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ABSTRACT. Background: Cytokine genes, including interleukin-10 (IL-10), are known to play important roles in the
pathogenesis of juvenile idiopathic arthritis (JIA). This study aims to determine whether the IL-10 polymorphisms
confer susceptibility to JIA. Methods: A meta-analysis was performed on the associations between the IL-10 -1082
G/A, -592 C/A, and -819 C/T polymorphisms and JIA. A total number of 7 studies involving 1,785 patients and
6,142 controls were considered in the meta-analysis. Results: Meta-analysis of the IL-10 -592 C/A and -819 C/T
polymorphisms showed no association with JIA in the study participants, or in Caucasian or Middle Eastern
participants. Meta-analysis of the IL-10 -1082 A allele in all study participants, Caucasian and Middle Eastern,
showed significant associations with RA (overall ORs were 1.17, 1.15, and 1.41, respectively). Meta-analysis of the
AA versus GG genotype of the IL-10 -1082 G/A polymorphism revealed significant associations with JIA (OR = 3.66,
95% CI = 1.44-9.29, P = 0.006) in participants from Middle Eastern countries. Additionally, meta-analysis of the GG
versus AA+GA genotypes of the IL-10 -1082 G/A polymorphism revealed the GG genotype as the protective factor
against JIA in the Middle Eastern subgroup (OR = 0.44, 95% CI = 0.20-0.94, P = 0,04). Moreover, meta-analysis
of the IL-10 -1082 A allele in 4 studies on Hardy-Weinberg equilibrium showed a significant association with JIA
(OR = 1.17, 95% CI = 1.07-1.28, P = 0.0009). No association was found between the IL-10 (-1082, -819, -592) ACC,
ATA, and GCC haplotypes and JIA. Conclusions: These results suggest that the IL-10 -1082 G/A polymorphism
confers susceptibility to JIA.
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uvenile idiopathic arthritis (JIA), characterized by chronic
oint inflammation with an onset prior to the age of sixteen
ears, is a most frequent rheumatic disorder of childhood,
ith an approximate worldwide prevalence of 1 in every
,000 children [1]. Although the etiology of RA remains
nknown, it is widely accepted that both environmental and
enetic components contribute to its initiation and progres-
ion [2]. Considering the presence of chronic inflammation
ithin synovial joints as the common feature of all JIA

ubtypes, it has been previously propounded that certain
ingle nucleotide polymorphisms (SNPs) within the pro-
oter and coding sequences of various cytokines’ genes,

ncluding interleukin-10 (IL-10), could be associated with

he susceptibility to JIA [3-9].

L-10, a major immunoregulatory cytokine, exerts its
nti-inflammatory effect by ameliorating proinflamma-
ory cytokine synthesis [10], diminishing inflammation in
the collagen-induced arthritis animal model [11], revers-
ing cartilage degradation by mononuclear cells from RA
patients [12], hindering mononuclear cell traffic into
synovial tissue by downregulating intercellular adhesion
molecule 1 expression by synovial cells [13, 14], and
impeding the production of proinflammatory cytokines
by mononuclear cells from synovial cells, synovial fluid,
and peripheral blood of patients with rheumatoid arthritis
(RA) [12]. IL-10 gene, assumed as an attractive can-
didate gene according to its chromosomal location and
functional relevance, maps to chromosome 1q32 and
exhibits polymorphisms in its promoter region, which
results in variations in transcription [15]. Three functional

IL-10 SNPs, namely, at -1082A/G (rs1800896), -819C/T
(rs3021097), and -592A/C (rs1800872), which are located
at putative regulatory regions in IL-10 promoter, have
been a focus of intensive research recently [16]. The

4/ecn
.2018.0404

mailto:rezaei_nima@tums.ac.ir
dx.doi.org/10.1684/ecn.2018.0404


Journal Identification = ECN Article Identification = 0404 Date: May 4, 2018 Time: 12:34 pm

Associations between interleukin-10 polymorphisms and susceptibility to juvenile idiopathic arthritis: a systematic review and
meta-analysis

17

Articles identified in literature (n=391) 

Articles retrieved for evaluation (n=13) 

Studies included (n=7) 

- Three were conference papers

- One enrolled both adults with RA and patients with 
polyarthritis RF-positive JIA as the case group

- One investigated IL-10-1087 gene variant

- One full-text article was not avalable 

6 records were excluded: 

Excluded (duplicates or title and 
 abstract revealed not appropriate) (n=378)

Figure 1
Flow diagram of all studies included in this meta-analysis; of 391 studies identified via electronic and hand searching, a total of 7 studies were
included.

