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Abstract 

Background: Growing body of evidence suggest the association between SNP − 11377 C > G and SNP + 276 G > T 
polymorphisms of adiponectin gene with type 2 diabetes (T2D). However, these findings have not been conclusive 
and consistent. The present study quantitatively evaluates the data on the association between DIPOQ − 11377C/G, 
and + 276G/T polymorphisms and risk of T2D through a meta-analysis.

Methods: A systematic search was performed in the PubMed, Web of science, Scopus and Cochrane library data-
bases to extract published studies according to the inclusion criteria. Among the 741 studies, 391 of them were 
screened as full text and 31 studies were finally included in the meta-analysis. Analysis of data was performed 
using random-effects model. Odds ratios (ORs) with 95% confidence intervals (CIs) were used to analyze the 
strength of association. Subgroup and meta-regression analyses were performed to identify the potential source of 
heterogeneity.

Results: The pooled analysis showed that there was no statistically significant association between genotypes of CC 
(OR = 0.76, 95% CI: 0.53–1.09, P = 0.14), CG (OR = 0.93, 95% CI: 0.72–1.20, P = 0.58) and GG (OR = 1, 95% CI: 0.80–1.26, 
P = 0.94) ADIPO − 11377 polymorphism with increased risk of T2D. In addition, the results revealed a trend toward an 
increased risk of T2D for the SNP + 276 TT genotype (OR = 0.87, 95% CI: 0.77–0.98, P = 0.026) as compared with the GT 
and GG genotypes. Subgroup analysis by ethnicity indicated significant association between the TT genotype of the 
SNP + 276 and increased risk of T2D among Europeans. Met-regression demonstrated significant association between 
the GT genotype of + 276 polymorphism with risk of T2D in male individuals (slope: 0.0006; 95% CI: 0.0002–0.0009; 
P < 0.001).

Conclusions: Collectively, our findings demonstrated a positive association between ADIPOQ + 276 G > T polymor-
phism with increased risk of T2D in male individuals with European ethnicity.

Highlights 

Adiponectin (ADIPOQ) plays an important role in the development of type 2 diabetes and previous studies regarding 
the association between ADIPOQ polymorphisms and T2D risk reported conflicting results.
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Background
Type 2 diabetes (T2D), a metabolic disorder with severe 
complications, is a growing public health problem all 
over the world [1]. According to the latest statistics pub-
lished by the International Diabetes Federation (IDF), 
about 500 million people worldwide have confirmed or 
diagnosed diabetes. It’s predicted that approximately 693 
million people will be affected by the disease by 2045[2]. 
Although insulin resistance is the main property of 
patients with T2D, some grade of insulin resistance has 
been observed in nondiabetic individuals [3]. It has been 
suggested that insulin resistance in T2D is caused by a 
combination of genetic and environmental factors [4]. 
Environmental risk factors contributing to T2D include 
central obesity, low exercise, high fat nutrition, hyperten-
sion, and impaired glucose tolerance [5, 6]. Furthermore, 
genetic factors play a potential role in the development 
of the disease among different populations. Individuals 
with genetic susceptibility have a higher risk of develop-
ing T2D than other people [4]. Several polymorphisms 
have been reported to be associated with T2D risk. 
Accumulating reports have revealed the main role of 
adiponectin gene polymorphism in the development of 
T2D [7]. The circulating levels of adiponectin, an adipose 
tissue-extracted protein (~ 30  kDa), have been shown 
to be decreased in patients with metabolic syndrome 
including T2D, and insulin resistance [8]. It is known 

that adiponectin has anti-inflammatory, anti-atheroscle-
rotic, and antidiabetic properties [9]. Furthermore, it has 
been reported that plasma levels of adiponectin are also 
decreased in T2D condition. The ADIPOQ, adiponectin-
coding gene, which is located in chromosome 3q27, pro-
posed as a genomic locus for the T2D using genome-wide 
scans [7, 8]. The association of two common single nucle-
otide polymorphisms (SNPs) of ADIPOQ gene, rs266729 
and rs1501299 with risk of T2D have been investigated in 
different populations worldwide [10, 11]. Given the many 
contradictions in the effect of adiponectin gene poly-
morphism in rs266729 and rs1501299 locus on T2D, we 
designed a study to find out the association of ADIPOQ 
gene polymorphism, rs266729 and rs1501299, with risk 
of T2D using meta-analysis.

