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ABSTRACT Soy food intake has been shown to have beneficial effects on cardiovascular disease risk factors.
Data directly linking soy food intake to clinical outcomes of cardiovascular disease, however, are sparse. We
examined the relationship between soy food intake and incidence of coronary heart disease (CHD) among
participants in the Shanghai Women’s Health Study, a population-based prospective cohort study of �75,000
Chinese women aged 40–70 y at the baseline survey that was conducted from 1997 to 2000. Included in this study
were 64,915 women without previously diagnosed CHD, stroke, cancer and diabetes at baseline. Information on
usual intake of soy foods was obtained at baseline through an in-person interview using a validated food-frequency
questionnaire. Cohort members were followed biennially through in-person interviews. After a mean of 2.5 y
(162,277 person-years) of follow-up, 62 incident cases of CHD (43 nonfatal myocardial infarctions and 19 CHD
deaths) were documented. There was a clear monotonic dose-response relationship between soy food intake and
risk of total CHD (P for trend � 0.003) with an adjusted relative risk (RR) of 0.25 (95% CI, 0.10–0.63) observed for
women in the highest vs. the lowest quartile of total soy protein intake. The inverse association was more
pronounced for nonfatal myocardial infarction (RR � 0.14; 95% CI, 0.04–0.48 for the highest vs. the lowest quartile
of intake; P for trend � 0.001). This study provides, for the first time, direct evidence that soy food consumption
may reduce the risk of CHD in women. J. Nutr. 133: 2874–2878, 2003.
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It has been postulated that high consumption of soy foods
may be one of the possible explanations for the low risk of
coronary heart disease (CHD)3 in some Asian populations
(1,2). Several potential mechanisms through which soy and
soy constituents may protect against CHD have been proposed
(2–9), including the well-documented beneficial effects of soy
on serum lipid profiles (10–14) and other lipid-independent
effects, such as lowering blood pressure (14–16), increasing
LDL oxidation resistance (17–19), improving vascular reactiv-
ity (20–23), inhibiting thrombus formation and suppressing
smooth muscle cell proliferation and migration (24,25). A
meta-analysis of 38 controlled clinical trials reported that
intake of soy protein was associated with a significant reduc-
tion in serum concentrations of total cholesterol, LDL choles-
terol and triacylglycerols, and a nonsignificant increase in
HDL cholesterol (10).

Despite the strong evidence for potential beneficial effects
of soy foods on cardiovascular disease (CVD) risk factors or
surrogate end points (10–28), no prospective study has di-
rectly assessed the association between usual dietary soy intake

and risk of CHD. The Shanghai Women’s Health Study
(SWHS), conducted in a population with a high soy food
intake, provides a unique opportunity with which to evaluate
this important hypothesis.

SUBJECTS AND METHODS

Study population. The SWHS is a population-based prospective
cohort study conducted among Chinese women in urban Shanghai.
Eligible participants were female permanent residents of Shanghai,
aged 40–70 y, who were living in seven urban communities of
Shanghai. The study was approved by relevant institutional review
boards for human research in Shanghai and the United States. Of
81,271 eligible women identified from the Shanghai residential reg-
istry, 2047 (3.0%) refused to participate in the study, 2073 (2.6%)
were not available during the baseline recruitment period and 1469
(1.8%) were not enrolled for other miscellaneous reasons related to
health and communication problems. The remaining 75,322 women
completed the baseline survey during 1997–2000 and were recruited
to the cohort study, yielding a participation rate of 92.7%. After
further exclusion of those who were later found not to be in the age
range at the time of interview, the final SWHS cohort consisted of
75,044 women.

The baseline in-person interviews were performed at participants’
homes by trained interviewers using a structured questionnaire de-
signed to collect information on demographic characteristics, diet
and lifestyle habits, and medical history. Anthropometric measure-
ments, including current weight, height, and circumferences of waist
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and hip, were taken using a standard protocol. All interviews were
tape-recorded and selectively checked by quality control staff mem-
bers to monitor the quality of the interview data. All study partici-
pants were followed through biennial in-person interviews.

