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Abstract: Coronary artery disease (CAD) is one of the major health problems worldwide. The polymorphisms of 
Interleukin-18 (IL-18), including rs1946518 (-607 C/A) and rs187238 (-137 G/C), have been found to be probably 
associated with the risk of CAD. However, the results were inconsistent and controversial. To determine the associa-
tion between IL-18 promoter rs1946518 and rs187238 polymorphisms with CAD, we conducted the meta-analysis 
of all relevant studies cited in Pubmed, Embase, CENTRAL, CBM and CNKI before 6 July 2016. A total of 7 studies, 
including 2636 cases and 1664 controls, were identified for the meta-analysis. The results showed that the CC gen-
otype of rs1946518 was associated with a significantly higher risk of CAD in allelic model (OR = 1.38), homozygous 
model (OR = 2.06), heterozygous model (OR = 1.44) and dominant model (OR = 1.56) in the overall analysis. But in 
subgroup analysis by ethnicity, the CC of rs1946518 had no significant associations with risk of CAD in Caucasians. 
The results also showed a significant higher risk of CAD in GG genotype of rs187238 in heterozygous model (OR 
= 1.45) and dominant model (OR = 1.19) in the overall analysis. Subgroup analysis by ethnicity discovered GG 
genotype of rs187238 was associated with a significantly higher risk of CAD in all genotypes in Asian, while only in 
heterozygous model in Indian. In conclusion, our results suggested higher risks of CAD for CC of rs1946518 and GG 
of rs187238 in Asian. However, the results of this meta-analysis are hypothesis-generating results which should be 
interpreted with caution because of the heterogeneity and publication bias among study designs.
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Introduction

Cardiovascular Diseases (CVDs) is the major 
cause of death worldwide. According to the 
World Health Organization (WHO) report in 
2014, more than 17.5 million individuals died 
from cardiovascular disease in 2012, account-
ing for 46.2% of noncommunicable diseases 
deaths [1]. Coronary artery disease (CAD), one 
of the CVDs, has a complex pathophysiology 
generated by interactions between genes and 
environment. Besides the environmental risk 
factors, the single nucleotide polymorphisms 
(SNPs) were associated with the risk of CAD.

Inflammation is involved in almost all stages of 
atherosclerosis, from initiation of lesion to suc-

cessive progression and final plaque destabili-
zation. The best proved inflammatory biomark-
er is CRP, other markers include soluble CD40 
ligand, interleukin 18 (IL-18), and matrix metal-
loproteinase 9 (MMP-9), etc. They also gives 
additional information for risk prediction of CAD 
[2].

IL-18, a member of the IL-1 superfamily, is a 
pro-inflammatory cytokine. The IL-18 gene is 
located on chromosome 11q22.2-q22.3, and 
comprises six exons and five introns [3]. The 
polymorphisms in IL-18 have been found to be 
probably associated with the risk of CAD. 
However, the results were inconsistent and con-
troversial results. Some studies have demon-
strated that the IL-18 polymorphisms, including 
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rs1946518 and rs187238, were related to the 
risk of CAD [4-8], while others considered they 
were not [9, 10]. Thus, in the present study, we 
included 7 studies (2636 cases and 1664 con-
trols) to get a more precise and comprehensive 
estimation of the association between these 
polymorphisms and CAD.

Experimental section

Publication search strategy and inclusion cri-
teria

We used the following electronic databases to 
search studies: Pubmed, Embase, Cochrane 
Central Register of Controlled Trials (CENTRAL), 
Chinese Biomedical Literature Database (CBM), 
and Chinese National Knowledge Infrastructure 
(CNKI). The search terms and key words were 
(“Coronary artery disease”, or “CAD”), (“inter-
leukin-18” or “IL-18”), and (“polymorphism” or 
“mutation” or “SNP” or “single nucleotide poly-
morphism”), without restrictions on language. 
The deadline for publication was 6 July 2016. 

