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Abstract:  
 
Decreased adiponectin levels has been demonstrated in postmenopausal (PMP) 
women. Soy isoflavones, as an herbal product have been shown to increase 
adiponectin level but the results are inconclusive and inconsistent. The present study 
reassessed the data on the impact of soy isoflavones supplementation on adiponectin 
levels in PMP women through a meta-analysis. A systematic search was performed in 
the databases of PubMed, Web of science, Scopus and the Cochrane library. The 
literature search identified 830 studies with duplicates. Out of those, 80 were 
screened for title and abstract and 12 articles were ultimately selected for the 
analysis. Meta-regression and subgroup analyses, based on the moderator variables 
such as treatment duration, dose of soy isoflavones and BMI were performed. The 
quality of the studies was evaluated using the Grading of Recommendation 
Assessment, Development and Evaluation (GRADE) approach. The results revealed 
that soy isoflavones supplementation significantly increased the circulating level of 
adiponectin in PMP women (SMD: 0.36 µg/mL; 95% CI (0.05 to 0.66); P= 0.02). No 
publication bias was observed using Begg's (P = 0.38) and Egger's (P = 0.07) tests. 
Sensitivity analysis indicated the results were completely powerful and stable. 
Moreover, Meta-regression and subgroup analyses indicated a significant increase of 
adiponectin levels in subgroups of dose > 50 mg and treatment duration less or equal 
3 months. Our findings showed significantly increase in adiponectin levels after 
isoflavones-supplemented soy consumption in postmenopausal women, who 
received dose > 50 mg of soy isoflavones in treatment duration ≤ 3 months.

DOI: https://doi.org/10.29169/1927-5951.2021.11.21 

 
*Corresponding Author 
Tel: +98-021-22714248 
E-mail: tavirany@yahoo.com 
 
 

© 2021 Tutunchi et al.; Licensee SET Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction 
in any medium, provided the work is properly cited.  



Journal of Pharmacy and Nutrition Sciences, 2021, Volume 11 

 

185 

INTRODUCTION 

Menopause is a natural period in a woman's life when 
fertility ends because of the deprivation of ovarian 
function. Menopause usually started in women in the 
last 40s to early 50s [1, 2]. One of the important 
complications in postmenopausal women is an 
undesirable weight gain which increases the risk of 
obesity during postmenopause. Postmenopausal-
induced obesity occurs due to physiological factors 
such as ageing, lifestyle factors including less physical 
activity and sedentary lifestyle, and psychological 
factors such as depression and stress [3, 4]. Obesity in 
postmenopausal women causes alterations in various 
metabolic risk factors associated with dyslipidemia, 
hypertension and insulin resistance. These risk factors 
include elevated abdominal fat, decreased insulin 
sensitivity and changes in circulating concentrations of 
adipokines such as adiponectin [5]. 

Adiponectin, as a fat-derived hormone, is functionally 
regulated by nutritional conditions and plays a key role 
in the regulation of energy equilibrium and metabolism 
[6]. In addition, adiponectin levels are negatively 
correlated with overall obesity parameters. Adiponectin 
is one of the adipocyte-produced hormones which is 
regulated by insulin resistance conditions and it is 
actively correlated with basal insulin concentrations 
and insulin sensitivity [7]. A low level of adiponectin has 
been shown to be correlated with elevated prevalence 
of metabolic syndrome, type 2 diabetes (T2D) and 
cardiovascular disease (CVD), especially in 
postmenopausal women [7, 8].  

