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Abstract Background Previous
studies show that daily doses of
40-99 mg soy isoflavones produce
inconsistent effects on preventing
estrogen-related bone loss in
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Introduction

Osteoporosis is a health problem experienced by about
one third of postmenopausal women [1, 2]. Estrogen
deficiency is a major cause of postmenopausal osteo-
porosis [3]. There is a series of physiological changes
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A single-blind randomized, placebo-controlled trial

postmenopausal women. Aim of
the study To examined the bone-
sparing effect of isoflavones at a
higher dose in early Chinese
postmenopausal women. Meth-
ods A total of 90 eligible women
aged 45-60 years were randomly
assigned to three treatment groups
(30 subjects/group) with daily
dosages of 0 (placebo), 84 and
126 mg isoflavones for 6 months.
Further inclusion criteria included
body mass index <30 kg/m? and
Kuppermann Climacteric Scale
>15. Bone mineral density (BMD)
of the spine and hip were mea-
sured using dual- energy X-ray
absorptiometry at 0 and 6 months.
Serum osteocalcin, bone-specific
alkaline phosphatase (BAP) and
urinary deoxypyridinoline were
examined at 0, 3 and 6 months.
Results Mean percent changes in
BMD at the lumbar spine

(p = 0.114) and femoral neck

(p = 0.053) increased with the
supplementations of soy isoflav-
ones after adjusting for age, years
since menopause, body weight and
height, dietary intakes of isoflav-
ones, calcium and protein, physi-

cal activities and baseline BMD at
the relevant sites. We observed
significantly dose-dependent lin-
ear relationship between the sup-
plemental isoflavones and percent
changes of BMD at the spine

(p = 0.042) and femoral neck

(p = 0.016) post-treatment, and
urinary total deoxypyridinoline

(p = 0.014) at 12 weeks but not at
24 weeks after adjusting for the
above factors. No significant dif-
ference in percent changes in
serum osteocalcin (p > 0.05) and
BAP (p > 0.05) was found among
the three treatment groups at 12-
week and 24-week post-treatment.
Conclusion There is a significantly
dose-dependent effect of soy isof-
lavones on attenuating bone loss
at the spine and femoral neck
possibly via the inhibition of bone
resorption in non-obese postmen-
opausal Chinese women with high
Kuppermann Scale.
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in bone metabolism after menopause. Yearly bone loss
rate, especially in the lumbar spine, reaches 4~5%

during the first 5 years of menopause [4]. Hormone
replacement therapy (HRT) is so far the most effective
therapy for maintaining bone density. However, its
acceptability and compliance have been poor due to its
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potential adverse effects, which include an increased
risk of endometrial cancer and breast cancer [5].
Therefore, a more acceptable alternative therapy that
might offer the benefits of HRT, but without the
undesirable side effects, needs to be identified.

Isoflavones are found predominantly in soy prod-
ucts. Their structure and functions are similar to
estrogen [6]. Epidemiological studies have shown that
higher intakes of soy and soy products are associated
with lower prevalence of osteoporosis [7, 8]. A number
of animal studies have almost consistently indicated
that isoflavone-enriched soy protein, or concentrated
soy isoflavones have a bone-sparing effect in estrogen-
deprived animals [9, 10]. Our previous study also
showed that soy protein with isoflavones attenuated
bone loss and increased calcium retention while
decreasing calcium excretion in ovariectomized rats
[11]. In vitro, studies have also reported that soy pro-
tein with isoflavones or soybean isoflavone extracts can
improve the reproduction and differentiation of os-
teoblasts [12, 13]. A few short-term human clinical
trials have been reported, but the findings are less
convincing, showing either a weak effect or no benefit
to bone health [14]. So far, few interventional studies
have examined the effects of either soy or isoflavones
on bone density and biomarkers of bone metabolism in
humans [15-20], especially in Asian populations [17].

In most human studies, the test dose of soy isof-
lavones given ranged from 40 to 99 mg/day [10, 14,
20, 21]. Many clinical trials showed that doses be-
tween 40 and 60 mg/d did not have any significant
benefit on bone health; a weak effect was found using
even higher doses of 80-90 mg/d [10, 14, 21]. It re-
mains unclear whether soy isoflavones cannot effi-
ciently prevent postmenopusal bone loss, or the
previously tested doses were too low to consistently
produce positive results.

