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Abstract: Objective: Several published literatures investigated the relation between a polymorphism (Leul25Val) in 
platelet endothelial cell adhesion molecule-1 (PECAM-1) gene and risk of coronary heart disease (CHD) and did not 
reach the same conclusion. To shed light on these inconclusive findings, we performed a meta-analysis of studies 
relating the PECAM-1 genetic polymorphism (Leul25Val) to the risk of CHD. Methods: We identified literatures by 
searching PubMed, EMBASE, Chinese National Knowledge Infrastructure databases (CNKI) and Wanfang database 
in China. Data from eligible studies were extracted for meta-analysis. CHD risk associated with PECAM-1 genetic 
polymorphism (Leul25Val) was estimated by pooled odds ratios (ORs) and 95% confidence intervals (95% CIs). 
The software Review Manager (Version 5.2) was used for meta-analysis. Publication bias was tested by funnel plot. 
Results: A total of 15 studies comprising 3696 cases and 3940 controls fulfilled the inclusion criteria. Our results 
did not show that Leul25Val polymorphism in PECAM-1 gene was associated with the risk of CHD [(LL+LV) vs VV, OR 
= 1.15, 95% CI: 0.84-1.56, P = 0.38; (VV+LV) vs LL, OR = 0.96, 95% CI: 0.79-1.17, P = 0.69; V vs L, OR = 1.08, 95% 
CI: 0.92-1.27, P = 0.80, respectively] by a meta-analysis. Conclusion: The results of our meta-analysis suggested 
that Leul25Val polymorphism in PECAM-1 gene is not a susceptibility marker of CHD.
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Introduction 

Coronary heart disease (CHD) is a leading 
cause of death and disability worldwide. CHD is 
usually caused by atherosclerosis that is char-
acterized by the formation of cholesterol and 
fatty deposits on the inner walls of the arteries 
and inflammation [1, 2]. Eventually, the narrow-
ing or blockage of the coronary arteries [3, 4] 
can lead to acute myocardial infarction, even 
sudden death. CHD is a complex disease result-
ing from the interactions between a number of 
genetic factors and various environmental fac-
tors [5, 6]. 

Inflammation plays a critical role in the initia-
tion and progression of atherosclerosis and 
subsequent CHD [7, 8]. Platelet activation, 
aggregation and thrombus formation are 

regarded as key steps in the pathogenesis of 
atherosclerosis and CHD [9]. Previous studies 
indicated that platelet endothelial cell adhesion 
molecule-1 (PECAM-1), also known as CD31, is 
a membrane glycoprotein (MW: 130 KDa) and 
is an immunoglobulin (Ig) and involves inflam-
mation [10, 11]. PECAM-1 is constitutively 
expressed on the surface of circulating mono-
cytes, platelets, neutrophils, specific classes of 
T cells, and endothelial cells [12-15]. Several 
publications suggested that genetic polymor-
phism (Leu125Val, rs668) of PECAM-1 were 
associated with the risk of CHD [16-23]. 
However, some studies did not verify this con-
clusion [24-31]. In view of the discrepancies in 
the findings of previous published studies, we 
aimed to perform a meta-analysis to clarify the 
association between rs668 in PECAM-1 and 
CHD.
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Methods

Search strategy

We carried out a publication search in PubMed, 
EMBASE, Chinese National Knowledge Infra- 
structure (CNKI) and Wanfang database in 
China, with the following search terms: “plate-
let endothelial cell adhesion molecule-1” or 
“PECAM-1” or “CD31”, and “SNP” or “polymor-
phism” or “polymorphic” or “gene” or “genetic” 
or “genotype” or “variant” or “mutation” or 
“mutant”, and “coronary artery disease” or 
“coronary heart disease” or “cardiovascular” or 
“unstable angina” or “myocardial infarction” or 
“acute coronary syndrome”. The search fol-
lowed the guidelines of the 2009 preferred 
reporting items for systematic reviews and 
meta-analysis (PRISMA) statement. Searches 
were limited to papers published in the English 
and Chinese language. 

Selection criteria

Inclusion criteria are as follows: (1) indepen-
dently published case-control or cohort studies 
on the relation between PECAM-1 gene poly-
morphism and CHD; (2) with the genotype data 
of LL, LV and VV or with comprehensive statisti-
cal indicators directly or indirectly: OR or RR 
(relative risk) values and 95% CI (confidence 
interval); and (3) similar themes and methods, 
that is, case-control or cohort studies about the 
relation of the PECAM-1 gene polymorphism 
and CHD. The literatures were excluded if rele-
vant data are not available or there is heteroge-

neity of gene polymorphism in the control popu-
lation. And studies in which participants did not 
have documented symptoms or diagnostic evi-
dence of CHD were excluded. For the heteroge-
neity test method, we use the Q-test and I2 test 
of the RevMan 5.2 software. 