Methods
Search strategy
This study was outlined according to the guidelines of the 
2009 Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement [12]. To find the 
full texts related to this topic, our search was performed 
on PubMed, Scopus, Web of Science, and Embase data-
bases up to July 15, 2021. The above databases were 
searched based on the following queries as key terms in 
the title and abstract: (Adiponectin gene polymorphism 
OR single nucleotide polymorphism (SNP) −  11377 

We performed a meta-analysis to assess the association between two ADIPOQ polymorphisms [− 11377C/G 
(rs266729), and +276G/T (rs1501299)] and risk for T2D.

Odds ratios (ORs) with corresponding 95% confidence intervals (95% CIs) were pooled to assess the association 
between four aforementioned polymorphisms and susceptibility to T2D.

Overall, there was an association between ADIPOQ +276 G > T with increased T2D risk.

Subgroup by ethnicity suggested significant association between +276G/T polymorphism and T2D risk among Euro-
pean ethnicities.

Our findings evidence a positive association between ADIPOQ +276 G > T polymorphism with increased risk of T2D 
in male individuals with European ethnicity.

Keywords: Adiponectin, Type 2 diabetes, SNP − 11377, SNP + 276, Single nucleotide polymorphism
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C > G OR SNP −  11365 C > G AND type 2 diabetes), 
(Adiponectin gene polymorphism OR SNP + 276 G > T 
AND type 2 diabetes), (SNP + 276 OR rs1501299 of adi-
ponectin gene AND type 2 diabetes), (SNP − 11377 OR 
rs266729 of adiponectin gene AND type 2 diabetes). The 
wild-card term "*" was used to improve the sensitivity of 
the search strategy. We enhanced this search by scanning 
the reference lists of relevant articles. The search was 
limited to previous studies published in English language. 
Two researches (MA and MT. G) assessed the full text 
independently, Disagreements were resolved by consen-
sus-based discussion by third party (M. N).

Inclusion and exclusion criteria
According to the topic of this study, inclusion crite-
ria included: (1) observational (cohort, case –control) 
studies which evaluated the association between the 
polymorphisms of SNP −  11377 and SNP + 276 of adi-
ponectin gene in patients with T2D and healthy controls, 
(2) studies providing relevant information with topic 
such as genotype frequency for assessment of odds ratio 
(ORs) and 95% confidence intervals (95% CI), (3) studies 
with human subjects, (4) the control group with healthy 
individuals. The following items were excluded from the 
study: (1) animal and in  vitro studies, (2) observational 
studies were not related to the association between the 
polymorphism of adiponectin gene and T2D, (3) confer-
ence abstracts, reviews, case reports, or editorials; (4) 
lack of sufficient information on adiponectin gene poly-
morphisms and susceptibility to T2D, and (5) studies 
with insufficient details of study methodology.

Study selection
To find the original articles associated with this subject, 
titles and abstracts of all retrieved studies were screened 
separately by two reviewers to identify the relevant arti-
cles. According to the predefined inclusion and exclusion 
criteria, the articles were selected for the meta-analysis.

Data extraction
Selected articles were reviewed and data were indepen-
dently retrieved by two researches using a standardized 
electronic form. The following information was extracted: 
(1) first author name, (2) publication year, (3) study loca-
tion (country), (4) study designs which were classified 
into case–control and cohort, (5) genotyping methods, 
(6) ethnicity, (7) target population which was categorized 
as Asian, American, African and European, (8) sam-
ple sizes of case and controls (cases are individuals with 
T2D), (9) genotype and/or allele frequencies in case and 
control groups, (10) P-value of Hardy–Weinberg equi-
librium (HWE) and (11) Newcastle Ottawa Scale (NOS) 

score. Above data were extracted for two polymorphisms 
of SNP − 11377 and SNP + 276 separately.

