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Abstract

Objective: To perform a systematic review and meta-analysis of all randomized, controlled trials of isoflavone supplementation
to determine the efficacy of isoflavone therapy in reducing the number of daily menopausal flushes.
Methods: A comprehensive search of published studies of isoflavone treatment and menopausal flushing was undertaken. Studies
were selected if they were randomized, were placebo controlled, provided the number of baseline flushes, the variance in flushes
and the reduction in flushes. Effects for isoflavone treatment compared to control were calculated and a meta-analysis was
performed. Regression analysis, weighted for the size of the study was performed to investigate the relationship between the
dose of isoflavone, or number of baseline flushes and the reduction in flushes achieved compared to control.
Results: Isoflavone supplementation was found to be associated with a significant reduction in flushes (effect size −0.28, 95%
confidence intervals −0.39 to −0.18, P < 0.0001). Marked heterogeneity was found between the studies, but the effect remained
significant when analyzed using a random effects model (delta = −0.49, 95% confidence intervals −0.81 to −0.17, P = 0.001).
The percentage reduction in flushes was significantly related to the number of baseline flushes per day and the dose of isoflavone
studied (β = −0.49 and −0.26, respectively, both P < 0.0001).
Conclusions: These results suggest that isoflavone supplementation may produce a slight to modest reduction the number of
daily flushes in menopausal women and that the benefit may be more apparent in women experiencing a high number of flushes

per day.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The use of isoflavones from soy or red clover to
modify the symptoms of estrogen deficiency has been
addressed in numerous clinical trials of varying size.
Recent reviews of the effects of isoflavones [1–5] have
been inconclusive about the value of isoflavones in the
treatment of menopausal flushing, although none have
performed a meta-analysis and most have not included
both isoflavones from soy or red clover in their review.
However, Messina and Hughes [4] reported a signifi-
cant inverse correlation between baseline flushes and
the reduction in flushes achieved by isoflavone therapy,
suggesting that isoflavone treatment may be effective
only when the number of flushes experienced each day
by the patient is relative high.

A systematic review of the literature describing ran-
domized, controlled trials of isoflavone supplementa-
tion using products derived from either red clover or
soy was therefore undertaken and a meta-analysis of
eligible studies was performed.

2. Methods

A meta-analysis was performed on randomized,
controlled, parallel group studies that had compared
isoflavone therapy (using either soy products or red
clover products) to a non-isoflavone, non-estrogenic
comparator and which had reported both the number
of flushes per day at baseline and the variance of
daily flushes. Four electronic databases were searched
(Medline, Pre-Medline, PubMed and the Cochrane

database of clinical trials), and references were
checked against those quoted in recent reviews [1–4].
The authors of the recent reviews stated that they had
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210

contacted the manufacturers of isoflavone products
to determine whether unpublished studies existed and
one had included such reviews in their manuscript
[4]. These studies were also considered for potential
inclusion. The prospective criteria used to identify
potential studies were if they included the words
menopause, hot flushes or hot flashes combined
with either isoflavones, soy, red clover, genistein or
daidzein. Foreign language articles were searched if
they included an English language abstract.

Studies were evaluated for acceptability if they sat-
isfied the following pre-specified criteria.

They were randomized, controlled, of parallel group
design of at least 4 weeks treatment duration that had
compared isoflavone therapy (using either soy prod-
ucts or red clover products) to a non-isoflavone, non-
estrogenic comparator and which had reported both
the number of flushes per day at baseline and the
variance of daily flushes. Crossover studies were not
included because of the substantial reduction in flushes
generally observed with time in the placebo groups
of studies of menopausal flushing, raising the possi-
bility of carry-over and treatment order effects. The
studies were examined for quality on the basis of
adequate description and equality of study groups at
baseline.

Meta-analysis was performed first using the
weighted integration model (which assumes homo-
geneity of variance between studies) and the random
effects model (which does not assume homogeneity
of variance between studies). The statistical program
used was META 5.0 (Schwarzer, Berlin, Germany).