Nowadays, herbal products have been attracted much 
attention owing to their essential compounds and the 
wide range of biological roles and therapeutic impacts 
on various diseases [9] such as inflammatory-related 
diseases [10, 11], gastrointestinal diseases [12] and 
other diseases. According to the literature, increasing 
the level of adiponectin can be an effective strategy in 
reducing menopause-related complications in women. 
In this regard, natural products have been documented 
in increasing adiponectin levels in postmenopausal 
women. Soy, which has been commonly used in Asia 
for many years, has become a suitable candidate for its 
potential benefits in different populations such as 
postmenopausal women, T2D and breast cancer [13]. 
Furthermore, many trials demonstrated the protective 
effects of soy isoflavones on lipid metabolism, 
hypertension and vascular endothelial function [14]. In 
addition, soybean isoflavones have been shown to 
ameliorate metabolic disorders in postmenopausal 

women [15, 16]. However, the effect of soy isoflavones 
on adipocytokines, particularly adiponectin in 
postmenopausal women remains unclear. Therefore, 
the objective of this study was to evaluate the effect of 
soybean isoflavones on circulation concentrations of 
adiponectin in postmenopausal women.  

MATERIALS AND METHODS 

Search Strategy  

The protocol of this meta-analysis was performed 
based on the guidelines of the 2009 Preferred 
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement [17]. An electronic 
search was performed using the databases of PubMed, 
Scopus, EMBASE, Web of Science, and Cochrane 
library to find RCTs evaluating the effect of soybean 
isoflavones on circulation level of adiponectin in 
postmenopausal women. The search was restricted to 
publication time and language. The Mesh database 
was applied using: ((soybean’ [supplementary concept] 
OR “Soy supplementation [Title/Abstract]” OR “Soy 
isoflavones” OR “Soy protein”) AND (“Adiponectin” 
[Mesh terms] OR “Adipose tissue adipokine” 
[Title/Abstract] OR “circulating white adipose tissue 
adipokine” [Title/abstract] AND “postmenopausal 
women” OR “Climacteric” OR “Menopause” OR 
“Menstruation”)). Moreover, gray articles, conference 
presentations, reference lists and student dissertations 
were mutually searched to select further relevant 
studies. 

Principle of Studies Selection  

RCT studies were included if they covered the following 
criteria: 1) RCTs with or without consumption of other 
supplements, 2) articles with the English language, 3) 
articles with the association between the consumption 
of purified soy isoflavones and the alteration of the 
circulating level of adiponectin 4) articles with the 
sufficient data presentation such as standard 
deviations (SDs), standard error (SE), or 95% 
confidence interval for adiponectin levels at the 
baseline and the end of the study in both intervention 
and placebo groups, 5) parallel or cross-over designs, 
and 6) articles with an appropriate RCT design. The 
following studies were excluded: 1) non-RCT studies, 
2) studies without control or placebo groups, 3) lack of 
sufficient data on the concentration of adiponectin 
levels at the baseline or at the end of the follow-up 
period, and 4) lack of details in methodology.  
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Extraction of Primary Data and Quality Appraisal 

Extraction of data was conducted using a standardized 
electronic form by two expert researchers in this field. 
The extracted data are as follows: 1) first author's 
name; 2) origin country; 3) publication year; 4) dose of 
soy isoflavones (mg); 5) duration of treatment 
(months); 6) postmenopausal women participants; 7) 
type of sample; 8) sample size of participants in the 
intervention and placebo groups; 9) mean±SD of 
(serum/plasma) circulating level of adiponectin in both 
of treatment and placebo groups at the first and end of 
study (Table 1). A comprehensive assessment of the 
risk of bias was performed using the Jadad checklist 
[18]. The options used for the quality assessment of 

each study were as follows: 1) randomization, 2) 
double-blinding, 3) the number of participant dropouts 
and reasons for withdrawal, 4) allocation concealment 
and 5) generation of random numbers. Studies with a 
JADAD score greater than or equal to three were 
considered moderate to high quality. 

