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Original Article

Effect of soy isoflavone extract supplements on bone
mineral density in menopausal women: meta-analysis of

randomized controlled trials
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This study was conducted to clarify the effect of ingesting soy isoflavone extracts (not soy protein or foods con-
taining isoflavones) on bone mineral density (BMD) in menopausal women. PubMed, CENTRAL, ICHUSHI,
CNKI, Wanfang Data, CQVIP, and NSTL were searched for randomized controlled trials published in English,
Japanese, or Chinese reporting the effects of soy isoflavone extracts on lumbar spine or hip BMD in menopausal
women. Trials were identified and reviewed for inclusion and exclusion eligibility. Data on study design, par-
ticipants, interventions, and outcomes were extracted. Eleven, seven, five, and five trials were finally selected for
estimation of the effects on spine, femoral neck, hip total, and trochanter BMD, respectively. Meta-analysis in-
cluding data from1240 menopausal women revealed that daily ingestion of an average of 82 (47-150) mg soy

isoflavones (aglycone equivalent) for 6-12 months significantly increased spine BMD by 22.25 mg/em? (95% CI:

7.62, 32.89; p=0.002), or by 2.38% (95% CI: 0.93, 3.83; p=0.001) compared with controls (random-effects
model). Subgroup analyses indicated that the varying effects of isoflavones on spine BMD across trials might be
associated with study characteristics of intervention duration (6 vs. 12 months), region of participant (Asian vs.
Western), and basal BMD (normal bone mass vs. osteopenia or osteoporosis). No significant effects on femoral
neck, hip total, and trochanter BMD were found. Soy isoflavone extract supplements increased lumbar spine
BMD in menopausal women. Further studies are needed to address factors affecting the magnitudes of effect on

spine and to verify the effect on hip.
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INTRODUCTION

Osteopenia and osteoporosis are major health problems in
postmenopausal women, who experience a sharp decrease
in estrogen concentration that leads to an increased rate of
bone remodeling.'? The yearly decline in bone mineral
density (BMD) of the lumbar spine and hip in postmeno-
pausal women is reported to be at least 1% and up to
2.4%.* Although hormone replacement therapy (HRT)
has positive effects in increasing BMD in postmenopausal
women with low bone mass,™ it is associated with a
higher risk of hormone-related cancer’” and other unfa-
vorable adverse events.>’

Epidemiological studies indicate that women who have
high soy intake have a lower risk of osteoporosis than
women who consume a typical Western diet.’>'? Conse-
quently, many menopausal women use phytoestrogens to
maintain their BMD because they are unlikely to cause
the undesirable effects associated with steroid hor-
mones.*" The primary dietary phytoestrogens ingested
are soy isoflavones, which have structures similar to that
of estrogen. ™

A meta-analysis of randomized controlled trials (RCTs)
has estimated the effect of ingesting soy isoflavones on
lumbar spine BMD." This included 10 RCTs of both soy
isoflavone tablets and isolated soy protein containing
isoflavones, and revealed a significant increase of BMD
by 20.6 mg/ecm® (magnitude in term of percentage and
effect on hip not presented) resulting from soy isofla-
vones. Given the result in units of mg/cm?, whether the
magnitude of increase can prevent the naturally occurring
postmenopausal bone loss remains unclear. Subgroup
analysis of three trials testing isoflavone tablet revealed
no significant effect, however one trial testing soy isofla-
vone extract was mistakenly included in the isolated soy
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protein subgroup.’® In addition, two'” and three® com-
parisons from the same trial respectively with two and
three soy isoflavone groups compared to the same control
group were included simultaneously as separate studies in
the meta-analysis. This is not recommended because it is
considered to induce a serious unit-of-analysis problem.’®
Another recently published meta-analysis included 10
RCTs of soy isoflavones supplementation of at least one
year duration (four RCTs testing isoflavones extracts),
and did not find significantly beneficial effects of soy
isoflavones on spine and hip BMD.%

