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Abstract. Published data on the association between inter-
leukin (IL)-18 gene polymorphisms (-137 C/G, -607 A/C) and
type 1 diabetes (T1D) risk are inconclusive. To obtain a more
precise estimation of the association between the IL-18 gene
polymorphisms and T1D, a meta-analysis was performed. A
total of 11 studies including 5,945 cases and 6,404 controls
were included in the analysis of the association between
-137 C/G and T1D risk. No significant association between
-137 C/G and T1D risk was observed in the total population
[C vs. G: odds ratio (OR)=1.02, 95% confidence interval
(CI)=0.87-1.20; CC + CG vs. GG: OR=1.05,95% CI=0.87-1.25;
CC vs. CG + GG: OR=0.96, 95% CI=0.68-1.36]. No signifi-
cant association was identified in the stratified analysis
for all the genetic models in the European population.
Concerning -607 A/C, 10 studies involving 3,048 patients and
3,377 controls were included in this meta-analysis. When all
the studies were pooled, the results showed no evidence for a
significant association between IL-18 -607 A/C polymorphism
and T1D risk (A vs. C: OR=0.93,95% CI=0.81-1.06; AA + AC
vs. CC: OR=0.99, 95% CI=0.89-1.10; AA vs. AC + CC:
OR=0.81, 95% CI=0.60-1.09). In addition, similar results
were obtained in the subgroup analysis based on ethnicity. In
summary, the present meta-analysis suggests a lack of associa-
tion between the two polymorphisms (-137 C/G, -607 A/C) in
the IL-18 gene and T1D. Due to the limitation of the number of
the studies, the conclusions drawn should be considered with
caution. Larger scale primary studies are required to evaluate
the association between IL-18 gene polymorphisms and T1D.
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Introduction

Type 1 diabetes (T1D) is a chronic autoimmune disease char-
acterized by the T-cell-mediated destruction of pancreatic f§
cells and subsequent dependence on exogenous insulin (1). T1D
affects millions of individuals worldwide and its incidence
is on the increase, particularly in young children (2,3). The
etiology of T1D is multifactorial and complex, with genetic
and environmental factors playing a role in its pathogenesis
(4-6). Human leukocyte antigen (HLA) genes are considered
to greatly affect the development of T1D. Genetic determi-
nants such as polymorphisms in the HLA region are crucial,
accounting for 40-50% of the inheritable diabetes risk (7). In
addition, there is evidence that proinflammatory cytokines
contribute to the genetic susceptibility to T1D, such as inter-
leukin (IL)-1, IL-2, IL-12, IL-18 and interferon (IFN)-vy (8).
IL-18, a member of the IL-1 superfamily, is a proinflamma-
tory cytokine produced by activated monocytes/macrophages.
Through a concerted action with IL-12, IL-18 promotes the
development of Thl lymphocyte response by induction of
IFN-vy production. IL-18 also modulates the activity of NK cells,
increases tumor necrosis factor (TNF)-a and IL-1. Evidence
suggests that IL-18 is involved in the regulation of the innate
and adaptive immune response and may have a pathogenic role
in T1D. Nicoletti et al (9) reported that serum IL-18 levels were
elevated in the subclinical stage of T1D in first-degree relatives
of T1D patients. Rothe et al (10,11) found that increased IL-18
mRNA production by macrophages followed by increased
IFN-v levels was associated with an active stage of autoimmune
diabetes in non-obese diabetic (NOD) mice. Moreover, it has
been found that in the animal model of autoimmune diabetes
a short prophylactic treatment with IL-18 inhibitors resulted in
significant protection against development of this disease (12).
The IL-18 gene is located on chromosome 11q22.2-q22.3,
and comprises six exons and five introns (13). Of the IL-18
gene polymorphisms identified, the genetic association
between single nucleotide polymorphisms (SNPs) at positions
-137,-607 in IL-18 gene promoter and T1D were widely evalu-
ated. However, the results were inconsistent. Meta-analysis
is a statistical procedure for combining the results of several
studies to produce a single estimate of the major effect with
enhanced precision. Thus, in order to examine the relationship
between IL-18 gene polymorphisms (-137 C/G, -607 A/C) and
susceptibility to T1D, a meta-analysis was performed.
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Table I. The characteristics of studies included in the meta-analysis.