Quality of the Studies Based on GRADE Approach 

The quality of the studies for the primary outcome was 
assessed using the GRADE approach as proposed by 
the Cochrane Handbook for Systematic Reviews of 
Interventions [19]. The quality of the studies was 
estimated based on five parameters: 1) limitation of 
study design, 2) consistency of the results, 3) 

Table 1: Baseline Characteristics of Included Studies Investigating the Impact of Soy Isoflavones on the Circulating 
Levels of Adiponectin in Postmenopausal Women 

Case Placebo 
Author’s 

name Country Sample 
type 

Dose 
(mg) 

Duration 
(Month) 

Type of 
supplement Sample 

Size 
Mean 
[SD] 

Sample 
Size 

Mean 
[SD] 

Jadad 
score 

Rebholz 
et al. (2013) 

USA Serum 89.3 2 Powder 32 
3.33 
[0.36] 

35 
2.83 
[0.35] 

5 

Charles 
et al. (2009) 

USA Serum 160 3 Powder 32 
20.6 
[1.54] 

43 
19. 5 
[1.26] 

4 

Christie 
et al. (2010) 

UK Serum 160 3 Soy-based 
shake 17 

23.36 
[3.6] 

16 
30.56 
[5.5] 

5 

Llaneza 
et al. (2011) 

Spain Serum 80 12 Extract 43 
57.1 
[59.1] 

44 
43.2 
[32.2] 

3 

D’Anna 
et al. (2014a) 

Italy Serum 80 6 Powder 30 
17 
[4] 

30 
16 
[7] 

3 

D’Anna 
et al. (2014b) 

Italy Serum 80 12 Powder 30 
19 
[5] 

30 
12 
[6] 

3 

Matvienko 
et al. (2010a) 

USA Serum 80 6 Tablet 229 
17.3 
[5.7] 

229 
17.5 
[5.7] 

5 

Matvienko 
et al. (2010b) 

USA Serum 120 12 Tablet 229 
17.2 
[5.7] 

229 
17.5 
[5.7] 

5 

Riesco 
et al. (2011) 

Canada Plasma 70 6 Capsule 27 
19 

[7.02] 
28 

20 
[7.2] 

5 

Nadadur 
et al. (2016) 

USA Serum 50 2 Soy-based diet 17 
5.49 
[0.42] 

20 
6.34 
[0.45] 

5 

Maskarinec et 
al. (2009) USA Serum 50 24 Soy-based diet 83 

7.9 
[3.9] 

85 
8.4 
[3.9] 

3 

Llanos 
et al. (2014) 

USA Serum 60 2.5 Soy based-diet 60 
13.04 

[1] 
60 

14.38 
[1.02] 

3 

Simao 
et al. (2012) 

Brazil Serum 50 3 Soy based-diet 15 
115.3 

[22.06] 
15 

112.6 
[19.67] 

4 

Maskarinec et 
al. (2017) USA Serum 50 24 Soy based-diet 109 7.9 

[0.14] 111 8.4 
[0.63] 4 
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directness, 4) precision and 5) publication bias. The 
GRADE score is classified as 'high', 'moderate', 'low', 
and 'very low' for the primary outcome.  

Statistical Analyses 

We analyzed the results qualitatively and quantitatively. 
The collected data were combined using random-
effects models. The circulating level of adiponectin 
under the consumption of soy isoflavones is the main 
primary outcome. Weighted averages were presented 
as SMD (Cohen’s d) with 95% confidence intervals 
(CIS). If the circulating level of adiponectin was reported 
in the median and interquartile range (IQR), mean and 
standard deviations (SD) values were calculated using 
a method previously defined [20]. Tests were analyzed 
as the difference in mean between control and 
treatment groups. In addition, SD of mean difference 
was calculated by pooled SD; SDs of the mean 
difference were calculated using the following formula: 
SD = square root [(SDpre-treatment)2 + (SDpost-
treatment)2 − (2R × SDpre-treatment × SD post-
treatment)], assuming a correlation coefficient (R) = 
0.5. In the case of reporting SEM, SD was calculated 
using the following formula: SD = SEM × sqrt (n), 
where n is the number of subjects. The following 
formula was also applied for examination of pooled 
mean and pooled SD at the first and end of the study in 
both of the treatment and control groups. The 
statistically inter-study heterogeneity was estimated 
using the Cochrane index and the Higgins I-square. P 
< 0.1 and I2> 50% accepted as obvious heterogeneity. 
To find out the source of heterogeneity among the 
studies, subgroup analyses were conducted based on 
the duration of the intervention (≤ 3 and > 3 months), 
the dose of soy isoflavones (≤ 50 and > 50 mg/day) 
and body mass index (BMI) (<30, >30). The Begg’s 
rank correlation test and the Egger’s regression 
asymmetry test were used to assess the possible 
publication bias [21, 22]. A sensitivity test was also 
performed to evaluate the consequence of the removal 
of the study with a larger sample size on the overall 
effect size using the “leave-one-out method”. Meta-
regression was analyzed based on restricted maximum 
likelihood-based random effects for evaluation of the 
effect of the variables of duration, a dose of 
consumption of soy isoflavones and BMI on estimated 
pooled effect size. A P-value threshold of 0.05 was 
applied to determine the statistical significance. 
Statistical analyses for all tests were performed using 
the Comprehensive Meta-Analysis (CMA) V2 software 
(Biostat, NJ) [23].  

