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Abstract

Background: Whether soy products confer health benefits related to coronary heart disease 

(CHD) remains controversial due to inconsistent evidence.

Methods: A total of 74,241 women from the Nurses’ Health Study (NHS; 1984–2012), 94,233 

women from the NHSII (1991–2013), and 42,226 men from the Health Professionals Follow-Up 

Study (1986–2012), who were free of cardiovascular disease and cancer at baseline, were included 

in the current analysis. Dietary data were updated every 2–4 y using a validated food frequency 

questionnaire. Nonfatal myocardial infarction and CHD deaths were adjudicated through 

reviewing medical records, death certificates, and other medical documents.

Results: In these cohorts 8,359 incident CHD cases were documented during 4,826,122 person-

years of follow-up. In multivariable-adjusted analyses, isoflavone intake was inversely associated 

with CHD (pooled hazard ratio [HR] comparing the extreme quintiles: 0.87; 95%CI: 0.81, 0.94; 
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P=0.008). Consumption of tofu, but not soy milk, was inversely associated with the risk of CHD, 

with pooled HRs (95% CIs) of 0.82 (0.70, 0.95; P=0.005) and 0.87 (0.69, 1.10; P=0.41), 

respectively, comparing ≥1 serving/week with <1 serving/month. Further analyses showed that in 

women the favorable association of tofu was primarily driven by stronger inverse association of 

tofu intake observed in younger women before menopause and postmenopausal women without 

hormone use (Pinteraction=0.002).

Conclusions: Higher intake of isoflavones and tofu was associated with a moderately lower risk 

of developing CHD, and in women the favorable association of tofu were more pronounced in 

young women or postmenopausal women without hormone use.
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Introduction

The role of soy products and isoflavones in heart health has become a controversial topic. 

The US Food and Drug Administration (FDA) approved a health claim for soy products as 

being protective against coronary heart disease (CHD) in 1999.1 However, based on mixed 

results from clinical trials and epidemiological studies thereafter, the FDA is reconsidering 

this health claim specific to soy intake and heart health.2 In addition, updated nutritional 

guidelines by the American Heart Association concluded that the evidence for the 

cardiovascular health offered by isoflavones was minimal, and that the health benefits of soy 

products may be attributed to its higher contents of polyunsaturated fats, fiber, vitamins, and 

minerals and lower contents of saturated fat.3

Nevertheless, multiple cardioprotective benefits have been attributed to isoflavones including 

reducing the low-density lipoprotein (LDL) cholesterol, inhibiting pro-inflammatory 

cytokines, cell adhesion proteins and platelet aggregation, inducing nitric oxide (NO) 

production, and improving vascular reactivity.4, 5 Multiple prospective observational studies 

have been conducted to examine the associations of intake of isoflavones and soy products 

with CHD incidence, and some, but not all, reported inverse associations between 

isoflavones and cardiovascular risk factors and CHD prevention.6, 7 Limitations common in 

these previous investigations, such as small sample size, relatively short duration of follow-

up, different food sources of isoflavones considered, and, more importantly, lack of repeated 

assessments of diet during follow-up, may contribute to the inconsistent findings. In 

addition, given the heterogeneity in nutrients and other constituents across individual 

isoflavone-rich food sources, it is important to investigate specific food sources of 

isoflavones. Such evidence can be particularly informative for establishing food-based 

dietary guidelines. Although soy products are an important source of plant proteins, 

especially for vegetarians or vegans, epidemiological studies pertaining to individual soy 

products in relation to CHD risk are scarce. Another critical aspect in isoflavone research is 

potential, synergistic effects between isoflavones and estrogens. Isoflavones are structurally 

similar to estradiol and may exert estrogenic effects through binding estrogen receptors 

(ERs).8 It is thus plausible that the associations of isoflavones and soy foods may depend on 

Ma et al. Page 2

Circulation. Author manuscript; available in PMC 2021 April 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



menopausal status and use of hormone therapy (HT), although such interactions have not 

been extensively examined in previous studies.

To provide further evidence, the hypotheses that intake of isoflavones and soy foods is 

prospectively associated with a lower CHD risk and that these relations may differ by 

menopausal status and hormone use were evaluated in the current analysis.

Methods

The data, analytical methods, and study materials will be made available to other researchers 

from the corresponding authors upon reasonable request for the purposes of reproducing the 

results or replicating the procedure through existing data-sharing guidelines implemented in 

the cohort studies.

