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Abstract Recent interest has been shown in the potential
beneficial effects of phytoestrogens on bone health. As
the early years of menopause are a period of rapid bone
loss, and the risk for osteoporosis increases substan-
tially, the habitual intake of soy protein and isoflavones
may play a role in the retardation of bone loss. This
paper reports the results of the baseline cross-sectional
analysis of the association between dietary soy protein
intake and bone mineral density/content in a popula-
tion-based study of Chinese women. The sample
comprised 454 healthy Chinese women (mean age
55.1±3.57) within the first 12 years of postmenopause.
We estimated the dietary intake of soy protein and
isoflavones, and other key nutrients, including dietary
protein and calcium, using the quantitative food fre-
quency method. Bone mineral density (BMD) and con-
tent (BMC) at the spine, hip and total body were
measured with a dual energy X-ray densitometer (Ho-
logic 4500A). Soy protein consumption was categorized
as quartiles of intake, and related to BMD values at the
spine and hip, and BMC of total body. Stratified anal-
yses were carried out among women within or at least 4
years postmenopausal. We observed few differences in
BMD/BMC values among the intake quartiles in women
within the first 4 years of menopause. However, among
the later postmenopausal women, we noted a dose-re-
sponse relationship with increasing higher BMD values

at the trochanter, intertrochanter as well as the total hip
and total body with increasing soy protein intake
quartiles (P<0.05 from tests for trend). The BMD va-
lues differed by about 4–8% between the first and fourth
soy protein intake quartiles. Though women from the
fourth intake quartile had a 2.9% higher BMD value
compared with those from the first intake quartile, the
difference was not statistically significant. Stepwise
multiple linear regression analyses showed the associa-
tion between soy intake quartiles and hip BMD as well
as total body BMC values remained after adjusting for
body weight, which was retained in the final model.
Analyses based on soy isoflavones content yielded
similar results. This study demonstrated that, among
women after the initial few years postmenopausal, soy
protein/isoflavones intake had a modest but significant
association with hip BMD as well as total body BMC.
The effects of soy protein and soy isoflavones on bone
health should be further explored in populations with
habitual dietary soy intake.

Keywords Bone mineral content Æ Bone mineral
density Æ Chinese postmenopausal women Æ Soy protein

Introduction

Although the incidence of hip fractures is increasing in
many parts of Asia, the rates are still lower than those
reported in Western populations [1]. It has been postu-
lated that soy intake may have potential beneficial effects
on bone health. Data from rodent studies are supportive
of such a hypothesis and suggest that at optimal dos-
ages, soy isoflavonoid phytoestrogens are beneficial in
maintaining or modestly improving bone mass [2, 3].
Data from human studies are limited and have shown
inconsistent results. A 6-month trial in postmenopausal
women reported that subjects consuming 90 mg of
isoflavones contained in soy protein have a 2%
increased bone mass compared with those on 56 mg of
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intake contained in the same protein level [4]. Another
study by Alekel et al. [5] revealed that soy protein isolate
containing 80 mg of isoflavones, attenuated bone loss in
the lumbar region of perimenopausal women. Both
studies used milk protein as the control groups. How-
ever, a 9-month trial by Gallagher et al. [6] found no
effect of soy isoflavones on bone mineral density in early
postmenopausal women when compared with a control
group supplied with alcohol-washed soy protein.

Soy is part of the regular diet in the Asian popula-
tions. The limited published data on soy-bone relation-
ship in these populations have generally revealed a
positive role of phytoestrogens on bone health. A 3-year
longitudinal study of 116 young premenopausal Chinese
women aged 30–40 years has noted the potential role of
soy food intake in the maintenance of bone mass [7]. A
cross-sectional study in 995 premenopausal Japanese
women aged 40–49 reported a positive soy-bone asso-
ciation [8]. Cross-sectional studies also observed a po-
sitive soy effect on bone in postmenopausal Chinese [9]
and Japanese [10, 11] women.