RESULTS  

Process of Studies Search  

Our literature search identified collectively 830 articles 
in four databases. Following the screening of titles, 
abstracts and full text we rejected 750 duplicates. The 
remaining articles were further reviewed. Sixty-six 
articles were removed due to the following reasons: no 
or insufficient information, lack of English language, 
articles that were review paper or editorial letter, 
articles that have not reported the circulating level of 
adiponectin as a primary outcome, and articles with 
animal and in vitro study subjects. Moreover, articles 
were also excluded due to the unavailability of their full 
texts. Lastly, 12 articles were included based on the 
designed question in the study. Details of the study 
selection are summarized in Figure 1. 

Primary Characteristics of Included Studies 

In total, 12 RCTs published have reported the 
differences in circulating adiponectin concentrations as 
a primary outcome after consumption of soy 
isoflavones. Table 1 lists the studies used in the 
present meta-analysis. The mean oral dose of soy 
isoflavones was 87.7 mg/day (ranged between 50 to 
160 mg/day). The average age for treatment and 
control groups ranged between 48-60 years. In all 
trials, the circulating level of adiponectin in the 
intervention group was compared to the placebo group. 
The time of follow-up of consumption of soy isoflavones 
ranged from two months to 24 months. A total of 953 
subjects in the treatment group and 975 subjects in the 
control group participated in this study. Finally, of the 
12 RCTs, six trials used soy food diet, one study used 
soy isoflavones extract, two trials used soy tablets or 
capsules and three studies used soy powder dissolved 
in liquid. In all of these studies, isoflavones was an 
active ingredient. Serum samples were used in nine 
studies and three studies used plasma samples. Italy 
(n = 2), Canada (n = 1), Spain (n = 1), Brazil (n = 1) 
and USA (n = 7) were the countries that handled the 
studies. All of the eligible studies in this meta-analysis 
used placebo as a control. The quality assessment of 
the studies is shown in Table 1. The JADAD-based 
quality of the eligible studies was moderate to high, 
while the GRADE method indicated that the quality of 
the studies for the primary result was high. The 
significant inter-study heterogeneity of studies has 
been shown in Table 2.  
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Figure 1: The process of study selection is based on PRISMA guideline. 

 

Table 2: Evaluation the Quality Level of Evidences using the GRADE Approach. 

Quality 
status 

Effect size 
(CI%) 

Imprecision**** Indirectness*** Inconsistency** Limitations* Studies 
Number 

Primary 
outcome 

High 
0.029 

(-0.33, 0.39) 
No serious No serious Serious No serious 12 

Adiponectin 
(µg/ml) 

* = Limitation in study design (absence of allocation concealment, absence of blinding, miss of follow up and so on). 
** = Inconsistency (high heterogeneity). 
*** = Indirectness (the evidence is restricted to indirect comparisons between two interventions). 
**** = Imprecision (wide confidence interval). 

Soy Isoflavones Supplementation and Circulating 
Level of Adiponectin  

Figure 2 show the SMD and 95% CI for the impact of 
soy isoflavones on adiponectin levels in 
postmenopausal women in comparison to control. 

