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Objective: The aim of this study was to determine the effects of soy isoflavones with weak estrogen-like
activities both on bone metabolism and on serum lipids in perimenopausal women.

Methods: Twenty-three healthy perimenopausal women were assigned randomly to either isoflavone or
placebo groups. The isoflavone group (n � 12) received daily capsules of soy isoflavone extract (61.8 mg of
isoflavones) and the placebo group (n � 11) received daily placebo capsules for four weeks. Urinary excretion
of isoflavone was measured at weeks 0, 2 and 4. Urinary excretion of pyridinoline and deoxypyridinoline, bone
stiffness and levels of serum cholesterol, triglyceride and cholesterol fractions were measured at weeks 0 and 4.

Results: As compared to the placebo group, urinary isoflavone, primarily daidzein, excretion was increased
at weeks 2 and 4 in the isoflavone group. Excretion of bone resorption markers was reduced significantly in the
isoflavone group. Both total serum cholesterol and LDL cholesterol were decreased significantly in the
isoflavone group. Other serum biochemical parameters were not changed in either group.

Conclusion: Soy isoflavone supplementation for four weeks showed potentially beneficial effects on bone
metabolism and on serum lipids in perimenopausal women. These effects could have the potential to reduce the
risks of postmenopausal osteoporosis and of cardiovascular diseases in such women.

INTRODUCTION

Postmenopausal osteoporosis is associated with estrogen
deficiency [1], and this can be prevented by estrogen replace-
ment therapy (ERT) [2]. Estrogens are known to have effects
not only on bone metabolism, but also on cholesterol metabo-
lism and blood pressure [3]. Indeed, ERT is considered the
most effective method of reducing bone loss and of preventing
other climacteric symptoms in postmenopausal women. How-
ever such therapy may have serious side-effects [4]. For this
reason, it would be desirable to identify selective estrogen
receptor modulators which, while providing benefit to bone
metabolism, do not increase the risk of breast cancer.

Isoflavones present one such class of estrogenic molecule.

Soybean has a high isoflavone content, and it is widely con-
sumed as a foodstuff in many Asian countries. The soybean-
derived isoflavones, daidzein and genistein, and their glyco-
sides, daidzin and genistin, have been reported to possess both
estrogenic [5] and anticarcinogenic activities [6, 7].

We have shown previously that treatment with daidzin and
genistin reduces bone loss and inhibits the reduction of bone
strength in ovariectomized rats [8]. Epidemiological studies by
our group in both native Japanese and Japanese Hawaiians have
demonstrated that urinary isoflavone excretion is associated
negatively with bone resorption and positively with bone den-
sity [unpublished]. Finally, an intervention study in Brazilians
of Japanese ancestry, who consumed only low levels of soybean
products, showed that increased ingestion of isoflavone-rich foods
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reduced bone loss significantly, based on the analysis of bone
resorption markers in the urine [unpublished].

Native Japanese in Japan have been shown to have a much
higher mean dietary intake of isoflavones than that observed in
Europeans or Americans [9]. In this study, we aimed to exam-
ine the possibility that supplemental isoflavone intake would
both decrease bone turnover and alter blood lipids in postmeno-
pausal Japanese women who already have high daily dietary
intakes of soybean products.

MATERIALS AND METHODS

Isoflavone Extraction

Crude isoflavone extract was prepared by extracting soy-
bean hypocotyls (100 kg) in boiling water (1000 L) for 30
minutes. The extract was poured over a synthetic resin (SP-850,
Mitsubishi Chemical Industry Ltd., 70 L) for batch absorption,
and the resin was then washed three times with 140 L water.
After addition of 70 L 60% ethanol, the resin was stirred for 30
minutes to elute isoflavones. The elution process was repeated
three times, and the combined eluate was concentrated and
dried to obtain the partly-purified isoflavone extract. The ex-
tract was spray-dried with dextrin (Fujiflavone P10; Fujicco
Co. Ltd., Japan) and made up into capsules, each containing
30.9 mg of isoflavones, 8.2 mg of protein, 3.3 mg of ash and
6.6 mg of water. No lipids were detectable. The isoflavone
content of the extract is listed in Table 1.