Inclusion criteria: (1) case-control design; (2) 
the association of interleukin-18 rs1946518  
or rs187238 polymorphisms with CAD risks 
should be investigated and reported; (3) suffi-
cient data should be provided for the present 
estimation. Exclusion criteria: (1) repeat publi-
cations; (2) abstracts, letters, reviews and mas-
ter degree thesis; (3) studies not meeting all of 
the inclusion criteria.

Data collection

We collected information from each included 
study by two independent investigators. Any 
discrepancy between the reviewers was re- 
solved by consensus or a third investigator. For 
each study, the collected information included: 
first authors’ name, publishing year, country, 
ethnicity, genotyping method, sex ratio, sex and 
age match, genotype numbers of cases and 
controls, and the source of controls. 

Quality assessment

The quality of the included publications was 
evaluated according to the predefined scale  
for quality assessment [11]. The score scale 
includes source of cases, source of controls, 
specimens used for determining genotypes, 
total sample size, and evidence of Hardy-

Weinberg equilibrium (HWE). The quality scores 
range from 0-15. Reports scoring ≥10 were 
classified as “high quality”, and those <10 as 
“low quality”. 

Statistical methods

We used χ2-test to evaluate the HWE of the con-
trol group polymorphism. If P<0.05, it was con-
sidered to be deviated from HWE.

To evaluate the association between IL-18 poly-
morphisms and CAD risk, the odds ratio (OR) 
with 95% confidence interval (CI) was used. The 
pooled ORs were calculated in homozygous, 
heterozygous, dominant, and allelic genetic 
model. The statistical significance was deter-
mined by the Z-test, P<0.05 was considered to 
be statistically significant. Subgroup analysis 
was conducted by ethnicity.

The statistical heterogeneity between studies 
was evaluated by an I-square statistical test, 
which was not dependent on the number of 
studies in the meta-analysis [12]. If there was 
an obvious heterogeneity among the studies 
(I2>50%), the random-effects model was used 
for the meta-analysis [13]. Otherwise, the fixed-
effect model was used [14]. 

Sensitivity analysis was performed to assess 
the effect of individual study on pooled results 
and the stability of results.

The publication bias was detected by using 
Begg’s funnel plot and Egger’s linear regres-
sion method, and P<0.05 was considered to be 
statistically significant [15]. 

All statistical analysis was performed using the 
STATA 12.0 software and Revman 5.3.

Results

Characteristics of eligible studies

A total of 40 studies were obtained from the 
literature search after duplicates were removed. 
Among them, 11 studies were excluded for irrel-
evance, 6 were master’s degree theses, 4 were 
reviews, 1 was abstract, 1 was editorial com-
ments and 10 full text articles excluded accord-
ing to inclusion and exclusion criteria. Finally, 7 
studies met the criteria, including 2636 cases 
and 1664 controls [4-10]. Among them, 5 stud-
ies described the associations between IL-18 
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dian, while had no significant associations with 
risk of CAD in Caucasians.

Sources of heterogeneity

For IL-18 rs1946518 polymorphism, there was 
significant heterogeneity between studies in  
all comparison models. To clarify the source of 
heterogeneity, we performed subgroup analysis 
by ethnicity. The results indicate that ethnicity 
was the source of heterogeneity for rs1946518 
in all genetic models. For rs187238, ethnicity 
also was the source of the heterogeneity in all 
genetic models.

Sensitivity analysis

The influence of each study on the pooled OR 
and 95% CI was evaluated by excluding one 
single study at a time using STATA 12.0 soft-
ware. The analysis showed that no single indi-
vidual study significantly affected the pool OR 
in all genetic models for rs1946518 and 
rs187238 (only the allelic model of rs1946518 
results are shown in Figure 4).

Publication bias

To evaluate the publication bias, the Begg’s 
funnel plot and Egger’s test were performed. 
The p values for Begg’s and Egger’s tests are 
shown in Tables 3, 4. Obvious publication bias 
was observed for IL-18 rs187238 in dominant 
and allelic models in Egger’s test. For IL-18 

rs1946518 and CAD, and 6 studies described 
the associations between IL-8 rs187238 and 
CAD. The PRISMA flowchart is shown in Figure 
1 and the information for included studies is 
presented in Table 1.