We conducted a population-based study, aimed at
investigating the relation between soy protein consump-
tion and bone mass in early postmenopausal Chinese
women. This paper reports the baseline association be-
tween quartiles of soy protein intake and bone mineral
density at the various bone sites and total body while
controlling for other confounding factors such as dietary
calcium, protein intake, body weight and years since
menopause.

Materials and methods

The study population consisted of 454 healthy women aged 48–62
years recruited from community subjects residing in housing estates
in Shatin. Stratified-cluster sampling method was used to select the
housing estates in the Shatin district of Hong Kong. Method of
recruitment included both door-to-door as well as written invita-
tions placed in mailboxes. Women within the specified age range
were screened for eligibility. Respondents who were taking hor-
monal replacement therapy and those who had malabsorption
syndromes, chronic liver kidney diseases, parathyroid and thyroid
diseases, gastric operation or cancer were excluded from the study.
Women who had undergone oophorectomy and/or hysterectomy
were also excluded because of inability to determine menopausal
status. We confined the subjects to women within the first 12 years
of menopause. After initial screening for eligibility, we invited the
eligible women to the Prince of Wales Hospital (a regional teaching
hospital) for structured face-to-face interviews, bone mineral den-
sity and anthropometric measurements. The structured interview
included medical history, basic demographic characteristics, dietary
intake and lifestyle variables.

The assessment of dietary soy protein intake was based on a
quantitative food frequencyquestionnaire (FFQ). TheFFQhas been
previously validated against the 3-day 24-hr dietary recalls in 51
perimenopausal women (r=0.68,P<0.001). In addition, commonly
available soy products identified from market survey were included
in the FFQ. Thus the FFQ contained the following soy food/pro-
ducts: soft tofu, hard tofu, tofu pudding, fried tofu, pressed tofu, soy
vegetarian items, curd sheet, tofu-rope, tofu-pop, soy bean sprout,
soy bean (including fresh and canned), soy milk, soy powder, soy
paste and fermented tofu. Reliability check of soy protein intake
based on the FFQ after 3 and 9 months were r=0.60, P<0.001 and
r=0.62, P<0.001 among 46 and 369 subjects, respectively.

We asked the participants to report the average intake of food
per week or month (depending on the frequency intake), using the
previous 12 months prior to the interview as a reference period.
Foods with frequency of intake less than once per month, or 12
times per year, were ignored. Pictures of food items in the reference
portion sizes were provided as visual aids. Soy protein and other
nutrients were derived from food composition tables and published
data [12, 13, 14, 15, 16]. The amount of soy isoflavones intake was
also estimated [13, 14, 15, 16]. The study received approval from
the Chinese University of Hong Kong, Faculty of Medicine Ethics
Committee. All women signed the written informed consent form
before being enrolled in the study.

Bone measurements

Bone mass measurements were performed by means of dual
energy X-ray densitometry (Hologic 4500A) at the lumbar ver-
tebrae (L2–L4), the left hip and the total body. The coefficient of
variation for the measurements of the lumbar spine BMD based
on the spine phantom was 0.39%. The in-vivo reproducibility of
the machine was 1.53%, 1.72%, 1.15%, 4.86%, and 1.2% for the
spine, femoral neck, trochanter, intertrochanter and whole body,
respectively.

Statistical analysis

For the investigation of the relation between soy protein intake
and bone mass, the dependent variables were the BMD or BMC
measurements at the spine, various hip sites and total body. We
performed regression plot and simple regression analysis with soy
protein and BMD as continuous variables. Since non-linear
relationship was found, soy protein or isoflavone intake was
categorized as quartiles, and treated as linear ordinal variables. As
the first 3–4 years since menopause characterizes a rapid decline
in bone mass [17], we performed the analyses separately for wo-
men who were less than 4 years postmenopausal, and women who
were 4 years or more since menopause. One-way ANOVA and
tests for trend were used to compare the mean BMD/BMC values
among the different intake quartiles, and for the dose-response
relationship between soy intake and BMD values. Because of
potential colinearity among the dietary variables, stepwise multi-
ple regression analyses were used to examine the independent
effects of soy protein intake quartiles (method=enter) as well as
the other main determinants (methods=stepwise, F-to-en-
ter=0.05, F-to-remove=0.1) on BMD and BMC. The other
independent variables [18, 19, 20] included body weight, years
since menopause, dietary calcium intake, total protein intake,
energy intake as well as the soy protein-calcium interaction. Body
weight, instead of other anthropometric measurements, was used
in the models as it had the strongest correlation with BMD val-
ues. SPSS for Windows (Release 10.1, SPSS Inc., Chicago, USA)
was used for the analysis.

