) compared to
equol nonproducers. Moreover, the equol excretors with higher daily isoflavone intakes had
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significantly lower carotid intima-media thickness (16.2 % lower, p-0.035) and a trend
toward higher HDL-C levels than those with lower isoflavone intakes whereas no association
was observed between isoflavone intake and serum lipids or carotid intima-media thickness
in nonproducers.

Three additional soy studies have analyzed results by equol status. Clerici et al. [34]
observed that in 62 subjects with a baseline LDL of 186.8 mg/dL, a pasta enriched with 33
mg isoflavone aglycones (but without soy protein) reduced TC and LDL-C by 7.3% and
8.6%, respectively, lowered CRP 42% and increased brachial arterial flow-mediated
vasodilatation 2.3 + 0.8% (~=0.003) from baseline whereas there was no change in the
control group which consumed conventional pasta. When stratified by equol production,
only the equol producers had significant changes. In a 12-month, double-blind randomized
trial, 202 postmenopausal women were randomized to isolated soy protein with 99 mg
isoflavones/day or milk protein (placebo). Post-hoc analysis revealed that equol producers
had lower systolic BP (£=0.09) and diastolic BP and better endothelial function on soy
compared to nonproducers in whom systolic BP and diastolic BP actually increased and
endothelial function deteriorated although these results were not significant [35]. Finally, in
the Women’s Isoflavone Soy Health study of 350 postmenopausal women randomized to 25
g soy protein containing 91 mg isoflavones or placebo, subclinical atherosclerosis
progression assessed by carotid artery intima-media thickness (CIMT) was reduced by 16%
in the soy group, although the treatment effect was not statistically significant [36]. In
contrast to the present and prior studies, there was no difference in CIMT progression by
equol production status. Interestingly, soy supplementation appeared to be more beneficial
among recently postmenopausal women as compared to a neutral effect when initiated
distant from menopause with a 68% (p=0.05) lower CIMT progression among women
postmenopausal within the past 5 years (n = 68) and a 46% lower CIMT progression in
those aged < 55 years (n = 82) versus placebo. A much larger proportion of women (almost
half) in our study were < 55 years of age and recently postmenopausal, which could explain
the differences in our findings compared to this previous study.

In conclusion, we have shown that equol producers experience a greater reduction in BP,
inflammatory markers and adhesion molecules on a soy diet compared to a TLC diet without
soy than nonproducers of equol. Limitations of our study include the post-hoc analysis for
equol production status and the small number of women with MetS. If these results can be
confirmed in a trial in which subjects are randomized based on equol production status to
either soy or no soy, we may be able to identify those who will benefit most from dietary soy
for reduction of cardiovascular risk factors and prevention of cardiovascular disease. Dietary
soy could be an effective and inexpensive strategy for reducing cardiovascular risk on a
population basis in both men and women although the long-term safety of such an approach
requires additional study.
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Percent change on soy diet compared to control diet in women with metabolic syndrome
among equol producers (dark bars) and equol nonproducers (lighter bars). Pvalues are for

soy vs control diet.
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Figure 2.
Percent change on soy diet compared to control diet in women without metabolic syndrome

among equol producers (dark bars) and equol nonproducers (lighter bars). P values are for
soy Vs control diet.
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