
Int J Clin Exp Med 2017;10(3):4313-4318
www.ijcem.com /ISSN:1940-5901/IJCEM0044043

Review Article
The association of PPARγ C1431T  
polymorphism with susceptibility to type  
2 diabetes: a systemic review and meta-analysis

Yan Wu1*, Yi Zhu2*, Weijian Fan3

1Department of Endocrinology and Metabolism, Zhejiang Greentown Cardiovascular Hospital, Hangzhou, Zheji-
ang, P. R. China; 2The Second Affiliated Hospital of Zhejiang University, Hangzhou, Zhejiang, P. R. China; 3The First 
Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, Zhejiang, P. R. China. *Equal contributors 
and co-first authors.

Received November 10, 2016; Accepted February 3, 2017; Epub March 15, 2017; Published March 30, 2017

Abstract: The association between peroxisome proliferators-activated receptor γ (PPARγ) C1431T polymorphism and 
Type 2 diabetes mellitus (T2DM) risk is inconclusive and contradictory. Therefore, a comprehensive meta-analysis 
was conducted to assess the association of PPARγ C1431T polymorphism with susceptibility to T2DM. We searched 
the PubMed and Web of Science to select eligible studies following included criteria. Finally we identified seven 
publications for the further analysis. Statistical analysis was performed by using the software of Revman 5.3. The 
results revealed that C1431T polymorphism was significantly associated with T2DM risk in 4 models (Codominant 
model CT vs CC: OR = 0.87, 95% CI = 0.76-0.99, P = 0.03; Codominant model TT vs CC: OR = 0.36, 95% CI = 0.21-
0.63, P = 0.0003; Recessive model TT vs CT+CC: OR = 0.35, 95% CI = 0.25-0.49, P < 0.00001; and Allele model 
T vs C: OR = 0.78, 95% CI = 0.62-0.99, P = 0.04) except in dominant model: CT+TT vs CC. Furthermore, we found 
that the significantly decreased risk of T2DM in Caucasian was associated with the Codominant model TT vs CC, 
Recessive model TT vs CT+CC, dominant model: CT+TT vs CC; and Allele model T vs C. And no obvious publication 
bias was observed using the funnel plot. Overall, the current study suggests that PPARγ C1431T polymorphism may 
be associated with the risk of T2DM in Caucasian. 
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Introduction

Globally, it is estimated that about 382 million 
adults were diagnosed with diabetes in 2013, 
and this number is predicted to increase to  
592 million by 2035 [1]. Type 2 diabetes melli-
tus (T2DM), which accounts for more than 90% 
of diabetes cases, has been revealed to have 
complex interactions with environmental and 
genetic factors [2, 3]. 

The gene of PPARγ, which encodes a nuclear 
transcription factor involved in the expression 
of hundreds of genes, is located on chromo-
some 3p25 [4-6]. Since 1997, more and more 
evidences indicated that both common and 
rare polymorphisms of the genes of PPARγ 
acted as critical roles in the regulation of glu-
cose metabolism [7-10]. Screening of the PP- 

ARγ gene of patients with type 2 diabetes for 
mutations has led to the identification of two 
polymorphisms: A c to g substitution at nucleo-
tide 39 in the exon unique to PPARγ which re- 
sults in the replacement of proline 12 with ala-
nine (P12A) and a c to t substitution at nu- 
cleotide 1431 (c1431t) which doesn’t cause  
an amino acid change [11, 12]. Although recent 
years the C1431T polymorphism in PPARγ has 
been widely studied with respect to T2DM, the 
results were still inconclusive and controver-
sial. To the best of our knowledge, no one has 
performed a meta-analysis to investigate the 
association of this polymorphism with T2DM. 

In this study, we collected all published case-
control studies and prospective cohorts fo- 
cused on the relationship between T2DM and 
PPARγ C1431T polymorphism. A meta-analysis 
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was carried out and our aim was to clarify the 
controversial results.

Materials and methods

Search for study

A systematic search was performed by two in- 
vestigators independently. Studies were main- 
ly searched in PubMed and Web of Science 
from their inception to October 2016 with  
the following terms: ‘PPARγ’, ‘C1431T’, ‘poly-
morphism’, ‘Type 2 diabetes’. The search was 
limited to case-control studies. Reference lists 
from relevant articles were also examined to 
find additional publications. To avoid double 
counting or other errors, two investigators com-
pared their results discreetly and disagree-
ments were resolved by consensus or by a  
third investigator.

Selection of study

All the included studies met the following crite-
ria: 1. case-control study and prospective co- 
horts; 2. evaluation of the association between 
PPARγ C1431T polymorphism and T2DM risks; 
3. sufficient data for analysis including geno-
type frequency in both cases and controls; and 
4. genotype frequency in the control group was 

in Hardy-Weinberg equilibrium (HWE). We ex- 
cluded studies without eligible data for meta- 
analysis.