Results

About 8% each of the women had no formal or post-
secondary education, 40% had primary and 44%
secondary education. About two-thirds of the study
subjects were housewives. Only 2.2% of the women
smoked, and 4% were occasional alcohol drinkers.
Forty percent of the study population were at least 4
years postmenopausal, with a range up to 11.5 years.
Table 1 shows the distribution of the characteristics of
the study subjects. The mean age of the study subjects
was 55.1 years (standard deviation=3.57), and the
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mean number of years since menopause was 4.76
(standard deviation=2.98). The daily mean intakes of
soy protein and calcium for all women were 7.9 g, and
567 mg respectively. Table 2 shows the mean values of
soy protein by intake quartiles among all women, as
well as for those within or beyond 4 years since men-
opause. Seven of the study subjects did not consume
soy products during the 12 months prior to the baseline

interview. Women belonging to the highest soy protein
intake quartile had a mean intake of 19.4±11.6 g/day
with a range from 9.6 to 76.9 g/day. Except for the
spine, there was a general trend toward higher BMD/
BMC values among the higher soy protein intake
quartile groups. The trend was non-significant among
the early menopausal women. Among the later meno-
pausal women, we observed a statistically significant

Table 2 Mean soy protein intake (g/day) and mean BMD/BMC values at various sites by soy protein intake quartiles. Range of values
within quartiles: 1st quartile: (0–2.73) g/day; 2nd quartile: (2.74–5.03) g/day; 3rd quartile: (5.04–9.58) g/day; 4th quartile:(9.59–76.9) g/day

Intake quartile n Intake
(g/day)

BMD (g/cm2) BMC (g)

Spine Femoral
neck

Trochanter Intertrochanteric Total hip Total body Total body

All women (n=454)
1 113 1.38±0.81 0.825±0.118 0.668±0.103 0.581±0.098* 0.945±0.145* 0.781±0.118* 0.958±0.088 1601±255
2 114 3.81±0.66 0.831±0.133 0.677±0.101 0.586±0.100 0.953±0.149 0.792±0.120 0.951±0.092 1598±247
3 114 7.11±1.32 0.853±0.139 0.684±0.096 0.598±0.091 0.966±0.125 0.802±0.103 0.962±0.095 1628±259
4 113 19.41±11.58 0.844±0.133 0.694±0.099 0.606±0.095 0.981±0.130 0.815±0.111 0.966±0.084 1649±228
P-value (ANOVA) – <0.001 0.364 0.271 0.194 0.219 0.132 0.642 0.364
P-value
(test for trend)

– <0.001 0.149 0.049 0.031 0.037 0.018 0.336 0.097

Years since menopause <4 (n=269)
1 62 1.32±0.79 0.842±0.115 0.683±0.103 0.594±0.100 0.971±0.139 0.799±0.114 0.982±0.086 1659±244
2 64 3.78±0.70 0.873±0.124 0.695±0.097 0.596±0.091 0.973±0.139 0.809±0.111 0.973±0.090 1673±248
3 69 7.20±1.28 0.859±0.152 0.686±0.104 0.600±0.102 0.971±0.139 0.805±0.113 0.976±0.098 1643±274
4 74 19.21±10.66 0.852±0.124 0.702±0.096 0.605±0.086 0.979±0.117 0.814±0.101 0.967±0.080 1661±222
P-value (ANOVA) – <0.001 0.568 0.689 0.917 0.987 0.869 0.803 0.922
P-value
(test for trend)