Supplements of soy isoflavone extracts were easily in-
gested by the people who want to benefit from soy isofla-
vones, but are unable to usually consume and/or do not
like to intake products of soy protein or soy foods con-
taining isoflavones. In addition, the beneficial effects of
soy protein might require synergistic reactions between
isoflavones and other soy components.'® Thus, clarifying
the effects of extracted soy isoflavones (not as a constitu-
ent part in soy protein) is of more clinically important.
However, both the two meta-analyses failed to reveal
significant effects of soy isoflavone extracts in subgroup
analysis, which might be due to the fact that only data
from four RCTs were included.’* We have identified 12
RCTs of soy isoflavone extracts (not of soy protein or
foods containing isoflavones) that reported effects on
spine BMD in menopausal women,® '¢'® 2% and per-
formed the present meta-analysis to clarify the effects of
soy isoflavone extract both in terms of change (mg/cm?)
and percentage change (%) from baseline for lumbar
spine and hip BMD, without influence on the same pa-
rameters by soy protein per se or other components in soy
protein.

MATERIALS AND METHODS

PubMed (1966-2008), CENTRAL (1966-2008), ICHUSHI
(1983-2008), and CNKI (1979-2008) were searched for
relevant studies that had been published by September
2008. We also searched Wanfang Data, CQVIP and
NSTL, which are other major search engines in China.
Reference lists of relevant studies were manually
searched. Studies were eligible for inclusion if they met
all of the following criteria: (1) randomized parallel-
group controlled trials published in English, Japanese, or
Chinese; (2) trials with a crossover design that contained
data for the first period;'**® (3) tested the effects of in-
gesting supplements of soy isoflavone extracts (not of soy
protein or foods containing isoflavones) on lumbar spine
or hip (femoral neck, total hip, or trochanter) BMD in
menopausal women; and (4) BMD data were measured
by dual X-ray absorptiometry. When duplicate data were
reported for the same study subjects, only the article with
the largest sample was included.' Two reviewers inde-
pendently reviewed and evaluated the studies, and con-
sensus was reached by discussion when there were dis-
agreements.

Data on study design, number of participants, interven-
tions, and outcomes for BMD were also independently
extracted by two reviewers and confirmed by each other.
When necessary, data on outcomes for BMD were ob-
tained from graphs. If possible, we obtained necessary
data not reported in the articles by contacting to the au-

thors. We calculated mean change (follow-up — baseline)
and percentage change [(follow-up — baseline) + baseline
x 100%)] from baseline in BMD, when the data were not
directly available. We primarily determined missing SD
of the changes if statistical analyses comparing the
changes themselves were presented (e.g., confidence in-
tervals, standard errors, f values, p values, F values). Al-
tematively, we imputed them by computing mean correla-
tions between the baseline and final values from included
trials in which SD for change, as well as for baseline and
final measurements were available.” Standard deviation
for percentage change was calculated by dividing SD for
change with mean baseline value.

We used the Jadad scale to assess the quality of in-
cluded RCTs, a score of < 3 indicating low quality.’! We
also used a 3-category grading system (A, B, C) to denote
the methodological quality of each study.*? Category A
studies have the least bias and results are considered valid,
B studies are susceptible to some bias, but not sufficient
to invalidate the results; and C studies have significant
bias that may invalidate the results. We arbitrarily defined
category C as of low quality. Concealment of treatment
allocation in RCTs was assessed as adequate, inadequate
or unclear.® Two reviewers independently assessed the
studies, and consensus was reached by discussion when
there were disagreements.

We performed meta-analysis to determine the overall
treatment effect of soy isoflavones on BMD, using the
weighted mean difference method in Review Manager
(version 5.0.20; Nordic Cochrane Center, Oxford, Eng-
land). Treatment effect of each trial was estimated as the
mean difference between changes (or percentage changes)
from baseline in BMD for each comparison group (i.e.,
the change from the baseline for participants ingesting
soy isoflavones minus that for controls). When data of
more than one time points for the same trial were reported
in one article or reported separately in two articles, we
primarily used the data set for the short duration in order
not to induce unit-of-analysis error. The data set for other
time points were used for sensitivity analysis to prevent
reporting bias. For trials had more than one isoflavone
group compared with one control group, we combined the
multiple isoflavones groups into a single group for each
of these trials without inducing unit-of-analysis error.>*

We used both a fixed effect model or a random effects
model to calculate weighted mean differences (WMD),
95% Cls for each comparison, a combined overall effect
with p-value, and the p-value for testing heterogeneity (p
< 0.1 was considered significant), when there was signifi-
cant heterogeneity across included trials, the results based
on the random effects model were shown.'****

