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ABSTRACT

This meta-analysis aims to evaluate whether the CD40 rs1883832 polymorphism is associated with Graves’ dis-
ease (GD) risk in different populations. We performed a systematic literature search in China National Knowledge
Infrastructure (CNKI), Web of Science, and Pubmed databases to identify case-control association studies on the
association between rs1883832 and GD risk. For each study we calculated the odds ratios (OR) and 95 % confi-
dence intervals (CI) assuming dominant, recessive and homozygote models. We then calculated pooled ORs and
95 % Cls. After applying inclusion and exclusion criteria, 17 studies involving 4707 cases and 4215 controls were
included in the meta-analysis. The results showed that rs1883832 was associated with GD risk in Asians under
dominant (CT + TT vs CC, OR=0.67, 95 % CI: 0.56-0.81, P<0.001), recessive (TT vs CT + CC, OR=0.58, 95 %
CI: 0.47-0.72, P<0.001), and homozygote (TT vs CC, OR=0.49, 95 % CI: 0.37-0.64, P<0.001) models. In Cauca-
sians, rs1883832 was associated with GD risk under the dominant model (CT + TT vs CC, OR=0.82, 95 % CI:
0.68-0.99, P=0.042). Besides GD, we evaluated the relation of rs1883832 with Graves’ ophthalmopathy (GO),
finding that rs1883832 was associated with GO under the dominant model (CT + TT vs CC, OR=0.82, 95 % CI:
0.69-0.98, P=0.031). The findings of our meta-analysis suggest that the CD40 rs1883832 polymorphism is protec-
tive against GD and GO in Asians and Caucasians.
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INTRODUCTION thyroid hormone cause clinical symptoms in-
cluding excessive physical activity, tremor,
weight loss, palpitations, and tachycardia
(Smith and Hegediis, 2016). In addition to hy-
perthyroidism, up to half of GD patients de-
velop the ocular manifestation of the disease,
known as Graves’ ophthalmopathy (GO)
(Shanmuganathan et al., 2015). The patho-
genesis of GD remains largely unknown, but
it is believed to result from a complex inter-
action between the immune system, genetic

Graves’ disease (GD) is the most common
cause of hyperthyroidism, affecting approxi-
mately 2 % of women and 0.2 % of men
(Smith and Hegediis, 2016). Thyroid receptor
antibodies activate the thyrotropin-releasing
hormone receptor of the thyroid hormone pro-
ducing cell, leading to over-activity of the
thyroid gland. Increased serum levels of the
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susceptibility genes and environmental fac-
tors. There is abundant epidemiologic evi-
dence showing the involvement of several
loci in susceptibility to GD, including the hu-
man leukocyte antigen (HLA) region on chro-
mosome 6p21, lymphoid protein tyrosine
phosphatase  (PTPN22)  on chromosome
1p13, and cytotoxic T lymphocyte antigen 4
(CTLA-4) on chromosome 2q33 (Smith and
Hegediis, 2016).

CD40 is a type I transmembrane protein
belonging to the tumor necrosis factor (TNF)
superfamily. It is expressed on a wide variety
of cells including dendritic cells, monocytes,
B cells, thyroid follicular cells, and fibroblasts
(Clark, 2014; Payuhakrit et al., 2015). The ac-
tivation of CD40 by CD40 ligand (CD40L)
plays a pivotal role in the activation of mac-
rophages and T cell priming. In addition, the
CD40-CD40L pathway is involved in the se-
quence of crucial costimulatory events re-
quired for germinal center formation, B-cell
proliferation, immunoglobulin class switch-
ing, antibody secretion and the rescue of B
cells from apoptosis (Clark, 2014). CD40-
CDA40L interactions can switch the immune
response to the Th2 pathway and regulate hu-
moral immunity (Tomer et al., 2002). Clinical
studies showed that serum concentrations of
soluble forms of CD40L were increased in pa-
tients with active GD, and the serum TNF-
a:sCD40L ratio was a marker for disease ac-
tivity (Yamamoto et al., 2012). In animal
models of GD, up-regulation of CD4 expres-
sion was observed in the thyroid (Ye et al.,
2012). Moreover, thyroidal CD40 overex-
pression augmented the production of thy-
roid-specific autoantibodies, leading to more
severe experimental autoimmune GD (Huber
et al., 2012). Therefore, CD40 may play an
important role in the pathogenesis of GD.

