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Background: Soy consumption has been shown to
modulate bone turnover and increase bone mineral den-
sity in postmenopausal women. To our knowledge, no
published studies have directly examined the associa-
tion between soy consumption and risk of fracture.

Methods: We examined the relationship between usual
soy food consumption and fracture incidence in 24 403
postmenopausal women who had no history of fracture
or cancer and were recruited between March 1, 1997, and
May 23, 2000, in the Shanghai Women’s Health Study, a
cohort study of approximately 75 000 Chinese women
aged 40 to 70 years. Usual soy food intake was assessed
at baseline and reassessed during follow-up through in-
person interviews using a validated food frequency ques-
tionnaire. Outcomes were ascertained by biennial in-
person interview surveys.

Results: During a mean follow-up of 4½ years (110 243
person-years), 1770 incident fractures were identified.

After adjustment for age, major risk factors of osteopo-
rosis, socioeconomic status, and other dietary factors, the
relative risks (95% confidence intervals) of fracture were
1.00, 0.72 (0.62-0.83), 0.69 (0.59-0.80), 0.64 (0.55-
0.76), and 0.63 (0.53-0.76) across quintiles of soy pro-
tein intake (P�.001 for trend). The inverse association
was more pronounced among women in early meno-
pause. The multivariate relative risks (95% confidence
intervals) of fracture comparing the extreme quintiles of
soy protein intake were 0.52 (0.38-0.70) for women within
10 years of menopause vs 0.71 (0.56-0.89) for late post-
menopausal women. Similar results were also found for
intake of isoflavones.

Conclusion: Soy food consumption may reduce the risk
of fracture in postmenopausal women, particularly among
those in the early years following menopause.
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O STEOPOROSIS IS A MAJOR

health threat. Men and
women lose bone at a
rate of 0.3% to 0.5% per
year starting in midlife.1

However, women experience accelerated
bone loss at a rate of 3% to 5% per year
for about 5 to 7 years following meno-
pause, placing them at a particularly in-
creased risk for fracture.1 It is well known
that hormone therapy (HT) prevents post-
menopausal osteoporosis and fracture, and
this was again confirmed in the recent
landmark study, the Women’s Health Ini-
tiative trial.2 The Women’s Health Initia-
tive trial, however, also found that HT
users had an increased risk of cardiovas-
cular disease and breast cancer that out-
weighed the benefit of fracture reduc-
tion, even in women at high risk of
fracture.2 The US Food and Drug Admin-
istration3 and new clinical guidelines4 rec-
ommend against the use of HT as a first-

line therapy for the prevention of
osteoporosis in postmenopausal women
and place more emphasis on alternatives
to HT, including exercise, increasing
calcium and vitamin D intake, and other
approaches.

Plant-derived estrogens, especially soy
phytoestrogens (isoflavones), have at-
tracted considerable attention as a natu-
ral substitute for HT in recent years. These
compounds are structurally similar to the
mammalian estrogen 17�-estradiol, but
may exert agonist or antagonist effects on
various estrogen target tissues as selec-
tive estrogen receptor modulators.5,6 Con-
sumption of soy foods or soy phytoestro-
gens has had potential beneficial effects on
menopausal symptoms,7 cardiovascular
disease,8,9 and hormone-related can-
cers,10,11 although the evidence is not en-
tirely consistent5 and a possible adverse
effect of stimulating breast epithelial cell
proliferation with high-dose soy supple-
ments has been suggested.12
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Recently, growing evidence has suggested a potential
role for soy in preventing postmenopausal bone loss. In
vitro studies13-15 suggest that soy phytoestrogens may fa-
vorably affect bone cell activity through estrogen receptor–
mediated and non–estrogen receptor–mediated mecha-
nisms, such as the inhibition of tyrosine kinase. Animal
studies15-17 with oophorectomized rat models (a widely
used model for postmenopausal osteoporosis) have con-
sistently demonstrated that soy or soy phytoestrogens are
effective in preventing oophorectomy-induced bone loss.
Several cross-sectional studies18-21 in postmenopausal
women have linked usual dietary soy intake with higher
bone mineral density (BMD). Several clinical trials,22-33

