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Abstract The researches attempting to associate the

PPARc C161T polymorphism with coronary artery disease

(CAD) yielded complicated and contradictory results. We

aimed for more precise estimate of the relationship and

conducted a comprehensive meta-analysis. Publications

written in English or Chinese were screened in MEDLINE,

Embase, CNKI, Wanfang and CBM. Data on 11 studies

including 3,020 cases and 2,853 controls were extracted. A

random-effects model was available to synthesize the

inconsistent outcomes of the individual studies, while

addressing between-study heterogeneity and publication bias.

The PPARc C161T polymorphism followed Hard-Weinberg

Equilibrium for all studies (P [ 0.05).Overall, there was no

evidence for a significant association under all genetic models

but with distinct heterogeneity (T vs. C: P = 0.29,

OR = 0.91, 95 %CI 0.77–1.08, Pheterogeneity = 0.004,

I2 = 61.2 %). However, in the subgroup analysis by ethnic-

ity, the T allele carriers showed a prominent 26 % risk

reduction of CAD among Chinese (dominant genetic model:

P = 0.03, 95 %CI 0.57–0.97, Pheterogeneity = 0.03,

I2 = 56.1 %). After dividing into population source, the

significance of CAD risk reduction was strengthened in

hospital-based studies (allele comparison: P = 0.04,

OR = 0.82, 95 %CI 0.67–1.00, Pheterogeneity = 0.04,

I2 = 52.5 %; dominant model: P = 0.01, OR = 0.73,

95 %CI 0.57–0.92, Pheterogeneity = 0.05, I2 = 50.8 %).

There was no obvious publication bias verified in the method

of funnel plot and Egger’s linear regression test (t = -0.11,

P = 0.913). Taken together, our results revealed the PPARc
C161T polymorphism might play a moderate protective

effect on developing CAD among Chinese, but not among

Caucasians.
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Introduction

In recent decades, great progress has been made in diag-

nosis and treatment of coronary artery disease (CAD) and

myocardial infarction (MI), resulting in favorable

improvement in prognosis. However, CAD and MI are still

the leading causes of morbidity and death in western

societies. In 2008, the CAD morbidity was 405309 in Unite

States and *1 of every 6 deaths was caused by CAD [1].

Except for some modifiable environment risks [2], the

genetic factors may contribute to the majority of variation

in susceptible to CAD [3]. Numerous researches have

investigated the genetic background of CAD, but little

crucial genetic variants that determined the pathogenicity

of CAD were verified.

The peroxisome proliferator-activated receptor c
(PPARc) is a member of the nuclear receptor superfamily.

As a ligand activated transcription factor, PPARc masters

the regulation of fatty acid and carbohydrate homeostasis
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[4, 5] and is thought to play a key role in metabolic dis-

eases such as diabetes [6], hyperlipidemia [7], obesity [6]

and atherosclerosis [8]. The gene PPARc is located on

chromosome 3p25 and one of the most common poly-

morphism of PPARc gene is C161T (also known as

C1431T [9]), a C to T substitution at position 161 in exon

6. The silent C161T polymorphism is a synonymous

polymorphism that encodes histidine with either allele and

has been found to connect with insulin resistance [10] and

metabolic syndrome [11]. Recently, evidences showed that

this polymorphism might be associated with CAD, but the

observed results were inconclusive. The diversity of these

outcomes was probably owing to the small sample bias,

inadequate statistical power and various racial descents of

single researches. Large meta-analysis is acknowledged as

a feasible method to evaluate the reliability of the prede-

termined candidates in genetic association researches and

to clarify the discrepancies. For the sake of a more accurate

estimation of the association between the PPARc C161T

polymorphism and the risk of CAD, we conducted a meta-

analysis of published studies to date and investigated the

potential origin of between-study heterogeneity as well as

whether publication bias was present.

