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Abstract: Background: Numerous studies have evaluated the association between the MCP-1-2518A/G polymor-
phism and coronary artery disease (CAD) risk; however, the actual association is controversial. To derive a more pre-
cise estimation of the relationship in Chinese population, we performed this meta-analysis. Methods: We searched 
the PubMed, Embase, Web of Science, and CNKI databases to identify studies that examined the association 
between the MCP-1-2518A/Gpolymorphism and the risk of CAD. We estimated the pooled odds ratio with its 95% 
confidence interval to assess this association. Results: Seven studies containing 4024 Chinese subjects (2260 
patients with CAD and 1764 controls) were included in this meta-analysis. MCP-1-2518A/G polymorphism was not 
found to be significantly associated with CAD risk in all comparisons (for G vs A: OR=1.10, 95% CI=0.92-1.32; for 
AG+GG vs AA: OR=1.10, 95% CI=0.79-1.53; for GG vs AA+AG: OR=1.05, 95% CI=0.91-1.21; for GG vs AA: OR=1.12, 
95% CI=0.82-1.54; for AG vs AA: OR=1.05, 95% CI=0.76-1.47). Similarly, no associations were found in subgroup 
analysis based on source of control and endpoint. Conclusions: the MCP-1-2518A/G polymorphism was not associ-
ated with the risk of CAD in Chinese population.
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Introduction

Coronary artery disease (CAD) is the leading 
cause of death and disability worldwide [1]. 
Despite it is well established that a poor diet, 
advanced age, smoking, hypertension, diabe-
tes, and dyslipidemia are associated with 
increased risk of CAD, a detailed etiology 
underlying CAD is still obscure.

Monocyte chemo-attractant protein 1 (MCP-1), 
also known as CCL-2 (CC chemokine ligand 2), 
is the key chemokine in the process of athero-
sclerotic vascular inflammation by being an 
important chemoattractant for monocytes [2]. 
The human MCP-1 gene is located on chromo-
some 17q11.2-q21.1 [3]. A polymorphic G allele 
at the -2518A/G position at the promoter region 
of MCP-1 has been shown to increase the gene 
expression of MCP-1 [4].

Several studies have investigated the relation-
ship between MCP-1-2518A/G polymorphism 

and CAD risk in various populations worldwide, 
including American, Tunisian and Indian popula-
tions [5-7]. In Chinese population, a variety of 
molecular epidemiological studies have focused 
on the relationship between MCP-1-2518A/G 
polymorphism and CAD susceptibility. However, 
results in different studies have been inconsis-
tent. We therefore performed a meta-analysis 
of the published studies to clarify this inconsis-
tency and to establish a comprehensive picture 
of the relationship between MCP-1-2518A/G 
polymorphism and CAD risk in Chinese popu- 
lation.

Methods

Publication search

The electronic databases PubMed, Embase, 
Web of Science, and CNKI were searched using 
the following terms: “CCL2 or MCP-1 or mono-
cyte chemotactic protein 1” in combination with 
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“acute coronary syndrome or myocardial infarc-
tion or acute myocardial infarction or cardiovas-
cular disease or ischemic heart disease or cor-
onary heart disease or coronary artery disease” 
and “polymorphism or variant or mutation” up 
to December 2014. Additionally, hand search-
es for related articles were also performed.

Inclusion criteria

The inclusion criteria for identified articles  
were as follows: (1) studies on the relation- 
ship between MCP-1-2518A/Gpolymorphism 
and CAD; (2) studies with full text articles; (3) 
sufficient data for estimating an odds ratio (OR) 
with 95% confidence interval (CI); (4) not repub-
lished data.

Data extraction

Information was carefully extracted from all  
eligible publications independently by two 
authors (Zuo S and Wang HL) of this article. 
Disagreement was resolved by consensus. If 
these two authors could not reach a consen-
sus, the result was reviewed by a third author 
(Wang BR). Data were extracted independently 
and entered into separate databases from 

each qualified study: the first author, year of 
publication, region, sample size, mean age of 
CAD patients and controls, the percentage of 
male in patients and controls, genotyping 
method and Hardy-Weinberg equilibrium in 
controls.

