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Abstract: Background: Previous studies have investigated the associations between polymorphisms of interleu-
kin-10 (IL-10) gene and risk of ischemic stroke (IS). However, the results were inconsistent. The aim of this study 
was to clarify the relationship between IL-10 polymorphisms and IS risk by a meta-analysis approach. Methods: The 
meta-analysis was performed by searching PubMed and Wanfang databases. Odds ratio (OR) and corresponding 
95% confidence interval (95% CI) as well as effect size were calculated by a fixed or random-effect model according 
to the I2 value. In total, five case-control studies for IL10-1082G/A and four studies for IL10-819C/T were included 
in this meta-analysis. Results: Combined analysis indicated that IL10-1082G/A polymorphism was associated with 
risk of IS (A/A vs. G/G+G/A: OR = 1.82, 95% CI = 1.21-2.74, P = 0.004; for A allele vs. G allele: OR = 1.55, 95% CI 
= 1.14-2.10, P = 0.006). However, there was no significant association between IL10-819C/T polymorphism and 
IS in any comparison model (C/C vs. T/C+T/T: OR = 0.96, 95% CI = 0.69-1.36, P = 0.84; C allele vs. T allele: OR = 
1.00, 95% CI = 0.83-1.21, P = 0.97). Conclusions: Our results indicated that IL-10-1082G/A polymorphism, but not 
IL10-819C/T polymorphism was associated with the risk of IS.
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Introduction

Stroke is one of the leading causes of morbidity 
and mortality worldwide [1-3]. The most com-
mon subtype is ischemic stroke, which caused 
by an occluding thrombus of a cerebral artery. 
There are sorts of risk factors for stroke, such 
as old age, high blood pressure, diabetes, high 
plasma cholesterol, and smoking [4]. Previous 
studies indicated that the inflammatory cyto-
kines and the genetic polymorphism in the 
genes encoding the inflammatory mediators 
play a significant role in the development and 
progression of ischemic stroke (IS) [5, 6]. St- 
udies revealed that besides pro-inflammatory 
processes also anti-inflammatory play an im- 
portant role in the pathogenesis of IS [7-10].

Interleukin-10, one of anti-inflammatory cyto-
kines, is of a variety of functions involved in 
atherosclerosis of the arteries formation and 
inflammatory response, and there are multiple 
gene polymorphisms affecting its biological 
activity. IL-10, mainly secreted by lymphocytes 

and monocytes, can counterbalance the poten-
tially harmful effects of tumor necrosis factor α 
(TNFα) and other pro-inflammatory [11]. IL-10 is 
a T helper 2 cytokine, on the other hand, by pro-
moting B cell activation and antibody produc-
tion, IL-10 is an immune stimulatory [12]. IL-10 
also can regulate the expression of Th1 cyto-
kines, MHC class II antigens, and co-stimulato-
ry molecules on macrophages. Previous study 
showed that high serum IL-10 concentration 
was associated with IS [13]. In humans, the 
IL-10 gene has been mapped to chromosome 1, 
there were six different polymorphisms con-
cluding -1082, -819, -652, -592, -127 and -41 
position variants [14-16]. In the past years, 
increasing evidences indicated that IL-10 gene 
promoter polymorphisms (-1082A/G and -81- 
9C/T) were associated with IS. However, the 
conclusions were controversial. To draw a more 
reliable conclusion and further explore the 
associations between the two polymorphisms 
and IS risk, we performed the present meta-
analysis including all published paper related to 
this topic.

http://www.ijcem.com
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Materials and methods

Search strategy

We searched eligible literatures published up to 
March 2014 in PubMed and Wanfang database 
using the following keywords: “interleukin-10” 
OR “IL-10” or “IL10” AND “stroke” OR “cerebral 
infarction” OR “cerebral thrombosis”. The asso-
ciation between IL-10 polymorphisms and 
stroke risk was assessed by odds ratio (OR) 
and its 95% confidence intervals (CI). The 
search was done without language limitation 
and article type.

