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Objective: The objective of this study was to conduct a systematic review and a meta-analysis to
confirm the effects of soy isoflavone supplementation on body weight, fasting glucose, and insulin
level in non-Asian postmenopausal women.
Methods: We searched the PubMed, EMBASE, and Cochrane databases up to October 2010 for
randomized controlled trials regarding the effects of isoflavone supplementation on body weight,
fasting glucose, and insulin level. Pooled estimates and 95% confidence intervals (CIs) were
calculated by the fixed-and-random-effects model.
Results: Nine studies with 528 participants for body weight, 11 studies with 1182 participants for
fasting glucose, and 11 studies with 1142 participants for fasting insulinwere included, respectively.
Significant reductions were found in body weight [weighted mean difference (WMD), �0.515; 95%
CI:�0.895 to�0.134; P¼ 0.008), glucose level (WMD,�0.189; 95%CI:�0.344 to�0.033), and fasting
insulin level (WMD, �0.940; 95%CI: �1.721 to �0.159) with soy isoflavone supplementation
compared with placebo control group in non-Asian postmenopausal women after adjusted by
unpublished studies. Furthermore, isoflavone supplementation in shorter duration (<6 mo) could
significantly reduce body weight (WMD, �0.506; 95%CI: �0.888 to �0.124; P ¼ 0.009) and longer
duration (�6 mo) could significantly reduce blood glucose in postmenopausal women (WMD,
�0.270; 95%CI: �0.430 to �0.110; P ¼ 0.001). Meanwhile, more reduction in body weight was
observed in the lower dose subgroup (dose < 100 mg). Moreover, it is more effective to reduce body
weight and fasting insulin level with soy isoflavone supplementation in normal weight (body mass
index < 30) than obese (body mass index � 30) women.
Conclusions: This meta-analysis showed soy isoflavone supplementation could be beneficial for
body weight reduction, glucose, and insulin control in plasma. Large and well-designed studies are
recommended to confirm this conclusion.

� 2013 Elsevier Inc. All rights reserved.
Introduction

After menopause, the incidence of cardiovascular disease
(CVD) and metabolic diseases increases significantly, partly in
relation to advanced age and partly to estrogen deficiency [1].
Overweight and central obesity, diet changes, and lack of exer-
cise concur to alter women’s glucose tolerance and increase
ce Foundation of China
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ll rights reserved.
insulin resistance during the post menopausal period. Impaired
glucose tolerance and diabetes mellitus, which are risk factors in
the process of CVD, may be found in nearly 20% of women aged
55 to 65 years [2]. Hormone replacement therapy has been
shown to mediate clinical cardiovascular risk factors, including
reducing body weight [3], increasing insulin-sensitivity [4], and
improving blood lipid levels, but the controversial effects of
hormone replacement therapy has been overwhelming. It is
necessary to find an alternative method to decrease the risk of
CVD, which occurs after menopause in women.

Soy is a rich source of the polyphenolic isoflavones genistein
and daidzein. Isoflavones are structurally similarly to estradiol
and have a high binding affinity for the primary estrogen
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receptor in the vascular wall. From a research point of view,
previous animal research in our team showed that soy iso-
flavones could decrease body weight and insulin level [5]. Choi
et al. [6] found that isoflavone played important roles in the
regulation of glucose homeostasis in type 1 diabetic mice.
Further cross-sectional studies have suggested that post-
menopausal women who consumed a high soy diet had a lower
body mass index (BMI) and lower fasting insulin compared to
those who consumed no soy [7].

On the basis of laboratory and observational evidence, several
longitudinal studies in postmenopausal women have examined
the relationship between soy isoflavone supplementation and
risk factors for CVD, such as body weight, lipids, and glucose
metabolism, but the results are controversial. Some research
suggested a reduction in body weight [8,9], fasting blood glucose
[10,11], and insulin level [10,11], while others did not [12–16].

Clinical trial studies used various amounts of isoflavones with
various periods of treatment in postmenopausal women. The
purpose of this meta-analysis was to synthesize the evidence
from randomized controlled trials (RCTs) by performing a meta-
analysis to assess the effects of soy isoflavone supplementation
on the CVD risk factors such as body weight, fasting blood
glucose, and insulin level in non-Asian postmenopausal women.