Within the human CD40 gene, a func-
tional C/T polymorphism (rs1883832) in the
Kozak sequence of the 5' UTR has received
much attention. The major allele of this poly-
morphism enhances the efficiency of CD40
mRNA translation (Blanco-Kelly et al.,
2010). In recent years, efforts have been put
into assessing the association of rs1883832

with GD risk, but the findings are incon-
sistent. The purpose of this study was to con-
duct a meta-analysis of published data on the
association between rs1883832 and GD risk
in different ethnic groups.

MATERIALS AND METHODS

Study identification

A computer-based literature search was
conducted on China National Knowledge In-
frastructure (CNKI), Web of Science, and
Pubmed online databases to identify studies
on the association of rs1883832 with GD risk.
The search strategy included using the key-
words “CD40, gene, polymorphism, associa-
tion, risk, and Graves’ disease”. Searches
were not limited by date restrictions. All the
identified publications were evaluated for rel-
evance by two independent reviewers, on the
basis of their titles and abstracts. The full text
of selected studies was obtained and evalu-
ated for eligibility. In addition to database
search, the reference lists of all included stud-
ies and relevant reviews were carefully scru-
tinized for additional publications. Final eligi-
bility of studies was decided by consensus.

Selection criteria

Case-control studies were included if: (1)
dealt with the association between the
rs1883832 polymorphism and GD risk, (2)
provided the raw or summary data necessary
to calculate the effect size, and (3) published
as full-length articles or letters in peer re-
viewed journals in Chinese or English. Stud-
ies that assessed posttranscriptional factors,
such as protein and mRNA expression, rather
than genotypic variations were excluded.
Studies that used animal populations were ex-
cluded.

Data extraction

Two reviewers independently extracted
data from the included studies using pre-de-
fined criteria and compared data to achieve
maximum reliability. The following infor-
mation was obtained from each publication:
first author’s name, published year, race of
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the study populations, sample size, genotyp-
ing method, source of controls, age of sub-
jects, female proportion, and genotype fre-
quencies. Disagreements were resolved by
discussion and consensus. We did not contact
study authors for missing or unclear infor-
mation because it was not a reliable method.
All study methodology conformed to the
Meta-analysis of Observational Studies in Ep-
idemiology (MOOSE) criteria (Stroup et al.,
2000).

Statistical analyses

All statistical analyses were undertaken
using Stata version 12.0 (Stata Corporation,
College Station, TX). Odds ratios (OR) with
95 % confidence intervals (CI) were used to
assess the size and strength of association be-
tween rs1883832 and GD risk. Heterogeneity
(true variance of effect size across studies)
was assessed using the Cochran Q-test and the
I%. Large heterogeneity was typically defined
as 1>>75 %.

A P-value of >0.10 for the Cochran Q-test
was considered to indicate a lack of heteroge-
neity across studies. All meta-analyses were
performed by using either the DerSimonian-
Laird random-effects model or the Mantel-
Haenszel fixed-effects model, which de-
pended on the heterogeneity (DerSimonian
and Laird, 1986; Mantel and Haenszel, 1959).
The Z-test test was used to determine the sig-
nificance of the combined OR; P<0.05 was
considered as statistically significant. A forest
plot was used to graphically present the cal-
culated pooled ORs and the 95 % ClIs. To test
the robustness of our findings, we also con-
ducted a cumulative meta-analysis by date of
the eligible studies using a random-effects
model. Sensitivity analysis was carried out
excluding studies whose allele frequencies in
controls exhibited significant deviation from
the Hardy-Weinberg equilibrium (HWE).
Stratified analyses were conducted according
to ethnicity. Besides GD, we evaluated the re-
lation of GO with the rs1883832 polymor-
phism. To test the deviation from HWE, we
used a publicly available program
(http://ihg.gsf.de/cgi-bin/hw/hwal.pl). Meta-

regression was undertaken to assess the po-
tential sources of heterogeneity identified in
the meta-analysis. Publication bias was as-
sessed visually using a funnel plot and tested
with the Begg rank correlation test and the
Egger linear regression approach.