Table 1
The HWE test for IL-10 -1082, -819, and -592 genotypes distribution among eligible studies.

SNP Study Control HWE

AA AB BB

IL-10 -592 Crawley E., 1999 18 92 164 Yes (0.303)

IL-10 -592 Donn R.P., 2001 10 81 148 Yes (0.795)

IL-10 -592 Fathy M.M., 2017 19 71 10 No (0.000)

IL-10 -592 Harsini S., 2016 12 57 71 Yes (0.907)

IL-10 -819 Cinek O., 2003 48 50 5 Yes (0.075)

IL-10 -819 Crawley E., 1999 164 92 18 Yes (0.303)

IL-10 -819 Donn R.P., 2001 148 81 10 Yes (0.795)

IL-10 -819 Fathy M.M., 2017 10 71 19 No (0.000)

IL-10 -819 Harsini S., 2016 71 57 12 Yes (0.907)

IL-10 -1082 Cinek O., 2003 21 71 11 No (0.0001)

IL-10 -1082 Crawley E., 1999 80 124 70 Yes (0.121)

IL-10 -1082 Donn R.P., 2001 50 118 71 Yes (0.940)

IL-10 -1082 Fathy M.M., 2017 10 73 17 No (0.000)
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IL-10 -1082 Harsini S., 2016 53

NP: Single nucleotide polymorphism; HWE: Hardy-Weinberg equilibrium.

forementioned polymorphisms are, therefore, known to
lter the binding sites of transcription factors that could
ffect IL-10 synthesis.

multitude of studies have examined the association
etween the IL-10 -1082 G/A, -819 C/T, and -592 C/A
olymorphisms and the risk of JIA [15, 17-22], but the
esults were contradictory. This is partly due to the low
tatistical powers of individual studies. Therefore, we
erformed a meta-analysis of all eligible studies, so as
o derive a better estimation of the association and to

esolve inconsistencies. In the current study, we conducted
eta-analysis to investigate whether the IL-10 -1082 G/A,

819 C/T, and -592 C/A polymorphisms contribute to JIA
ulnerability. To our knowledge, this is the first genetic
75 12 No (0.042)

meta-analysis performed with respect to the association
between the aforementioned polymorphisms and the risk
of JIA.

MATERIALS AND METHODS

Search strategy and study selection

To find relevant studies, both electronic searches and

manual reference retrievals were performed. Combina-
tions of keywords, such as, “interleukin-10”, “IL-10”,
“polymorphism”, “juvenile rheumatoid arthritis”, “juve-
nile idiopathic arthritis”, “juvenile arthritis”, “JIA”, and
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Table 3
Meta-analysis of associations between the IL-10 -592 C/A polymorphisms and JIA.

JIA Controls OR (95% CI) Overall effect, P value Heterogeneity (d.f.)

Overall population

A versus C 2,178 2,358 1.15 [1.00, 1.32] Z = 1.91, P = 0.06 I2 = 0% (4)

AA versus CC 549 452 1.04 [0.68, 1.59] Z = 0.18, P = 0.86 I2 = 0% (3)

AA versus CA+CC 932 753 1.06 [0.73, 1.55] Z = 0.32, P = 0.75 I2 = 0% (3)

CC versus AA+CA 932 753 0.86 [0.70, 1.06] Z = 1.38, P = 0.17 I2 = 0% (3)

Caucasian ethnicity

A versus C 1,880 1,878 1.14 [0.97, 1.33] Z = 1.61, P = 0.11 I2 = 0% (2)

AA versus CC 487 340 0.90 [0.54, 1.50] Z = 0.40, P = 0.69 I2 = 0% (1)

AA versus CA+CC 783 513 0.85 [0.51, 1.41] Z = 0.63, P = 0.53 I2 = 0% (1)