This study aims to examine the hypothesis that a
high-dose supplementation of soy isoflavones would
retard bone loss in early postmenopausal women. We
tested the effects of soy isoflavones on bone loss at
two higher doses of 84 and 126 mg isoflavones/day in
early postmenopausal Chinese women.

Materials and methods
Subjects

Subjects were recruited by advertisements in the
local media. They were required to be Chinese, aged
between 45 and 60 years, and be within 5 years post-
natural menopause defined as at least 12 months
since the last menstrual cycle and serum follicle-
stimulating hormone (FSH) >30 IU/I. None of them
had any detectable diseases or were taking medica-

tions known to affect bone health, including chronic
diseases of the kidney, liver, heart, endocrine system,
and diabetes. Women who had used exogenous
estrogens, corticosteroids, thiazine diuretics, drugs
or other treatments for osteoporosis, as well as any
other medications known to affect bone mass, for
1 year prior to recruitment, were also excluded.

Potential eligible subjects were invited to the First
Affiliated Hospital of Sun Yat-sen University. The
eligibility of subjects was determined via face-to-face-
interviews using a structured questionnaire including
sociodemographic data, medical history, and repro-
ductive and menopausal history. A total of 110 sub-
jects who met the above requirements were given
further examinations including bone scanning, mea-
surement of body weight and height, fasting serum
follicle stimulate hormone (FSH) and menopausal
symptoms. Only those who met the following addi-
tional criteria were enrolled in the study: body mass
index (BMI) <30 kg/m® serum follicle-stimulating
hormone (FSH) >30 IU/l, the Kuppermann Climac-
teric Scale >15. Written informed consent was ob-
tained from all the participants before enrollment.
The Ethical Committee of the First Affiliated Hospital
of Sun Yat-sen University approved this study. A total
of 90 volunteers were met all the criteria and finally
enrolled in the study.

Study design

This study was a half-year, single blind, randomized,
placebo-controlled trial. The 90 eligible subjects were
randomly assigned to receive 0 mg soy isoflavones
(Isof.) (Placebo, starch) (Control Group), 84 mg Isof.
(Low-dose Group) or 126 mg Isof. (High-dose Group)
on a daily basis for 6 months. The 30 subjects were
randomly selected for the first group from the 90
subjects using the SPSS procedure of “Data-Select
cases-Random sample of cases” (SPSS for Windows,
V10, SPSS Inc., Chicago, IL, USA); another 30 subjects
were then selected for the second group from the
remaining 60 subjects in the same way; and the
residual 30 subjects were the third group. All subjects
were blinded to their group status.

The soy isoflavones were soy germ isoflavone ex-
tract powder (SoyLife® EXTRA) provided by Acatris
Holding B.V., Giessen, The Netherlands. The product
contained 7.05% isoflavones (aglycone equivalent).
The isoflavones contained 52, 15 and 33% daidz(e)in,
genist(e)in and glycit(e)in, respectively (data pro-
vided by the manufacture). A daily dose of placebo
and isoflavones was filled into six capsules, which
were given in the morning and the evening after meals
(three capsules each time). All capsules looked iden-
tical and were filled in one batch. The capsules were
delivered to subjects every month by the project
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coordinator (research staff). The residual capsules
were collected at the time of next delivery, and the net
consumption was calculated.

All participants were given detailed written
instructions on how to take the supplement. They
were asked to withdraw any other dietary supplement
(such as vitamin D, vitamin K, complex vitamins, and
calcium tablets, etc.) known to affect bone metabo-
lism, and consume more calcium-enriched foods but
less soy foods during the treatment period. They were
closely monitored throughout the study.

Measurements
Questionnaire interview

The dietary assessment of intakes of calcium, protein
and soy isoflavones at baseline and post-treatment was
based on a quantitative food frequency questionnaire
that included 95 food groups/items mainly focused on
soy and calcium intakes. The questionnaire included
cereal (14 items), animal foods (14 items), milk and
milk products (5 items), soy and soy products (28
items), vegetable (15 items), fruit (10 items), snack
and drink (9 items). The mean intake of food per day,
week, or month was reported at the face-to-face
interviews, using the past 12 months before the
interview as the reference period. The content of soy
isoflavones was calculated based on the food compo-
sition data reported by Murphy et al. [22] and Huang
et al. [23]. Other nutrients were estimated using the
Foods and Nutrition Software (version II, 2000; the 301
Hospital, Beijing, China) based on a Chinese food
composition table [24]. Three 24-h food intake diaries
were completed for dietary energy intake.