Subjects

This randomized double-blind, placebo-controlled clinical
trial was conducted at the food processing factory of Fujicco
Co., Ltd., at Nishinomiya Hyogo, Japan, under the supervision
of the WHO Collaborating Center for Research on Primary
Prevention of Cardiovascular Diseases. Informed consent was
obtained from all subjects on the basis that the substance to be

administered was safe, that the subjects had freely taken part in
the study and that there would be no ill effects. Subjects were
considered eligible for the study if they were disease-free as
confirmed by routine regular annual health checks and were
taking no anti-osteoporotic, lipid-lowering, hypotensive or hor-
monal drugs.

Twenty-five women were recruited from among the em-
ployees of the food processing factory; of these, twenty-three
subjects entered and completed the trial. Subjects were healthy
perimenopausal Japanese women in the age range 40 to 62
years. For each subject, body height and weight were recorded
at the beginning of the study. Twelve subjects were assigned
randomly to receive soybean isoflavone extract, two capsules
daily (61.8 mg of isoflavones, Table 1), and the remaining 11
subjects were assigned to receive placebo capsules containing
of only dextrin for four weeks.

Isoflavone Intake

All subjects were required to keep quantitative records of all
meals during the test period, in terms both of food constituents
and of quantities. Based on these records, daily isoflavone
intakes were calculated for each subject. Published data by
Toda et al. [10] were used to determine the isoflavone content
of each food item.

Bone Stiffness

Right calcaneal stiffness was measured at the beginning of
the study and four weeks later, using an ultrasound bone
densitometer (Achilles A-1000, Lunar Corp., Madison, WI).

Urine Analysis

Twenty-four-hour urine specimens were collected to deter-
mine isoflavone excretion at weeks 0, 2 and 4, and to determine
pyridinoline and deoxypyridinolone excretion at weeks 0 and 4.
After measurement of the volume, a portion of each sample (10
mL � 2 tubes) was stored at �30°C until analysis. Urinary
creatinine (CRE) was determined by the Jaffe method using a
commercial creatinine test kit (Wako Pure Chemical Industry,
Osaka, Japan). Samples for which the CRE coefficient (mg/
day/kg body weight) fell within a range of 10.8 to 25.2 were
considered to represent complete urine collection and were
analyzed further.

To produce free isoflavones from conjugates, urine samples
were treated with sulfatase (EC 3.1.6.1 Type H-1, Sigma, St
Louis, MO) and �-glucuronidase (EC 3.2.1.31, Wako Pure
Chemical Industries, Ltd., Japan). The reactants and urine
samples were purified by Sep-pak cartridge before HPLC anal-
ysis. Quantitative HPLC analysis of urinary isoflavones was
carried out in a Zorbax ODS column (4.6 mm � 25 cm;
Waters) using a Waters 600 multisolvent delivery system with
a WISP 710B autosampler and a Waters 490 programmable
multiwavelength detector. Step gradient elution was achieved

Table 1. Isoflavone Contents of the Sample

Isoflavone Extract

(mg/g) (mg/capsule)

Daidzin 47.5 15.6
Genistin 10.4 3.4
Glycitin 32.4 10.6
6�-O-malonyldaidzin 0.9 0.3
6�-O-malonylgenistin n.d. n.d.
6�-O-malonylglycitin n.d. n.d.
6�-O-acetyldaidzin 1.5 0.5
6�-O-acetylgenistin n.d. n.d.
6�-O-acetylglycitin 0.9 0.3
Daidzein n.d. n.d.
Genistein n.d. n.d.
Glycitein 0.6 0.2
Total 94.1 30.9
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at a flow-rate of 1 mL/min with acetonitrile (A.N.) solution
containing constant 0.1% acetic acid: 10% to 18% (v/v) A.N.
for the first 20 minutes, 18% to 20% A.N. for another 20
minutes, and 20 to 35% A.N. for 37.5 minutes, then 35% A.N.
at constant for the last seven minutes. The absorptions of
urinary De and Ge were measured at 254 nm. Commercially
available daidzein and genistein (Fujicco Co., Ltd.) were used
for standard chemicals.

