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Abstract: Background: Chemokine receptor 5 (CCR5) is one of the pro-inflammatory G protein coupled receptors. 
Many studies have accessed the association between CCR5 gene polymorphism and atherosclerotic disease. How-
ever, the results are conflicting and inconclusive. The aim of this study was to evaluate the association more pre-
cisely. Research Design and Methods: Trials were retrieved through Pubmed, Embase, Medline, China National 
Knowledge Infrastructure, Web of Science, and Cochrane database without restrictions on language. The pooled 
odds ratio (OR) and 95% confidence interval (CI) were used to describe the strength of association with atheroscle-
rotic disease. The subgroup analysis was used to explore the heterogeneity bias among studies. Results: Data were 
obtained from 13 case-control studies that included 5321 patients with atherosclerotic disease and 4283 control 
subjects. In the overall analysis, the CCR5-delta32 (Δ32) genetic variants was not associated with increased the risk 
of atherosclerotic disease (dominant model: OR = 0.93, 95% CI = 0.69-1.24, I2 = 77%, P = 0.60; recessive model: 
OR = 1.01, 95% CI = 0.61-1.65, I2 = 0%, P = 0.98), even after stratification for the status of CCR5-delta32 allele. 
However, in subgroup analysis, the association was significant for Asians population (OR: 2.29, 95% CI: 1.44-3.64, 
P = 0.0004). Conclusions: Our studies add to the evidence that CCR5 Δ32-positive genotype (Δ32/Δ32 or wt/Δ32) 
increases the risk of atherosclerotic disease in Asian population. Ethnicity difference might contribute to the incon-
sistency in isolated studies. 
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Introduction 

Atherosclerosis (AS) causes high mortality and 
morbidity worldwide [1]. The risk factors of AS 
include obesity, high blood pressure, high cho-
lesterol and genetic factors. Losing weight, 
antihypertensive and Lipid lowering treatments 
may prevent the progression of AS in some 
cases, however, many patients developed AS 
even their weight, blood pressure and blood 
lipid reached normal levels [2, 3]. These 
patients may have genetic risk factors associ-
ated with AS [2].

It is widely accepted that inflammatory 
response is a major risk factor for atheroscle-
rotic diseases [4]. CCR5 is one of the pro-
inflammatory G protein coupled receptors, and 
predominantly expressed on the surface of leu-
kocytes, monocytes/macrophages, and endo-

thelial cells [3-6]. CCR5 expression is up-regu-
lated in atherosclerotic plaques during the 
process of AS, and its increasing expression is 
associated with the recruitment of leukocytes 
to atherosclerotic plaques [7]. Given the crucial 
role of CCR5 in the lymphocytic infiltration and 
plaques formation, the mutations in CCR5 may 
play a significant role in the progression of AS.

A number of molecular and epidemiological 
studies have evaluated the association between 
the CCR5 gene variants and the risk of AS [8]. 
The most common gene polymorphism is 
CCR5Δ32 variant [9-11]. However, studies con-
cerning CCR5 Δ32 variant and AS risk were con-
troversial. Several studies have reported that 
CCR5 Δ32 genes variants may have a protec-
tive role for AS [9-12], genetic inactivation of 
CCR5 was associated with the reduction of pro-
atherogenic cytokines and the accumulation of 
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monocytes/macrophages in atherosclerotic pla- 
ques [9, 12]. However, these findings have not 
been verified in other studies [13-18]. On the 
contrary, some studies found that CCR5Δ32 
polymorphism increased the risk of AS [19-21]. 
The primary aim of our study was to derive a 
more precise evaluation of the associations 
between the CCR5 Δ32 genes variants and the 
risk of AS. The secondary analysis was to iden-
tify factors that might affect the association 
strength between the CCR5 Δ32 gene polymor-
phism and the risk of AS.

