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Abstract

Although soy food has been recommended because of its presumed cardiovascular benefits, the long-term prospective
association between habitual soy food intake and cardiovascular disease mortality remains unclear. This study aimed to
evaluate the relation of soy protein and isoflavone intake with the risk of cardiovascular disease mortality in middle-aged
and older Chinese adults residing in Singapore. The Singapore Chinese Health Study is a population-based study that
recruited 63,257 Chinese adults aged 45-74 y from 1993 to 1998. Usual diet was measured at recruitment by using a
validated semiguantitative food-frequency questionnaire, and mortality information was identified via registry linkage until
31 December 2011. Cox proportional hazards models were used to calculate HRs, with adjustment for potential
confounders. The median intake was 5.2 g/d for soy protein, 15.8 mg/d for soy isoflavones, and 87.4 g/d for soy expressed
as tofu equivalents. We documented 4780 cardiovascular deaths during 890,473 person-years of follow-up. After
adjustment for sociodemographic, lifestyle, and other dietary factors, soy protein intake was not significantly associated
with cardiovascular disease mortality: HRs (95% Cls) were 1.00 (reference), 1.02 (0.94, 1.11), 1.02 (0.93, 1.11), and 1.06
(0.97, 1.17) for increasing quartiles of soy protein (P-trend = 0.24). Similarly, no significant association was observed for
soy isoflavones and total tofu equivalents and when deaths from coronary heart disease (n = 2697) and stroke (n = 1298)
were considered separately. When stratified by sex, HRs for cardiovascular disease mortality across quartiles of soy
protein were 1.00, 1.00, 1.05, and 1.16 (95% CI: 1.03, 1.31) in men (P-trend = 0.02) and 1.00, 1.01, 0.96, and 0.95
(95% Cl: 0.81, 1.10) in women (P-trend = 0.31), although the interaction was not significant (P-interaction = 0.12). In
conclusion, soy intake was not significantly associated with risk of cardiovascular disease mortality in the Chinese
population. However, a slightly increased risk associated with high soy protein intake in men cannot be excluded and

requires further investigation. J. Nutr. 144: 921-928, 2014.

Introduction

Cardiovascular disease (CVD) is the leading cause of death
worldwide (1), and the disease burden has increased dramati-
cally in the past several decades in Asian countries (2). Among
the many risk factors, diet plays an important role in the
development and prognosis of CVD (3,4). There has been a
long-standing interest in the potential cardiovascular benefits of
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soy protein and isoflavones on the basis of results from short-
term intervention studies on several cardiometabolic pathways
[e.g., lipid profiles (5), glycemic control (6), arterial stiffness (7),
blood pressure (8), and endothelial function (9)].

Several prospective cohort studies have also assessed the
association between soy intake and the risk of CVD. Dietary
isoflavone intake was not significantly associated with risk of
coronary heart disease (CHD) or stroke in Dutch women (10) or
CVD mortality in Spanish adults (11). A possible reason for the
inconsistency could be that the consumption of soy is too low in
the Western population (12). In an early investigation in the
Shanghai Women’s Health Study, higher soy protein intake was
associated with a lower risk of incident CHD in Chinese women
(13). However, the investigators recently reported a positive
association between soy intake and risk of incident CHD in the
Shanghai Men’s Health Study (14). They further measured
urinary isoflavone metabolites as a biomarker of soy intake in a
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nested case-control study from these 2 cohorts and found no
significant association between urinary concentrations of isofla-
vones and incident CHD (15). In a Japanese cohort study, dietary
intakes of total soy and soy isoflavones were associated with a
lower risk of incident CHD and stroke in women but not in men
(16). However, no significant association between soy intake and
CVD mortality was reported in another cohort study in Japanese
men and women aged >35 y (17). Thus, the current evidence
between soy intake and risk of incident CVD remains inconsistent,
and no significant association for CVD mortality was reported in
Spanish or Japanese adults (11,17).

Previous epidemiologic findings on soy consumption and CVD
may have been limited by the low consumption in Western
populations (10,11), short-term follow-up in the Chinese popula-
tion (13,14), or small sample size in some studies (13,14,16,17).
Therefore, to address the question of whether long-term intakes
of soy and related isoflavones are associated with a lower risk of
CVD mortality, we used data from the Singapore Chinese Health
Study, a population-based prospective cohort of ~63,000 Chinese
men and women in Singapore. We also examined this relation
separately in CVD-free individuals (primary prevention) and in
persons with CVD (secondary prevention) at baseline, in men and
women, and for CHD and stroke mortality.