mostly of short duration and with small sample sizes, have
also been conducted, using either biomarkers of bone
turnover or BMD as the primary outcome, and have
yielded inconclusive results. To our knowledge, no study
has directly assessed the association between soy con-
sumption and the risk of fracture, a critical end point for
interventions aimed at preventing osteoporosis. The
Shanghai Women’s Health Study, a large cohort study con-
ducted in a population that has a high, yet wide, range
of soy food consumption, provides us with a unique op-
portunity to evaluate this important hypothesis.

METHODS

The Shanghai Women’s Health Study, formally launched on
March 1, 1997, is a population-based, prospective, cohort study
of women aged 40 to 70 years living in 7 urban communities
of Shanghai. The study was approved by the relevant institu-
tional review boards for human research in the People’s Re-
public of China and the United States. Of the 81 170 eligible
women identified from the Shanghai Resident Registry, 75 221
completed the baseline survey between March 1, 1997, and May
23, 2000, yielding a participation rate of 92.7%. The main rea-
sons for nonparticipation included refusal (2407 women
[3.0%]), absence during the study recruitment period (2073
women [2.6%]), and some health-related problems such as men-
tal disorders (1469 women [1.8%]). (Percentages total �100
because of rounding). After exclusion of those who were out-
side of the study’s age range at the interview, the final cohort
consisted of 74 942 women.

The baseline survey was conducted at participants’ homes
by trained interviewers using a structured questionnaire. The
questionnaire included, among other items, questions on so-
ciodemographic factors, diet and lifestyle habits, menstrual and
reproductive history, hormone use, and medical history. An-
thropometric measurements, including current weight, height,
and circumferences of the waist and hips, were also taken. The
cohort was followed up by biennial home visits and linkage with
records kept at the Shanghai Cancer Registry, the Shanghai Vi-
tal Statistics Registry, and the Shanghai Resident Registry. Fol-
low-up for the cohort was virtually complete. The first fol-
low-up survey was conducted between April 18, 2000, and
October 18, 2002, with a response rate of 99.8%. The second
follow-up survey was launched on May 20, 2002, and com-
pleted on December 31, 2004, with a response rate of 98.7%;
only 934 participants (1.3%) were lost to follow-up.

Included in this analysis were postmenopausal women (de-
fined as those in whom menstruation had stopped for at least
12 months, including natural and surgically induced meno-
pause) who had never used HT and reported no history of frac-
ture or cancer at baseline. We further excluded 13 women with

an extreme total calorie (energy) intake (�500 or �3500 kcal/
d). The final study population comprised 24 403 postmeno-
pausal women.

OUTCOME ASCERTAINMENT

The primary outcomes for the present analysis were incident
clinical fractures that occurred after the baseline survey. Frac-
tures of the skull/face, fingers, and toes were excluded. Dur-
ing the 2 biennial in-person follow-up surveys, each partici-
pant was asked the following, “Since our last visit, have you
suffered any fracture (broken bone) that was confirmed by a
physician?,” followed by questions on specific details of the frac-
ture, such as the site, the date it occurred, and the hospital of
diagnosis.

DIETARY ASSESSMENT

By using a comprehensive quantitative food frequency ques-
tionnaire (FFQ), usual dietary intake was assessed twice for most
cohort members, first at the baseline survey and then at the first
follow-up survey conducted approximately 2 to 3 years after
the baseline survey. The FFQ covered virtually all soy foods
consumed in urban Shanghai, including soy milk, tofu, soy
sprouts, fresh soybeans, and other soy products. During the face-
to-face interviews, each participant was first asked how often,
on average, during the previous year she had consumed a spe-
cific 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. For seasonal
foods such as fresh beans, participants were asked to describe
their consumption during the season(s) when the foods were
available on the market. Nutrient intakes were calculated by
multiplying the amount of food consumed by the nutrient con-
tent per gram of the food, as obtained from the Chinese Food
Composition Tables.34 The isoflavone content of each soy food
was derived from published data.35