Methods

Search strategy

We searched Pubmed, Embase, Medline, China 
National Knowledge Infrastructure (CNKI), Web 
of Science, Cochrane database and the refer-
ences list of relevant studies. We used the 
terms “CCR5” in combination with “myocardial 
infarction”, “coronary artery disease”, “coro-
nary heart disease”, “atherosclerosis”, “stroke”, 
“ischemic cardiovascular disease”, “ischemic 
cardiovascular events”, “ischemic cerebrovas-
cular events”, “cerebrovascular disease”, “cere-
bral infarction”, “cerebral ischemia”, “brain 
infarction”, “carotid artery stenosis”, “transient 
ischemic attack”, “peripheral arterial disease”, 
“peripheral artery occlusive disease”, “aortic 
aneurysm” “renal artery stenosis”, and “genetic 
variant” or “polymorphism”, respectively. There 
was no restriction on language or whether the 
articles had been published. 

data according to the pre-specified inclusion 
criteria. The data extracted from articles includ-
ing the name of first author, year of publication, 
ethnic origin, numbers of case and control sub-
jects, mean ages, source of controls, methods 
for assessment of study endpoints, gender 
component in cases/controls, and Hardy-
Weinberg equilibrium in case and control sub-
jects. If more than one study from the same 
author were available, only one publication with 
largest sample size and most complete data 
was included.

Statistical analysis

Hardy-weinberg equilibrium (HWE) was tested 
using the chi-square test. The strength of CCR5 
Δ32 genetic variants and AS association were 
evaluated by OR and 95% CIs. Heterogeneity 
across studies was tested using the Cochran’s 
Q statistic and the I2 statistic. If the association 
exhibited heterogeneity (I2 > 25%), the random 
effects models were merged. Otherwise, a fixed 
effects model was used [22]. Sensitivity analy-
sis was performed to explore the source of het-
erogeneity. The association between gene 
mutation and AS was analyzed by the following 
methods: CCR5-Δ32 (Δ32/Δ32 + wt/Δ32 vs 
wt/wt, Δ32/Δ32 vs wt/Δ32 + wt/wt). The risk 
frequency of Δ32 allele (CCR5-Δ32) was also 
calculated in these case-control groups. 
Stratified analysis were done for ethnicity 
(Caucasians vs Asians), type of atherosclerotic 
disease (coronary artery disease and ischemic 
stroke), mean age level, status of HWE (yes or 

Figure 1. Flow chart of literature search for meta-analysis.

Inclusion criteria and infor-
mation extracted

Eligible articles met the fol-
lowing criteria: (1) Case-con- 
trol studies; (2) Prospective 
cohort studies; (3) Studies 
evaluated the association bet- 
ween the CCR5 Δ32 polymor-
phism and AS; (4) Studies with 
sufficient data for calculating 
ORs and 95% CIs. Exclusion 
criteria included: (1) Patients 
with heart transplant; (2) Ani- 
mal studies.

Data extraction

Two investigators (Z.Z. and 
L.L.) independently extracted 
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no) and source of controls (population-based 
studies and hospital-based studies). Publication 
bias was tested with funnel plot and fail-safe 
number (Nfs). If the calculated Nfs value was 
smaller than the number of studies, there might 
be a risk of publication bias. The formula Nfs 
0.05 = (ΣZ/1.64) 2 - k (k is the number of arti-
cles included in this research). Values of P < 
0.05 was considered as significant differences. 
All data were analyzed by Stata 10.0 (Stata 
Corp, College Station, TX, USA).

Results

Studies characteristics

The study met the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-
analyses). The details of the literature search 
were presented in Figure 1. The initial electron-
ic and manual searches yielded 982 potential 
literature citations, of which 935 were excluded 
after scanning the titles and abstracts. Two 
authors searched full articles for the remaining 
47 citations, and excluded additional 34 stud-
ies for various reasons as shown in Figure 1. 
Finally 13 articles [9-21] were included in this 
meta-analysis. All studies were full papers pub-
lished in English. Among them, 9 studies [10-
18] investigated Caucasians population, 3 [19-
21] for Asians, and 1 [9] for Africans. The most 
commonly atherosclerotic disease included in 
this study was myocardial infection (MI). In 
addition, there were 2 studies [13, 16] involving 
ischemic stroke (IS), 5 studies [11, 15, 17, 18, 
20] involving coronary heart disease (CAD). For 

data synthesis, 11 studies [11-21] followed the 
HWE and 2 studies [9, 10] deviated from the 
HWE. The main characteristics of the included 
studies were listed in Table 1.