Quality assessment
The quality of all eligible studies was assessed by two 
researches using the Newcastle Ottawa Scale (NOS) [13]. 
The NOS is composed of 3 items: selection, comparabil-
ity, and exposure, with a total score of 9. Based on the 
final score, the studies could be classified into high qual-
ity (score more than 6), medium quality (score between 4 
and 6), and low quality (score less than 4). Any disagree-
ments were adjudicated through discussion.

Statistical analysis
The data were analyzed based on random-effect model. 
Effect size was expressed as odds ratio with 95% CIs to 
evaluate the associations between SNP  −  11377 C > G 
(rs266729) and SNP + 276 G > T (rs1501299) of adi-
ponectin gene and risk of T2D. Higgin’s index and 
Cochrane’s Q test were applied to evaluate heterogeneity 
among included studies. If the Higgin’s index revealed a 
P-value of  I2 < 50%, the fixed-effects model (the Mantel–
Haenszel method) was selected to pool the data. Other-
wise, the random effects model (the DerSimonian and 
Laird method) was used. Potential publication bias was 
calculated using Begg’s funnel plot, the funnel plot of 
the study precision (inverse standard error) by effect size 
(log OR) and Egger’s weighted regression tests [14, 15]. If 
publication bias observed, Duval and Tweedie "trim and 
fill" method was used to adjust pooled OR and 95% CI. 
Sensitivity analysis was performed using “leave-one-out” 
method with removing one study in turn and report-
ing the analysis. Subgroup and random-effect meta-
regression were conducted. Subgroup analyses were 
performed based on subgroups of study design (cohort 
and case–control), ethnicity (Asian, American, European 
and African) and sex (male and female). To find signifi-
cant heterogeneity, meta-regression was performed using 
unrestricted maximum likelihood method to assess the 
association between estimated effect size of the polymor-
phisms of adiponectin gene and risk of T2D with vari-
ables of sex, age and ethnicity. Statistical analyses were 
conducted using the Comprehensive the Comprehensive 
Meta-Analysis (CMA) V2 software (Biostat, NJ) [16].

Results
Process of study selection
The search provided 741 records. 350 items were 
removed from the study because of the duplication. 
After screening of the title and abstract of full text, 31 
studies were identified according to the inclusion crite-
ria. 25 relevant studies were included in − 11,377 C > G 
(rs266729) analysis and 20 articles were included in + 276 
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G > T (rs1501299) analysis. Some articles included in this 
meta-analysis was common for these SNPs. The reasons 
for excluding the remaining 360 articles were: articles 
that were reviews, editorial, conference abstract and 
brief report (n = 80), articles that were performed in ani-
mal and in vitro models (n = 50), articles evaluating adi-
ponectin gene polymorphisms in patients without T2D 
(n = 90), articles didn’t assess SNPs of − 11377 and + 276 
in T2D patients (n = 80), articles didn’t provide sufficient 
information on the numbers of genotypes (n = 60). A 
summary of the study selection process according to the 
PRISMA flowchart is shown in Fig. 1.

Characteristics of included studies
In total, 31 studies were included according to the inclu-
sion criteria. Out of these 31 studies, 25 studies were 
allocated to evaluation of SNP − 11377 C > G (rs266729) 
in subjects with T2D and 20 studies to SNP + 276 G > T 
(rs1501299) analysis. Of 20 studies for the analysis of 
SNP + 276, only 6 studies were different. In the 25 studies 
associated with − 11377 C > G, 11,963 cases and 15,527 
controls were included. Of 11,963 cases, 6098 cases were 
males and 5865 cases were females. In the 20 studies 
involved in + 276 G > T analysis, 8658 cases and 16,498 
controls were included. In the cases group of SNP + 276 
analysis, 4130 cases were males and 4528 cases were 

Fig. 1 Search flow diagram of study selection
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females. Of the 25 studies for analysis of SNP −  11377 
C > G, 18 were case–control studies and seven were 
cohort studies. Among 20 studies for SNP + 276 G > T 
analysis, 13 studies were case–control studies, six studies 
were cohort studies and one study was a cross-sectional. 
Selected studies were conducted in individuals with T2D. 
Included articles were published between 2002 and 2021. 
The examined races were Asian, American, European and 
African. The baseline and demographic characteristic of 
the eligible studies were summarized in Tables 1 and 2.