Participants and Methods

Study population. In this population-based cohort study, 35,303
Chinese women and 27,954 Chinese men aged 45-74 y were enrolled

TABLE 1
Health Study’

between April 1993 and December 1998. The study participants were
recruited from 2 major dialect groups in Singapore, Hokkiens and
Cantonese, who originated from Fujian and Guangdong provinces in
southern China, respectively. During the enrollment period, all of the
study participants were residents of government housing estates, where
86% of the Singapore population resided at the time of recruitment. This
study was approved by the institutional review board at the National
University of Singapore, and all enrolled participants provided informed
consent. Full details of the Singapore Chinese Health Study design have
been described previously (18).

We obtained information on demographic characteristics, lifestyle
factors (physical activity, tobacco use, and alcohol intake), usual diet,
and medical history at recruitment through in-person interviews by using
structured questionnaires. We excluded individuals who had cancer at
baseline identified either by self-report or via linkage with the nationwide
Singapore Cancer Registry (7 = 1936) and those who reported extreme
energy intakes (<600 or >3000 kcal/d for women and <700 or >3700 kcal/d
for men; 7 = 1023). Finally, 60,298 participants were included in the
current analysis.

Assessment of diet and covariates. During the baseline interview, we
administered a semiquantitative FFQ including 165 commonly con-
sumed food items in this population. The respondents were instructed to
select from 8 food-frequency categories (ranging from “never or hardly
ever” to “two or more times a day”) and 3 portion sizes (small, medium,
large) with the aid of photographs. The FFQ listed 7 nonfermented soy
items that are commonly consumed in the local Chinese population:
plain tofu, tau pok, tau kwa, foo pei, foo jook, tofu far, and soybean
drink (19). Equivalent amounts of tofu per day were calculated to
facilitate comparison with a known dietary item while taking into
account the varying water contents across the 7 soy foods: the water

Participant characteristics according to quartile of soy protein intake in the Singapore Chinese

Quartile of soy protein intake

Characteristic 1(n=15,182) 2 (n=15,119) 3 (n=14,943) 4 (n = 15,054)
Age, y 56.4 + 8.0 57.0 + 8.1 56.4 + 8.0 557 = 7.8
Female sex, n (%) 5918 (39.0) 8812 (58.3) 9464 (63.3) 9270 (51.6)
Dialect group, n (%)

Hokkien 7567 (49.8) 8264 (54.7) 8337 (55.8) 8207 (54.5)

Cantonese 7615 (50.2) 6855 (45.3) 6606 (44.2) 6847 (45.5)
Education more than secondary school, n (%) 4474 (29.5) 3869 (25.6) 4099 (27.4) 4738 (31.5)
Ever smoker, n (%) 6281 (41.4) 4438 (29.3) 3842 (25.7) 3827 (25.4)
Weekly/daily alcohol drinker, n (%) 2706 (17.8) 1550 (10.2) 1292 (8.6) 1461 (9.7)
Hypertension, n (%) 3485 (22.9) 3530 (23.3) 3646 (24.4) 3627 (24.0)
Diabetes, n (%) 1246 (8.2) 1344 (8.9) 1357 (9.1) 1406 (9.3)
Coronary heart disease, n (%) 592 (3.9) 607 (4.0) 621 (4.1) 645 (4.3)
Stroke, n (%) 248 (1.6) 235 (1.5) 202 (1.3) 203 (1.3)
Weekly moderate activity, n (%)

<0.5 h/wk 11,977 (78.9) 11,940 (79.0) 11,639 (77.9) 11,405 (75.8)

0.5-3.4 h/wk 2074 (13.7) 1981 (13.1) 2106 (14.1) 2239 (14.9)

=35 h/wk 1131 (7.4) 1198 (7.9) 1198 (8.0) 1410 (9.4)
BMI, kg/m’ 23.0 £33 230 + 32 232 32 232 £33
Total energy intake, kcal/d 1770 = 508 1396 = 461 1394 = 470 1629 *+ 535
Tofu equivalents,? g/d 240 = 276 719 =132 108 = 18.0 204 + 88.2
Soy protein,? g/d 18+ 14 43 =05 6.2 =06 112 +42
Soy isoflavones,? mg/d 54 =51 135 = 34 196 = 4.7 36.1 = 17.5
SFAs? g/d 138 = 5.1 154 =39 16.0 = 39 16.8 = 47
MUFAs,? g/d 132 = 44 15.4 =39 16.0 = 3.9 16.8 = 4.7
w-3 PUFAs 2 g/d 07 =03 09 +02 09 +02 1.1 +03
w-6 PUFAs? g/d 6.4 +29 75+ 25 82+ 26 95 + 36
Fiber,? g/d M2 =*44 123 = 36 129 = 35 142 = 4.1

" Values are means * SDs unless otherwise indicated.