The reproducibility and validity of the FFQ used in this study
was assessed in a random sample of 200 Shanghai Women’s
Health Study participants.36 The estimates of nutrient and food
intakes derived from the FFQ were moderately correlated with
those derived from 24-hour dietary recalls, with the correla-
tion coefficients being 0.59 to 0.66 for macronutrients, 0.41 to
0.59 for micronutrients, and 0.41 to 0.66 for major food groups.
The correlation for soy foods was 0.49. The correlations be-
tween the 2 FFQs that were administered 2 years apart were
0.48 to 0.51 for macronutrients and 0.37 for soy foods.

STATISTICAL ANALYSIS

Person-years of follow-up were calculated for each participant
from the date of the baseline interview to the date of the first
fracture, death, cancer diagnosis, or last contact (ie, the date
of the second follow-up interview for those who completed 2
follow-up surveys or the date of the first follow-up interview
for those who completed only 1 follow-up survey), whichever
came first. To better estimate usual dietary intake, we used the
mean of intake values reported on the baseline and first fol-
low-up FFQs in the analysis of outcomes that occurred after
the first follow-up survey. For outcomes that occurred be-
tween the baseline and first follow-up surveys, only informa-
tion from the baseline FFQ was used. There were 22 566 study
participants (92.5%) whose intake values were estimated based
on the baseline and first follow-up FFQs and 1837 (7.5%) whose
values were based on the baseline FFQ only. Study partici-
pants were classified into 5 categories according to quintiles
of soy protein or isoflavone intake, with the lowest quintile serv-
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ing as the reference group. Incidence rates were calculated by
dividing the number of events by the person-years of fol-
low-up in each category. The Cox proportional hazards model
was used to compute relative risks (the rate ratios of each spe-
cific quintile vs the lowest quintile), and to adjust for poten-
tial confounding variables. Variables adjusted for in the mul-
tivariate analyses included age, cigarette smoking, alcohol
consumption, body mass index (calculated as weight in kilo-
grams divided by the square of height in meters), regular ex-
ercise, history of diabetes mellitus, education, family income,
season of recruitment, and intake of total calories, calcium, non-
soy protein, fruits, and vegetables. Additional adjustments for
multivitamin use, tea drinking, type of exercise (including tai
chi, folk dance, and walking or jogging), occupation, marital
status, and other factors related to domestic violence, such as
husband’s education, occupation, and alcohol drinking, did not
appreciably alter the results; these variables were, therefore, not
included in the final model. Tests for linear trend were per-
formed by using the median intake values for each category of
soy protein or isoflavone and modeling them as continuous vari-
ables. Further analyses stratified by years since menopause were
conducted to assess possible effect modification. Statistical analy-
ses were performed using SAS statistical software, version 9.1
(SAS Institute Inc, Cary, NC). All tests were 2-sided.

RESULTS

The mean age of the study population was 60 years at
recruitment, and the mean number of postmenopausal
years was 11. The median daily intakes of soy protein and
isoflavones were 8.5 g and 38.0 mg, respectively. Table1
shows the baseline characteristics of the study popula-
tion by quintiles of soy protein intake. Women with higher

soy protein intakes were somewhat more educated and
more physically active, and had a slightly higher body
mass index and a higher prevalence of diabetes melli-
tus, compared with those with lower intakes. They did
not seem to differ in family income, smoking status, or
alcohol consumption. Soy protein intake was positively
associated with the intake of total calories, protein from
other food sources, calcium, and fruits and vegetables.