CC versus AA+CA 783 513 0.87 [0.69, 1.09] Z = 1.20, P = 0.23 I2 = 0% (1)

Middle East ethnicity

A versus C 298 480 1.18 [0.87, 1.60] Z = 1.05, P = 0.30 I2 = 0% (1)

AA versus CC 62 112 1.41 [0.67, 2.97] Z = 0.91, P = 0.36 I2 = 0% (1)

AA versus CA+CC 149 240 1.41 [0.80, 2.48] Z = 1.19, P = 0.24 I2 = 0% (1)

CC versus AA+CA 149 240 0.83 [0.49, 1.40] Z = 0.69, P = 0.49 I2 = 13% (1)

Table 4
Meta-analysis of associations between the IL-10 -819 C/T polymorphisms and JIA.

JIA Controls OR (95% CI) Overall effect, P value Heterogeneity (d.f.)

Overall population

C versus T 2,124 1,712 0.96 [0.83, 1.11] Z = 0.55, P = 0.58 I2 = 24% (4)

CC versus TT 628 505 1.02 [0.68, 1.53] Z = 0.11, P = 0.91 I2 = 0% (4)

CC versus CT+TT 1,063 856 0.94 [0.77, 1.13] Z = 0.67, P = 0.50 I2 = 34% (4)

TT versus CC+CT 1,063 856 1.02 [0.71, 1.47] Z = 0.11, P = 0.91 I2 = 0% (4)

Caucasian ethnicity

C versus T 1,826 1,232 1.00 [0.84, 1.18] Z = 0.05, P = 0.96 I2 = 42% (2)

CC versus TT 566 393 1.19 [0.74, 1.92] Z = 0.72, P = 0.47 I2 = 0% (2)

CC versus CT+TT 914 616 1.00 [0.71, 1.39]R Z = 0.02, P = 0.98 I2 = 58% (2)

TT versus CC+CT 914 616 0.82 [0.51, 1.31] Z = 0.84, P = 0.40 I2 = 0% (2)

Middle East ethnicity

C versus T 298 480 0.85 [0.63, 1.15] Z = 1.05, P = 0.30 I2 = 0% (1)

CC versus TT 62 112 0.71 [0.34, 1.49] Z = 0.91, P = 0.36 I2 = 0% (1)

CC versus CT+TT 149 240 0.83 [0.49, 1.40] Z = 0.69, P = 0.49 I2 = 13% (1)

[0.80, 2
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TT versus CC+CT 149 240 1.41

JRA”, were entered as Medical Subject Heading (MeSH)
omponents and as text words. We searched databases of
edline (Pubmed and Embase), Scopus (ScienceDirect),

nd Science Citation Index (ISI Web of Knowledge) up
o July 2017. Whenever the results of an eligible study
ere inaccessible, we contacted the first or correspond-

ng authors. The bibliographies of eligible studies were
lso screened to identify additional relevant publications.
rticles in English were just retrieved.

n the present meta-analysis, the original association stud-
es were included if they met all of the following inclusion
riteria: (a) it was designed as a case-control association
tudy, (b) it diagnosed patients with juvenile idiopathic
rthritis (JIA) without any other rheumatologic complica-
ions, (c) it enrolled healthy controls, (d) it assessed the
ssociation of -1082 A/G, -892 C/T, and -592 C/A poly-

orphisms in the IL-10 gene with susceptibility to JIA, (e)

t provided adequate data including genotype/allele fre-
uency in both case and control groups to calculate the
ooled odds ratio (OR), and (f) the paper must have been
.48] Z = 1.19, P = 0.24 I2 = 0% (1)

published in peer-reviewed journal as full article. The flow
diagram of the study selection is shown in figure 1.

