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Abstract: The interleukin-6 (IL-6) C-572G gene polymorphism has been suggested to be associated with the in-
creased coronary artery disease (CAD) risk, but the study results are still debatable. To explore the association
between IL-6 C-572G gene polymorphism and CAD in the Asian population, the current meta-analysis involving 2511
subjects from 7 separate studies was conducted. The combined odds ratio (ORs) for the association between IL-6
C-572G gene polymorphism and CAD and their corresponding 95% confidence intervals (95% Cls) were assessed by
random or fixed effect model. A significant association between IL-6 C-572G gene polymorphism and CAD was found
in the Asian population under an allelic (OR: 1.50, 95% CI: 1.30-1.71, P<0.00001), recessive (OR: 2.221, 95% CI:
1.444-3.417, P=1.0x10%°) dominant (OR: 1.313, 95% Cl: 1.188-1.451, P=1.0x10°), homozygous (OR: 2.454, 95%
Cl: 1.606-3.751, P=1.0x107), heterozygous (OR: 3.01, 95% Cl:1.99-4.55, P<0.00001) and additive genetic mod-
els (OR: 1.372, 95% Cl: 1.231-1.528, P=1.0x10°). In the Asian population, the I.-6 C-572G gene polymorphism
was indicated to be correlated with CAD susceptibility. The carriers of -572G allele might be predisposed to CAD risk.
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Introduction

Coronary artery disease (CAD), also namely
ischemic heart disease (IHD), is caused by the
coronary artery organic stenosis or occlusion
which leads to myocardium ischemia (angina
pectoris) or myocardial infarction. CAD is the
premier reason contributing to death and defor-
mity worldwide [1, 2]. The World Health Or-
ganization has prospected that the CAD death
toll would account for 13.1% of the total popu-
lation death [3]. The Chinese cardiovascular
report has pointed out that the CAD mortality is
57.1 per 100 thousand in the cities and 33.7
per 100 thousand in the countries in 2007
which was increased by 23.3% and 43.8%
respectively than that in 2004 [4].

The epidemiological survey has shown that
CAD was a polygenic disease. The hereditary
and environmental factors participate in the
CAD progression jointly. The pedigree and twin
researches have shown that the CAD heredity
grade is up to 50% [5, 6]. To our knowledge, the
inflammation reaction effect has been much

emphasized on the CAD pathogenesis recently
[7]. Interleukin-6 (IL-6) is an important inflam-
matory cytokine produced by various cells as
adipocytes, endothelial cells, fibroblasts, myo-
cytes and white blood cells [8]. IL-6 is the main
mediator for the hepar reaction protein in the
acute stage including C reaction protein and
fibrinogen. IL-6 plays a significant role in the
immune response and inflammation reaction
regulation. IL-6 could promote the occurrence
and development of atherosclerosis which was
the basic pathology of CAD [9].

IL-6 gene, located in 7p21, spans 5kb and con-
tains 4 introns and 5 exons. IL-6 C-572G muta-
tion in the promoter region is that cytosine (C)
being substituted by guanine (G). The IL-6
C-572G gene polymorphism might influence the
IL-6 gene transcription and expression level by
changing the gene combining sequence, the-
reby resulted in the different susceptibility to
CAD.

Although the studies on the association
between IL-6 C-572G gene polymorphism and
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CAD have been carried out extensively in Asia,
the results were still inconsistent. In 2007, Park
et al found that there was not a significant
association between IL-6 C-572G gene poly-
morphism and CAD in Korea [10]. On the con-
trast, in 2010, Liang et al found an association
between I[-6 C-572G gene polymorphism and
CAD in a Chinese population and they reported
that IL-6 -572G allele carriers might be predis-
posed to CAD susceptibility [11]. Similarly, in
2011, Liu et al also found the same association
between I[-6 C-572G gene polymorphism and
CAD in another Chinese population [12].

Therefore, in an attempt to gain a credible con-
clusion on the association of IL.-6 C-572G gene
polymorphism with CAD in the Asian popula-
tion, the current meta-analysis including 2511
subjects was conducted.

