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Abstract: Background: This study aims to investigate the relationship between G/A polymorphism of CTLA4 rs231775
gene and susceptibility to type 1 diabetes (T1DM) in children through Meta-analysis. Material and Methods: We
systematically searched the databases of PubMed, Web of Science, CNKI, Wanfang database and VIP database
from 1999 to 2017 and analyzed the odds ratio (OR) and 95% confidence interval (Cl). RevMan5.3 software was
used for meta-analysis. Results: In Total, 19 studies were included in this meta-analysis. We found that rs231775
G/A polymorphisms of the CTLA4 gene was associated with TLDM. However, different ethnic groups had different
degrees of correlation under different genetic models. The combined analysis showed that, in all the populations
of the T1DM group, the recessive (GG vs GA + AA), the dominant (GG + GA vs AA), the homozygous (GG vs AA) and
the heterozygous (GG vs GA) genetic models were significantly different from the control group. However, in the al-
lele genetic model (G vs A), there was no statistically significant difference. Besides, the subgroup analysis showed
that the rs231775 G/A polymorphism of the CTLA4 gene in the Asian population was significantly different between
T1DM and control groups, including the allele, dominant, recessive, and homozygous genetic models, but not the
heterozygous genetic model. However, there was no significant difference in the rs231775 G/A polymorphism of the
CTLA4 gene between the European and South American populations. Conclusion: The risk ratio in TADM of the G
allele is significantly higher than that of the A allele in the Asian population, suggesting that the rs231775 G allele
of the CTLA4 gene may increase the susceptibility of Asian people to TADM.
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Introduction

Globally, the incidence of type 1 diabetes mel-
litus (TADM) continues to increase. According
to a European survey, the incidence of TADM in
children has increased at an average rate of
3.9% per year in recent years, and younger chil-
dren have the highest growth rate [1]. It is esti-
mated that the number of newly diagnosed chil-
dren with TADM will double by 2020 [2]. Till
now, the main treatment of T1DM is insulin
therapy, which emphasizes intensive treatment
to reduce the risk of related microvascular com-
plications [3]. Insulin therapy, however, cannot
maintain normal glucose levels in patients and
multiple daily injections often leads to poor
compliance in children, and hypoglycemia [4].
In China, TADM mainly manifests as short sur-

vival time and poor glycemic control [5]. The
lack of knowledge of diabetes and poor eco-
nomic conditions are the main reasons for
shorter life expectancy in children with TAIDM in
China [6].

T1DM is an autoimmune disease caused by
T-lymphocyte-mediated islet B cell-specific da-
mage, leading to insufficient insulin secretion
[7]. The etiology and mechanism is not yet fully
understood. The significant physiological and
pathological features of T1DM include the
marked reduction or loss of islet B cells, re-
sulting in a significant decrease or loss of insu-
lin secretion [8]. It is shown that the develop-
ment of TAIDM is determined by the balance
between pathogenic T cells and regulatory T
cells [9]. There may be auto-reactive T lym-
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phocytes that target one of the islet auto-anti-
gens [10].

Cytotoxic T lymphocyte associated antigen 4
(CTLA4) is an important T cell regulator, which
is mainly involved in T cell mediated immune
homeostasis and immune tolerance [11]. It has
been reported that CTLA4 gene polymorphisms
may affect T cell activity in a number of ways.
For example, A/G of CTLA4 rs231775 is a mis-
sense mutation identified in recent decades, in
which adenine 49 in the first exon region of
CTLA4 is replaced by guanine (hereinafter re-
ferred to as CTLA4 A49G) [12]. As a result, thre-
onine 17 is changed to alanine and the protein
activity is changed, which may increase the risk
of TADM [13]. So far, no consensus has been
reached on the relationship of CTLA4 A49G
with TLDM among different ethnic groups in dif-
ferent regions or among different ethnic groups
within the same region.

In 2012, there was a meta-analysis of the asso-
ciation between the A/G mutation at CTLA4
rs231775 and the susceptibility to TADM [14],
which demonstrated an association between
CTLA4 rs231775 polymorphisms and T1DM
among children. The CTLA4 A/G allele is a risk
gene for TADM in children.

In this study, we investigated the association of
the CTLA4 rs231775 site A/G mutation with
susceptibility to TADM in children more compre-
hensively. A subgroup analysis of different eth-
nic groups was conducted.

