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Abstract
This study determined whether interleukin-1 (IL-1) polymorphisms are associated with susceptibility to rheumatoid arthritis (RA). A meta-analysis was conducted on 
the associations between the IL-1A, IL-1B, and IL-1 receptor antagonist (IL-1RN) polymorphisms and RA. A total of 16 studies involving 4,339 RA cases and 3,885 
controls were included in the meta-analysis. Meta-analysis of the IL-1B -511 C/T polymorphism revealed an association between the IL-1B -511 T allele and RA in 
Caucasians (OR = 0.913, 95% CI = 0.840–0.992, p = 0.031), but not in Asians. Ethnicity-specific meta-analysis indicated an association between the TT+TC geno-
type of the IL-1B 3953 C/T polymorphism and RA in Caucasians (OR = 1.243, 95% CI = 1.008–1.533, p = 0.042) and in Asians (OR = 2.672, 95% CI = 1.662–4.296, 
p = 4.9x10-6). No association was between RA susceptibility and the IL-1A -889 C/T, IL-1A +4845 G/T, and IL-1RN +2018 C/T polymorphisms. This meta-analysis 
suggests the IL-1B -511 C/T polymorphism is associated with susceptibility to RA in Caucasians, and that the IL-1B +3953 C/T polymorphism is associated with 
susceptibility to RA in Caucasians and Asians. 
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Introduction

Rheumatoid arthritis (RA) is a chronic inflamma-
tory disease that predominantly involves the synovial 
joints and affects up to 1% of the world’s population. 
Although the etiology of RA has not been determined, it 
has been established that RA has a genetic component, 
and human leukocyte antigen (HLA) class II genes are 
the most powerful genetic factors identified to date (7). 
However, this association accounts for only one-third of 
genetic susceptibility, and associations with non-HLA 
genes have also been reported (10).

Interleukins (ILs) are cytokines that are secreted by 
activated macrophages in inflamed synovium and ini-
tiate the recruitment of immune cells and inflammation 
(12). Members of the IL family, interleukin-1α (IL-1A) 
and interleukin-1β (IL-1B), are pro-inflammatory cyto-
kines that bind to the IL-1 receptor and are involved in 
signal transduction. Another member of the IL family, 
IL-1 receptor antagonist (IL-1RN), is a competitive 
inhibitor that does not activate intracellular signaling 
when bound to the IL-1 receptor (38); this property al-
lows it to modulate the immune response by inhibiting 
the activity of IL-1A and IL-1B (6). IL-1A, IL-1B, and 
IL-1RN are three distinct but closely linked genes loca-
ted in the 2q13 region of chromosome 2, a region that 
has been previously identified in genome-wide analyses 
to be associated with RA (7). A number of polymor-
phisms within these genes, including the IL-1B -511 
C/T (rs16944), IL-1B +3953 C/T (rs1143634), IL-1A 
-889 C/T (rs1800587), IL-1A +4845 G/T (rs17561), and 
IL-1RN +2018 C/T (rs419598) polymorphisms, have 
frequently been investigated to determine their associa-
tion with RA. 

IL-1 polymorphisms have been associated with au-

toimmune diseases such as systemic lupus erythema-
tosus (37) and ankylosing spondylitis (28). IL-1 levels 
have previously been shown to be significantly elevated 
in RA (13), and this elevation is thought to be linked to 
polymorphisms within IL-1 genes (8). Thus, polymor-
phisms within IL-1A, IL-1B, and IL-1RN are conside-
red to be potential diagnostic markers of RA based on 
the functional relevance and linkage chromosomal loca-
tion. Although a number of attempts have been made to 
determine the influence of IL-1 polymorphism on RA 
(1-5,9,18,20,22,25-27,33,34,39,40), the reported results 
are often contradictory, possibly due to the low statistical 
powers of individual studies, the genetic heterogeneity 
among ethnic groups, and/or the clinical variability in 
disease pathology. In order to overcome these limita-
tions, resolve inconsistencies, and reduce the likelihood 
of random errors responsible for false-positive or false-
negative associations (29,31,32), we performed a meta-
analysis of IL-1 genetic diversity to explore whether the 
IL-1B -511 C/T, IL-1B +3953 C/T, IL-1A -889 C/T, IL-
1A +4845 G/T, and IL-1RN +2018 C/T polymorphisms 
are associated with RA susceptibility. 