RESULTS

Characteristics of the studies

Details of the search results and study in-
clusion process are shown in Figure 1. The lit-
erature search identified 238 citations. Of
which, 96 duplicates were excluded. One hun-
dred and forty-two publications were then
checked for relevance based on the title/ab-
stract screening, from which 119 studies were
excluded. Twenty-three full-text studies were
carefully read for eligibility. Overall, 17 eligi-
ble studies on the association between
rs1883832 and GD risk met the inclusion cri-
teria and were included in the meta-analysis
(Ban et al., 2006; Chen et al., 2015; Heward
et al., 2004; Houston et al., 2004; Hsiao et al.,
2008; Inoue et al., 2012; Jacobson et al., 2007,
Kim et al., 2003; Kurylowicz et al., 2005; Luo
et al., 2006; Ma et al., 2010; Makni et al.,
2007; Mukai et al., 2005; Su et al., 2009; Sun
et al., 2007; Wang et al., 2017; Yang et al.,
2012). The combined population size of the
17 studies totalled included 8922 individuals
(4707 GD patients and 4215 controls). The ¢l-
igible studies were published between 2003
and 2017 and were conducted in a wide range
of geographic settings. Among them, 12 stud-
ies involving 2614 cases and 2036 controls
were performed in Asian populations (Ban et
al., 2006; Chen et al., 2015; Hsiao et al., 2008;
Inoue et al., 2012; Kim et al., 2003; Luo et al.,
2006; Ma et al., 2010; Mukai et al., 2005; Su
et al., 2009; Sun et al., 2007; Wang et al.,
2017; Yang et al., 2012), while five studies
including 2093 cases and 2179 controls were
undertaken in Caucasians (Heward et al.,
2004; Houston et al., 2004; Jacobson et al.,
2007; Kurylowicz et al., 2005; Makni et al.,
2007). Characteristics of the included studies
are listed numerically and summarized in Ta-
ble 1.
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Figure 1: Flow diagram of studies included in the meta-analysis

Study %
ID OR (95% ClI) Weight
Asians i
Kim (2003) —— 0.52(0.32, 0.83) 5.14
Mukai (2005) —— 0.90 (0.63, 1.28) 6.94
Luo (2006) —— 0.49 (0.28, 0.86) 4.13
Ban (2006) } 1.00 (0.68, 1.47) 6.43
Sun (2007) £ 0.83 (0.61, 1.12) 7.93
Hsiao (2008) r 1.01 (0.65, 1.59) 5.46
Su (2009) —— 0.35(0.20, 0.62) 3.95
Ma (2010) — 0.43(0.22, 0.84) 3.22
Yang (2012) —— 0.72 (0.51, 1.03) 6.93
Inoue (2012) —_— 0.68 (0.32, 1.45) 2.67
Chen (2015) —— 0.61(0.41, 0.91) 6.22
Wang (2017) —— 0.49 (0.31, 0.79) 5.1
Subtotal (--squared = 51.4%, p=0.020) < 0.67 (0.56. 0.80) 64.14
1
Caucasians !
Houston (2004) —— 0.97 (0.75, 1.26) 8.69
Heward (2004) —— 0.82 (0.67, 1.00) 10.03
Kurylowicz (2005) — 0.83 (0.65, 1.04) 9.32
Jacobson (2007) —0—:— 0.56 (0.39, 0.81) 6.66
Makni (2007) - » 2.08 (0.61, 7.10) 1.15
Subtotal (l-squared =48.7%, p=10.099) <> 0.82 (0.68, 0.99) 35.86
1
Overall (l-squared = 52.5%, p = 0.006) <:> 0.72 (0.63, 0.83) 100.00
NOTE: Weights are from random effects analysisﬁi
T T
A4 1 71