Materials and methods
Literature search

We searched PubMed, Web of Science, CNKI,
Wanfang Database, VIP and other databas-
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es, as well as hand-searched dissertations to
screen the literature on association between
the A/G polymorphism of rs231775 in the
CTLA4 gene and T1DM. Literature published
from 1999 to 2017 were comprehensively
searched. The key words for the literature
search included type 1 diabetes, CTLA4,
rs231775, genetic polymorphism and susce-
ptibility.

Inclusion criteria

1) Literature on the relationship between CT-
LA4 genetic polymorphisms and susceptibility
to TADM. 2) The languages were Chinese or
English. 3) The study design was a case-control
study with TADM patients and healthy controls.
4) Literature with a CTLA4 genotype distribu-
tion and related information, and a comprehen-
sive statistical indicator (OR value) directly or
indirectly. 5) DNA sequencing method was rea-
sonable. 6) TLIDM diagnostic criteria was in line
with the World Health Organization diabetes
diagnostic criteria or the American Diabetes
Association medical treatment standards. 7)
Control population had no family history of dia-
betes and was selected randomly. 8) The gen-
der and ages in each group had no statistical
difference.

Exclusion criteria

1) Repeated reports with the same population.
2) Diabetes combined with other diseases. 3)
Literature on other gene polymorphisms. 4)
Literature with small sample sizes. 5) Reviews.
6) Data to calculate the OR value was not avail-
able. 7) Literature without control groups or
without a case-control study. 8) Hardy-Weinberg
equilibrium was not obtained.

Literature quality evaluation

Literature quality was independently evaluated
by two investigators using the Newcastle-
Ottawa Scale (NOS) (with a total score of 9)
[15]. If the two investigators could not reach a
consensus, discussion with a third investigator
was performed. The evaluations included popu-
lation selection, comparability and exposure
evaluation, which were all based on the NOS
assessment scale.

Data extraction

The main information extracted from each of
the articles included the first author, the year of
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Table 1: The basic characteristics of the included literature [16-34]

Authors Year Stuldy Subgroup Source of - NOS T1DM Control Case/control
design controls Score AA  AG GG AA  AG GG
Hayashi et al [24] 1999 Case-control Japanese Hospital 7 21 42 54 22 47 72 117 141
Kikuoka et al [28] 2001 Case-control Japanese Hospital 8 6 62 57 34 88 78 125 200
Cinek et al [16] 2001 Case-control Czech Hospital 8 123 125 57 106 133 50 305 289
Fajardy et al [20] 2002 Case-control French Hospital 8 41 76 17 96 146 31 134 273