– <0.001 0.821 0.375 0.485 0.774 0.492 0.389 0.866

Years since menopause ‡4 (n=185)
1 51 1.45±0.83 0.805±0.120+ 0.651±0.102 0.564±0.095* 0.912±0.146* 0.759±0.121* 0.929±0.082* 1531±252
2 50 3.85±0.62 0.777±0.125 0.656±0.103 0.574±0.110 0.929±0.158 0.770±0.129 0.925±0.088c 1503±212+,++

3 45 6.97±1.38 0.844±0.116 0.681±0.083 0.594±0.073 0.958±0.101 0.797±0.085 0.941±0.086 1606±235
4 39 19.78±13.30 0.828±0.151 0.679±0.106 0.609±0.113 0.985±0.152 0.817±0.129 0.966±0.093 1625±241
P-value (ANOVA) – <0.001 0.063 0.330 0.148 0.080 0.084 0.137 0.042
P-value
(test for trend)

– <0.001 0.111 0.092 0.022 0.010 0.011 0.040 0.017

*P £ 0.05 from t-test comparing mean BMD values between Q1 and Q4 intake groups
+P<0.05 by multiple range test comparing with the 3rd quartile
++P<0.05 by multiple range test comparing with the 4th quartile

Table 1 Baseline characteristics of study subjects

Characteristics of
study sample

All women (n=454) <4 years (n=269) ‡4 years (n=185) P-value
(t-test)

Mean±SD Range Median Mean±SD Range Median Mean±SD Range Median

Age 55.1±3.57 48–63 54.80 53.4±2.66 48.0–62.3 53.20 57.6±3.23 49.0–63.0 58.30 <0.001
Years since menopause 3.76±1.98 0–11.49 3.37 1.60±0.21 0–3.94 1.46 6.90±0.71 4.17–11.49 6.67 <0.001
Anthropometric data
Height (cm) 153.1±5.21 137.4–172.0 153.0 153.4±5.48 137.4–172.0 153.2 152.6±4.77 141.5–164.0 152.5 0.099
Weight (kg) 57.5±8.95 32.7–94.3 56.4 57.3±8.89 32.7–94.3 56.0 57.8±9.05 38.8–85.4 57.4 0.615
Body mass index 24.6±3.74 14.2–46.1 24.3 24.4±3.75 14.2–46.1 24.2 24.8±3.71 16.1–37.5 24.4 0.237
Dietary intake per day
Energy (kcal) 1383.5±459.28 237.1–3182.8 1297.4 1392.5±457.9 237.1–3182.8 1291.0 1370.3±462.2 546.7–2989.3 1370.3 0.613
Calcium (mg) 566.5±268.87 107.5–1436.9 508.2 574.1±266.5 107.5–1436.9 530.2 555.5±272.7 134.1–139.6 480.5 0.472
Soy isoflavones (mg) 17.33±19.67 0–161.6 11.42 18.32±19.68 0–152.36 12.40 15.89±19.61 0–161.6 10.03 0.197
Soy protein (g) 7.9±9.05 0–76.9 5.04 8.3±9.00 0–71.3 5.69 7.3±9.11 0–76.9 4.47 0.235
Total protein (g) 58.3±24.3 11.8–168.2 53.12 60.0±25.5 11.8–168.2 53.47 55.9±22.4 18.8–166.7 52.35 0.069
BMD measurements
(g/cm2)
Spine 0.838±0.131 0.522–1.316 0.834 0.856±0.130 0.531–1.316 0.854 0.812±0.129 0.522–1.224 0.807 <0.001
Neck 0.681±0.099 0.449–1.062 0.668 0.692±0.099 0.467–1.062 0.681 0.665±0.099 0.449–1.050 0.654 0.005
Trochanter 0.593±0.096 0.329–1.029 0.584 0.599±0.094 0.329–1.029 0.588 0.583±0.099 0.401–0.956 0.573 0.085
Intertrochanteric 0.961±0.138 0.612–1.438 0.955 0.974±0.133 0.642–1.438 0.964 0.943±0.143 0.612–1.389 0.932 0.021
Total hip 0.797±0.114 0.522–1.224 0.785 0.807±0.109 0.525–1.224 0.792 0.783±0.119 0.522–1.173 0.771 0.029
Total body 0.959±0.090 0.732–1.206 0.958 0.974±0.088 0.732–1.206 0.973 0.938±0.088 0.738–1.181 0.934 <0.001
BMC measurements (g)
Total body BMC 1619.0±247.5 968.0–2402.4 1614.3 1658.7±246.1 1035.4–2402.4 1656.2 1560.9±238.5 968.0–2269.9 1559.5 <0.001
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trend and a dose-response relationship of higher BMD
values at the hip sites and total body with increasing
soy protein intake quartiles. For the latter group, dif-
ferences in BMD values between the first and fourth
intake quartiles was 2.9% for the spine; and ranged
from 4% to 8% for the various hip sites, and total
body. As calcium has a potential effect on bone mass,
we also investigated the association between calcium
intake quartiles and BMD/BMC values (Table 3).
There was also a trend for higher BMD/BMC in the
higher intake quartiles, but the tests for trend were
non-significant.