Effect sizes were calculated from the difference in
percentage change from baseline between isoflavone
and control groups divided by the pooled standard
deviation. Where multiple time points for percentage
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hange in flushes from baseline were presented in a
tudy the last time point was used in the meta-analysis.

Potential sources of heterogeneity between studies
ere assessed by weighted regression analysis, with the
ifference in percentage change from baseline between
soflavone and control groups weighted for the size
f the study (number of subjects studied). Baseline
ushes, dose of isoflavone and duration or the study
ere used as independent predictors of outcome. All

hree of these predictors were treated as continuous
inear variables, as was the response (percentage dif-
erence in change in flushes from baseline between
lacebo and isoflavone therapy). Where multiple time
oint effects were reported in studies, the effect of using
arlier time points as predictors of the effect of duration
f therapy were also examined.

In addition, the relationship between the percentage
eduction in flushes from baseline for control therapies
nd the percentage difference in flushes between
ctive and control therapies was evaluated using
egression analysis. The statistical package used for
egression analysis was Statistica 6.0 (Statsoft, Tulsa
K, USA). All studies which qualified for inclusion in

he meta-analysis were assigned the same weighting
or quality due to the relative lack of obvious major
eviation in quality between studies and the desire not
o introduce arbitrary bias into the analysis. A “fail
afe number” calculation” (the number of desk drawer,
r unpublished, studies needed to negate the result of
he meta-analysis was calculated using the method of
osenthal [5].

. Results

.1. Evaluated studies

Thirty potentially eligible studies were identified,
7 of which fulfilled the acceptability criteria [6–22].
hirteen studies were therefore rejected [23–35]. Seven
tudies were rejected because they did not report
he number of baseline flushes or their variance
24–29,33], four were rejected because they were
rossover studies [30–32,34], one was rejected because

t was not randomized and did not report menopausal
ymptoms [23] and one was rejected because it did
ot contain a control group [35]. Of the 13 studies
hat rejected, 6 reported no effect [26,27,29,31,33,34],

3

t
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reported a statistically significant improvement on
soflavone therapy [25,28,30,32,35] 1 suggested an
mprovement on isoflavone therapy that was not statis-
ically significant [24] and 1 did not report menopausal
ymptoms [23].

Summaries of the studies used in the meta-analysis
re presented in Table 1, listed in descending order
f baseline flushes per day, firstly for studies using
ed clover products and secondly for studies using soy
roducts.

.2. Reduction in flushes on placebo

The average reduction in flushes from baseline to
he end of therapy on the placebo arms of the study
as −29 ± 17% (range −1 to −59%).

.3. Meta-analysis results

The results of the meta-analysis are presented in
ig. 1. The pooled net effect size using the weighted

ntegration method of analysis was −0.28 (95% con-
dence intervals −0.39 to −0.18, P < 0.0001). For
tudies using red clover products the pooled net effect
ize was – 0.16 (95% confidence intervals −0.34 to
0.02, P = 0.0435) while for soy studies the pooled
et effect size was −0.34 (95% confidence intervals
0.47 to −0.21, P < 0.0001). However, marked het-

rogeneity was found between the studies with only
9.1% of the pooled variance of the explained by
ampling error (P < 0.0001). Using the random effects
odel, the outcome of the meta-analysis for all of

he isoflavone studies remained statistically signifi-
ant (delta = −0.49, 95% confidence intervals −0.81
o −0.17, P = 0.001). The random effects model also
roduced a statistically significant outcome for studies
f soy products (delta = −0.54, 95% confidence inter-
als −0.96 to −0.13, P = 0.004) while the outcome
or studies of red clover products using this analysis
ethod was not statistically significant (delta = −0.35,

5% confidence intervals −0.86 to +0.14, P = 0.082).
here was no evidence of heterogeneity between the
ooled effect sizes of studies using red clover products
nd studies using soy products.
.4. Regression analysis

The percentage reduction in flushes on isoflavone
herapy compared to placebo was strongly and
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Table 1
Summary of studies included in the meta-analysis

Author Product Dose N each
group

Duration
(weeks)

Baseline
flushes/day

Mean difference in
flushes (%)

