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Abstract

Background: Growing body of evidence suggest the association between SNP — 11377 C>G and SNP 4276 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 (Cls) 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% Cl: 0.53-1.09, P=0.14), CG (OR=0.93,95% Cl: 0.72-1.20, P=0.58) and GG (OR=1, 95% Cl: 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 4276 TT genotype (OR=10.87,95% Cl: 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 4+ 276 polymorphism with risk of T2D in male individuals (slope: 0.0006; 95% Cl: 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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(rs266729), and +276G/T (rs1501299)] and risk for T2D.

pean ethnicities.

in male individuals with European ethnicity.
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We performed a meta-analysis to assess the association between two ADIPOQ polymorphisms [— 11377C/G
Odds ratios (ORs) with corresponding 95% confidence intervals (95% Cls) 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-

Our findings evidence a positive association between ADIPOQ 4276 G > T polymorphism with increased risk of T2D
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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
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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 4276 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)
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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% ClIs 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 I><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 4276
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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.
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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

Search related Mesh terms:

"ADIPOQ gene polymorphism OR

SNP-11377 C > G OR SNP-11365 C =
G ANDT2D". " ADIPOQ gene
polymorphism OR SNP+276 G=> T
AND T2D", "SNP+276 OR rs1501299
AND T2D", "SNP-11377 OR rs266729

k AND T2D" /

Totally, 741 records identified from the
following databases up to J 2021:
. PubMed (n=214)
. Web of Science (n = 126)
. Cochrane Library (n = 194)
. Scopus (n=207)
Total (n=741)

o ]

screen (n = 350)

Duplicated records removed in
different databases by title

+

e

/Exclutling articles:

Brief Report (n =80)
-Animal & in vitro studies (n= 5(0))

T2D (n=90)

(n=80)

Total (n=360)

N

-Review, Editorial, Conference Abstract and

-ADIPOC polymorphisms in patients without
-Not assessing SNPs of - 11377 and 4276 in T2D

-Insufficient information on genotypes (n = 60).

Articles for abstract
and full-text reading
(n=391)

/

ya ) ™

Fig. 1 Search flow diagram of study selection

Final included articles
(n=31)
v 25 articles (26 studies) for
SNP-11377 C = G (rs266729)
of ADIPOQ) gene.

v 20 articles for SNP+276 G=>T
(rs1501299) of ADIPOQ) gene.

A




Alimi et al. Diabetology & Metabolic Syndrome (2021) 13:133

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 (I’=97.7%, P<0.001), CG (I*=95.3%, P<0.001) and
GG (I’*=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 (I*=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
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adiponectin gene and risk of T2D (OR=0.79, 95% CIL:
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 4276 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 4276 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,
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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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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit p-Value
Zhang et al., 2009 0.881 0.700 1.109 0.281
Hara et al., 2002 1.252 0.953 1.644 0.106
Vasseur et al., 2002 0.264 0.218 0.320 0.000 [ |
Gu et al., 2004 1.223 0.803 1.863 0.349
Hu et al., 2004 0.985 0.807 1.203 0.882
Gibson et al., 2004 0.943 0.784 1.133 0.530
Vasseur et al., 2005 0.844 0.640 1.114 0231
Tso et al., 2006 2.435 1.543 3.842 0.000 L 3
Schwarz et al., 2006 0.804 0.595 1.086 0.155
Gable et al., 2007 0.889 0.652 1.213 0.460
Olckers et al., 2007 1.099 0.728 1.657 0.654
Sun et al., 2008 0.570 0.366 0.888 0.013 L .
Hivert et al., 2008 0.019 0.015 0.024 0.000 ||
Wang et al., 2009a 0.932 0.783 1.109 0430
Yang et al., 2009 0.714 0.521 0.979 0.036
Wang et al., 2009 0.852 0.643 1.128 0.263
Chiodini et al., 2010 1.009 0.780 1.305 0.948
Karimi et al., 2019 0.733 0.390 1.379 0336
Pramanik palit et al., 2020a 0.782 0.563 1.087 0.143
Pramanik palit et al., 2020b 1.466 1.095 1.964 0.010 | ]
Ramya et al., 2013 0.794 0.669 0.943 0.009
Mtiraoui et al., 2012 0.672 0.554 0.816 0.000 |
Cui et al., 2020 1.104 0.748 1.630 0.619
Nomani et 1., 2018 0.687 0.380 1.244 0215
Alimi et al., 2021 0.493 0.281 0.862 0.013 -
Populaire et al., 2003 2.007 1.304 3.090 0.002 E 3
0.768 0.537 1.099 0.148 b
0.01 0.1 1 10 100
Favours Control Favours T2D
Fig. 2 Forest plot for the association between the GG genotype of SNP — 11377 C>G and risk of T2D in the whole populations