Table 4 shows the final models based on the stepwise
multiple regression analyses. Body weight and years
since menopause were retained in the final models for all
women, and for women within 4 years of menopause,
but we observed little association between soy protein
intake and BMD/BMC values. Among women belong-
ing to the later menopausal group, besides soy protein
that was forced into the model, the only other variable
retained was body weight. Soy protein was significantly
associated with trochanteric, intertrochanteric and total
hip BMDs, as well as total body BMC, after taking into
account the presence of body weight. The two variables
explained about one-fifth to one-quarter of the variances
of BMDs at the various hip sites; and about 30% of
total body BMC. Soy protein alone explained about 3%
of the hip BMD or total body BMC variances. We also
observed similar trends and associations when soy isof-
lavones instead of soy protein was used in the analyses
(data not shown).

Discussion

Animal studies have noted that the administration
of soy protein containing phytoestrogens, and the
administration of isoflavones—daidzein or geni-
stein—prevent bone loss in ovariectomized rats [21, 22,
23, 24, 25]. Limited data are available on the relation
between soy intake and bone health in humans. Table 5
presents a summary of the published studies. Short-term
trial results have suggested a bone conserving effect of
soy protein containing isoflavones on the spine BMD in
perimenopausal and postmenopausal women [4, 5].
However, a 9-month randomized double-blind study on
early postmenopausal women showed no effect of either
52 mg or 96 mg isoflavones (contained in soy protein)
on the spine and hip BMD when compared with the
control group consuming alcohol-washed soy protein
[6]. Anderson et al. [26] also observed a lack of effect of
soy isoflavones enriched soy protein isolate on BMD in
young women. A recent 1-year randomized double-blind
placebo-controlled study [27] on the effects of daily
54 mg of phytoestrogen genistein on BMD in post-
menopausal women revealed a 3% increase in the spine
and femoral neck BMD compared to a –1.6% and –
0.65% decrease in the respective bone sites in the pla-
cebo group.

Soy intake is part of the regular diet of the Asian
populations. Recent studies have revealed a positive
association between habitual soy intake and bone health
in premenopausal women [7, 8]. Two studies in

Table 3 Mean baseline calcium intake (mg/day) and mean BMD/BMC values at various sites by calcium intake quartiles

Intake quartile n Intake
(mg/day)

BMD (g/cm2) BMC (g)