2 Dietary intakes were adjusted for energy using the residual methods.
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content was 54% for cooked foo jook, 58% for cooked foo pei, 69% for
cooked tau kwa and tau pok, 89% for cooked plain tofu, and 92% for
tofu far and soybean drink. For example, we determined that 1 g of
cooked foo jook is equivalent to 4.2 g (by dividing the percentage of
nonwater content: 46/11) of plain tofu. The total soy intake for each
participant was estimated as the sum of all soy foods expressed in units of
plain tofu equivalents. We further assessed soy components by deriving
soy protein (in g) and soy isoflavones (in mg) from the Singapore Food
Composition Database (18). This database was developed specifically
for this cohort study and lists values for ~100 dietary components per
100 g of the edible raw and cooked foods. We previously measured
concentrations of genistein, daidzein, and glycitein in market samples of
common soy foods in Singapore (20). The FFQ was validated subse-
quently by using two 24-h recalls including 1 weekday and 1 weekend
among a subset of 810 participants from this cohort (18). The correlation
coefficients were 0.32 and 0.39 for soy protein and isoflavones,
respectively. In another validation study, intakes of soy foods were
also significantly, monotonously associated with urinary excretions of
genistein, daidzein, and glycitein (21).

Self-reported information about age, body weight, height, educa-
tional level, smoking status, and physical activity was also assessed through
the baseline questionnaire. BMI (in kg/m?) was calculated by body weight
in kilograms divided by height squared in meters. Participants also self-
reported their history of medical conditions diagnosed by physicians,
including diabetes, hypertension, CHD, and stroke.

Assessment of mortality. Date and cause of death of study participants
were obtained through linkage with the nationwide registry of birth and
death in Singapore. The primary cause of death was used for analysis.
Vital status for cohort participants was updated through 31 December
2011. As of 31 December 2011, only 47 participants from this cohort
were known to be lost to follow-up due to migration out of Singapore or
for other reasons. Accordingly, emigration among participants seems to be
negligible in this cohort, and vital statistical information during follow-up
was nearly complete. The International Classification of Diseases, Ninth
Revision, was used to code underlying causes of death using codes
390459 for cardiovascular deaths, codes 410-414 for CHD deaths, and
codes 430-438 for stroke deaths.

Statistical analysis. Soy product intake was analyzed in quartiles, with
the lowest quartile as the reference category. We adjusted food and nutrient
intakes (including soy protein, isoflavones, and tofu equivalents) for total
energy by using the residual method (22). Person-years for each participant
were calculated from the date of recruitment until time of death, loss to
follow-up, or 31 December 2011, whichever came first. Cox proportional
hazards were used to examine associations between soy food intake and
CVD mortality risk. In the multivariate model, we adjusted for age
(continuous), sex, interview year (1993-1995, 1996-1998), dialect group
(Hokkien, Cantonese), cigarette smoking (years of smoking and number of
cigarettes per day), alcohol consumption (never or monthly, weekly, daily),
level of education (none, primary school, secondary school or more),
physical activity level (<0.5, 0.5-3.4, =3.5 h/wk), BMI (<20.0, 20.0-23.9,
24.0-27.9, =28.0 kg/m?), baseline history of comorbidities (diabetes,
hypertension, CHD, and stroke as 4 adjusting factors) and total energy
intake (continuous), and dietary intakes of fiber, SFAs, MUFAs, and omega-
3 and w-6 PUFAs (quartiles). P values for trend were tested by including
quartiles of soy protein or isoflavone intake as continuous variables in the
models.

Stratified analysis was decided a priori by self-reported history of
physician-diagnosed CHD and stroke at baseline. The rationale was to test the
hypothesis for primary prevention (participants without history of CVD) and
secondary prevention (patients with CVD). We further stratified the analysis
in participants with or without baseline history of diabetes/hypertension
among those free of CVD to evaluate whether the association persisted in the
high-risk group. Some previous studies suggested sex differences in the health
effects of soy intake; therefore, we also stratified the analysis by sex. The
likelihood ratio test of the cross-product terms was used to test for
interactions. All statistical analyses were conducted by using SAS 9.1 (SAS
Institute), with 2-sided P values <5% as the threshold for significance.

Results

The median (IQR) intake of soy protein in the study population
was 5.2 (3.4-7.5) g/d; it was 15.8 (10.1-23.7) mg/d for
isoflavones and 87.4 (53.8-132) g/d for units of plain tofu
equivalents. Table 1 shows participants’ baseline characteristics

TABLE 2 HRs (95% Cls) of cardiovascular disease mortality according to intakes of soy and soy components’

Quartile of intake

1 2 3 4 P-trend?