Quality assessment
Evidence quality scores were summarized in Tables  1 
and 2 as a column. According to the NOS score, qual-
ity scores ranged from 7 to 9. The seven demonstrates 
a moderate score and 9 means a strong score. The qual-
ity of the included studies was moderate to strong in all 
studies.

Meta‑analysis results
Association between the SNP − 11337 C > G polymorphism 
of adiponectin gene and risk of T2D
Meta-analysis of data showed a significant heterogeneity 
among the included studies of genotyping frequencies of 
CC  (I2 = 97.7%, P < 0.001), CG  (I2 = 95.3%, P < 0.001) and 
GG  (I2 = 75.7%, P < 0.001) of −  11377 C > G polymor-
phism of adiponectin gene and risk of T2D. Thus, the 
random-effects model was used. The results revealed that 
there were no significant association between genotypes 
of CC (OR = 0.76, 95% CI: 0.53–1.09, P = 0.14) (Fig.  2), 
CG (OR = 0.93, 95% CI: 0.72–1.20, P = 0.58) (Fig.  3) 
and GG (OR = 1, 95% CI: 0.80–1.26, P = 0.94) (Fig. 4) of 
− 11377 C > G polymorphism and risk of T2D. In addi-
tion, we performed sensitivity analysis using “leave-one-
out” method to assess the stability of overall results. The 
effect sizes obtained from three genotypes were robust 
and removing any of the studies in turn did not change 
the effect on estimated overall results significantly.

Association between the SNP + 276 G > T polymorphism 
of adiponectin gene and risk of T2D
With respect to the presence of obvious heterogeneity 
among the genotypes of GT  (I2 = 93.8%, P < 0.001) and 
GG  (I2 = 96.7%, P < 0.001). The random-effects model was 
adopted, whereas for the analysis of the genotype of TT 
 (I2 = 38%, P = 0.05), the fixed- effects model was used. In 
the whole populations including SNP + 276 G > T poly-
morphism, a significant association was found between 
the genotype TT of SNP + 276 G > T polymorphism of 
adiponectin gene and susceptibility to T2D (OR = 0.87, 
95% CI: 0.77–0.98, P = 0.026) (Fig. 5). There was no sta-
tistical significant association between the genotypes 
of GT and GG of SNP + 276 G > T polymorphism of 

adiponectin gene and risk of T2D (OR = 0.79, 95% CI: 
0.60–1.02, P = 0.07) (Fig.  6) and (OR = 0.76, 95% CI: 
0.56–1.04, P = 0.09) (Fig. 7), respectively. We performed 
sensitivity analysis using “leave-one-out” method by 
removing the studies by sequence. The results showed 
that omission of the studies did not have a significant 
effect on pooled ORs. These results indicating that our 
meta-analysis had reliable and stable results.

Publication bias
Funnel plot, Begg’s rank correlation and Egger’s regres-
sion tests were performed to find the potential publica-
tion bias among the studies. Visual inspection of the 
funnel plots of genotypes in polymorphisms of − 11377 
and + 276 showed no significant publication bias among 
included studies (Fig. 8). Begg’s rank correlation test for 
genotype of CC (P = 0.62), CG (P = 1) and GG (P = 0.42) 
of −  11377 C > G polymorphism and for genotypes of 
TT (P = 0.58), CG (P = 0.29) and GT (P = 0.25) of + 276 
G > T polymorphism were not significant. In addition, the 
results of Egger’s regression test also showed no evidence 
of significant publication bias for genotypes of −  11377 
polymorphism (P = 0.49 for CC, P = 0.51 for CG and 
P = 0.80 for GG) and for genotypes of + 276 polymor-
phism (P = 0.30 for TT, P = 0.27 for GG and P = 0.49 for 
GT). The observed publication bias was imputed using 
trim-and-fill method. 23 missing studies for the geno-
types of CC, CG and GG of − 11377 polymorphism were 
imputed leading to correct pooled analysis that less than 
the overall effect size (OR: 0.54; 95% CI: 0.40–0.73), (OR: 
0.75; 95% CI: 0.60–0.94) and (OR: 0.95; 95% CI: 0.76–
1.17), respectively. The classic fail-safe N method showed 
that collectively 898 theoretically missing studies for 
−  11377 polymorphism would be needed to determine 
the pooled calculated effect size significantly. In addi-
tion, eight potentially missing studies were imputed for 
the genotypes of TT, GT and GG of + 276 polymorphism 
that equal with the initial estimate (OR: 0.84; 95% CI: 
0.72–0.98), (OR: 0.54; 95% CI: 0.40–0.73) and (OR: 0.54; 
95% CI: 0.40–0.73), respectively. The classic fail-safe N 
method for + 276 polymorphism indicated that 457 theo-
retically missing studies were required to bring P-value 
to < 0.05 (Figs. 8, 9).