Spine Femoral neck Trochanter Intertrochanteric Total hip Total body Total body

All women (n=454)
1 113 277.6±60.1 0.821±0.135 0.670±0.093** 0.579±0.093** 0.943±0.138** 0.781±0.111** 0.953±0.089 1592.0±253.0
2 114 434.3±42.8 0.843±0.125 0.677±0.101 0.591±0.100 0.955±0.129 0.793±0.111 0.953±0.086 1600.0±225.0
3 114 606.1±61.6 0.851±0.138 0.698±0.114 0.606±0.100 0.980±0.157 0.814±0.127 0.967±0.094 1649.0±266.0
4 113 949.0±178.6 0.836±0.125 0.678±0.089 0.594±0.092 0.967±0.123 0.801±0.103 0.964±0.089 1636.6±243.0
P-value (ANOVA) – <0.001 0.358 0.181 0.198 0.220 0.155 0.542 0.241
P-value
(test for trend)

– <0.001 0.336 0.309 0.126 0.096 0.081 0.208 0.082

Years since menopause <4 (n=269)
1 66 277.5±59.2 0.838±0.134 0.676±0.092** 0.586±0.095** 0.949±0.137** 0.785±0.110** 0.967±0.082 1623.3±229.4
2 59 437.3±42.3 0.869±0.125 0.695±0.105 0.599±0.101 0.979±0.126 0.811±0.108 0.977±0.085 1665.8±222.3
3 74 607.6±62.9 0.875±0.138 0.714±0.111*** 0.617±0.093 0.998±0.146 0.830±0.117 0.982±0.094 1696.3±270.6
4 70 933.5±185.6 0.842±0.119 0.680±0.085 0.593±0.088 0.966±0.116 0.799±0.097 0.970±0.090 1646.6±252.5
P-value (ANOVA) – <0.001 0.233 0.099 0.222 0.162 0.094 0.748 0.347
P-value
(test for trend)

– <0.001 0.797 0.578 0.452 0.331 0.299 0.816 0.451

Years since menopause ‡4 (n=185)
1 47 277.7±62.1 0.797±0.135 0.662±0.095 0.568±0.090 0.935±0.139 0.774±0.114 0.933±0.096 1547.4±278.8
2 55 431.0±43.4 0.815±0.121 0.658±0.094 0.583±0.099 0.928±0.128 0.774±0.111 0.928±0.080 1529.2±208.0
3 40 603.3±59.9 0.807±0.129 0.668±0.116 0.586±0.110 0.945±0.173 0.784±0.140 0.938±0.089 1560.4±237.0
4 43 974.1±165.7 0.827±0.135 0.674±0.095 0.597±0.100 0.969±0.135 0.804±0.112 0.956±0.088 1618.0±226.9
P-value (ANOVA) – <0.001 0.742 0.874 0.589 0.542 0.573 0.455 0.319
P-value
(test for trend)

– <0.001 0.359 0.489 0.180 0.214 0.198 0.174 0.130

*P £ 0.01 from t-test comparing mean BMD values between Q1 and Q4 intake groups
**P<0.05 by multiple range test comparing with 3rd quartile
***P<0.05 by multiple range test comparing with 4th quartile
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postmenopausal Japanese women [10, 11] reported a
significant positive association between soy protein or
isoflavones intake and spinal BMD. Another study in
older Chinese postmenopausal women (mean age 63
years and about 13 years postmenopausal) also reported
a positive association between phytoestrogens intake
and spine and hip bone mass [9]. These cross-sectional
studies were conducted in postmenopausal women with
a mean age in the 60s [9, 11], or with a wide age range up
to 80 years old [10], and therefore older than our study
population. Our study results showed no association
between soy intake and bone mass in women within the
first four years since menopause, but we did observe a
dose-response association for the hip and total body
BMD in women belonging to later menopausal years.

We observed that, based on stepwise multiple
regression analysis, years since menopause was a sig-
nificant determinant of bone mass in early postmeno-
pausal, but not in later menopausal women. Studies
have revealed that bone loss in the spine, femoral neck
and total body diminishes about 3–4 years after the last

menses [17]. Estrogen deprivation is largely related to
spinal bone loss, while both age and estrogen decline
account for bone loss in the femoral neck and total body
[17]. The moderate dosage of soy protein or isoflavones
derived from the habitual intake of soy in our popula-
tion could be suboptimal to counteract the drastic effect
of estrogen decline on bone loss during the initial post-
menopausal years. However, habitual soy intake seems
to exert a protective effect on bone mass after those
dramatic years. In the later menopausal women, we also
observed a positive effect of soy on the spine BMD,
though the association did not reach a level of statistical
significance.