Materials and methods

Search strategy

We did a systematic computerized literature search from

PubMed/MEDLINE, Embase, China Nation Knowledge

Infrastructure Platform (CNKI), Wanfang and China Bio-

logical Medicine Database (CBM) electronic databases

until September 2012. A combination of the following text

search string was used: ‘C161T’ or ‘C1431T’, ‘Peroxisome

proliferator-activated receptor gamma’ or ‘PPARc’ and

‘coronary’ or ‘ischemic heart disease’ or ‘myocardial

infarction’ or ‘atherosclerosis’. We also retrieved addi-

tional studies through the MEDLINE option ‘related arti-

cles’ and the results of manual search were also added into

the database at the same time. References from the

retrieved articles, reviews, and previous meta-analysis

were also screened to improve the databank. We connected

with the corresponding authors to obtain the supplementary

information of the studies with insufficient genotyping

data. The following standards were applied to the search:

(1) Published articles (full texts or abstracts) in English or

Chinese journals or their supplements, (2) Studies only in

human subjects without country restrictions and if articles

containing more than one geographic or ethnic heteroge-

neous group, each subgroup was considered separately, (3)

When multiple studies from the same study cohort, only

the study with largest population was included to avoid

data duplication, (4) The genotype frequency of control

population must be in line with Hardy–Weinberg equilib-

rium (HWE).

CAD endpoints were defined as previous MI, angina

pectoris, coronary artery bypass grafting or significant

angiographic stenosis of 50 % in at least one or more major

coronary artery [12]. ACS included unstable angina pec-

toris, fatal and non-fatal MI [13] and MI was diagnosed

according to the clinical symptoms of angina, the presence

of typical electrocardiographic changes, elevation in the

levels of cardiac enzymes [14].

Extracted information

A standard procedure and data-collection scenario was

used according to the inclusion criteria described above.

Two authors (Z. W and Y. L) extracted the relevant char-

acteristics of each eligible study respectively and the data

were entered into separate databases in duplicate. More-

over, any encountered discrepancies were checked for by a

discussion in order to reach a consensus. The following

information was collected on the genotype of the C161T

polymorphism according to different cohort: First author’s

name, publication year, geographic location and population

ethnicity, study design, population source, endpoints,

baseline characteristics of the study population [such as

age, gender, body mass index (BMI) and total-cholesterol

(TC)], the percentage of diabetes and smoking status, the

frequency of the C161T genotype both in patients and

controls, genotyping methods and consistency of genotype

frequencies with HWE. Continuous variables were

expressed as mean ± standard deviation (SD) or median

(5th and 95th percentiles).

Statistical analysis

The combined studies’ odd ratio (OR) corresponding to

95 % confidence interval (CI) were calculated to evaluate

the association of the PPARc C161T polymorphism with

CAD risk under four genetic models, involving allele

comparison (T vs. C), dominant genetic model (CT ? TT

vs. CC), recessive genetic model (TT vs. CT ? CC) and

homozygote comparison (TT vs. CC). A random-effects

model using the DerSimonian and Laired method was

applied to evaluate individual effect size together and

adjust the study weights according to the in-study variance.

We checked on the possibility of heterogeneity in the

method of the Mantel–Haenszel model [15]. The between-

study heterogeneity were assessed in approach to a Chi

square-based Q statistic test [16] and P [ 0.1 was con-

sidered homogenetic among the studies. In addition, the

heterogeneous degree was estimated via inconsistency

index I2 statistic, which ranged from 0 to 100 % and
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determined whether the between-study variation was

resulted from heterogeneity. High values of I2 strongly

suggested the presence of between-study heterogeneity

[17, 18]. The significance of the pooled OR was estimated

by the Z test and P \ 0.05 was considered to be significant.

Then we categorized the data into subgroups according to

the study characteristics with homogeneous effects, such as

racial descent (Chinese and Caucasian), study design

(prospective and retrospective) and population source

(hospital-based [H–B] and population-based [P–B]). In

addition, we undertook a meta-regression, as a supplement

of the random-effects meta-analysis, to estimate the effect

of covariates on genetic heterogeneity.

Sensitivity analysis was performed by sequential ruling

out an individual study each time in order to identify the

predominant influential studies which had a possibility of

biasing the overall estimation. Furthermore, we used the

visual funnel plot and Egger’s test to estimate the probability

of publication bias. The standard error of log (OR) of each

study was plotted against its OR. An asymmetric plot may

suggest publication bias probably and be verified by Egger’s

linear regression test [19]. We also performed a T test to

determine whether the intercept was significant. P \ 0.05 of

I2 statistic and Egger’s test was regarded significant.