Data extraction

Two investigators independently extracted the 
following data with a standard protocol: 1) first 
author’s name; 2) year of publication; 3) study 
design; 2) number of participants in the case 
and control groups; 3) patient characteristics of 
each group; 4) ethnicity of the study population; 
4) method of screening for CHD; and 5) odds 
ratio (OR) and 95% confidence interval for asso-
ciation with CHD. Discrepancies were resolved 
through a discussion between the two review-
ers. In case of incomplete data on the genotype 
frequencies, the corresponding author of the 
respective article was contacted.

Statistical analysis

For each study, we first examined whether the 
genotype distribution in controls was consis-
tent with Hardy-Weinberg equilibrium (HWE) by 
x2 test. Meta-analysis was performed using 
RevMan 5.2 software provided by the Cochrane 
Collaboration. We used Q-test and I2 test to 
examine the heterogeneity between each 
study. Using the heterogeneity test, if P > 0.05, 
we selected the fixed effects model, and if P < 
0.05, we selected the random effects model to 
merge the OR. P < 0.05 was considered as a 

Table 1. The characteristics of included studies
Publication Year Author Ethnicity Case/Control VV LV LL V L
2000 Gardemann et al. Germany 1170/1330 335/380 563/630 272/320 1233/1390 1107/1270
2001 Sasaoka et al. Japanese 136/235 29/70 72/120 35/45 130/260 142/210
2003 Song et al. Chinese 156/75 40/10 82/37 34/28 162/57 150/93
2004 Listì et al. Italian 96/118 19/31 38/49 39/38 76/111 116/125
2004 Wei et al. Chinese 144/150 54/29 63/86 27/35 171/144 117/156
2005 Fang et al. Indian 137/110 32/47 83/52 22/11 147/127 146/74
2006 Pan et al. Chinese 90/115 36/27 34/57 20/31 106/111 74/119
2007 Chang et al. Chinese 600/725 223/396 252/147 125/182 698/939 502/511
2007 Xu et al. Chinese 72/80 29/18 27/40 16/22 85/76 59/84
2008 Kang et al. Chinese 95/89 25/26 54/50 16/13 104/102 86/76
2008 Wei et al. Chinese 265/280 83/58 136/158 46/64 302/274 228/286
2009 Listì et al. Italian 431/119 121/21 208/63 102/35 450/105 412/133
2009 Reschner et al. Slovenia 142/310 35/91 67/166 40/53 137/348 147/272
2010 Huang et al. Chinese 62/88 19/13 32/47 11/28 70/73 54/103
2010 Shalia et al. India 100/116 21/26 44/63 35/27 86/115 114/113
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significant difference. Sensitivity analyses were 
performed using the one-study remove app- 
roach to assess the impact of each study on 
the combined effect as previously described 
[32]. Assessment of publication bias was car-
ried out by inspection of funnel plot asym- 
metry.

Results

Flow of included studies

102 literatures were preliminarily detected, 
which includes 76 Chinese literatures and 36 
English literatures; 67 literatures were exclud-
ed because of duplicate publication and non-
clinical-based research literature. 35 studies 
appeared to be potentially relevant for inclu-
sion in our study. 18 studies were further 
excluded because of not to detect the rs668 
genotype. Therefore, 17 full-text articles were 
reviewed. 2 studies were further excluded for 
no control population. Therefore, a total of 15 
articles met the inclusion criteria [16-31].

Characteristics of included studies

The overall study population included in the 
current meta-analysis included 7636 subjects, 
of which 3696 were cases and 3940 were con-
trols. The characteristics of included studies 
are summarized in Table 1. The 15 included 

studies were published between 2000 and 
2010. Genotyping of Leu125Val in the included 
studies was performed by either polymerase 
chain reaction (PCR) sequencing or PCR restric-
tion fragment length polymorphism technique 
using restriction enzymes PvuII. The genotype 
distributions among the controls of all studies 
were in agreement with HWE.

Meta-analysis

The association between rs668 polymorphism 
and susceptibility to CHD was analyzed in 15 
independent studies. Results of the meta-anal-
ysis are shown in Figures 1-3. These three fig-
ures showed the result of meta-analysis of 
studies on the correlation between CHD and 
PECAM-1 polymorphism in 15 case-control 
studies. The systematic reviews of the included 
studies can be seen from these three figures, 
which include the number of case and control 
groups, weight, OR value, and 95% CI.