Urinary pyridinoline was determined as described by Taka-
hashi et al. [11]. Deoxypyridinoline was determined using a
commercial ELISA kit (Pyrilinks-D, Metra Biosystems, Moun-
tain View, CA).

Blood Analyses

Venous blood (5 mL) was collected by using vacuum sy-
ringes (XX-VP010hg, Terumo Co. Ltd.) at weeks 0 and 4 and
after four weeks. Immediately after collection, blood samples
were centrifuged for 30 minutes at 3,000 rpm and 4°C (Model
KN-30F, Kubota Co. Ltd.). Sera were stored at �30°C until
analysis.

Blood tests were carried out by Aijinkai Healthcare Corp.
AST, ALT and �-GTP were determined spectrophotometrically
[12]. Hemoglobin A1 and A1c were determined by HPLC
analysis [13]. The bone formation marker osteocalcin was
measured by EIA [14]. Serum triglycerides were analyzed
using the GPO DAOS glycerol method [15]. Total cholesterol
was determined using the cholesterol oxidase DAOS method
[16]. Cholesterol fractionation was carried out by agarose gel
electrophoresis [17].

Statistical Methods

StatView-j Version 4.11 (Abacus Concepts, Inc., Berkeley,
CA) was utilized for statistical analysis. Differences between

the means for the two groups were evaluated by using Student’s
t test. Changes within each group were evaluated by using
Student’s paired t test, and differences between the changes
observed in each groups were evaluated by using repeated-
ANOVA; p-values of less than 0.05 were considered to indicate
statistically significant differences.

RESULTS

There were no significant differences in age, body mass
index (BMI) and time after menopause, between the test
(isoflavone supplemented) and placebo groups (Table 2).

Calculated isoflavone intake in daily food intake and actual
urinary excretion are shown in Table 3. There was no statisti-
cally significant difference between the two groups in daily
daidzin and genistin intakes at the base line. Urinary daidzein
excretion was increased significantly at weeks 2 and 4 in the
test group, both in absolute terms and also relative to the
placebo group. Genistein excretion was not increased by the
supplement.

Bone metabolism parameters are shown in Table 4. Excre-
tion of pyridinoline and deoxypyridinoline, markers of bone
resorption in the test group, was decreased significantly at four
weeks. A significant difference from the base line levels, be-
tween the test and placebo groups, was also noted in pyridino-
line excretion at four weeks, but no significance in deoxypyr-
idinoline excretion. Levels of intact osteocalcin, a marker of
osteogenesis, were not significantly different between the two
groups either at the base line or at the end of the study. Bone
stiffness did not change within or between the two groups
during the four weeks of the study (Table 4).

The results of the serum biochemical parameters are pre-
sented in Table 5. Serum total and LDL cholesterol levels fell
significantly from the base line only in the isoflavone supple-
mented group and were lower, but not significantly, from those
in the placebo group. No changes in HDL, VLDL cholesterol
and triglyceride levels were observed during the study in either
the test or the placebo group. AST, ALT, �-GTP and hemo-
globin A1 and A1c levels (laboratory indicators of liver cell
damage or of a tendency to diabetes) were normal, and they
displayed no changes over time in either the test or placebo
group. No side effects were detected.

Table 2. Baseline Data

Isoflavone
(n � 12)

Placebo
(n � 11)

p-value

Age (years) 51.8 � 1.9 51.0 � 1.6 0.76
Time since menopause

(years) 4.4 � 1.4 3.5 � 1.1 0.33
BMI (kg/m2) 22.4 � 0.8 22.9 � 0.9 0.69

Values are mean � S.E.