Physical activities were assessed using the ques-
tionnaire reported by Liu et al. [25] at baseline and
post-treatment. Energy expenditure from the physical
activities was calculated according to the indices
indicated in the questionnaire [25].

Bone mineral density and biomarker
measurements

Bone mineral density (BMD) at the lumber spine (L1-
L4), and the left hip was measured using dual-energy
X-ray absorptiometry (DXA, Hologic QDR-2000+,
Waltham, MA) at baseline and post-treatment after
6 months. The same scanner-operator who blinded to
the subjects’ grouping status conducted the scans and
analysis. Long-term precision was 0.45% by daily
testing the spine phantom over the previous 5 years,
and the in vivo precision error in our laboratory for
BMD were 1.0% for the spine and 1.48% for the total
hip.

Fasting blood samples and the next morning urine
samples were collected at 0, 12 and 24 weeks of
treatment to test biomarkers of bone metabolism and
hormones as described below. The serum and urine
samples were stored at —80°C until analyzed.

Serum osteocalcin (OC) concentration was mea-
sured with the IMMULITE Analyzer system (Diagnostic
Products Corporation-DPC, Ltd, USA). The intra- and
inter-assay coefficients of variation (CVs) were 4.7%
and 6.5%, respectively. Serum bone-specific alkaline
phosphates (BAP) concentration was measured using
the method of indirect precipitation with wheat-germ
lectin, as described by Behr and Barnert [26]. The intra
and inter-assay CVs were 4.1% and 5.3%. Urinary total
Deoxypyridinoline (Dpd) concentration was measured
with a commercial enzyme-linked immunosorbent as-
say kit (Metra Biosystems, Inc, Mountain View, CA,
USA), and the values were adjusted for urinary creati-
nine. The intra- and inter-assay CVs for Dpd were 4.8%
and 6.5%, respectively. Urinary creatinine was deter-
mined with a colorimetric method (Metra Biosystems,
Inc, Mountain View, CA, USA).

Statistical analyses

Baseline characteristics, dietary intake, and energy
expenditure in physical activities among the three
treatment groups were compared by means of one-way
ANOVA or nonparametric test when equal variance
not assumed. Percent changes in BMDs and bone
markers were calculated as “[(follow-up value—base-
line value) x 100%]/baseline value”. Comparison of
the mean differences in BMDs, bone markers, and
their percent changes among intervention groups were
conducted using one-way ANOVA and analysis of
covariance (ANCOVA) by including all subjects with
intention-to-treat (ITT). Potential confounders, such
as age, years since menopause (YSM), body weight and
height, dietary intakes of isoflavones, calcium, and
protein, energy expenditure in physical activities and
the relevant baseline values of BMD or bone markers,
were included in the ANCOVA models. Bonferroni test
was used for Post-Hoc Multiple Comparisons in the
ANOVA and ANCOVA analyses. Dose-dependent
linear trends were examined using polynomial test in
the ANOVA and ANCOVA analyses. Only the covari-
ates which remained significant were retained in the
final model. Manual backward stepwise method was
used in removing the potential covariates, with edu-
cation level forced into the models. F-to-entry and
remove criteria were 0.05 and 0.10. A two-tailed p-
value of less than 0.05 was considered statistically
significant for all analyses. The values of serum OC,
BAP and urinary Dpd were logarithmic transformed
prior to all analyses. SPSS for Windows (release 10,
SPSS Inc., Chicago, IL, USA) was used for the analysis.
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Items Placebo Low-dose High-dose p-value*
Baseline (n) 30 30 30

Age (y) 527 £ 3.7 525 + 3.0 516 £ 3.2 0.398
Years since menopause (y) 29+ 16 26+ 14 23+ 15 0.395
Body weight (kg) 56.6 + 7.1 547 £ 79 56.2 £ 6.4 0.650
Body mass index (kg/m?) 233 £ 24 223 £ 25 223 £ 2.1 0.173
Follicle stimulate hormone (IU/I) 77.2 £ 31.7 742 £ 378 74.8 + 37.2 0.913
Energy intake (kJ/d)? 7283 + 1273 7293 £ 722 7269 + 1335 0.981
Protein intake (g/d)” 77.1 £ 18.0 743 £ 15.7 77.5 £ 14.8 0.791
Dietary Isof. Intake (mg/d)b 28.0 £ 23.0 20.8 + 154 33.0 + 28.8 0.208
Total calcium intake (mg/d)° 619 £ 377 651 + 238 770 + 265 0.061
P.A. expenditure energy (kJ/d)¢ 5960 + 1558 6174 £ 1340 5901 + 1357 0.057
Follow-up (n) 30 28 26