There was significant heterogeneity among included 
studies (I2= 89.7%, PHeterogenity < 0.001). Therefore, 
the random-effects model was used to estimate the 
pooled SMD and 95% CI for the primary outcome. The 
meta-analysis revealed significantly higher levels of 
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adiponectin in PMP in comparison to healthy control 
after soy isoflavones consumption (SMD: 0.36 µg/mL; 
95% CI (0.05 to 0.66); P = 0.022).  

Sensitivity Analysis 

Sensitivity analysis was conducted using the "leave-
one-out" method. Interestingly, Sensitivity analysis 
showed no significant change in the pooled effect size 
by removing each study step by step. Moreover, the 
exclusion of the Matvienko study with a larger sample 
size did not change the estimated pooled analysis for 
circulating level of adiponectin [SMD: 0.39 µg/mL; 95% 
CI (0.038 to 0.75); P=0.030]. Thus, the outcome of this 

pooled effect size could be considered with a high 
degree of certainty.  

Publication Bias 

Begg’s rank correlation and Egger’s linear regression 
tests were performed to evaluate publication bias. 
Visual examination of the funnel plot did not show 
potential publication bias (Figure 3). In addition, the 
Begg’s rank correlation (Kendall‟s Tau with continuity 
correction = 0.11, Z= 0.54, two-tailed P-value = 0.58) 
and the Egger’s linear regression tests (intercept = 3.4, 
standard error = 1.65; 95% CI = -0.17, 7.03, t = 2.07, df 
= 12, two-tailed P = 0.06) were not significant. The 

 
Figure 2: Forest plot detailing standardized mean difference (SMD) and 95% confidence intervals for the effect of soy 
isoflavones on circulating adiponectin level in postmenopausal women.  

 
Figure 3: Funnel plot examining publication bias in the studies including the effect of soy isoflavones on circulating adiponectin 
level in postmenopausal women after trimming and filling.  
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observed publication bias was imputed using trim-and-
fill correction. Five potentially missing studies were 
imputed leading to a corrected pooled effect size that 
was less than the first estimate (SMD: - 0.06; 95% CI – 
0.40, 0.27).  

Meta-Regression and Subgroup Analyses 

Meta-regression analysis indicated no significant 
correlation between dose (mg) (slope: 0.0005; 

95% CI: -0.008, 0.009; p = 0.90) and BMI (slope: 
0.020; 95% CI: -0.019, 0.060; p = 0.31) with the impact 
of soy isoflavones on circulating levels of adiponectin in 
PMP. However, an inverse association with treatment 
duration (slope: - 0.040; 95% CI: -0.077, -0.003; p = 
0.030) was found (Figure 4). On the other hand, to find 
out the source of between-study heterogeneity, 
subgroup analyses were conducted according to the 
known confounding factors such as dose (≤ 50 and >50 

 
Figure 4: Meta-regression plots of the association between the circulating adiponectin levels of in postmenopausal women with 
treatment duration, dose of soy isoflavones and BMI.  
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mg/day), BMI and treatment duration. We found that 
the impact of soy isoflavones was significantly 
associated with a dose higher than 50 mg in 
comparison to a dose less than 50 mg. So that, this 
significant effect was also seen in treatment duration 
less or equal to 3 months (Table 3). 

DISCUSSION  

The early stage of a postmenopausal period is related 
to an increase in abdominal fat and central obesity. 
Increased adiposity, especially visceral fat 
accumulation, following obesity is related to metabolic 
dysfunctions such as insulin resistance, dyslipidemia 
and hypertension [24]. Adipose tissue produces and 
releases hormones that regulate several metabolic 
activities of the human body [25]. Adiponectin is an 
adipokine is a hormone that has a protective role 
against obesity-related disorders such as T2D and 
CVD [24]. Adiponectin plays an important role in 
various metabolic pathways such as fatty acid oxidation 
in muscle, improving insulin sensitivity in the liver and 
glucose utilization [26]. Furthermore, previous studies 
have reported that adiponectin directly or indirectly 
affects insulin sensitivity and glucose and lipid profiles 
[27]. The most recent work by Stork et al. indicated that 
alteration in carotid intima-media thickness and 
stiffness was associated with the decreased 
adiponectin concentration in postmenopausal women 
[28]. It should be noted that the circulating level of 
adiponectin is dependent on the circulating 
concentrations of inflammatory mediators such as IL-6 
and TNF-α [29]. Moreover, decreased concentration of 
adiponectin leads to an increased risk of inflammatory 