Allele HWE for
Nos. frequency (%)* controls
Polymorphisms Author (year) Ethnic group TID Control TID Control e P-value Refs.
-137C/G Kretowski et al (2002) Poland (E) 201 194 37.6 27.3 9400 <001  (23)
Ide et al (2004) Japan (A) 116 114 12.1 114 0.230 0.63 (22)
Novota et al (2005) Czech Republic (E) 49 139 347 28.8 1.080 030  (26)
Martin et al (2005) UK (E) 433 426 25.8 28.1 0.013 0.91 (24)
Boraska et al (2006) Croatia (E) 134 132 28.7 28.8 0.001 098  (20)
Szeszko et al (2006) UK (E) 4323 4,610 26.4 26.6 1418 023 (27
Mojtahedi et al (2006) Iran (A) 112 194 30.8 24.0 0.003 095 (25
Dong et al (2007) China (A) 118 150 14.0 10.7 0.004 095 (21
Altinova et al (2010) Turkey (E) 91 87 26.4 259 0.010 092  (19)
HadZija et al (2013) Croatia (E) 187 236 29.7 33.1 0.274 0.60  (18)
Tavares et al (2013) Brazil (S) 181 122 28.5 439 0.320 057 (A7)
-607A/C Kretowski er al (2002) Poland (E) 201 194 32.1 340 13421 <001 (23)
Ide et al (2004) Japan (A) 116 114 46.6 553 3.328 007 (22)
Novota et al (2005) Czech Republic (E) 49 139 56.1 424 1.116 029 (26)
Martin et al (2005) UK (E) 433 426 36.5 40.8 0.172 0.68  (24)
Szeszko et al (2006) UK (E) 1,560 1,715 392 38.1 0.462 0.50 (27
Mojtahedi et al (2006) Iran (A) 112 194 446 412 0.795 037 (25
Dong et al (2007) China (A) 118 150 412 53.0 0.138 071 (2D
Altinova et al (2010) Turkey (E) 91 87 35.7 35.6 2.027 0.15 (19
HadZija et al (2013) Croatia (E) 187 236 425 449 1471 023  (18)
Tavares et al (2013) Brazil 181 122 425 46.3 0.180 0.67 (17

“Frequency of the C allele for -137C/G; frequency of the A allele for -607A/C. E, European; A, Asian; S, South American; T1D, type 1 diabetes;

HWE, Hardy-Weinberg equilibrium.

Materials and methods

Identification of eligible studies and data extraction. Studies
examining the association of IL-18 -137 C/G (rs187238),
-607 A/C (rs1946518) polymorphisms with TID were fully
considered and carefully selected. The literature was searched
using the following electronic databases: Medline, PubMed,
China National Knowledge Infrastructure (CNKI) and CBM.
The search was based on the combinations of ‘type 1 diabetes’,
‘polymorphisms’ or ‘variant’, ‘interleukin-18 or ‘IL-18’.
No language restrictions were applied. We only recruited
complete published studies, and not any data from confer-
ence abstracts or meetings. A study was included when the
following criteria were met: i) it was published up to April
2013; i) it was a case-control study; iii) it provided sufficient
data for estimating the odds ratio (OR). When more than one
study of the same patient population was included in several
publications, only the most recent or complete study was used
in this meta-analysis. Furthermore, two investigators indepen-
dently searched the electronic database and extracted available
information from each study, including first author's name,
year of publication, country where the trial was conducted,
ethnicity, number of cases and controls, as well as data avail-
able on allele and genotype frequency of IL-18 -137 C/G,
-607 A/C polymorphisms.