Material and methods
Publication search and inclusion criteria

The words as ‘interleukin-6’, ‘coronary artery
disease’, ‘coronary heart disease’, and ‘poly-
morphism’ were adopted to search the elec-
tronic databases as Web of Science, PubMed,
Embase, China Biological Medicine Database
and China National Knowledge Infrastructure.
The obtained studies were published between
2006 and 2011 (last research updated on
February 10, 2015).

The included studies had to be in accordance
with the major criteria as follows: a) Assessment
of the IL-6 C-572G gene polymorphism and CAD
in the Asian population. b) The diagnosis of CAD
was in the light of the examination results of
coronary arteriography, clinical symptoms com-
bined with electrocardiogram, treadmill exer-
cise test, echocardiography, and myocardial
perfusion imaging in Emission Computed
Tomography. The major coronary artery mini-
mal diameter stenosis was no less than 50%. ¢)
The study should be a case-control or cohort
study published in an official journal.

Data extraction

In the current meta-analysis, the repeated pub-
lications, studies against the main inclusion cri-
teria or providing insufficient data were elimi-
nated. If same data came out of different
studies, the result was only once used. The
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extracted data was composed of the follows:
the first author’s name, publication year, region,
number of genotypes, genotyping, study design,
matching criteria, total number of cases and
controls.

Statistical analysis

The association between IL-6 C-572G gene
polymorphism and CAD was compared by using
the odds ratio (OR) corresponding to 95% confi-
dence interval (Cl). In the current meta-analy-
sis, the presence of between-studies heteroge-
neity was calculated by using Chi-square-based
Q-test and significance was set at P<0.05 level
[13]. Meanwhile, the inconsistency index I was
calculated to assess the variation caused by
heterogeneity. If heterogeneity existed among
the individual studies in the present meta-anal-
ysis, the pooled OR was assessed by the ran-
dom-effects model (the DerSimonian and Laird
method) [14]. Otherwise, the fixed-effects
model was used to assess the ORs (the Mantel-
Haenszel method) [15]. The Z test was used to
determine the combined OR and significance
was also set at P<0.05.

In the current study, the Hardy-Weinberg equi-
librium (HWE) was assessed by Fisher’'s exact
test and significance was set as P<0.05. The
potential publication bias was estimated by the
funnel plot. The funnel plot asymmetry was
assessed by Egger’s linear regression test on
the natural logarithm scale of the OR (signifi-
cance was set at P<0.05 level) [16]. The statis-
tical analysis was conducted by STATA 11.0
software (StataCorp, College Station, TX) and
Review Manager.

Results
Studies and populations

Fifteen papers were obtained by the literature
search, of which seven papers accorded with
the inclusion criteria. Of the eight excluded
studies, one paper was double publication,
three papers were of review character and two
studies were not involved with the I[-6 C-572G
gene polymorphism or CAD. Two studies deviat-
ing from HWE were excluded. The total data
were gathered from 1283 CAD patients and
1228 controls (Table 1)[10-12, 17-20]. The two
surveyed countries were consisted of China
and Korea. According to the Newcastle-Ottawa
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Table 1. Characteristics of the investigated studies of the association between the interleukin-6 C-572G polymorphism and coronary artery dis-

ease in the Asian population

CAD Control

Author Year Region Country CG GG CC_ CG GG geno-typing Study design Matching criteria sample size (CAD/control)
WeiYS [17] 2006  Gunagxi China 8 67 9 113 55 2 PCR-RFLP  Case-control Age, sex, ethnicity 165/170

Liu YS [18] 2007 Jilin China 49 39 2 68 26 O PCR-RFLP  Case-control Ethnicity 90/94

Park S[10] 2007 Seoul Korea 92 62 12 97 62 9 PCR-RFLP  Case-control Age, sex, BMI, ethnicity 166/168

Gao CX[19] 2008 lJiangsu China 65 51 10 72 32 4 PCR-RFLP  Case-control Age, sex, ethnicity 126/108

Fan WH [20] 2009 Guangdong China 97 72 7 86 33 2 PCR-RFLP  Case-control sex, ethnicity 176/121