Study population

The Nurses’ Health Study (NHS) was initiated in 1976 and consisted of 121,700 female 

registered nurses aged 30 to 55 years enrolled from 11 states.9 The NHSII is a parallel 

cohort of younger female registered nurses and consisted of 116,671 women aged 25–42 

years at enrollment in 1989.10 The Health Professionals Follow-Up Study (HPFS) cohort 

was established in 1986 with an enrollment of 51,529 US male health professionals, 40–75 y 

of age, from all 50 states.11 In these three cohorts, information on participants’ lifestyle and 

medical history was updated every 2 years with the use of self-administered questionnaires. 

The cumulative response rate exceeded 90% in the three cohorts. In the current investigation, 

participants were excluded if they had physician-diagnosed cancer, or cardiovascular disease 

(angina, stroke, CHD, or coronary revascularization) at baseline (1984 for NHS, 1991 for 

NHSII, and 1986 for HPFS), had incomplete information of dietary data, had missing 

information on isoflavone intake, or reported implausible total energy intake (<2,510 [2nd 

percentile] or >14,644 [99th percentile] kJ/day for women, and <3,347 [2nd percentile] or 

>17,573 [99th percentile] kJ/day for men). After exclusions, a total of 210,700 participants 

(74,241 women in the NHS, 94,233 women in the NHSII, and 42,226 men in the HPFS) 

remained in the analysis (Supplemental Figure 1).

The study was approved by the institutional review boards of the Brigham and Women’s 

Hospital and Harvard T.H. Chan School of Public Health. The completion of the self-

administered questionnaire was considered to imply informed consent.

Assessment of isoflavones and soy food consumption

In 1984, 1986, and every 4 y thereafter, validated food frequency questionnaires (FFQs) 

including approximate 130 food items were mailed to the NHS participants to assess and 

update information on their usual intake of foods and beverages. The FFQs have been sent 

every 4 y to the NHSII participants since 1991 and to the HPFS participants since 1986. In 

all FFQs, the average consumption frequency of food items in the previous year was 

inquired with a prespecified portion size for each food item. Nine response options were 

provided, ranging from “less than once per month” to “6 or more times per day.” Since 1998 

in the NHS, 1999 in the NHSII, and 2002 in the HPFS, consumption of soy milk was added 

to the FFQs. The average daily intake of isoflavones was calculated by multiplying the 
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frequency of consumption of each food item that contains isoflavones by isoflavone content 

and then summing across from all foods. The food composition database used to calculate 

isoflavone values was based primarily on the US Department of Agriculture Nutrient 

Database for the Isoflavone Content of Selected Foods (Supplemental Table 1).12 The 

validity and reproducibility of the FFQs have been described in detail elsewhere. The 

correlation coefficient for tofu consumption between FFQs and diet records was 0.56 in a 

validation study conducted in HPFS.13 In 47 NHSII women,14 Spearman correlation 

coefficients (rs) between self-reported intake of tofu and soymilk and urinary excretion of 

isoflavone metabolites measured in two 24-hr urine samples16 were calculated. The rs 

ranged from 0.18 (daidzein) to 0.28 (dihydrodaidzein) for tofu intake or 0.29 

(dihydrodaidzein) to 0.33 (O-desmethylangolensin) for soy milk consumption.

Assessment of Covariates

In the follow-up questionnaires administered every two years, information on 

anthropometric and lifestyle factors, such as body weight, cigarette smoking, physical 

activity, medication or supplement use was updated. Menopausal status and postmenopausal 

HT use were ascertained in women. Alcohol intake was assessed and updated every 4 years 

using the FFQ. Information on age, race, partner’s education (NHS and NHSII), self-rated 

socioeconomic status or social standing (NHS and NHSII), family history of myocardial 

infarction (MI) (defined as maternal history of MI before age 65y or paternal history of MI 

before age 55y), as well as a history of diabetes, hypertension and hypercholesterolemia was 

also collected. The alternative healthy eating index (AHEI) score was used to assess overall 

diet quality. The AHEI score summarizes the intake of 11 foods or nutrients (including 

consumption of vegetables, fruits, whole grains, sugar sweetened beverages and fruit juice, 

nuts and legumes, red and processed meat, trans fat, long chain n-3 fats, polyunsaturated 

fats, sodium, and alcohol).15 In the current analysis, tofu and soy milk were excluded from 

the calculation of the AHEI score.