Methods

Identification of eligible studies and data extraction
A literature search was performed to identify pu-

blished studies that examined associations between 
IL-1 polymorphisms and RA. The PUBMED and EM-
BASE databases were mined (until September 2014) 
using the keywords “interleukin 1,” “IL-1,” “polymor-
phism,” “rheumatoid arthritis,” and “RA” as Medi-
cal Subject Heading (MeSH) components and as text 
words to identify available articles in which IL-1 poly-
morphisms were analyzed in RA patients. In general, 
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bibliographic searches for systematic reviews should 
include Pubmed, Embase, and the Cochrane Central 
Register of Controlled Trials. Additional databases are 
often useful to search. However, Cochrane register did 
not contain enough data on polymorphisms, and data 
on polymorphisms can be retrieved from Pubmed and 
Embase with high precision by using search strategies. 
Bibliographic searches within the mined studies were 
performed to identify additional studies not indexed by 
PUBMED and EMBASE from January 1990 to Sep-
tember 2014. A study was included in the meta-analysis 
if: (i) it was a case-control study that determined the 
genetic frequency and distribution of the IL-1B -511 
C/T (rs16944), IL-1B +3953 C/T (rs1143634), IL-1A 
-889 C/T (rs1800587), IL-1A +4845 G/T (rs17561), 
or IL-1RN +2018 C/T (rs419598) polymorphisms in 
RA and in normal controls and reviewed by peers or 
independent scientists with relevant expertise,; (ii) it 
had original data; and (iii) it provided sufficient data to 
calculate odds ratios (ORs). No restriction criteria were 
placed regarding the race or ethnicity of the participants 
within the study or geographic region in which the 
study was performed; however, only studies published 
in English were included. We excluded the following: 
(1) studies containing overlapping data; (2) studies in 
which the number of genotypes could not be ascertai-
ned; (3) studies from meeting abstracts or unpublished 
sources; and (4) studies in which family members had 
been included, as analyses would be confounded by fa-
mily-wise genetic association through genetic linkage. 
Data were extracted from the original articles by two 
independent reviewers. Any discrepancies between the 
reviewers were resolved by consensus or by a third re-
viewer. The following information was extracted from 
each study: author, year of publication, ethnicity and 
demographics of the study population, number of cases 
and controls, and the genotype and allele frequencies of 
each IL-1 polymorphism. Data management resources 
were used to increase transparency and efficiency.

Evaluation of publication bias
Funnel plots are often used to detect publication sam-

pling bias throughout the literature review. However, 
due to the limitations of funnel plotting, which require 
a range of studies of varying sizes involving subjective 
judgments, we evaluated publication bias using an Eg-
ger’s linear regression test (15), which measures funnel 
plot asymmetry using a natural logarithm scale of ORs. 

Evaluations of statistical associations 
Association analyses were performed for measuring 

allelic and genotypic frequencies, as well as testing 
dominant and recessive models of IL-1 genetic diver-
sity. Point estimates of risks, ORs, and 95% confidence 
intervals (CIs) were estimated for each study. Cochran’s 
Q-statistic was also used to assess within- and between-
study variation, and tests of heterogeneity were used to 
assess 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 attributed to 
heterogeneity rather than chance (21). I2 values of 25, 
50, and 75% were nominally considered low, mode-
rate, and high estimates, respectively. The fixed effects 

model assumes that a genetic factor has a similar effect 
on RA susceptibility across all studies investigated, and 
that observed variation among studies were caused by 
chance alone (16). On the other hand, the random effects 
model assumes that different studies show substantial 
diversity and assesses both within-study sampling error 
and between-study variance (11). When study groups 
are homogeneous, the two models are similar. Howe-
ver, if this is not the case, the random effects model 
usually provides wider CIs than the fixed effects model. 
The random effects model is best used in the presence 
of significant heterogeneity between studies (11). Sta-
tistical manipulations were performed using the Com-
prehensive Meta-Analysis computer program, Biosta 
(Englewood, NJ, USA). 