Figure 2: Forest plot showing the association between the CD40 rs1883832 polymorphism and
Graves’ disease risk assuming a dominant (TT + CT vs. CC) model
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Table 1: Characteristics of the studies considered in the meta-analysis

Study Race Country Cases/ Age Female proportion Source of Genotyping Evaluation Prwe
Controls (%) controls method of GO
Cases Controls Cases Controls
Kim (2003) Asian Korea 132/164 36.4+13.6 42.0£19.1 77.3 61.0 Population PCR-RFLP Yes 0.901
Houston Caucasian UK 451/446 NR NR NR NR Population PCR-RFLP No 0.053
(2004)
Heward (2004) Caucasian UK 800/785 NR NR NR NR Hospital PCR-RFLP No 0.350
Mukai (2005) Asian Japan 324/229 42.1+16.1 30.1+9.5 775 55.5 Hospital PCR-RFLP Yes 0.665
and DNA
sequencing
Kurylowicz Caucasian Poland 556/611 NR NR 81.7 NR NR PCR-RFLP Yes 0.322
(2005)
Luo (2006) Asian China 106/106 40.4+12.5 37.4+12.3 61.3 62.3 Hospital PCR-RFLP Yes 0.007
Ban (2006) Asian Japan 301/177 NR NR NR NR NR PCR-RFLP No 0.271
Jacobson Caucasian USA 210/271 NR NR 814 NR Population PCR-RFLP No 0.911
(2007)
Sun (2007) Asian China 367/373 38.2+12.2 54.1+13.0 73.6 69.2 Hospital DNA No 0.371
sequencing
Makni (2007) Caucasian Tunisia 76/66 NR NR NR NR NR PCR-RFLP No 0.800
Hsiao (2008) Asian China 215/141 40+13 41+12 70.2 59.6 Hospital PCR-RFLP Yes 0.058
Su (2009) Asian China 119/103 39.7£15.3 35.8+£14.3 63.0 67.0 Hospital PCR-RFLP No 0.505
and DNA
sequencing
Ma (2010) Asian China 198/110 Initial onset: 43.3+15.6 80.8 79.1 Hospital PCR-RFLP No 0.006
41.7+14.1 and DNA
Relapse: sequencing
41.0+13.5
Yang (2012) Asian China 303/215 34.1+£12.2 34.8+11.4 74.3 74.4 Hospital PCR-RFLP No 0.098
Inoue (2012) Asian Japan 93/48 Intractable: 40.6+9.3 83.5 88.4 Hospital PCR-RFLP No 0.388
34.0+13.7
Remission:
31.1+12.0
Chen (2015) Asian China 260/248 36.2+15.2 37.4+11.3 81.5 58.1 Hospital PCR-HRM No 0.064
Wang (2017) Asian China 196/122 37.4+12.2 38.1+13.0 77.0 81.1 NR DNA No 0.163
sequencing

Abbreviations: GO, Graves’ ophthalmopathy; HWE, Hardy-Weinberg equilibrium; NR, not reported; PCR-RFLP, polymerase chain reaction-restriction fragment
length polymorphism
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Data analysis