Ascertainment of endpoint

The primary endpoint for the current analysis was incident CHD (defined as nonfatal MI and 

fatal CHD). Participants reporting a nonfatal MI in follow-up questionnaires were requested 

for permission of access their medical records, which were then reviewed by study 

physicians who were blinded to the participants’ exposure status. Nonfatal MI was 

confirmed using the World Health Organization criteria of typical symptoms plus either 

elevated cardiac enzyme levels or diagnostic electrocardiogram abnormality.16 Fatal CHD 

was identified by reports from next of kin, the postal authorities, or by searching the 

National Death Index. Fatal CHD was confirmed by reviewing hospital record or autopsy 

report, if CHD was listed as the cause of death on the death certificate and there was prior 

evidence of CHD in the medical records. For cases with CHD as the underlying cause on the 

death certificate but medical records concerning the death were unavailable and no prior 

knowledge of CHD was indicated, such cases were designated as probable fatal CHD cases. 

Both confirmed (n = 5,626) and probable (n = 2,733) CHD cases were included in this 

analysis to maximize statistical power.
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Statistical analysis

Person-years of follow-up for each individual were calculated from the return of the baseline 

questionnaires to the date of diagnosis of CHD, death, or the end of follow-up (30 June 2012 

in NHS, 30 June 2013 in NHSII, and 31 January 2012 in HPFS), whichever came first. To 

minimize random within-person variation and to best represent long-term diet, the 

cumulative averages of dietary variables from all FFQs were calculated.17 These averages 

were derived as the means of all intake assessments and used to represent diet for next 4-

year follow-up. Missing values in each follow-up FFQ were replaced with the immediately-

preceding cumulative averages. Because participants might change their diet after the 

diagnosis of a major illness, diet was not updated if participants reported having a diagnosis 

of diabetes, cancer, angina, or coronary bypass surgery. Time-dependent Cox proportional 

hazards model was used to estimate the hazard ratios (HRs) for CHD associated with 

isoflavones and soy foods. In multivariable analyses, in addition to age and calendar time, 

ethnicity, smoking status, alcohol intake, physical activity, multivitamin use, aspirin use, 

history of hypertension and hypercholesterolemia, family history of MI, body mass index 

(BMI), total energy intake, and AHEI score were adjusted. For women, self-rated 

socioeconomic status, partner’s education, oral contraceptive use (NHSII only), menopausal 

status, and postmenopausal hormone use were also adjusted for. Of note, time-varying 

covariates were used, except for ethnicity, self-rated socioeconomic status, and partner’s 

education. The HRs from each cohort were pooled to obtain a summary risk estimate using 

the fixed-effects model. P values for heterogeneity of associations among the cohorts were 

calculated using the Cochran Q test. The significance of linear trends was evaluated by 

assigning the median values of each quintile of dietary intake to a continuous variable and 

then examining the significance of this variable. In addition, restricted cubic spline 

regression with 4 knots were used to examine dose-response relationship between isoflavone 

intake and risk of CHD. Given the estrogenic effects of isoflavones, potential effect 

modifications by menopausal status and HT were examined. Interactions with some major 

risk factors of CHD, including race, age, BMI, modified AHEI score, physical activity, 

smoking status, or alcohol consumption, were also explored. The likelihood ratio test of the 

cross-product terms between isoflavones/soy foods and effect modifiers was used to test the 

significance of interactions. Proportional hazards assumption was tested by evaluating the 

significance of the interaction term between isoflavone consumption and follow-up time, and 

no evidence of violation of the assumption was found. Secondary analyses were also 

performed to evaluate the associations of 3 individual isoflavones on risk of CHD. The 

statistical analysis was performed with the SAS statistical package (version 9.2, SAS 

Institute, Cary, NC). P values < 0.05 were considered to indicate statistical significance.

Results

During 4,826,122 person-years of follow-up, 8,359 incident CHD cases (NHS: 3,508 CHD 

cases during 1,869,575 person-years; NHSII: 665 CHD cases during 2,029,811 person-

years; and HPFS: 4,186 CHD cases during 926,736 person-years) were documented. For 

most participants (inner 90 percentile), isoflavone consumption was between 0.11 and 4.24 

mg/day. At the midpoint of follow-up, the median isoflavone intake was 0.34 mg/day in 

NHS (1998), 0.36 mg/day in NHSII (1999), and 0.43 mg/day in HPFS (1998) mg/day. Table 
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1 describes the distribution of characteristics of study participants according to intake of 

isoflavones at the midpoint of follow-up (NHS 1998, NHSII 1999, HPFS 1998). In all three 

cohorts, individuals who had higher isoflavone intake exercised more. A higher isoflavone 

intake was also associated with a higher vegetable intake and AHEI score. At the midpoint 

of follow-up, 4.1% of participants consumed tofu >1 serving/week. Participants who 

frequently ate tofu were more likely to be physically active, had a higher AHEI score, and 

tended to consume more fruits and vegetables and less red meat or trans fat (Supplemental 

Table 2).