Results

Studies included in the meta-analysis
Three hundred and eight studies that investigated the 

relationship between IL-1 polymorphisms and RA were 
identified using keyword searches of PUBMED and 
EMBASE databases and by manual searching. Twen-
ty of these studies were selected for a full-text review 
based on title and abstract details. Four of the 20 studies 
were excluded: one due to the presence of additional 
IL-1 polymorphisms to those proposed in the meta-ana-
lysis, one because of duplicate data, and one because no 
genotypic data was reported. In total, 16 studies met our 
inclusion criteria (1-5,9,18,20,22,25-27,33,34,39,40), 
which included 4,339 cases and 3,885 controls (Table 
1). Twelve studies examined the IL-1B -511 C/T poly-
morphism, 10 described the IL-1B +3953 C/T polymor-
phism, 4 described the IL-1A -889 C/T polymorphism, 
three IL-1A +4845 G/T polymorphism, and six IL-1RN 
+2018 C/T polymorphism. These 16 studies described 
IL-1 polymorphisms from nine European populations, 
three Asian, one African American, one Arab, one 
Middle Eastern, and one Latin American population. 
Data was segregated to enable an ethnicity-specific me-
ta-analysis focused on European and Asian populations. 
Selected characteristics of these studies with respect to 
associations between the IL-1 polymorphisms and RA 
are summarized in Table 1.

Association between IL-1B -511 C/T, and the IL-1B 
+3953 C/T polymorphisms and RA susceptibility 

A summary of associations between IL-1 polymor-
phisms and RA is provided in Tables 2 and 3. No asso-
ciation was found between the IL-1B -511 C/T poly-
morphism and RA in the whole population (OR = 0.954, 
95% CI = 0.888–1.025, p = 0.197) (Table 2). Howe-
ver, stratification by ethnicity revealed an association 
between the IL-1B -511 T allele and RA in Caucasians 
(OR = 0.913, 95% CI = 0.840–0.992, p = 0.031) but 
not in Asians (OR = 1.115, 95% CI = 0.888–1.399, p = 
0.349) (Table 2). The dominant model showed the same 
pattern as that shown by the IL-1B-511 T allele (Fig. 1, 
Table 2). Meta-analysis revealed no association between 
RA and the IL-1B +3953 T allele in any study subjects 
(OR = 1.189, 95% CI = 0.938–1.507, p = 0.152) (Table 
2). However, ethnicity-specific meta-analysis showed 
an association between RA and the IL-1B +3953 T al-
lele in Asians (OR = 2.551, 95% CI = 1.637–3.957, p 
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= 3.5×10-6) (Table 2). Stratification by ethnicity indica-
ted an association between the TT+TC genotype of the 
IL-1B 3953 C/T polymorphism and RA in Caucasians 
(OR = 1.243, 95% CI = 1.008–1.533, p = 0.042) and in 
Asians (OR = 2.672, 95% CI = 1.662–4.296, p = 4.9 × 
10-6) (Fig. 2, Table 2). 

Association between IL-1A -889 C/T, IL-1A +4845 
G/T, and IL-1RN +2018 C/T polymorphisms and RA 
susceptibility 

Meta-analysis revealed no association between RA 
and the IL-1A -889 T allele in any study subjects (OR = 
0.911, 95% CI = 0.827–1.003, p = 0.058) (Fig. 3, Table 
3). The recessive and dominant models and homozygote 
contrast failed to reveal an association between the IL-
1A- 889 C/T polymorphism and RA (Table 3). Meta-
analysis revealed no association between RA and IL-1A 
+4945 T allele in any study subjects (OR = 1.140, 95% 
CI = 0.940–1.384, p = 0.184) (Fig. 3, Table 3). The re-
cessive and dominant models and homozygote contrast 
indicated no association between the IL-1A +4845 G/T 
polymorphism and RA (Table 3). No association was 
between RA susceptibility and IL-1RN +2018 C/T po-
lymorphism by meta-analyses (Table 3).

Heterogeneity and publication bias
Analyses of genotype distribution revealed that in 

two different studies, the control groups for the IL-1B 
+3953 C/T (4) and IL-1A -889 C/T (39) polymorphisms 
significantly deviated from the Hardy-Weinberg equi-
librium (HWE). Deviation from HWE among controls 
implies a potential bias during control selection, or ge-

Table 1. Characteristics of the individual studies included in the meta-analysis.

USA, United States of America; UK, United Kingdom; NS, not significant.

Figure 1. Odds ratios (ORs) and 95% confidence intervals (CIs) of 
individual studies and pooled data for the association between the 
TT+TC genotype of the IL-1B -511 C/T (rs16944) polymorphism 
and rheumatoid arthritis in all study subjects (A) and within each 
ethnic group (B). 