Data extraction 

Two investigators who were blinded to each 
other abstracted the data in a traditionalized 
format and reached consensus on all items. 
The collected data included first author, publi-
cation year, country and available genotypes. 
Evaluation of evidence strength was carried out 
according to the modified Newcastle-Ottawa 
Scale [13] (Supplementary Table 1).

Statistical analysis

Statistical analysis was performed by using 
Revman 5.3 and STATA 14.0 software. X2 tests 
and I2 statistic were used to measure the study 
heterogeneity between trials. Both fixed- and 
random-effects models were applied where 
appropriate, with I2 > 50% was considered rep-
resentative of significant statistical heteroge-
neity and the random-effects models launch- 
ed, otherwise, the calculations were perform- 
ed with the fixed-effects model [14, 15]. Odds 
ratio (OR) with 95% confidence interval (95%  
CI) was used to evaluate the association be- 
tween polymorphism and T2DM risk with the 
Codominant model: CT vs CC, Codominant 
model: TT vs CC, Dominant model: CT+TT vs  
CC, Recessive model: TT vs CT+CC and Allele 
model: T vs C. Sensitivity analysis was used  
to identify sources of significant heterogeneity 
by removing individual studies and analyzing 
the effect on the overall results. Publication 
bias was further assessed by Funnel plot and 
Begg’stest [16, 17]. P value less than 0.05  
was considered statistically significant in all 
statistics.

Results

Characteristics of the studies

Study flow diagram was shown in Figure 1. 17 
studies of PPARγ C1431T polymorphism and 
T2DM risks were found in a primary literature 
search in the PubMed and Web of Science. 
After reviewing each publication, 10 articles 
were found inappropriate in the current meta-
analysis given some of them were review arti-
cles, irrelevant to the current study or contain- 
ed duplicated data. Seven studies with 3830 

Figure 1. Study flow dia-
gram.
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cases and 5693 controls shown in Table 1 
were identified appropriate for the current 
meta-analysis [18-24]. The genotype distribu-
tion of control population was in agreement 
with Hardy-Weinberg equilibrium in all seven 
studies.

Quantitative synthesis

We analyzed the association between PPARγ 
C1431T polymorphism and T2DM risk within 
five genetic models as mentioned in the Me- 
thod. The quantitative synthesis results were 
presented in Table 1. Interestingly, the pooled 
results revealed a significant association be- 
tween C1431T polymorphism and T2DM risk  
in the codominant model (CT vs CC: OR = 0.87, 
95% CI = 0.76-0.99, P = 0.03) and allele mo- 
del (T vs C: OR = 0.78, 95% CI = 0.62-0.99, P = 
0.04). Furthermore, drastically significant dif-
ference was found between the T2DM group 
and control group in codominant model (TT vs 
CC: OR = 0.36, 95% CI = 0.21-0.63, P = 0.0003) 

and recessive model (TT vs CT+CC: OR = 0.35, 
95% CI = 0.25-0.49, P < 0.00001). In contrast, 
no statistically significant association was 
found in the dominant model (CT+TT vs CC). 
Furthermore, stratified analysis of ethnicity sh- 
owed that significant differences were found 
between the T2DM group and control group in 
codominant model (TT vs CC: OR = 0.36, 95% 
CI = 0.21-0.61, P = 0.01), recessive model (TT 
vs CT+CC: OR = 0.37, 95% CI = 0.22-0.62, P < 
0.01), dominant model (CT+TT vs CC: OR = 
0.85, 95% CI = 0.73-0.99, P < 0.01) and allele 
model (T vs C: OR = 0.82, 95% CI = 0.71-0.91, 
P = 0.01) in Caucasian group (Table 2). No dif-
ferences was found in Asia group.

Sensitivity analysis

In order to assess the stability of the results, 
sensitivity analysis was performed. The sensi-
tivity analyses did not detect any individual 
study which affected the results using the 
exclusion method step by step (Supplementary 
Figure 1).

Table 1. Characteristics of studies included in this meta-analysis

Author Year Country Study  
design

Quality 
score

Genotyping 
method

No. (Cases/
controls)

Genotypes case Genotypes control HWE P 
valueCC CT TT CC CT TT

Butt et al. 2016 Pakistan Cohorts 6 - 426/500 228 176 22 194 223 83 > 0.05

Costa et al. 2009 Italy Case-control 5 - 211/254 171 38 2 199 44 11 > 0.05

Doney et al. 2004 United Kingdom Cohorts 5 - 1997/983 1548 429 20 725 236 22 > 0.05

Dong et al. 2008 China Case-control 5 PCR-RFLP 207/101 110 84 13 57 37 7 > 0.05

Evans et al. 2001 Germany Case-control 6 PCR-RFLP 219/426 160 57 2 315 98 13 > 0.05

