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ABSTRACT. This meta-analysis investigated the correlation between 
the PPARγ2 Pro12Ala polymorphism and cardiovascular disease (CVD). 
Electronic database and manual searches were conducted to retrieve 
studies published relevant to the PPARγ2 Pro12Ala polymorphism and 
CVD. Rigorous inclusion and exclusion criteria were employed for selection 
of high-quality patients-control studies. Statistical data analyses on allelic, 
dominant, homozygous, heterozygous, and recessive inheritance models 
were performed using the R 3.1.0 and Stata 12.0 software. We enrolled 
12 case-control studies consisting of 10,189 patients with CVD [1070 with 
myocardial infarction (MI), 7849 with coronary artery disease (CAD), and 
1270 with acute coronary syndromes (ACS)] and 17,899 controls. The 
results of meta-analyses revealed that the PPARγ2 Pro12Ala (rs1801282) 
polymorphism was correlated with a higher risk of CVD under both allelic 
and dominant models, while no statistical significance was found under 
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homozygous, heterozygous, or recessive models. Subgroup analysis based 
on disease showed that the PPARγ2 Pro12Ala (rs1801282) polymorphism 
was correlated with a higher risk of MI under both allelic and dominant 
models, while no statistical significance was found for association with CAD 
or ACS under allele or dominant models. Furthermore, under homozygous, 
heterozygous, and recessive models, the PPARγ2 Pro12Ala (rs1801282) 
polymorphism had no statistically significant association with MI, CAD, or 
ACS. The results of this meta-analysis suggest that the PPARγ2 Pro12Ala 
(rs1801282) polymorphism might be correlated with a higher risk of CVD, 
particularly MI, and could serve as an important early indicator for CVD.

Key words: Cardiovascular disease; PPARγ2; Polymorphism; Gene; 
Meta-analysis; Coronary artery disease

INTRODUCTION

Cardiovascular diseases (CVDs) refer to diseases affecting the cardiovascular system, and 
primarily involve cardiac disease, peripheral arterial disease, and vascular diseases of the brain and 
kidney (Fuster and Kelly, 2010). CVD is one of the leading causes of disability and death in western 
societies (Leening et al., 2014). By 2030, approximately 40.5% of Americans are projected to have 
some form of CVD (Perk et al., 2012). Current data show that 80% of deaths caused by CVD occur 
in under-developed and developing countries and that the death rates have increased steeply in 
these countries in the last decade (Smith et al., 2012; Finegold et al., 2013). Aside from the common 
risk factors such as age, gender, and air pollution, genetic variations have been suspected to play 
an important role in CVD risks as well (International Consortium for Blood Pressure Genome-Wide 
Association et al., 2011; Marian and Belmont, 2011). For example, polymorphisms in CYP2C19, 
tissue factor, and C-reactive protein have been documented to be associated with predisposition to 
CVD or to influence treatment outcomes (Mega et al., 2011; Emerging Risk Factors Collaboration 
et al., 2012). In this light, peroxisome proliferator-activated receptors (PPARs) are among the most 
promising therapeutic targets in CVD (van Bilsen and van Nieuwenhoven, 2010).