During a mean follow-up of 4½ years (110 243 person-
years), 1770 incident fractures were identified, includ-
ing fractures of the wrist (17.6%), arm (15.1%), verte-
brae (14.9%), ankle (13.1%), rib (7.0%), and hip (3.3%).
Table 2 and Table 3 present the relative risks of frac-
ture according to quintiles of soy protein and isoflavone
intake, respectively. After adjustment for age and total
calorie intake, higher soy protein intake was signifi-
cantly associated with lower risk of fracture. The in-
verse association persisted after further adjustment for
major risk factors for osteoporotic fractures, socioeco-
nomic status, and other dietary factors related to frac-
tures (Table 2). Additional analyses stratified by time since
menopause found a more pronounced association among
women in early menopause. For women within 10 years
of menopause, the multivariate relative risks (95% con-
fidence intervals) of fracture were 1.00, 0.68 (0.54-
0.86), 0.60 (0.47-0.77), 0.55 (0.42-0.72), and 0.52 (0.38-
0.70) across quintiles of soy protein intake (P�.001 for
trend), whereas for women who had been menopausal
for 10 years or longer, the corresponding relative risks
(95% confidence intervals) were 1.00, 0.73 (0.60-0.87),
0.75 (0.62-0.91), 0.70 (0.57-0.86), and 0.71 (0.56-

Table 1. Characteristics of the Study Population by Quintiles of Soy Protein Intake*

Characteristic

Quintile of Soy Protein Intake, g/d

�4.98
(n = 4880)

4.98-7.32
(n = 4882)

7.33-9.77
(n = 4880)

9.78-13.26
(n = 4880)

�13.27
(n = 4881)

Age, mean, y 60.2 59.5 59.4 59.5 59.6
Level of education

�Elementary school 52.9 44.3 41.8 41.2 40.6
Middle school 20.5 22.6 24.8 23.6 25.7
High school 16.3 19.8 20.9 22.0 20.7
�College 10.4 13.4 12.5 13.2 13.0

Annual family income, −Y
�10 000 22.0 19.0 19.3 20.9 22.3
10 000 to�20 000 37.0 37.9 37.3 37.6 39.1
20 000 to �30 000 24.9 25.3 26.2 25.1 23.4
�30 000 16.1 17.8 17.1 16.4 15.2

Body mass index, mean† 24.4 24.5 24.7 24.8 25.1
Regular exercise, mean, h/wk 2.2 2.5 2.8 3.0 3.5
Ever smoked cigarettes 5.8 3.8 4.1 4.0 4.1
Ever drank alcohol 2.6 2.2 2.4 2.7 2.3
Diabetes mellitus 4.5 5.2 6.5 8.3 14.0
Daily intake, mean

Total calories (energy), kcal 1423.4 1532.6 1610.7 1693.6 1846.5
Soy protein, g 3.3 6.2 8.5 11.4 18.5
Nonsoy protein, g 45.8 50.8 53.9 57.4 62.7
Calcium, mg 316.3 392.1 439.3 504.5 650.8
Fruits and vegetables, g 379.6 448.1 500.9 556.5 655.6

*Data are given as percentage of each group unless otherwise indicated. Percentages may not total 100 because of rounding.
†Calculated as weight in kilograms divided by the square of height in meters.
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0.89) (P=.009 for trend). The formal test for multiplica-
tive interaction, however, was not significant (P=.3). Simi-
lar associationswere foundfor intakeof isoflavones.Analyses
of specific commonly consumed soy foods generally sup-
ported the results observed for nutrient analyses.

COMMENT

In this prospective cohort study of postmenopausal women,
we found that soy food consumption was associated with
a significantly lower risk of fracture, particularly among
women in the early years following menopause. This in-
verse association was independent of major risk factors for
osteoporotic fractures and other dietary factors, including
intake of calcium, nonsoy protein, fruits, and vegetables.