We evaluated the expected power of each individual

study as determined by the probability to reject a null

hypothesis at the 0.05 level of significance, under the

assumption that OR equals 1.5 and 2.0 for differences in

allele frequency, and the minor allele frequency is of 0.2.

The power was estimated on the basis of the method

described earlier [20].The statistical power of 80 % is used

to avoid false negative rates and to determine whether the

sample size is effective.

We also performed a cumulative meta-analysis to clarify

whether the first published study influenced the subsequent

publications and the evolution of the combined effects over

time in line with the ascending date of publications. Con-

formity of the C161T polymorphism to HWE was tested via

the v2 test or Fisher’s exact test based on a Web program

(http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl).

Review Manager software release 5.0 (Oxford, England)

and Stata 11.0 (Stata Corporation, College Station, TX,

USA) were used to manage data and statistically analysis in

all studies, and all P values were 2-sided.

Result

Description of studies search result

The flowchart schematizing the process of study search and

selection was presented in Fig. 1 and the specific reasons of

excluded articles were also listed. According to our search

strategy and inclusion criteria, the primary literature search

in PubMed, EMBASE, CNKI, Wangfang and CBM yielded

341 relevant articles altogether. As a result of the sub-

sequent selection, 18 studies describing the association

between the PPARc C161T polymorphism and CAD risk

were provisionally included. Among these studies, 2 Chi-

nese articles were further excluded because of the over-

lapped data by their latter studies [21, 22] with larger

cohort written in English. However, four studies with the

genotyping data deviated from HWE in control population

were also excluded, including Wang et al. [23] (PHWE =

0.013), Liu et al. [24] (PHWE = 0.009), Bluher et al. [25]

(PHWE = 0.004) and Zhou et al. [26] (PHWE = 0.019). The

data of Doney et al. [27] was inadequate. Although we have

tried to contact with the corresponding authors via E-mail to

obtain the relevant data, they did not reply and provide

us the raw data. The data from two independent studies

[Prospective Study of Myocardial Infarction (PRIME) and

Atherosclerotic Disease, Vascular Function, and Genetic

Epidemiology (ADVANCE)] were provided by Dallongeville

et al. [28], so we considered them as 2 studies individually

in our meta-analysis.

10 articles including 11 studies (6 English articles [21,

22, 28–31] and 4 Chinese articles) with sufficient infor-

mation were identified on the basis of the inclusion criteria.

All the eligible studies were published between 2003 and

2011, with 7 in Chinese [21, 22, 29] and 4 in Caucasian

population [28, 30, 31]. In addition, 3 studies were P–B

[28, 31] and the other 8 study were H–B [21, 22, 29, 30].

Except the studies by Dallongeville et al. [28] were pro-

spective, the rest 9 qualified studies [21, 22, 29–31] were

retrospective.

Overall analysis

Eleven studies comprising 3,020 cases and 2,853 controls

were pooled into the meta-analysis. The baseline charac-

teristics of the qualified studies were summarized in

Table 1. The distribution of the PPARc C161T genotypes

and alleles in the individual studies was listed in Table 2.

The genotype distribution of the C161T polymorphism

among the control population was consistent with HWE for

all the eligible studies (P [ 0.05). The pooled overall fre-

quency of the T allele was 17.2 % in cases and 18.4 % in

controls. The T allele had a higher proportion among

Chinese (22.5 % cases vs. 27.6 % controls) than that

among Caucasians (13.2 % cases vs. 12.0 % controls). In

addition, the expected power of each individual study and

subgroup analysis to identify the association of the PPARc
C161T polymorphism with the CAD risk was shown in

Table 3. However, while an allele with an OR of 1.5 and 2,

2 studies and 9 studies achieved 80 % statistical power

respectively.
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Then we evaluated the association of the PPARc C161T

polymorphism with CAD risk under four genetic models for

each study. The main results of the meta-analysis and the

heterogeneity test were presented in Table 4. The overall

comparison of T allele with C allele yielded an non-signifi-

cant risk for CAD (allele comparison: P = 0.28,

OR = 0.91, 95 % CI: 0.77–1.08; dominant model:

