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Abstract 

Objective  This meta-analysis was performed to summarize the association of the ADIPOQ rs2241766 
and rs266729 polymorphisms with metabolic syndrome (MS) in the Chinese population. 

Methods  We searched for articles in MEDLINE via PubMed, EMBASE, HuGE Navigator, CNKI, and 
Wanfang databases and calculated odds ratios (ORs) with 95% confidence intervals (CIs) to determine 
the strength of associations in fixed- or random-effects models. 

Results  We included 21 articles in the meta-analysis: 17 reports of ADIPOQ rs2241766 with 3628 cases 
and 3000 controls and 8 of rs266729 with 2021 cases and 2226 controls. We found an increased risk of 
MS with the ADIPOQ rs2241766 polymorphism in some genetic models (allele model: OR=1.12, 95% CI: 
1.03-1.21; dominant model: OR=1.15, 95% CI: 1.04-1.28; homozygote model: OR=1.22, 95% CI: 
1.00-1.49) but no association with the ADIPOQ rs266729 polymorphism (allele model: OR=0.98, 95% CI: 
0.82-1.17; dominant model: OR=0.90, 95% CI: 0.79-1.02; recessive model: OR=1.09, 95% CI: 0.85-1.39; 
homozygote model: OR=1.03, 95% CI: 0.80-1.33). 

Conclusion  The results of this meta-analysis suggest an association between the ADIPOQ rs2241766 
polymorphism and MS in the Chinese population. G allele of ADIPOQ rs2241766 increases the risk of 
MS. Better designed studies with different ethnic populations and larger sample sizes are needed for 
assessing the relationship between ADIPOQ rs2241766 and rs266729 polymorphisms and MS in the 
future. 
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INTRODUCTION 

etabolic syndrome (MS) is a cluster of 
physiological and biochemical 
abnormalities, including abdominal 

obesity, dyslipidemia, hypertension and 
hyperglycemia[1]. Insulin resistance and central 
obesity are the core features of MS[1]. The 
prevalence of MS is increasing and is a public health 
problem worldwide. A previous study indicated that M 
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the adjusted prevalence of MS in middle-aged 
Chinese people in 2004-2005 had significantly 
increased since 1998 (10.0% vs. 7.2%, P<0.05)[2]. 
Data from the International Diabetes Federation (IDF) 
in 2005 showed that the prevalence of MS ranged 
from 10% to 50% among different populations with 
respect to ethnicity, nationality, sex, and age[3]. 

Previous studies suggested an association 
between hereditary factors and MS[4-5]. A large 
number of studies have reported MS-related 
candidate genes[6]. The adiponectin gene (ADIPOQ), 
located on chromosome 3q27, has been evaluated 
as a susceptibility locus for MS and its 
components[7-8]. Studies of a T/G mutation at 
position 45 in exon 2 and a C/G mutation at position 
-11377 in the promoter region in ADIPOQ were 
inconsistent. The +45T/G (rs2241766) sites were 
found closely related to obesity[9], type 2 diabetes[10], 
and MS[11]. However, other studies also found no 
significant association between rs2241766 
polymorphism and obesity[12], MS[13], or 
hypertension[14]. A family-based study demonstrated 
that the ADIPOQ promoter variant rs266729 was 
associated with obesity and its traits in an Arabic 
population[15]. Other studies consistently revealed 
that the G allele of rs266729 might be a risk factor 
for type 2 diabetes[16-17]. However, Li et al.[11] found 
no significant association between the rs266729 
polymorphism and MS.  

Therefore, we conducted a meta-analysis to 
summarize the association between the ADIPOQ 
rs2241766 and rs266729 polymorphisms and MS in 
the Chinese population. 

MATERIALS AND METHODS 

Study Selection 

We performed a systematic search of MEDLINE 
via PubMed, EMBASE, HuGE Navigator, CNKI, and 
Wanfang databases for articles evaluating the 
association between ADIPOQ polymorphisms and 
MS in the Chinese population published in English or 
Chinese. Moreover, we searched the reference lists 
and contacted the corresponding authors of all 
identified relevant publications. The search involved 
the following keyword strings: ‘adiponectin’, 
‘ADIPOQ’, ‘adiponectin gene polymorphism’, ‘AMP1’, 
‘metabolic syndrome’, ‘MS’, ‘metabolic syndrome X’, 
‘syndrome X’, ‘genetic variability’, ‘allele’, ‘SNP’, 
‘polymorphism’, and ‘Chinese’. All documents were 
updated to July 28, 2015.  

Articles were included if they were a 

case-control or cross-sectional study published as an 
original study evaluating the association of the 
ADIPOQ rs2241766 and rs266729 polymorphisms 
with MS, if the outcome was MS defined by standard 
criteria, if the article provided sufficient data for 
evaluating odds ratios (ORs) with their 95% 
confidence intervals (95% CIs) directly or indirectly, 
and if control participants satisfied the 
Hardy-Weinberg equilibrium (HWE). The major 
exclusion criteria were articles in which genotype 
frequencies or alleles could not be ascertained, 
reviews or abstracts and studies which not studying 
on ADIPOQ polymorphisms or MS. 