Meta-analysis of genotype data for domi-
nant, recessive, and homozygote models is
shown in Table 2 and Figure 2. Pooling data
from all eligible studies supported an associa-
tion between the CD40 rs1883832 polymor-
phism and GD risk under dominant (CT + TT
vs CC, OR=0.72, 95% CI: 0.63-0.83,
P<0.001), recessive (TT vs CT + CC,
OR=0.60, 95 % CI: 0.50-0.73, P<0.001), and
homozygote (TT vs CC, OR=0.56, 95 % CI:
0.43-0.71, P<0.001) models. Similar results
were found for allele frequency (T allele vs C
allele, OR=0.75, 95% CI. 0.67-0.84,
P<0.001). Stratified analyses according to
ethnicity showed that the rs 1883832 polymor-
phism was associated with GD risk in Asians
under dominant (CT + TT vs CC, OR=0.67,
95 % CI: 0.56-0.81, P<0.001), recessive (TT
vs CT + CC, OR=0.58, 95 % CI: 0.47-0.72,
P<0.001), and homozygote (TT vs CC,
OR=0.49, 95 % CI: 0.37-0.64, P<0.001) mod-
els. In Caucasians, there was an association of
this polymorphism with GD under the domi-
nant model (CT + TT vs CC, OR=0.82, 95 %
CI: 0.68-0.99, P=0.042). Besides GD, we

evaluated the relation of rs1883832 with GO,
finding that rs1883832 was associated with
GO under the dominant model (CT + TT vs
CC, OR=0.82, 95 % CI: 0.69-0.98, P=0.031).
Sensitivity analysis was performed excluding
studies whose controls significantly departed
from HWE (Luo et al., 2006; Ma et al., 2010);
the results remained practically unchanged
(pooled OR=0.75, 95% CI: 0.66-0.86,
P<0.001 for the dominant model; pooled
OR=0.66, 95 % CI: 0.57-0.76, P<0.001 for
the recessive model; pooled OR=0.61, 95 %
CI: 0.48-0.77, P<0.001 for the homozygote
model) (Table 2). The cumulative meta-anal-
ysis showed a significant and stable associa-
tion between rs1883832 and GD risk under
the dominant model (CT + TT vs CC) over
time and the trend of the effect estimate stabi-
lized by 2010 (Figure 3). Significant between-
study heterogeneity was identified (Cochran
Q-test, P<0.10; I’ ranging from 31.2 to
63.3 %) (Table 2). Meta-regression showed
that sample size (P=0.001) and publication
year (P=0.003) were the major factors affect-
ing between-study heterogeneity.

Study

ID OR (95% Cl)
Kim (2003) —— 0.52 (0.32, 0.83)
Houston (2004) . 4 0.73 (0.40, 1.35)
Heward (2004) —— 0.79 (0.60, 1.04)
Mukai (2005) —— 0.82 (0.67, 1.01)
Kurylowicz (2005) —— 0.83 (0.72, 0.96)
Luo (2006) —— 0.79 (0.67, 0.94)
Ban (2006) —— 0.82 (0.70, 0.95)
Jacobson (2007) —— 0.78 (0.66, 0.91)
Sun (2007) —— 0.79 (0.69, 0.91)
Makni (2007) —— 0.80 (0.69, 0.92)
Hsiao (2008) —— 0.81 (0.71, 0.93)
Su (2009) —— 0.77 (0.66, 0.90)
Ma (2010) —— 0.75 (0.64, 0.88)
Yang (2012) —— 0.75 (0.65, 0.87)
Inoue (2012) —— 0.75 (0.65, 0.87)
Chen (2015) —— 0.74 (0.65, 0.85)
Wang (2017) —— 0.72 (063, 0.83)

T T
324 1 3.08

Figure 3: Cumulative meta-analysis for the association between the CD40 rs1883832 polymorphism
and Graves’ disease risk assuming a dominant (TT + CT vs. CC) model
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Table 2: Summary ORs of the meta-analysis on associations of the CD40 rs1883832 polymorphism

with GD

Group or subgroup

Dominant
(CT+TTvs CC)
All studies
Studies with HWE
Asians
Caucasians

GO

Recessive
(TTvsCT + CC)
All studies
Studies with HWE
Asians
Caucasians

GO

Homozygote

(TT vs CC)