Materials and methods

Literature search

A literature search was carried out in PubMed, EMBASE, and Cochrane
databases to identify all relevant RCTs about the effects of soy isoflavone
supplementation on body weight, blood glucose, and insulin from 1970 to
October 2010 in the non-Asian population. We used the following medical
subject heading (MeSH) terms and/or text words: “body weight” [MeSH Terms]
AND “isoflavones” [MeSH Terms]; “blood glucose” [MeSH Terms] AND “iso-
flavones” [MeSH Terms]; “insulin” [MeSH Terms] AND “isoflavones” [MeSH
Terms]. Only original articles in English were reviewed. The references of all
computer-identified publications were searched. Furthermore, the PubMed
option “Related Articles” and the studies on same topic in the reference lists of
the reviewed articles were also retrieved. One reviewer (Y.B.Z.) selected the
articles by screening primarily the titles and abstracts, and other two reviewers
(W.H.C. and Z.H.F.) independently excluded the ineligible articles according to the
same inclusion criteria.

Criteria of inclusion

Any study that met the following criteria was included: (a) RCTs focused on
the effect of isoflavone supplementation on body weight, blood glucose, or
insulin levels; (b) body weight, the plasma levels of glucose, and insulin were
presented as mean (�SD) instead of medians; (c) subjects should be post-
menopausal women and have no hormone replacement therapy; (d) population
sources were not from Asia.

The definition of intervention was a diet with isoflavone supplementation
whose content was given. The control group included placebo control or diet
with trace amounts of isoflavone.

In this section, regardless of dose of supplementation and the time of follow-
up, any human studies were included if they met the above criteria.

Data extraction and quality score assessment

Two reviewers (J.J.G. and C.Y.) assessed the quality of studies and extracted
relative information independently. Criteria proposed by Jadad et al. [17] were
used to evaluate the quality of identified studies. The Jadad test is a five-point
quality scale defining low-quality studies as having a score �2 and high-
quality studies as having a score �3. Data were extracted independently by
two reviewers (Y.B.Z. and M.Z.). Information collected from each article included
publication year, subject resources, supplement duration, dose of isoflavone
supplementation, baseline, and posttreatment characteristics of the subjects. Any
difference was adjudicated by the third reviewer (X.L.N.).

Statistical analysis

When the data were reported as standard errors of means (SEM), SD
was obtained by multiplying SEM by the square-root of the sample
size: SD ¼ SEM � ON. The change (D) was calculated by the following
formula:

DBW ¼ BW1 � BW2

where BW is the body weight and BW1 and BW2 are the mean values of BW
before and after treatment. The variance (consequently SD) of DBW was esti-
mated as follows [18]:

DSD2 ¼ SD2
1 þ SD2

2 � 2r � SD1 � SD2

where DSD is the change in SD of BW levels, and SD1 and SD2 are the means
of baseline and end SD value of BW. r is the correlation between the baseline
and the end values. We assumed a correlation r of 0.5 as described previously
[19]. Blood glucose and insulin levels were calculated with the same method.

For eachmeta-analysis, the weightedmean difference (WMD)was generated
by a fixed effect model with I2 less than 50% and random effect model with I2

more than 50%. The corresponding P values and 95% confidence intervals (CIs) of
Z-statistics have also been calculated. Funnel plots and Egger’s regression test
were used to examine the potential publication bias. One Study Removedmethod
test was used to run sensitivity analyses. Duval and Tweedie’s trim and fill was
adopted to adjust the influence of unpublished studies on the summarized
effects. Analyses were performed with the software of CMA (Comprehensive
Meta-Analysis).

Results

Characteristics of studies and quantitative synthesis

A total of 594, 142, and 404 studies were identified from the
primary computerized literature search for potential relevant
studies. The excluded studies included reviews, animal experi-
ments, duplicated publications, studies not interested in this
relationship investigation, and no isoflavone supplemented or
combined with other treatments. Finally, 9, 11, and 11 studies for
body weight, blood glucose, and insulin levels separately were
included for the meta-analysis (Fig. 1). In some studies, the same
control groupwas repeatedlycomparedwith twoactive treatment
arms. Only considering one single group may cause missing the
original data, which may lead to missing the statistical difference.
Thus, two or three trials were recognized from this kind of study.