Data extraction and quality assessment

Totally, seven studies were selected for this meta-analysis
[15, 17-22]. The following data were extracted from each
included publication: (a) first author, (b) year of publi-
cation, (c) country of origin, (d) ethnicity, (e) investigated
IL-10 gene variant, (f) number of genotyped cases and con-
trols, and (g) allele/genotype/haplotype frequency in cases
and controls. Using the Newcastle-Ottawa Quality Assess-
ment Scale for case-control studies, the quality of included
investigations was evaluated independently by two authors
[23]. This scale comprised two different instruments for
evaluating case-control and cohort studies, both of which

include measures of quality in the following three different
domains: selection, comparability, and exposure. Up to one
point can be assigned for each of the four areas measured
within the selection domain and for each of three areas



Journal Identification = ECN Article Identification = 0404 Date: May 4, 2018 Time: 12:34 pm

Associations between interleukin-10 polymorphisms and susceptibility to juvenile idiopathic arthritis: a systematic review and
meta-analysis

21

Odds Ratio 
M-H, Fixed, 95% Cl

Odds Ratio 
M-H, Fixed, 95% Cl

0.1

JIA
Study or Subgroup Events EventsTotal Total Weight

Control

Odds Ratio 
M-H, Fixed, 95% Cl

JIA
Study or Subgroup Events EventsTotal Total Weight

Control

Odds Ratio 
M-H, Fixed, 95% Cl

JIA
Study or Subgroup Events EventsTotal Total Weight

Control

0.2 0.5
Decreased risk Increased risk

1 3 5 10

Odds Ratio 
M-H, Fixed, 95% Cl

Odds Ratio 
M-H, Fixed, 95% Cl

0.1

0.01 0.1 1 10 100

0.2 0.5
Decreased risk Increased risk

Decreased risk Increased risk

1 3 5 10

Cinek O, 2003 
Crawtey E, 1999 
Donn R. P. 2001 
Fathy M. M. 2017 
Fife M. S. 2006 
Harsini S. 2016 
Omoyinmi E. 2012 

133 260 113 206 6.3% 0.86 [0.60, 1.24]
437 870 274 538 17.4% 0.97 [0.78, 1.21]
349 696 218 478 13.3% 1.20 [0.95, 1.51]

169 308 387 812 9.9% 1.34 [1.03, 1.74]

572

3520
1841 5886

12140 100.0% 1.17 [1.07, 1.27]Total (95% Cl)

3224 11660 100.0% 1.15 [1.05, 1.25]Total (95% Cl)

Total events

1660 5612Total events

Heterogeneity: Chi2 =  8.66, df = 6 (P = 0.19); I2 = 31%  
Test for overall effect: Z = 3.50 (P = 0.0005) 

Heterogeneity: Chi2 =  6.46, df = 4 (P = 0.17); I2 = 38%  
Test for overall effect: Z = 3.01 (P = 0.003) 

296 480 100.0% 1.41 [1.03, 1.92]Total (95% Cl)
181 274Total events

Heterogeneity: Chi2 =  0.63, df = 1 (P = 0.43); I2 = 0%  
Test for overall effect: Z = 2.16 (P = 0.03) 

1090 4620 9626 46.0% 1.20 [1.06, 1.36]
66 96 181 280 3.0% 1.20 [0.73, 1.98]

115 200 93 200 4.1% 1.56 [1.05, 2.31]

Cinek O, 2003 
Crawtey E, 1999 
Donn R. P. 2001 
Fife M. S. 2006
Omoyinmi E. 2012 

133 260 113 206 6.8% 0.86 [0.60, 1.24]
437 870 274 538 18.7% 0.97 [0.78, 1.21]
349 696 218 478 14.3% 1.20 [0.95, 1.51]
169 308 387 812 10.7% 1.34 [1.03, 1.74]
572 1090 4620 9626 49.5% 1.20 [1.06, 1.36]

Fathy M. M. 2017 
Harsini S. 2016

115 200 93 200 57.8% 1.56 [1.05, 2.31]
66 96 181 280 42.2% 1.20 [0.73, 1.98]

A
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Figure 2
O ation b
a and (C
i

m
r
i
s
m
a
A
i

S

T
e
t
s
t
p
s
t

Rs and 95% CI of individual studies and pooled data for the associ
nd JIA (A) in the overall population, (B) in Caucasian ethnicity,
nterval.

easured within the exposure domain. While a study can
eceive a maximum of two points within the comparabil-
ty domain, the highest score could be nine. Low-quality
tudies were considered to have a score of four or less,
oderate-quality studies to have a score of four up to six,

nd high-quality studies to have a score of seven or greater.
joint reevaluation of the original article was the solution

n case of any discrepancies between the two authors.