PPARs belong to the superfamily of nuclear receptors and have three isoforms (alpha, beta/
delta, and gamma) capable of regulating glucose homeostasis, local immune responses, lipoprotein 
metabolism, local inflammation, thrombosis, tumor development, and which are believed to have 
potential antiatherogenic effects (Fisman and Tenenbaum, 2009; Wahli and Michalik, 2012). Of the 
3 isoforms, PPARγ, a ligand-activated transcription factor, functions as the master regulator of fat 
storage, and is expressed in vascular smooth muscle cells, monocytes/macrophages, endothelial 
cells, and T-cells (Galgani et al., 2010). The PPARγ gene has been mapped to chromosome 
3p25 and contains six exons. The most common polymorphism in PPARγ is a cytosine-guanine 
variation located in exon B, which results in a proline to alanine (Pro12Ala) substitution in codon12 
of the protein (Beamer et al., 1997; Wu et al., 2012). The human PPARγ2 isoform contains an 
extra 28 amino acids at its N-terminus, and is exclusively expressed in adipocytes (Beamer et al., 
1997; van Bilsen and van Nieuwenhoven, 2010). Recently, the relationship between the PPARγ2 
polymorphism and CVD has been extensively researched (Azhar, 2010; Wang et al., 2012). 
Previous studies have shown that the Pro12Ala polymorphism of the PPARγ2, in homozygous 
or heterozygous conditions, might lead to an increased risk of coronary heart disease (CHD) 
(Dallongeville et al., 2009; Ho et al., 2012). Similarly, coronary artery disease (CAD) risk has also 
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been linked to this polymorphism (Wu et al., 2012). In contrast, a study in a Korean population 
could not find an association between the Pro12Ala polymorphism of PPARγ and CAD, and another 
study demonstrated that homozygosity for the Ala allele of the PPARγ2 Pro12Ala polymorphism is 
more strongly linked with a decreased risk of CAD (Rhee et al., 2007; Galgani et al., 2010). In order 
to address the conflicting results from previous studies, we designed this study to investigate the 
correlation between the PPARγ2 Pro12Ala polymorphism and CVD.

MATERIAL AND METHODS

Data sources and search strategy

We searched for studies related to the PPARγ2 Pro12Ala polymorphism and CVDs published 
prior to October 2014 and in the English or Chinese language. The electronic databases PubMed, 
EBSCO, Ovid, Springerlink, Wiley, Web of Science, Wanfang Database, China National Knowledge 
Infrastructure, and VIP were searched to retrieve relevant literature. The following free text words 
and key words were used as search terms: peroxisome proliferator activated receptor-γ2 (PPARγ2), 
cardiovascular disease, circulatory system diseases, coronary heart disease CHD, coronary artery 
disease (CAD), pectoris, myocardial infarction (MI), and genetic polymorphism. A manual search was 
also employed to identify additional articles from cross-references.

Eligibility criteria

The study inclusion criteria were: 1) case-control design, 2) consisted of patients with CVD 
and healthy controls as study subjects, and 3) included outcomes of alleles and genotype frequencies 
in both patient and control groups. In cases of overlapping publications, only the latest study or that 
with the largest sample size was selected. The exclusion criteria were: 1) abstracts and reviews; 2) 
animal studies; 3) repeated publications or unpublished studies; and 4) incomplete data.

Data extraction

Data were independently extracted from the selected studies and assessed by two reviewers 
(Y.L. and J.Z.). The extracted information included: first author’s name, country, year of publication, 
ethnicity, language, disease, age, gender, number of patients and controls, genotyping methods, study 
design, and single nucleotide polymorphism. In the case of disagreement between the two reviewers, 
a third investigator was consulted to arrive at a consensus decision. Quality assessment of the data 
was performed by two investigators (J.Z. and J.Q.D.), using the National Health Service Critical 
Appraisal Skills Programme (CASP) Checklists (http://www.casp-uk.net/). Specifically, the checklists 
included the following questions: 1) whether a clearly focused issue was addressed (CASP01); 2) 
whether the authors answered their questions using an appropriate method (CASP02); 3) whether 
the patients were recruited in an acceptable way (CASP03); 4) whether the controls were selected 
in an acceptable way (CASP04); 5) whether the exposure was accurately measured to minimize 
bias (CASP05); 6) whether the authors had taken account of the potential confounding factors in the 
design and/or in their analyses (CASP06); 7) what were the results of this study (CASP07); 8) how 
precise were the results (CASP08); 9) whether the results were credible (CASP09); 10) whether the 
results could be applied to the local population (CASP10); and 11) whether the results of this study fit 
with other available evidence (CASP11).
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Statistical analysis