Evaluation of statistical associations. Allele frequencies
of IL-18 -137 C/G, -607 A/C polymorphisms in each of the
studies were determined using the allele counting method.
The strength of association between these variants and T1D
was achieved by calculating OR with 95% confidence interval
(CI). We assessed the within- and between- study variation
or heterogeneity by means of the Cochran's Q-statistic (14).
P>0.10 for the Q-test indicated a lack of heterogeneity among
studies, and then the fixed-effect model was used. Otherwise,
results of the random-effect model were selected. The effect
of heterogeneity was quantified by using the measurement
method, I*’=100% x (Q-df)/Q (15). The I> measures the degree
of inconsistency in the studies by calculating the percentage
of total variation across studies as being due to heterogeneity
rather than chance. I? values of 25, 50, and 75% were nomi-
nally considered low, moderate and high estimates.

Evaluation of publication bias. Publication bias was inves-
tigated by using a funnel plot, in which the standard error of
log (OR) of each study was plotted against its OR. The degree
of asymmetry was achieved using the method of Egger's
linear regression test (16). The significance of the intercept
was determined by the t-test suggested by Egger. P<0.05 was
considered representative of statistically significant publica-
tion bias.
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Study %
ID OR (95% CI) Weight
'
Kretowski(2002)(Poland) E —— 1.60 (1.18, 2.16) 10.27
Ide(2004)(Japan) Et 1.07 (0.60, 1.88) 5.35
Novota(2005)(Czech Republic) E = 1.31(0.81,2.15) 6.44
Martin(2005)(UK) —-.-—:h 0.89(0.72, 1.10) 12.51
Boraska(2006)(Croatia) _I._ 1.00 (0.69, 1.45) 8.56
Szeszko(2006)(UK) —o:- 0.99 (0.93, 1.06) 15.61
Mojtahedi(2006)(Iran) :—-o-— 1.41 (0.98, 2.04) 8.74
Dong(2007)(China) E - 1.36 (0.81, 2.29) 6.01
Altinova(2010)(Turkey) E: 1.03 (0.64, 1.65) 6.72
Hadzija(2013)(Croatia) —4-—;— 0.85 (0.64, 1.15) 10.46
Tavares(2013)(Brazil) —_— E 0.51(0.36, 0.72) 9.33
Overall (I*= 69.5%, P= 0.000) <> 1.02 (0.87, 1.20) 100.00
|
NOTE: Weights are from random effects analysis E
| |
0.362 1 2.76

Figure 1. Odss ratio and 95% confidence interval for individual studies and pooled data for the association of IL-18 -137 C vs. G allele in the total population.

Study %
D OR (95% Cl)  Weight
v
Kretowski(2002)(Poland) _.I-— 0.92 (0.68, 1.23) 10.12
Ide(2004)(Japan) —o—i— 0.71 (0.49, 1.02) 8.06
Novota(2005)(Czech Republic) E < > 1.73(1.09,2.76) 5.96
Martin(2005)(UK) —0—5— 0.83 (0.69, 1.01) 13.93
S7es7k0(2006)(UK) E--o-— 1.05 (0.95, 1.16) 17.62
Mojtahedi(2006)(Iran) —é——c-— 1.15 (0.82, 1.60) 9.02
Dong(2007)(China) —_—— 0.62 (0.44, 0.87) 8.67
Altinova(2010)(Turkey) E 1.00 (0.65, 1.55) 6.54
Hadzija(2013)(Croatia) —0'—— 0.91(0.69, 1.19) 10.89
Tavares(2013)(Brazil) —0—;—— 0.86 (0.62, 1.19) 9.18
Overall (I*= 59.3%, P=0.009) ¢> 0.93 (0.81, 1.06) 100.00
i
NOTE: Weights are from random effects analysis :
I I
0.362 1 2.76

Figure 2. Odss ratio and 95% confidence interval for individual studies and pooled data for the association of IL-18 -607 A vs. C allele in the total population.

Statistical analysis. All the statistical analyses were carried
out using the software package Stata Version 10.0 (Stata
Corporation, College Station, TX, USA), using two-sided
P-values. P<0.05 was considered to indicate a statistically
significant difference.

Results

Characteristics of the articles in our meta-analysis. The
search words yielded 26 relevant studies. Following careful
review, 15 of the 26 articles were excluded (8 were conducted to
examine other IL-18 polymorphisms or other diseases; 4 were

reviews; 2 were duplicated data publications; and 1 was letter).
Therefore, a total of 11 case-control studies were considered
in this meta-analysis (17-27). Table I presents the studies
identified and their main characteristics. Of the 11 studies,
7 studies were of Europeans, 3 of Asians and 1 study of South
Americans. The results of the Hardy-Weinberg equilibrium
(HWE) test for the distribution of the genotype in the control
population are also shown in Table I. One study was not in
HWE in the eligible studies (23).