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
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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit Limit Z-Value  p-Value
Zhang et al., 2009 1.076 0.851 1.359 0.611 0.541
Hara et al., 2002 0.838 0.632 1.111 -1.225 0221
Vasseur et al., 2002 0.452 0.370 0.553 -7.766 0.000 [ |
Gu et al., 2004 0.790 0.505 1.234 -1.037 0.300
Hu et al., 2004 0.996 0.812 1.222 -0.034 0.973
Gibson et al., 2004 1.039 0.861 1.254 0.396 0.692
Vasseur et al., 2005 1.400 1.018 1.926 2.071 0.038
Tso et al., 2006 1.673 1.044 2.683 2.137 0.033
Schwarz et al., 2006 1.090 0.801 1.483 0.546 0.585
Gable et al., 2007 0.917 0.663 1.268 -0.524 0.600
Olckers et al., 2007 0.994 0.655 1.509 -0.028 0977
Sun et al., 2008 1.686 1.075 2.645 2.273 0.023 -
Hivert et al.,, 2008 0.083 0.066 0.105 -21.018 0.000 [ |
Wang et al., 2009a 0.984 0.823 1.176 -0.176 0.860
Yang et al., 2009 1.317 0.956 1.815 1.686 0.092
Wang et al., 2009 0.791 0.585 1.070 -1.520 0.128
Chiodini et al., 2010 0.991 0.760 1.292 -0.068 0.946
Karimi et al., 2019 1.172 0.619 2.220 0.488 0.625
Pramanik palit et al., 2020a 1.278 0.920 1.776 1.463 0.143
Pramanik palit et al., 2020b 0.682 0.509 0.913 -2.568 0.010 |
Ramya et al., 2013 1.170 0.982 1.394 1.756 0.079
Mtiraoui et al., 2012 1.330 1.092 1.620 2.830 0.005
Cui et al., 2020 0.980 0.659 1.456 -0.101 0920
Nomani et 1., 2018 1.346 0.738 2.455 0.969 0.333
Alimi etal., 2021 1.921 1.110 3.326 2332 0.020 -l
Populaire et al., 2003 0.457 0.293 0.712 -3.459 0.001 E 3
0.931 0.721 1.203 -0.544 0.587 )
0.01 0.1 1 10 100
Favours Control Favours T2D
Fig. 3 Forest plot for the association between the CG genotype of SNP — 11377 C>G and risk of T2D in the whole populations
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value  p-Value
Zhang et al., 2009 1.267 0.764 2.101 0916 0359
Hara et al., 2002 0.798 0.469 1.359 -0.830 0.406
Vasseur et al., 2002 0.538 0.353 0.819 -2.888 0.004 L 3
Gu et al., 2004 0.970 0.488 1.926 -0.087 0931
Hu et al., 2004 1.082 0.717 1.633 0.377 0.706
Gibson et al., 2004 1.090 0.761 1.561 0.471 0.637
Vasseur et al., 2005 0.925 0.402 2.131 -0.183 0.855
Tso et al., 2006 1.267 0.487 3.299 0.484 0.628
Schwarz et al., 2006 1.607 0.908 2.844 1.628 0.104
Gable et al., 2007 1.443 0.831 2.505 1.302 0.193
Olckers et al., 2007 0.196 0.023 1.687 -1.484 0.138 —
Sun et al., 2008 1.336 0.470 3.799 0.543 0.587
Hivert et al., 2008 0.090 0.049 0.168 -7.618 0.000 -
Wang et al., 2009a 1.414 1.000 1.998 1.961 0.050
Yang et al., 2009 1.239 0.731 2.101 0.795 0426
Wang et al., 2009 1.965 0.998 3.872 1.953 0.051
Chiodini et al., 2010 1.000 0.546 1.830 0.000 1.000
Karimi et al., 2019 2.026 0.180 22.797 0.572 0.568 e
Pramanik palit et al., 2020a 1.278 0.920 1.776 1.463 0.143
Pramanik palit et al., 2020b 0.682 0.509 0.913 -2.568 0.010 |
Ramya et al., 2013 1.452 0.998 2.111 1.952 0.051
Mtiraoui et al., 2012 1.501 1.046 2.152 2.205 0.027
Cui et al., 2020 0.649 0.285 1.482 -1.026 0.305
Nomani et 1., 2018 2.907 0.297 28.448 0.917 0359 -
Alimi et al., 2021 1.110 0.422 2917 0.211 0.833
Populaire et al., 2003 1.244 0.514 3.009 0.484 0.628
1.008 0.805 1.262 0.067 0.946 .
0.01 0.1 1 10 100

Favours Control Favours T2D
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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Study name