Table 3. Isoflavone Intake and Urinary Excretion

Intake in Food
(mg/28 days)

Urinary Excretion (mg/day)

Baseline 2 Weeks 4 Weeks

Placebo Isoflavone Placebo Isoflavone Placebo Isoflavone Placebo Isoflavone

Daidzein 299 � 21 341 � 36 3.3 � 0.8 4.8 � 1.0 4.6 � 1.0 9.2 � 1.3*,# 5.1 � 1.3 9.3 � 1.3*,#

Genistein 446 � 38 499 � 61 1.1 � 0.3 2.2 � 0.5 1.4 � 0.3 1.9 � 0.5 2.2 � 0.5 2.4 � 0.3

Values are means � S.E.

* Significant differences from the baseline (p � 0.05).
# Significant differences from the placebo group (p � 0.05).
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DISCUSSION

This experiment was designed to observe the effects of
four-week isoflavone supplementation of 61.8 mg/day. During
the experiment, all subjects were free to take any additional
soybean products. The isoflavone intake during the study was
therefore in addition to the common dietary intake among
Japanese. From the results of the dietary survey and the urinary
isoflavone excretion, it appears that the supplemental isofla-
vone intake was of the same order of magnitude as the existing
dietary intake.

Daidzein and genistein, like estrogen, are thought to sup-
press bone resorption by attenuating the activity of osteoclasts
[18, 19]. Glycitein has a weak estrogenic activity comparable to
that of daidzein and genistein [20]. Genistin and daidzin have
been shown to prevent bone loss in ovariectomized rats [8].
Four weeks of isoflavone supplementation appear to be effec-
tive in suppressing bone resorption in perimenopausal women
(a previous report showed that estrogenic effects appeared in a
short term treatment [21]). Bone metabolic parameters were
changed by estrogen administration after two weeks [21]. How-
ever, bone mineral density and content change only very
slowly, and a long term study would be necessary for the
demonstration of the effect on bone stiffness.

Our previous epidemiological research in Japanese women
has indicated a negative association between bone density and

bone resorption markers such as pyridinoline [unpublished],
and Tsuchida et al. reported that soybean intake was associated
positively and significantly with bone mineral density in Jap-
anese middle-aged women [29]. Higher levels of urinary pyr-
idinoline and deoxypyridinoline excretion are associated with
faster bone loss at the hip [22], and urinary deoxypyridinoline
levels are reported to predict the subsequent risk of hip fracture
in elderly women [23]. Inhibition of bone resorption, when not
associated with reduction in bone formation, has the net effect
of reducing the rate of bone loss [24]. Dalais et al. reported that
diets including 45 g of soy grits containing 52.64 mg of
isoflavones were associated with increased bone mineral con-
tent within 12 weeks [28]. Potter et al. reported that a diet
including a high isoflavone content soy protein containing 90
mg/day of isoflavones was associated with increased bone
mineral density and content within six months [25].

Based on these data, we conclude that isoflavone supple-
mentation appears to be effective in inhibiting reduction in
bone density and/or in promoting bone strength. Isoflavone
supplementation in Japanese subjects, who already consume
relatively high levels of soybean products, thus appears to
provide further benefit to bone metabolism.

In addition to beneficial effects on bone metabolism, isofla-
vones lowered total serum cholesterol levels as well as LDL
cholesterol. High LDL cholesterol levels are known to be
associated with atherosclerosis [26]. Estrogen increases LDL

Table 4. Effect of Isoflavone Supplementation on Bone Markers and Bone Stiffness

Placebo Isoflavone

Baseline 4 Weeks Baseline 4 Weeks

Serum intact-osteocalcin (�g/mL) 7.2 � 0.7 7.1 � 0.6 8.5 � 1.2 7.4 � 1.1
Urinary pyridinoline excreation (nmol/mmol of CRE) 16.2 � 1.6 17.6 � 1.3 19.7 � 2.3 13.1 � 1.7*,#

Urinary deoxypyridinoline excreation (nmol/mmol of CRE) 10.1 � 0.9 9.8 � 0.8 11.7 � 1.6 9.8 � 1.2*
Bone stiffness 73.0 � 3.3 73.0 � 3.6 71.0 � 4.9 71.0 � 4.9

Values are mean � S.E.