Liang ZY [11] 2010 Shanxi China 259 161 14 283 126 8 PCR-RFLP  Case-control Age, sex, ethnicity 434/417

Liu YC [12] 2011 Shanxi China 63 52 11 92 55 3 PCR-RFLP  Case-control Age, sex, ethnicity 126/150

Abbreviations: CAD, coronary artery disease; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; BMI, body mass index.
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Table 2. Summary of meta-analysis of association of interleukin-6 C-572G polymorphism and coronary

artery disease in the Asian population

Literature CAD control

Genetic model Pooled OR (95% Cl) P value number  size size Phetemgeneity(lz%)
Allelic genetic model 1.50 (1.30-1.71) <0.00001" 7 1283 1228 0.45 (0%)
Recessive genetic model 2.221 (1.444-3.417) 1.0x101%" 7 1283 1228 0.663 (0%)
Dominant genetic model 1.313(1.188-1.451) 1.0x1010" 7 1283 1228 0.414 (1.4%)
Homo genetic model 2.454 (1.606-3.751) 1.0x101°* 7 1283 1228 0.554 (0%)
Hetero genetic model 3.01 (1.99-4.55) <0.00001" 7 1283 1228 0.004 (68.3%)"
Subgroup 1: CG1<60 4.41 (2.80-6.96) <0.00001" 3 342 352 0.50 (0%)
Subgroup 2: CG1>60 2.40 (1.44-4.02) 0.0008" 4 941 876  0.01(73.3%)"
Additive genetic model 1.372 (1.231-1.528) 1.0x101%" 7 1283 1228 0.426 (0%)

“P<0.05. Abbreviations: CAD, coronary artery disease; Cl, confidence interval; OR, odds ratio; CAD size, the total number of CAD
cases; control size, the total number of control group; homo genetic model, homozygous genetic model; hetero genetic model,

heterozygous genetic model.

Review. Interleukin.6 -572C/G palymarphism and coronary artery disease
Comparison. 01 CAD group versus control group
Outcome: (1 Dighribution of G alleic frequency of IL-6 -572C/G gene polymarphism
Study CAD group Control group OR (fixed) Weight OR (fixed)
or sub-category ni Al 5%l % g% Cl
Wiei YS 2006 85/330 §9/340 = 12.76 1.65 [1.14, 2.40]
Liu'Ys 2007 43/180 26/188 —— §.72 1.96 (1.14, 3.35)
Park S 2007 86/332 80/336 | 17.42 1.12 10.79, 1.59]
(Gao CX 2008 71/282 40/216 —— 9.18 1.73 [1.11, 2.68]
Fan'hH 2009 86/352 31242 —— 9.80 1.79 (1.17, 2.4)
Liang ZY 2010 189/868 142/834 -+ 33.51 1.36 (1.06, 1.73]
Liu YC 2011 /282 61/300 —— 11.63 1.63 [1.10, 2.41)
Total (95% CI) 2566 2456 ¢ 100.00 1.50 [1.30, 1.71)
Total everts: 634 (CAD group), 445 (Control group)
Test for heterogenety; Chi?=5.76, df =6 (P = 045), 1= 0%
Test for overall effect: Z=5.76 (P <0,00001)
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decreased CADrisk  increased CAD risk

Figure 1. Forest plot of coronary artery disease associated with IL-6 C-572G gene polymorphism under an allelic
genetic model (distribution of G allelic frequency of IL-6 gene).

Quality Assessment Scale, all of the included
individual studies score more than 6 stars
which suggested that the individual studies
quality were good [21].

Combined analyses

A significant association between IL-6 C-572G
gene polymorphism and CAD was found in the
Asian population under an allelic (OR: 1.50,
95% Cl: 1.30-1.71, P<0.00001), recessive (OR:
2.221, 95% Cl: 1.444-3.417, P=1.0x1079),
dominant (OR: 1.313, 95% ClI: 1.188-1.451,
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P=1.0x107°), homozygous (OR: 2.454, 95% ClI:
1.606-3.751, P=1.0x107°), heterozygous (OR:
3.01, 95% CI: 1.99-4.55, P<0.00001) and
additive genetic models (OR: 1.372, 95% CI:
1.231-1.528, P=1.0x10°) (Table 2; Figures 1,
2).