For the present study, we excluded women who reported a history
of CHD, stroke or cancer at the time of the baseline interview (n
� 7409). Those with previously diagnosed diabetes were also ex-
cluded because diagnosis of this intermediate condition of CHD
would likely lead to a dietary change and thus may confound the
diet-disease relationship (n � 2381). We also excluded women with
an extreme total energy intake (�2092 or �14,644 kJ/d) (n � 105)
and those who were lost to follow-up immediately after initial entry
(n � 239). After these exclusions, a total of 64,915 women remained
for the present analysis.

Dietary assessment. Usual dietary intake was assessed through
an in-person interview using a comprehensive quantitative food-
frequency questionnaire (FFQ). The FFQ included tofu, soymilk, fried
bean curd, bean curd cake and other soy products, covering virtually
all soy foods consumed in urban Shanghai. During the face-to-face
interview, each participant was first asked how often, on average,
during the previous year she had consumed a specific food or food
group (the possible responses were daily, weekly, monthly, yearly or
never), followed by a question on the amount consumed in grams per
unit of time. The intake of nutrients was then calculated by multi-
plying the amount of food consumed by the nutrient contents per
gram of food obtained from the Chinese Food Composition Table
(29). Total soy food intake was measured by summing up the soy
protein intake for all soy food items.

The FFQ was evaluated for its reproducibility and validity in
assessing usual dietary intake in a random sample of 200 SWHS
participants (30). The median intakes of protein derived from the
FFQ and the 24-h dietary survey were very similar (60.8 and 61.3 g/d,
respectively). At the individual level, the estimate of protein intake
derived from the FFQ was closely correlated with that derived from
the survey with 24 d of 24-h dietary recalls (Pearson correlation
coefficient, r � 0.60, P � 0.01).

End point ascertainment. The primary end point for this study
was incident CHD, including both nonfatal myocardial infarction
(MI) and CHD death, that occurred after the baseline survey. Cases
of nonfatal MI were identified through in-person follow-up interviews
that were conducted typically 2 y after the baseline survey. Medical
records were sought for all self-reported cases of MI and reviewed by
physicians who were unaware of the participant’s exposure status. The
diagnosis of MI was confirmed using the WHO criteria (i.e., symp-
toms plus either diagnostic electrocardiographic changes or elevation
of cardiac enzyme levels) (31). Cases of MI were defined as possible
when information from medical records was insufficient or unavail-
able and confirmatory information was obtained through an in-person
interview only. There were 10 (23%) possible MI cases.

Deaths were ascertained through reports by the next of kin and
linkage with the registry of vital statistics kept at the Shanghai
Center for Disease Control and Prevention. Virtually all cohort
members (99.6%) were successfully followed for their vital status by
means of the biennial home visits in conjunction with administrative
data. The underlying causes of death were established by reviewing
medical records when possible, interviewing the next of kin to find
out the circumstances of death and the major medical histories of the
decedents, and by referring to death certificates. Of the 19 CHD
deaths identified during the follow-up period, seven were confirmed
to be fatal MI cases by means of medical record reviews, 12 were
presumed to be attributed to CHD for which CHD was the most
plausible cause of death and no other known causes of death could be
suggested based on interviews and information from death certificates
in which the underlying cause of death was recorded as an Interna-
tional Classification of Diseases, 9th Revision (ICD-9) code of 410 to
414. All possible MI cases and presumed CHD deaths were included
in this analysis after ensuring that the results would not vary substan-
tially by inclusion or exclusion of these cases.