P = 0.07, OR = 0.83, 95 %CI: 0.68–1.02; recessive model:

P = 0.20, OR = 1.34, 95 %CI: 0.85–2.12, homozygote

comparison: P = 0.36, OR = 1.25, 95 %CI: 0.78–2.00)

(Fig. 2). A significant between-study heterogeneity (allele

comparison: I2 = 61.2 %, Pheterogeneity = 0.004; dominant

model: I2 = 59.7 %, Pheterogeneity = 0.01; recessive model:

I2 = 47.5 %, Pheterogeneity = 0.04; homozygote compari-

son: I2 = 48.6 %, Pheterogeneity = 0.04) was observed for all

the subjects. The expected power of all the subgroups

attained 100 % assuming OR equals 1.5.

Sensitivity analysis

Considering there was a striking heterogeneity in the total

meta-analysis, we performed a sensitivity analysis to

ascertain the origin of heterogeneity among all the studies.

We aimed to find out the potential influential studies which

could bias the overall outcome. As a result, the study by

Chao et al. [29] was verified to account for the majority of

the heterogeneity by means of the sensitivity analysis.

After ruling out this most influential study, the magnitude

of CAD risk reduction in T allele carriers was progres-

sively reinforced with OR tending to decrease (allele

Potentially relevant articles identified and screened from Pubmed,

Embase, CNKI, Wangfang, CBM and hand search (n=341 ), up to 

July 2012

Potentially relevant studies identified after the initial selection (n=65)

Studies retrieved for further detailed evaluation (n=18)

7 further studies excluded: 

4 not in HWE

2 duplicated or overlapping data 

1 genotype data cannot be available

10 eligible articles (11 studies) for PPAR gene C161T polymorphism

47 other content studies excluded: 

11 other cardiovascular endpoints 

4 other gene studies

11 other PPAR polymorphisms

21 other disease researches

276 non-human genetic studies excluded:

78 review articles

52 cytological studies

33 Animal researches 

69 drug-relative articles 

27 gene expression or function studies 

17 protein or biomarker researches

Fig. 1 Flow diagram of search

strategy and study selection for

the meta-analysis
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comparison: P = 0.12, OR = 0.87, 95 %CI: 0.74–1.04;

dominant model: P = 0.04, OR = 0.80, 95 %CI: 0.65–

0.99; recessive model: P = 0.45, OR = 1.19, 95 %CI:

0.76–1.88; homozygote comparison: P = 0.73, OR =

1.09, 95 %CI: 0.68–1.73). Meanwhile, between-study

heterogeneity was substantially attenuated (allele com-

parison: Pheterogeneity = 0.02, I2 = 56.3 %; dominant

model: Pheterogeneity = 0.01, I2 = 59.4 %; recessive model:

Pheterogeneity = 0.10, I2 = 39.2 %; homozygote compari-

son: Pheterogeneity = 0.10, I2 = 38.8 %).

Cumulative analysis

There was no remarkable evidence suggesting that the first

published study had potential impact on the subsequent

publication replication by the cumulative meta-analysis

(data not shown).

Publication bias

The funnel plot showed there was not obvious asymmetry

and directly interpreted the results as showing evidence

against the presence of publication bias. Egger’s regression

asymmetry statistic further verified that there was low pos-

sibility of publication bias (t = -0.10, P = 0.92 for allele

comparison). Even when the most influential study was

excluded, there was not any material change in the evalua-

tion of publication bias (t = -0.12, P = 0.91) (Fig. 3).

Subgroup analysis

Given the conspicuous heterogeneity was presented in total

analysis, subgroup analysis is an appropriate method to

explore the potential origin of the heterogeneity. All the

genotypes and allele frequencies of the characteristic-

homogeneous groups were listed in Table 4. Data were

categorized according to the 2 racial descent groups

(Chinese and Caucasian) to assess the possible effect of

ethnicity on the variability of overall estimates. The asso-

ciation of the C161T polymorphism with CAD risk among

Chinese was at odds with that among Caucasians. In

Table 2 The distribution of C161T allele and genotype among CAD and controls and P value of HWE in controls

First author Sample size T allele, % C allele, % TT genotype CT genotype CC genotype HWE

Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls P-value

Chao TH 146 146 34.9 28.4 65.1 71.6 19 8 64 67 63 71 0.12

Dallongeville

[ADVANCE]

1076 805 11.9 12.4 86.1 86.0 13 10 230 179 811 603 0.42

Dallongeville

[PRIME]

249 494 12.0 10.5 88.0 89.5 6 2 46 97 189 383 0.11

Evangelisti 202 295 11.4 7.5 88.6 92.5 5 0 36 44 161 251 0.17

Fan 152 49 27.0 25.5 73.0 74.5 8 2 66 21 78 26 0.37

He 151 254 40.1 48.4 59.9 51.6 23 61 75 124 53 69 0.72

Li 150 270 12.7 19.8 87.3 80.2 6 7 26 93 118 170 0.17

Peng 150 157 15.3 19.8 84.7 80.3 6 4 34 54 110 99 0.29

Wan 381 175 19.4 20.6 80.6 79.1 14 8 120 57 247 110 0.86

Yilmaz-Aydogan 202 105 22.0 27.6 78.0 72.4 11 5 67 48 124 52 0.14

Zhang 161 103 13.7 19.9 86.3 80.1 5 2 34 37 122 64 0.20

Total 3020 2853 17.2 18.4 82.8 81.6 116 109 798 821 2076 1898

HWE Hardy–Weinberg equilibrium

The P value of HWE determined by the v2 test or Fisher’s exact test in control groups

Table 3 The expected power analysis of the C161T allele

First author Expected power, %a

OR = 1.5 OR = 2

Chao 54.3 95.6

Dallongeville [ADVANCE study] 99.9 100

Dallongeville [PRIME study] 88 100

Evangelisti 76 99.7

Fan 29 72.4

He 66.2 98.6

Li 67.1 98.8

Peng 56.5 96.4

Wan 74.8 99.7

Yilmaz-Aydogan 50.8 94.5

Zhang 47.4 92.3

OR Odds ratio
a Assuming OR of 1.5 and 2.0 for differences in allele frequency, the

minor allele frequency of 0.2 and Type I error probability(a) of 0.05
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Chinese population, the ORs of the PPARc C161T poly-

morphism approached to decrease (allele comparison:

P = 0.10, OR = 0.83, 95 %CI 0.66–1.04, Pheterogeneity =

0.03, I2 = 58.4 %) and the T allele carriers showed a

significant 26 % risk reduction of CAD under the dominant

model (P = 0.03, 95 %CI 0.57–0.97, Pheterogeneity = 0.03,

I2 = 56.1 %) (Fig. 4). In contrast, the ORs of CAD

approached to unity without significance among Cau-

Table 4 Summary estimates

for ORs and 95 % CI in

different subgroups under

various genetic contrasts

P–B population-based,

H–B hospital-based
a Test for overall effect

Genotype

contrasts

Study

population

Study number,

(case/

control),n(n/n)

Pheterogeneity I2, % P valuea OR 95 % CI

Total studies

Allele

comparison

(T vs. C)

11(3020/2853) 0.004 61.2 0.28 0.91 0.77–1.08

Dominant model

(CT ? TT vs.

CC)

11(3020/2853) 0.01 59.7 0.07 0.83 0.68–1.02

Recessive model

(TT vs.

CT ? CC)

11(3020/2853) 0.04 47.5 0.20 1.34 0.85–2.12

Homozygote

comparison

(TT vs. CC)