Mochizuki et al [31] 2003 Case-control Japanese Hospital 6 17 36 44 12 27 21 97 60
Haller et al [22] 2004 Case-control Estonia Hospital 6 18 29 22 50 85 23 69 158
Liang et al [30] 2004 Case-control Japanese Hospital 6 0 10 19 3 27 10 29 40
Mojtahedi et al [32] 2005 Case-control Iranian Hospital 6 21 78 10 146 149 36 109 331
Hauache et al [23] 2005 Case-control Brazilian Hospital 5 42 63 19 30 34 11 124 75
AhmedovG et al [18] 2006 Case-control Azerbaijan lan Hospital 5 80 58 22 143 103 25 160 271
Baniasadi et al [19] 2006 Case-control North Indians Hospital 6 50 62 18 76 79 25 130 180
Ferreira et al [21] 2009 Case-control Brazilians Hospital 6 52 40 6 44 42 10 98 96
Jung et al [27] 2009 Case-control Korean Hospital 6 24 58 94 13 31 46 176 90
Lemos et al [29] 2009 Case-control Portuguese Hospital 5 82 95 30 111 108 30 207 249
Jin et al [26] 2009 Case-control China Hospital 5 20 155 157 70 239 167 332 476
Philip et al [34] 2011 Case-control SouthernIndia  Hospital 5 5 30 18 32 15 6 53 53
Ahmadi et al [17] 2013 Case-control Iranian Hospital 6 25 32 3 67 36 4 60 107
Jin etal [25] 2014 Case-control China Hospital 6 26 194 182 72 241 169 402 482
Mosaad et al [33] 2017 Case-control Egyptian Hospital 7 17 21 2 12 8 0 40 20
Table 2. Meta-analysis results group, the number of
Genetic model Pooled OR Zvalue Pvalue Study  Total cases of J'(he th'ree e
(95% CI) number size notypes (mclgdmg AA,
Allelic genetic model 1.32[0.98,1.78] 1.80 0.07 19 6755 g‘iﬂ and GG) in the T1-
Asia 1.51[0.99,2.29] 1.94 0.05 13 4383 group and the an-
trol group and the dis-
Europe 1.10[0.67,1.79] 0.37 0.71 4 1857 tribution of the control
South America 0.95[0.40,2.25] 0.11 0.91 2 515 genotypes. If the opin-
Recessive genetic model 1.55[1.12,2.15] 3.63 0.008 19 4749 jons were inconsistent,
Asia 1.73[1.10,2.73] 236 0.02 13 2978 the two investigators di-
Europe 1.56[0.91,2.67] 1.63 0.10 4 1424 scussed to solve the
South America 0.82[0.42,1.59] 0.60 055 2 347 inconsistencies or con-
Dominant genetic model  0.52[0.34,0.79] 3.06 0002 20 4056  Sulted a third investi-
Asia 0.42[0.24,0.76] 2.89 0004 13 2774 &3¢
Europe 0.75[0.43,1.32] 0.99 0.32 4 627 Outcome indicators
South America 0.52[0.34,0.79] 1.67 0.09 2 168
Homozygous genetic model 1.35[1.04,1.77] 222 0.03 19 1809 In this paper, the odds
Asia 1.75[1.15,2.65] 2.63 0008 13 1014 ratio (OR)and 95% confi-
Europe 1.24[0.87,1.76] 120 023 4 260 denceinterval(Cl)of the
South America 0.82[0.26,2.58] 033 074 2 46 allele genetic model (G
_ vs A), recessive genetic
Heterozygous genetic mode 1.60 [1.05, 2.46] 2.17 0.03 19 2820 model (GG vs GA + AA),
Asia 1.77[0.93,3.34] 174 008 13 1814  gominant genetic model
Europe 1.80[0.89,3.64] 1.64 0.1 4 797 (GG + GA vs AA), homo-
South America 0.75[0.37,1.51] 0.80 0.42 2 179 zygous genetic model