Haseeb et al. 2009 India Case-control 5 PCR-RFLP 350/349 251 NA NA 262 NA NA -

Tai et al. 2004 Singapore Case-control 6 - 420/3080 274 NA NA 1783 NA NA -

Table 2. Pooled ORs and 95% CIs of the meta-analysis for Allele model (T/C), codominant model (CT/
CC), codominant model (TT/CC), dominant model (CT+TT/CC), and recessive model (GG/CT+CC)

Variables No.
Allele comparison Genetic model comparison

OR (95% Cl) P value I2 (%) Model type OR (95% Cl) P value I2 (%)
All T2DM 7 0.78 (0.62, 0.99) 0.04 74% Codominant model: CT/CC 0.87 (0.76, 0.99) 0.03 45%

Codominant model: TT/CC 0.36 (0.21, 0.63) 0.01 50%
Dominant model: CT+TT/CC 0.85 (0.70, 1.03) 0.09 67%
Recessive model: TT/CT+CC 0.35 (0.25, 0.49) 0.01 31%

Ethnicity
    Asian 4 0.75 (0.39, 1.45) 0.39 89% Codominant model: CT/CC 0.85 (0.50, 1.47) 0.57 73%

Codominant model: TT/CC 0.44 (0.11, 1.81) 0.25 85%
Dominant model: CT+TT/CC 0.83 (0.59, 1.18) 0.3 81%
Recessive model: TT/CT+CC 0.46 (0.14, 1.47) 0.19 79%

    Caucasian 3 0.82 (0.71, 0.94) 0.01 0% Codominant model: CT/CC 0.91 (0.78,1.06) 0.24 5%
Codominant model: TT/CC 0.36 (0.21, 0.61) 0.01 0%

Dominant model: CT+TT/CC 0.85 (0.73, 0.99) 0.04 0%
Recessive model: TT/CT+CC 0.37 (0.22, 0.62) 0.01 0%
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Publication bias

The funnel plot was performed to estimate the 
publication bias. The shape of the funnel plots 
was symmetrical, suggesting that there was  
no evidence of publication bias for the PPARγ 
C1431T polymorphism (Figure 2). Begg’s test 
showed no evidence of publication bias (P = 
0.293).

Discussion

PPARγ was the first gene reproducibly associ-
ated with T2DM. The association between the 
substitution of alanine by proline at codon 12 
of PPARγ (Ala12) and the risk for T2DM has 
been widely studied since this polymorphism 
was first reported in 1997 [25]. In this meta-
analysis seven studies including 3830 cases 
and 5693 controls were collected according to 
our inclusion criteria. As a result, C1431T poly-
morphism was found to be associated with 
T2DM risk in 4 models (Codominant model: CT 
vs CC, Codominant model: TT vs CC, Recessive 
model: TT vs CT+CC and Allele model: T vs C) 
except in dominant model: CT+TT vs CC. Stra- 
tified analysis of ethnicity showed that signi- 
ficant differences were found between the 
T2DM group and control group in codominant 
model (TT vs CC), recessive model (TT vs CT+ 
CC), dominant model (CT+TT vs CC1) and allele 
model (T vs C) in Caucasian group. However, no 
difference was found in Asia group.

The association between the C1431T polymor-
phism and the risk of T2DM was firstly reported 
in 2001 and the researchers found that A12/

lower the risk of T2DM mainly in Caucasian 
group. The controversial findings could be ex- 
plained by the different genetic and environ-
mental factors and additional studies will be 
required not only to detect its more prevalen- 
ce rate in T2DM but also to investigate the  
possible biophysical mechanisms of C1431T 
polymorphism in coordination with other mu- 
tations.

Limitations in our analysis should also be con-
sidered. First, many other clinical factors such 
as age, sex or other mixed mutations in each 
study might lead to bias and haven’t been con-
sidered in the study. Second, we restricted our 
included studies published in English. Last, 
more subgroup analysis should be carried out 
but no details could be extracted from the origi-
nal articles.
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Supplementary Table 1. Quality assessment of studies included in the systematic review according to 
the modified Newcastle-Ottawa Scale

Author Butt 
et al.

Costa 
et al.

Doney 
et al.

Dong 
et al. 

Evans 
et al.

Haseeb 
et al.

Tai  
et al.

Selection
    Adequacy of case definition a★ a★ a★ a★ a★ a★ a★
    Representativeness of the cases a★ a★ a★ a★ a★ a★ a★
    Selection of controls a★ b b b a★ b a★
    Definition of controls a★ a★ a★ a★ a★ a★ a★
Comparability
    Cases and controls of homogeneous ethnic descent a★ a★ a★ a★ a★ a★ a★
    Population stratification b b b b b b b
Exposure
    Ascertainment of exposure b b b b b b b
    Same method of ascertainment for cases and controls a★ a★ a★ a★ a★ a★ a★
    Genotyping call rate b b b b b b b
Total 6★ 5★ 5★ 5★ 6★ 5★ 6★

Supplementary Figure 1. Sensitive analysis of studies in the meta-analysis.


