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Abstract The aim of this study was to determine whether

the interleukin-10 (IL-10) polymorphisms confer suscep-

tibility to rheumatoid arthritis (RA). A meta-analysis was

conducted on the associations between the IL-10 -1082

G/A, -592 C/A, -892 C/T and IL-10.R polymorphisms

and RA using; (1) allele contrast, (2) the recessive model,

(3) the dominant model, and (4) the additive model. A total

of 16 studies (19 comparisons) involving 2647 RA patients

and 3383 controls were considered in the meta-analysis.

Meta-analysis of the IL-10 -1082 G/A polymorphism

showed no association with RA in the study subjects, or in

European or Asian subjects. However, meta-analysis of the

-1082 G allele in 4 studies in Hardy–Weinberg equilib-

rium showed a significant association with RA (OR =

1.217, 95% CI = 1.027–1.442, P = 0.0236). In contrast,

meta-analysis of the C allele, the CC genotype, and of the

CC versus the AA genotype of the IL-10 -592 C/A

polymorphism showed significant associations with RA.

The overall ORs of the associations between the C allele

and RA were 0.684 and 0.758 (95% CI = 0.494–0.946,

P = 0.022; 95% CI = 0.475–1.210, P = 0.045) in all

study subjects and Asians. Meta-analysis of the CC ? CT

versus TT genotype and of the CC versus TT genotype of

the IL-10 -892 C/T polymorphism revealed significant

associations with RA. The overall OR of the association

between the C allele carrier and RA was 0.552 (95%

CI = 0.375–0.812, P = 0.003). No association was found

between the IL10.R2 alleles and RA. This meta-analysis

suggests that the IL-10 -592 C/A polymorphism confers

susceptibility to RA in Asians and that the IL-10 -1082

G/A and -892 C/T polymorphisms are associated with RA

susceptibility. These findings suggest the IL-10 genes

confer susceptibility to RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory dis-

ease that predominantly involves synovial joints and affects

up to 1% of adults worldwide [1]. Although the etiology of

RA remains unknown, a genetic component has been

established by twin and family studies, in which RA lia-

bility was estimated to be as high as 60%. Human leukocyte

antigen (HLA) class II molecules have been shown to be

strongly associated with RA, but family studies suggest that

this association accounts for only one-third of genetic sus-

ceptibility and that non-HLA genes are also involved [2].

Interleukin-10 (IL-10) is a multifunctional cytokine that

has anti-inflammatory properties due its ability to down-

regulate antigen presentation and macrophage activation

[3]. IL-10 plays an important role in B cell activation and

autoantibody production as a survival and differentiation

factor, and it also acts as an inhibitory factor during the

production of T helper 1 (Th1) cytokines [4]. The IL-10

gene maps to 1q31-32 and exhibits polymorphisms in its

promoter region that appears to be correlated with
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variations in transcription. Three of several polymorphisms

of IL-10 have been studied in some detail, namely, -1082

G to A (rs1800896), -592 C to A (rs1800872), and -892

C to T (rs1800871), and all three are located at putative

regulatory regions in IL-10 promoter [5]. The -1082 G/A

polymorphism lies within a putative Ets transcription factor

binding site, while -592 C/A is located within a putative

STAT-3 binding site and negative regulatory region, and -

892 C/T lies within a putative positive regulatory region [6,

7]. Furthermore, the IL-10.R microsatellite polymorphism,

situated 4 kb removed from the transcription initiation site

in the 50 direction, is also of interest, since haplotypes

containing the IL-10.R.2 allele are associated with higher

levels of IL-10 secretion than those containing IL-10.R3

[8]. Thus, polymorphisms at these sites may alter the

binding sites of transcription factors that may affect IL-10

production. IL-10 is considered an attractive candidate

gene based on its chromosomal location and functional

relevance. A number of studies have examined the asso-

ciation between IL-10 polymorphisms and RA, but repor-

ted results are contradictory [9–24], possibly because of the

low statistical powers of individual studies. Therefore, in

order to overcome the limitations of individual studies,

resolve inconsistencies, and reduce the likelihood that

random errors are responsible for false-positive or false-

negative associations [25–27], we turned to meta-analysis.

In the present study, we used meta-analysis to explore

whether the IL-10 -1082 G/A, -592 C/A, and IL-10.R

polymorphisms contribute to RA susceptibility.