We established a database, which included information
extracted from each article. The first author, year of publication,
country, subject sources, mean age, dose of isoflavone supple-
mentation, supplementation duration, and quality assessment
are shown in Supplementary Table 1. Table 1 shows means, SD
(pre/post or change), number of participants for supplementa-
tion, and control groups.

Body weight

Nine RCTs met our inclusion criteria. A total of 272 subjects
with isoflavone supplementation and 256 control subjects were
identified (Table 2). Among the nine studies, postmenopausal
women in four studies were obese (BMI� 30) [8,12,13,19]; others
were normal [9,15,18,20,21]. The dose of treatment varies from
40 to 160 mg, and the duration varies from 8 wk to 1 y. The score
of each study was more than 4. The overall effect on body weight
in non-Asian postmenopausal people was significant without
heterogeneity (WMD, �0.515; 95%CI: �0.895 to �0.134; P ¼
0.008; I2 ¼ 0.000). Subgroup analysis showed that a notable
difference was detected in the shorter duration group (duration
< 6 mo: WMD, �0.506; 95%CI: �0.888 to �0.124; P ¼ 0.009;
I2 ¼ 0.000) compared with the longer duration group (duration
� 6 mo: WMD, �1.733; 95%CI: �6.273 to 2.807; P ¼ 0.454; I2 ¼
0.000). Meanwhile, significant differences were also found in the
normal weight group (BMI < 30: WMD, �0.499; 95%CI: �0.892
to�0.107; P¼ 0.013; I2¼ 0.000; BMI� 30:WMD,�0.757; 95%CI:
�2.332 to 0.817; P ¼ 0.346; I2 ¼ 0.000) and the lower dose
group (dose < 100 mg: WMD, �0.511; 95%CI: �0.903 to �0.119;



References identified  
(n=594 for body weight, n=142 for blood glucose and n=404 for insulin level)

References excluded (n=560 for body 
weight, n=115 for blood glucose and n=366 
for insulin level) 
1) Repeated references 
2) No data in female 
3) No original data 
4) Observational epidemiology study 

References of RCT with soy isoflavone as dietary supplementation (n=34 for 
body weight, n=27 for blood glucose and n=38 for insulin level).

References expressed as mean ± SD (n=14 for body weight, n=16 for blood 
glucose and n=14 for insulin level)

References excluded (n=20 for body 
weight, n=11 for blood glucose and 
n=24 for insulin level) 
1) Data not expressed as means SD
2) No postmenopausal subjects 
3) No placebo control 
4) Other supplements companied with 

isoflavone 
5) Population resources were from 

Asian 

References excluded (n=5 for body 
weight, n=5 for blood glucose and n=3 
for insulin level) because of low quality 
assessment score (<3)

Trials included in meta-analysis (n=9 for body weight, 
n=11 for blood glucose and n=11 for insulin level)

Fig. 1. Selection of studies on the effect of isoflavone supplementation on body weight, blood glucose, and fasting insulin level in non-Asian postmenopausal women.
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P ¼ 0.011; I2 ¼ 0.000; dose � 100 mg: WMD, �0.570; 95%CI:
�2.137 to 0.998; P ¼ 0.476; I2 ¼ 0.000) (Table 2).

Blood glucose

Eleven trials for the relationship between isoflavone
supplementation and blood glucose level met our inclusion
criteria (Table 2). A total of 601 postmenopausal women with
isoflavone supplementation and 581 postmenopausal women
with placebo control were included in this analysis. The subjects
in four studies were obese (BMI � 30) [8,12,13,16]. The dose of
treatment varies from 40 to 160, and the duration varies from
3 mo to 2 y. The quality assessment score ranged from 4 to 5.