Notes: OR: odds ratio. Cl: confidence interval. Total size: the total number of TLDM cases
and the control group. Allelic genetic model: G allele distribution frequency; Recessive
genetic model: GG versus GA + AA. Dominant genetic model: GC + CC versus GG. Homozy-
gous genetic model: GG versus AA. Heterozygous genetic mode: GG versus GA.

publication, the type of study design, the eth-
nicity in the study, the sample size of each
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(GG vs AA), and hetero-
zygous genetic model
(GG vs GA) were used as
outcome indicators to
compare the distributi-

on of the allele and genotypes between T1DM
group and control group. At the same time, a
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T1DM Control Odds Ratio Odds Ratio

r r Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
1.1.1 Asia
Hayashi 1999 150 84 191 91 Not estimable 1999
Kikuoka 2001 239 371 233 345 96% 0.87 [0.64, 1.19] 2001 -
Mochizuki 2003 124 70 69 51 Not estimable 2003
Liang 2004 48 10 47 33 Not estimable 2004
Hauache 2005 98 120 221 44 8.2% 4.43[2.69,7.30] 2005 -
Mojtahedi 2005 101 147 56 94  7.9% 1.49[0.87, 2.56] 2005 I
Baniasadi 2006 102 218 153 389 9.4% 1.36 [0.97, 1.90] 2006 _'_
Ahmedov G 2006 98 162 129 231 8.9% 1.21[0.80, 1.82] 2006 T
Jung 2009 52 144 62 130 8.3% 0.62[0.38, 1.01] 2009 /]
Jin 2009 246 106 123 57 Not estimable 2009
Philip 2011 66 40 27 79 Not estimable 2011
Ahmadi 2013 38 82 44 170 7.8% 247 [1.42,4.30] 2013 -
Jin 2014 558 246 579 385 Not estimable 2014
Tawfik 2017 25 55 8 32 51% 2.50[0.96, 6.53] 2017 T
Subtotal (95% CI) 1855 2528 65.2% 1.51 [0.99, 2.29] N
Total events 1945 1942
Heterogeneity: Tau? = 0.29; Chi? = 46.14, df = 7 (P < 0.00001); I = 85%
Test for overall effect: Z = 1.94 (P = 0.05)
1.1.2 Europe
Cinek 2001 239 371 233 345 96% 0.87 [0.64, 1.19] 2001 -
Fajardy 2002 110 158 208 338 8.9% 1.43 [0.96, 2.14] 2002 T
Haller 2004 124 65 131 185 Not estimable 2004
Lemos 2008 155 65 168 330 Not estimable 2009
Subtotal (95% CI) 659 1198 18.5% 1.10 [0.67, 1.79] A
Total events 628 740
Heterogeneity: Tau? = 0.09; Chi* = 3.68, df = 1 (P = 0.06); I> = 73%
Test for overall effect: Z=0.37 (P = 0.71)
1.1.3 South America
Hauache 2005 101 147 56 94  7.9% 1.49[0.87, 2.56] 2005 I
Ferreira 2009 52 144 62 130 8.3% 0.62[0.38, 1.01] 2009 /1
Subtotal (95% CI) 291 224 16.3% 0.95 [0.40, 2.25] -
Total events 153 118
Heterogeneity: Tau? = 0.32; Chi* = 5.62, df = 1 (P = 0.02); I? = 82%
Test for overall effect: Z=0.11 (P = 0.91)
Total (95% Cl) 2805 3950 100.0% 1.32[0.98, 1.78] <
Total events: , 2726-; 2800 i . ) ) ) ,
Heterogeneity: Tau? = 0.22; Chi® = 60.36, df = 11 (P < 0.00001); I> = 82% 0.01 01 1 10 100

Test for overall effect: Z = 1.80 (P = 0.07)

Favours [experimental] Favours [control
Test for subgroup differences: Chi* = 1.44.df =2 (P = 0.49). = 0% [exp ] [ I

Figure 2. Forest plot of the TADM associated gene rs231775 site A/G polymorphism under the allelic genetic model
(distribution of G allelic frequency of CTLA4 rs231775 gene).

subgroup analysis of different ethnic groups Results
was performed.

Literature screening process
Statistical analysis

A total of 384 articles were screened. Among

Review Manager 5.3 software (Version: 5.3.5,
Sun Microsystems Inc.) was used to analyze
the original data of the literature. Heterogeneity
tests were performed on the included data,
and heterogeneity was assessed using I?
(I = 0-24%: no heterogeneity; 1> = 25%-49%:
moderate heterogeneity; 12 = 50%-74%: high
heterogeneity: 1> = 75%-100%: very high het-
erogeneity). If I2 < 50%, the fixed effect model
was used, and if 12 > 50%, the random effect
model was used. A funnel plot was used to
evaluate potential publication bias. P < 0.05
was determined as statistically significant
difference.
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them, 361 articles were excluded after reading
the title or the abstract. After reading the full
texts, 7 articles were excluded, including 2 arti-
cles published repeatedly, 3 articles that were
not in Hardy-Weinberg equilibrium and 2 arti-
cles of cohort research (see the prism flow-
chart, Figure 1). Finally, we included 19 articles
[16-34] for the Meta-analysis (Table 1).

The basic characteristics of the included
literatures

The study included 19 articles, with a total of
6358 case subjects (Table 1). There were 2767
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T1DM Control Odds Ratio Odds Ratio
r I Events Total Events Total Weight M-H, Ran % Cl Year M.H, Random, 95% CI