In the age-adjusted models, isoflavone intake was inversely associated with CHD risk, and 

the pooled HR (95% CI) was 0.79 (0.73, 0.85), comparing the highest with the lowest 

quintiles (Table 2). After multivariable adjustment for potential confounding factors, the 

inverse association was moderately attenuated (pooled HR comparing extreme categories: 

0.81; 95% CI: 0.76, 0.87). In the fully-adjusted model with further adjustment of the AHEI 

score, the pooled HRs (95% CIs) across increasing quintiles of isoflavones were 0.92 (0.86, 

0.98), 0.89 (0.83, 0.95), 0.90 (0.84, 0.96), and 0.87 (0.81, 0.94; Ptrend= 0.008). Spline 

regression models showed a linear inverse relationship of isoflavone intake with CHD risk 

(P linearity<0.001; Figure 1). In a sensitivity analysis, the statistically significant inverse 

association for isoflavones and CHD did not change after adjustment for polyunsaturated 

fats, fiber, vitamins (vitamins C and E), minerals (magnesium, potassium, and calcium), 

saturated fat, and other flavonoids (pooled HR: 0.87; 95% CI: 0.80, 0.94; Ptrend = 0.008). 

Intake of major individual isoflavones—daidzein (HR: 0.87, 95% CI: 0.81, 0.93); genistein 

(HR: 0.89, 95% CI: 0.83, 0.96); and glycitein (HR: 0.83, 95% CI: 0.74, 0.93)—was 

inversely associated with CHD risk, comparing extreme quintiles (Supplemental Table 3).

Table 3 shows the HRs of incident CHD by intake of tofu and soy milk. Tofu intake was 

inversely associated with CHD; the fully-adjusted pooled HR (95% CI) was 0.82 (0.70, 0.95; 

Ptrend=0.005), comparing participants who consumed ≥1 serving/week of tofu with those 

who rarely consumed tofu. The pooled HR (95% CI) for every 1 serving/week increase in 

consumption of tofu was 0.91 (0.86, 0.97). To examine whether the observed association of 

tofu to CHD risk could be explained by intake of the abovementioned fats, vitamins, and 

minerals that exist in soy products, these nutrients were further controlled for in 

multivariable analysis, and the results did not change appreciably (pooled HR: 0.79; 95% CI: 

0.68, 0.93; Ptrend =0.002). Additional adjustment of other flavonoids also did not change the 

association of tofu (data not shown). A higher consumption of soy milk was also associated 

with a lower CHD risk, although this association was not statistically significant (pooled 

HR: 0.87; 95% CI: 0.69, 1.10; Ptrend=0.41).

Menopausal status and HT significantly modulated the association of tofu intake with CHD 

risk (Table 4). The HRs (95% CIs) comparing participants who consumed ≥1 serving/week 

of tofu with those who rarely consumed tofu were 0.45 (0.16, 1.23; Ptrend = 0.02) among 

premenopausal women, 0.51 (0.26, 0.99; Ptrend = 0.03) among postmenopausal women 

without hormone use, and 1.04 (0.76, 1.42; Ptrend = 0.87) among postmenopausal women 

receiving HT (Pinteraction=0.002). When premenopausal women and postmenopausal women 

without HT were further pooled to achieve better statistical power, comparing the extreme 

categories of tofu intake, the HR (95% CI) was 0.50 (0.29, 0.87; Ptrend =0.002) in these 
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women (Pinteraction= 0.005). In addition, the inverse association between isoflavone intake 

and CHD risk tended to be stronger among premenopausal women (HR: 0.64, 95% CI: 0.45, 

0.93), although the test for interaction test did not achieve statistical significance 

(Pinteraction= 0.09, Table 4).

Race, sex, BMI, modified AHEI score, physical activity, smoking status, or alcohol 

consumption did not modulate these associations of interest (all Pinteraction> 0.05; 

Supplemental Table 4 for isoflavones and Supplemental Table 5 for tofu intake). In the 

sensitivity analyses in which only baseline dietary isoflavone intake was used, the 

association was attenuated to the null (Supplemental Table 6). Adjustment for other major 

dietary variables instead of AHEI score did not materially alter the association between 

isoflavones and CHD risk, and the HR (95% CI) comparing the extreme quintiles was 0.83 

(0.78, 0.90). The results did not change when a 4-year lag (HR comparing extreme quintiles: 

0.86; 95% CI: 0.80, 0.93) or 8-year lag (HR comparing the extreme quintiles: 0.88; 95% CI: 

0.81, 0.95) were added between isoflavone intake assessments and each follow-up period. 