Statistical analysis. Person-years of follow-up for each partici-
pant were calculated from the date of the baseline interview to the
date of the end point, death, or the follow-up survey, whichever came
first. The participants were divided into four categories, according to

the quartile distribution of total soy protein intake at baseline among
the entire cohort. The lowest quartile was treated as the reference
group. Incidence rates were calculated by dividing the number of
events by the person-years of follow-up in each category. Relative
risks (RR), the rate ratios of each specific quartile vs. the lowest
quartile, and their 95% CI were computed using the Cox proportional
hazards model to measure the association between consumption of
soy foods and the risk of CHD. Selection of potential confounders was
based primarily on a priori consideration of their associations with
both soy intake and CHD risk as well as the change-in-estimate
criterion (comparing unadjusted and adjusted estimates of relative
risks). Variables adjusted for in the multivariate analyses included
age, cigarette smoking, alcohol consumption, BMI (kg/m2), waist-to-
hip ratio, regular exercise, menopausal status, history of hypertension,
attended education level, family income, season of recruitment, as
well as intake of total energy, fat, fiber, fruit and vegetables. Addi-
tional adjustment for use of postmenopausal hormones, vitamin E
supplement, multivitamins and other dietary intakes (e.g., meat,
poultry, fish, egg, rice and tea) did not materially alter the results;
these variables were therefore not included in the final model. Tests
for linear trend across the quartiles were performed by using the
median intake value for each category and modeling them as con-
tinuous variables. We also conducted analyses stratified by known
CVD risk factors and some dietary factors to further examine the
independent effects of soy and to explore the possible presence of
effect modification by these factors.

The “proportionality assumption” that underlies the Cox model
was checked by graphical methods and was found not to have been
violated. All P-values are two-sided. Statistical analyses were per-
formed using SAS version 8.2 (SAS Institute, Cary, NC).

RESULTS

A total of 64,915 women were included in the current
analysis. The mean age of the cohort members was 51 y at
recruitment. The mean length of follow-up was 2.5 y. The
median dietary intake of total soy protein was 7.36 g/d. The
major contributors to total soy protein intake in the study
population were soy milk, tofu and processed soy products
other than tofu, accounting for 81% of total soy protein
intake.

We examined the baseline characteristics of study partici-
pants according to quartiles of total soy protein intake (Table
1). Compared with women with lower soy protein consump-
tion, women with higher consumption were older, more likely
to be postmenopausal, and have a history of hypertension, a
higher BMI and waist-to-hip ratio, characteristics that relate
to aging. Women who ate more soy protein were also more
likely to exercise and drink alcohol, and less likely to smoke
cigarettes. Soy protein intake was positively associated with
intake of total energy, fat, fiber and vegetables. No associations
with education and family income were observed for soy pro-
tein intake.

During the 162,277 person-years of follow-up, 62 incident
cases of CHD (43 nonfatal MI cases and 19 deaths from CHD)
were documented. Relative risks and 95% CI for CHD accord-
ing to quartiles of total soy protein intake were calculated
(Table 2). The age- and energy-adjusted risk of total CHD
decreased with increasing total soy protein intake (P for trend
� 0.03). The inverse association was strengthened after fur-
ther adjusting for risk factors for CVD, socioeconomic and
dietary factors. Compared with women in the lowest quartile
of total soy protein intake, the RR of CHD derived from the
fully adjusted model was 0.25 (95% CI, 0.10–0.63; P for trend
� 0.003) for women in the highest quartile of intake. A
stronger inverse association was observed for nonfatal MI with
a multivariate RR for the highest quartile being 0.14 (95% CI,
0.04–0.48; P for trend � 0.001). No association was found for
fatal CHD, likely due to a small number of outcomes. Analyses
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TABLE 1

Baseline characteristics of the study population according to quartiles of total soy protein intake,
the Shanghai Women’s Health Study (1997–2002)1

Quartile 1
n � 16229

Quartile 2
n � 16229

Quartile 3
n � 16229

Quartile 4
n � 16228

Quartile cutpoints, g/d (�4.50) (4.50–7.35) (7.36–11.18) (�11.19)
Characteristic
Age, y 50.5 � 8.9 50.6 � 8.7 51.1 � 8.6 51.9 � 8.7
Level of education, %