Energy intake (kJ/d)? 7279 £ 974 7430 + 634 7358 + 920 0.796
Protein intake (g/d)° 759 £ 9.6 76.4 £ 85 78.1 £ 10.0 0.667
Dietary soy isoflavone intake (mg/d)° 5.7 =48 53+ 44 7.0 £ 5.1 0.384
Total calcium intake (mg/d)° 752 £ 229 794 + 169 855 £ 189 0.158
Physical activity expenditure energy (kJ/d)‘ 6376 + 920 6607 + 764 6292 + 899 0.383
Changes of follow-up and baseline (n) 30 28 26

Energy intake (kJ/d)? —0.6 = 98.4 29.9 + 90.1 30.8 + 125.7 0.437
Protein intake (g/d)” 0.43 £7.30 0.012 + 6.54 —0.46 £ 7.53 0.897
Dietary soy isoflavone intake (mg/d)° —223 + 185 =159 = 115 —28.6 = 255 0.158¢
Total calcium intake (mg/d)° 55.6 £ 102.1 75.8 + 88.6 38.2 + 81.1 0.324
Physical activity expenditure energy (kJ/d)¢ 99.1 + 181.9 80.4 + 1653 101.1 £ 164.5 0.884

* From ANOVA, *Obtained from 3-d dietary intake records, PAssessed using food frequency questionnaire; total calcium
included dietary calcium and supplemental, “Assessed using physical activity frequency questionnaire, “From Kruskal—

Wallis Test

Results
Characteristics of total subjects and compliance

The baseline characteristics of age, body weight and
BMI, years since menopause (YSM), serum FSH, dietary
energy intake, dietary protein intake, dietary calcium
and isoflavone intakes, physical activities, and bone
mass were very similar among the treatment groups
(p > 0.05). No significant differences in dietary intakes
and physical activities during the intervention period or
their changes between the follow-up and baseline values
were observed among the three treatment groups
(p > 0.05). Dietary Calcium intake increased moder-
ately, but soy isoflavone intake decreased greatly during
the intervention period as compared with the baseline
values as a result of our advice (Table 1).

Among the 90 subjects at beginning, six subjects (two
in low-dose group and four in high-dose group) with-
drew, due to suspected breast cancer; confirmed dia-
betes mellitus, traffic accident, emigration, and a skin
allergy (two cases), which the etiology of which could
not be confirmed. Another six subjects (three in pla-
cebo, one in high-dose group and two in low-dose
group) completed bone scanning, but refused to collect
blood and urine samples at 12-week and 24-week post-
treatment and were excluded from the relevant analyses.

The 84 subjects who completed bone scanning
consumed more than 95% of the assigned capsules.
Adherence and compliance of the treatment in our
subjects were excellent. At the beginning of the trial, a

few subjects in the isoflavone treatment groups re-
ported thirst, but the symptom disappeared after
about 6 weeks. There were no further side effects
from the treatment during the intervention period.

Soy isoflavone treatment and bone loss

Mean BMD loss at the lumbar spine and femoral neck
tended to be attenuated by supplementation with soy
isoflavones after adjusting for age, years since meno-
pause, bone weight and height, dietary intakes of isof-
lavones, calcium and protein, physical activities and
baseline BMD at the relevant sites (p = 0.114 and 0.053,
respectively). We observed significantly dose-depen-
dent linear associations between the intervention
of isoflavones and percent changes of BMD femur neck
(p-for linear trend = 0.042 and 0.016, respectively) in
the multivariate analyses. No significant differences in
mean BMDs and percent changes of BMDs were ob-
served among the treatment groups at the total hip,
trochanter, and intertrochanter (Table 2).