Results of meta-analysis

The results of the meta-analysis for the associ-
ations between IL-18 rs1946518, rs187238 
and CAD risks were shown in Table 2; Figures 
2, 3.

IL-18 rs1946518 and CAD

5 studies, with 2090 cases and 1219 controls, 
were included in this study. Significant associa-
tions were found in overall analysis for all 
genetic models. A significant increase in CAD 
risk susceptibility was found for the CC geno-
type in homozygous model (CC vs. AA, OR = 
2.06, 95% CI = 1.44-2.94, P<0.00001), hetero-
zygous model (CC vs. CA, OR = 1.44, 95% CI = 
1.03-2.00, P = 0.03), dominant model (CC vs. 
CA/AA, OR = 1.56, 95% CI = 1.08-2.25, P = 
0.02), and allelic model (C vs. A, OR = 1.38, 
95% CI = 1.11-1.73, P = 0.004). But in subgroup 
analysis by ethnicity, the CC of rs1946518 had 
no significant associations with risk of CAD in 
Caucasians.

IL-18 rs187238 and CAD

6 studies, with 2506 cases and 1437 controls, 
were included in this study. Significant increase 

in CAD risk susceptibility 
was found for the GG  
genotype in heterozygous 
model (GG vs. GC, OR = 
1.45, 95% CI = 1.11-1.91, 
P = 0.007) and dominant 
model (GG vs. GC/CC, OR 
= 1.19, 95% CI = 1.03-
1.38, P = 0.02). No signifi-
cant associations were 
found between rs187238 
and CAD risk in other ge- 
netic models. Subgroup 
analysis by ethnicity dis-
covered GG genotype of 
rs187238 was associated 
with a significantly higher 
risk of CAD in all geno-
types in Asian and in het-
erozygous model in In- 

Figure 1. PRISMA flow-
chart of study inclusion 
and exclusion.
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Table 1. Characteristics of eligible studies included in the meta-analysis
IL-18 rs1946518 and CAD

Author Year Country Ethnicity Genotyping method Sex ratio (male:  
female) (case/control)

Sex/age 
match

Quality 
score

Sample size 
(case/control)

Case Control HWE of 
controlCC CA AA CC CA AA

Opstad TB [9] 2011 Norway Caucasians TaqMan 783:218/147:57 match 10 996/204 364 500 132 74 96 34 0.762
Zhu M.A [4] 2011 China Asian SSP-PCR 76:65/128:112 match 11 141/240 47 71 23 51 123 66 0.653
ShayanS [10] 2009 Iran Caucasians ASP-PCR 149:131/68:72 match 10 251/127 97 124 30 48 65 14 0.247
Zhang X.L. [5] 2011 China Asian SSP-PCR 286:182/244:188 match 11 468/432 170 210 88 90 220 122 0.616
Pei F [6] 2009 China Asian SSP-PCR 143:91/122:94 match 10 234/216 82 107 45 42 108 66 0.854
IL-18 rs187238 and CAD

Author Year Country Ethnicity Genotyping method Sex ratio (male:  
female) (case/control)

Sex/age 
match

Quality 
score

Sample size 
(case/control)

Case Control HWE of 
controlGG GC CC GG GC CC

Opstad TB [9] 2011 Norway Caucasians TaqMan 783:218/147:57 match 10 995/204 532 394 69 108 82 14 0.768
G RK [7] 2015 India Indian Allele specific PCR 229:71/168:132 match 10 300/300 168 102 30 176 105 19 0.533
ShayanS [10] 2009 Iran Caucasians ASP-PCR 149:131/68:72 match 10 268/140 135 111 22 60 63 17 0.941
Liu W [8] 2009 China Asian LDR-PCR 180:61/79:66 match 10 241/145 195 45 1 99 44 2 0.236
Zhang X.L. [5] 2011 China Asian SSP-PCR 286:182/244:188 match 11 468/432 352 112 4 308 116 8 0.439
Pei F [6] 2009 China Asian SSP-PCR 143:91/122:94 match 10 234/216  180 53 1 150 63 3 0.203