We conducted sensitivity analyses to evaluate the ef-
fects of degree of correlation between baseline and final
values, time point of measurement (using data for long
duration instead of data for short duration in trials with
multiple time points of evaluation), study design (select-
ing only placebo-controlled trials), and study quality
(eliminating low-quality trials). If at least 10 trials were
available, subgroup analyses and meta-regressions were
performed to investigate possible factors that might re-
lated to varying effects of soy isoflavones on BMD across
trials, on the basis of pre-specified factors of intervention



Soy isoflavone extract for menopausal bone health 35

duration, isoflavone dosage, region of participants, and
basal BMD.">® We used a cut-off point of 75 mg/day in
subgroup analysis for isoflavone dosage, because daily
isoflavone intake of up to 75 mg (aglycone form) is con-
sidered safe by the Japan Food Safety Commission. Sig-
nificant tests based on test for heterogeneity, chi-squared
statistics, were performed to investigate differences be-
tween two subgroups.'®** We examined potential publica-
tion bias by using funnel plots and by performing Egger’s
test to assess the asymmetry of funnel plots. Meta-
regressions and Egger’s test were respectively performed
with the use of user-written “metareg” and “metabias”
commands for Stata 10.1 for Windows (StataCorp LP,
College Station, Tex).

RESULTS

The search strategy (Figure 1) yielded 16 potentially ap-
propriate reports of RCTs to be mcluded in the meta-
analysis. After excluding one article®® reporting only du-
plicate femoral data that had appeared in another article,”’
and two articles®”® describing a smaller sample than that
analyzed in another article,”'” 13 articles on 12 trials
were included for meta-analysis.® '¢'® 2% Two articles

Potentially relevant articles of
RCTs identified and screened for
retrieval (n = 3126)

Articles of RCTs excluded
—Pbecause not relevant to topic
(n =2569)

A 4
Articles RCTs retrieved for more
detailed evaluation (n = 557)

Articles of RCTs excluded
because not reporting effects of
—®fingesting SIE on spine or hip
BMD measured by DXA in
menopausal women (n = 542)

v
Potentially appropriate articles of
RCTs to be included in the meta-
analysis (n = 16)

Articles of RCTs excluded from
| meta-analysis because of
duplicated data (n=4)

Y
RCTs included in the meta-
analysis (n = 12)

RCTs withdrawn, by outcome,
| because of short intervention
duration (n= 1)

A 4
RCTs with usable information, by
outcome

Lumbar spine (n=11)

Femoral neck (n=7)

Total hip (n = 5)

Trochanter (n = 5)

Figure 1. Search and selection of trials. Abbreviations: RCTs,
randomized controlled trials; BMD, bone mineral density; SIE, soy
isoflavone extracts, DXA, dual X-ray absorptiometry.

reported outcomes for durations of six months?’
year”® for the same trial participants.

The characteristics of 12 trials are summarized in Table
1. Two articles for each trial contained data for two time
points.”"® Three trials tested two isoflavone groups' %%
and one tested three isoflavone groups'® compared with
one identical control group. One trial did not address the
form and composition of soy isoflavones tested,'® we as-
sumed the dose as aglycone equivalent to calculate the
mean dosage. Four, six, and two trials included partici-
pants of normal bone mass (T-score > —1 SD, corresponds
to BMD > 0.937g/em?), low bone mass or osteopenia (—1
SD > -2.5, corresponds to 0.937 g/em® > BMD > 0.772
g/cm?®), and osteoporos1s (T-score < -2.5 SD, corresponds
to BMD < 0.772 g/cm) on the basis of averaged basal
spme BMD, respectively.® Only one trial was assessed as

“adequate” for concealment of treatment allocation,?* and
the remaining trials were assessed as “unclear” due to
insufficient information. Participants in the comparison
groups had similar dietary intakes of soy isoflavones,
calcium, and vitamin D and physical activities. Most of
the studies were designed to maintain the participants’
usual diets, lifestyle and body weight. Adverse events
were generally similar for both the isoflavone and control
groups and no serious adverse events were noted in the
included trials, although they were not well addressed in
several trials.