Soy protein

Median intake, g/d 22 43 6.2 9.8

Cases/person-years, n/n 1224/219,813 1275/222,748 1204/223,036 1077/224,876

Multivariate model 1 1.00 1.02 (0.94, 1.11) 1.03 (0.95, 1.11) 1.00 (0.92, 1.08) 0.99

Multivariate model 2 1.00 1.00 (0.92, 1.08) 0.98 (0.90, 1.07) 0.99 (0.91, 1.07) 0.67

Multivariate model 3 1.00 1.02 (0.94, 1.11) 1.02 (0.93, 1.11) 1.06 (0.97, 1.17) 0.24
Soy isoflavones

Median intake, mg/d 6.2 13.1 19.2 320

Cases/person-years, n/n 1261/219,398 1314/221,609 1154/222,939 1051/226,528

Multivariate model 1 1.00 1.01(0.93, 1.09) 0.96 (0.89, 1.05) 0.93 (0.86, 1.01) 0.06

Multivariate model 2 1.00 1.00 (0.92, 1.08) 0.95 (0.88, 1.04) 0.94 (0.86, 1.02) 0.08

Multivariate model 3 1.00 1.01(0.93, 1.10) 0.98 (0.90, 1.07) 1.00 (0.91, 1.10) 0.83
Tofu equivalents

Median intake, g/d 428 612 999 197

Cases/person-years, n/n 1216/217,915 1284/221,868 1215/224,836 1065/225,855

Multivariate model 1 1.00 1.04 (0.96, 1.12) 1.04 (0.96, 1.12) 0.99 (0.91, 1.07) 0.77

Multivariate model 2 1.00 1.02 (0.94, 1.10) 1.02 (0.94, 1.11) 0.98 (0.90, 1.06) 0.62

Multivariate model 3 1.00 1.03 (0.95, 1.12) 1.06 (0.97, 1.15) 1.05 (0.95, 1.15) 0.27

" Multivariate model 1 adjusted for age, sex, dialect, and year of interview; multivariate model 2 further adjusted for educational level, BMI,
physical activity, smoking duration, cigarette smoking per day, alcohol use, baseline history of self-reported diabetes, hypertension,
coronary heart disease, stroke, and total energy intake; multivariate model 3 further adjusted for dietary fiber, SFAs, MUFAs, w-3 PUFAs,

and w-6 PUFAs.

2 Linear trend was tested by treating the quartile as a continuous variable.
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according to quartiles of soy protein intake. Participants in the
highest quartile of soy protein intake were more likely to be
women and to be physically active but less likely to be smokers
and regular alcohol drinkers compared with those with low soy
protein intake. They also had a slightly higher prevalence of
diabetes and hypertension but a similar prevalence of CHD and
stroke. Soy protein was also associated with higher intakes of
dietary fiber and PUFAs (P-trend < 0.001). No significant
differences in soy protein intake were found by age, BMI, and
educational level. A similar pattern was found for intake of soy
isoflavones, except for a lack of association with prevalence of
diabetes and hypertension (Supplemental Table 1). Similar
patterns were observed in those participants without diabetes
and hypertension at baseline (Supplemental Table 2).

We documented a total of 4780 cardiovascular deaths
(including 2697 CHD deaths and 1298 stroke deaths) during
an average of 14.7 y of follow-up (890,473 person-years). In the
multivariate model, soy protein intake was not significantly
associated with a risk of cardiovascular deaths, even after
adjustment for established CVD risk factors and other dietary
variables (HR for the highest vs. lowest quartile: 1.06; 95% CI:
0.97, 1.17; P-trend = 0.24) (Table 2). Similarly, intakes of soy
isoflavones and soy expressed as plain tofu equivalents were not
significantly associated with CVD mortality. In addition, no
significant association was found for any of the soy-related
exposures with either CHD or stroke mortality (Table 3).

We further conducted a stratified analysis according to
baseline history of CVD (Table 4). No significant associations

between soy-related exposures and CVD mortality were found
for participants with or without CVD at baseline. Among
individuals without baseline CVD, we further stratified the
analysis by baseline diabetes and/or hypertension (Supplemental
Table 3). No significant associations for CVD mortality were
found for the subgroups, except for participants without
baseline diabetes/hypertension in whom a significant association
was found for soy protein (HR comparing extreme quartiles:
1.16; 95% CI: 1.00, 1.34; P-trend = 0.05) and tofu equivalents
(HR comparing extreme quartiles: 1.18; 95% CI: 1.02, 1.36; P-
trend = 0.04); however, these were only significant after further
adjustment for dietary covariates.