Results were similar after excluding Asian participants (HR comparing the extreme 

quintiles: 0.88; 95% CI: 0.82, 0.94). The exclusion of probable CHD events also did not 

alter the results (HR comparing the extreme isoflavone quintiles: 0.87; 95% CI: 0.80, 0.95). 

Excluding participants who reported the use of soy supplements (2.2% of total population) 

did not materially change the results (HR comparing the extreme isoflavone quintiles: 0.88; 

95% CI: 0.82, 0.94). These results also remained robust in several similar sensitivity 

analyses for the associations of tofu intake (Supplemental Table 6).

Discussion

In these three prospective cohorts of US men and women with over two decades of follow-

up, a higher isoflavone intake was associated with a moderately lower risk of CHD. 

Consumption of tofu was also significantly, inversely associated with the risk of CHD. In 

women, the inverse association of tofu was more pronounced in younger women before 

menopause and postmenopausal women receiving HT, whereas a null association was 

observed among postmenopausal women who used HT.

A few prospective observational studies have been conducted to examine associations 

between isoflavone intake and cardiovascular disease (CVD) risk. In a cohort of 40,462 

Japanese men and women, a significant inverse association between isoflavone intake and 

risk of MI was observed in women but not in men.6 In studies conducted in western 

populations whose isoflavone intake was much lower than that in Asian populations, this 

association was largely null. For example, in the Iowa Women’s Study consisting of 34,489 

postmenopausal women (37% reporting ever use of hormone), higher isoflavone intake was 

not associated with CHD mortality during 16y of follow-up.7 In the Cancer Prevention 

Study II Nutrition Cohort, there was a modest, inverse association observed for women but 

not for men.18 Lastly, Ponzo et al. followed 1,658 individuals for 12 years and observed that 

isoflavone consumption was associated with a non-significantly lower risk of CVD and 

CVD mortality.19 Of note, the magnitude of associations of interest observed in these studies 

was similar to that in the current analyses, although the current investigation was based on a 

much larger sample size, which rendered more statistical power for detecting modest 
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associations. In addition, the present study accounted for potential changes in diet during 

extended follow-up by using cumulative averages of repeated assessments of diet to 

characterize long-term diet. In a sensitivity analysis in which only baseline isoflavone intake 

was used to predict CHD risk, the association was attenuated.

Several biological mechanisms can be proposed to explain the putative beneficial effects of 

isoflavones on CHD. Isoflavones have a spatial configuration similar to that of estrogens, 

preferably bind to ER, and lead to subsequent ER-mediated gene transcription.8, 20 The 

higher binding affinity of isoflavones is stronger for ERβ, compared with ERα.21 ERβ is 

highly expressed in coronary vessels,22 and the activation of membrane ERβ initiates a 

cascade of intracellular mechanisms, including changes in membrane permeability, ion 

concentration, expression of endothelial NO-synthase, and rapid vasodilatation of blood 

vessels.23–25 Through stimulating endothelial NO synthesis and inducing activation of 

nuclear factor erythroid 2-related factor 2, soy isoflavones counteracted oxidative stress and 

related inflammation in vascular cells in vitro.26 In vivo, isoflavones improved endothelium-

dependent vasodilation in ovariectomized rats fed high soy diet for four weeks.27 Similar 

effects were observed in postmenopausal women after 6 months of supplementation of 

isoflavones.28 Isoflavones may also exert hypocholesterolemic effects by altering hepatic 

metabolism with augmented removal of LDL and very low-density lipoprotein by 

hepatocytes.29 A study in ApoE (−/−) mice demonstrated the effect of isoflavones on 

alleviating hypercholesterolemia via restoration of altered cholesterol metabolism.30 

Isoflavones may also reverse ox-LDL-induced oxidative damage in vitro.31 In humans, 

accumulating evidence from randomized controlled trials also suggested beneficial effects of 

isoflavone consumption on reducing LDL oxidation in postmenopausal women and patients 

with type 2 diabetes.32 Lastly, Isoflavones may interact with microbiota and produce 

bioactive compounds that exert beneficial effects on human health. For example, isoflavone 

supplementation among postmenopausal women led to the enrichment of Faecalibacterium 
prausnitzii, Bifidobacteria, and other bacteria in human gut that have anti-inflammatory 

properties.33, 34 Individual isoflavones such as daidzein, genistein and glycitein, can be 

converted by gut bacteria into different metabolites, such as equol, O-desmethylangolensin, 

dihydrogenistein, and dihydrodaidzein.35 In particular, equol, the main metabolite of 

daidzein, exhibits superior antioxidant activity compared with other isoflavone metabolite,36 

and may account for the anti-inflammatory activities of isoflavone intake,37 although in 

western populations the proportion of equol producers is low.38, 39 In the current study, 

similar associations for all three individual isoflavones were observed, suggesting that the 

metabolic differences among the individual isoflavones are probably not critical for 

determining the associations with CHD in the current analysis.