Elementary school or less 21.0 17.6 17.4 18.3
Middle school 38.9 38.7 38.9 38.7
High school 27.8 29.5 29.7 28.9
College or above 12.3 14.2 14.0 14.2

Family income (yuan/y), %
�10,000 16.1 14.6 14.2 16.4
10,000 to �20,000 37.4 37.6 38.4 38.9
20,000 to �30,000 28.8 29.3 29.0 27.5
�30,000 17.6 18.5 18.4 17.2

BMI, kg/m2 23.6 � 3.4 23.7 � 3.2 23.9 � 3.3 24.2 � 3.4
Waist-to-hip ratio 0.807 � 0.053 0.806 � 0.052 0.807 � 0.052 0.810 � 0.052
Cigarette smoking, % 0.8 0.6 0.6 0.7
Alcohol consumption, % 0.5 0.5 0.6 0.7
Regular exercise, % 3.7 4.5 5.1 6.0
Postmenopausal, % 11.0 11.4 12.0 13.0
Hypertension, % 4.2 4.5 4.8 5.5
Total energy intake, kJ/d 6283.9 � 1457.7 6762.6 � 1442.2 7152.5 � 1503.3 7887.7 � 1701.6

Fat, g/(1000 kJ � d) 3.6 � 1.3 3.9 � 1.2 4.2 � 1.2 4.7 � 1.2
Fiber, g/d 8.0 � 2.9 9.6 � 3.0 11.1 � 3.2 13.7 � 4.4
Vegetables, g/(1000kJ � d) 43.0 � 23.9 47.8 � 23.9 52.6 � 23.9 62.1 � 28.7
Fruit, g/(1000kJ � d) 57.4 � 38.2 59.8 � 35.9 59.8 � 35.9 59.8 � 35.9

1 Values are means � SD for continuous variables and percentage of subjects for categorical variables.

TABLE 2

Relative risks (RR) and 95% CI of coronary heart disease (CHD) by quartiles of total soy protein intake,
the Shanghai Women’s Health Study (1997–2002)

Quartiles of total soy protein intake

P for trendQuartile 1 Quartile 2 Quartile 3 Quartile 4

Median intake, g/(1000kJ � d) 0.47 0.88 1.29 1.99
Total CHD

Person-years 41276 40699 40495 39807
Events, n 19 17 16 10
Age/energy adjusted RR 1.00 0.87 (0.45–1.68) 0.76 (0.39–1.51) 0.42 (0.19–0.94) 0.03
Multivariate RR model 11 1.00 0.84 (0.43–1.62) 0.73 (0.37–1.45) 0.37 (0.16–0.84) 0.02
Multivariate RR model 22 1.00 0.77 (0.39–1.49) 0.60 (0.30–1.22) 0.25 (0.10–0.63) 0.003

Nonfatal myocardial infarction
Events, n 15 12 11 5
Age/energy adjusted RR 1.00 0.78 (0.36–1.68) 0.68 (0.31–1.50) 0.28 (0.10–0.80) 0.02
Multivariate RR model 11 1.00 0.73 (0.34–1.57) 0.62 (0.28–1.38) 0.24 (0.08–0.69) 0.007
Multivariate RR model 22 1.00 0.65 (0.30–1.41) 0.49 (0.21–1.11) 0.14 (0.04–0.48) 0.001

CHD death
Events, n 4 5 5 5
Age/energy adjusted RR 1.00 1.21 (0.32–4.52) 1.11 (0.29–4.20) 0.91 (0.23–3.67) 0.80
Multivariate RR model 11 1.00 1.24 (0.33–4.66) 1.18 (0.31–4.52) 0.89 (0.22–3.63) 0.77
Multivariate RR model 22 1.00 1.19 (0.31–4.53) 1.09 (0.27–4.33) 0.73 (0.15–3.58) 0.61

Confirmed total CHD
Person-years 41280 40701 40496 39808
Events, n 10 12 13 5
Multivariate RR model 22 1.00 0.99 (0.42–2.32) 0.86 (0.36–2.06) 0.20 (0.06–0.70) 0.009