We did not find a significant interaction between sex and soy
protein intake (P-interaction = 0.12) for CVD mortality (Table 5).
However, compared with the lowest quartile, a significantly
increased risk of CVD mortality was observed in the highest
quartile in men (HR: 1.16; 95% CI: 1.03, 1.31; P-trend = 0.02),
but this was not found in women (HR: 0.95; 95% CI: 0.81, 1.10;
P-trend = 0.31). However, the increased risk in the highest quartile
among men was observed only after adjustment for dietary
covariates. For CVD mortality, the interaction between sex and
soy isoflavones was borderline significant (P-interaction = 0.07),
but the interaction between sex and tofu equivalents was not
statistically significant (P-interaction = 0.35). No significant
associations were observed for risk of CHD and stroke mortality
in either men or women (Supplemental Tables 4 and 5).

For CVD mortality, no significant interaction was found
between soy protein intake and several lifestyle factors (smoking

TABLE 3 HRs (95% Cls) of CHD mortality and stroke mortality according to intakes of soy and soy components’

Quartile of soy product intake

1 2 3 4 P-trend?
CHD mortality

Soy protein

Cases/person-years, n/n 701/219,813 709/222,748 656/223,036 631/22,4876

Multivariate model 1 1.00 1.00 (0.90, 1.11) 0.95 (0.85, 1.06) 1.02 (0.92, 1.14) 0.96

Multivariate model 2 1.00 1.00 (0.90, 1.12) 0.96 (0.86, 1.08) 1.06 (0.93, 1.20) 0.58
Soy isoflavones

Cases/person-years, n/n 719/219,398 715/221,609 656/222,939 607/226,528

Multivariate model 1 1.00 0.98 (0.88, 1.09) 0.98 (0.88, 1.10) 0.96 (0.86, 1.08) 0.57

Multivariate model 2 1.00 0.98 (0.88, 1.09) 0.99 (0.88, 1.11) 0.99 (0.88, 1.12) 0.97
Tofu equivalents

Cases/person-years, n/n 686/217,915 717/221,868 679/224,836 615/225,855

Multivariate model 1 1.00 1.04 (0.93, 1.15) 1.04 (0.94, 1.17) 1.01 (0.90, 1.12) 0.88

Multivariate model 2 1.00 1.04 (0.93, 1.16) 1.06 (0.94, 1.19) 1.04 (0.92, 1.18) 0.49

Stroke mortality

Soy protein

Cases/person-years, n/n 321/219,813 374/222,748 333/223,036 270/224,876

Multivariate model 1 1.00 1.05 (0.90, 1.23) 0.99 (0.84, 1.16) 0.91(0.78, 1.08) 0.20

Multivariate model 2 1.00 1.09 (0.93, 1.27) 1.05 (0.89, 1.24) 1.02 (0.85, 1.23) 0.96
Soy isoflavones

Cases/person-years, n/n 335/219,398 386/221,609 307/222,939 270/226,528

Multivariate model 1 1.00 1.05 (0.90, 1.22) 0.90 (0.76, 1.06) 0.88 (0.75, 1.04) 0.04

Multivariate model 2 1.00 1.07 (0.92, 1.26) 0.94 (0.80, 1.12) 0.97 (0.81, 1.16) 0.41
Tofu equivalents

Cases/person-years, n/n 328/217,915 375/221,868 323/224,836 272/225,855

Multivariate model 1 1.00 1.04 (0.89, 1.21) 0.95(0.80, 1.11) 0.90 (0.77, 1.06) 012

Multivariate model 2 1.00 1.07 (0.91, 1.25) 1.00 (0.84, 1.18) 1.00 (0.83, 1.20) 0.78

" Multivariate model 1 adjusted for age, sex, dialect, year of interview, educational level, BMI, physical activity, smoking duration, cigarette smoking per day, alcohol use, baseline
history of self-reported diabetes, hypertension, CHD, stroke, and total energy intake; multivariate model 2 further adjusted for dietary fiber, SFAs, MUFAs, -3 PUFAs, and w-6

PUFAs. CHD, coronary heart disease.
2 Linear trend was tested by treating the quartile as a continuous variable;
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TABLE 4 HRs (95% Cls) of CVD mortality according to intakes of soy and soy components, stratified by

self-reported history of CVD at baseline’