tatistical analyses

he combined OR with its 95% CI was estimated in a fixed
ffect or random effect model to determine the strength of
he associations between IL-10 gene polymorphisms and
usceptibility to JIA. The I2 statistic was applied to assess

he heterogeneity among studies, which represented the
ercentage of total variation contributed by a between-
tudy variation that ranged from 0% to 100% [24]. If
here was no significant heterogeneity, a fixed effect model
etween the A versus G alleles of the IL-10-1082 G/A polymorphism
) in Middle East ethnicity. M-H: Mantel-Haenszel; CI: confidence

would be applied to pool data. Otherwise, a random effect
model was applied. P value of less than 0.1 was considered
statistically significant for the heterogeneity test. The pub-
lication bias was evaluated using funnel plots, Egger’s test,
and Begg’s test. The Hardy-Weinberg equilibrium (HWE)
has been also assessed, using the Stata version 12 software
(Stata Statistical Software: Release 12, College Station,
TX: StataCorp: LP), so as to evaluate the genotype fre-
quencies in the included studies. As the deviation from
HWE in controls has been associated with problems in
the population stratification, genotyping error, or selection
bias [25, 26], the magnitude of deviations from HWE and
its statistical significance are demonstrated. HWE analysis
was performed among the healthy controls using the �2, as
the �2<3.84 indicated the allele frequency to be in HWE.

In case of having the studies with a significant deviation of
HWE, sensitivity analyses have been conducted, exclud-
ing the studies that deviated from HWE as recommended
[27]. All analyses were performed, using Review Manager,
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-819 C/T polymorphism and JIA

A summary of meta-analyses results concerning associa-
tions between IL-10 -819 C/T polymorphisms and JIA is
Rs and 95% CI of individual studies and pooled data for the assoc
olymorphism and JIA (A) in the overall population, (B) in Caucasi
onfidence interval.

ersion 5.3 (The Nordiac Cochrane Center, Copenhagen,
enmark) software, and the final results were presented

s forest plots. P value of less than 0.05 was considered
tatistically significant.

ESULTS

tudy characteristics

total of 391 records were initially identified from the
elected databases. A total of 378 duplicates, as well as
rrelevant articles, were excluded after titles and abstracts
ere screened. The full texts of the remaining 13 arti-

les were carefully evaluated. Eventually, 7 articles were
ncluded in the current meta-analysis [15, 17-22]. All of
he 7 articles were published in English. Of the 7 eligible
tudies, 5 were carried out among Caucasian populations,
nd 2 were among Middle Eastern populations. Except
or three studies [17, 20, 22], the genotype distributions

n the controls for all studies were consistent with the
ardy-Weinberg equilibrium (table 1). According to the
ewcastle-Ottawa Quality Assessment Scale, the results of
uality assessment indicated that 3 studies scored 8 stars,
between the AA versus GA+GG genotypes of the IL-10-1082 G/A
icity, and (C) in Middle East ethnicity. M-H: Mantel-Haenszel; CI:

3 studies scored 7 stars, and 1 study scored 5 stars. The
characteristics of all eligible studies are depicted in table 2.

Meta-analysis of the association between the IL-10
-592 C/A polymorphism and JIA

The meta-analysis did not show any association of the
IL-10 -592 C/A polymorphism with JIA. Stratification by
ethnicity did not indicate any association of the aforemen-
tioned SNP with JIA, neither in Caucasians nor in Middle
Eastern participants (table 3).

Meta-analysis of the association between the IL-10
demonstrated in table 4. The meta-analysis did not reveal
any association of the IL-10 -819 C/T polymorphism with
JIA in any of the overall, Caucasian or Middle Eastern,
populations.
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Figure 4
ORs and 95% CI of individual studies and pooled data for the association between the GG versus GA+AA genotypes of the IL-10-1082 G/A
polymorphism and JIA (A) in the overall population, (B) in Caucasian ethnicity, and (C) in Middle East ethnicity. M-H: Mantel-Haenszel; CI:
confidence interval.

Table 5
Meta-analysis of associations between the IL-10 -1082 G/A polymorphisms and JIA.