All studies
Studies with HWE
Asians
Caucasians

GO

Allele contrast

(T allele vs C allele)
All studies
Studies with HWE
Asians
Caucasians

GO

No. of
studies

17
15
12

17
15
12

17
15
12

17

15

12
5
5

Test of Heterogeneity

P-value Q-test

0.006
0.013
0.020
0.099
0.213

0.026
0.137
0.081
0.050
0.463

0.001
0.016
0.019
0.097
0.325

<0.001
0.002
0.012
0.028
0.074

|2
(%)

52.5
50.5
51.4
48.7
31.2

44.3
29.2
39.0
57.9
0.0

59.0
49.3
51.6
49.1
135

61.7
59.0
54.3
63.3
53.0

Test of
association
OR (95 % CI)

0.72 (0.63-0.83)
0.75 (0.66-0.86)
0.67 (0.56-0.81)
0.82 (0.68-0.99)
0.82 (0.69-0.98)

0.60 (0.50-0.73)
0.66 (0.57-0.76)
0.58 (0.47-0.72)
0.65 (0.40-1.06)
0.79 (0.58-1.06)

0.56 (0.43-0.71)
0.61 (0.48-0.77)
0.49 (0.37-0.64)
0.81 (0.53-1.26)
0.73 (0.53-1.00)

0.75 (0.67-0.84)
0.78 (0.69-0.87)
0.71 (0.62-0.80)
0.86 (0.71-1.04)
0.81 (0.64-1.02)

P-value

<0.001

<0.001

<0.001
0.042
0.031

<0.001

<0.001

<0.001
0.082
0.113

<0.001

<0.001

<0.001
0.351
0.051

<0.001

<0.001

<0.001
0.111
0.069

Abbreviations: ClI, confidence interval; GD, Graves’ disease; GO, Graves’ ophthalmopathy; HWE,
Hardy-Weinberg equilibrium; OR, odds ratio

Publication bias

Visual inspection of a funnel plot for
asymmetry revealed no obvious indication of
publication bias (Figure 4). In addition, the re-
sults of Egger’s test and Begg’s test suggested
no evidence for publication bias (P=0.104 and
P=0.108, respectively).

2

Standard error of log OR
4

Funnel plot with pseudo 95% confidence limits

-5 0
Log odds ratio

Figure 4: Funnel plot for publication bias amongst
the studies used to obtain pooled odds ratio of

rs1883832 under the dominant model
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DISCUSSION

To our knowledge, this is the largest and
most comprehensive meta-analysis examin-
ing the relationship between the CD40
rs1883832 polymorphism and risk of GD.
The results suggested that rs1883832 was pro-
tective against GD in both Asians and Cauca-
sians. In addition, our meta-analysis identi-
fied a negative association between
rs1883832 and GO.

Several previous meta-analyses were per-
formed on the topic. The meta-analysis by
Kurylowicz et al. (2005) evaluated the associ-
ation between rs1883832 and GD risk using
five case-control studies, whereas Makni et al.
(2007) included seven studies to assess the as-
sociation. Due to small sample sizes, neither
of the two meta-analyses performed subgroup
analysis. In addition, these meta-analyses did
not have sufficient statistical power to derive
a reliable conclusion. Recently, Li and col-
leagues performed a meta-analysis to investi-
gate the relationship between rs1883832 and
GD risk among 4214 cases and 3851 controls
in 14 studies (Li et al., 2012). Although Li et
al. (2012) found an association between
rs1883832 and GD risk, they did not further
evaluate race-specific effects and the associa-
tion in each ethnic group remained unclear.
Significant between-study heterogeneity was
identified in the Li et al. meta-analysis
(Cochran Q-test, P=0.004; 1>=57.6 %), but the
potential sources of heterogeneity were not
evaluated. It was noteworthy that none of the
above-mentioned meta-analyses assessed the
relationship between rs1883832 and GO, a
condition associated with GD that primarily
affected the extraocular muscles. In this meta-
analysis, we evaluated the association be-
tween rs1883832 and GD risk with a total of
4707 GD patients and 4215 controls, having
the largest sample size among all meta-anal-
yses on the topic. Besides overall analyses,
we conducted subgroup analyses by ethnicity
and found a negative association between
rs1883832 and GD risk in Asians and Cauca-
sians, respectively. Our study further added to
the literature by identifying an association of

GO with rs1883832. Concerning the hetero-
geneity among the included studies, we per-
formed a meta-regression analysis and found
publication year and sample size as major
contributors to heterogeneity.