Main meta-analysis results

Under the random-effects model, no significant 
correlation was found between the CCR5Δ32 
polymorphism and the risk of AS (dominant 
model: pooled OR = 0.93, 95% CI = 0.69-1.24, 
and P = 0.60; recessive model: OR = 1.01, 95% 
CI = 0.61-1.65, and P = 0.98), neither in the 
subtype analysis of atherosclerotic diseases 
(CAD: OR = 1.06, 95% CI = 0.89-1.26, and P = 
0.51; MI: OR = 0.77, 95% CI = 0.37-1.61, and P 
= 0.48; IS: OR = 0.91, 95% CI = 0.71-1.17, and 
P = 0.48) and source of controls (population-
based group: OR = 1.34, 95% CI = 0.57-3.18, 
and P = 0.50; hospital-based group: OR = 0.99, 
95% CI = 0.86-1.13, and P = 0.85). Never- 
theless, the subtype analysis of ethnic showed 
a significant association between CCR5Δ32 
polymorphism and increased AS risk in Asians 
population (OR = 2.29, 95% CI = 1.44-3.64, 
and P = 0.0004), suggesting that CCR5 Δ32-
positive genotype (Δ32/Δ32 or wt/Δ32) is an 
independent risk factor for AS in Asian popula-
tion (Figure 2).

Sensitivity/subgroup analysis

Since a significant heterogeneity was found in 
the dominant model (I2 = 77%), sensitivity anal-
ysis was conducted and found that the hetero-
geneity arose from the trial of Kallel A [9], 

Table 1. Characteristics of the association studies between CCR5-delta32 and the risk of atheroscle-
rotic disease

Author and year Ethnicity Subjects, n 
cases/controls

Mean age, y 
cases/controls

Source of 
controls Disease % male HWE 

X2 P
Amani kallel etal. (2012) [9] African 290/282 53 ± 8/52 ± 9 PB MI 100/100 14.41

K. Nikolaos etal. (2009) [13] Caucasian 478/803 68 ± 9/58 ± 6 HB IS 69.6/56 0.025

Giorgio Ghilardi etal. (2008) [16] Caucasian 112/282 68 ± 2/65 ± 7 HB IS 66.9/65.2 1.476

Neha Singh etal. (2012) [19] Asian 230/300 49.9/44.9 PB MI 85.0/85.2 0.021

S. Sharda etal. (2008) [20] Asian 197/199 47.3/44.5 PB CAD 84.2/81.4 0.011

Stavros Apostolakis etal. (2007) [18] Caucasian 210/165 63.7/63.2 HB CAD 77.6/76.4 0.196

Jennifer K. Pai etal. (2006) [17] Caucasian 232/459 60.6/60.3 HB CAD 0/0 0.095

J. Petrkova etal. (2005) [14] Caucasian 80/247 < 55/NA PB MI 100/100 0.111

Eleonora Simeoni etal. (2004) [15] Caucasian 2681/528 63.8/56.9 HB CAD 73.9/51.3 0.105

Csaba Szalai etal. (2001) [11] Caucasian 318/320 57.6/58.9 HB CAD 76.1/75.0 0.118

González P etal. (2001) [12] Caucasian 214/360 (45/65)/42 HB MI 0.68/0.63 0.079

Zeynep Ermis Karaali etal. (2010) [21] Asian 146/202 56.38/54.2 PB MI 60.4/59.4 0.081

Balistreri CR etal. (2008) [10] Caucasian 133/136 < 45/< 45 NA/NA MI NA/NA 0.073
Abbreviations: PB, population-based; HB, hospital-based; NA = not available; Data are mean ± SD; CAD, coronary artery disease; IS, ischemic stroke; MI, myocardial 
infarction.
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Figure 2. Forest plots of the meta-analysis for CCR5 Δ32 polymorphism associated with ethnic.