Table 2. Pooled ORs and 95% CIs of the association between IL-18 rs1946518, rs187238, and CAD risks
IL-18 rs1946518 and CAD
Genetic Model N OR (95% CI) P I2 (%) Model Genetic Model N OR (95% CI) P I2 (%) Model
CC vs. AA Overall 5 2.06 [1.44, 2.94] <0.00001 57 R CC vs. CA Overall 5 1.44 [1.03, 2.00] 0.03 71 R

Asian 3 2.69 [2.04, 3.54] <0.00001 0 F Asian 3 1.89 [1.50, 2.38] <0.00001 0 F
Caucasians 2 1.36 [0.92, 2.00] 0.12 31 F Caucasians 2 0.98 [0.75, 1.29] 0.90 0 F

CC vs. AA/CA Overall 5 1.56 [1.08, 2.25] 0.02 78 R C vs. A Overall 5 1.38 [1.11, 1.73] 0.004 75 R
Asian 3 2.11 [1.70, 2.63] <0.00001 0 F Asian 3 1.66 [1.45, 1.90] <0.00001 0 F
Caucasians 2 1.02 [0.79, 1.32] 0.88 0 F Caucasians 2 1.05 [0.88, 1.26] 0.57 0 F

IL-18 rs187238 and CAD
Genetic Model N OR (95% CI) P I2 (%) Model Genetic Model N OR (95% CI) P I2 (%) Model
GG vs. CC Overall 6 1.10 [0.79, 1.55] 0.56 44 F GG vs. GC Overall 6 1.45 [1.11, 1.91] 0.007 66 R

Asian 3 2.72 [1.03, 7.21] 0.04 0 F Asian 3 1.37 [1.10, 1.71] 0.004 30 F
Caucasians 2 1.26 [0.80, 1.98] 0.32 26 F Caucasians 2 1.11 [0.86, 1.43] 0.44 0 F
Indian 1 0.60 [0.33, 1.12] 0.11 - F Indian 1 2.57 [1.68, 3.93] <0.00001 - F

GG vs. CC/GC Overall 6 1.19 [1.03, 1.38] 0.02 48 F G vs. C Overall 6 1.19 [0.98, 1.46] 0.09 62 R
Asian 3 1.41 [1.14, 1.75] 0.002 30 F Asian 3 1.38 [1.14, 1.68] 0.001 19 F
Caucasians 2 1.13 [0.88, 1.44] 0.33 14 F Caucasians 2 1.11 [0.92, 1.34] 0.27 38 F
Indian 1 0.90 [0.65, 1.24] 0.51 - F Indian 1 0.85 [0.65, 1.10] 0.21 - F

R: Random model; F: Fixed model.
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rs1946518 polymorphism, there was no publi-
cation bias in all models. These results were 
also demonstrated by the shape of the funnel 
plot (only the allelic model results are shown in 
Figure 5).

Discussion

Previous studies have reported the importance 
of inflammation in the risk of atherosclerosis 
[16]. IL-18 is a proinflammatory cytokine pro-

Figure 2. Forest plots of odds ratios for the association of IL-18 rs1946518 with risk of CAD.
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duced by activated monocytes/macrophages 
and Kupffer cells and can promote interferon-γ 
(IFN-γ) production [17]. The variation in the 

IL-18 gene was associated with IL-18 serum 
concentrations [18], and serum levels of IL-18 
may influence the risk of CAD [19], multiple 

Figure 3. Forest plots of odds ratios for the association of IL-18 rs187238 with risk of CAD.
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sclerosis [20] and schizophrenia [21], gastric 
cancer [22], etc.

Recently, several SNPs in IL-18 have been stud-
ied to investigate their relations with CAD risk. 
Rs1946518 has gained the greatest attention 
in these involved studies, some of which found 
a significant association between rs1946518 
and CAD, while others denied it.

The main findings of this study showed that the 
CC genotype of IL-18 rs1946518 (C/A) was 
associated with a significantly higher risk of 
CAD in allelic model (OR = 1.38), homozygous 

CAD in all genotype in Asian and in heterozy-
gous model in Indian, while GG genotype of 
rs187238 had no significant associations with 
risk of CAD in Caucasians.