Subgroup analyses
Subgroup analyses were conducted to find the possible 
source of significant heterogeneity among the included 
studies in − 11377 C > G and + 276 G > T polymorphisms 
of adiponectin gene using the following subgroups: sex 
(male vs. female), study design (case–control vs. cohort) 
and ethnicity (American vs. European vs. Asian vs. 
African).
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Subgroup analysis of − 11377 polymorphism
The results of subgroup analyses for genotypes of CC, 
CG and GG of −  11377 C > G polymorphism of adi-
ponectin gene based on sex, study design and ethnicity 
showed that there was no significant association between 
sex, study design and ethnicity and susceptibility to T2D 
compared to healthy control (Table 3).

Subgroup analysis of + 276 polymorphism
In the + 276 G > T polymorphism with genotypes of TT, 
GT and GG, subgroup analyses were performed accord-
ing to the sex, study design and ethnicity. No statistically 
significant between SNP + 276 (rs1501299) and risk of 
T2D was found neither in sex (males and females) nor 
in the study design (case–control and cohort studies). 
On the other hand, the results of the ethnicity subgroup 
revealed that + 276 (rs1501299) dominant model (TT vs. 
CG + GG) of European ethnicity relative to other eth-
nicities could be associated with the risk of T2D. The 
results of sex subgroup showed no significant association 
between male and female and the risk of T2D in geno-
types reported for + 276 polymorphism of adiponectin 
gene (Table 4).

Meta-regression analysis
Random-effects meta-regression showed no significant 
association between genotypes of SNPs of −  11377 
with potential confounding factors such as male (slope: 
0.0001; 95% CI: −  0.0005 to 0.0007; P = 0.69), female 
(slope: − 0.0001; 95% CI: − 0.0007 to 0.0004; P = 0.61), 
age (slope: − 0.43; 95% CI: − 0.82 to 0.91; P = 0.60) and 
genotyping method (slope: 0.013; 95% CI: −  1.53 to 
1.37; P = 0.94). On the other hand, for the genotypes 
of SNP of + 276, no statistical significant association 
with age and genotyping method was found. While, 
there was a significant positive association between GT 
genotype and male individuals (slope: 0.0006; 95% CI: 
0.0002 to 0.0009; P < 0.001) in comparison with female 
individuals (slope: 0.0002; 95% CI: -0.0001 to 0.0005; 
P = 0.06)]. The analysis of moderator variables showed 
that they were not the main cause of heterogeneity 
in the included studies, however sex may modify this 
association.

Discussion
This meta-analysis carried out to analyze the correla-
tion between adiponectin (ADIPOQ) gene polymor-
phisms (SNP −  11377 C > G and SNP + 276 G > T) 
and risk of T2D among included studies. There are 
many fundamental mechanisms involved in T2D 
pathogenesis. However, adiponectin gene polymor-
phisms have been associated with T2D. In this regard, 

several studies demonstrated a significant difference 
in the risk of T2D among individuals with genotypes 
of adiponectin gene [48, 49]. The adiponectin gene is 
located on human chromosome 3q27, which is com-
posed of three exons with span 17 kb as a susceptibil-
ity locus for T2D [50]. Previous studies have reported 
conflicting and inconsistent results on the association 
of ADIPOQ gene − 11377 C > G and + 276 G > T poly-
morphisms and the risk of T2D. Therefore, we designed 
this meta-analysis to determine whether these SNPs 
in the adiponectin gene were correlated with T2D risk 
in the whole population. In the present meta-analysis, 
we found a significant association between the TT 
genotype of + 276 G > T rs1501299 and increased risk 
of T2D. On the other hand, this meta-analysis dem-
onstrated that the genotypes of (CC, CG and GG) of 
−  11377 C > G (rs266729) of ADIPOQ gene was no 
associated with T2D risk.