The heterogeneity test of the various studies 
revealed heterogeneous results (P < 0.001, I2 = 
86%; P = 0.001, I2 = 60%; and P < 0.001, I2 = 
80%, respectively); therefore, we used the ran-
dom effects model in the analysis. We did not 
find associations of PECAM-1 Leu125Val with 
CHD risk in dominant model [(LL+LV) vs VV, OR 
= 1.15, 95% CI: 0.84-1.56, P = 0.38, Figure 1], 
recessive model [(VV+LV) vs LL, OR = 0.96, 

Figure 1. Forest plot of CHD and Leu125Val in a dominant model, the horizontal lines correspond to the study-spe-
cific OR and 95% CI, respectively. The area of the squares reflects the study-specific weight. The diamond represents 
the pooled results of OR and 95% CI.
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95% CI: 0.79-1.17, P = 0.69, Figure 2], and 
allele model (V vs L, OR = 1.08, 95% CI: 0.92-
1.27, P = 0.80, Figure 3), respectively, by a 
meta-analysis. 

Test of sensitivity

For the sensitivity analysis, we deleted one sin-
gle study from the overall pooled analysis each 

Figure 2. Forest plot of CHD and Leu125Val in a recessive model, the horizontal lines correspond to the study-spe-
cific OR and 95% CI, respectively. The area of the squares reflects the study-specific weight. The diamond represents 
the pooled results of OR and 95% CI.

Figure 3. Forest plot of CHD and Leu125Val in an allele model, the horizontal lines correspond to the study-specific 
OR and 95% CI, respectively. The area of the squares reflects the study-specific weight. The diamond represents the 
pooled results of OR and 95% CI.
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time to check the influence of the removed 
data set to the overall ORs. The pooled ORs and 
95% CIs were not significantly altered when any 
part of the study was omitted, which indicated 
that any single study had little impact on the 
overall ORs.

Publication bias

We utilized RevMan 5.2 software to analyze the 
publication bias; the funnel plot (Figure 4) 
showed that the points are evenly distributed 
and symmetrical, and most of the points are 
within the 95% confidence interval. And the 
shape of funnel plots showed no obvious asym-
metry. It indicates that there is no publication 
bias, and the result of the study is credible.

Discussion

In this meta-analysis, we found a polymorphism 
Leu125Val in PECAM-1 gene was not associat-
ed with CHD by the pooled results from 15 pub-
lished studies. Current evidences indicate that 
a large number of genetic variations of low 
effect size are likely to contribute to overall risk. 
Pooled odds ratios calculated from meta-analy-
sis of individual studies represent a means to 
generate sample sizes to examine with suffi-
cient power whether candidate gene polymor-
phisms are associated with risk of a particular 
disease.

It has been suggested that PECAM-1 phosphor-
ylation plays a pivotal role in platelet function 
and collagen-mediated activation, thereby 
affecting the risk of thrombus formation and 

cal power and draw a more compelling result. 
However, meta-analysis confounds factors 
such as publication bias, method of sampling, 
different genetic backgrounds of subjects, dif-
ferent protocols and quality of analysis. In the 
present study, we did not found the publication 
bias. All of the studies checked genotypes for 
quality control. Genotype distribution of con-
trols in all studies was consistent with HWE. In 
addition, sensitivity analysis also showed that 
omission of any single study did not have sig-
nificant impact on the combined ORs. This 
made the results of this meta-study more reli-
able to some extent.

However, there remained some limitations in 
this meta-analysis. Firstly, in the present study, 
we were unable to perform gender-specific 
analysis for the candidate SNP as genotype fre-
quencies in most of included studies were not 
stratified for individual genders. Secondly, the 
included studies were relatively heterogenous 
regarding ethnicity and age. Finally, distribution 
of cardiovascular risk factors such as plasma 
lipids, blood pressure and prevalence of diabe-
tes and obesity were not uniformly expressed 
in all studies, hence hindering the possibility of 
adjusting combined ORs for the respective 
parameters. 

In conclusion, evidence from the current meta-
analysis suggested that rs668 SNP were not 
found to be significantly associated with the 
presence of CHD. Further large studies taking 
into account the effects of gender, ethnicity 
and age are warranted to obtain a more robust 

Figure 4. Begg’s funnel plot for publication bias tests. Each point represents 
a separate study for the indicated association. Log or represents natural loga-
rithm of OR. Vertical line represents the mean effects size.

potentially subsequent deve- 
lopment of CHD. And poly-
morphisms of the PECAM-1 
have been shown to be 
closely related to CHD. In the 
present study, we combined 
the results of 15 studies to 
pool analyze the relation 
between Leu125Val poly-
morphism and CHD. The 
result showed that there was 
not association of CHD with 
rs668 polymorphism of PEC- 
AM-1 gene. 

The characteristic of meta-
analysis is to combine com-
parable studies to increase 
the sample size and statisti-
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assessment of the association between 
PECAM-1 SNP and risk of CHD.
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