Animal experimental results suggest that an effective
optimal dosage of isoflavones need to be consumed be-
fore any measurable effect on bone can be observed [2,
28]. In our study, women belonging to the highest
quartile of soy protein intake had a mean intake of
about 20 g per day, which contributes to roughly 40 mg
soy isoflavones. The amount is lower than the apparent
effective doses of 80 to 90 mg soy isoflavones needed to

Table 4 Stepwise multiple regression analysis on association be-
tween soy protein intake quartiles and BMD/BMC. Independent
variables: soy protein intake quartile (method=enter); body

weight, years since menopause, calcium intake quartile, soy pro-
tein-calcium interaction, total protein intake, and energy intake
(method=stepwise; F-to-enter=0.05, F-to-remove=0.1)

Dependent variables All women (n=454) Women <4 (n=269) Women ‡4 (n=185)

b SE of b P-value r2 b SE of b P-value r2 b SE of b P-value r2

Spine BMD
Soy protein intake quartile 0.0034 0.005 0.497 0.1 )0.0024 0.006 0.705 0.1 0.0110 0.008 0.172 1.0
Body weight 0.0057 0.001 <0.001 15.8 0.0060 0.001 <0.001 16.9 0.0055 0.001 <0.001 14.7
Years since menopause )0.0086 0.002 <0.001 4.5 )0.0130 0.006 0.033 1.7 ) ) ) )
Total r2 – – – 18.9 – – – 17.6 – – – 15.9
Femoral neck BMD
Soy protein intake quartile 0.0048 0.004 0.200 0.4 0.0014 0.005 0.764 0.03 0.0094 0.006 0.123 1.3
Body weight 0.0048 0.0005 <0.001 19.0 0.0051 0.001 <0.001 20.9 0.0044 0.004 <0.001 16.8
Years since menopause )0.0057 0.001 <0.001 3.5 )0.0092 0.005 0.042 1.6 ) ) ) )
Total r2 – – – 21.6 – – – 21.5 – – – 18.1
Trochanter BMD
Soy protein intake quartile 0.0056 0.004 0.119 0.5 0.0003 0.005 0.945 0.002 0.0133 0.006 0.025 2.7
Body weight 0.0050 0.0005 <0.001 21.5 0.0051 0.001 <0.001 23.2 0.0049 0.001 <0.001 19.9
Years since menopause )0.0041 0.001 0.002 2.1 )0.0102 0.004 0.017 2.1 ) ) ) )
Total r2 – – – 23.2 – – – 24.0 – – – 22.2
Intertrochanteric BMD
Soy protein intake quartile 0.0069 0.005 0.162 0.4 )0.0031 0.006 0.616 0.1 0.0211 0.008 0.012 3.4
Body weight 0.0077 0.001 <0.001 25.8 0.0080 0.001 <0.001 29.0 0.0074 0.001 <0.001 22.8
Years since menopause )0.0067 0.002 <0.001 2.8 )0.0133 0.006 0.020 2.0 ) ) ) )
Total r2 – – – 27.6 – – – 29.5 – – – 25.6
Total hip BMD
Soy protein intake quartile 0.0070 0.004 0.087 0.7 )0.0001 0.005 0.981 0.0002 0.0171 0.007 0.013 3.3
Body weight 0.0065 0.001 <0.001 26.7 0.0066 0.001 <0.001 29.0 0.0064 0.001 <0.001 24.5
Years since menopause )0.0055 0.002 <0.001 2.8 )0.0111 0.005 0.019 2.1 ) ) ) )
Total r2 – – – 28.6 – – – 29.6 – – – 27.1
Total body BMD
Soy protein intake quartile 0.0071 0.004 0.842 0.01 )0.0064 0.005 0.160 0.7 0.0108 0.006 0.058 2.0
Body weight 0.0026 0.0004 <0.001 7.1 0.0026 0.001 <0.001 7.4 0.0026 0.001 <0.001 7.2
Years since menopause )0.0074 0.001 <0.001 6.4 )0.0125 0.004 0.004 3.2 ) ) ) )
Total r2 – – – 12.3 – – – 9.8 – – – 9.4
Total body BMC
Soy protein intake quartile 5.974 8.784 0.497 0.1 )11.837 11.487 0.304 0.4 31.065 13.639 0.024 2.8
Body weight 13.508 1.096 <0.001 25.4 13.632 1.459 <0.001 24.9 13.489 1.658 <0.001 26.9
Years since menopause )19.923 3.313 <0.001 7.5 )30.764 10.766 0.005 3.0 ) ) ) )
Total r2 – – – 29.3 – – – 25.9 – – – 29.2
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maintain spinal BMD in trials in perimenopausal and
postmenopausal Caucasian women [4, 5]. The discrep-
ancies in the apparent beneficial dosages reported in the
different studies could also be due to the differences in
age and physiological characteristics, including meno-
pausal stages, and the amount and duration of soy in-
take. As trabecular bone is markedly affected during
estrogen decline, the moderate level of soy intake in this
population may be inadequate to exert a protective effect
at the spine comprising mainly of trabecular bone. It is
potentially feasible that a higher soy intake would pro-
duce a beneficial effect on the spine BMD, as well as on
other bone sites in women immediately postmenopausal.
We observed a beneficial effect of habitual soy intake on
bone at both the hip and total body consisting of both
trabecular and cortical bone. The beneficial dosages of
soy isoflavones on bone health may thus vary with age
and stages of menopause, and possibly according to the
different levels of adaptation to soy intake. However,
direct comparisons of dosages between observational
studies and trials may be inappropriate as the food fre-
quency questionnaire method is meant for the estima-
tion of relative rather than absolute soy intake. Further
studies would be required to elucidate the optimal dos-
age of soy on bone health in different population groups.