Overall, no significant result was detected (WMD, �0.143;
95%CI,�0.294 to 0.009; P¼ 0.065; I2¼ 70.456) with the random-
effect model in glucose level with isoflavone supplementation.
After adjusting one study by Duval and Tweedie’s trim and fill
method, a significant difference was revealed (WMD, �0.189;
95%CI, �0.344 to �0.033). Meanwhile, data were also catego-
rized into three sets of subgroups for the effect of isoflavone
supplementation on the basis of physical status, duration, or
dose of supplementation. No significant difference was detected
between the obese and normal weight population group.
However, subjects consumed in a longer duration (�6mo) (WMD,
�0.270; 95% CI, �0.430 to �0.110; P ¼ 0.001; I2 ¼ 55.473) have
a notable lower glucose level than in shorter duration (<6 mo)
(WMD, 0.017; 95% CI,�0.182 to 0.217; P¼ 0.864; I2¼ 49.031) with
the random-effect model. The lower dose seems more effective
(WMD, �0.153; 95%CI, �0.308 to 0.002; P ¼ 0.053; I2 ¼ 71.777)
compared with the higher dose (WMD, �0.344; 95%CI, �1.156 to
0.467; P¼0.405; I2¼66.798) (Table 2). No published bias was
found in the above analyses.



Table 1
Body weight, blood glucose, and fasting insulin level at baseline and end with soy isoflavone supplementation

First author and year Control group Supplementation group

n Baseline mean � SD End mean � SD n Baseline mean � SD End Mean � SD

Body weight
Aubertin-Leheudre et al. 2008 [13] 18 82.5 � 12.1 82.5 � 11.5 21 79.6 � 12.9 77.9 � 12.4
Khaodhiar et al. 2008 [15] 45 73.4 � 12 72.6 � 12 48 79.1 � 17 78.9 � 17
Khaodhiar et al. 2008 [15] 45 73.4 � 12 72.6 � 12 49 75.9 � 14 75.4 � 14
Aubertin-Leheudre et al. 2007 [12] 11 77 � 7 76 � 5 11 79 � 16 75 � 16
Sites et al. 2007 [8] 6 1.38 � 2.02 9 0.756 � 1.32
Garrido et al. 2006 [18] 14 67.1 � 6.8 67.6 � 6.3 15 63 � 5 63.7 � 5.8
Weickert et al. 2006 [20] 17 0.66 � 0.87 17 0.40 � 0.94
Arjmandi et al. 2005 [19] 27 71.7 � 14.6 74.1 � 14.6 35 75.5 � 13 76.7 � 13
Puska et al. 2004 [21] 40 68.7 � 12.8 69.6 � 12.9 36 72.7 � 15.3 73.7 � 15.8
Gardner et al. 2001 [9] 33 0.6 � 1.2 31 �0.1 � 0.9

Blood glucose
Charles et al. 2009 [14] 43 4.78 � 0.76 4.72 � 0.54 32 4.66 � 0.53 4.7 � 0.4
Villa et al. 2009 [10] 20 0.07 � 0.75 30 �0.10 � 1.28
Aubertin-Leheudre et al. 2008 [13] 18 4.96 � 0.59 4.97 � 0.41 21 5.01 � 0.49 4.91 � 0.48
Khaodhiar et al. 2008 [15] 45 4.9 � 0.83 4.8 � 0.5 48 4.9 � 1.06 5.1 � 0.94
Khaodhiar et al. 2008 [15] 45 4.9 � 0.83 4.8 � 0.5 49 4.9 � 0.78 4.83 � 0.72
Atteritano et al. 2007 [25] 191 5.29 � 0.56 5.4 � 0.39 198 5.25 � 0.68 5 � 0.47
Aubertin-Leheudre et al. 2007 [12] 10 5.1 � 0.5 5 � 0.4 10 4.8 � 0.4 4.7 � 0.4
Sites et al. 2007 [8] 6 1.8 � 2.6 9 �0.33 � 0.97
Hall et al. 2006 [26] 113 5.32 � 0.58 5.27 � 0.57 113 5.34 � 0.61 5.21 � 0.6
Colacurci et al. 2005 [30] 28 4.6 � 0.3 4.7 � 0.4 29 4.7 � 0.2 4.6 � 0.3
Crisafulli et al. 2005 [11] 30 5 � 0.66 5.3 � 1.04 30 4.74 � 0.6 4.3 � 0.66
Jayagopal et al. 2002 [16] 32 7.23 � 1.37 7.57 � 1.93 32 7.29 � 1.49 7.37 � 1.63