Methods

Identification of eligible studies and data extraction

A search was performed for studies that examined associa-

tions between IL-10 polymorphisms and RA. The literature

was searched using the MEDLINE citation database to

identify available articles in which IL-10 polymorphisms

were analyzed in RA patients. Combinations of keywords,

such as, ‘‘interleukin-10,’’ ‘‘IL-10,’’ ‘‘polymorphism,’’

‘‘rheumatoid arthritis,’’ and ‘‘RA’’ were entered as Medical

Subject Heading (MeSH) components and as text words.

References in identified studies were also investigated to

identify additional studies not indexed by MEDLINE.

Genetic association studies that determined the distributions

of IL-10 -1082 G/A, -592 C/A, -892 C/T, and the IL-10.R

polymorphisms in RA and in normal controls were included.

The following information was extracted from each study:

author, year of publication, ethnicity of the study population,

demographics, number of cases and controls, and the

genotype and allele frequencies of each of the IL-10 -1082

G/A, -592 C/A, -892 C/T and IL-10.R polymorphisms.

Evaluation of publication bias

Funnel plots are often used to detect publication bias.

However, due to the limitations of funnel plotting, which

requires a range of studies of varying sizes involving

subjective judgments, we evaluated publication bias using

Egger’s linear regression test [28], which measures funnel

plot asymmetry using a natural logarithm scale of odds

ratios (ORs).

Evaluations of statistical associations

Allele frequencies at the IL-10 polymorphisms were

determined by the allele counting method. The Chi-square

test was used to determine if observed frequencies of

genotypes in controls conformed to Hardy–Weinberg

(H–W) expectations.

Meta-analyses was performed using; (1) allelic contrast

and (2) recessive, (3) dominant, and (4) additive models.

Point estimates of risks, ORs, and 95% confidence intervals

(CI) were estimated for each study. Cochran’s Q-statistic

was also used to assess within- and between-study varia-

tions and heterogeneities. This heterogeneity test assesses

the null hypothesis that all studies evaluated the same

effect. The effect of heterogeneity was quantified using I2,

which ranges from 0 to 100% and represents the proportion

of between-study variability attributable to heterogeneity

rather than chance [29]. I2 values of 25, 50, and 75% were

nominally considered low, moderate, and high estimates.

The fixed effects model assumes that a genetic factor has a

similar effect on RA susceptibility across all studies

investigated, and that observed variations among studies

are caused by chance alone [30]. On the other hand, the

random effects model assumes that different studies show

substantial diversity and assesses both within-study sam-

pling errors and between-study variances [31]. When study

groups are homogeneous, the two models are similar, but if

this is not the case the random effects model usually pro-

vides wider CIs than the fixed effects model. The random

effects model is best used in the presence of significant

between study heterogeneity [31]. Statistical manipulations

were performed using a Comprehensive Meta-Analysis

computer program (Biosta, Englewood, NJ, USA) (Fig. 1).

Results

Studies included in the meta-analysis

Twenty-two relevant studies, which investigated the rela-

tion between an IL-10 polymorphism and RA, were iden-

tified using MEDLINE and by manual searching. Six

studies were excluded due to; another IL-10 polymorphism,
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data duplication, or the lack of suitable controls. Thus,

sixteen studies met our inclusion criteria [9–24]. One of

these studies contained data on three different groups [23],

and another data on two different groups [21], and these

groups were analyzed independently. Therefore, a total of

19 separate comparisons were considered in this meta-

analysis, which in total involved 2,647 RA patients and

3,383 controls, and eleven European, three Asian, two

black, one Macedonian, one Turkish, and one Colombian

population (Table 1). However, because populations were

inadequate in the Macedonian, Turkish, and Colombian

studies, ethnicity-specific meta-analysis was conducted on

European, Asian, and Black populations. Details of the

IL-10 polymorphisms studies are summarized in Table 1.

Meta-analysis of the IL-10 -1082 G/A, -592 C/A, -

892 C/T and IL-10.R polymorphisms and RA

susceptibility

A summary of meta-analyses findings concerning associ-

ations between IL-10 polymorphisms and RA is provided

in Table 2. Meta-analysis of the IL-10 -1082 G/A poly-

morphism in the 6,030 study subjects revealed no associ-

ation between RA and the IL-10 -1082 G allele

(OR = 1.033, 95% CI = 0.863–1.236, P = 0.723). Fur-

thermore, stratification by ethnicity indicated no associa-

tion between the IL-10 -1082 G allele and RA in

Europeans or Asians (Table 2), and no association was

found between RA and the IL-10 -1082 G/A polymor-

phism using recessive or dominant models or contrast of

homozygotes. In terms of the IL-10 -1082 G/A poly-

morphism, no association was found with RA by meta-

analyses using the allele contrast, recessive, dominant, or

additive models in all study subjects, or in European or

Asian populations (Table 2). However, meta-analysis of

the four studies in H–W did produce a result for the relation

between the IL-10 -1082 G/A polymorphism and RA

(Table 2). Specifically, analysis of the -1082 G allele

revealed a significant association with RA (OR = 1.217,

95% CI = 1.027–1.442, P = 0.0236).