Because bone is a slowly responding organ, a com-
plete bone remodeling cycle takes up to 6 months, and
therefore a study duration of less than 6 months is not
sufficient to evaluate the effect of any intervention on
bone BMD.” Thus, one 3-month trial of low-quality that
reported negative effect of soy isoflavones on spine BMD
was then withdrawn.”® From 3126 relevant articles identi-
fied, 11, 3161821252729 7 8171.222527.28 § 16,17.22,219 o g 51722-
242128 trials were finally selected for estimating the effects
on lumbar spine, femoral neck, total hip, and trochanter
BMD, respectively (Figure 1, Table 1). Fourteen correla-
tion coefficients between baseline and follow-up values
were calculated from 5 reports of 4 trials,'"?*?"2® which
were consistent and resulted in a mean value of 0.98
0.96-1).

Meta-analysis of the 11 trials with 1240 participants
using the fixed effect model resulted in significant het-
erogeneity (p < 0.001), and revealed that daily ingestion
of an average of 82 (47-150) mg (aglycone equivalent)
soy isoflavones for 6 months to one year significantly
increased lumbar spme BMD by 12.08 mg/ecm? (95% CI:
9.83, 14.33 mg/em®; p < 0.001), or by 1.47% (95% CI:
1.21, 1.74%; p < 0.001) compared with controls. Meta-
analysis using the random effects model, revealed an sig—
nificant overall effect of soy isoflavones in increasing
spine BMD by 20.25 mg/em® (95% CIL. 7.62, 32.89
mg/em’, p = 0.002), or by 2.38% (95% CI: 0.93, 3. 83%, p
= 0.001; Figure 2). Of thell selected trials, 7 trials re-
vealed significant positive mean difference between
changes or percentage change from baseline in spine
BMD for isoflavone and control groups (favors isofla-
vone). The mean difference was negative at 27-week time
point and was positive at 53-week time point in one
trial,”! the mean difference at 2-year duration was about
two times of that at l-year time point;” whereas, the

and one
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Isoflavone Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% C} IV, Random, 85% C!
Brink 2008 (27wk) 072 271 118 -046 271 119 10.0% -0.26 {-0.95, 0.43] -~
Brink 2008 (53wk) -1.04 271 18 -1.1 275 119 0.0% 0.06 {-0.64, 0.76]
Chen 2003 079 236 117 -079 256 88 10.0% 0.00[-0.78, 0.79] T
Dong 2008 -0.38 088 26 -043 08 26 10.2% 0.05 {-0.43, 0.53] T
Gao 20086 224 1.01 30 -061 1.03 10  10.0% 2.85(2.12, 3.58) gt
Harkness 2004 34 359 10 -1.13 34 9 69% 4.53 1,39, 7.67] e
Huang 2006 1.18 373 30 -1.92 392 12 7.7% 3.10 [0.51, 5.69] ——
Marini 2007 (1y) 285 938 198 -3.23 2232 191  65% 6.08 [2.66, 9.50] ————
Marini 2007 (2y) 582 1023 198 -6.33 969 191 0.0% 12.16{10.17, 14.13)
Morabito 2002 3 2 30 -16 03 30 10.0% 4.60 [3.88, 5.32] -
Wu 2006 ( 6mo) -0.73 244 33 -027 264 33 9.6% -0.46 [-1.69, 0.77) T
Wu 2006 {12mao) -6 279 33 -094 274 33 0.0% -0.66 {-1.99, 0.67]
Xin 2006 86 2.14 38 041 264 38 9.7% 6.19[5.11, 7.27} et
Ye 2006 0.14 3.04 84 -142 322 30 9.4% 1.56 [0.15, 2.97} —
Total (95% Cl) 684 556 100.0% 2.38 [0.93, 3.83] <
Heterogeneity: Tau? = 5.35; Chi? = 251.86, df = 10 (P < 0.00001); I* = 96% }-10 -?5 3 é roa

Test for averall effect; Z = 3.21 (P = 0.001)

Favors control  Favors isoflavone

Figure 2, Effects of soy isoflavones on spine BMD (%). Mean Difference, weighted mean difference between percentage changes (%) of
spine bone mineral density (BMD) from baseline for isoflavone and control groups; random, random effects model. Horizontal lines de-
note the 95% CI. Data sets for long duration not included in the meta-analysis were signed 0.0% Weight. m Point estimate (size of the

square corresponds to its weight); ¢ Combined overall effect.

mean difference for 6 months duration”’ was similarly
negative to that for 1 year duration.”®

Sensitivity analyses assuming the level of correlation
coefficient between baseline and follow-up values to be
0.75 and 0.5, using data sets of longer duration instead of
short duration for trials with two time points of measure-
ments, selecting only placebo-controlled trials, and elimi-
nating low-quality trials (Jadad scale <3 or Category C)
did not result in significantly different overall effects of
soy isoflavones on spine BMD.