Soy isoflavone treatment and bone turnover
during the treatment period

Both one-way ANOVA and ANCOVA analyses
showed that the Dpd was significantly lower in the
high-dose group than in the other groups (p < 0.05)
at 12 week. Percent changes in urinary Dpd between
baseline and 12 weeks post-treatment was signifi-
cantly decreased in the high-dose group as compared
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Table 2 BMD (g/cm?) at post-treatment and percent changes (%) by treatment groups®
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p-values

BMDs Placebo (n = 30) Low-dose (n = 28) High-dose (n = 26) ANOVA Linear trend ANCOVAP< Linear trend
Spine, L1-L4

Baseline 0.864 + 0.103 0.839 + 0.111 0.892 + 0.151 0.272 0.346

Post-treatment 0.851 + 0.102 0.841 + 0.108 0.904 + 0.149 0.126 0.105 0.180 0.077

Percent changes —1.424 + 3.220 —0.052 + 2.885 0357 + 3.233¢ 0.081 0.035 0.114 0.042
Total Hip

Baseline 0.792 + 0.065 0.796 + 0.102 0.813 + 0.118 0.628 0.338

Post-treatment 0.794 + 0.071 0.801 % 0.100 0.827 + 0.112 0.414 0.205 0.718 0.431

Percent changes 0.273 + 3.528 0.195 £ 3.373 0.911 £ 4.220 0.743 0.523 0.554 0.293
Femoral Neck

Baseline 0.690 + 0.068 0.692 + 0.089 0.725 + 0.102 0.202 0.104

Post-treatment 0.686 + 0.076 0.692 + 0.085 0.742 + 0.091° 0.031 0.015 0.123 0.043

Percent changes —0.590 + 4.794 0.854 + 4.341 1.57 + 6.705 0.306 0.135 0.053 0.016
Trochanter

Baseline 0.579 + 0.053 0.587 + 0.077 0.600 + 0.094 0.617 0.333

Post-treatment 0.579 + 0.056 0.587 + 0.072 0.605 + 0.089 0.384 0.191 0.486 0.426

Percent changes 0.095 + 3.902 —0.154 + 4.822 0.742 + 3.746 0.585 0.580 0.428 0.368
Intertrochanter

Baseline 0.936 + 0.081 0.935 + 0.128 0.959 + 0.146 0.639 0.414

Post-treatment 0.937 + 0.089 0.931 + 0.127 0.972 + 0.143 0.334 0.292 0.547 0.777

Percent changes 0.216 + 4.535 —0.224 + 5.053 0.526 + 4.539 0.642 0.813 0.538 0.679

Values are means + SD

PAnalysis of ANCOVA was conducted for BMDs of post-treatment and percent
changes of BMDs

“Covariates: baseline value, age, YSM, body weight, height, dietary intakes
during the follow-up period included isoflavone intake, calcium intake, protein
intake and physical activities during the follow-up period

with those of the placebo and low-dose group even
after adjusting for age, YSM, body weight and height,
dietary intakes of isoflavones, calcium, and protein,
energy expenditure in physical activities and baseline
Dpd (p < 0.05). Such a difference disappeared at
24 weeks after treatment. There was no significant
difference in serum OC and BAP among the treatment
groups during the intervention period (Table 3).

Discussion

Animal and in vitro studies have consistently revealed a
favorable effect of soy isoflavones or other phytoes-
trogens on the prevention of bone loss and decreases of
bone turnover due to estrogen deficiency [21]. How-
ever, evidences from some human intervention studies
were inconsistent [15-20]. In this 6-month random-
ized, placebo-controlled trial, we examined the effects
of soy isoflavones on bone loss and bone turnover in
early postmenopausal Chinese women between 1 and
5 years since menopause. Our findings showed that the
high-dose supplementation of soy isoflavones had a
significantly positive effect on retarding bone loss at the
lumbar spine (L1-L4) and femoral neck, and bone
resorption, even after the adjustment for age, body
weight and height, years since menopause and baseline

dCompared with placebo group, p = 0.042 (Bonferroni, pairwise compairson of
ANCOVA)
¢Compared with placebo group, p = 0.044 (Bonferroni, pairwise compairson of
ANCOVA)
fcompared with placebo group, p = 0.016 (Bonferroni, pairwise compairson of
ANCOVA)

values of Dpd or baseline values of BMD at the same
sites being modeled in this population.