Significant heterogeneity was found in this 
study for rs1946518 and rs187238. Thus, we 
conducted subgroup analysis by ethnicity and 
found that it was the sources of the heteroge-
neity for rs1946518 and rs187238. Thus, fur-
ther studies are needed to confirm these 
results. In the sensitivity analysis, no significant 
changes were found when omitting each study 
one at a time, indicating the relative stability 
and credibility of the results of this study.

An obvious asymmetry in funnel plots and sig-
nificant p-values for rs187238 through Egger’s 
test were found in this study. According to the 
Cochrane Handbook (version 5.1.0, Section 
10), the cause includes the following aspects: 
selection bias (publication bias of selective  
outcome reporting), small-sample effects, true 
heterogeneity, and chance. In this study, 6 
studies were small sample sizes. There are not 
large-scale studies available. Therefore, the 
small-sample effect might be one reason for 
this asymmetry. Furthermore, studies only in 
English or Chinese have been searched. There 
might be studies in other languages which  
are not included, which might be another rea-
son for the asymmetry.

This study has several limitations that should 
be considered. Firstly, the number of studies 

Figure 4. The influence of each study by removal of individual studies for C 
vs. A model of IL-18 rs1946518.

Table 3. Egger’s and Begg’s test for the publi-
cation bias of rs1946518

Genetic Model Egger’s test  
p Value

Begg’s test  
p Value

CC vs. AA 0.596 0.462 
CC vs. CA 0.934 1.000 
CC vs. AA/CA 0.956 0.806 
C vs. A 0.682 0.462 

Table 4. Egger’s and Begg’s test for the publi-
cation bias of rs187238

Genetic Model Egger’s test  
p Value

Begg’s test  
p Value

GG vs. CC 0.111 0.260 
GG vs. GC 0.059 0.260 
GG vs. CC/GC 0.033 0.133 
G vs. C 0.005 0.024 

model (OR = 2.06), heterozy-
gous model (OR = 1.44) and 
dominant model (OR = 1.56) in 
the overall analysis. But in sub-
group analysis by ethnicity, the 
CC of rs1946518 had no sig-
nificant associations with risk 
of CAD in Caucasians. GG geno-
type of IL-18 rs187238 (G/C) 
was associated with a signifi-
cantly higher risk of CAD in het-
erozygous model (OR = 1.45) 
and dominant model (OR = 
1.19), while no significant asso-
ciations in allelic model (OR = 
1.19), homozygous model (OR 
= 1.10) in the overall analysis. 
However, in subgroup analysis 
by ethnicity, GG genotype of 
rs187238 was associated with 
a significantly higher risk of 
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was too small to reach to definite conclusion. 
Secondly, publication bias and heterogeneity 
may have distorted the meta-analysis. Thirdly, 
the ethnicity of the subjects was predominantly 
Asian. We included 7 studies in our present 
meta-analysis, while only 2 studies were con-
ducted in Caucasians, which estimated the 
associations of rs1946518, rs187238 with 
risk of CAD. However, no obvious relations- 
hips were found in all of these SNPs in 
Caucasians. The positive results in our meta-
analysis areall related with Asians. Thus, the 
conclusion in the present meta-analysis might 
be only of generalizability for Asians. The last 
limitation is that CAD is a multifactorial disease 
influenced by both genetic and environmental 
factors, but most studies lack the information 
on multiple SNPs in haplotypes and environ-
mental exposure.

Conclusions

In conclusion, this study suggested a higher 
risk of CAD for the CC genotype of IL-18 
rs1946518 in Asians, and a higher risk of CAD 
for the GG genotype of IL-18 rs187238 in 
Asians, but not in Caucasians. Thus, rs1946518 
and rs187238 might be recommended as  
predictors for susceptibility of CAD in Asians. 
However, the results of this meta-analysis are 
hypothesis-generating results which should be 
interpreted with caution because of the hetero-
geneity and publication bias among study 
designs. Further studies are required to evalu-
ate the association between IL-18 polymor-
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