JIA Controls OR (95% CI) Overall effect, P value Heterogeneity (d.f.)

Overall population

A versus G 3,520 12,140 1.17 [1.07, 1.27] Z = 3.50, P = 0.0005 I2 = 31% (6)

AA versus GG 551 395 1.32 [0.75, 2.30]R Z = 0.97, P = 0.33 I2 = 66% (4)

AA versus GA+GG 1,061 856 1.30 [0.92, 1.83]R Z = 1.51, P = 0.13 I2 = 53% (4)

GG versus AA+GA 1,061 856 1.02 [0.81, 1.27] Z = 0.15, P = 0.88 I2 = 49% (4)

Caucasian ethnicity

A versus G 3,224 11,660 1.15 [1.05, 1.25] Z = 3.01, P = 0.003 I2 = 38% (4)

AA versus GG 498 303 1.03 [0.78, 1.38] Z = 0.23, P = 0.82 I2 = 50% (2)

AA versus GA+GG 913 616 1.17 [0.80, 1.71]R Z = 0.82, P = 0.41 I2 = 57% (2)

GG versus AA+GA 913 616 1.11 [0.88, 1.41] Z = 0.89, P = 0.38 I2 = 24% (2)

[1.03, 1

[1.44, 9
Middle East ethnicity

A versus G 296 480 1.41

AA versus GG 53 92 3.66
AA versus GA+GG 148 240 1.67 [1.01, 2

GG versus AA+GA 148 240 0.44 [0.20, 0
.92] Z = 2.16, P = 0.03 I2 = 0% (1)

.29] Z = 2.73, P = 0.006 I2 = 0% (1)
.76] Z = 2.00, P = 0.05 I2 = 59% (1)

.94] Z = 2.11, P = 0.04 I2 = 0% (1)
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Table 6
Meta-analysis of associations between the IL-10 (-1082, -819, and -592) haplotypes and JIA.

JIA Controls OR (95% CI) Overall effect, P value Heterogeneity (d.f.)

Haplotype

GCC 1,676 1,306 0.92 [0.79, 1.07] Z = 1.06, P = 0.29 I2 = 49% (2)

ACC 1,676 1,306 0.96 [0.81, 1.13] Z = 0.49, P = 0.63 I2 = 23% (2)

ATA 1,676 1,306 1.08 [0.91, 1.28] Z = 0.85, P = 0.40 I2 = 0% (2)

Table 7
Meta-analysis of associations between the IL-10 -1082 G/A, -819 C/T, and -592 C/A polymorphisms and JIA in the overall population in HWE.

JIA Controls OR (95% CI) Overall effect, P value Heterogeneity (d.f.)

IL-10 -592 C/A
A versus C 1,978 2,158 1.16 [1.00, 1.35] Z = 1.95, P = 0.05 = 0 % (3)
AA versus CC 514 423 1.05 [0.66, 1.66] Z = 0.19, P = 0.85 = 0 % (2)
AA versus CA+CC 832 653 0.98 [0.62, 1.55] Z = 0.08, P = 0.94 = 0 % (2)
CC versus AA+CA 832 653 0.85 [0.68, 1.05] Z = 1.52, P = 0.13 = 0 % (2)

IL-10 -819 C/T
C versus T 1,924 1,512 0.96 [0.82, 1.13] Z = 0.51, P = 0.61 = 43 % (3)
CC versus TT 593 476 1.03 [0.66, 1.59] Z = 0.13, P = 0.90 = 0 % (3)
CC versus CT+TT 963 756 0.92 [0.76, 1.13] Z = 0.79, P = 0.43 = 47 % (3)
TT versus CC+CT 963 756 0.94 [0.61, 1.44] Z = 0.30, P = 0.76 = 0 % (3)

IL-10 -1082 G/A
A versus G 2,964 11,454 1.17 [1.07, 1.28] Z = 3.31, P = 0.0009 = 25 % (3)
AA versus GG 445 271 1.10 [0.82, 1.49] Z = 0.64, P = 0.52 = 57 % (1)

AA versus GA+GG 783 513 1.21 [0.70, 2.09]R Z = 0.68, P = 0.49 I2 = 78% (1)
GG versus AA+GA 783 513 1.04 [0.81, 1.34] Z = 0.32, P = 0.75 = 0% (1)
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indicates random-effects analysis.