Results of subgroup analyses of the effects of soy
isoflavones on spine BMD were shown in Table 2. Each
subgroup analysis resulted in significant heterogeneity
and revealed significant effect of soy isoflavones in in-
creasing spine BMD compared with controls using the
fixed effect model. Results based on fixed effect model
revealed that effects of soy isoflavones on spine BMD in
subgroups of 6 months duration and of Asian region were
significantly different with the effects in subgroup of 1
year duration and of Western region, respectively. Two
subgroups of each subgroup analysis using the random
effects model, show similarly significant effects of soy
isoflavones in increasing spine BMD, except for a sub-
group of participants with normal bone mass at baseline.
Meta-regressions analyzing each of or all of the four pre-
specified categorical study characteristics (intervention
duration, isoflavone dosage, region of participants, and
basal spine BMD), did not reveal that these pre-specified
factors were significantly associated with the varying
effects of soy isoflavones on spine BMD across trials.
The funnel plots (Figure 3) and Egger’s test of effects of
soy isoflavones on spine BMD among the 11 trials (p =
0.251 and p = 0.267 for effects in terms of change and
percentage change, respectively) did not indicate any ob-
vious publication bias.

Meta-analysis of the 7 trials with 868 participants us-
ing the fixed effect model resulted in significant hetero-
geneity (p < 0.001). Meta-analysis using the random ef-
fects model, revealed that daily ingestion of an average of
76 (47-150) mg (aglycone equivalent) soy isoflavones for

6 months to one year non—signiﬁcantly increased femoral
neck BMD by 10.24 mg/em® (95% CI: —3.73, 24.20
mg/em’, p = 0.15), or by 1.48% (95% CI: —0.54, 3. 50%, p
= 0.15) compared with controls. Sensitivity analysis as-
suming the level of correlation coefficient between base-
line and follow-up values to be 0.75 and 0.5, did not re-
sult in significantly different overall effects of soy isofla-
vones on femoral neck BMD. Whereas, sensitivity analy-
sis using data sets of longer duration for trials with two
time points of measurements, found that ingestion of soy
isoflavones for 6 months to 2 years tended to increase
femoral neck BMD by 16.89 mg/em® (95% CI. —2.34,
36.11 mg/em?, p = 0.09), or by 2.45% (95% CIL: —0.31,
5.21, p = 0.08, Figure 4) compared with controls (random
effects model). Sensitivity analyses selecting only pla-
cebo-controlled trials and eliminating low-quality trials
were not performed because of the small number of avail-
able trials.

Meta-analysis of the 5 trials with 420 participants us-
ing the fixed effect model resulted in non-significant het-
erogeneity (p > 0.1), revealed that daily ingestion of an
average of 74 (47-110) mg (aglycone equivalent) soy
isoflavones for 6 months to one year non-significantly
change total hip BMD by 2.45 mg/em? (95% CI: —1.41,
6.30 mg/cm 2 = 02D, or by 0.05% (95% CI: —0.53,
0.63%, p = 0.86) compared with controls. Sensitivity
analyses assuming the level of correlation coefficient be-
tween baseline and follow-up values to be 0.75 and 0.5
and using data sets of longer duration for trials with two
time points of measurements, did not result in signifi-
cantly different overall effects of soy isoflavones on total
hip BMD.