The R 3.1.0 (Robert Gentleman and Ross Ihaka, Auckland University, New Zealand) and 
the STATA 12.0 software (Stata Corporation, College Station, TX, USA) programs were applied 
for statistical analyses. To explore the associations between the PPARγ2 Pro12Ala polymorphism 
and CVDs, the odds ratios (ORs) at 95%CIs were assessed using a fixed-effect or random-effect 
model. A Z test (Chen et al., 2012) was carried out to assess the significance of the overall effect 
size and forest plots were used to display the values of OR at 95%CIs between patient and control 
groups. Heterogeneity was assessed by the Cochran’s Q-statistic (Chen et al., 2012), with P < 
0.05 indicating the existence of heterogeneity. For quantification of the degree of heterogeneity, 
the I-squared (I2) statistic (Peters et al., 2006) was calculated ranging from 0 to 100% (0%, no 
heterogeneity; 100%, maximal heterogeneity). A random-effect model was used when the studies 
were assumed to be heterogeneous (P < 0.05 or I2 > 50%), otherwise a fixed-effect model was 
used (Zintzaras and Ioannidis, 2005). We estimated the source of heterogeneity by univariate 
and multivariate meta-regression analyses, and further verification was conducted using Monte 
Carlo simulation (Ferrenberg and Swendsen, 1988; Huizenga et al., 2011; Jackson et al., 2012). 
Sensitivity analysis of the variables was performed to assess the influence of one single study on 
the overall outcomes. Funnel plots and an Egger test (Egger et al., 1997) were performed for the 
assessment of publication bias to evaluate the reliability of the results.

RESULTS

Overview of the study characteristics

A total of 290 relevant articles were initially retrieved from database searches and 20 were 
excluded for being duplicates. Other articles were screened out as follows: letters, reviews, and 
meta-analyses (N = 4), non-human studies (N = 75), articles not related to the research topics (N 
= 62), not case-control or cohort studies (N = 20), irrelevant to CVD (N = 59), irrelevant to PPARγ2 
(N = 37), and not in conformity with Hardy-Weinberg equilibrium (HWE) (N = 1). In the end, a total 
of 12 relevant case-control studies, published between 2004 and 2013, were included in this meta-
analysis, involving 10,189 patients with CVD and 17,899 controls (Tobin et al., 2004; Nassar et 
al., 2006; Zee et al., 2006; Rhee et al., 2007; Ruiz-Narváez et al., 2007; Dallongeville et al., 2009; 
Vogel et al., 2009; AshokKumar et al., 2010; Galgani et al., 2010; Yilmaz-Aydogan et al., 2011; 
Ho et al., 2012; Youssef et al., 2013). The sample sizes ranged from 300-9758 and included 1070 
patients with MI, 7849 with CAD, and 1270 with acute coronary syndromes (ACS). Of the 12 eligible 
studies, 3 were based on Asian population, 8 on Caucasians, and 1 was based on Africans. A flow 
chart for study selection is presented in Figure 1. The baseline characteristics of these studies are 
presented in Table 1. CASP assessments for each included study are summarized in Figure 2.

Meta-analysis results

Significant heterogeneity was found in the cases of allelic, dominant, and heterozygous models 
(allelic model: I2 = 80.8%, P < 0.0001; dominant model: I2 = 84.7%, P < 0.0001; heterozygous model: I2 
= 82.3%, P < 0.0001); thus, a random-effect model was employed. Homozygous and recessive models 
showed no significant heterogeneity (homozygous model: I2 = 32.5%, P = 0.1308; recessive model: I2 = 
27.8%, P = 0.1719); hence, a fixed-effect model was applied (Figure 3A, C, E, G, and I). 
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Figure 1. Flow chart for selection of studies for inclusion in this meta-analysis.

Figure 2. National Health Service Critical Appraisal Skills Program assessments for each study included.
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Meta-analysis results revealed that the PPARγ2 Pro12Ala polymorphism conferred 
a higher risk of CVD under both allelic and dominant models (allelic model: OR = 0.80, 95%CI 
= 0.66-0.98, P = 0.040; dominant model: OR = 0.74, 95%CI = 0.58-0.95, P = 0.033), while no 
statistical significance was observed under either homozygous, heterozygous, or recessive models 
(homozygous model: OR = 0.98, 95%CI = 0.73-1.31, P = 0.888; heterozygous model: OR = 0.75, 
95%CI = 0.59-1.05, P = 0.703; and recessive model: OR = 1.00, 95%CI = 0.75-1.33, P = 0.980) 
(Figure 3A, C, E, G, I, and Table 2).