1.2.1 Asia
Hayashi 1999 54 63 72 69 Not estimable 1999
Kikuoka 2001 57 248 50 239 79% 1.13[0.73, 1.73] 2001 T
Mochizuki 2003 44 53 21 39 51% 4.19[1.61, 10.88] 2003
Liang 2004 19 10 10 30 Not estimable 2004
Mojtahedi 2005 19 105 11 64 58% 1.06 [0.47, 2.41] 2005 -
Baniasadi 2006 22 138 25 246 6.9% 1.68 [0.91, 3.10] 2006 T
Ahmedov G 2006 18 112 25 155 6.7% 1.00[0.51, 1.93] 2006 -1
Jin 2009 6 92 10 86 4.7% 0.53[0.18, 1.53] 2009 I
Jung 2009 30 177 30 219 73% 1.29[0.74, 2.23] 2009 T
Philip 2011 18 35 6 47 46% 7.24 [2.45,21.37] 2011
Ahmadi 2013 3 57 4 103 3.0% 1.38 [0.30, 6.37] 2013 -
Jin 2014 182 220 169 313 8.0% 4.08 [2.70, 6.18] 2014 -
Tawfik 2017 2 38 0 20 1.0% 2.81[0.13,61.36] 2017
Subtotal (95% CI) 1348 1630  61.1% 1.73 [1.10, 2.73] N
Total events 474 433
Heterogeneity: Tau? = 0.38; Chi? = 40.41, df = 10 (P < 0.0001); I* = 75%
Test for overall effect: Z = 2.36 (P = 0.02)
1.2.2 Europe
Cinek 2001 57 248 50 239 7.9% 1.13[0.73,1.73] 2001 T
Fajardy 2002 17 117 31 242 68% 1.16 [0.61, 2.18] 2002
Haller 2004 22 47 23 135 6.3% 4.29[2.07, 8.87] 2004 -
Lemos 2009 30 177 30 219 73% 1.29[0.74, 2.23] 2009 T
Subtotal (95% CI) 589 835 28.4% 1.56 [0.91, 2.67] -
Total events 126 134
Heterogeneity: Tau® = 0.21; Chi* = 10.48, df =3 (P = 0.01); P =71%
Test for overall effect: Z = 1.63 (P = 0.10)
1.2.3 South America
Hauache 2005 19 106 11 64  5.8% 1.06 [0.47, 2.41] 2005 -
Ferreira 2009 6 92 10 86 4.7% 0.53[0.18, 1.53] 2009 - 1
Subtotal (95% CI) 197 150 10.5% 0.82[0.42, 1.59] “'
Total events 25 21
Heterogeneity: Tau®* = 0.01; Chi* = 1.04,df =1 (P =0.31); P =4%
Test for overall effect: Z = 0.60 (P = 0.55)
Total (95% CI) 2134 2615 100.0% 1.55[1.12, 2.15) <>
Total events 625 588 ) ) ) )

it Tau? = . Chi? = - L2 = 799 } ! + d
Heterogeneity: Tau? = 0.30; Chi? = 567.77, df = 16 (P < 0.00001); I = 72% 0.01 o1 1 10 100

Test for overall effect: Z = 2.63 (P = 0.008)
Test for subgroup differences: Chi? =3.52. df =2 (P=017). 2 =432%

Favours [experimental]

Favours [control]

Figure 3. Forest plot of the TADM associated gene rs231775 site A/G polymorphism under the recessive genetic
model (distribution of G allelic frequency of CTLA4 rs231775 gene).

T1DM cases and 3591 control cases. The dis-
tribution of allele A/G genotype of CTLA4
rs231775 in TADM and control group is shown
in Table 1. These articles were of good quality
as assessed by the Newcastle-Ottawa Scale.
Among the 19 articles, 13 were data from Asian
populations, 4 were data from the European
population, and 2 were data from South
America populations. The genotypes in all 19
articles met the Hardy-Weinberg equilibrium.

Random effect models for all populations

We used random effect models to analyze the
results for all populations. The distribution of
CTLA4 rs231775 polymorphism between TADM
group and control group was analyzed (Table
2). The results showed that the distribution of
the recessive genetic model (OR: 1.55, 95% ClI:
1.12-2.15), the dominant genetic model (OR:
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0.52, 95%Cl: 0.34~0.79) and the homozygous
genetic model (OR: 1.35, 95% CI: 1.04-1.77)
were significantly different between T1DM
group and control group (P < 0.05). However,
there was no statistically significant difference
in the distribution of allele genetic model (OR:
1.32, 95% Cl: 0.98-1.78).