Association between IL-18 -137 C/G polymorphism and the
risk for TID. A total of 11 studies comprising 5,945 cases and
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Table II. Main results of the meta-analysis.

Publication bias®

Test of heterogeneity

Test of association

No. of

Q P-value I? (%) t P-value
32.75
12.93

25.29
14.48

OR 95% CI Z P-value Model
2291

studies

Comparisons Study

Polymorphism

0.689

041
0.70
0.61
0.79
-0.04
0.39
-0.80
0.04
-0.29
0.40
-1.85
-0.95

69.5

<0.001

R
R
R
R
R
F
R
R
F
F
R
R

0.770
0.620
0.630

0.29
0.50
048
0.62
0.24

0.87-1.20
0.

1.02
1.04
1.05
1.07
0.96
1.00
0.93
0.99
0.99
1.01
0.81
0.96

11
7
11
7
11
7
10

Overall

CvsG

-137 C/G

LI et al: META-ANALYSIS OF IL-18 -137 C/G, -607 A/C POLYMORPHISMS AND TYPE 1 DIABETES

0517

53.6

0.044

0.90-1.20

European

0.559
0.464
0.967
0.709
0.449

60.5

0.005

0.87-1.25

Overall

CC + CG vs GG

58.6

0.025

0.534

0.87-1.30

European

56.4

0.011

0.814

0.68-1.36

Overall

CCvs CG + GG

0.350 104

0.009

6.69
22.12

02 0.988

0.87-1.16

European

593

0.281

1.08
0.15

0.81-1.06
0.85-1.15

Overall

AvsC

-607 A/C

0.970

0.062 52.5

10.52
13.34

0.884
0.808
0.856
0.162
0.817

European

0.782

325

0.148
0.219

0.24

0.89-1.10

10

Overall

AA+ACvs CC

28.8 0.710

7.02
25.25

18
40

0.

0.90-1.13

European

0.102
0.398

64.4

0.003

1.

0.60-1.09

10

Overall

AA vs AC + CC

0.020 62.7

13.40

0.66-1.39

European

*Assessment was performed using Egger's test. CI, confidence interval; R, random effect mode; F, fixed effect model.

6,404 controls were included in order to analyze the associa-
tion between -137 C/G and TI1D risk. Overall, no significant
relationship was observed in the total population (for C vs. G:
OR=1.02, 95% CI=0.87-1.20, P=0.770; CC + CG vs. GG:
OR=1.05, 95% CI=0.87-1.25, P=0.630; CC vs. CG + GG:
OR=0.96, 95% CI=0.68-1.36, P=0.814), as shown in Table II
and Fig. 1. Similarly, in the subsequent stratified analysis,
no significant association was identified between the IL-18
-137 C/G polymorphism and T1D in the European population
(for C vs. G: OR=1.04, 95% CI1=0.90-1.20, P=0.620; CC + CG
vs. GG: OR=1.07, 95% CI1=0.87-1.30, P=0.534; CC vs. CG +
GG: OR=1.00, 95% CI=0.87-1.16, P=0.988).

Association between -607 A/C polymorphism and the risk for
T1D. The association between -607 A/C polymorphism and
T1D was investigated in 10 studies with a total of 3,048 cases and
3,377 controls. No significant association was found between
this polymorphism and T1D in any of the genetic models in
the total population (for A vs. C: OR=0.93, 95% CI=0.81-1.06,
P=0.281; AA + AC vs. CC: OR=0.99, 95% CI=0.89-1.10,
P=0.808; AA vs. AC + CC: OR=0.81, 95% CI1=0.60-1.09,
P=0.162), as shown in Table II and Fig. 2. While stratified
by ethnicity with European populations, similar results were
obtained (for A vs. C: OR=0.99, 95% CI=0.85-1.15, P=0.884;
AA + AC vs. CC: OR=1.01, 95% CI1=0.90-1.13, P=0.856;
AA vs. AC + CC: OR=0.96, 95% CI=0.66-1.39, P=0.817).