The findings of significant, favorable associations of tofu intake were consistent with results 

for total isoflavones. In addition to isoflavones, tofu also contains several bioactive 

components such as polyunsaturated fats, fiber, and minerals that may act synergistically 

with isoflavones through various pathways to modulate CHD risk,40 although the inverse 

association for tofu persisted after adjustment for these nutrients in the current study. No 

significant association was observed for soy milk, potentially because of its lower 

consumption levels and the shorter duration of follow-up in the current analysis. Differences 

in the nutritional profiles between tofu and soy milk could also lead to differential 
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associations with CHD risk. Unlike tofu, soy milk may contain added sugar, emulsifiers, and 

other constituents, which may mask the protective effects of isoflavones on CHD risk to 

certain extent.12, 41

Another interesting finding is that in women the inverse association of tofu was primarily 

observed in younger women before menopause and postmenopausal women who did not use 

postmenopausal hormone. Similar pattern of associations was observed for isoflavone 

intake, although the test for interaction did not achieve statistical significance. Of note, a 

previous analysis in the NHS and NHSII also found that urinary excretion of daidzein was 

more strongly associated with a lower risk of diabetes among postmenopausal women who 

did not use hormones.42 One possible mechanism underlying the divergent associations on 

CHD by menopausal status and hormone use is perhaps that upon menopause, isoflavones 

may function as estrogens when circulating levels of estrogen are low and subsequently 

exert estrogen-like effects.43 It is possible that among postmenopausal women who use 

hormones, the health effects of isoflavones are likely to be masked by hormone use, which is 

in accordance with the previous findings that the synthetic hormones have stronger affinities 

and estrogenic effects than isoflavones.44 Another mechanism is probably pertinent to the 

higher expression level of estrogen receptors in the vasculature before menopause,45, 46 and 

thus the beneficial effects of isoflavones are stronger among younger women before 

menopause. Nonetheless, more mechanistic studies are needed to elucidate the complex 

relationships between isoflavones, menopause, hormone use, and CHD risk.

The strengths of the current study include large sample size, high follow-up rate, long 

follow-up period, repeated assessments of dietary assessments, and the availability of 

comprehensive information on dietary and non-dietary covariates to facilitate control of 

confounding by these factors. There are also several limitations that are worth discussing. 

First, it is possible that the observed associations are ascribed to potential additive or 

synergistic effects between isoflavones and other nutrients and non-nutrient constituents in 

soy foods, although the examination of these interactions requires much larger sample size 

and is beyond the scope of this study. Second, measurement errors in dietary assessments are 

inevitable, especially for tofu and soy milk that are not widely consumed in western 

populations. Because of the prospective study design, the measurement errors were 

independent of the disease outcome ascertainment and thus were more likely to bias the true 

associations toward the null. Use of repeated measurements of diet to calculate cumulative 

means for dietary intakes reduces random measurement error caused by within-person 

variation and also represent long-term dietary habits. Third, other types of soy foods (e.g., 

tempeh, soy yoghurt, and soy cheese) or cooking/preparation methods for soy foods were 

not inquired about in the FFQ. In intervention trials conducted among free-living 

individuals, urinary isoflavone excretion did not differ after consumption of different types 

of soy foods (texturized vegetable protein, tofu, cooked soybeans, or tempeh), suggesting 

that the intake or bioavailability of isoflavones was not appreciably influenced by the 

preparation methods or types of soy foods.47, 48 Fourth, the cohort participants were mainly 

comprised of health professionals of European ancestry; thus, the generalization of the 

current findings to other demographic or ethnic groups may be limited. Meanwhile, the 

homogeneity of socioeconomic status helps reduce potential confounding by this factor. 

Fifth, tofu intake may be just a marker of health consciousness or an overall plant-based diet. 
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Although socioeconomic status, diet quality, and other dietary and lifestyle risk factors were 

adjusted for, residual or unmeasured confounding may still exist and thus a causal inference 

may be difficult to establish in this observational study. As such, the current findings warrant 

replication in other populations and intervention studies on cardiovascular risk factors to 

establish causal relationship. Sixth, the role of chance in some of the findings cannot be 

ruled out, especially for the interactions between tofu intake and menopausal status/hormone 

use. Lastly, the strength of associations of interest varied among the three cohorts. In 

particular, in women stronger association was observed in the NHSII than NHS, probably 

because of lower intake of isoflavones and tofu intake in the NHS and differential 

proportions of menopausal status and hormone use in these two female cohorts.