Fasting insulin
Charles et al. 2009 [14] 43 5.69 � 6.36 5.23 � 3.41 32 5.62 � 3.11 5.33 � 2.66
Villa et al. 2009 [10] 20 0.3 � 4.1 30 �2 � 3.01
Aubertin-Leheudre et al. 2008 [13] 18 10.22 � 4.61 7.24 � 3.82 21 7.63 � 3.35 6.37 � 2.78
Khaodhiar et al. 2008 [15] 45 15.1 � 21.8 15.7 � 27.4 48 19.1 � 35.4 26.3 � 46.9
Khaodhiar et al. 2008 [15] 45 15.1 � 21.8 15.7 � 27.4 49 18 � 32.7 18.6 � 31.7
Atteritano et al. 2007 [25] 191 7.24 � 2.49 7.95 � 2.63 198 7.24 � 2.35 6.66 � 2.21
Aubertin-Leheudre et al. 2007 [12] 10 11.66 � 6.05 8.93 � 7.78 10 6.62 � 1.58 5.47 � 1.58
Sites et al. 2007 [8] 6 1.9 � 2.0 9 �1.1 � 1.6
Garrido et al. 2006 [18] 14 10.28 � 1.22 9.88 � 0.98 15 9.33 � 0.88 8.52 � 0.82
Hall et al. 2006 [26] 107 5.13 � 2.6 5.02 � 3.03 107 5.01 � 2.62 5.11 � 2.58
Crisafulli et al. 2005 [11] 30 6.6 � 4.66 8.23 � 3.89 30 7 � 3.01 6.24 � 2.46
Jayagopal et al. 2002 [16] 32 15.5 � 7.26 17.3 � 10.7 32 16.7 � 8.13 14.5 � 6.58
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Insulin

Eleven trials with 581 isoflavone subjects and 561 control
subjects for the relationship between isoflavone supplementa-
tions and the insulin level were included in this meta-analysis
(Table 2). The postmenopausal women in four studies were
obese (BMI � 30) [8,12,13,16] and the others were normal. A
random-effect model was used to evaluate the influence of iso-
flavone on insulin level. Overall, a significant difference was
detected in this analysis (WMD,�0.918; 95% CI,�1.700 to�0.137;
P¼ 0.021; I2¼ 65.993). After adjusting one study, significance also
existed in the analyses. In addition, the trials were stratified into
three subgroups (Table 2) according to the effect of dose or dura-
tion of supplementation to analyze the effect of isoflavone
supplementation on insulin level further. No significant difference
was found in the effect of dose (dose< 100 mg/d: WMD, �0.671;
95% CI,�1.757 to 0.414; P ¼ 0.226; I2 ¼ 69.543; dose � 100 mg/d:
WMD, �1.446; 95% CI, �3.071 to 0.179; P ¼ 0.081; I2 ¼ 67.796)
and supplement duration (duration < 6 mo: WMD, �0.782; 95%
CI,�1.829 to 0.265; P¼ 0.143; I2¼ 57.997; duration� 6mo:WMD,
�1.021; 95% CI, �2.315 to 0.272; P ¼ 0.122; I2 ¼ 61.549). On the
basis of physical station, we found a remarkable difference in the
normal weight populationwith BMI< 30 (WMD,�0.843; 95% CI,
�1.596 to �0.090; P ¼ 0.028; I2 ¼ 63.050) rather than the
obese populationwith BMI� 30 (WMD,�0.952; 95%CI,�3.995 to
2.092; P ¼ 0.540; I2 ¼ 76.959) with the random-effect model
(Table 2).
Publication bias

Visual scanning of forest plots for body weight, blood glucose,
and insulin suggested symmetric distribution for all the results of
this analysis (data not shown). Unpublished studies were
adapted to adjust the summarized effects with Duval and Twe-
edie’s trim and fill method.