11(3020/2853) 0.04 48.6 0.36 1.25 0.78–2.00

Ethnicity

Allele

comparison

Chinese 7(1291/1154) 0.03 58.4 0.10 0.83 0.66–1.04

Caucasian 4(1729/1699) 0.05 61.0 0.71 1.05 0.81–1.37

Dominant model Chinese 7(1291/1154) 0.03 56.1 0.03 0.74 0.57–0.97

Caucasian 4(1729/1699) 0.09 54.3 0.88 0.98 0.75–1.29

Recessive model Chinese 7(1291/1154) 0.09 44.7 0.56 1.17 0.70–1.96

Caucasian 4(1729/1699) 0.07 57.2 0.17 2.06 0.73–5.84

Homozygote

comparison

Chinese 7(1291/1154) 0.09 44.6 0.81 1.07 0.63–1.82

Caucasian 4(1729/1699) 0.06 60.5 0.22 1.98 0.66–5.92

Study design

Allele

comparison

Prospective 2(1325/1299) 0.34 0 0.91 1.01 0.85–1.20

Retrospective 9(1695/1554) 0.003 65.1 0.23 0.88 0.70–1.09

Dominant model Prospective 2(1325/1299) 0.63 0 0.85 0.98 0.81–1.19

Retrospective 9(1695/1554) 0.01 62.9 0.07 0.79 0.61–1.02

Recessive model Prospective 2(1325/1299) 0.05 74.8 0.40 2.14 0.36–12.74

Retrospective 9(1695/1554) 0.07 44.6 0.36 1.26 0.77–2.06

Homozygote

comparison

Prospective 2(1325/1299) 0.05 74.8 0.40 2.12 0.36–12.66

Retrospective 9(1695/1554) 0.07 45.4 0.61 1.14 0.69–1.91

Population source

Allele

comparison

P–B 3(1527/1594) 0.10 56.6 0.31 1.15 0.88–1.52

H–B 8(1493/1259) 0.04 52.5 0.04 0.82 0.67–0.99

Dominant model P–B 3(1527/1594) 0.28 21.2 0.60 1.06 0.86–1.31

H–B 8(1493/1259) 0.05 50.8 0.01 0.73 0.57–0.92

Recessive model P–B 3(1527/1594) 0.04 70.2 0.17 3.31 0.59–18.41

H–B 8(1493/1259) 0.14 35.9 0.56 1.14 0.73–1.79

Homozygote

comparison

P–B 3(1527/1594) 0.03 70.7 0.17 3.33 0.59–18.83

H–B 8(1493/1259) 0.15 35.4 0.89 1.03 0.65–1.64
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casians (allele comparison: P = 0.71, OR = 1.05,

95 %CI: 0.81–1.37, Pheterogeneity = 0.05, I2 = 61 %; domi-

nant model: P = 0.88, OR = 0.98, 95 %CI 0.75–1.29,

Pheterogeneity = 0.09, I2 = 54.3 %).

Further subgroup analysis by population source sug-

gested the significance of the risk reduction of CAD in T

allele carriers was remarkably strengthened in H–B group

(allele comparison: P = 0.04, OR = 0.82, 95 %CI

0.67–0.99, Pheterogeneity = 0.04, I2 = 52.5 %, domi-

nant model: P = 0.01, OR = 0.73, 95 %CI 0.57–0.92,

Pheterogeneity = 0.05, I2 = 50.8 %), accompanying with

high between-study homogeneity (Fig. 5). In contrast, the

lack of dramatic association was observed of the PPARc
C161T polymorphism with CAD risk in P–B studies under

any genetic model (allele comparison: P = 0.31, OR =

1.15, 95 %CI 0.88–1.52, Pheterogeneity = 0.10, I2 =

56.6 %). Similarly, there was not any distinct association of

the PPARc C161T polymorphism with CAD risk was

detected under the all genetic models when data were cat-

egorized according to study design. The expected power of

all the subgroups achieved 100 % assuming OR equals 1.5.

Meta-regression analysis

Meta-regression is in common practice to clarify the

potential reasons for between-study heterogeneity in con-

sideration of various environmental factors. Multiple study-

level covariates, including the average levels of age, BMI

and TC as well as the percent of male, smoke and diabetes

were incorporated in our meta-regression. However, we

failed to detect the evidence which suggested these above

factors influenced the between-study heterogeneity.

Discussion

The definite association of the PPARc C161T polymor-

phism with CAD has not been studied extensively.

Although some studies have been performed to connect the

PPARc C161T polymorphism with CAD, the results

remained conflicting. This lack of uniformity stems from

multiple causes, such as research design, sample size,

statistic power issues and real variability across different

populations [32]. Meta-analysis affords an opportunity to

benefit the clarification of genuine relationship by

addressing some of these obstacles [33], combining the

results and overcoming the limitations of statistical power

found in each moderate size studies [34]. To our best

knowledge, this is the first systematic review assessing the

association between the PPARc C161T polymorphism and

CAD by means of a meta-analysis. We embarked on a

meta-analysis with 11 studies totaling 3020 CAD patients

and 2853 controls to reconcile the inconsistent results. As a

result, we found out a nonsignificant association of C161T

polymorphism with CAD risk under different genetic

models overall, accompanying with distinct heterogeneity.