Van de Weijer et al. [6] Red clover 80 mg isoflavones 14–16 12 13.7 −44% (S)
Knight et al.a [7] Red clover 160 mg isoflavones 12–13 12 8.6 +1% (NS)
Tice et al.b [8] Red clover 82 mg isoflavones 83–85 12 7.8 −6% at 4 weeks (NS) −5%

at 12 weeks (NS)
Jeri [9] Red Clover 40 mg isoflavones 15 16 5.7 −38% (S)
Atkinson et al. [10] Red clover 43.5 mg isoflavones 102–103 52 2.5 +2% (NS)

Albertazzi et al. [11] Soy 40 g soy protein 51–53 12 11.4 −23% at 4 weeks −12% at
12 weeks (S)

Han et al. [12] Soy 100 mg isoflavones 40 24 9.9 −26% (S)
Faure et al. [13] Soy 70 mg isoflavones 36–39 16 9.4 −14% at 4 weeks −36% at

16 weeks (S)
Penotti et al. [14] Soy 72 mg isoflavones 28–34 26 8.8 0% at 4 weeks and at 26

weeks (NS)
Upmalis et al. [15] Soy 50 mg isoflavones 86–89 12 8.6 −9% (NS)
Knight et al. [16] Soy 134.4 mg isoflavones 12 12 8.0 −22% (NS)
Colacurci et al.c [17] Soy 75 mg isoflavones 13 12 5.8 −41% (S)
Murkies et al. [18] Soy 45 g soy flour 28–30 12 5.3 −15% at 6 weeks −22% at

12 weeks (NS)
St. Germain et al. [19] Soy 80.4 mg isoflavones 51–53 12 5.0 −2% (NS)
Scambia et al. [20] Soy 48 mg isoflavones 19–20 6 4.7 −20% (S)
Burke et al.d [21] Soy 58 mg isoflavones 65–76 12 3.5 +1% (NS)
van Patten et al.e [22] Soy Not specified 78–79 12 0.7 +9% (NS)

S, statistically significant (P < 0.05). NS, not statistically significant.
a Knight et al. (1999). An additional arm received 40 mg/day. The results were similar.
b Tice et al. (2003). An additional arm received 57 mg of another isoflavone preparation. The results were similar.
c Colacurci et al. (2004). An additional arm received 50 mg/day. The results were similar.
d Burke et al. (2003). An additional arm received 42 mg/day. The results were similar.
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e Van Patten et al. (2002). Patients with breast cancer.

nversely related to the percentage reduction in flushes
rom baseline on placebo (r = −0.7318, P < 0.001).
hat is, studies that had smaller placebo responses
ere more likely to demonstrate a beneficial effect of

soflavone therapy.
Using weighted regression analysis, the number of

aseline flushes and the dose of isoflavone were sig-
ificant univariate predictors of the difference in the
ercentage reduction of flushes from baseline between
he isoflavone and control groups (baseline flushes:
= −0.69, P < 0.0001; dose of isoflavone β = −0.53,
< 0.0001). Increasing duration of study was associ-

ted with a significant attenuation of the reduction in

ushes (β = 0.28, P < 0.0001). However, using multiple
egression analysis including baseline flushes, dose of
soflavone and duration of study as independent predic-
ors, only baseline flushes (β = −0.48, P < 0.0001) and

fl

s
o

ose of isoflavones (β = −.026, P < 0.0001) remained
ignificant predictors of response. The relationship
etween the number of baseline flushes per day and
he difference in the percentage reduction of flushes
rom baseline using weighted regression analysis is
resented in Fig. 2 and the relationship between the
ose of isoflavone and response are presented in
ig. 3.

Inspection of cut points from the weighted regres-
ion analysis indicates that little or no response to
soflavone therapy may be expected in patients expe-
iencing six flushes or less per day, while in subjects
xperiencing 10 or more flushes per day a reduction in

ushing of 20% or greater may occur.

The “fail safe” number, or number of desk drawer
tudies need to negate the result of the meta-analysis
f all studies was 20.
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Fig. 1. Forest plot of studies included in the meta-analysis. nA: number in active treatment group; nC: number in control group.
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Fig. 2. Weighted regression analysis plot for the number of base-
line flushes as a predictor of the percentage fall from baseline of
flushes. The relationship was significant on multiple regression anal-
ysis. (β = −0.48, P < 0.0001).