Discussion

A recently published meta-analysis in 2010 by Ricci et al. [22]
reported that isoflavone usewas not associated with a significant
glycemia reduction in perimenopausal and postmenopausal
non-Asian women. Our meta-analysis yielded completely
significantly different results. In this meta-analysis, significant
changes were found in body weight, blood glucose level, and
fasting insulin level with soy isoflavone supplementation
compared with the placebo control group in the non-Asian
postmenopausal population. More references were collected in
this meta-analysis and different subgroups were stratified.

As discussed in previous reviews, overweight and obesity are
health problems of epidemic proportions, increasing the risk not
only of CVD and type 2 diabetes mellitus but also of various types
of cancer [23]. In this meta-analysis we found soy isoflavone
supplementation could reduce body weight significantly in the
non-Asian postmenopausal population. Furthermore, we also
found soy isoflavone supplementation could reduce body weight



Table 2
Subgroup analyses of soy isoflavone supplementation on body weight, blood glucose, and fasting insulin level in postmenopausal women

Trials N (con/supp) WMD (95%CI) P I2

Body weight
Overall 10 256/272 �0.515 (�0.895 to �0.134) 0.008* 0.000
Physical status
Obese 4 62/76 �0.757 (�2.332 to 0.817) 0.346 0.000
Normal 6 194/196 �0.499 (�0.892 to �0.107) 0.013* 0.000

Duration
<6 mo 7 200/205 �0.506 (�0.888 to �0.124) 0.009* 0.000
�6 mo 3 56/67 �1.733 (-6.273 to 2.807) 0.454 0.000

Dose
<100 mg 8 236/248 �0.511 (�0.903 to �0.119) 0.011* 0.000
�100 mg 2 20/24 �0.570 (-2.137 to 0.998) 0.476 0.000

Blood glucose
Overall 12 581/601 �0.143 (�0.294 to 0.009) 0.065 70.456
Adjust 1 �0.189 (�0.344 to �0.033) *

Physical status
Obese 4 66/72 �0.113 (�0.343 to 0.118) 0.337 40.950
Normal 8 515/529 �0.139 (�0.314 to 0.035) 0.117 77.859

Duration
<6 mo 6 284/283 0.017 (�0.182 to 0.217) 0.864 49.031
�6 mo 6 297/318 �0.270 (�0.430 to �0.110) 0.001* 55.473

Dose
<100 mg 9 500/528 �0.153 (�0.308 to 0.002) 0.053 71.777
�100 mg 3 81/73 �0.344 (�1.156 to 0.467) 0.405 66.798

Fasting insulin
Overall 12 561/581 �0.918 (�1.700 to �0.137) 0.021* 65.993
Adjust 1 �0.940 (�1.721 to �0.159) *

Physical status
Obese 4 66/72 �0.952 (�3.995 to 2.092) 0.540 76.959
Normal 8 495/509 �0.843 (�1.596 to �0.090) 0.028* 63.050

Duration
<6 mo 7 292/292 �0.782 (�1.829 to 0.265) 0.143 57.997
�6 mo 5 269/289 �1.021 (�2.315 to 0.272) 0.122 61.549

Dose
<100 mg 8 466/493 �0.671 (�1.757 to 0.414) 0.226 69.543
�100 mg 4 95/88 �1.446 (�3.071 to 0.179) 0.081 67.796

* Significant difference, P < 0.05.
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significantly in shorter duration (<6 mo) instead of longer dura-
tion (�6 mo), lower dose (dose < 100 mg) instead of higher dose
(dose� 100mg), andnormalweight (BMI< 30) instead of obesity
(BMI � 30). It seems more effective to reduce body weight in
normal weight womenwith a lower dose of isoflavone in shorter
term supplementation in non-Asian postmenopausal women.