Confirmed nonfatal myocardial infarction
Events, n 10 10 9 4
Multivariate RR model 22 1.00 0.81 (0.33–1.97) 0.59 (0.23–1.52) 0.16 (0.04–0.63) 0.006

1 Model 1 adjusted for age (continuous), cigarette smoking (yes or no), BMI (quartile), waist-to-hip ratio (quartile), history of hypertension (yes or
no), menopausal status (pre- or postmenopausal), regular exercise (yes or no), level of education (four categories), family income (four categories),
alcohol consumption (yes or no), season of recruitment (four categories) and total energy intake (continuous).

2 Model 2 additionally adjusted for intakes of fat, fiber, fruit and vegetables (all treated as continuous variables).
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restricted to confirmed cases of nonfatal MI and fatal CHD
had similar results (Table 2).

In further analyses stratified by hypertension, BMI, waist-
to-hip ratio, exercise, menopausal status and intakes of fat,
fiber, fruit and vegetables, the inverse association between soy
protein intake and CHD risk was observed consistently across
all strata (Table 3). The magnitude of the stratum-specific
relative risks comparing the extreme tertiles did not differ
substantially for all of these factors, indicating that there was
no significant effect modification.

DISCUSSION

In this population-based, prospective cohort study, we
found a significant inverse association between soy food intake
and risk of CHD. Women in the highest quartile of soy protein
intake had a 75% lower risk of total CHD and 86% lower risk
of nonfatal MI than those in the lowest quartile. This associ-
ation was independent of established CVD risk factors and
other dietary factors.

The observed inverse association of soy food intake with
CHD risk is biologically plausible. Soy food intake improves

serum lipid and lipoprotein profiles (10). Such well-established
beneficial effects have led to an approval of health claims on
food labels by the U.S. FDA (32) and a recent dietary recom-
mendation from the Nutrition Committee of the American
Heart Association (33). Other potential mechanisms have
also drawn much attention recently. A randomized controlled
trial reported that a 3-mo soymilk diet significantly lowered
blood pressure among essential hypertensive patients (16). It
has also been shown that 2 wk of soy consumption by six
volunteers significantly prolonged LDL oxidation lag time
(17), suggesting an increased resistance of LDL particles to
oxidation, a key event in early atherogenesis. One study in a
Dutch population found that higher dietary intake of isofla-
vones, for which soy is the richest food source, was associated
with lower aortic stiffness (23), an indicator of cardiovascular
health. Two studies of postmenopausal women in the U.S.
examined the association of usual dietary isoflavone intake
with several risk factors for CVD, including serum lipids and
lipoproteins, blood pressure, BMI, body fat distribution and
glucose metabolism, and suggested a cardioprotective potential
of dietary soy intake (26,27). Experimental studies with cyno-
molgus monkeys have also provided direct evidence that soy
isoflavones inhibit atherosclerosis (34,35).

Data on the direct relationship of soy to clinical outcomes
of CVD are lacking. One recently published study (36) in
Japan found a significant inverse association between intake of
soy and total mortality. The association with specific causes of
death including CVD, however, was not significant, perhaps
due to a small sample size. To our knowledge, our study is the
first one to prospectively assess the relationship between soy
food intake and the incidence of CHD, providing direct evi-
dence for the potential role of soy in the prevention of CHD.

Other strengths of our study include a population-based
study design with a high participation rate and a virtually
complete cohort follow-up, a large sample size, a high and
diverse intake level of soy foods and the use of a face-to-face
interview. The comprehensive information collected at base-
line also allowed us to adjust for important nondietary and
dietary factors that may confound the soy foods and CHD
relationship.

One of the major concerns for this observational study is
the potential error in dietary assessment. The FFQ used in this
study, however, was validated for its ability to estimate soy
food intake (30). Furthermore, because of the prospective
design of this study, the potential error in dietary assessment is
likely to be random, which tends to bias the results toward the
null.