We performed subgroup analyses according to ethnic-
ity, study design and sex. Subgroup analyses by ethnicity 
and sex suggested significant association between + 276 
G > T polymorphism and T2D risk among male indi-
viduals in European population compared to other eth-
nicities and female individuals. Moreover, we did not 
find any correlation between T2D risk and ADIPOQ 
−  11377 C > G polymorphism in the whole population. 
The obtained results in this study were similar to several 
previous studies with populations of different ethnicities 
[24, 51], while, some studies have reported the inconsist-
ent results such that there was no significant association 
of SNP −  11377 C > G and SNP + 276 G > T with risk 
of T2D [52–54]. The absence of significant association 
between genotypes and allele of G and C − 11377 C > G 
of ADIPOQ gene and risk of T2D might be due to the 
following results: Differences in the ADIPOQ −  11377 
G > C genotype distribution in the ethnic background, 
location of these SNPs on the ADIPOQ gene, as such 
SNP − 11377 C > G is located in the ADIPOQ gene pro-
moter region, whereas + 276 G > T is located in the intron 
2 region. Thus, studies suggested that genetic variation in 
the promoter region of this gene with SNP − 11377 could 
reduce ADIPOQ promoter transcription activity leading 
to the loss of the relationship between SNP − 11377 and 
T2D disease. In addition, the ethnicities involved in these 
two SNPs were different, the majority of populations for 
−  11377 C > G were Asian, while, those for + 276 G > T 
were European or Asian.

In order to find the observed heterogeneity, subgroup 
analyses were performed. Firstly, we analyzed the asso-
ciation between the genotypes (TT, GT, GG and allele 
C vs. allele G) of + 276 G > T with risk of T2D by sub-
group of ethnicity (Asian, European, American and 
African). The results showed no significant association 
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between genotypes of −  11377 C > G and the risk 
of T2D, whereas, the TT genotype of + 276 G > C in 
European population is significantly associated with 
increased risk of T2D. In the next step, we analyzed this 
association in subgroups of sex and study design. The 
pooled results from two SNPs indicated no significant 
correlation between these SNPs and the risk of T2D in 
subgroups stratified to sex and study design. For con-
firming these results, meta-regression was conducted. 
We found a strong association between susceptibility 
to T2D and sex in the GT genotype of + 276 G > T. Our 
meta-analysis data have suggested that males are sig-
nificantly susceptibility to T2D. This provides some evi-
dence that the association between + 276 (TT and GT) 

and T2D might be mediated by sex. Therefore, sex may 
modify this association.

In 2011, Hara et al. have reported that SNP + 276 GG 
genotype of ADIPOQ gene was associated with T2D in 
the Japanese population [55]. This result agreed with our 
meta-analysis data. In contrast to our finding, Hara et al. 
was found that G vs. C allele of − 11377 C > G rs266729 
might be associated with T2D risk. In this regard, there 
are several explanations for this inconsistency. First, the 
difference may be owing to the small sample size and the 
low number of studies in the meta-analysis by Hara et al. 
relative to our study. Second, the rs266729 polymor-
phism in the adiponectin gene is not considerable SNP 
in the whole population. Third, T2D is a complex disease 

Fig. 2 Forest plot for the association between the GG genotype of SNP  − 11377 C > G and risk of T2D in the whole populations
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Fig. 3 Forest plot for the association between the CG genotype of SNP  − 11377 C > G and risk of T2D in the whole populations

Fig. 4 Forest plot for the association between the GG genotype of SNP  − 11377 C > G and risk of T2D in the whole populations
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Fig. 5 Forest plot for meta-analysis correlation between the TT genotype of SNP + 276 G > T (rs1501299) and T2D risk in the overall populations