Evaluation of publication bias. Egger's test was performed
to estimate the publication bias of literature. The results of
Egger's linear regression test are listed in Table II. No publica-
tion bias was identified for any of the comparisons (P>0.05).

Discussion

Significant familial aggregation, convincing demonstrations
of multiple genetic linkages and its associations indicate
a genetic component as a risk factor in the pathogenesis of
T1D (28). Candidate gene studies have identified numerous
susceptibility genes for T1D, such as MHC, PTPN22 and
CTLA4 (29).

IL-18 is a strong candidate for T1D as it has been shown
to have a central role in autoimmunity in experimental models
(30,31). Several variants in the IL-18 gene have been identified,
with the -137 C/G and -607 A/C variants in the promoter region
having been the most extensively examined in epidemiologic
studies. A change at position -137 from G to C alters the H4TF-1
nuclear factor binding site and a change from C to A at position
-607 disrupts a potential cAMP-responsive element-binding
protein binding site. Cloning and gene expression analysis
showed that IL-18 -137C/G and -607A/C polymorphisms were
suggested to cause a difference in transcription factor binding
and have an impact on IL-18 gene activity (32).

Since the first study by Kretowski ez al (23) revealed a
significant correlation between IL-18 (-137 C/G, -607 A/C)
gene polymorphisms and T1D risk in a Polish polulation,
numerous independent investigators have undertaken to repli-
cate this association. However, the results are conflicting. The
present meta-analysis of 11 eligible studies suggested that IL-18
-137 C/G and -607 A/C polymorphisms did not contribute to
the development of T1D in the total population. In the subgroup
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analysis concerning ethnicity, similar results were identified in
all the genetic models in the European population.

The reasons that the same polymorphism plays a different
role in different ethnic populations or across different studies
may arise from many factors. Firstly, this contradiction might
be due to exposure to different environmental factors. It is
generally accepted that environmental factors may influence
the penetrance of diabetes susceptibility genes (33). Exposure
to a wide range of environmental microbes in early life may
play a role in the modulation of the immune system, thus
preventing the development of T1D (34). Secondly, deviations
from HWE might contribute to the inconsistency. Testing
for deviations from HWE is an important quality control
step in population genetic studies. According to the Polish
population, genotype frequencies for IL-18 -137 C/G and
-607 A/C polymorphisms in controls slightly deviated from
HWE (P<0.05), which may increase the chances of obtaining
false-positive results. Therefore conclusions of those authors
must be interpreted with caution. Thirdly, linkage disequilib-
rium (LD) is relatively strong across IL-18, which may distort
the results observed (35). Ide ef al (22) found that a higher
promoter activity of haplotype -137G/-607C of the IL-18 gene
might increase the expression of IL-18, resulting in upregula-
tion of the IFN-y-producing T-cells. It is reported that the two
loci (-137 C/G, -607 A/C) were in LD (19,24). Lastly, clinical
heterogeneity might also explain the discrepancy. The poten-
tial contribution of differences in patient populations (e.g., age
and years from onset, as well as disease severity) might lead
to different results. In the study by Martin ez al (24), the age at
diagnosis of cases was under 15 years, whereas in the Polish
and Japanese studies the age at diagnosis was under 30 years.

The present study has some limitations that should be consid-
ered. First, publication bias, heterogeneity, and confounding
factors may have distorted the meta-analysis. Second, all of
the studies were performed in European-, Asian- and South
American-descent populations. Future studies are needed in
other ethnic populations due to possible ethnic difference of
the IL-18 -137 C/G and -607 A/C polymorphisms.

In conclusion, the combined results of independent asso-
ciation studies by meta-analysis showed that IL-18 -137 C/G
and -607 A/C polymorphisms may not be risk factors for
T1D. Prospective studies with larger patient cohorts and
relevant confounding risk factors, such as age, ethnicity and
life style, are required to examine the possible effects of IL-18
polymorphisms on T1D to confirm our conclusion.
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