Studies conducted on cell cultures and animals indicate
a possible relationship between insulin resistance, compensatory
hyperinsulinemia, and the development of atherosclerosis [24].
Epidemiological studies have suggested that Japanese women
have lower insulin levels than Japanese-Americanwomen, which
is consistent with the incidence of CVD. Furthermore, several
studies have reported possible lower insulin effects of oral soy
isoflavone supplementation [8,10,25]. If these effects are of clin-
ical significance, intervention with oral isoflavone supplemen-
tation might be an attractive choice. In this meta-analysis we
have found that soy isoflavone could reduce fasting insulin level
significantly with the effect of isoflavone supplementation in the
non-Asian population, which seemingly means that soy iso-
flavone supplementationwould be beneficial to our human body
to reduce insulin levels. Obesity is closely related to hyper-
insulinemia and insulin resistance. Changes in insulin level with
the moderate effect of isoflavone supplementation are slight.
However, for humans with normal body weight (BMI < 30), soy
isoflavone supplementation could reduce the fasting insulin level
significantly compared with the obese population.

As reported before, due to the ability of glucosemetabolism to
decrease gradually, the prevalence of diabetes mellitus and
impaired glucose tolerance increases with age. A significant
decrease in blood glucose with soy isoflavone supplementation
has been revealed in this meta-analysis after being adjusted by
one unpublished study. Many reports revealed that shorter term
supplementation did not alter the blood glucose level compared
with the placebo group [12,15,26], while other reports found
longer duration could reduce the blood glucose level [11,27].
Some studies suggested that even a high-dose isoflavone
supplementation could not influence blood glucose [14], but
low-dose isoflavone could work [11]. In this meta-analysis
a significant reduction in blood glucose level with longer
supplementation duration (�6 mo) (P ¼ 0.001) was found.
Furthermore, it is more effective to reduce the blood glucose in
a lower dose of isoflavone supplementation compared with
a higher dose. Therefore, it is better in clinical intervention effect
with longer supplementation duration and lower dose isoflavone
supplementation to reduce blood glucose.

Only one study for bodyweight [27] and insulin level [28] and
two studies for blood glucose [27,28] from Asia were collected in
the same process of Criteria of Inclusion, so we could not do an
analysis in the Asian population. The population in the study for
body weight was in normal weight (BMI< 30) and the isoflavone
dose is low (dose < 100 mg). No significant reduction was
detected in bodyweight in the isoflavone supplementation group
compared with the control group in this study, which seems
totally different from the results of the non-Asian population. It is
estimated that the Japanese intake is around 40-50mg isoflavone
per day,while theWestern intake isminimal. Asiansmayadapt to
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the effect of soy isoflavone owing to several decades of supple-
mentation. However, large and well-designed studies in the
Asian population are needed to confirm this conclusion.

Limits

Meta-analysis is one kind of observational study based on
a systematic review of published studies, and some limitations
need to be considered when interpreting this meta-analysis.
First, the large between-study heterogeneity in the effects of
soy isoflavones was found on the analyses of blood glucose and
insulin level. We already have conducted a subanalysis to iden-
tify the potential sources of heterogeneity, but no clear expla-
nation emerged, at least not dose, duration, and physical status.
The underlying causes of the conflicting results are probably
related to the variability of experimental designs and exposition
protocols (administration route, subject resource, and religion).
Second, the interactions among physical status, dose, and dura-
tion of isoflavone supplementation on body weight, blood
glucose, and insulin level were not analyzed due to the limits of
quantity and size of trials. Therefore, larger and good design
intervention studies were need.

Despite these limitations, the One Study Removed test
method showed that the sensitivity of this meta-analysis was
stable (data not shown). Our results are statistically robust and
yield important conclusions. Soy isoflavone supplementation
could reduce body weight and improve glucose metabolism
significantly with soy isoflavone supplementation compared
with the placebo control group in non-Asian postmenopausal
women. Furthermore, shorter supplement duration could
significantly reduce body weight, whereas longer supplement
duration could reduce blood glucose remarkably. Moreover, it is
more effective to reduce body weight and fasting insulin level
with soy isoflavone supplementation in normal weight
(BMI < 30) than obese (BMI � 30) women. A previous meta-
analysis made by Reynolds et al. [29] has already found that
isoflavone could improve blood fat levels. Hence, dietary iso-
flavone supplementation may have a potential beneficial effect
with regard to atherogenesis and diabetes. However, large and
well-designed studies along with high-quality scores are also
recommended.
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