Statistical analysis

ORs with 95% CIs were calculated to assess 
the strength of the association between MCP-1-
2518A/G polymorphism CAD risk. Five genetic 
models were assessed: homozygote model (GG 
vs AA), heterozygote model (AG vs AA), reces-
sive model (GG vs AA+AG), dominant model 
(AG+GG vs AA), and allele model (G vs A). 
Subgroup analysis based on ethnicity and 
source of control and endpoint were also 
performed.

The Hardy-Weinberg equilibrium (HWE) was 
determined using the chi-square test in the 
control groups [8]. Heterogeneity assumption 
was checked by the chi-square-based Q-test 
[9]. In addition, the percentage of total varia-
tion due to heterogeneity was quantified by the 
I2 value [10]. If P≥0.1 and I2<50%, we used  
the fixed-effects model (the Mantel-Haenszel 

Figure 1. Study flow chart depicting the literature search and study selection.
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method) to pool the results [11]. Otherwise, the 
random effects model (the DerSimonian Laird 
method) was used [10]. The Galbraith plot was 
used to detect the potential sources of hetero-
geneity, and re-analyses were conducted when 
the studies possibly causing the heterogeneity 
were excluded [12]. To access the stability  
of the meta-analysis, one-way sensitivity analy-
sis was carried out. Publication bias was 
assessed with funnel plots and Egger regres-
sion test [13]. All statistical tests were carried 
out using STATA 12.0 software (Stata Corpora- 
tion, College Station, Texas, USA). A P value of 
less than 0.05 was considered significant.

Results

Study characteristics

Figure 1 shows the results of the study screen. 
The initial search produced 163 studies from 
PubMed, Embase, Web of Science and CNKI. 
After exclusion of duplicates, 122 potentially 
eligible studies were selected. After detailed 
evaluations, 7 studies were selected for final 
meta-analysis [14-20]. The genotype distribu-
tion in the controls of all studies was consistent 
with Hardy-Weinberg equilibrium (HWE) except 
for two study (P<0.05) [16, 18]. Four studies 
were hospital-based, and three were popula-
tion-based. The characteristics of the selected 
studies are summarized in Table 1.

Quantitative data synthesis

A summary of the meta-analysis findings on the 
associations between MCP-1-A2518G polymor-
phism and susceptibility to CAD is provided  
in Table 2. Overall, this meta-analysis showed 
that the MCP-1-2518A/G polymorphism was 
not associated with CAD risk in all genetic mod-
els (for G vs A: OR=1.10, 95% CI=0.92-1.32; for 

AG+GG vs AA: OR=1.10, 95% CI=0.79-1.53; for 
GG vs AA+AG: OR=1.05, 95% CI=0.91-1.21; for 
GG vs AA: OR=1.12, 95% CI=0.82-1.54; for AG 
vs AA: OR=1.05, 95% CI=0.76-1.47) (Figure 2). 
Similarly, no associations were found in sub-
group analysis based on source of control and 
endpoint (Table 2).

Heterogeneity analysis

Heterogeneity between studies was observed 
in most comparisons as well as in subgroup 
analyses. To explore the potential sources  
of heterogeneity further, we performed the 
Galbraith’s test and accordingly singled out  
one study of Wang et al. [18] as the main con-
tributors to heterogeneity (Figure 3). When 
excluding the study, the heterogeneity disap-
peared in all comparisons (for G vs A: OR= 
0.99, 95% CI=0.90-1.08, I2=41.6, P=0.128; for 
AG+GG vs AA: OR=0.92, 95% CI=0.78-1.08, 
I2=49.7%, P=0.107; for GG vs AA: OR=0.96, 
95% CI=0.79-1.16, I2=44.6%, P=0.108; for AG 
vs AA: OR=0.89, 95% CI=0.75-1.06, I2=36.1%, 
P=0.166).

Sensitivity analysis

We sequentially excluded the single studies 
from the overall pooled analysis to check 
whether the summary ORs were materially 
changed. The recalculated ORs were found sta-
ble, indicating our results are valuable (Figure 
4).

Publication bias

The shape of funnel plots did not reveal any evi-
dence of obvious asymmetry in the overall 
meta-analysis (Figure 5). Egger’s test also dis-
played no significant statistical evidence of 
publication bias under any genetic models, sug-
gesting that no publication bias exists.