Meta-analysis of the C allele, the CC genotype, and the

CC vs. AA genotype of the IL-10 -592 C/A polymorphism

showed significant association with RA (Table 2). The

overall ORs of the associations between the C allele and

RA were 0.684 and 0.758 (95% CI = 0.494–0.946,

P = 0.022; 95% CI = 0.475–1.210, P = 0.045) in all

study subjects and in Asians (Fig. 2), and the ORs of the

CC vs. AA genotype showed the same pattern as that

observed for the C allele of the IL-10 -592 C/A poly-

morphism. Meta-analysis of the CC vs.CA ? AA genotype

also showed a significant association between the IL-10

-592 C/A polymorphism and RA in Asians (OR = 0.574,

95% CI = 0.37–0.873, P = 0.010). Meta-analysis of the

CC ? CT versus TT genotype, and the CC versus TT

genotype of the IL-10 -89 C/T polymorphism also showed

significant associations with RA (Table 3). The overall OR

of the association between the C allele carrier and RA was

0.552 (95% CI = 0.375–0.812, P = 0.003) (Fig. 2). It has

previously been shown that the IL10.R2 allele is associated

with high IL10 secretion [8]. We performed meta-analysis

on the association between the R2 allele of IL10.R and RA,

but no association was found (Table 3).

Heterogeneity and publication bias

Some heterogeneity was found in several meta-analyses of

the IL-10 -1082 G/A, -592 C/A, and IL-10.R polymor-

phisms and in the meta-analysis of C vs. T alleles of the

IL-10 -892 C/T polymorphism in Asians. However,

Egger’s regression test showed no evidence of publication

bias in this meta-analysis (Egger’s regression test P-val-

ues [ 0.1). The distributions of genotypes in the normal

control groups were not consistent with the H–W equilib-

rium in eight studies of the IL-10 -1082 G/A polymor-

phism [9, 11, 12, 14, 16, 17, 19, 22]. Deviation from H–W

equilibrium among controls implies potential bias during

control selection, or genotyping errors, but excluding these

Fig. 1 ORs and 95% CI of

individual studies and pooled

data for the association between

the G vs. A allele of the

IL-10-1082 G/A polymorphism

and RA for studies in Hardy–

Weinberg equilibrium
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studies did affect our result for an association between the

IL-10-1082 G/A polymorphism and RA (Table 2). All

studies were in H–W equilibrium for the IL-10 -592 C/A

and -892 C/T polymorphisms.

Discussion

Although the multifactorial nature of RA is well recog-

nized, genetic factors are considered to be strong deter-

minants of these diseases, and thus, researchers have been

encouraged to search for the genes responsible. Il-10 is

a potent anti-inflammatory cytokine that inhibits the

synthesis of pro-inflammatory cytokines, and a potent

up-regulator of B-cell production and differentiation [4].

IL-10 may modulate disease severity in RA. It has been

reported to suppress joint swelling and deformation and

cartilage necrosis in an animal model of RA, and to be

upregulated in the serum and synovial fluid of RA patients

[32]. IL-10 production is genetically determined and is

controlled at the transcription level, probably via some

regulatory sequences in its promoter region [33].

In this meta-analysis, we addressed the association

between IL-10 polymorphisms and RA susceptibility. Data

from published studies were combined to evaluate genetic

associations between the most commonly studied poly-

morphisms of the IL-10 gene, namely, the -1082 G/A,

-592 C/A, -892 C/T, and IL-10.R polymorphisms and

RA. Meta-analysis of the IL-10 -1082 G/A polymor-

phisms showed no association with RA in all study

subjects, or in European or Asian subjects. However,

meta-analysis of the -1082 G allele in the four studies in

Table 1 Characteristics of the individual studies included in the systematic review and meta-analysis

Study [Ref] Population Numbers Studied polymorphism Findings

RA Control

Paradowska-Gorycka

et al. 2010 [9]

Poland (European) 244 106 Promoter -1082 G/A,

-592 C/A

-1082 G allele (OR = 0.085,

P \ 0.001), -592 C allele

(OR = 0.530, P = 0.0002)

Ying et al. 2011 [10] China (Asian) 164 196 -592 C/A -592 C allele (OR = 1.601, P = 0.021)