Inclusion and exclusion criteria

Titles were scanned first and then abstracts 
were read, at last full articles were reviewed. 
The following inclusion criteria had to be met: 
(1) the study must explore the associations 
between IL-10 (including IL10-1082G/A, IL10 

-819C/T) genetic polymorphisms and IS risk; 
(2) the study must be a case-control study, the 
stroke subjects must be ischemic stroke 
patients; and (3) the study must provide total 
number of cases and controls, and the number 
for each genotype; and (4) OR estimates and 
95% CI were provided or could be calculated. 
The major reasons for exclusion were: (1) dupli-
cated studies; (2) being a review or comment; 
(3) animal studies; (4) If more than one study 
was published using the same data series, the 
latest study was selected prior to the others. 

Eligible study selection

Figure 1 showed how the eligible studies were 
selected. Finally, five studies [17-21] were inc- 
luded in this meta-analysis study, including 
1150 cases and 856 controls for IL-10-10- 
82G/A, and 670 patients and 386 controls for 
IL-10-819C/T.

Figure 1. Flow chart shows study selection procedure. 
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Data extraction and quality assessment

Two investigators (Xiang Xie and Guo-Ting Yin) 
extracted data independently using a standard 
form, and reached a consensus on each item. 
Disagreements were solved by checking the 
data again and discussion with co-authors. The 
following data were extracted: the first author’s 
name, ethnicities and countries of origin, year 
of publication, genotypes, alleles and matching 
factors and number of case and control.

Statistical methods

Meta-analysis was performed using the Coc- 
hrane Collaboration RevMan 5.2 software. The 
association between the risk of IS and IL-10-
1082G/A and -819C/T polymorphisms was 
estimated for each study using the OR and 95% 
CI. We first estimated this relationship with the 

dominant model (A/A vs. G/A+G/G), (C/C vs. C/
T+T/T) and then with the allelic model (A allele 
vs. G allele), (C allele vs. T allele). We used Z 
test to analysis the merger statistics OR. A 
χ2-test-based Q statistic test was performed to 
examine the between-study heterogeneity [22, 
23]. We also quantified the effect of heteroge-
neity with an I2 test. If the Q test was significant 
(P < 0.05) or I2 > 50%, indicating heterogeneity 
across studies, we used the random effects 
model [24]. Otherwise, we used the fixed effects 
model [25]. We performed stratification analy-
ses on ethnicities, sources of controls and sam-
ple sizes. Hardy-Weinberg equilibrium (HWE) in 
control group was calculated or extracted from 
the primary studies. Sensitivity analysis was 
performed, by limiting the meta-analysis to the 
studies conforming to HWE and the high quality 
studies, to evaluate the stability of the results. 

Table 1. Characteristics of included studies about IL-10-1082G/A
Studies Year Ethnicity Case Control

N Genotype (n) allele HWE N Genotype (n) allele HWE NOS
AA AG GG A G P χ2 AA AG GG A G P χ2

Zhang et al. 2006 Chinese 204 202 2 0 406 2 0.94 0.00 131 120 11 0 251 11 0.62 0.25 6

Jin et al. 2011 Chinese 189 161 27 1 349 29 0.91 0.01 92 78 12 2 168 16 0.09 2.93 5

Lin et al. 2009 Chinese 181 153 28 0 334 28 0.26 1.27 115 83 32 0 198 32 0.08 3.00 6

Anjana et al. 2010 Indian 480 92 241 147 425 535 0.70 1.47 470 63 218 189 344 596 0.99 0.00 6

Antonino et al. 2012 Palermo 96 58 14 24 130 62 0.00 42.65 48 20 17 11 57 39 0.07 3.39 5

Table 2. Characteristics of included studies about IL-10-819C/T
Studies Year Ethnicity Case Control

N Genotype (n) allele HWE N Genotype (n) allele HWE NOS
CC CT TT C T P χ2 CC CT TT C T P χ2

Zhang et al. 2007 Chinese 204 28 90 86 146 262 0.57 0.33 131 27 48 56 102 160 0.01 6.89 6

Jin et al. 2011 Chinese 189 12 82 95 106 272 0.30 1.06 92 7 37 48 51 133 0.97 0.00 5

Lin et al. 2009 Chinese 181 32 73 76 137 225 0.05 3.69 115 18 44 53 80 150 0.09 2.82 6

Antonino et al. 2012 Palermo 96 63 14 19 140 52 0.00 38.20 48 26 17 5 69 27 0.39 0.74 5

Figure 2. Forest plot for IL-10 gene -1082G/A polymorphism and IS risk in dominant model: A/A vs. A/G+G/G.
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Every study was evaluated according to the 
Newcastle-Ottawa (NOS). Funnel plots were 
used to evaluate publication bias.