and metabolic disorders [30]. Published studies 
revealed that the circulating level of adiponectin in 
obese women is obviously lower than in non-obese 
postmenopausal women. Therefore, weight gain and 
obesity are two important signs of the progression of 
metabolic syndrome in postmenopausal women [31]. 
Nevertheless, at the postmenopausal age, low 
adiponectin level is related to the obesity-related 
metabolic syndrome in the liver and muscle tissues 
[32].  

With respect to the potential role of adiponectin in 
insulin resistance, atherogenesis and obesity in 
postmenopausal women, in this meta-analysis, our 
research focused on the effect of soy isoflavones on 
the circulating level of adiponectin in postmenopausal 
women. Our analysis showed a statistically significant 
increase in adiponectin level after consumption of soy 
isoflavones. In contrast with our result, some studies 
reported no statistically significant difference in 
circulating level of adiponectin compared to the control 
group (Charles et al., 2009; Christie et al., 2010; Llanos 
et al., 2014, Nadadur, Stanczyk, Tseng, Kim, & Wu, 
2016). In line with our study, there is published 
documents showing the favourable effect of soy 
isoflavones on the circulating level of adiponectin in 
postmenopausal women [33-37]. However, what 
should be taken into consideration is that the dose of 
intervention, time of menopause, treatment duration, as 
well as BMI of participating women could affect the 
results. Although we expected to discover a 
considerable effect of soy supplementation on the 
circulating level of adiponectin, it was statistically 
significant. This may be because of the homogeneity 
characteristics of postmenopausal women who 

Table 3: Assessment of the Impact of Soy Isoflavones on Circulating Adiponectin Level using Subgroup Analyses 

Test of Heterogeneity 
Subgroup Number of RCTs SMD (95% CI) p 

I2 (%) P 

Adiponectin (µg/mL) 12 0.36 (0.05, 0.66) 0.022 89.7 < 0.001 

Dose (mg/ day) 

≤ 50 4 -0.22 (-0.58, 0.12) 0.20 63.5 0.04 

> 50 8 0.57 (0.20, 0.94) 0.002 90 < 0.001 

Duration (months) 

≤ 3 6 0.55 (-0.02, 1.13) 0.04 84.8 < 0.001 

> 3 6 0.20 (-0.10, 0.50) 0.20 87.1 < 0.001 

BMI 

Unmatch 4 0.36 (-0.15, 0.87) 0.17 83.8 < 0.001 

match 8 0.36 (-0.04, 0.77) 0.08 92.3 < 0.001 
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participated in the included studies. Thus, we 
enhanced statistical power by using subgroup analyses 
and meta-regression to estimate the effect of 
intervention.  

Postmenopause is associated with changes in several 
metabolic risk factors including decreased adiponectin 
and increased circulating inflammatory mediators such 
as TNF-ɑ and IL-6 [38, 39]. With respect to the 
inconsistent results on adiponectin levels under soy 
isoflavones in postmenopausal women. As, adiponectin 
levels increased significantly in some studies [34, 40], 
while, no increase in adiponectin levels was observed 
with soy isoflavones in two studies [5, 41].  