Data Extraction 

 Study selection and data extraction were 
conducted by two researchers (Zhou JM and Zhang 
M) independently. Data extracted included the 
author’s last name, year of publication, ethnicity of 
subjects, study type, definition of MS, number of 
cases and controls, genotype frequencies in both 
groups and genotyping method, and the P value for 
HWE in control participants. Any disagreements 
were resolved by discussion or by consulting a third 
investigator (Hu DS). 

Data Analysis 

 The association between ADIPOQ 
polymorphism and MS was estimated by ORs and 
95% CIs in allele, dominant, recessive, and 
homozygote genetic models using Stata version 12.0 
(STATA Corp., College Station, Texas, USA). A Z test 
was used to evaluate the statistical significance of 
the pooled ORs, with P<0.05 considered statistically 
significant. We used the inconsistency index I2 to 
assess the heterogeneity of studies. Substantial 
heterogeneity was considered when Phet<0.05 or 
I2>50%, and the random-effects model was applied 
for assessing the pooled ORs and 95% CIs. The 
fixed-effects model was used in case of no 
substantial heterogeneity. We performed subgroup 
analyses by ethnicity; population region, divided as 
south and north by the Yangtze River; and criteria of 
MS defined by the Chinese Diabetes Society (CDS), 
IDF, Adult Treatment Panel III of the National 
Cholesterol Education Program (NCEP ATP III),  
World Health Organization (WHO), or De Ferranti et 
al.[18]. Sensitivity analysis, conducted by removing 
one study at a time and calculating the pooled ORs 
for the remaining studies, was performed to assess 
the stability of the results. We used Egger’s      
test (reported as t and P values) to estimate 
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publication bias. P<0.05 was considered statistically 
significant. 

Quality Score Assessment for the Included Studies 

The quality of the included studies was assessed 
using the Ottawa-Newcastle system (NOS)[19]. The 
NOS uses a star rating system to judge quality based 
on three broad perspectives: selection of study 
groups, comparability of categories, and 
ascertainment of exposure. A maximum of one star 
is given for each numbered item within the selection 
and exposure categories. A maximum of two stars is 
given for comparability. Studies with a total score ≥7 
were considered high quality. 

RESULTS 

Characteristics of Studies 

Our literature search yielded 112 articles 
identified by searching databases and an additional  

 

10 articles identified by searching the reference lists 
and contacting the corresponding authors of all 
identified related publications (Figure 1). We 
preliminarily included 22 articles[13,20-40] and tested 
genotype frequencies for HWE in control 
participants to confirm eligibility. For studies 
evaluating the rs2241766 polymorphism and MS, 
with α=0.003 (0.05/18≈0.003) used to measure HWE, 
controls deviated from HWE in one paper[40]. We 
included 17 publications for the association between 
rs2241766 polymorphism and MS (Table 1, Figure 1). 
For studies evaluating the association between 
rs266729 polymorphism and MS, with α=0.006 
(0.05/8≈0.006) used to test HWE, all control groups 
satisfied HWE. Finally, we included only 8 articles on 
the association between rs266729 polymorphism 
and MS (Table 1, Figure 1). Four articles described 
both polymorphisms. Most studies had a 
case-control design. The median quality score for 
included studies was 6.95 (range 6-8); 71.4% were 
considered a relatively high quality.   

 
Figure 1. Flow diagram of included studies. 
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Association between rs2241766 and MS 

For the association between rs2241766 and MS, 
3628 cases and 3000 controls were identified. Figure 
2 shows the forest plots of MS risk associated with 
the ADIPOQ rs2241766 polymorphism in the allele 
(A), dominant (B), recessive (C), and homozygote (D) 
models. The fixed-effects model generated a 
combined allelic OR of 1.12 (95% CI: 1.03-1.21, 
P=0.006) for the G allele, 1.15 (95% CI: 1.04-1.28, 
P=0.008) for the TG+GG genotype in the dominant 
model, 1.17 (95% CI: 0.96-1.42, P=0.114) for the GG 
genotype in the recessive model, and 1.22 (95% CI: 
1.00-1.49, P=0.047) for the GG genotype in the 
homozygote model (Figure 2, Table 2), for a 
significant association between the ADIPOQ 
rs2241766 polymorphism and overall risk of MS 

except in the recessive model. 
Regarding ethnicity, MS risk was increased with 

the rs2241766 polymorphism in three of the genetic 
models, the allele model (OR=1.18, 95% CI: 
1.05-1.34), dominant model (OR=1.22, 95% CI: 
1.04-1.43), and homozygote model (OR=1.40, 95% CI: 
1.05-1.88) in all Chinese (not just Han Chinese) but 
not in Han Chinese alone. MS risk was increased with 
the rs2241766 polymorphism in the allele model in 
both the north (OR=1.17, 95% CI: 1.04-1.31) and 
south (OR=1.13, 95% CI: 1.00-1.29) regions, but in 
the dominant model only in the north (OR=1.24, 95% 
CI: 1.07-1.44). Regarding MS definition, MS risk was 
increased only with the CDS diagnostic criteria in the 
allele (OR=1.40, 95% CI: 1.18-1.66), and dominant 
(OR=1.56, 95% CI: 1.25-1.94) models (Table 2).  