Table 1. Main characteristics of eligible studies

Study Year Region Source of 
control Endpoint Sample size 

(case/control)
Mean age in case/

control, (years)
Gender component in 
case/control (% male)

Genotyping 
method HWE

Zhang 2009 Shenyang PCC CAD 502/410 59.3/52.9 77.3/59.0 PCR-RFLP yes

Zhong 2010 Nanjing PCC CAD 132/153 52.1/51.2 48.5/45.1 TaqMan yes

He 2011 Jiangsu HCC MI 330/165 65.63/56.39 69.39/50.91 PCR-RFLP no

Lin 2012 Taiwan PCC CAD 392/216 65.73/66.43 73.7/60.2 PCR-RFLP yes

Wang 2012 Liaoning HCC MI 150/159 63.8/65.9 68/67.9 PCR-RFLP no

Yang 2012 Chengdu HCC CAD 120/60 NA/NA NA/NA PCR-RFLP yes

Xu 2013 Zhejiang HCC MI 634/601 63.0/62.0 74.0/71.4 PCR-RFLP yes
HCC, hospital-based case-control; PCC, population-based case-control; HWE, Hardy-Weinberg equilibrium; CAD, coronary artery disease; MI, myocardial infarction.
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Discussion

CAD is a multi-factorial and polygenic disorder 
disease which is thought to be the result of 
interactions between complex gene-gene and 
gene-environment. MCP-1 is a member of the 
C-C beta chemokine family that is produced  
by macrophages, fibroblasts, and endothelial 
cells to stimulate chemo taxis of monocyte/
macrophages and other inflammatory cells. 
Abundant studies have suggested that MCP-1 
is commonly overexpressed in a wide variety  
of CVD, including atherosclerosis, hypertension 
and coronary heart disease [21]. The first  
study associating MCP-1-2518A/G polymor-
phism with CAD suggested higher frequency  
of G allele in CAD patients exclusively due to  
a twofold increase of GG homozygotes in 
Hungarian patients [22].

Several studies have examined the relationship 
between MCP-1-2518A/G polymorphism and 
CAD susceptibility in Chinese population. In 
addition, the credibility of results from a single 
case-control study is questionable due to too 
small sample size of the study populations. As 
suggested, to generate robust data, a much 
larger sample size in each group might be 
required [23]. By increasing the sample size, 
the meta-analysis has the potential to detect 
small effects in human genetic association 
studies. To draw a comprehensive understand-
ing, we pooled the data and performed a meta-
analysis in Chinese population. The meta-anal-
ysis included 4024 subjects with 2260 cases 
and 1764 controls. In this meta-analysis, we 
observed no association between MCP-1-
2518A/G and the risk of developing CAD in 
Chinese population. Similarly, no associations 

Table 2. Meta-analysis for the association of MCP-1-2518A/G polymorphism with CAD in Chinese 
population

Comparison Study groups 
Test of association Test of heterogeneity

Modelb
OR (95% CI) Z P Value χ2 Pa I2 (%)

G vs A Total studies 1.10 (0.92-1.32) 1.07 0.285 20.42 0.002 70.6 R
PCC 1.03 (0.83-1.27) 0.24 0.811 4.48 0.107 55.3 R
HCC 1.20 (0.87-1.66) 1.10 0.271 15.87 0.001 81.1 R
MI 1.15 (0.79-1.67) 0.71 0.477 13.64 0.001 85.3 R

Studies in HWE 1.02 (0.87-1.20) 0.28 0.783 8.56 0.073 53.3 R
GG vs AA Total studies 1.12 (0.82-1.54) 0.69 0.487 14.92 0.021 59.8 R

PCC 1.06 (0.67-1.69) 0.24 0.809 5.02 0.081 60.2 R
HCC 1.22 (0.72-2.08) 0.73 0.465 9.86 0.020 69.6 R
MI 1.10 (0.61-1.99) 0.31 0.756 7.51 0.023 73.4 R