Meta-analysis of the 5 trials with 419 participants re-
vealed that daily ingestion of an average of 85 (47-150)
mg (aglycone equivalent) soy isoflavones for 6 months to
one year non-significantly change trochanter BMD by
—0.40 mg/em® (95% CI: —6.58, 5.78 mg/em?, p = 0.90), or
by —0.07% (95% CI: ~1.15, 1.02%, p = 0.91) compared
with controls (random effects model). Sensitivity analyses
assuming the level of correlation coefficient between
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Figure 3. Funnel plots of effects of soy isoflavones on spine BMD (%). MD, weighted mean difference between percentage changes (%)
of spine bone mineral density (BMD) from baseline for isoflavone and control groups; SE (MD), standard error of MD; fixed, fixed effect

model.
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Wu 2006 (12mo) -1 3.88 33 155 3.32 33 14.3% 0.55 [-1.19, 2.29) —f—
Ye 2006 1.2 556 54 -0.59 479 30 13.8% 1.79 [-0.48, 4.06) T
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Heterogeneity: Tau? = 13.05; Chi? = 251.57, df = 6 (P < 0.00001); 12 = 98% 3_ 10 _35 o é p 0%

Test for overall effect: Z = 1.74 (P = 0.08)
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Figure 4. Effects of soy isoflavones on femoral neck BMD (%). Mean Difference, weighted mean difference between percentage changes
(%) of femoral neck bone mineral density (BMD) from baseline for isoflavone and control groups; random, random effects model. Hori-
zontal lines denote the 95% CI. Data sets for long duration not included in the meta-analysis were signed 0.0% weight. m Point estimate
(size of the square corresponds to its weight); ¢ Combined overall effect.

baseline and follow-up values to be 0.75 and 0.5 and us-
ing data set of longer duration for trials with two time
points of measurements, did not result in significantly
different overall effects of soy isoflavones on trochanter
BMD.

DISCUSSION

The present meta-analysis found that ingestion of about
82 mg of extracted soy isoflavones (in the aglycone form)
per day for 6 months to 1 year significantly increased
lumbar spine BMD by 2.38% compared with controls
without isoflavones, in menopausal women. Results of
sensitivity analyses indicated that the effect of soy isofla-
vone extracts in increasing Jumbar spine BMD was robust.
This magnitude of beneficial effect of soy isoflavones
appears to almost completely offset naturally occurring
postmenopausal bone loss. Effect of soy isoflavones in
increasing femoral neck BMD seems to take more time
than spine BMD. Our meta-analysis did not reveal sig-
nificant effects on total hip and trochanter BMD, which
might be due to the limited number of five trials.

An intake of 82 mg soy isoflavones/day (in the agly-
cone form) is approximately equivalent to 1.7 times the
amount consumed habitually in Japan (mean: 47.2 mg/
day).* The mechanism mediating the improvement of

BMD at these skeletal sites by soy isoflavones is not well
understood, but it may be a result of their chemical and
biological similarity to mammalian estrogens, which are
known to increase BMD in menopausal women. " ¢
Results of subgroup analyses indicated that the varying
effects of soy isoflavone extracts on spine BMD across
the 11 trials were associated with study characteristics of
intervention duration, region of participants, and basal
BMD. The heterogeneity of effects of soy isoflavones on
spine BMD across the 11 trials might also be induced by
differences in habitual dietary intake of soy isoflavones,?®
time since menopause,’® intervention duration,? isofla-
vone dosage,'™! chemical forms and proportions of indi-
vidual soy isoflavones,”* and participants’ ethnicity.
Isoflavone glycosides are not absorbed intact across the
enterocytes of healthy adults, and their biocavailability
requires initial hydrolysis by intestinal p-glucosidases for
uptake into the peripheral circulation.** Asian and West-
em populations are reported to have differences in the
capacity of intestinal flora to convert daidzein to its me-
tabolite, equol.*’ Equol is easily absorbed and possesses
substantial estrogenic activity because of its affinity for
both the estrogen a and P receptors.” Equol is suggested
to be the single most important factor that influences the
clinical efficacy of soy isoflavones in preventing bone
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loss.*® Because of the limited number of trials and insuffi-
cient data available, our meta-analysis was also unable to
evaluate possible influences on the varying effects of soy
isoflavones on spine BMD across trials of dietary intake
of soy isoflavones, time since menopause, chemical forms
and proportions of individual soy isoflavones, blood
isoflavone concentration, urinary isoflavone excretion,
and equol producer status.

Since there was significant heterogeneity in effects of
soy isoflavones on spine BMD, we preferably presented
the results by incorporating heterogeneity into the random
effects model in this meta-analysis. A random effects
meta-analysis model involves an assumption that the ef-
fects being estimated in the different studies are not iden-
tical, but follow some distribution. The model represents
our lack of knowledge about why real, or apparent, treat-
ment effects differ by considering the differences as if
they were random."