Figure 3. The sensitivity analysis for the association of CCR5 Δ32 polymorphism with risk of atherosclerotic disease.
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Balistreri CR [10], González P [12]. Simeoni E 
[15], and Karaali ZE [21] (Figure 3). The geno-
type frequencies of CCR5 Δ32 in the control 
group deviated from HWE (P < 0.05) in studies 
by Kallel A [9] and Balistreri CR [10]. After 
excluding two studies, the heterogeneity was 
removed (I2 = 48%) without any influence on the 
results of meta-analysis (OR = 1.05, 95% CI = 
0.92-1.19). The trails published in González P 
[12]. Simeoni E [15], and Karaali ZE [21] were 

rotic diseases in subgroup analysis, though the 
heterogeneity disappeared (I2 = 0%). Results of 
subgroup analyses for the estimates are in 
Table 2. 

Publication bias 

Publication biases were examined for all the 
outcomes of the included studies. No signifi-
cant publication bias was found among these 
studies in funnel plot (Figure 4). We also calcu-

Table 2. Meta-analysis of CCR5 polymorphism and the risk of atherosclerotic disease with a dominant 
model (Δ32/Δ32 or wt/Δ32) 

Category N Subjects, n 
cases/controls

Heterogeneity
OR (95% CI) Z test

Ph I2 (%)
Overall 13 5321/4283 < 0.00001 77 0.93 (0.69- 1.24) Z = 0.52; PZ = 0.60

Adjustment by ethnicity

    Caucasian 10 4748/3582 < 0.0001 74 0.77 (0.58-1.02) Z = 1.82; PZ = 0.07

    Asian 3 573/701 0.63 0 2.29 (1.44-3.64)§ Z = 3.51; PZ = 0.0004

Adjustment by subtypes of AS

    CAD 5 3638/1671 0.42 0 1.06 (0.89-1.26)§ Z = 0.66; PZ = 0.51

    MI 6 1093/1527 < 0.0001 87 0.77 (0.37-1.61) Z = 0.70; PZ = 0.48

    IS 2 590/1085 0.57 0 0.91 (0.71-1.17)§ Z = 0.71; PZ = 0.48

Mean age level

    > 50 8 4467/3014 0.0003 75 0.94 (0.70-1.25) Z = 0.44; PZ = 0.66  

    < 50 5 996/1163 0.004 74 1.05 (0.50-2.20) Z = 0.14; PZ = 0.89

Status of HWE

    yes 11 4994/3838 0.16 0 1.05 (0.92-1.19)§ Z = 0.73; PZ = 0.46 

    no 2 423/418 0.32 0 0.37 (0.25-0.53)§ Z = 5.42; PZ < 0.00001 

Source of controls

    PB 5 943/1203 < 0.00001 87 1.34 (0.57-3.18) Z = 0.67; PZ = 0.50

    HB 7 4341/2917 0.75 0 0.99 (0.86-1.13)§ Z = 0.19; PZ = 0.85

Abbreviations: AS, atherosclerosis; CAD, coronary artery disease; MI, myocardial infarction; IS, ischemic stroke; HWE, hardy-weinberg equilibrium; PB, population-based; 
HB, hospital-based; N, number of invealed studies; Ph, P values for heterogeneity of Q test; §Fixed-effects model; PZ < 0.05, indicate significant association.