Quartile of intake

1 2 3 4 P-trend?
Soy protein
No prior CVD history
Cases/person-years, n/n 1020/210,183 1047/213,352 966/213,558 887/214,581
Multivariate model 1 1.00 0.97 (0.89, 1.06) 0.95 (0.87, 1.04) 1.00 (0.91, 1.09) 0.81
Multivariate model 2 1.00 1.00 (0.91, 1.10) 1.00 (0.91, 1.11) 1.10(0.99, 1.22) 0.10
Prior CVD history
Cases/person-years, n/n 204/9631 228/9396 238/9478 190/10,295
Multivariate model 1 1.00 1.15(0.94, 1.40) 1.17 (0.96, 1.42) 0.92 (0.76, 1.13) 0.51
Multivariate model 2 1.00 1.13(0.92, 1.38) 1.15 (0.94, 1.40) 0.90 (0.72, 1.13) 0.46
Soy isoflavones
No prior CVD history
Cases/person-years, n/n 1047/209,809 1077/211,718 928/213,837 868/216,310
Multivariate model 1 1.00 0.97 (0.88, 1.06) 0.91(0.83, 1.00) 0.96 (0.88, 1.05) 0.19
Multivariate model 2 1.00 0.99 (0.90, 1.08) 0.95 (0.86, 1.05) 1.04 (0.94, 1.16) 0.65
Prior CVD history
Cases/person-years, n/n 214/9590 237/9890 226/9102 183/10,218
Multivariate model 1 1.00 1.10(0.91, 1.34) 1.19(0.98, 1.45) 0.87 (0.71, 1.06) 0.26
Multivariate model 2 1.00 1.09 (0.90, 1.32) 1.17 (0.95, 1.43) 0.85 (0.68, 1.08) 0.26
Tofu equivalents
No prior CVD history
Cases/person-years, n/n 1006/208,298 1057/212,404 975/215,427 882/215,545
Multivariate model 1 1.00 1.00 (0.91, 1.09) 0.97 (0.89, 1.07) 1.01(0.92, 1.10) 0.93
Multivariate model 2 1.00 1.03 (0.94, 1.13) 1.03 (0.93, 1.13) 1.11(1.00, 1.23) 0.07
Prior CVD history
Cases/person-years, n/n 210/9617 227/9464 240/9409 183/10,310
Multivariate model 1 1.00 1.11(0.91, 1.35) 1.24 (1.02, 1.50) 0.86 (0.70, 1.05) 0.31
Multivariate model 2 1.00 1.09 (0.89, 1.32) 1.21(0.99, 1.47) 0.83 (0.67, 1.04) 0.28

" Multivariate model 1 adjusted for age, sex, dialect, year of interview, educational level, BMI, physical activity, smoking duration, cigarette
smoking per day, alcohol use, baseline history of self-reported diabetes and hypertension, and total energy intake; multivariate model 2
further adjusted for dietary fiber, SFAs, MUFAs, -3 PUFAs, and -6 PUFAs. CVD, cardiovascular disease.

2 Linear trend was tested by treating the quartile as a continuous variable.

status, drinking status, physical activity, and polyunsaturated fat
intake; all P-interaction > 0.10). The interaction between soy
protein and fiber intake (below/above median intake) was
significant (P-interaction = 0.01), and soy protein and tofu
intakes were related to increased risk of CVD mortality when
dietary fiber was low (Supplemental Table 6).

Discussion

In this large cohort study in Chinese men and women, dietary soy
consumption (soy protein, isoflavones, tofu equivalents) was not
significantly associated with CVD mortality. This result persisted in
subgroups according to sex and baseline disease history (CVD,
diabetes, hypertension) and for CHD and stroke mortality. Among
men, the highest quartile of soy protein intake was associated with a
slightly increased risk of CVD mortality.

Soy products have several bioactive components that may
possess cardiovascular benefits, including plant protein, iso-
flavones, water-soluble fiber, and unsaturated FAs (23-26).
Therefore, there has been a long-standing interest in the relation
between soy foods and cardiovascular risk. Experimental studies
have shown antiatherosclerotic effects of soy components
through various mechanisms such as cellular vasodilation and
anti-platelet aggregation, inhibition of proliferation and migra-
tion of vascular smooth muscle cells, and reduction in adhesion
molecules as an early sign of endothelial dysfunction (23). The

beneficial effects of soy products on lipid profiles (5), glycemic
control (6), arterial stiffness (7), blood pressure (8), and endothe-
lial function (9) have been shown in some short-term clinical
trials. Thus, a preventive effect of soy intake against CVD risk is
biologically plausible.