eta-analysis of the association between the IL-10
1082 G/A polymorphism and JIA

eta-analyses findings concerning associations between
L-10 -1082 G/A polymorphisms and JIA are shown in
able 5 and figures 2-4.

eta-analysis of the IL-10 -1082 A allele revealed sig-
ificant associations with JIA in all study participants
OR = 1.17, 95% CI = 1.07-1.27, P = 0.0005). Such posi-
ive association between IL-10 -1082 A allele with JIA was
lso observed in the Caucasian ethnicity (OR = 1.15, 95%
I = 1.05-1.25, P = 0.003). Two studies were included

or the subgroup analysis of the Middle East ethnicity
20, 22]. The IL-10 -1082 A allele was associated with
IA in the Middle Eastern participants (OR = 1.41, 95%
I = 1.03-1.92, P = 0.03). Meta-analysis of the AA ver-

us GG genotypes of the IL-10 -1082 G/A polymorphism
evealed significant associations with JIA (OR = 3.66,
5% CI = 1.44-9.29, P = 0.006) in Middle Eastern par-
icipants. Additionally, meta-analysis of the GG versus
A+GA genotypes of the IL-10 -1082 G/A polymorphism

evealed the GG genotype as the protective factor against
IA in the same subgroup (OR = 0.44, 95% CI = 0.20-
.94, P = 0.04). In addition, meta-analysis of the AA versus

G+GA genotypes of the IL-10 -1082 G/A polymorphism
ivulged a marginal significance, as the AA genotype could
e associated with JIA (OR = 1.67, 95% CI = 1.01-2.76,
= 0.05).
Meta-analysis of the association between the IL-10
(-1082, -819, -592) haplotypes and JIA

As depicted in table 6, no association of the IL-10 (-1082,
-819, -592) ACC, ATA, and GCC haplotypes with JIA was
found through the meta-analysis.

Heterogeneity, sensitivity analysis, and publication
bias

Moderate heterogeneity was found in a few meta-analyses
of IL-10 -819 C/T and -1082 G/A polymorphisms. Publica-
tion bias was examined by Begg’s funnel plot and Egger’s
test. The shape of the generated funnel plots seemed sym-
metrical, signifying the absence of publication bias. Then,
the Egger’s test was conducted to provide statistical evi-
dence of funnel plot asymmetry. The results revealed no
significant evidence of publication bias of the present meta-
analysis (Egger’s test P-values >0.1).
Sensitivity analysis, which has been performed to assess
the stability of the results of the meta-analysis by excluding
studies inconsistent with HWE, did not affect our results,
suggesting the stability of this meta-analysis (table 7).

DISCUSSION
In view of the multifactorial nature of JIA, genetic factors,
regarded as the strong determinants of this disease, have
been a focus of research in recent years. Several genes
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ssociations between interleukin-10 polymorphisms and suscep
eta-analysis

nvolved in the pathogenesis of JIA were considered as
robable JIA risk factors, among which, the IL-10 gene
s one of the most extensively studied. The production of
L-10, which is known to be a potent anti-inflammatory
ytokine that acts through the inhibition of the proin-
ammatory cytokines’ synthesis, upregulation of B-cell
roduction and differentiation [28], suppression of the
oint swelling and deformation, as well as the cartilage
ecrosis, is genetically regulated and is controlled at the
ranscription level by means of certain regulatory regions
n its promoter [29]. An increasing number of studies
ave recommended that the IL-10 -1082 G/A, -819 C/T,
nd -592 C/A polymorphisms are associated with indi-
iduals’ susceptibility to JIA. Nonetheless, the results are
nconvincing. Due to the insufficient statistical power of
ndividual studies with a small sample size to successfully
stablish the reliable association, there is a need for meta-
nalysis to detect the relationship of these polymorphisms
ith JIA proneness.