Under the heterozygous genetic model, the-
re was significant heterogeneity (P=0.004,
?=68.3%). The following meta-regression was
conducted to explore the heterogeneity source.
Among the confounding factors, the heteroge-
neity could be explained by CC sample size of
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Review, Interleukine6 -ST2CIG polymorphism and coronary afery disease
Comparison: 01 CAD group versus control group
Oufcome; 020G vs.CC
Sty CAD group Control group OR (rancom) Weight OR (randam)
or sub-category i i 85%Cl % 85% Cl
Wi YS 2008 £7/89 5§§/113 —— 14.90 3.2l [1.75, 5.89]
Liu'YS 2007 39/49 26/68 — 1139 6.30 [2.69, 14.73]
Park S 2007 g2/92 62/97 —— 14,98 1.17 (0,64, 2.13)
(a0 CX 2008 51765 um —— 120 4.55 2,18, 9.66)
Fan\iH 2009 79 33/86 —— 1455 4.63 [2.47, 8.68)
Liang ZY 2010 161/25% 126/283 —+ 19.08 2.05 [1.45, 2.89)
LiuYC 201 52/63 §§/92 —— 1242 3.18 [1.47, 6.89]
Total (35% CI) 4 81l i 100.00 3.01 1,99, 4.55)
Total everts; 504 (CAD group), 389 (Control group)
Test for heterogenety: Chi?=18.91, df =6 (P = 0.004), 7= 68 3%
Test for overall effect Z=5.22 (P «0,00001)
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Figure 2. Forest plot of coronary artery disease associated with IL-6 C-572G gene polymorphism under a heterozy-

gous genetic model (CG vs. CC).

CAD group (CC1, P=0.019) and CG sample size
of CAD group (CG1, P=0.012). The whole popu-
lation was divided into two subgroups accord-
ing to CG1. The studies with CG1<60 were
grouped into subgroup 1 and the remained
studies with CG1>60 grouped into subgroup 2.

In the subgroup analysis stratified by CGZ1,
under the heterozygous genetic model, signifi-
cantly increased CAD risk was observed in both
subgroups (subgroup 1: OR: 4.41, 95% ClI:
2.80-6.96, P<0.00001; subgroup 2: OR: 2.40,
95% CI: 1.44-4.02, P=0.0008). No significant
heterogeneity was detected in subgroup 1 any
more (P, ... ogenciy=0-20, /=0%), but there was
still significant heterogeneity in the subgroup 2
(Preterogeneity=0-01, P=73.3%) which suggested
that CG1 was the main confounding factor to
explain the heterogeneity source (Tables 2, 3;
Figure 3).

Among all of the individual studies, only the
Park S Korean study showed no significant
association between the IL-6 C-572G gene
polymorphism and CAD. The sensitivity analysis
has been performed. After the Park S Korean
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study was excluded from the current meta-
analysis, the association was more stronger
than before under the allelic genetic model (OR:
1.57, 95% Cl: 1.36-1.83) which suggested that
there was a more significant association
between them in Chinese population than in
the whole Asian population.

Bias diagnostics

The funnel plot and Egger’s test were used to
evaluate the publication bias of the studies. No
visual publication bias was detected in the fun-
nel plot (Figure 4). No statistically significant
difference was observed in the Egger’s test
which suggested that there was low publication
bias in the present meta-analysis by using het-
erozygous genetic model (T=-2.21, P=0.078).

Discussion

In the current meta-analysis, a significant asso-
ciation between I[-6 C-572G gene polymor-
phism and CAD was found in the Asian popula-
tion under an allelic (OR: 1.50), recessive (OR:
2.221), dominant (OR: 1.313), homozygous
(OR: 2.454), heterozygous (OR: 3.01) and addi-
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Table 3. The meta-regression results among 7 studies in Asian population under a heterozygous
genetic model for interleukin-6 C-572G gene polymorphism

Coefficient Standard Error  Tvalue Pvalue 95% Confidence Interval
CC sample size of CAD group 0.0481114 0.012674 3.80 0.019° 0.0129228~0.0833
CG sample size of CAD group -0.0964588 0.0222123 -4.34 0.012" -0.15813~-0.0347876
cons 3.192847 0.3264789 9.78 0.001"  2.286396~4.099298

“P<0.05. Coefficient: regression coefficient. The regression coefficients are the estimated increase in the InNOR per unit in-

crease in the covariates. cons: constant item.