Hara et al., 2002
Menzaghi et al., 2002
Populaire et al., 2003
Gu et al., 2004
Fumeron et al., 2004
Hu et al., 2004

Gibson et al., 2004

de Courten et al., 2005
Lee et al., 2005
Gonzalez-Sanchez et al., 2005
Vasseur et al., 2005
Tso et al., 2006

Gable et al., 2007
Yamaguchi et al. 2007
Yang et al., 2007
Hivert et al., 2008
Magdalena et al., 2009
Mohammadzadeh et al., 2009
Wang et al., 2009
Chiodini et al., 2010
Alimi et al., 2021

Odds
ratio

1.447
0.936
1.402
0.889
0.198
0.908
1.126
1.746
0.748
0.025
0.853
2312
0.936
1.197
0.259
0.371
1.461
1.279
0.943
1.049
0.795
0.765

Statistics for each study

Lower
limit
1.104
0.682
0.915
0.584
0.151
0.745
0.924
1.445
0.577
0.016
0.633
1.409
0.686
1.046
0.208
0.285
1.109
0.585
0.792
0.819
0.462
0.560

Upper
limit
1.897
1.284
2.147
1.353
0.261
1.108
1.373
2.110
0.969
0.041
1.151
3.796
1.277
1.369
0.324
0.484
1.924
2.795
1.123
1.343
1.368
1.046

Z-Value

2.679
-0.413
1.552
-0.548
-11.487
-0.951
1.174
5.773
-2.194
-15.053
-1.039
3.315
-0.416
2.609
-11.938
-7.309
2.697
0.616
-0.656
0.379
-0.829
-1.676

p-Value

0.007
0.680
0.121
0.584
0.000
0.341
0.240
0.000
0.028
0.000
0.299
0.001
0.677
0.009
0.000
0.000
0.007
0.538
0.512
0.705
0.407
0.094

0.01

Qdds ratio and 95% CI

1
0.1 1

Favours Control Favours T2D

10 100

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

Study name

Hara et al., 2002

Menzaghi et al., 2002
Populaire et al., 2003

Gu et al., 2004

Fumeron et al., 2004

Hu et al., 2004

Gibson et al., 2004

de Courten et al., 2005

Lee et al., 2005
Gonzalez-Sanchez et al., 2005
Vasseur et al., 2005

Tso et al., 2006

Gable et al., 2007

Yang et al., 2007

Hivert et al., 2008
Magdalena et al., 2009
Mohammadzadeh et al., 2009
Wang et al., 2009

Chiodini et al., 2010

Alimi et al., 2021

Odds
ratio

0.801
1.066
0.612
1.083
0.284
1.057
0.926
1.618
1.373
0.110
1.192
1.607
0.926
0.460
0.347
0.684
0.905
1.106
1.068
1.227
0.791

Statistics for each study

Lower
limit
0.608
0.771
0.394
0.709
0.211
0.864
0.757
1.276
1.055
0.076
0.863
0.970
0.669
0.371
0.257
0.516
0.408
0.926
0.830
0.709
0.609

Upper

limit

1.054
1.473
0.949
1.654
0.383
1.293
1.134
2.053
1.785
0.159
1.645
2.665
1.282
0.572
0.470
0.906
2.005
1.322
1.375
2.124
1.026

Z-Value

-1.583
0.384
-2.194
0.369
-8.292
0.536
-0.742
3.969
2.362
-11.604
1.065
1.840
-0.464
-7.031
-6.863
-2.651
-0.247
1.109
0.514
0.732
-1.770

p-Value

0.113
0.701
0.028
0.712
0.000
0.592
0.458
0.000
0.018
0.000
0.287
0.066
0.643
0.000
0.000
0.008
0.805
0.268
0.607
0.464
0.077

0.01

Odds ratio and 95% CI
n
| |
]
| |
n
[ |
1
0.1 1 10 100

Favours Control Favours T2D
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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Study name Statistics for each study Qdds ratio and 95% CI