Soy or soy isoflavones may exert their effects on bone
by suppressing bone resorption, while at the same time
stimulating bone formation.37 Soy isoflavones stimulate
osteoblastic production of osteoprotegerin, which inhib-
its the differentiation and activation of osteoclasts and
prevents bone resorption.38 Soy isoflavones also in-
crease the production of insulinlike growth factor 1, a
marker known to enhance osteoblastic activity and
correlate with bone formation.37 Soy intake in postmeno-
pausal women has resulted in decreases in urinary ex-
cretion of markers of bone resorption (such as deoxy-
pyridinoline and N-telopeptides)27-31 and increases in

serum markers of bone formation (such as bone-
specific alkaline phosphates and osteocalcin).26-28

Observational studies of usual dietary soy intake in
relation to BMD, in general, support a bone-sparing effect
for soy. Positive associations with BMD at the lumbar spine
have been consistently observed among postmeno-
pausal women in Japan18 and the People’s Republic of
China.19 Despite the relatively low average soy intake in
Western society, one study20 of postmenopausal US
women (77.9% white) also found that higher dietary soy
isoflavone intake was associated with greater BMD and
lower urinary excretion of N-telopeptides. A cross-
sectional analysis of data from a US-based multiethnic
study of women aged 42 to 52 years found a positive as-
sociation of soy isoflavone intake with BMD for pre-
menopausal Japanese women, but no association for Chi-
nese women and perimenopausal Japanese women.21 Soy
intake in the African American and white women from
that study was too low for informative analysis.21

Supplementation with soy protein and/or isofla-
vones in postmenopausal women has shown significant
protective effects on bone in some clinical trials,22,25-31 but
little or no effect in others.24,32,33 In the first published
human trial, which included 66 postmenopausal women
aged 39 to 83 years, Potter et al22 found that intake of
soy protein containing high amounts of isoflavones for
6 months significantly increased bone mineral content

Table 2. Data for Fracture by Quintile of Soy Protein Intake

Variable

Quintile of Soy Protein Intake, g/d

P Value
for Trend

�4.98
(n = 4880)

4.98-7.32
(n = 4882)

7.33-9.77
(n = 4880)

9.78-13.26
(n = 4880)

�13.27
(n = 4881)

No. of follow-ups 9559 9610 9649 9662 9616 NA
Person-years 21 635 22 091 22 232 22 234 22 052 NA
No. of cases 459 332 329 317 333 NA
RR (95% CI)

Age and calorie (energy) adjusted 1.00 0.69 (0.60-0.80) 0.67 (0.58-0.77) 0.63 (0.54-0.73) 0.63 (0.54-0.74) �.001
Multivariate* 1.00 0.72 (0.62-0.83) 0.69 (0.59-0.80) 0.64 (0.55-0.76) 0.63 (0.53-0.76) �.001

Abbreviations: CI, confidence interval; NA, data not applicable; RR, relative risk.
*Adjusted for age, body mass index, hours of exercise per week, cigarette smoking, alcohol consumption, history of diabetes mellitus, level of education, family

income, season of recruitment, and intakes of total calories, calcium, nonsoy protein, fruits, and vegetables.

Table 3. Data for Fracture by Quintile of Soy Isoflavone Intake

Variable

Quintile of Soy Isoflavone Intake, mg/d

P Value
for Trend

�21.16
(n = 4881)

21.16-32.39
(n = 4881)

32.40-44.31
(n = 4880)

44.32-60.26
(n = 4880)

�60.27
(n = 4881)

No. of follow-ups 9564 9624 9648 9658 9602 NA
Person-years 21 654 22 147 22 288 22 136 22 018 NA
No. of cases 450 340 312 340 328 NA
RR (95% CI)

Age and calorie (energy) adjusted 1.00 0.72 (0.63-0.83) 0.65 (0.56-0.75) 0.70 (0.60-0.81) 0.65 (0.56-0.76) �.001
Multivariate* 1.00 0.75 (0.65-0.87) 0.67 (0.58-0.78) 0.72 (0.61-0.84) 0.65 (0.55-0.78) �.001