The mechanisms of the effect of soy on bone health
are still unknown. Researchers have proposed several
mechanisms through which soy might exert an effect on
bone mass. The bone sparing effect of soy could be due
to its estrogen-like effect of isoflavones in the inhibition
of bone resorption or stimulation of bone formation
[21, 29], or through its effect on estrogen-receptors in
bone cells [30]. As reported by Arjmandi et al. [31], soy
could also have an anabolic effect on bone through the
enhancement of insulin-like growth factor-I (IGF-1)
synthesis, and IGF-I has been shown to have an effect
on bone mineral accretion [32].

Other mechanisms could be related to the effect of
soy in the enhancement of calcium absorption and the
reduction of urinary calcium excretion [2]. The calcium
conserving effect of soy protein would be of special
importance in Asian populations with relatively low
dietary calcium intake and calcium density [19, 33].
However, because of colinearity, we were not able to
tease out the effects of soy calcium interaction in our
study. The most commonly consumed soy product, tofu,
also has high calcium content. Our on-going prospective
crossover trials would investigate the effects of soy
isoflavones on calcium metabolism.

In conclusion, we observed a modest but an inde-
pendent effect of soy protein intake in the maintenance of
hip BMD, even after taking into account the other
important predicting factor—body weight. Our study
suggested that habitual soy protein intake of about 20 g/
day was associated with significantly higher hip BMD
and total body BMD and BMC in menopausal women
after the initial period of rapid bone loss. The cross-
sectional association has limitations in that no causal
inference can be drawn. However, the study was

conducted in a population-based sample with reasonable
variability of habitual soy intake [34]. The findings add to
the existing evidence that soy intake may be beneficial for
bone conservation in postmenopausal women. Further
studies, both longitudinal and longer-term randomized
control trials, are needed to elucidate the components of
soy protein, optimal dosages and the period of life that
soy is most effective in bone mass maintenance.
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