Figure 3. Forest plots and sensitivity analysis on the associations between PPARγ2 Pro12Ala polymorphism and 
cardiovascular diseases.
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Subgroup analyses based on disease type showed that the PPARγ2 Pro12Ala (rs1801282) 
polymorphism might be correlated with a higher risk of MI under allelic and dominant models, while 
no statistical significance was found in the case of CAD and ACS under these models (allelic 
model: MI OR = 0.83, 95%CI = 0.70-0.98, P = 0.028; CAD OR = 0.82, 95%CI = 0.62-1.10, P = 
0.187; ACS OR = 0.80, 95%CI = 0.47-1.36, P = 0.403; dominant model: MI OR = 0.78, 95%CI 
= 0.65-0.94, P = 0.010; CAD OR = 0.81, 95%CI = 0.59-1.11, P = 0.185; ACS OR = 0.79, 95%CI 
= 0.47-1.32, P = 0.365). Under homozygous, heterozygous, and recessive models, the PPARγ2 
Pro12Ala (rs1801282) polymorphism presented no statistically significant association with MI, 
CAD, or ACS (all P > 0.05) (Figure 2).

Further subgroup analyses by genotyping method suggested that the polymerase 
chain reaction-restriction fragment length polymorphism (PCR-RFLP) method showed statistical 
significance under both allelic and dominant models (allelic model: OR = 0.72, 95%CI = 0.54-0.96, 
P = 0.024; dominant model: OR = 0.70, 95%CI = 0.52-0.95, P = 0.023); however, this significance 
was not found under homozygous, heterozygous, or recessive models (all P > 0.05). On the other 
hand, the TaqMan assay did not show any statistical significance under the allelic, dominant, 
homozygous, heterozygous, or recessive models tested (all P > 0.05) (Table 2). Based on univariate 
and multivariate meta-regression analyses, year of publication, ethnicity, disease, and genotyping 
method were neither the main potential sources of heterogeneity nor the key factors of overall 
effect size (all P > 0.05) (Figure 4 and Table 3).

Figure 4. Meta-regression analyses on year of publication, ethnicity, disease, and genotyping method.
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Table 3. Meta-regression analyses of potential source of heterogeneity.

Heterogeneity factors	 Coefficient	 SE	 t	 P (Adjusted)	                                95%CI

					     LL	 UL

Year	 -0.073	 0.055	 -1.34	 0.544	 -0.202	 0.056
Ethnicity	  0.080	 0.167	  0.48	 0.972	 -0.315	 0.475
Disease	  0.106	 0.176	  0.60	 0.930	 -0.309	 0.521
Genotyping methods	  0.293	 0.175	  1.68	 0.387	 -0.120	 0.706

SE = standard error; LL = lower limit; UL = upper limit.

Sensitivity analysis and publication bias

The results of sensitivity analysis demonstrated that after removal of single studies, the 
pooled OR values of the remainder were 0.91 under the allelic model, all approximately 0.87 under 
the dominant model, all approximately 0.98 under homozygous models; all approximately 0.87 under 
heterozygous models, and under recessive models, the values were all about 1.00. No significant 
differences were found among all the data, indicating that our meta-analysis was stable and reliable 
(Figure 3B, D, F, H, and J). Funnel plots suggested that there were no publication biases under allelic, 
dominant, homozygous, heterozygous, or recessive models (all P > 0.05) (Figure 5A, C, E, G, and I). 
In addition, the Egger test also revealed no publication bias (Figure 5 B, D, F, H, and J).