Study (year) Country Population
Samples

Studied polymorphism Findings
ReferenceRA Control

Allam (2013) Algeria Arab 147 127 IL-1B -511 C/T, IL-1B +3953 
C/T NS (1)

Trajkov (2009) Macedonia Caucasian 84 301 IL-1B -511 C/T, IL-1B +3953 
C/T, IL-1A -889 C/T NS (39)

Kobayashi (2009) Japan Asian 137 108
IL-1B -511 C/T, IL-1B +3953 
C/T, IL-1A +4845, G/T, IL-

1RN +2018 C/T
IL-1B +3953 C/T (p = 0.03), 

others (NS) (27)

Johnsen (2008) USA Caucasian 1,277 1,101 IL-1B -511 C/T, IL-1A -889 
C/T

IL-1B -511 C/T (NS), IL-1A 
-889 C/T (p = 0.015) (25)

Lubbe (2008) South 
African African 136 88 IL-1B -511 C/T, IL-1B +3953 

C/T, IL-1RN +2018 C/T NS (33)

Harrison (2008) UK Caucasian 741 600 IL-1B -511 C/T, IL-1A -889 
C/T NS (20)

You (2007) China Asian 240 227 IL-1B -511 C/T, IL-1B +3953 
C/T

IL-1B -511 C/T (NS), IL-1B 
+3953 C/T (p < 0.001) (40)

Arman (2006) Turkey Middle Eastern 94 104 IL-1B -511 C/T, IL-1B +3953 
C/T

IL-1B -511 C/T (p = 0.038)), IL-
1B +3953 C/T (p = 0.011) (2)

Pawlik (2005) Poland Caucasian 93 102 IL-1B +3953 C/T NS (34)

Camargo (2004) Colombia Latin American 172 392 IL-1B -511 C/T, IL-1B +3953 
C/T NS (4)

Genevay (2002) Swiss Caucasian 231 140
IL-1B +3953 C/T, IL-1A 

+4845 G/T, IL-1RN +2018 
C/T

NS (18)

Kaijzel (2002) Netherlands Caucasian 406 245
IL-1B +3953 C/T, IL-1A 

+4845 G/T, IL-1RN +2018 
C/T

IL-1RN +2018 C/T (p = 0.028), 
others (NS) (26)

Huang (2001) Taiwan Asian 104 50 IL-1B -511 C/T NS (22)

Buchs (2001) France Caucasian 272 110 IL-1B -511 C/T, IL-1B +3953 
C/T, IL-1RN +2018 C/T NS (3)

Crilly (2000) UK Caucasian 99 66 IL-1B -511 C/T, IL-1A -889 
C/T NS (9)

Cantagrel (1999) France Caucasian 106 124 IL-1B -511 C/T, IL-1B +3953 
C/T NS (5)

A.

B.
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notyping errors; however, excluding these studies did 
not affect the association analysis of either IL-1B +3953 
C/T or IL-1A -889 C/T polymorphisms. Between-study 
heterogeneity was not found in the analyses of IL-1 po-
lymorphisms in the total population or in each ethnic 
group, except for IL-1B +3953 C/T polymorphism in all 

study subjects and IL-1RN +2018 C/T polymorphism 
under the allele contrast and dominant model (Tables 2 
and 3). When the studies were stratified by ethnicity, the 

Table 2. Meta-analysis of associations between the IL-1B -511C/T (rs16944) and IL-1B +3953 C/T (rs1143634) polymorphisms and rheumatoid 
arthritis.

Figure 2. Odds ratios (ORs) and 95% confidence intervals (CIs) of 
individual studies and pooled data for the association between the 
TT+TC genotype of the IL-1B 3953 C/T (rs1143634) polymorphism 
and rheumatoid arthritis in all study subjects (A) and within each 
ethnic group (B). 

Polymorphism Test Population
Number 

of 
Studies

Test of association Test of heterogeneity
OR 95% CI p value Model p value I2

IL-1B -511

T vs. C
Overall 12 0.954 0.888-1.025 0.197 F 0.550 0

Caucasian 7 0.913 0.840-0.992 0.031 F 0.882 0
Asian 2 1.115 0.888-1.399 0.349 F 0.857 0

TT vs. TC+CC
(Recessive)

Overall 12 0.950 0.829-1.090 0.468 F 0.904 0
Caucasian 7 0.912 0.767-1.083 0.293 F 0.805 0

Asian 2 1.031 0.719-1.478 0.867 F 0.568 0

TT+TC vs. CC
(Dominant)

Overall 12 0.935 0.845-1.034 0.190 F 0.238 20.9
Caucasian 7 0.881 0.788-0.986 0.027 F 0.766 0