The magnitude of effect of soy isoflavone extracts in
increasing spine BMD by 20.25 mg/cm’ revealed in our
present meta-analysis, were consistent with the results (by
20.6 mg/cm®) from the previous meta-analysis that in-
cluded 10 RCT's testing both extracted soy isoflavones
and isolated soy protein containing isoflavones."”” Thus,
soy isoflavones ingested either alone in extracted form or
as constituent part of isolated soy protein have been dem-
onstrated to exert a mild but significant effect in increas-
ing lumbar spine BMD in menopausal women. Our meta-
analysis also revealed that ingestion of soy isoflavones
for 6 months appears to be enough to exert beneficial
effect on spine BMD in menopausal women. The present
meta-analysis did not reveal influences of isoflavone dos-
age on the effect on spine BMD, possibly due to the fact
that trials tested various forms and compositions of soy
isoflavones likely possessing different bioavailability and
effects on bone mass; other explanations might be the
limited number of trials or of some other factors inducing
the heterogeneity.

CONCLUSION

The effect of soy isoflavones in increasing spine BMD in
menopausal women are not as strong as those of approved
pharmacologic therapies involving estrogen or bisphos-
phonates."**"*® However, the present meta-analysis re-
vealed that soy isoflavone extract supplements did result
in a significant improvement of lumbar spine BMD with

good tolerance and no induction of notable adverse events.

Our meta-analysis suggested that soy isoflavone supple-
ments can be used not only to offset the bone loss that
oceurs naturally in women after menopause, but are also
applicable for complementary or alternative use in pa-
tients with postmenopausal osteopenia or osteoporosis
who are unable to tolerate the side effects of estrogen
or/and bisphosphonate therapies. Furthers studies are
needed to address factors affecting the magnitudes of the
effect of soy isoflavones on spine BMD and to verify the
effect on hip BMD.
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Abstract
Soybean isoflavones are structurally similar to estrogen, bind to estrogen receptors, and exhibit
weak estrogenic activity. It has been reported that isoflavones play an important role in the preven-
tion of hormone-dependent diseases, including osteoporosis, cardiovascular diseases, cancer, and
postmenopausal syndrome. There are many researches indicating isoflavones prevent bone loss
caused by estrogen deficiency in animal models. Furthermore, it has been demonstrated that a com-
bination of isoflavone treatment and exercise cooperatively prevented bone loss in the estrogen-
deficient status. Epidemiological studies demonstrated the relationship between the lower incidence
of osteoporosis in Asian women and a diet rich in soy foods. Although a number of observational
studies confirm the findings from the animal studies, the results from intervention studies are still
controversial. One of the potential reasons for these inconsistencies could be individual differences
in the isoflavone metabolism. Recently, it has been suggested that the clinical effectiveness of isoffa-
vones might partly depend on the ability to produce equol, a gut bacterial metabolite of daidzein
showing stronger estrogenic activity than the predominant isoflavones. Several candidate bacteria
responsible for equol production have been suggested, for example Lactococcus 20-92 strain, From
these findings, food factors enhancing equol production have received great deal of attention
recently. On the other hand, safety assessment of isoflavones has been conducted by the Japanese
Food Safety Commission. Further studies are required to address the numerous questions on the
potential benefits, mechanisms of action, and safety of isoflavones.

Copyright © 2009 S. Karger AG, Basel

Soybeans have been consumed in Asia since ancient times. Compared with Caucasians,
the low incidence of heart disease, reproductive cancers, hip fracture, and climacteric
symptoms in Asians has been considered to be associated with their high intake of soy
foods. Recent growing interest in health and diet has led to an increased focus on soy
foods and their functional components, e.g. isoflavones. Soybean isoflavones are struc-
turally similar to estrogen, bind to estrogen receptors, and exhibit weak estrogenic activ-
ity. Isoflavones exert beneficial health effects by acting as antioxidants, tyrosine kinase
and topoisomerase inhibitors as well as estrogenic activity. It has been reported that they
play an important role in the prevention of chronic diseases, including osteoporosis, car-
diovascular diseases, hormone-dependent cancer, and postmenopausal syndrome [1-5].