Figure 5. Funnel plot of publication biases on the associations between PPARγ2 Pro12Ala polymorphism and 
cardiovascular diseases.
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DISCUSSION

PPARγ is expressed predominantly in adipose tissue and is a master regulator of lipoprotein 
metabolism, glucose homeostasis, and vascular homeostasis (Wang, 2010; Yilmaz-Aydogan et al., 
2011). The two isoforms of PPAR γ (γ1 and γ2) differ at their N-terminus, and the PPARγ2 isoform is 
specific to adipose tissue (Shi et al., 2014). The most common genetic polymorphism in the human 
PPARγ2 gene is a cytosine-guanine exchange in exon B (codon 12), which results in a Pro12Ala 
substitution in the protein, and carriers of Ala12, which is a common variant, have high fatty acids 
accumulation in adipose tissue (Xu et al., 2013; Fernández-Rodríguez et al., 2014). The Ala12 
variant leads to an amino acid substitution in the ligand-independent activation domain and has 
been shown to be correlated with decreased transcriptional activity, higher insulin sensitivity, and 
lower body mass index compared with the wild-type Pro12 allele (Yilmaz-Aydogan et al., 2011). 
Previous studies have investigated the correlation between the PPARγ2 Pro12Ala polymorphism 
and CAD, but results have remained conflicting (Rhee et al., 2007; Dallongeville et al., 2009; 
Galgani et al., 2010; Ho et al., 2012; Wu et al., 2012). Therefore, we carried out this meta-analysis 
to further explore the correlation between the PPARγ2 Pro12Ala polymorphism and the risks of 
CVD, and we found that the PPARγ2 Pro12Ala polymorphism under both allelic and dominant 
models is clearly associated with an increased risk of CVD. Our results further showed that the 
PPARγ2 Pro12Ala polymorphism might increase the severity of several cardiovascular risk factors 
including obesity and diabetes, and thus, might have a direct effect on CVD outcomes.

PPARγ regulates insulin sensitivity and modulates the activity of adiponectin (Tian et al., 
2013). Evidence has suggested that the activation of PPARγ by thiazolidinedione antidiabetic drugs 
can result in a higher uptake of fatty acids by adipocytes with the subsequent lowering of circulating 
free fatty acids, which can mediate many adverse metabolic effects, most notably insulin resistance 
(Ruiz-Narváez et al., 2007; Karpe et al., 2011). PPARγ and adiponectin respond to glucose influx 
and promote glucose utilization and fatty acid oxidation in muscle (Ho et al., 2012). Differential flux 
of fatty acids through adipocytes caused by the Pro12Ala polymorphism could increase the risks 
of type 2 diabetes and CHD (Ruiz-Narváez et al., 2007). Therefore, the Pro12Ala polymorphism 
might result in reduction of the effect of PPARγ on regulation of insulin sensitivity and adiponectin 
activity, and thus might lead to insulin resistance and glucose tolerance, which eventually would 
be likely to lead to the occurrence of several CVDs such as hypertension and CHD. On the other 
hand, the study reported by Rhee et al (2007) concluded that the PPARγ Pro12Ala polymorphism 
had no significant association with CAD or with cardiovascular risk factors in a Korean population. 
This might be attributed to ethnic factors and to the relatively small sample size in that study. 
Hence, in order to thoroughly understand the underlying defect caused by the polymorphism and 
the mechanisms by which it could lead to CVD, the results of epidemiological studies need to be 
supported by extensive experimental evidence.

Subgroup analysis by disease demonstrated that under allelic and dominant models, the 
PPARγ2 Pro12Ala polymorphism might associate with an increased risk of MI, while no significant 
correlations of PPARγ2 Pro12Ala polymorphism with CAD and ACS were observed. These varying 
results might be caused by the relatively small sample size in some enrolled studies; therefore, 
the correlations of the PPARγ2 Pro12Ala polymorphism with CAD and ACS need to be further 
confirmed with a larger sample size. Subgroup analysis based on genotyping method suggested 
that the different genotyping methods might also influence the overall result of this meta-analysis.

There are some limitations in this study. First, the TT genotype of the Pro12Ala polymorphism 
was rarely observed in this analysis, which would likely influence the overall results of the present 
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study to some extent. Second, the different genotyping methods including PCR-RFLP and TaqMan 
assays used in enrolled studies might affect the accuracy of the genotyping results.

In conclusion, we found that the PPARγ2 Pro12Ala polymorphism could increase the risk 
of CVD under allelic and dominant models, suggesting that the PPARγ2 Pro12Ala polymorphism 
could be an important indicator of early CVD.
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