Sensitive analysis implied that the study by Chao et al. [29]

was the major source of heterogeneity. After excluding

Study or Subgroup

Chao TH

Dallongeville J (ADVANCE)

Dallongeville J (PRIME)

Evangelisti L

Fan L

He MA

Li LP

Peng DQ

Wan J

Yilmaz-Aydogan H

Zhang YM

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.05; Chi² = 25.79, df = 10 (P = 0.004); I² = 61%

Test for overall effect: Z = 1.07 (P = 0.28)

Events

102

256

58

46

82

121

38

46

148

89

44

1030

Total

292

2108

482

404

304

302

300

300

762

404

322

5980

Events

83

199

101

44

25

246

107

62

72

58

41

1038

Total

292

1584

964

590

98

508

540

314

349

210

206

5655

Weight

9.5%

13.0%

9.6%

7.8%

6.4%

10.9%

8.4%

8.1%

10.2%

8.8%

7.3%

100.0%

M-H, Random, 95% CI

1.35 [0.95, 1.92]

0.96 [0.79, 1.17]

1.17 [0.83, 1.65]

1.59 [1.03, 2.46]

1.08 [0.64, 1.81]

0.71 [0.53, 0.95]

0.59 [0.39, 0.88]

0.74 [0.48, 1.12]

0.93 [0.68, 1.27]

0.74 [0.50, 1.09]

0.64 [0.40, 1.02]

0.91 [0.77, 1.08]

CAD Control Odds Ratio Odds Ratio

M-H, Random, 95% CI

0.2 0.5 1 2 5

Fig. 2 Meta-analysis for the overall association between PPARc C161T polymorphism and CAD under the allele comparison (T vs. C). ‘Events’

indicates the total number of T allele. ‘Total’ indicates the total number of T allele plus C allele
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this most influential article, a marginal association of

the C161T polymorphism with the CAD risk reduction

was presented and the magnitude of heterogeneity was

attenuated.

Genetic heterogeneity is inevitable in any disease

identification strategy [35], we conducted the subgroup

analysis to explore the diverse role of the PPARc C161T

polymorphism on different ethnic population. Indeed, the T

allele carriers were at striking risk reduction of CAD

among Chinese, however the protective effect was absent

among Caucasians. The diverse results of ethnic groups

may be due to different genetic ancestral background. In

addition, some individual studies with constrained sample

size [30] and insufficient statistical power may be respon-

sible for the discrepancy, as reflected from our power

analysis. So the data from large-scale and well-designed

researches with adequate statistical power are required for

the confirmation of our result.

Besides the interference of ethnicity, another interpre-

tation of the inconsistency between different studies is that

the single locus effects contribute to the minority of CAD

risk prediction. The genetics of disease aetiology and drug

dependance is mostly based on interactions among multiple

genes and environmental factors. We centered on the single

polymorphism on the PPARc gene in spite of the proba-

bility that other candidate genes or polymorphisms might

cooperatively exert effect on the development of CAD.

Optimized models to characterize the polygenic or haplo-

type-based effects are needed to fully understand disease

causation.

It should be noticed that most common diseases cannot

be explained by single genetic risk factors in isolation. The

elucidation of between-study heterogeneity is often con-

founded by the environment exposures including lifestyle,

socioeconomic factors, prescription policies, endocrine

disruptors, maternal behavior and so on. Environmental

agents can independently alter gene expression and mod-

ulate the disease risk via the process called epigenetics

[36]. Genetic factors modify the epigenetic response to the

environment [37].Epigenetic marks, such as DNA meth-

ylation and histone modifications, are dynamically

a

b

Begg's funnel plot with pseudo 95% confidence limits
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o
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Fig. 3 Begg’s funnel plot analysis to detect publication bias for

overall allele comparison (T vs. C) of the PPARc C161T polymor-

phism (Fig. 3a) and after removing the most influential study

(Fig. 3b)