Asian 2 1.306 0.892-1.911 0.170 F 0.340 0

TT vs. CC
Overall 12 0.941 0.807-1.098 0.441 F 0.541 0

Caucasian 7 0.853 0.711-1.024 0.088 F 0.868 0
Asian 2 1.305 0.825-2.063 0.255 F 0.852 0

IL-1B +3953

T vs. C
Overall 10 1.189 0.938-1.507 0.152 R 0.001 69.4

Caucasian 4 1.163 0.989-1.382 0.086 F 0.380 2.37
Asian 2 2.551 1.637-3.975 3.5 x 10-6 F 0.958 0

TT vs. TC+CC
(Recessive)

Overall 10 1.128 0.723-1.762 0.585 R 0.070 44.8
Caucasian 4 1.043 0.672-1.618 0.852 F 0.404 0

Asian 2 2.948 0.589-14.75 0.188 NA NA NA

TT+TC vs. CC
(Dominant)

Overall 10 1.212 0.942-1.560 0.135 R 0.006 61.0
Caucasian 4 1.243 1.008-1.533 0.042 F 0 17.8

Asian 2 2.672 1.662-4.296 4.9 x 10-6 F 0.955 0

TT vs. CC
Overall 10 1.180 0.728-1.910 0.502 R 0.041 50.2

Caucasian 4 1.136 0.727-1.776 0.575 F 0.354 7.74
Asian 2 3.341 0.666-16.75 0.143 NA NA NA

OR, odds ratio; CI, confidence interval; R, Random effects model; F, Fixed effects model.

Figure 3. Odds ratios (ORs) and 95% confidence intervals (CIs) of 
individual studies and pooled data for allelic associations between 
the IL-1A -889 C/T (rs1800587) (A), IL-1A +4845 G/T (rs17561) 
(B), and IL-1RN +2018 (rs419598) polymorphisms and rheumatoid 
arthritis in all study subjects. 

A.

B.

A.

B.

C.
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polymorphisms and RA susceptibility. The data from 
published studies were combined to evaluate genetic 
associations between RA and the most commonly stu-
died polymorphisms, IL-1B -511 C/T, IL-1B +3953 
C/T, IL-1A -889 C/T, IL-1A +4845 G/T, and IL-1RN 
+2018, of the IL-1 gene. We found significant associa-
tions between IL-1B -511 C/T polymorphism and RA 
in Caucasians and between the IL-1B +3953 C/T poly-
morphism and RA in both Caucasians and Asians. The 
associations between IL-1 polymorphisms and the risks 
of RA observed in this meta-analysis suggest that IL-1 
could play a role in RA susceptibility. 

The polymorphisms at -511 C/T in the promoter and 
+3953 C/T in the exon 5 of IL-1B are considered to 
influence IL-1 expression. Individuals carrying IL-1B 
-511 allele 2 showed higher levels of IL-1RN (23), and 
LPS-induced IL-1B production was increased two or 
three fold by the IL-1B -511 T allele (19). IL-1B +3953 
C/T polymorphism has been shown to enhance trans-
criptional activation of IL-1B, and may be associated 
with increased plasma levels of IL-1B (35). However, 
whether the association between RA susceptibility and 
the polymorphisms of IL-1B -511 C/T and +3953 C/T is 
due to a causal association or a linkage disequilibrium 
with the true disease-causing polymorphism remains to 
be determined. 

We have previously identified that the IL-1B +3953 
polymorphism was associated with RA in Asians (30). 
This analysis has been significantly expanded by com-
bining data from all available studies to evaluate the 
genetic association between IL-1 polymorphisms and 
RA susceptibility. It is not surprising that the association 
between IL-1B +3953 polymorphism and RA in Asians 
described here is in agreement with our previous study. 
However, this updated meta-analysis revealed that the 
IL-1B +3953 C/T polymorphism is also associated with 
susceptibility to RA in Caucasians, and the IL-1B -511 
C/T polymorphism is associated with susceptibility to 
RA in Caucasians.

Our findings do not support an association between 
the IL-1A -889 C/T, IL-1A +4845 G/T, or IL-1RN +2018 
C/T polymorphisms and RA susceptibility. We did not 

heterogeneity observed in meta-analysis of the IL-1B 
+3953 C/T polymorphism resolved in each ethnic group 
(Table 2). An Egger’s regression test demonstrated that 
there was no significant influence of publication bias 
in this meta-analysis (Egger’s regression test, p > 0.1) 
(Fig. 4). 