Results

Study characteristics

As shown in Tables 1 and 2, the characteristics 
of 5 case-control studies about IL-10-1082G/A  
and 4 studies about IL-10-819C/T extracted in 

this meta-analysis including publication year, 
ethnicity, total number of cases and controls, 
the number for each genotype and allele, OR 
estimates and 95% CI were present. Of all the 
studies, there are three studies from China, 
one from South India and one from Palermo. 

Quantitative synthesis

The results of combined analyses for IL10-
1082G/A polymorphism were showed in 

Figure 4. Forest plot for IL-10 gene -819C/T polymorphism and IS risk in dominant model: C/C vs. T/T+C/T.

Figure 5. Forest plot for IL-10 gene -819C/T polymorphism and IS risk in allelic model: C allele vs. T allele.

Figure 3. Forest plot for IL-10 gene -1082G/A polymorphism and IS risk in allelic model: A allele vs. G allele.
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Figure 6. Funnel plots for IL-10-1082A/G and IL-10-819C/T polymorphism and IS risk in different genetic models. A. (dominant model: A/A vs. A/G+G /G); B. (allelic 
model: A allele vs. G allele); C. (dominant model: C/C vs. T/T+C/T); D. (allelic model: C allele vs. T allele).
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Figures 2, 3. The results indicated that IL10-
1082G/A polymorphism was associated with 
risk of IS [OR (95% CI): 1.82 (1.21-2.74) for A/A 
vs. G/G+G/A and 1.55 (1.14-2.10) for A allele 
vs. G allele]. This study also showed that A 
allele might be one of the independent risk fac-
tors for stroke. Figures 4, 5 showed the results 
of combined analyses for IL10-819C/T poly-
morphism. Overall analyses indicated that no 
significant association was observed between 
IL0-819C/T polymorphism and IS risk [OR (95% 
CI): 0.96 (0.69-0.84) for C/C vs. T/T+C/T and 
OR (95% CI): 1.00 (0.83-1.21) for C allele vs. T 
allele].

Sensitivity analysis and publication bias

The sensitivity analyses were performed by lim-
iting studies to those conforming to HWE. Then, 
removing one study at a time was performed to 
evaluate the stability of the results. We found 
that the pooled OR changed quite little, indicat-
ing that our results were statistically robust. In 
the present meta-analysis, funnel plot was 
used to assess the publication bias. No obvi-
ous asymmetry was observed in the dominant 
and allelic model according to the visual 
assessment of funnel plot (Figure 6A-D).

Discussion

A lot of epidemiological studies about genetic 
polymorphisms on the risks of diseases such 
as IS have been widely conducted [26, 27]. 
Nowadays, meta-analysis has been widely 
used to gain more reliable evidence. To our 
knowledge, this is the first meta-analysis which 
comprehensively assessed the associations 
between IL-10-1082G/A and IL-10-819C/T 
polymorphism and IS risk. The main purpose of 
our meta-analysis was to review the published 
literature and attempt to clarify the role of IL-10-
1082G/A and IL-10-819C/T polymorphism in 
IS. In this study, we found significant associa-
tions in the overall comparison between IL-10-
1082G/A polymorphism and IS. However, IL-10 
gene -819C/T polymorphism was not associat-
ed with developing IS.