Although the evidence from animal studies and short-term
clinical trials provides a strong foundation for the dietary
recommendation to increase soy intake, the results from long-
term prospective cohort studies are mixed. A cohort study in
16,132 Dutch women with >6 y of follow-up did not find a
significant association between isoflavone intake (mainly from
soy foods) and risk of CVD (10). This lack of association with
CVD mortality was also reported from a large Spanish cohort
study (11). Studies in Asian populations, in whom soy product
intake is much higher than in Western populations, also reported
inconsistent results. In an early analysis in a cohort of 64,915
Chinese women with a mean follow-up of 2.5 y, soy protein
intake was significantly associated with a lower risk of CHD
(only 62 incident cases) (13). There is no updated report of
these findings after 10 y of further follow-up. In their recent
report in a cohort of 55,474 Chinese men with a mean follow-up
of 5.4 y, soy intake showed a positive, independent, and dose-
response association with risk of CHD (217 incident cases) (14).
However, the authors measured urinary isoflavones as a
biomarker of soy intake and found no significant association
of total isoflavones and major isoflavone metabolites (daidzein,
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TABLE 5 HRs (95% Cls) of cardiovascular disease mortality according to intakes of soy and soy

components, stratified by sex’

Quartile of intake

1 2 3 4 P-trend?
Soy protein
Males
Cases/person-years, n/n 857/131,278 653/89,344 603/78,379 589/82,393
Multivariate model 1 1.00 0.97 (0.87, 1.08) 0.99 (0.89, 1.10) 1.04 (0.93, 1.15) 0.50
Multivariate model 2 1.00 1.00 (0.87, 1.12) 1.05(0.93, 1.17) 1.16 (1.03, 1.31) 0.02
Females
Cases/person-years, n/n 367/88,536 622/133,404 601/144,657 488/142,483
Multivariate model 1 1.00 1.02 (0.89, 1.16) 0.96 (0.84, 1.10) 0.94 (0.82, 1.08) 0.23
Multivariate model 2 1.00 1.01 (0.88, 1.16) 0.96 (0.84, 1.11) 0.95(0.81, 1.10) 0.31
Soy isoflavones
Males
Cases/person-years, n/n 871/131,194 684/88,965 592/78,275 555/82,961
Multivariate model 1 1.00 0.99 (0.89, 1.09) 1.02 (0.92, 1.14) 0.96 (0.86, 1.07) 0.61
Multivariate model 2 1.00 1.01(0.91, 1.12) 1.07 (0.96, 1.20) 1.05(0.93, 1.19) 0.27
Females
Cases/person-years, n/n 390/88,205 630/132,644 562/144,664 496/143,567
Multivariate model 1 1.00 0.98 (0.86, 1.12) 0.86 (0.75, 0.98) 0.92 (0.81, 1.05) 0.07
Multivariate model 2 1.00 0.97 (0.85, 1.11) 0.86 (0.75, 0.99) 0.92 (0.80, 1.07) 0.1
Tofu equivalents
Males
Cases/person-years, n/n 840/129,314 667/88,650 616/79,424 579/84,007
Multivariate model 1 1.00 1.01(0.91, 1.12) 1.06 (0.95, 1.18) 1.00 (0.90, 1.12) 0.70
Multivariate model 2 1.00 1.04 (0.93, 1.15) 1.11(1.00, 1.24) 1.11(0.98, 1.25) 0.04
Females
Cases/person-years, n/n 376/88,602 617/133,218 599/145,412 486/141,848
Multivariate model 1 1.00 1.00 (0.87, 1.14) 0.96 (0.84, 1.09) 0.95(0.83, 1.09) 0.36
Multivariate model 2 1.00 1.00 (0.87, 1.14) 0.96 (0.84, 1.10) 0.96 (0.83, 1.12) 0.50

" Multivariate model 1 adjusted for age, dialect, year of interview, educational level, BMI, physical activity, smoking duration, cigarette
smoking per day, alcohol use, baseline history of self-reported diabetes, hypertension, coronary heart disease, stroke, and total energy
intake; multivariate model 2 further adjusted for dietary fiber, SFAs, MUFAs, -3 PUFAs, and -6 PUFAs.

2 Linear trend was tested by treating the quartile as a continuous variable.

genistein, and glycitein) with incident CHD for either men or
women in a case-control study including 377 cases nested within
these 2 cohorts (15). In a cohort study in 40,462 Japanese adults
with an average of 12.5 y of follow-up, total soy and soy
isoflavone intakes were associated with a lower risk of cerebral
and myocardial infarctions in postmenopausal women but not in
men or premenopausal women (16). However, no significant
association between soy intake and CVD mortality was reported
in another cohort study in 13,355 male and 15,724 female
Japanese adults with a mean follow-up of 7 y (17). Therefore,
the current evidence for effects of soy intake on CVD is
inconsistent for both Western and Asian populations.