Osteoporosis is a skeletal disorder in which bone strength is compromised by the
loss of bone density and bone quality. It is the leading cause of increased morbidity
and functional loss in the elderly. Particularly postmenopausal women suffer from
osteoporosis, which is part of the postmenopausal syndrome [6]. Although the treat-
ment of postmenopausal osteoporosis is hormone replacement therapy, the reported
side effects, such as development of hormone-dependent breast and uterine cancers
[7], have prompted the use of alternative therapies. Soybean isoflavones have received
considerable attention as alternatives to hormone replacement therapy, since the
risk for side effects of isoflavone treatment seem to be low compared with hormone
replacement therapy [8].

Epidemiological studies indicate that women who have high soy intake have
less risk for osteoporosis than women who consume a typical Western diet [8]. A
recent meta-analysis of 10 randomized controlled trials (RCTs) indicated that iso-
flavone intervention significantly attenuated bone loss in postmenopausal women
[9]. However, the results from human studies are still controversial [10]. One of the
potential reasons for these inconsistencies could be individual differences in isofla-
vone metabolism. Recent studies suggest that the clinical effectiveness of isoflavones
on bone metabolism might be due to their ability to produce the metabolite equol in
the intestine [11].

This chapter focuses on the current topics of research on isoflavones and their
relationship to bone health.

Isoflavones and Their Metabolites

The major isoflavones contained in soy-based food products are daidzein, genistein,
and glycitein (fig. 1). They exist mainly in the glycoside, acetyl glycoside, or malo-
nyl glycoside forms in soy foods; hence, it becomes necessary to hydrolyze the gly-
cosidic bonds for intestinal absorption to enable physiological activities. These
glycosidic bonds are hydrolyzed by glycosidase produced by intestinal microflora
such as Lactobacilli, Bacteroides and Bifidobacteria [12]. Furthermore, intestinal
microflora affects the metabolism, wherein isoflavones are metabolized to equol, or
O-desmethylangolensin (O-DMA) from their precursor daidzein (fig. 1).

Recent studies suggest that the clinical effectiveness of isoflavones might be due
to their ability to produce metabolites, such as dihydrodaidzein, tetrahydrodaid-
zein, equol and O-DMA in the intestine [13]. Particularly, equol, a metabolite of
daidzein, has received considerable attention because its biological activities differ
from those of its precursor [11]. The metabolites of genistein and glycitein were also
primarily found in human urine (genistein: dihydrogenistein, 6'-OH-O-DMA [13],
4-hydroxyphenyl-2-propionic acid and phloroglucinol; glycitein: dihydroglycitein,
5'-methoxy-O-DMA and 6-methoxy-equol). However, the physiological activities of
these metabolites are still unclear.
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Fig. 1. Molecular structures of isoflavone aglycone and daidzein metabolites.

Equol has higher estrogenicity, stronger antioxidative efficacy, and exhibits anti-
androgenic properties [11]. Moreover, equol is a chiral molecule, which exists as
enantiomers R (+)-equol and S (~)-equol. In humans, the metabolism of daidzein to
equol results in the production of only S-equol. Interindividual variability in equol
production may be unique to humans; all the animals including rats, mice, and chim-
panzees, tested systematically excrete equol. Although O-DMA was found in 80-90%
of a human population, equol was found in only 30-50% of the population [14]. This
is because of individual differences in the intestinal microbiota responsible for equol
production.

Intestinal bacteria play a key role in isoflavone metabolism; young infants with
undeveloped gut microflora do not produce equol, while germ-free animals also do
not produce equol or O-DMA. Since some reports suggested a lower disease risk for
equol producers than for nonproducers [11], there is a growing interest in certain
bacterial strains that can produce equol. A number of strains involved in daidzein
metabolism were identified. However, the identification of equol-producing bacteria
is complicated. To date, only one lactic acid bacterium (Lactococcus 20-92 homolo-
gous to Lactococcus garvieae) has been identified that produces equol directly from
daidzein without producing O-DMA [15]. Interestingly, the strain Lactococcus 20-92
can also cleave glycosidic bonds of daidzin; Uchiyama et al. [15] detected L. garvieae
in the Italian cheese Toma Piemontese.
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