Abbreviations: See Table 2.
*Adjusted for age, body mass index, hours of exercise per week, cigarette smoking, alcohol consumption, history of diabetes mellitus, level of education, family

income, season of recruitment, and intakes of total calories, calcium, nonsoy protein, fruits, and vegetables.
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and BMD of the lumbar spine. In a recent 12-month trial
involving 205 women aged 49 to 65 years, Atkinson et
al39 also found that an isoflavone supplement derived from
red clover attenuated bone loss. In contrast, another re-
cently published 12-month trial by Kreijkamp-Kaspers
et al33 reported no effect of supplementation of soy pro-
tein with isoflavones on BMD among 175 postmeno-
pausal women aged 60 to 75 years. However, in their sub-
group analysis stratified by the number of postmenopausal
years, soy intervention seemed to show positive effects
on BMD in women with the most recent onset of meno-
pause (within the first 14 years of menopause), but no
effect was found in late postmenopausal women.33 In-
terestingly, we also observed a stronger inverse associa-
tion between soy consumption and fracture risk among
women who were in the early years following meno-
pause (�10 years after menopause), a period during which
rapid bone loss occurs. Animal studies16 with rat mod-
els also showed that soy feeding administered immedi-
ately after oophorectomy prevented bone loss, but was
less effective when given later. These observations sug-
gest that soy consumption may be particularly benefi-
cial in preventing menopause-related bone loss, but less
effective at reversing established bone loss.15 The poten-
tial impact of timing on the skeletal effects of soy needs
to be further addressed in future studies. In addition to
timing, other factors may also contribute to soy’s ef-
fects.15 Of particular importance may be the variations
in the metabolism and bioavailability of isoflavones among
study subjects. Studies including biomarkers of soy in-
take and measures of specific isoflavone metabolites (such
as equol) may help address this issue.

To our knowledge, this is the first study that has di-
rectly assessed the association between soy consump-
tion and the incidence of fracture. The study population
is well suited to address this issue because of the high
and diverse soy intake. The FFQ used in the study has
fairly good validity and reliability. An average of dietary
intakes assessed at 2 time points 2 to 3 years apart was
used to better estimate usual soy food intake. Other
strengths of the study include the population-based pro-
spective study design, the high participation rate, the vir-
tually complete cohort follow-up, the large sample size,
and the use of face-to-face interviews. The study results
may have some potential implications, especially for
women in the early years following menopause.

However, this observational study cannot establish a
causal relation between soy consumption and fracture risk
reduction. Women in different categories of soy con-
sumption also differed in several other respects, such as
baseline disease risk factors and other dietary or life-
style factors. Although careful adjustment for a wide range
of potential confounding variables, including the major
risk factors of osteoporosis, dietary and lifestyle factors,
sociodemographic factors, and other factors related to do-
mestic violence such as the drinking habit of a spouse,
did not appreciably change the results, we could not com-
pletely exclude the possibility of residual confounding
due to unmeasured or inaccurately measured covari-
ates. Another limitation of the study is that fracture in-
formation was collected based on self-reports with no fur-
ther confirmation by medical record review. Although

it is generally believed that self-report for fractures is ac-
curate,40 to our knowledge, no validation study has been
conducted in this population. Certain fractures, espe-
cially vertebral fractures, may have been underreported.
On the other hand, we may have included fractures caused
by high-impact trauma rather than osteoporosis. Thus,
random misclassification in outcome (presumably os-
teoporotic fractures) may exist, resulting in an attenu-
ated estimation of the soy-fracture association. In addi-
tion, our study lacks adequate power to investigate the
association of soy with site-specific fractures. Finally,
whether the findings of this study on postmenopausal Chi-
nese women in urban Shanghai can be generalized to other
populations needs further investigation.

In conclusion, this prospective cohort study pro-
vides the first evidence, to our knowledge, for a signifi-
cant inverse association between soy food consumption
and risk of fracture in postmenopausal women, particu-
larly among those in the early years following meno-
pause.
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