IL-10, an anti-inflammatory cytokine, was 
showed association with diseases such as type 
2 diabetes mellitus (T2DM), coronary heart dis-
ease, asthma, stroke and cancer. Consistently, 
there was also showed association between 
IL-10 gene polymorphisms and above-men-

tioned diseases [28-32]. Anjana et al found 
that, for IL-1082G/A gene polymorphism, there 
were statistically significant differences in the 
genotypic distribution and allelic frequency 
between the patients and healthy controls. The 
result also showed that A allele of IL-10-
1082G/A gene was one of the most predictive 
independent risk factors for stroke. Similarly, 
Antonino et al reported, with regard of IL-10 
1082G/A genotypes, a higher frequency of A/A 
genotype in stroke subjects, a higher frequency 
of G/A genotype in controls and no significant 
difference in G/G genotype frequency between 
stroke subjects and controls were observed. 
Regarding IL-10-819C/T polymorphism, the 
C/T genotype was significantly more frequent in 
controls, whereas T/T and C/C genotypes fre-
quency between stroke subjects and controls 
was no significant difference. Lin et al found 
there was significant difference in A allele of 
IL-10-1082G/A gene frequency distribution 
between stroke and control subjects. But, with 
regard of IL-10-819C/T gene, there was no sig-
nificant difference about the genotype and 
allele frequency distribution between stroke 
and control subjects. Jin et al found, for the 
IL-10-1082G/A and -819C/T polymorphisms, 
there was no significant difference about the 
genotype and allele frequency distribution 
between stroke and control subjects. Zhang et 
al reported that, for the IL-10-1082G/A, G/A 
genotype and A allele frequency distributions 
were different between stroke and control sub-
jects. Consistently, for IL-10-819C/T gene, the 
result was same with the study of above-men-
tioned. While, Sultana S. et al found that, for 
the IL10-1082 variants between stroke and 
control subjects, the G/G genotype was signifi-
cantly associated with stroke [33]. In our meta-
analysis, we excluded the study by Sultana S. et 
al, because patients in their study might be not 
completely ischemic stroke. These inconsistent 
results may be attributed to differences in 
genetic backgrounds, ethnic difference, and 
other factors, such as small sample size or 
inadequate adjustment for confounding fac- 
tors.

Our study had its limitations and encountered 
some potential bias. This situation also existed 
in other meta-analyses [34]. These limitations 
of our meta-analysis should be addressed. 
First, some studies with small sample sizes 
may not have enough statistical power to prove 
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authentic associations. Second, the number of 
our studies is comparatively small, more stud-
ies are needed. Third, our meta-analyses were 
performed without adjustment, may cause seri-
ous confounding bias. Fourth, Significant het-
erogeneity was found in some models, which 
may lead to failure to confirm marginal asso- 
ciations.

The potential bias of this meta-analysis also 
should be addressed. First, because of the limi-
tations of data bases, it was possible that some 
eligible studies were not included. Second, het-
erogeneity is a potential problem when inter-
preting the results of meta-analysis. Alter- 
natively, lifestyle, environment and ethnicity 
may be sources of heterogeneity. Studies about 
IL-10-1082G/A, heterogeneity was found in the 
dominant model (A/A vs. G/A+G/G) and the 
allelic model (A allele vs. G allele), so the ran-
dom effects model was used. For studies about 
IL-10-819C/T, there are no significant heteroge-
neity in the dominant model (C/C vs. C/T+T/T) 
and the allelic model (C allele vs. T allele), thus, 
the fixed model was used. Third, meta-analysis 
belonged to a retrospective study, and recall 
bias might exist. Given the limitations and 
potential bias above, our findings should be 
explained with caution, and be warranted by 
future studies. 

In spite of these limitations and potential bias, 
several advantages are existed in our meta-
analysis. First, according to previous experi-
ence, it was feasible to perform this study 
based on the current literatures. Second, the 
findings of our studies provided additional infor-
mation. A substantial number of participants 
were pooled from different studies, which help 
us draw a more reliable conclusion. Third, no 
publication bias was detected suggesting that 
the whole pooled result is accurate. Additionally, 
to evaluate the stability of the results after 
removing one study at one time, we found that 
the estimated pooled odd ratio changed quite 
little, indicating that our results were statisti-
cally robust.

In summary, a significant association was iden-
tified between the IL-10-1082G/A polymor-
phism and the risk of IS. Especially, AA geno-
type may be closely related to the risk of IS. As 
to the IL10-819C/T polymorphisms, we could 
not get any evidence to support the associa-
tions between the polymorphisms and IS risk. 

And these results are not for other subtypes of 
stroke. Further large sample-sized studies were 
required, and studies should use standardized 
unbiased genotyping methods, examine IS 
patients and well matched controls, and include 
multiethnic groups.
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