There are several possible reasons for the lack of association
between soy intake and CVD mortality in our study. First,
despite some evidence of soy products improving surrogate
outcomes in short-term trials (5-9), other studies have not found
beneficial effects [as summarized in meta-analyses (27-29)].
Particularly in long-term interventions with large sample sizes,
no significant effects of soy protein or isoflavones on blood lipid
profiles were found (30-32). Therefore, it is possible that the null
association with CVD mortality reflects the fact that “the direct
cardiovascular health benefit of soy protein or isoflavone supple-
ments is minimal at best,” as stated in the American Heart
Association recommendation (28). Second, animal studies and
clinical trials usually provide very controlled exposure situation
(high dosage, continuous contrast between 2 groups, and control
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of other lifestyles), and the findings may not be directly translat-
able to free-living individuals. Third, the consumption amount of
soy protein is far lower in cohort studies (usually <10 g/d)
compared with thatin clinical trials (usually >25 g/d) (28). Fourth,
the isoflavone content of foods and its bioavailability are influ-
enced by growth conditions, postharvest processing, and storage
(24,33,34). Interindividual variations due to gut microflora and
genotype add further complexity to the metabolic fate of iso-
flavones (35). In addition, soy products can be cooked in many
different ways and with different combinations of other foods in
Chinese cuisine, which may also influence the nutrient contents
and effects on health. FFQs cannot fully capture all these sources
of variability, and some measurement error is inevitable.

In our study, soy protein intake was associated with a slightly
higher risk of cardiovascular mortality in men but not in women.
The potential interaction between soy and sex has been reported
previously, and a Japanese study (16) found an inverse associ-
ation between soy intake and CVD in postmenopausal women
but not in men. The 2 cohort studies in Chinese adults reported
an inverse association between soy intake and incident CHD in
women (13) but a positive association in men (14). In a Chinese
cross-sectional study, soy protein intake significantly interacted
with sex in relation to the metabolic syndrome, with a trend of
a positive association in men and an inverse association in
women (36). These studies suggested that the effect of soy and
isoflavones on cardiovascular risk may be sex-dependent. Some



studies reported inverse associations between dietary soy intake
and serum testosterone concentrations in men (37,38), although
the results were not consistent (39,40). Lower testosterone
concentrations in men have been shown to be related to increased
risk of diabetes (41) and metabolic syndrome (42). Moreover, the
statistically significant associations were observed only after
adjustment for other dietary factors, and we cannot exclude the
possibility that this might be a chance finding, particularly given
the lack of association with CHD or stroke mortality when
stratified by sex and a significant association only in the highest
quartile in men. We observed an unexpected interaction with fiber
intake in that dietary soy was associated with a modest increased
risk of CVD mortality in participants with lower fiber intake. The
significant interaction between dietary soy and fiber intake was
not found in the Shanghai cohorts (13,14), and further studies are
still needed to confirm our results.

Our study has several strengths. First, to our knowledge, it is
thus far the largest such study, with 4780 CVD deaths and a long
duration of follow-up. Second, soy food consumption was compa-
rable to other studies in Chinese and Japanese populations
(13,14,16,17), although much higher compared with that in
Western populations (10,11). Third, our study had a high response
and follow-up rate, collection of detailed data on diet and potential
confounders through face-to-face interviews, and nearly complete
mortality assessment with accurate records on time and cause of
death. Finally, dietary intake was assessed by an FFQ that was
specifically developed and validated in this population and that has
been shown to be reasonably accurate and reproducible (18,21).

We are also aware of several limitations of our study. First,
some degree of measurement error in the assessment of soy
intake was inevitable due to the self-report assessment of dietary
intake, which most likely resulted in some nondifferential
misclassification and underestimation of the strength of the
association. The self-reported lifestyle-related data may have
resulted in some misclassification and residual confounding.
Second, we had only a single assessment of diet, and repeated
assessments would have allowed us to capture potential changes
in exposure during follow-up and reduce measurement errors.
Third, we do not know whether soy products have benefits on
nonfatal cardiovascular events, and future efforts should be
made to validate and confirm the nonfatal cases. Finally, these
findings may not be generalizable to other ethnic groups or
populations with different amounts of soy intake.

In conclusion, our results from a large well-established
prospective cohort study in a Chinese population do not support
a protective effect of habitual consumption of soy foods on
cardiovascular death. Our results cannot exclude that high doses
of soy protein intake may be associated with a slightly increased
risk of CVD mortality in men, but further studies are needed to
confirm or refute this possibility. Taken together, our results do
not provide evidence for reccommendations of increasing soy food
consumption as a CVD prevention strategy.
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