Odds Lower Upper

ratio limit Limit Z-Value p-Value
Hara et al., 2002 0.527 0.297 0.932 -2.200 0.028
Menzaghi et al., 2002 1.019 0.585 1.773 0.065 0.948
Populaire et al., 2003 1.369 0.705 2.655 0.928 0.353
Gu et al., 2004 1.128 0.547 2.327 0.327 0.743
Fumeron et al., 2004 0.636 0.372 1.088 -1.653 0.098
Hu et al., 2004 1.160 0.804 1.674 0.793 0.428
Gibson et al., 2004 0.856 0.591 1.239 -0.824 0.410
de Courten et al., 2005 1.085 0.619 1.903 0.286 0.775
Lee et al., 2005 0.935 0.580 1.510 -0.274 0.784
Gonzalez-Sanchez et al., 2005 0.122 0.048 0.312 -4.396 0.000 ——
Vasseur et al., 2005 1.216 0.673 2.199 0.648 0.517
Tso et al., 2006 1.039 0.495 2.180 0.101 0.920
Gable et al., 2007 0.932 0.483 1.797 -0.212 0.832
Yang et al., 2007 0.786 0.526 1.175 -1.174 0.240
Hivert et al., 2008 0.677 0.388 1.179 -1.379 0.168
Magdalena et al., 2009 0.876 0.376 2.041 -0.307 0.759
Mohammadzadeh et al., 2009 0.500 0.087 2.860 -0.779 0.436
Wang et al., 2009 0976 0.690 1.379 -0.140 0.888
Chiodini et al., 2010 0.763 0.519 1.124 -1.369 0.171
Alimi et al., 2021 1.109 0.400 3.074 0.198 0.843

0.874 0.777 0.984 -2.228 0.026

0.01 0.1 1 10 100
Favours Control Favours T2D
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
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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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Fig. 9 Funnel plots for assessing publication bias in the studies investigating association between SNP 4276 G>T (rs266729) and risk of T2D in the
genotype models: ATT, B GG, C GT

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

Subgroup Number of studies OR (95% Cl) Z-value P-value Test of heterogeneity
12 (%) P
CC genotype 26 0.76 (0.53,1.09) — 144 0.14 <0.001 97.7
Ethnicity
Asian 14 0.96 (0.79,1.16) —036 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 (O 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) — 162 0.10 98.2 <0.001
Cohort 6 1.04 (0.82,1.34) 0.38 0.70 729 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 <0.001 953
Ethnicity
Asian 14 05 (0.89, 1.25) 0.64 052 719 <0.001
European 0.90 (0.66, 1.23) — 062 0.53 89 <0.001
American 3 0.44 (0.08, 2.24) —097 032 99 <0.001
African 2 2(0.94,1.58) 151 0.13 346 0.21
Study design
Case—control 20 0.88 (0.64,1.22) —-0.72 047 96.3 <0.001
Cohort 6 1.05(0.93,1.20) 0.37 037 0.00 0.44
Sex
Male 25 0.99 (0.82,1.19) —0.07 0.94 753 <0.001
Female 24 1.003 (0.81,1.23) 0.03 097 75.8 <0.001
GG genotype 26 1.008 (0.80, 1.26) 0.067 0.94 <0.001 75.7
Ethnicity
Asian 14 0(0.96,1.27) 1.28 0.14 419 0.05
European 01(0.75,1.37) 0.09 0.92 536 0.04
American 3 0.50(0.11,2.22) — 090 036 96.1 <0.001
African 2 41(0.99,2.02) —033 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(091,1.33) 1.05 029 0.00 0.50
Female 24 0.90 (0.75, 1.09) —1.05 045 0.00 0.51

OR odds ratio, ? Higgins index
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Table 4 Assessment of association between SNP + 276 (rs1501299) and risk of type 2 diabetes using subgroup analyses

Subgroup Number of studies OR (95% Cl) Z-value P-value Test of heterogeneity
1% (%) P
TT genotype 20 0.87(0.77,0.98) 1.84 0.026 38 0.05
Ethnicity
Asian 0.90 (0.75, 1.08) —1.07 0.28 0.00 0.56
European 0.80 (0.67,0.97) —1.58 0.023 60 0.01
American 2 0.98(0.72,1.33) —029 092 60.3 0.11
Study design
Case—control 14 0.87(0.70, 1.08) —122 0.22 52 0.012
Cohort 6 0.80(0.64, 1) —193 0.05 0.00 0.71
Sex
Male 19 0.78 (0.65, 1.03) —098 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 0.99 (0.71,1.3) —0.032 0.97 90.3 <0.001
European 0.67 (042, 1.06) —1.70 0.08 95.3 <0.001
American 2 0.61(0.20, 1.81) —0.89 037 97.2 <0.001
Study design
Case—control 14 0.79(0.59, 1.05) —15 0.11 93 <0.001
Cohort 6 0.79 (043, 1.45) —0.75 045 959 <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) —096 0.45 95 <0.001
GG genotype 21 0.76 (0.56, 1.04) -16 0.09 96.7 <0.001
Ethnicity
Asian 10 1.04(0.71,1.24) 0.23 0.81 95.7 <0.001
European 0.57 (030, 1.06) — 175 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) — 159 0.11 96.3 <0.001
Cohort 6 0.80(0.38,1.68) — 056 0.57 97.7 <0.001
Sex
Male 20 0.85(0.62,1.75) —076 043 90 <0.001
Female 20 0.77 (0.34,1.32) — 161 0.21 854 <0.001

OR odds ratio, * Higgins index

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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