Studies in HWE 1.05 (0.75-1.45) 0.26 0.792 8.73 0.068 54.2 R
AG vs AA Total studies 1.05 (0.76-1.47) 0.32 0.751 21.24 0.002 71.7 R

PCC 1.04 (0.80-1.35) 0.32 0.748 3.58 0.167 44.2 F
HCC 1.07 (0.60-1.92) 0.24 0.809 17.44 0.001 82.8 R
MI 1.05 (0.50-2.20) 0.14 0.891 17.15 0.000 88.3 R

Studies in HWE 0.93 (0.77-1.11) 0.81 0.420 6.22 0.183 35.7 F
AG+GG vs AA Total studies 1.10 (0.79-1.53) 0.57 0.572 24.42 0.000 75.4 R

PCC 1.05 (0.70-1.57) 0.23 0.818 4.94 0.085 59.5 R
HCC 1.15 (0.65-2.04) 0.49 0.624 19.44 0.000 84.6 R
MI 1.09 (0.53-2.24) 0.24 0.809 18.32 0.000 89.1 R

Studies in HWE 1.01 (0.76-1.33) 0.04 0.967 8.80 0.066 54.6 R
GG vs AG+AA Total studies 1.05 (0.91-1.21) 0.71 0.477 5.81 0.445 0.0 F

PCC 1.01 (0.83-1.23) 0.07 0.944 1.78 0.411 0.0 F
HCC 1.10 (0.90-1.34) 0.93 0.352 3.68 0.298 18.5 F
MI 1.06 (0.87-1.30) 0.58 0.561 2.17 0.337 8.0 F

Studies in HWE 1.01 (0.87-1.18) 0.17 0.865 3.83 0.429 0.0 F
aP value of Q-test for heterogeneity. bRandom-effects model (R) was used when P value for heterogeneity test 
<0.10; otherwise, fixed-effects model (F) was used. HCC, hospital-based case-control; PCC, population-based 
case-control.
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Figure 2. Meta-analysis of the association between the MCP-1-2518A/G polymorphism and CAD risk (G vs A).

Figure 3. Galbraith’s plot of MCP-1-2518A/G polymorphism and CAD risk (G vs A). The study of Wang et al. was 
spotted as the outlier.



MCP-1-2518A/G polymorphism and CAD risk

15187	 Int J Clin Exp Med 2015;8(9):15182-15189

were found in subgroup analysis based on 
source of control and endpoint.

Heterogeneity is a potential problem that may 
affect the interpretation of the results. Signi- 
ficant heterogeneity existed in this meta-analy-

suggested that results of this meta-analysis 
were reliable.

Some limitations of this meta-analysis should 
be considered in interpreting the results. First, 
the control resources were not from the uni-

Figure 4. Sensitivity analysis of the correlation between the MCP-1-2518A/G polymorphism and CAD risk (G vs A).

Figure 5. Begg’s funnel plot of the meta-analysis of the MCP-1-2518A/G poly-
morphism and CAD risk (G vs A).

sis. Galbraith plots were 
used to find the sources  
of heterogeneity. We found 
that I2 value was decreased 
after excluding the outliers. 
The result suggested that 
the outlying studies may be 
the major source of the het-
erogeneity. Moreover, het-
erogeneity did not influen- 
ce the results, because the 
significance of the result 
was not altered after exclu- 
ding the outliers. Results 
from one-way sensitivity 
analysis suggested stabili- 
ty of these results. Addi- 
tionally, funnel plots and 
Egger’s tests did not find 
potential publication bias. 
All together, these results 
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formed population, which may cause misclas-
sification bias to some extent. Second, due  
to lacking of the original data of the eligible 
studies, we could not perform other subgroup 
analyses based on age, smoking, and so on. 
Third, data included in the meta-analysis were 
obtained from published articles. We could  
not track unpublished articles, influencing the 
comprehensiveness of the data. Finallly, our 
analysis did not consider the possibility of 
gene-gene or SNP-SNP interactions or the pos-
sibility of linkage disequilibrium between poly- 
morphisms.

In conclusion, the MCP-1-2518A/G polymor-
phism was not associated with the risk of CAD 
in Chinese population. However, some results 
of this present meta-analysis are limited by the 
small number of studies; thus, additional larger 
well-designed studies are required.
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