Fig. 6 Forest plot for meta-analysis correlation between the GG genotype of SNP + 276 G > T (rs1501299) and T2D risk in the overall populations
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Fig. 7 Forest plot for meta-analysis correlation between the GT genotype of SNP + 276 G > T (rs1501299) and T2D risk in the overall populations

Fig. 8 Funnel plots for assessing publication bias in the studies investigating association between SNP − 11377 C > G (rs266729) and risk of T2D in 
the genotype models: A CC, B CG, C GG
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that is affected by environmental agents, life style, socio-
economic condition and individual’s susceptibility [56, 
57].

Our meta-analysis has several advantages. This study 
included the most recent published articles on the asso-
ciation between the two SNPs of adiponectin gene and 
T2D. To enhance the power of strategy search, we used 
precise inclusion and exclusion criteria and a predefined 
standard sheet for data extraction. Moreover, to find 
observed heterogeneity among included studies, we per-
formed subgroup and meta-regression analyses accord-
ing to the moderator variables of sex, ethnicity, study 
design and genotyping methods. A comprehensive qual-
ity assessment of included studies using NOS checklist 

detected that the most of the studies had moderate to 
high quality. In addition, having the high number of stud-
ies with large sample size has raised the statistical power 
of this study.

The limitations of this meta-analysis are that our search 
was restricted to published studies with English lan-
guage, which potentially might lead to publication bias. 
With respect to significant heterogeneity among included 
studies, the findings of the present study should be inter-
preted with caution. Finally, the number of studies for 
subgroup analyses was relatively small, thus, further 
studies are needed for sex, study design and ethnicity to 
identify the precise relationship between these two SNPs 
and increased risk of T2D.

Fig. 9 Funnel plots for assessing publication bias in the studies investigating association between SNP + 276 G > T (rs266729) and risk of T2D in the 
genotype models: A TT, B GG, C GT



Page 16 of 19Alimi et al. Diabetology & Metabolic Syndrome          (2021) 13:133 

Table 3 Investigation of association between SNP − 11377 (rs266729) and type 2 diabetes risk using subgroup analyses