Although similar trend was also observed at the total
hip and other sub-sites of the hip, but we did not ob-
serve any statistical significance at these bone sites.
Possible reasons might include the weak effect of soy
isoflavones on bone loss and/or short treatment dura-
tion. Since lumbar spine and femoral neck primarily
compose trabecular and cortical bone, respectively, the
differential effects of isoflavone on bone loss at various
bone sites were unlikely to be related to the proportion
of trabecular or cortical bone as proposed in previous
studies [17, 27]. In this study, BMI was not included in
the multivariate models since BMD were more closely
correlated with body weight than BMI, and there is a
strong association between body weight and BMI in this
population. Due to a negative association between
baseline BMD and BMD change, we adjusted for the
baseline values of BMD or bone markers to avoid the
effect of regression to the mean.

Most of previous human interventional studies had
examined the effects of soy isoflavones at doses be-
tween 40 and 90 mg isoflavones/d [15, 17]. In general,
a daily supplementation of around 40 mg isoflavones
per day showed no significantly favorable effect,
where 80~99 mg isoflavones/d presented an incon-
sistent beneficial impact on the prevention of estro-



332 European Journal of Nutrition (2006) Vol. 45, Number 6

© Steinkopff Verlag 2006

Table 3 Bone markers at 0, 12, and 24 weeks and percent changes by treatment groups®

p-values
Biomarkers Placebo (n = 27) Low-dose (n = 26) High-dose (n = 25) ANOVA Linear trend ANCOVA®< Linear trend
Serum osteocalcin (logqo-transformed, pg/l)
Baseline 0.784 + 0.186 0.760 + 0.242 0.655 + 0.233 0.077 0.039
12 week 0.926 + 0.195 0.789 + 0.240 0.791 + 0.207 0.034 0.022 0.286 0.212
% change® 242 + 453 23.4 + 66.2 44,0 + 1203 0.634 0.407 0.688 0.389
24 week 0.705 + 0.257 0.726 + 0.276 0.680 + 0.239 0.810 0.775 0.503 0.455
% v:hanged —6.0 + 40.7 15.5 + 68.7 63.2 + 1954 0.123 0.044 0.699 0.412
Serum bone special alkaline phosphatase (logqo-transformed, 1U/)
Baseline 1.515 + 0.245 1.556 + 0.212 1.444 + 0.160 0.202 0.215
12 week 1.702 = 0.169 1.681 % 0.154 1.588 + 0.206 0.074 0.031 0.120 0.046
% change® 16.1 + 18.9 133 + 18.6 10.7 = 16.0 0.586 0.304 0.056 0.021
24 week 1.597 £+ 0.203 1.597 £ 0.174 1.535 + 0.155 0.420 0.251 0.785 0.491
% change® 6.4 + 13.9 45+ 13.9 73+ 124 0.771 0.826 0.682 0.384
Urinary total deoxypyridinoline(logso-transformed, nmol/mmolCr)
Baseline 0.792 + 0.232 0.896 + 0.26 0.913 + 0.202 0.154 0.151
12 week 0.795 + 0.212 0.845 + 0.220 0.695 + 0.226° 0.038 0.076 0.043 0.013
% change® 7.3 + 348 35 + 494 —26.0 + 18.5% 0.004 0.002 0.014 0.037
24 week 0.952 + 0.239 0.823 + 0.219 0.835 =+ 0.1829 0.070 0.072 0.007 0.01
% change® 30.0 £ 51.7 1.6 £ 51.4 —3.8 + 320 0.024 0.012 0.180 0.089

Values are mean + SD

PAnalyses of ANCOVA was conducted for bone markers of post-treatment and
percent changes of bone markers

‘Covariates: baseline value, age, YSM, body weight, height, dietary intakes
during the follow-up period included isoflavone intake, calcium intake, protein

gen-related bone loss over a short treatment period in
human clinical trials [10, 14, 20, 21].

Two reasons might account for such results ob-
served in the low-dose treatment (~40 mg). One is be-
cause the short treatment durations had not persisted
long enough to produce a detectable favorable differ-
ence in the percentage change of bone mass; another
potential reason is due to the low doses of interven-
tions, which might not be as effective as the high dose.
The first reason might be demonstrated from obser-
vational studies [7, 8, 28-30]. Observational studies
found that a habitual daily intake of 30~40 mg (top
quartile) isoflavones was associated with a better peak
bone mass in young female adults [28] and better bone
mass in postmenopausal Chinese women [8, 30]. Pre-
vious animal experimental studies also suggested that a
threshold dose of isoflavones needs to be consumed for
a lengthy time period (i.e. months to years) before any
detectable impact on BMD can be observed [29].