Review: Interleukin-6 -572CIG polymorphism and coronary artery disease (Version 01)
Comparison: 01 CAD group versus control group
Outcome: 02CGvs.CC
Study CAD group Control group OR (random) Weight OR (random)
or sub-category niN niN 95% Cl % 95% Cl
01 CG1<60
Liu YS 2007 39/49 26/68 —a—) 11.39 6.30 [2.69, 14.73)
Gao CX 2008 51/65 3z/72 —_— 12.71 4.55 [2.15, 9.68)
Liu YC 2011 5z/63 55792 —_— 12.42 3.18 [1.47, 6.89)
Subtotal (95% C) 177 232 i 36.52 4.41 [2.80, 6.96)
Total events: 142 (CAD group), 113 (Control group)
Test for heterogenetty: Chi7=1.37, df = 2 (P =0.50), I?= 0%
Test for overall effect: Z = 6.39 (P < 0.00001)
02 CG1=60
Wei YS 2006 £7/89 55/113 —_— 14.90 3.21 [1.75, 5.89]
Park S 2007 62/92 62/97 —1— 14.98 1.17 [0.64, 2.13)
FanwH 2009 72/97 33/86 —8— 14.55 4.63 [2.47, 8.68)
Liang ZY 2010 16172589 126/283 g 19.08 2.05 [1.45, 2.89)
Subtotal (85% CI) 537 579 sl 63.48 2.40 [1.44, 4.02)
Total events: 362 (CAD group), 276 (Control group)
Test for heterogenetty: Chi?=11.23,df =3 (P =001),17=733%
Test for overall effect: Z = 3.34 (P = 0.0008)
Total (85% C1) 714 811 e 100.00 3.01 [1.99, 4.55)
Total events: 504 (CAD group), 389 (Control group)
Test for heterogenety: Chi?=18.91, df = 6 (P = 0.004), I7= 68.3%
Test for overall effect: Z = 5.22 (P < 0.00001)

01 02 05 1 2 5 10

decreased CADrisk  increased CAD risk

Figure 3. Forest plot of coronary artery disease associated with IL-6 C-572G gene polymorphism under a heterozy-

gous genetic model stratified by CG1 (CG vs. CC).

tive genetic models (OR: 1.372). Hence, it has
been concluded that in Asian population, the
IL-6 C-572G gene polymorphism was indicated
to be correlated with CAD susceptibility. The
carriers of -572G allele might be predisposed
to CAD risk.

As the heterogeneity existed under the hetero-
zygous genetic model (P . . <0.05), the
subsequent meta-regression has been con-
ducted to explore the heterogeneity source. In
the heterogeneity source analysis, CG1 was
possibly indicated to be the main heterogeneity
source (P=0.012). Although the subgroup anal-
ysis stratified by CG1 demonstrated that signifi-
cantly increased CAD risk was observed in both
subgroups, the heterogeneity disappeared in
subgroup 1 (P=0.50) and still existed in sub-
group 2 (P=0.01). Therefore, CG1 was actually
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the main confounding factor leading to the
heterogeneity.

CAD is considered to be an inflammation dis-
ease. Researches have shown that the inflam-
mation factors regulation network was consti-
tuted by a variety of proinflammatory, anti-
inflammatory factors as tumor necrosis factor.
IL-6 possibly plays an immune regulation role in
the occurrence and development of CAD [7].
Recently the studies on the association of
inflammation factor gene polymorphism and
CAD have been performed widely.