* Significant differences from the baseline (p � 0.05).
# Significant differences from the placebo group (p � 0.05).

Table 5. Effect of Isoflavones on Serum Parameters in Perimenopausal Women

Placebo Isoflavone

Baseline 4 Weeks After 4 Weeks Baseline 4 Weeks After 4 Weeks

T-Chol 237.6 � 31.2 240.9 � 25.4 226.3 � 39.7 215.4 � 44.4*
LDL-Chol 162.3 � 24.5 163.9 � 21.6 148.1 � 34.7 138.4 � 36.1*
HDL-Chol 64.9 � 15.2 68.1 � 14.2 66.2 � 15.8 65.1 � 16.8
VLDL-Chol 9.2 � 4.0 9.9 � 3.2 11.9 � 9.7 11.9 � 10.7
TG 105.2 � 40.0 97.5 � 27.5 94.8 � 43.9 106.1 � 51.0
AST 24.8 � 13.6 21.0 � 4.8 19.6 � 6.2 16.2 � 3.8
ALT 25.8 � 17.3 21.7 � 9.5 17.1 � 7.0 16.2 � 3.8
�-GTP 27.8 � 19.9 16.8 � 5.2 23.9 � 17.7 19.8 � 13.4
Hemoglobin A1 6.6 � 0.4 6.8 � 0.4 6.5 � 0.4 6.6 � 0.4 6.8 � 0.3 6.4 � 0.3
Hemoglobin A1c 5.2 � 0.3 5.2 � 0.3 4.9 � 0.3 5.2 � 0.3 5.2 � 0.2 4.8 � 0.2

Values were mean � S.E.

* Significant differences from the baseline (p � 0.05).
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catabolism by increasing the number of LDL receptors, as
shown in hepatocytes from estrogen-treated rats [27]. Isofla-
vones may reduce LDL level by increasing the number of LDL
receptors in a similar manner. Our data thus confirmed that
isoflavones had beneficial effects on bone and lipid metabo-
lisms, suggesting they may be useful for preventing both os-
teoporosis and coronary heart diseases. However, Potter et al.
reported that isoflavones provided effective benefit to mineral
density and content, but provided little benefit to blood lipids
[25]. The estrogen threshold hypothesis is now widely ac-
cepted, and the positive effective dose of estrogen for the
reduction of bone resorption is as low as 30 pg/mL, while for
benefit to serum cholesterol much higher doses are necessary
[30]. Our observations support this hypothesis. Since the isofla-
vone extract used in this study included large amounts of
daidzin and glycitin, a small amount of genistin, but little soy
protein, the observed benefits appear to be attributable to isofla-
vones and mainly to daidzin and glycitin.

Isoflavone supplementation at this level over four weeks
appears to be safe, as judged by clinical laboratory blood tests,
physical examinations and on the basis of subjective symptoms.
No side effects were detected.

CONCLUSIONS

Daily supplementation of soybean isoflavones (61.8 mg) for
four weeks was associated with a significant reduction in the
excretion of bone resorption markers (pyridinoline and deoxy-
pyridinoline), concomitantly with marked increases in urinary
daidzein excretion and with lowered serum total and LDL
cholesterol levels in postmenopausal Japanese women.

Isoflavone supplementation at this daily dose for four weeks
did not affect liver function, and the benefits of soy isoflavone
supplementation for reducing risks of osteoporosis and coro-
nary heart disease appear not to be associated with any dele-
terious metabolic effects.
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