However, previous studies have not established if
the inconsistent effects of isoflavone supplementation
on bone mass are due to a real weak positive effect,
low tested dosages, short treatment period, or a
combination of these factors [14]. Based on the
existing evidence, we might conclude that the dosage
of ~40 mg isoflavones/d is unlikely to be an effica-
cious dosage for the prevention of bone loss. Since
few studies have examined the effect of isoflavones at
a dose over 100 mg/d [18], it is unclear whether a
dosage over 90 mg/d would be more effective.

intake and physical activities during the follow-up period
dAs compared with baseline values

Compared with low-dose group, p < 0.05

fcompared with placebo group, p < 0.01

9Compared with Placebo group, p < 0.05

In this study, we examined the effect of isoflavone
supplementation at two higher dosages (84, 126 mg/d)
in postmenopausal Chinese women, and found that
there was a significant linear dose-dependent benefi-
cial effect on bone loss. The higher dose of isoflavones
had a significant effect on retarding bone loss at the
femoral neck. The higher dose was much more effec-
tive than the 84 mg/d dose. Our findings suggested
that the optimal intervention dose might be larger
than 80-90 mg isoflavones/d for the prevention of
bone loss in this population. Bone remodeling is a
relatively slow process, and the time required to
complete a cycle may be increased with age. Normally
6-18 months are needed to reach a new equilibrium
[31]. Due to the limitation of the short duration of this
study, a long-term study would be required to confirm
the long-term effect of isoflavones on bone health.

Consistent with the bone changes, we observed that
the bone-specific biomarker of bone resorption, Dpd
excretion, was significantly decreased in subjects with
isoflavone supplementations at daily doses of 84 and
126 mg. Several human studies had also observed the
anti-resorptive properties of soy protein or soy isof-
lavones [14, 32, 33]. Some [32, 34], but not all [33],
human studies reported that bone formation markers
(such as serum OC, insulin-like growth factor-I, and
BAP) were enhanced concomitantly with decreased
bone resorption. We did not find a significant differ-
ence in serum OC and BAP among the three treatment
groups possibly due to the inconsistent effect on bone
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formation and/or the short duration of the interven-
tion. In our study, OC and BAP significantly increased
in a parallel way at 12 weeks among all treatment
groups. The samples collected at 0, 12, and 24 weeks
were examined separately. We observed relatively
higher values (5-9%) of OC and BAP of the control
samples at 12 weeks than those at 0 and 24 weeks, al-
though their values were within the reference range
given by the suppliers. Between-run error in the mea-
surements of OC and BAP might be a possible reason of
such unexpected increases in OC and BAP.

Barnes [35] has concluded in his review that isof-
lavones consumed orally and in doses below 2 mg/kg
body weight/d should be considered safe for most
population groups. Our study also showed that this
population had a good tolerance on the supplemen-
tation of soy isoflavones. We found that a daily oral
dose of 126 mg soy isoflavones did not have any ad-
verse effect except that a few subjects reported thirst
at the beginning of the treatment.

In this study, natural menopause was defined as at
least 12 months since the last menstrual cycle and ser-
um follicle-stimulating hormone (FSH) > 30 IU/L. We
thus excluded subjects with serum follicle stimulate
hormone <30 IU/l. Since heavy subjects might be
insensitive to isoflavone treatment than light subjects
[36], only those with BMI < 30 kg/m” were included in
the study. Therefore, it would be inappropriate to gen-
eralize the results to obese postmenopausal women. We
also eliminated women with the Kuppermann climac-
teric scale < 15in order that we could examine the effect
of isoflavone supplementation on menopausal symp-
toms (reported elsewhere). Previous study showed that
subjects with more menopausal symptoms typically had
lower estrogen level than those with fewer symptoms
[37]. So far, no study has examined the interaction of
serum estrogen and isoflavones or soy protein to bone
loss. A meta-analysis by Zhan and Ho [38] found that
isoflavone supplementation was more effective on ser-
um lipid profile in postmenopausal women than in pre-
or perimenopausal women. Since isoflavones might
play a role in bone mass via a similar mechanism to that
in lipid profile, it was possible that the isoflavone effect
on bone mass might be more pronounced in women
with a lower than a higher estrogen level. Thus, caution
needs to be exercised in applying the results obtained
from women with more menopausal symptoms to
general postmenopausal women.
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