Conclusions

In three US cohorts of men and women, higher intake of isoflavones and tofu was associated 

with a moderately lower risk of developing CHD risk. In women, the inverse association of 

tofu intake was primarily observed in premenopausal women and postmenopausal women 

who did not use hormones. While these associations warrant replications in other 

populations, as well as in intervention studies on CVD risk factors, the present study overall 

implied that tofu and other soy products could be incorporated into overall healthy plant-

base diets to facilitate the prevention of CHD.
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Clinical Perspective

What Is New?

• Intake of isoflavones and tofu was associated with a lower CHD risk in three 

large prospective cohorts of US men and women.

• The inverse association of tofu was primarily observed among younger 

women before menopause or postmenopausal women who did not use 

hormone replacement therapy.

What Are the Clinical Implications?

• Increased intake of isoflavone-rich foods, such as tofu, may confer benefits 

for reducing CHD risk.

• Soy products such as tofu can be integrated into healthy plant-based diets as 

an important source of plant proteins and aid in the prevention of CHD.
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Figure 1. Restricted cubic spline analysis of the association between isoflavone intake and 
coronary heart disease
Estimates are calculated in Cox proportional hazards models. Adjusted for ethnicity 

(Caucasian, African American, Asian, and other ethnicity), self-rated socioeconomic status 

(top 30%, median 40%, and bottom 30% for women), partner’s education (<high school, 

high school, and above college for women), smoking status (never, former, current [1–14, 

15–24, or ≥25 cigarettes/day], or missing), alcohol intake (0, 0.1–4.9, 5.0–14.9, and ≥15.0 

g/day for women, 0, 0.1–4.9, 5.0–29.9, and ≥30.0 g/day for men, or missing), physical 

activity (metabolic equivalents of tasks-hr/week), multivitamin use (yes/no), aspirin use 

(yes/no), history of hypertension (yes/no) and hypercholesterolemia (yes/no), family history 

of myocardial infarction (yes/no), menopausal status and post-menopausal hormone use 

(pre-menopause, post-menopause [never, former, or current hormone use], or missing), oral 

contraceptive use (yes, no, or missing, Nurses’ Health Study II only), body mass index 

(kg/m2), total energy intake (kcal/day), and the modified alternate healthy eating index 

score. Solid line is point estimate, and dashed lines are 95% confidence intervals.
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Table 1.

Age-standardized characteristics of participants according to quintiles of isoflavone intake at the midpoint of 