Another potential concern is that there might be some
misclassification in outcome ascertainment. For some self-
reported cases, the diagnosis could not be confirmed because
their medical records were incomplete or unavailable. How-
ever, we conducted the analyses separately by both including
and excluding these possible cases and found that the results
did not vary materially.

Although we could not completely rule out the possibility
of the presence of residual confounding, we used several ap-
proaches such as restriction, multivariate modeling and strat-
ification to control for the effects of potential confounders in
our study. A consistent, strong and graded inverse association
persisted in all analyses, suggesting that confounding was un-
likely to be an attributor.

Finally, the short length of follow-up raised the concern
that some subjects may have modified their diets because of
early symptoms of undiagnosed CHD. We therefore conducted
a sensitivity analysis by excluding the cases that occurred

TABLE 3

Multivariate relative risks (RR) of coronary heart disease by
tertiles of total soy protein intake, stratified by selected

factors, the Shanghai Women’s Health Study (1997–2002)1

Variable

Tertiles of total soy protein intake

P for
trend

Tertile
1 Tertile 2 Tertile 3

Hypertension
Yes 1.00 1.45 (0.66–3.18) 0.20 (0.06–0.71) 0.006
No 1.00 0.44 (0.16–1.19) 0.46 (0.16–1.35) 0.17

BMI, kg/m2

�25 1.00 0.73 (0.35–1.56) 0.16 (0.05–0.54) 0.002
�25 1.00 1.31 (0.52–3.33) 0.59 (0.18–1.91) 0.29

Waist-to-hip ratio
�0.804 (median) 1.00 0.68 (0.22–2.13) 0.16 (0.03–1.03) 0.05
�0.804 1.00 1.04 (0.53–2.05) 0.37 (0.15–0.92) 0.02

Menopausal status
Premenopausal 1.00 1.16 (0.36–3.81) 0.23 (0.03–1.49) 0.11
Postmenopausal 1.00 0.84 (0.43–1.64) 0.31 (0.13–0.78) 0.01

Regular exercise
Yes 1.00 1.00 (0.29–3.43) 0.18 (0.03–1.34) 0.08
No 1.00 0.88 (0.45–1.71) 0.34 (0.14–0.82) 0.01

Fiber, g/d
�11 1.00 1.02 (0.51–2.04) 0.11 (0.01–0.85) 0.03
�11 1.00 1.05 (0.33–3.37) 0.51 (0.16–1.65) 0.11

Fat2
Low 1.00 1.02 (0.49–2.11) 0.32 (0.10–1.10) 0.08
High 1.00 0.79 (0.29–2.20) 0.28 (0.09–0.89) 0.02

Vegetables2

Low 1.00 0.73 (0.34–1.58) 0.14 (0.03–0.72) 0.01
High 1.00 1.33 (0.51–3.51) 0.50 (0.17–1.50) 0.08

Fruit2
Low 1.00 0.69 (0.32–1.47) 0.16 (0.05–0.54) 0.003
High 1.00 1.50 (0.56–4.03) 0.61 (0.19–1.97) 0.23

1 Adjusted for age (continuous), cigarette smoking (yes or no), BMI
(quartile), waist-to-hip ratio (quartile), history of hypertension (yes or
no), menopausal status (pre- or postmenopausal), regular exercise (yes
or no), level of education (four categories), family income (four catego-
ries), alcohol consumption (yes or no), season of recruitment (four
categories), total energy intake, and intakes of fat, fiber, fruit and
vegetables (all treated as continuous variables). When a variable was
used for stratification, it was not included in the model.

2 Median value was used as the cut-off point.
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during the first 6 mo or the first 12 mo of follow-up, and found
little change in the risk estimates.

In summary, we found in this large prospective cohort study
that soy food consumption was significantly and inversely
associated with the risk of CHD among Chinese women. Our
study provides the strongest argument to date for the recom-
mendation made by the American Heart Association to in-
crease soy food intake to promote heart health. -
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