Fig. 3. Weighted regression analysis plot for the dose of isoflavones
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s a predictor of the percentage fall from baseline of flushes. The rela-
ionship was significant on multiple regression analysis. (β = −0.26,
< 0.0001).

. Discussion

The results of this study suggest that dietary
soflavone supplementation may result in a small to

odest reduction in the number of menopausal flushes
uffered by women and that this benefit may be most
pparent when the number of daily flushes experi-

nced is high. The results also illustrate the large
lacebo response that often occurs in the treatment
f menopausal flushing, and suggest that the response
ttributable specifically to isoflavone supplementation

m
o
s
t
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s likely to be smaller than the response attributable
o the placebo effect. However, it should be noted
hat most of the studies did not measure urinary
soflavone excretion, and it is possible that dietary
upplementation with isoflavones by women who
ere receiving placebo amplified the apparent placebo

ffect and diminished the apparent effect of isoflavone
herapy.

The North American Menopause Society posi-
ion statement on the treatment of menopause asso-
iated vasomotor symptoms [36] suggests that a trial
f isoflavone supplementation may be considered in
omen with menopausal flushing that do not respond

o lifestyle changes, and that “. . . for women with
requent hot flashes, clinicians may consider recom-
ending soy foods or soy isoflavone supplements”.
he position statement further elaborates “. . . How-
ver, because of inconclusive efficacy data, this is not
consensus statement” and “efficacy in clinical trial of
oth soy foods and isoflavone supplements (from either
oy or red clover) has been mixed, possibly because it is
imited to the subset of women who are equol produc-
rs”. A recent report of a National Institute of Health
tate of Science Conference into the management of
enopause-related symptoms concluded that “. . . Tri-

ls of dietary soy are mixed; the majority of studies did
ot show any benefit . . .” and that “. . . Because most
f these products are not manufactured in a standard-
zed way, they may differ in composition from trial to
rial . . .” These comments are of no doubt generally
alid, but they are based on a general consensus rather
han specific analysis of the published studies and the
onclusions were not referenced [37].

A recent systematic review of phytoestrogens for
he treatment of menopausal symptoms concluded that
hytoestrogens when given as soy foods, soy extracts
r red clover did not improve menopausal symptoms
38]. However, there were a number of key differences
etween this study and the one which we performed.
ources of isoflavones were considered as separate
ntities rather than contributors of a dose of isoflavone,
nd points other than frequency of flushing were also
ncluded, and (partly because of this reason), indi-
idual consideration of small groups of studies were

ade rather than a more comprehensive meta-analysis

f therapies containing isoflavones. The results of our
tudy are therefore not necessarily incompatible with
his recent systemic review.
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In addition to variations in sample size, differ-
nces in the variance in flush occurrence, large placebo
esponses and possibly differences in the dose of
soflavone studied, the present meta-analysis suggests
hat a significant contributor to the variable outcomes
f clinical trials of isoflavones in the treatment of
enopausal flushing has been heterogeneity due to dif-

erences in the frequency of flushes at baseline. The
resent study suggests that, overall, isoflavone supple-
entation has a statistically significant effect on reduc-

ng hot flushes, but that the magnitude of this effect is
reatest for women who are experiencing a high num-
er of flushes each day. The regression analysis relating
aseline flush frequency to reduction in flushes sug-
ests a cut point of around four flushes per day, below
hich isoflavone therapy is unlikely to be of value. In

ontrast, the regression analysis suggests that women
xperiencing 10 flushes per day may obtain a reduction
n flushes of −22% per day. However, this reduction
nd the overall effect size for isoflavone supplementa-
ion of −0.26 (with 95% confidence intervals of −0.36
o −0.16) is modest compared to the 77% reduction
ompared to placebo reported in a meta-analysis of tri-
ls using estrogen replacement therapy [39], and less
han the average placebo response of −29% found
n the studies used in this meta-analysis. Isoflavone
upplementation for the treatment of menopausal flush-
ng would therefore appear to be much less effective
han estrogen replacement therapy in suppressing the
requency of menopausal flushing. However, many
omen chose not take hormone replacement therapy

nd the additional effect of isoflavone therapy to a
lacebo effect may be of value to them.