The precise molecular mechanism of adiponectin-
increasing of soy isoflavones is not clear. It is possible 
that the increasing effect of soy isoflavones on 
adiponectin levels in postmenopausal women depends 
on the abdominal fat, glucose and insulin metabolism 
[5]. Thus, the change in glucose homeostasis and 
insulin pathway is a pioneer in decreasing adiponectin 
levels in postmenopausal women. In this regard, 
Jayagopal et al., have shown that consumption of soy 
isoflavones improves insulin resistance and HbA1c in 
postmenopausal women with type 2 diabetes [42]. The 
other main mechanisms involved in decreasing 
adiponectin levels in postmenopausal women are 
inflammatory cytokines. Inflammatory mediators of 
TNF-ɑ and IL-6 are known to cause insulin resistance 
and decrease in circulating levels of adiponectin. These 
cytokines cause it by downregulating insulin receptor 
substrate (IRS-1) and by decreasing glucose 
transporting protein-1 (GLUT-1) [43]. Thus, a reduction 
in inflammatory markers could be effective in the rise of 
adiponectin levels in postmenopausal women. For this 
reason, studies have demonstrated a decrease in the 
TNF-ɑ levels following treatment with soy isoflavones in 
postmenopausal women [44]. In addition, a study 
showed that soy supplement reduced IL-6 though 
decrease in abdominal fat, since IL-6 is produced by 
subcutaneous abdominal fat [45]. Also, soy isoflavones 
could downregulate IL-6 via its transcription factor 
nuclear factor Kβ (NF-Kβ) [46]. The function of soy 
isoflavones through their anti-oxidant properties is well 
known in the prevention and treatment of various 
diseases. In this regard, a previous study reported that 
the impacts of soy isoflavones against UVB radiation 
may be related to the anti-oxidative activities [47]. On 
the other hand, Genistein is a soy isoflavone leading to 
restore the glutathione (GSH) level and decrease ROS 
and lipoperoxide levels in the brain and liver [48]. 
Taken together, we believe that the adiponectin-

increasing role of soy isoflavones should be further 
explored in large prospective trials in menopause and 
postmenopausal women. 

Our results showed significant heterogeneity among 
the studies. Therefore, to find the remarkable 
heterogeneity, subgroup analyses were conducted 
according to the dose of soy isoflavones (≤ 50 and > 50 
mg/day), treatment duration (≤ 3 and > 3 weeks) and 
BMI (Unmatch and match). The results revealed that 
soy isoflavones significantly increased the circulating 
levels of adiponectin in PMP with dose > 50 mg and 
treatment duration less or equal to 3 months. In 
addition, we found no significant association between 
BMI of the intervention group and the circulating levels 
of adiponectin following consumption of soy 
isoflavones. However, subgroup analyses findings 
were further confirmed by the meta-regression 
analysis. The meta-regression analysis showed that 
the dose of soy isoflavones and BMI have no 
significant effects on the circulating level of 
adiponectin, while, there was an inverse association 
between treatment duration and the impact of soy 
isoflavones on adiponectin levels in PMP. Taken 
tighter, these differences may be partly because of the 
small sample size of the intervention group, the 
significant heterogeneity among included studies and 
the type of soy isoflavones (food or supplement).  

This study has several strengths: the literature search 
was comprehensive and covered multiple databases. 
Statistical analysis revealed no considerable 
publication bias within studies. A precise assessment 
of the methodological quality of eligible studies using 
JADAD scale acknowledged that RCTs quality was 
moderate to high. We performed subgroup analyses to 
find out the possible source of heterogeneity. All of the 
included studies have used purified soy 
supplementation (isoflavones and proteins). Our meta-
analysis also had several limitations: due to the 
relatively low number of articles in pooled effect size 
and subgroup analyses, the results should be 
interpreted cautiously. Moreover, regarding the 
significant heterogeneity among included studies, more 
studies evaluating the effect of soy supplementation on 
the circulating level of adiponectin in postmenopausal 
period are needed to further validate the results of the 
present study.  

CONCLUSION  

The present meta-analysis evidences a significant 
increasing effect of soy isoflavones on the circulating 
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levels of adiponectin in postmenopausal women. The 
dose of soy isoflavones and treatment duration may 
modify this effect toward to more significant. However, 
required further studies with larger sample sizes and 
appropriate intervention for dose and treatment 
duration to identify the precise relationship between 
soy isoflavones and adiponectin levels in 
postmenopausal women.  
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