 

 

Figure 2. Forest plots of the risk of MS associated with the ADIPOQ rs2241766 polymorphism in the 
allele (A), dominant (B), recessive (C), and homozygote (D) models. The squares and horizontal lines 
correspond to the study-specific odds ratios (ORs) and 95% confidence intervals (CIs). The area of each 
square reflects the study-specific weight. The diamonds represent the combined ORs with its 95% CIs. 
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Association between rs266729 and MS 

In total, 2021 MS patients and 2226 controls 
were analyzed for the association between rs266729 
and MS. Figure 3 depicts forest plots of MS risk with 
ADIPOQ rs266729 polymorphism in the allele (A), 
dominant (B), recessive (C), and homozygote (D) 
models. The allele model presented significant 
heterogeneity (I2=50.6%, Phet=0.048). Thus, the 
random-effects model was used to generate a 
combined allelic OR of 0.98 (95% CI: 0.82-1.17, 
P=0.802) for the G allele. We obtained a combined 
OR of 0.90 (95% CI: 0.79-1.02, P=0.104) for the 
CG+GG genotype in the dominant model, 1.09 (95% 
CI: 0.85-1.39, P=0.508) for the GG genotype in the 
 

recessive model, and 1.03 (95% CI: 0.80-1.33, 
P=0.816) for the GG genotype in the homozygote 
model using the fixed-effects model (Figure 3; Table 
2). All these genetic models displayed no association 
between rs266729 polymorphism and MS in the 
overall analyses. 

Regarding the MS definition, MS risk was 
increased with the CDS, NCEP ATP III, and De Ferranti 
definitions, but not with the IDF definition, in the 
allele (OR=1.35, 95% CI: 1.06-1.72), recessive 
(OR=1.94, 95% CI: 1.07-3.54), and homozygote 
(OR=2.04, 95% CI: 1.11-3.75) models. MS risk was 
not associated with the rs266729 polymorphism 
according to ethnicity or region in any model  
(Table 2). 

 

 

Figure 3. Forest plots of risk of MS associated with ADIPOQ rs266729 polymorphism in allele (A), 
dominant (B), recessive (C), homozygote (D) models. The squares and horizontal lines correspond to the 
study-specific ORs and 95% CIs. The area of each square reflects the study-specific weight. The 
diamonds represent the combined ORs with its 95% CIs. 
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backgrounds of populations from the south and 
north of China differed, which might also affect the 
role of the gene variants in MS. 

Our meta-analysis of 2021 cases and 2226 
controls showed that rs266729 was not associated 
with MS in all genetic models in the overall analysis. 
However, another meta-analysis conducted by Li et 
al.[57] stated that rs266729 was significantly 
associated with type 2 diabetes mellitus in the 
Chinese population. The reason for the inconsistent 
results of above-mentioned two studies was that MS 
and type 2 diabetes mellitus are different metabolic 
status[58] and they have different diagnostic criteria 
although a highly proportion of type 2 diabetes 
mellitus patients could have MS[59]. Some studies 
demonstrated that the genetic variation associated 
with type 2 diabetes mellitus may not be related to 
MS[59-60], and it seems that the genetic variation 
associated with MS might be related to type 2 
diabetes mellitus with higher possibility[61]. Subgroup 
analysis by definition of MS demonstrated that 
rs266729 could contribute to MS risk using definitions 
other than the IDF definition, so the definition of MS 
could affect the results of an analysis of a relationship 
between the rs266729 polymorphism and MS. MS 
does not have an optimal definition, and different 
criteria may lead to discordant results[62-63]. Each set of 
diagnostic criteria of MS has its own characteristics, 
and the IDF criteria are more conservative than other 
criteria for diagnosing MS, which leads to inconsistent 
results[64]. We could have performed subgroup 
analysis based on sample size, but the total sample 
size of the five included studies in our study was 
<400[28-29,36,38-39], which limited the quality of stratified 
statistical results. 

Our study contains some limitations. First, we 
did not analyze the effects of gene-gene and 
gene-environment interactions because of a lack of 
relevant information, although MS has been 
reported to result from the interactions of genetic 
factors and environmental factors such as dietary 
factors[65-66]. Second, our study was limited to papers 
published in English and Chinese. Third, our analyses 
were based primarily on unadjusted effect estimates 
without controlling for confounding factors because 
of a lack of original data. 

In conclusion, this meta-analysis showed that 
the ADIPOQ rs2241766 polymorphism was 
associated with a risk of MS in the Chinese 
population but failed to reveal any association for 
the ADIPOQ rs266729 polymorphism in the overall 
analysis. Further investigations including additional 

original research with different ethnic populations 
should be conducted. 
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