The present study did not find any significant dif-
erence in the effect of reducing menopausal flushing
etween studies that used isoflavones from soy com-
ared to those that used isoflavones from red clover.
owever, only a relatively small number of studies
f isoflavones from red clover have been performed,
nd the power of the study to detect differences in the
ffects of isoflavone supplementation from these two
ources was low. Nonetheless, when analyzed sepa-
ately, meta-analysis of studies using isoflavones from
ed clover and soy both indicated a significant reduction

n flushes.

The dose of isoflavone used in the studies included in
he meta-analysis was found to be a significant indepen-
ent determinant of efficacy in reducing menopausal

T
n
T
r
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ushing. However, not all studies have demonstrated
reater efficacy at higher doses. Increasing doses of
soflavones appeared to be associated with an increased
eduction of flushes. This apparent dose response
elationship strengthens the argument that isoflavone
upplementation has a beneficial effect in reducing
enopausal flushing. One individual study found a

ignificant dose response relationship for isoflavone
upplementation and reduction in flushes, but only for
ransdermally administered isoflavones [17]. The dose
ange of isoflavones used in the studies was relatively
arrow, generally 40–80 mg per day (of calculated
glycone isoflavone) and in a number of studies the
ose was not stated. It is possible that higher doses of
soflavones may have more beneficial effects. Further-

ore, the actual dose of aglycone isoflavone admin-
stered or absorbed was difficult to determine in as in
ome studies total weight of glycosylated isoflavone
ose is presented while other studies merely expressed
he dose as mg of soy flour.

This study found that, in general, placebo therapy of
enopausal flushing was associated with an apprecia-

le symptomatic response. However, this response var-
ed widely (−1 to −59%). Nonetheless, the response to
soflavone therapy was significantly and inversely asso-
iated with the response to placebo, suggesting that the
odest beneficial effects of isoflavone therapy may be
ost apparent when the placebo response is limited. It

s uncertain why the placebo response varied so widely
etween the trials studied, although at least one trial [6]
as preceded by a placebo run in period prior to ran-
omisation of the patients. Other factors influencing
he placebo response could possibly include familiar-
ty of the patient with the practitioner and prior medical
r non-medical treatment or menopausal symptoms.

This study has a number of significant limita-
ions that should be appreciated when interpreting the
esults. As with all meta-analysis, it is possible that neg-
tive studies exist which have not been published and
hich could weaken or negate the results. However,

n order to negate the observed effect of isoflavones
n reducing flushes, approximately the same num-
er of negative unpublished studies to those included
n the analysis would need to have been performed.

his seems improbable, particularly as a substantial
umber of the published studies have been negative.
he present meta-analysis only included studies that

eported changes in number of flushes and provided a
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ariance for flushing frequency. Changes in flushing
everity were not examined. The selection of a sin-
le outcome measure was necessary to allow sufficient
tandardisation between trials to allow a meta-analysis
o be performed. This is one of the inherent problems
ssociated with meta-analysis compared to systematic
eviews. It is possible that isoflavone supplementa-
ion may have a greater or lesser impact on flushing
everity than frequency and that the results of this meta-
nalysis may have therefore tended to underestimate or
verestimate their value. Similarly, this study did not
xamine the effects of isoflavones on other measures
f menopausal vasomotor instability or menopausal
ymptoms.

In conclusion, this meta-analysis of the effects of
soflavone therapy on the frequency of menopausal
ushing found a statistically significant, although clin-

cally modest effect, and that the extent of benefit
ppeared to be positively associated with the frequency
f the flushes and possibly the dose of isoflavone used.
he results of the study tend to support the recom-
endation of the North American Menopause Society

hat “. . . for women with frequent hot flashes, clini-
ians may consider recommending soy foods or soy
soflavone supplements” [35].
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