Figure 4. Funnel plot of publication bias for the association of CCR5 Δ32 
polymorphism with risk of atherosclerotic disease.

available in the stratification 
analysis by ethnic and type of 
atherosclerotic diseases. Th- 
us, the ethnic and type of ath-
erosclerotic diseases were 
selected for subgroup analy-
sis. The results indicated that 
both of them were correlated 
with heterogeneity. After ex- 
cluding Caucasians studies, 
the heterogeneity disappea- 
red (I2 = 0%) and the result 
indicated that CCR5 Δ32 gen-
otype was significantly associ-
ated with AS in Asians (OR = 
2.29, 95% CI = 1.44-3.64, and 
P = 0.02). No significant asso-
ciation of CCR5 Δ32 genotype 
and the risk of AS after adjust-
ment for type of atheroscle-
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lated the Nfs0.05 for CCR5-Δ32, the Nfs0.05 
value was greater than the number of studies 
included in our meta-analysis.

Discussion

To the best of our knowledge, this is the first 
systematic review investigating the association 
between the CCR5 polymorphism and the risk 
of AS. Subtype analysis suggested that ethnic 
difference might contribute to the inconsisten-
cy in isolated studies and CCR5 Δ32-positive 
genotype (Δ32/Δ32 or wt/Δ32) was associated 
with increased risk of AS in Asians. Ethnic dif-
ferences may partly attribute to the interaction 
between the genetic and geographical environ-
ment [23]. Since AS has a complex etiology 
generated by the combined effects of environ-
mental and genetic factors [24-27], ethnic pop-
ulations have different frequencies of alleles 
and genetic backgrounds [8], which may con-
tribute to the risk of AS. Moreover, the ethnic 
difference might correlate with the curative 
activities, such as diet, lifestyle, and drug 
administration [27]. As only a few studies are 
available, we were not able to explore whether 
curative activities was the causes of 
heterogeneity.

Age of onset may be an important factor which 
leads to the divergent genetic risk of different 
ethnic [8]. Thus, we performed the subtype 
analysis by the age of onset (> 50, < 50, respec-
tively) and found that the heterogeneity of 
CCR5 Δ32 was removed in the group with a 
mean age over 50 years. The results suggested 
that age of onset was the source of heterogene-
ity in CCR5 gene polymorphism. Given the lim-
ited numbers of studies are available, the result 
has to be further confirmed by large population 
studies.

The quality of articles may affect the overall 
results of the analysis [27]. Thus, sensitivity 
analyses was performed by status of HWE. Two 
articles deviated from the HWE, which evaluat-
ed the risk of CCR5 Δ32 genes variants and MI 
risk. After excluded these studies, the hetero-
geneity was removed (I2 = 48%), suggesting 
that the status of HWE may affect the heteroge-
neity of the overall research. In addition, this 
study only focused on atherosclerotic disease 
and did not evaluate other disease for CCR5 
polymorphism, such as diabetic nephropathy, 

multiple sclerosis, and atopic asthma [28-31]. 
The potential role of CCR5 SNPs may be 
masked by other gene-gene or gene-environ-
ment interactions. 

AS has a complex etiology generated by multi-
ple effects of environmental as well as genetic 
risk factors. A comprehensive research con-
cerning the multiple loci will help us to find a 
novel biological insight and improve measures 
of individual aetiological processes of AS [32]. 
In current study, we have shown that the CCR5 
Δ32 gene polymorphism is a significant suscep-
tibility factor for AS in Asians, which implies that 
Asians lacking CCR5 as a result of homozygous 
inheritance of the complete loss-of-function 
allele Δ32 may have increased the risk of AS. 
Thus, the gene polymorphism of CCR5 may 
present a new target for the early detection and 
preventive treatment of AS in Asian popula- 
tion.

Some limitations in this study should be noted. 
The sample size of CCR5 polymorphism studies 
is relatively small and additional studies are 
needed to confirm this conclusion. In addition, 
we could not retrieve information for various 
confounding factors which are considered as 
effective modulators for the development of 
AS. 

In conclusion, our meta-analysis indicated that 
CCR5 Δ32-positive genotype (Δ32/Δ32 or wt/
Δ32) increased the risk of AS in Asian popula-
tion. This genetic variant may serve as a diag-
nostic indicator for an individual’s susceptibility 
to AS in Asians. 
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