De Paz et al. 2010 [11] Spain (European) 162 373 -1082 G/A -1082 AA (OR = 0.57, P = 0.006)

Menegatti et al. 2009 [12] Italy (European) 37 98 -1082 G/A NS

Gambhir et al. 2010 [13] India (Asian) 222 208 -1082 G/A, -592 C/A,

-892 C/T

NS

Trajkov et al. 2009 [14] Macedonia

(Macedonian)

85 301 -1082 G/A, -592 C/A,

-892 C/T

-1082 GA (P = 0.007), -892 TT

(P = 0.008), -592 C/A (NS)

Ates et al. 2008 [15] Turkey (Turkish) 98 122 -1082 G/A, -592 C/A,

-892 C/T

-1082 A allele (OR = 1.44, P = 0.004),

-892 C/T (NS), -592 C/A (NS)

Hee et al. 2007 [16] Malaysia (Asian) 84 95 -1082 G/A, -592 C/A,

-892 C/T

-1082 G/A (NS), -892 C allele

(OR = 1.55, P = 0.04), -592 C allele

(OR = 1.55, P = 0.044)

Moreno et al. 2007 [17] Colombia (Colombian) 102 102 -1082 G/A, -592 C/A,

-892 C/T

NS

Pawlik et al. 2005 [18] Poland (European) 95 104 -1082 G/A, -592 C/A -1082 GG (P \ 0.05), -592 C/A (NS)

Padyukov et al. 2004 [19] Sweden (European) 264 286 -1082 G/A -1082 AA in women (OR = 2.07,

P \ 0.01)

Martinez et al. 2003 [20] Spain (European) 229 371 Haplotype (-1082, -

592, -892), IL-10.G.,

IL-10.R

Increased G12 in RA (P = 0.001),

haplotype (NS), IL-10.R (NS)

Mackay et al. 2003 [21] UK (European, Black) 186

138

296

73

IL-10.R NS

Cantagrel et al. 1999 [22] France (European) 108 128 -1082 G/A -1082 G/A (P = 0.028)

Eskdale et al. 1998 [23] UK (European,

European, Black)

103

148

61

94

97

38

IL-10.R Increased R2 and R3 in RA in all groups

(P \ 0.05)

Coakley et al. 1998 [24] UK (European) 117 295 -1082 G/A, -592 C/A,

-892 C/T

NS

Ref reference, E European, A Asian, RA rheumatoid arthritis, UK United Kingdom, NS not significant
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Hardy–Weinberg equilibrium revealed a significant

association with RA. In contrast, meta-analysis of the

IL-10 -592 C/A polymorphism revealed a significant

association with RA in Asians, in whom, C allele carriage

may be a protective factor with an OR of 0.758 (95%

CI = 1.158–1.949, P = 0.045). Furthermore, whereas

meta-analysis of the IL-10 -892 C/T polymorphism

revealed a significant association with RA, no association

was found between the IL10.R2 alleles and RA. The

associations between IL-10 polymorphisms and the risks of

RA observed in this meta-analysis suggest that IL-10 could

play a role in RA susceptibility.

However, our results should be interpreted with caution

because of the limited number of studies included, which

also restricted further subgroup analyses. In addition, the

distributions of the -1082 G/A genotypes in the normal

control groups did not meet the requirement for H–W

equilibrium in most studies. Because a deviation from

H–W equilibrium among controls implies potential bias

during control selection or genotyping errors, we re-per-

formed subgroup analysis for studies in H–W equilibrium,

but only four studies were in H–W equilibrium for the

-1082 G/A polymorphism. For these four studies,

although meta-analysis showed significant associations

between the -1082 G/A polymorphism and RA [13, 15,

18, 24], this association was based on the results of one

study only [15]. Furthermore, the relative importances of

the IL-10 polymorphisms during the development of RA

may vary between ethnic groups, but we failed to perform

ethnic specific meta-analysis on the -892 C/T polymor-

phism due to limited data.

Present study has some limitations that require consid-

eration. (1) Heterogeneity and confounding factors may

have distorted the meta-analysis. Furthermore, publication

bias also may have affected the analysis, because studies

that produced negative results may not have been published

or may have been missed, and although we performed

Egger’s regression test, we could not eliminate the possi-

bility of bias. (2) This ethnicity-specific meta-analysis

included data from European and Asian patients, and thus,

our results are applicable to only these ethnic groups. (3)

Haplotype analysis may have provided more information

and would have been more powerful than single poly-

morphism analysis. Linkage disequilibrium was found for

the -1082 G/A, -592 C/A, -892 C/T polymorphisms.