OR odds ratio, I2 Higgins index

Subgroup Number of studies OR (95% CI) Z-value P-value Test of heterogeneity

I2 (%) P

CC genotype 26 0.76 (0.53, 1.09) − 1.44 0.14 < 0.001 97.7

 Ethnicity

  Asian 14 0.96 (0.79, 1.16) − 0.36 0.71 79.1  < 0.001

  European 7 0.78 (0.49, 1.22) −  1.08 0.27 95.2  < 0.001

  American 3 0.25 (0.02, 2.9) −  1.09 0.27 99.7  < 0.001

  African 2 0.83 (0.51, 1.3) −  0.76 0.44 77.6 0.03

 Study design

  Case–control 20 0.69 (0.44, 1.07) − 1.62 0.10 98.2  < 0.001

  Cohort 6 1.04 (0.82, 1.34) 0.38 0.70 72.9 0.002

 Sex

  Male 26 0.90 (0.65, 1.23) 0.64 0.52 96  < 0.001

  Female 25 1.28 (0.88, 1.86) 1.29 0.19 97.6  < 0.001

CG genotype 26 0.93 (0.72, 1.20) 0.58 0.58 < 0.001 95.3 

 Ethnicity

  Asian 14 1.05 (0.89, 1.25) 0.64 0.52 71.9  < 0.001

  European 7 0.90 (0.66, 1.23) − 0.62 0.53 89  < 0.001

  American 3 0.44 (0.08, 2.24) − 0.97 0.32 99  < 0.001

  African 2 1.2 (0.94, 1.58) 1.51 0.13 34.6 0.21

 Study design

  Case–control 20 0.88 (0.64, 1.22) − 0.72 0.47 96.3  < 0.001

  Cohort 6 1.05 (0.93, 1.20) 0.37 0.37 0.00 0.44

 Sex

  Male 25 0.99 (0.82, 1.19) − 0.07 0.94 75.3  < 0.001

  Female 24 1.003 (0.81, 1.23) 0.03 0.97 75.8  < 0.001

GG genotype 26 1.008 (0.80, 1.26) 0.067 0.94 < 0.001 75.7

 Ethnicity

  Asian 14 1.10 (0.96, 1.27) 1.28 0.14 41.9 0.05

  European 7 1.01 (0.75, 1.37) 0.09 0.92 53.6 0.04

  American 3 0.50 (0.11, 2.22) − 0.90 0.36 96.1  < 0.001

  African 2 1.41 (0.99, 2.02) − 0.33 0.05 70 0.06

 Study design

  Case–control 20 0.96 (0.73, 1.25) − 0.28 0.77 80.1  < 0.001

  Cohort 6 1.27 (0.98, 1.66) 1.8 0.07 0.00 0.50

 Sex

  Male 24 1.10 (0.91, 1.33) 1.05 0.29 0.00 0.50

  Female 24 0.90 (0.75, 1.09) − 1.05 0.45 0.00 0.51
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Conclusion
Regarding to the role of adiponectin level in the control 
of T2D, this meta-analysis of available studies suggests a 
strong significant association between the TT genotype 
of SNP + 276 G > T of adiponectin gene and increased 
risk of T2D in European population. Sex may modify 
this association. However, further studies with the higher 
quality are needed for confirming this association.
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Table 4 Assessment of association between SNP + 276 (rs1501299) and risk of type 2 diabetes using subgroup analyses

OR odds ratio, I2 Higgins index

Subgroup Number of studies OR (95% CI) Z-value P-value Test of heterogeneity

I2 (%) P

TT genotype 20 0.87 (0.77, 0.98) 1.84 0.026 38 0.05

 Ethnicity

  Asian 9 0.90 (0.75, 1.08) − 1.07 0.28 0.00 0.56

  European 9 0.80 (0.67, 0.97) − 1.58 0.023 60 0.01

  American 2 0.98 (0.72, 1.33) − 0.29 0.92 60.3 0.11

 Study design

  Case–control 14 0.87 (0.70, 1.08) − 1.22 0.22 52 0.012

  Cohort 6 0.80 (0.64, 1) − 1.93 0.05 0.00 0.71

 Sex

  Male 19 0.78 (0.65, 1.03) − 0.98 0.69 65 0.04

  Female 19 0.82 (0.75, 1.21) − 0.75 0.61 75 0.02

GT genotype 20 0.79 (0.60, 1.02) − 1.77 0.07 93.8 < 0.001

 Ethnicity

  Asian 9 0.99 (0.71, 1.3) − 0.032 0.97 90.3  < 0.001

  European 9 0.67 (0.42, 1.06) − 1.70 0.08 95.3  < 0.001

  American 2 0.61 (0.20, 1.81) − 0.89 0.37 97.2  < 0.001

 Study design

  Case–control 14 0.79 (0.59, 1.05) − 1.5 0.11 93  < 0.001

  Cohort 6 0.79 (0.43, 1.45) − 0.75 0.45 95.9  < 0.001

 Sex

  Male 19 0.76 (0.45, 1.93) − 1.02 0.76 92  < 0.001

  Female 19 0.64 (0.37, 1.78) − 0.96 0. 45 95  < 0.001

GG genotype 21 0.76 (0.56, 1.04) -1.6 0.09 96.7 < 0.001

 Ethnicity

  Asian 10 1.04 (0.71, 1.24) 0.23 0.81 95.7  < 0.001

  European 9 0.57 (0.30, 1.06) − 1.75 0.08 97.5  < 0.001

  American 2 0.58 (0.24, 1.40) − 1.20 0.22 96.4  < 0.001

 Study design

  Case–control 15 0.75 (0.52, 1.06) − 1.59 0.11 96.3  < 0.001

  Cohort 6 0.80 (0.38, 1.68) − 0.56 0.57 97.7  < 0.001

 Sex

  Male 20 0.85 (0.62, 1.75) − 0.76 0.43 90  < 0.001

  Female 20 0.77 (0.34, 1.32) − 1.61 0.21 85.4  < 0.001
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