Discussion

IL-1 are a family of potent inflammatory cytokines 
that play key role in immune regulation (38). RA is cha-
racterized by persistent inflammation of the joints with 
progressive joint destruction. IL-1 stimulates prosta-
glandin and metalloporoteases that induce bone resorp-
tion and joint degradation. Plasma and synovial IL-1 
levels have been positively correlated with RA activity 
and progression of joint damage (13,14). IL-1 receptor 
blocking has shown beneficial therapeutic efficacy in 
RA patients (17). In addition, IL-1 gene is located in the 
RA linkage region (7). Thus, IL-1 is considered to play 
an important role in RA pathogenesis.

Meta-analyses properly conducted with good metho-
dologies have been published (24,36), and In this meta-
analysis, we addressed the association between IL-1 

OR, odds ratio; CI, confidence interval; R, Random effects model; F, Fixed effects model.

Figure 4. Funnel plot of studies on the allelic association between 
the IL-1B -511 C/T (rs16944) polymorphism and rheumatoid arthri-
tis in all study subjects (Egger’s regression p-value = 0.907). 

Table 3. Meta-analysis of associations between the IL-1A -889 C/T (rs1800587), IL-1A +4845 G/T (rs17561), and IL-1RN +2018 C/T (rs419598) 
polymorphisms and rheumatoid arthritis.

Polymorphism Test Population
Number 

of 
Studies

Test of association Test of heterogeneity

OR 95% CI p value Model p value I2

IL-1A -889

T vs. C Overall 4 0.911 0.827-1.003 0.058 F 0.308 16.5
TT vs. TC+CC

(Recessive) Overall 4 0.828 0.661-1.037 0.100 F 0.294 19.2

TT+C vs. CC
(Dominant) Overall 4 0.909 0.803-1.029 0.132 F 0.262 24.8

TT vs. CC Overall 4 0.805 0.638-1.016 0.068 F 0.310 16.2

IL-1A +4845

T vs. G Overall 3 1.140 0.940-1.384 0.184 F 0.478 0
TT vs. TG+GG

(Recessive) Overall 3 1.025 0.644-1.632 0.916 F 0.171 43.4

TT+TG vs. GG
(Dominant) Overall 3 1.214 0.952-1.548 0.118 F 0.745 0

TT vs. GG Overall 3 1.140 0.706-1.842 0.591 F 0.201 37.6

IL-1RN +2018

C vs. T Overall 6 0.983 0.745-1.296 0.903 R 0.023 61.5
CC vs. CT+TT

(Recessive) Overall 6 0.861 0.588-1.260 0.441 F 0.312 158

CC+CT vs. TT
(Dominant) Overall 6 0.997 0.710-1.400 0.988 R 0.019 63.0

CC vs. TT Overall 6 0.900 0.609-1.330 0.595 F 0.232 26.9
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find an association between the IL-1 polymorphisms 
and RA susceptibility by the meta-analysis, for any al-
lele using homozygote, recessive, or dominant models 
in the overall group. However, our results should be 
interpreted with caution because of the limited number 
of studies included. The relative importance of the IL-1 
polymorphisms during the development of RA may 
vary between ethnic groups, however, we were unable 
to perform ethnic-specific meta-analyses on the IL-1A 
-889 C/T, IL-1A +4845 G/T, or IL-1RN +2018 poly-
morphisms in each ethnic group due to limited data.

The present study has some limitations that require 
consideration. First, heterogeneity may have distorted 
the meta-analysis. However, most heterogeneity was 
resolved by ethnic-specific subgroup analysis. Second, 
ethnic-specific meta-analysis included data from Cau-
casian and Asian patients, and thus, our results are ap-
plicable to only these ethnic groups. Third, only a small 
number of Asian populations were described in the lite-
rature and complete genotype data was only available 
from two Asian studies. Fourth, data were not stratified 
by factors, including but not limited to rheumatoid fac-
tor status, anti-cyclic citrullinated peptide antibody sta-
tus or clinical or environmental variables, because the 
studies did not contain enough data.

In conclusion, this meta-analysis suggests that the 
IL-1B -511 C/T polymorphism is associated with sus-
ceptibility to RA in Caucasians, and that the IL-1B 
+3953 C/T polymorphism is associated with suscepti-
bility to RA in Caucasians and Asians. These findings 
suggest that IL-1 genes confer susceptibility to RA. Lar-
ger scale studies in populations with different ethnicities 
are now required to explore the broader role these poly-
morphisms play in the pathogenesis of RA.
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