Increased IL-10 secretion has been described for the

Table 2 Meta-analysis of associations between the IL-10 -1082 G/A and -592 C/A polymorphisms and RA

Polymorphism Population No. of

studies

Test of association Test of heterogeneity

OR 95% CI P-val Model P-val I2

-1082 G/A G vs. A Overall 12 1.033 0.863–1.236 0.723 R 0.000 67.3

Overall in HWE 4 1.217 1.027–1.442 0.023 F 0.129 47.1

European 7 0.921 0.731–1.152 0.471 R 0.004 68.5

Asian 2 1.193 0.910–1.563 0.201 F 0.404 0

GG vs. GA ? AA (Recessive) Overall 10 1.265 0.831–1.927 0.272 R 0.000 74.4

European 6 0.995 0.626–1.582 0.983 R 0.001 76.5

GG ? GA vs. AA (Dominant) Overall 10 0.950 0.639–1.301 0.151 R 0.002 66.3

European 6 0.859 0.563–1.311 0.481 F 0.005 69.7

GG vs. AA (Additive) Overall 10 1.221 0.791–1.884 0.368 R 0.002 64.8

European 6 0.949 0.590–1.528 0.830 F 0.017 63.6

-592 C/A C vs. A Overall 9 0.684 0.494–0.946 0.022 R 0.000 83.3

European 3 0.372 0.119–1.163 0.089 R 0.000 92.6

Asian 3 0.758 0.475–1.210 0.045 R 0.002 83.6

CC vs. CA ? AA (Recessive) Overall 7 0.663 0.402–1.094 0.108 R 0.000 80.1

European 2 0.324 0.024–4.411 0.398 R 0.000 95.6

Asian 2 0.574 0.377–0.873 0.010 F 0.720 0

CC ? CA vs. AA (Dominant) Overall 7 0.764 0.466–1.250 0.283 R 0.000 76.7

European 2 0.364 0.032–4.157 0.416 R 0.000 94.6

Asian 2 0.749 0.478–1.173 0.207 F 0.766 0

CC vs. AA Overall 7 0.541 0.390–0.749 0.0002 F 0.185 31.8

European 2 0.288 0.013–6.505 0.434 R 0.034 77.7

Asian 2 0.382 0.235–0.622 0.0001 F 0.587 0

RA rheumatoid arthritis, R random effects model, F fixed effects model, NA not available, HWE Hardy–Weinberg equilibrium
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common GCC haplotype and reduced IL-10 secretion for

the least common ATA haplotypes. No meta-analysis of

haplotypes was possible due to the inadequacy of haplo-

type data. (4) IL-10 polymorphisms may be associated with

RA severity as well as susceptibility. However, the small

amount of data available did not allow us to perform meta-

analysis this association.

In conclusion, this meta-analysis suggests that the IL-10

-592 C/A polymorphism confers susceptibility to RA in

Asian populations. Furthermore, associations were found

between the IL-10 -1082 G/A and -892 C/T polymor-

phisms and susceptibility to RA. However, our results

should be interpreted with caution due to small number of

studies included, and thus, our inability to perform sub-

group analysis by ethnicity. Larger scale studies in popu-

lations with different ethnicities are necessary to explore

the roles played by these polymorphisms of the IL-10 gene

in the pathogeneses of RA.

Fig. 2 ORs and 95% CIs of

individual studies and of pooled

data for the associations

between the IL10 -592 C allele

(a) and the CC ? CT vs. TT

(b) of the IL10 -892 C/T

polymorphism and RA

Table 3 Meta-analysis of associations between the IL-10 -892 C/T and IL-10 R polymorphisms and RA

Polymorphism Population No. of studies Test of association Test of heterogeneity

OR 95% CI P-val Model P-val I2

-892 C/T C vs.T Overall 6 0.939 0.809–1.090 0.409 F 0.228 27.5

Asian 2 0.881 0.504–1.541 0.658 R 0.027 79.4

CC vs. CT ? TT (Recessive) Overall 4 0.921 0.697–1.218 0.564 F 0.445 0

CC ? CT vs. TT (Dominant) Overall 4 0.552 0.375–0.812 0.003 F 0.482 0

CC vs. TT (Additive) Overall 4 0.558 0.360–0.867 0.009 F 0.546 0

IL-10 R alleles R2 vs. others Overall 6 1.184 0.817–1.717 0.373 R 0.000 82.0

European 4 1.182 0.790–1.770 0.416 R 0.000 84.2

Black 2 1.238 0.317–4.834 0.759 R 0.003 88.5

RA rheumatoid arthritis, R random effects model, F fixed effects model, NA not available
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