The CD40 gene is a member of the TNF
receptor family, expressed on the surface of a
variety of cells, including B cells, macro-
phages and thyroid follicular cells. CD40
plays an important role in effector T cell de-
velopment, B cell differentiation, immuno-
globulin production, and isotype switching
(Clark, 2014). Aberrant CD40 expression
have been implicated in GD susceptibility.
Animal studies showed significant elevation
of CD40 expression in the thyroid of experi-
mental GD (Ye et al., 2012). In vivo blockade
of CDA40 significantly suppressed murine ex-
perimental autoimmune thyroiditis while
transgenic mouse models constitutively over-
expressing thyroidal CD40 augmented the
production of thyroid-specific antibodies, re-
sulting in more severe experimental autoim-
mune GD (Carayanniotis et al., 1997). It is
known that the minor allele of rs1883832 de-
creases the efficiency of CD40 mRNA trans-
lation and associates with reduced CD40 ex-
pression (Blanco-Kelly et al., 2010). Given
the pivotal role of CD40 in the development
of GD and autoimmunity, reduced CD40 ex-
pression induced by rs1883832 may decrease
the risk of developing GD. Our meta-analysis
found differences between Asians and Cauca-
sians regarding the association between
rs1883832 and GD risk, suggesting that
rs1883832 may have different effects on GD
risk according to genetic background.

GO is the most frequently occurring extra-
thyroidal manifestation GD, affecting 20 % to
50 % of GD patients (Shanmuganathan et al.,
2015). Clinical studies demonstrated that or-
bital fibroblasts and peripheral blood fibro-
cytes from patients with GO expressed sub-
stantially higher levels of CD40 (Douglas et
al., 2014; Hwang et al., 2009; Pawlowski et
al., 2015). These cells were activated through
CD40 and contributed to the development of
GO by producing inflammatory cytokines,
promoting the recruitment of inflammatory
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cells, and regulating tissue reactivity and re-
modeling (Douglas et al., 2014; Sempowski
et al., 1998; Wu et al., 2016). Our meta-anal-
ysis found an association between rs1883832
and GO, which was in line with previous clin-
ical studies and supported an important role of
CD40 in the development of GO.

Some limitations of our study need to be
considered. Firstly, the eligible studies in our
meta-analysis were mainly performed on
Asian and Caucasian subjects. Data from
other ethnic groups were unavailable. Future
association studies should be conducted in
other ethnic groups including Latin Ameri-
cans and Africans, which would yield a more
global and profound picture of the role medi-
ated by rs1883832 in GD pathogenesis. Sec-
ondly, the association between rs1883832 and
clinical features of GD including age of onset
and thyroid autoantibodies were not taken
into account in our meta-analysis owing to a
lack of published data. It would be valuable to
evaluate the relation of rs1883832 with GD
features, which could clarify the role of
rs1883832 in different subsets of GD patients.
Thirdly, due to limitations of the data, gene-
gene and gene-environment interactions were
not analyzed in the meta-analysis. Future
studies evaluating the interactions of
rs1883832 with environmental factors and
HLA polymorphisms will further expand our
knowledge of the underlying genetic mecha-
nisms of GD.

In conclusion, the available evidence from
the present meta-analysis involving 4707 GD
patients and 4215 controls suggests a protec-
tive effect of the CD40 rs1883832 polymor-
phism on GD in both Asians and Caucasians.
Our study also demonstrated a negative asso-
ciation of rs1883832 with GO. Further inves-
tigations are warranted to clarify the role of
rs1883832 in clinical features of GD and to
evaluate gene-gene and gene environment in-
teractions.
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