IL-6 is a 27KD glycoprotein constituted by 184
amino acids. IL-6 is a proinflammatory fac-
tor, mainly secreted by the activated inflamma-
tion cells as the lymphocyte and macrophage
cells. IL-6 is an important mediator closely
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Review: Interleukin-6 -572CIG polymorphism and coronary artery disease (Version 01)
Comparison: 01 CAD group versus control group
Outcome: 02CGwvs, CC
00  SEflog OR)
+01
.
+02 !
+03 :
i* e
Py
104 .
L I
04 02 05 1 2 5 10
OR (random)

Figure 4. Funnel plot for studies of the association of coronary artery disease with IL.-6 C-572G gene polymorphism
under a heterozygous genetic model stratified by CG1 (CG vs. CC). The horizontal and vertical axis correspond to the

OR and confidence limits. OR: odds ratio; SE: standard error.

associated with the immune and endocrine
systems. As the end differentiation factor of B
lymphocyte and the end aid factor of T lympho-
cyte, the most primary biological function of
IL-6 is to enhance the body immune function
and further produce a series of corresponding
biological alternations [22].

IL-6 might play the following roles in the devel-
opment of CAD. (a) IL-6 promotes the chemo-
taxis and activation of the leukocytes and
monocytes. (b) IL-6 promotes the vascular
endothelial cells to express the adhesion mol-
ecules and other inflammation transmitter, and
augment the local inflammation response; (c)
IL-6 induces the hepatocytes to synthesize the
acute stage proteins as fibrinogen, C reactive
protein; (d) IL-6 facilitates the vascular endo-
thelial cells to release the coagulation factors
as coagulating factor Ill and launch the coagu-
lating process; (e) IL-6 stimulates the synthesis
of matrix degradation enzyme, erodes the
plaque matrix and leads to the unstable plaque
rupture. Hence, IL-6 was considered to be the
prediction index for the early CAD basic patho-
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logical changes and serious complications. The
higher the IL-6 level, the higher was the severe
CAD risk [23-26].

The mechanism of IL-6 C-572G gene mutation
leading to CAD was still unclear. Theoretically,
any gene mutation in the promoter region might
change the IL-6 gene combining sequence,
enhance or weaken the gene transcription and
expression level, and influence the susceptibil-
ity to CAD. Some studies have shown that there
was no significant difference between IL-6
C-572G gene polymorphism and serum IL-6
level [27]. Hence, IL-6 C-572G gene polymor-
phism promotes the CAD development not
through the circulating IL-6 level, but the IL-6
level from the local tissue as the vascular wall.
The IL-6 concentration from the local tissue
might be more important than the circulating
IL-6 concentration to the increased CAD risk
[28].

In 2012, Zheng et al performed a meta-analy-
sis on the association of the IL-6 C-572G gene
polymorphism and CAD and they concluded

Int J Clin Exp Med 2015;8(6):8995-9003
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that the IL-6 C-572G gene polymorphism might
contribute to the CAD development [29]. By
contrast, in 2012, Yang et al also carried out a
meta-analysis on the relationship between
them and they found no statistically significant
differences between controls and CAD cases
for the G allele contrasts of the -174 G/C and
-572 G/C polymorphisms [30]. However, in both
of the two meta-analyses, the Asian population
and Caucasus populations were mixed to ana-
lyze the association. Moreover, the individual
studies deviating from HWE were included. In
addition, only three genetic models as additive,
recessive and dominant were adopted. While in
the current meta-analysis, besides the above
three genetic models, other three genetic mod-
els as allelic, homozygous and heterozygous
genetic models are also used. Hence, our
results should be more objective and credible
than that of Zheng’s work.

Some limitations still existed in the present
research. The large-scale studies on the asso-
ciation of /-6 C-572G gene polymorphism and
CAD were still insufficient. The IL-6 level was
influenced not only by the IL-6 C-572G gene
polymorphism, but also by other environmental
factors assmoke and inflammation. Additionally,
other IL-6 gene polymorphisms as G-174C,
C-634G and G-597A also influence the IL-6
level.

In conclusion, the present meta-analysis indi-
cated that the IL-6 -572G allele might increase
the CAD risk in the Asian population. The con-
clusion had potential guidance significance in
formulating CAD individual therapy strategy. In
consideration of the above limitations, the con-
clusion was required to be confirmed by more
researches in the future.
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