follow-up (NHS 1998, NHSII 1999, HPFS 1998)*

NHS NHSII HPFS

Q1 Q3 Q5 Q1 Q3 Q5 Q1 Q3 Q5

Participants, n 13791 13681 13742 18547 18505 18614 7202 7196 7203

Isoflavone intake, mg/d 0.15
† 0.36 3.14 0.11 0.34 4.24 0.17 0.43 3.83

Age
‡
, years 63.8 63.9 63.7 45.9 46.4 46.4 65.8 66.0 64.3

Caucasians, % 98 99 95 97 97 93 97 97 89

Asian, % 0 0 3 1 1 5 0 0 7

Level education of partner, % of college and above 73 73 72 63 67 71 - - -

Self-rated socioeconomic status, % of Top 30% 35 35 39 28 31 37 - - -

Current smoker, % 6 11 11 6 10 7 3 5 3

Alcohol intake, g/day 3.7 6.2 4.7 2.3 4.6 4.4 8.7 12.7 9.9

Physical activity, MET/week 16.0 16.4 19.5 17.8 19.3 26.2 32.3 32.2 36.3

BMI, kg/m2 26.6 26.6 26.4 28.0 26.8 25.5 25.9 26.5 26.0

Family history of myocardial infarction, % 39 38 38 34 32 31 31 31 31

Multivitamin use, % 54 53 59 43 45 54 52 51 56

Current use of aspirin, % 45 49 48 88 88 88 39 42 39

Hypertension, % 47 44 42 26 18 10 40 40 39

Hypercholesterolemia, % 58 56 55 45 31 17 49 48 49

Postmenopausal women, % 94 94 94 42 39 35 - - -

Ever menopausal hormone use, % 65 64 65 26 24 23 - - -

Current use of oral-contraceptive, % - - - 7 7 8 - - -

Total energy intake, kcal/day 1733 1774 1729 1784 1859 1796 1956 2016 1965

Modified AHEI score 44.4 45.0 49.0 40.8 43.3 49.9 46.7 47.3 52.5

Trans fat intake, % energy 1.7 1.7 1.5 1.7 1.6 1.4 1.4 1.5 1.2

Polyunsaturated fat-to-saturated fat ratio 0.6 0.6 0.6 0.5 0.5 0.6 0.6 0.6 0.7

Total fruits intake, servings/day 2.3 2.3 2.5 1.1 1.2 1.5 2.4 2.3 2.8

Total vegetables intake, servings/day 3.0 3.1 3.5 2.7 3.3 4.0 2.9 3.1 3.8

Red meats intake, servings/day 0.8 1.0 0.8 0.8 0.9 0.6 1.0 1.2 0.8

AHEI, alternative health eating index; BMI, body mass index; HPFS, the Health Professionals Follow-Up Study; MET, metabolic equivalents of 
task; NHS, Nurses’ Health Study.

*
Values were standardized to the age distribution of the study population.

†
Data are mean unless otherwise indicated.

‡
Values were not age adjusted.
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Table 3.

Hazard ratio (95% CI) of coronary heart disease according to consumption levels of tofu and soy milk

Consumption level Every 1 serving/week P trend

<1 serving/month <1 serving/week ≥1 serving/week

Tofu

 NHS

  No. of case/person years 3081/1574855 342/230210 85/64510

  Rate per 100,000 person-years 196 149 132

  Fully-adjusted HR* 1 0.92 (0.83, 1.03) 0.93 (0.71, 1.23) 0.93 (0.83, 1.04) 0.29

 NHS II

  No. of case/person years 611/16942923 41/252080 13/83435

  Rate per 100,000 person-years 36 16 16

  Fully-adjusted HR* 1 0.56 (0.40, 0.78) 0.55 (0.31, 0.97) 0.75 (0.57, 0.99) 0.007

 HPFS

  No. of case/person years 3230/733682 651/181594 121/44792

  Rate per 100,000 person-years 440 358 270

  Fully-adjusted HR* 1 0.96 (0.87, 1.04) 0.80 (0.66, 0.97) 0.92 (0.85, 0.99) 0.03

 Pooled results
† 1 0.92 (0.86, 0.99) 0.82 (0.70, 0.95) 0.91 (0.86, 0.97) 0.005

Soy milk

 NHS

  No. of case/person years 1398/1341046 7/9664 15/24942

  Rate per 100,000 person-years 104 72 60

 Fully-adjusted HR* 1 1.04 (0.49, 2.20) 0.83 (0.50, 1.39) 0.95 (0.86, 1.04) 0.49

 NHS II

  No. of case/person years 516/1499079 13/66670 14/107356

  Rate per 100,000 person-years 34 20 13

  Fully-adjusted HR* 1 0.73 (0.42, 1.27) 0.52 (0.30, 0.90) 0.87 (0.76, 1.00) 0.02

 HPFS

  No. of case/person years 716/470129 11/14399 48/39368

  Rate per 100,000 person-years 152 76 122

  Fully-adjusted HR* 1 0.67 (0.36, 1.22) 1.04 (0.76, 1.41) 1.02 (0.98, 1.06) 0.80

 Pooled results
† 1 0.77 (0.53, 1.10) 0.87 (0.69, 1.10) 1.00 (0.96, 1.03) 0.41

CI, confidence interval; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; NHS, Nurses’ Health Study.

*
Estimates are calculated in Cox proportional hazards models. Adjusted for ethnicity (Caucasian, African American, Asian, or other ethnicity), 

self-rated socioeconomic status (top 30%, median 40%, or bottom 30% for women), partner’s education (<high school, high school, or above 
college for women), smoking status (never, former, current [1–14, 15–24, or ≥25 cigarettes/day], or missing), alcohol intake (0, 0.1–4.9, 5.0–14.9, 
and ≥15.0 g/day for women, 0, 0.1–4.9, 5.0–29.9, and ≥30.0 g/day for men, or missing), physical activity (metabolic equivalents of tasks-hr/week), 
multivitamin use (yes/no), aspirin use (yes/no), history of hypertension (yes/no) and hypercholesterolemia (yes/no), family history of myocardial 
infarction (yes/no), menopausal status and post-menopausal hormone use (pre-menopause, post-menopause [never, former, or current hormone 
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use], or missing), oral contraceptive use (yes, no, or missing, Nurses’ Health Study II only), body mass index (kg/m2), total energy intake (kcal/
day), and the modified alternate healthy eating index score.

†
Results from each cohort were pooled using fixed-effects model.
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