n this meta-analysis, including 1,785 JIA patients and
,142 controls from 7 case-control studies, we addressed
he association between IL-10 polymorphisms and JIA
roneness. Data from published studies were pooled
o examine genetic associations between the most fre-
uently studied polymorphisms of the IL-10 gene and JIA.
eta-analysis of the IL-10 -592 C/A and -819 C/T poly-
orphisms displayed no association with JIA in all study

articipants, Caucasian or Middle Eastern. Conversely,
eta-analysis of the IL-10 -1082 A allele revealed a signif-

cant association with JIA in all study participants, as well
s in both the Caucasian and Middle Eastern subgroups.
n this meta-analysis, we also assessed the association
etween this polymorphism by using the additive, reces-
ive, and dominant genetic models. In all of these three
odels, we observed significant associations while analyz-

ng the Middle East population. According to these results,
e could conclude that -1082 A allele carriers might be
ore susceptible to JIA in the Middle East ethnic group.

he IL-10 -1082 G/A polymorphism is positioned within
putative Ets transcription factor-binding site, modifying

he level of IL-10 protein production [30]. It has been previ-
usly indicated that the -1082 A allele could be associated
ith lower IL-10 synthesis, while the -1082 G allele might
e associated with elevated in vitro IL-10 production [31].
ecent investigations on patients with JIA have shown the

educed production of IL-10 from whole blood culture
32], which may recommend a correlation between the -
082 A allele and individuals’ vulnerability to JIA. The
esult of the present meta-analysis, indicating the -1082 A
llele as a probable risk factor for JIA, was in line with
he data provided earlier. However, bearing in mind the
omplex etiology of JIA, which involves both the genetic
nd environmental factors, further studies are required to
e performed to assess the exact mechanisms.

ur results should be interpreted with caution due to
he restricted number of studies included, which also
onstrained further subgroup analyses. In addition, the
istributions of the -592 C/A as well as the -819 C/T
enotypes in the normal control groups did not meet the

equirement for HWE in one study. Moreover, the distri-
utions of the -1082 G/A genotypes in the normal control
roups were found to be inconsistent with the HWE in
hree investigations. Subgroup analysis for studies in HWE
to juvenile idiopathic arthritis: a systematic review and 25

has been reperformed, as a deviation from HWE among
controls indicates genotyping errors or potential bias dur-
ing control selection. For the remaining studies in HWE,
meta-analysis depicted significant associations between
the -1082 A allele and JIA in the overall population. How-
ever, it should be noted that this association was based on
the results of a few studies only.
Previous studies have indicated linkage disequilibrium for
the -1082 G/A, -819 C/T, and -592 C/A polymorphisms.
The common GCC haplotype was found to be associated
with an elevated level of Il-10 secretion, while the least
common ATA haplotype has been correlated with reduced
IL-10 production [28]. Thus, the meta-analysis of hap-
lotypes was performed in this study and culminated in
no significant association between the well-known GCC,
ACC, and ATA haplotypes and JIA. However, this result
should be taken into account with caution due to the inad-
equacy of haplotype data.
The current study has some limitations that should be
acknowledged when explaining the results. First, as the
studies producing negative results may have been missed
or may not have been published, publication bias may
have influenced the analysis, though we conducted Begg’s
and Egger’s tests. Hence, we could not disregard the
possibility of bias. Additionally, confounding factors and
heterogeneity might place a bias on our findings. Sec-
ond, only publications in English were included in this
meta-analysis. Therefore, it is possible that some relevant
studies or publications in other languages were unex-
ploited, which may have misled the meta-analysis. Third,
all studies except two were performed in Caucasian eth-
nicity, so our results are not applicable to other ethnicities.
Fourth, as the insufficient data available did not allow us
to perform further meta-analysis, data were not stratified
by other factors such as JIA severity.

CONCLUSION

In conclusion, this study, to the best of our knowledge, is
the first meta-analysis to consider the association between
the -1082 G/A, -819 C/T, and -592 C/A polymorphisms
in the IL-10 gene and the susceptibility to JIA. This study
advocates that the IL-10 -1082 G/A polymorphism con-
fers susceptibility to JIA, supporting the hypothesis that
the IL-10 -1082 A allele may act as a risk factor for JIA.
Nevertheless, our findings should be interpreted with cau-
tion owing to a small number of investigations included.
Additional larger-scale studies in populations with differ-
ent ethnicities are warranted to validate our results.
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