Fig. 4 Meta-analysis for the association between the PPARc C161T

polymorphism and CAD among Chinese. The T allele carriers shows

a significant reduced risk of CAD under the dominant model

(CT ? TT vs. CC). ‘Events’ indicates the total number of CT ? TT

genotype. ‘Total’ indicates the total number of CT ? TT genotype

plus CC genotype
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changing throughout the life course. Measuring epigenetic

influences derived from environmental risk factors and

including them in models of the assessments of genetic risk

criteria will become pivotal in future investigations. Nev-

ertheless, we did not find out any environment exposures as

primary causes of between-study heterogeneity in the way

of meta-regression, implying interaction of the C161T

genotype with the environment factors barely influenced

our result.

In addition, another estimate should be cautiously trea-

ted when data were stratified by population source. The

association of C161T polymorphism with the CAD risk

reduction in H–B group was obviously at odds with that in

P–B group. The CAD risk reduction dramatically and

progressively reduced in H–B group. Interestingly, the

magnitude of association was reversed in P–B studies

although this relationship was not significant. Population

classified remained problematic [38], especially in H–B

studies. Despite high participation and less information

bias may favor H–B studies, they still have some draw-

backs. Subjects are recruited from a given hospital in spite

of the population from which they arise. Even in some

studies, controls are selected from an ill-defined study base.

Thus there is probably a biased case–control comparison

between cases and controls because subjects could not

reflect the true exposure experience of the source popula-

tion, resulting in an overestimation of the OR. By contrast,

the controls sampled from community or general popula-

tion are acknowledged as preferable for reasons of repre-

sentativeness and reliability. Considering a wide range of

confidence intervals of in the H–B subgroup analysis,

further studies are called for to ascertain the reliability of

effect size.

Despite our meta-analysis included relatively large

sample size consistent of HWE and offered an analysis

with the potential for high power [39], there are some

weakness of methodology for characterizing meta-analyses

of observational studies [40]. Small negative studies are

prone to be refused and the unpublished studies as well as

the ‘‘grey’’ literature (articles in languages other than

English and Chinese) were likely not to be involved, lit-

erature bias might not be ruled out absolutely, although the

Fig. 5 Meta-analysis for the association between the PPARc C161T

polymorphism and CAD in hospital-based studies. The C161T

polymorphism shows a significant reduced risk of CAD under the

allele comparison (T vs. C, a) and under the dominant model

(CT ? TT vs. CC b). ‘Events’ indicates the total number of T allele

(a) and CT ? TT genotype (b), ‘Total’ indicates the total number of

T allele plus C allele (a) and CT ? TT genotype plus CC genotype

(b) respectively

3110 Mol Biol Rep (2013) 40:3101–3112

123



Egger’s test and funnel plots did not document the pre-

sentation of publication bias in our meta-analysis. In

addition, some studies free of nested or matched case–

control design also accounted for heterogeneity because the

different distribution of these study exposures is poorly

comparable. Additional studies estimating this kind of

interaction are required.

Experimental studies have identified the anti-inflam-

matory effects of PPARc. Although the function signifi-

cance of silent mutation can be explained in some ways

[41], there were scarce evidences determining the role of

the C161T polymorphism on the expression of PPARc.

Meirhaeghe et al. [42] detected a dramatic interaction

presented between the C161T polymorphism and BMI for

plasma leptin levels, which implied that the C161T poly-

morphism possibly participated in modifying the activation

of PPARc, resulting in altered transcription levels of target

genes in the metabolic pathway [43]. Our research com-

plemented the previous studies and provided clues that the

C161T polymorphism might exert pleiotropic and positive

effects in preventing atherosclerosis.

Although the statistical bias could not be avoided

completely, our meta-analysis, comprising 5,873 people,

suggested that the T allele might have a potential protective

effect on CAD. The effect is heterogeneous, being distinct

among Chinese and lack of significance among Caucasians.

Our meta-analysis also emphasizes the necessity of great

caution when trying to interpret and combine data observed

in different ethnic population. However, it is confused

whether the T allele carriers have more advantages in

aspect of anti-atherosclerosis because of the low frequency

of T allele. More large-scale cohort studies with well study

design may facilitate to explore the true relationship.
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