Subgroup analysis from Asia

In this study, we also conducted a subgroup
analysis according to different ethnic popula-
tions. In Mongolian populations of East Asia,
there were significant differences between
TADM group and control group in the allele
genetic model (OR: 1.51, 95% Cl: 0.99-2.29)
(Figure 2) (Table 2), the recessive genetic
model (OR: 1.73, 95% Cl: 1.10-2.73) (Figure 3)
(Table 2), the dominant genetic model (OR:
0.42, 95% CI: 0.24-0.76) (Figure 4) (Table 2)
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T1DM Control Odds Ratio Odds Ratio
ay o 10gro ents S -} Random, 9 H, Random, 95% CI
1.3.1 Asia
Hayashi 1999 21 96 22 119 7.6% 1.23[0.63, 2.41] 1999 T
Kikuoka 2001 6 119 34 166 6.6% 0.21[0.08, 0.51] 2001 -
Mochizuki 2003 17 80 12 48 6.8% 0.81[0.35, 1.88] 2003 /T
Liang 2004 18 51 50 108 7.5% 0.63[0.32, 1.26] 2004 T
Mojtahedi 2005 21 88 146 185 7.9% 0.08 [0.05, 0.15] 2005 -
Baniasadi 2006 50 80 76 104 7.8% 0.61[0.33, 1.15] 2006 7
Ahmedov G 2006 80 80 143 128 Not estimable 2006
Jin 2009 52 46 44 52 Not estimable 2009
Jung 2009 82 125 111 138 8.0% 0.46 [0.27, 0.81] 2009 -
Philip 2011 5 48 32 21 Not estimable 2011
Ahmadi 2013 25 35 67 40 Not estimable 2013
Jin 2014 26 376 72 410 8.4% 0.35[0.22, 0.56] 2014
Tawfik 2017 17 23 12 8 Not estimable 2017
Subtotal (95% Cl) 1247 1527  60.5% 0.42 [0.24, 0.76] <>
Total events 420 821
Heterogeneity: Tau? = 0.59; Chi? = 45.49, df = 7 (P < 0.00001); I? = 85%
Test for overall effect: Z = 2.89 (P = 0.004)
1.3.2 Europe
Cinek 2001 123 182 106 183 8.5% 1.51[0.99, 2.32] 2001 I~
Fajardy 2002 4 93 9% 177 8.3% 0.67 [0.40, 1.10] 2002 ™
Haller 2004 18 51 50 108 7.5% 0.63 [0.32, 1.26] 2004 T
Lemos 2009 82 125 111 138 8.0% 0.46 [0.27, 0.81] 2009 -
Subtotal (95% CI) 451 606 32.3% 0.75 [0.43, 1.32] ‘
Total events 264 363
Heterogeneity: Tau? = 0.25; Chi* = 13.10, df = 3 (P = 0.004); ?=77%
Test for overall effect: Z = 0.99 (P = 0.32)
1.3.3 South America
Hauache 2005 42 82 30 45 7.2% 0.53[0.25, 1.12] 2005 ]
Ferreira 2009 52 46 44 52 Not estimable 2009
Subtotal (95% CI) 128 97  7.2% 0.53 [0.25, 1.12] .
Total events 94 74
Heterogeneity: Not applicable
Test for overall effect: Z = 1.67 (P = 0.09)
Total (95% CI) 1826 2230 100.0% 0.52 [0.34, 0.79] L 4
Total events 778 1258 ) . . )
ity 2 = . i2 = = - |2 = 0y r T T 1
Heterogeneity: Tau? = 0.50; Chi? = 75.20, df = 12 (P < 0.00001); I = 84% 0.001 01 1 10 1000

Test for overall effect: Z = 3.06 (P = 0.002)
Test for subgroup differences: Chi? = 2.00. df = 2 (P = 0.37). 7 = 0%

Favours [experimental] Favours [control]

Figure 4. Forest plot of the TIDM associated gene rs231775site A/G polymorphism under the dominant genetic
model (distribution of G allelic frequency of CTLA4 rs231775 gene).

and homozygous genetic model (OR: 1.75, 95%
Cl: 1.15-2.65) (Figure 5) (Table 2). However, the
heterozygous genetic model (OR: 1.77, 95% ClI:
0.93~3.34) showed no significant difference
(Figure 6) (Table 2). Subgroup analysis showed
that the rs231775 A/G polymorphism of the
CTLA4 gene in the Asian population was associ-
ated with the susceptibility to TLDM.

Subgroup analysis from Europe

In the Caucasian population of Europe, the
rs231775 A/G polymorphism of the CTLA4
gene had no relationship with the susceptibility
to TADM. The difference was not statistically
significant in all genetic models, including the
allele genetic model (OR: 1.10, 95% CI: 0.67 -
1.79) (Figure 2) (Table 2), recessive genetic
model (OR: 1.56, 95% CI: 0.91-2.67) (Figure 3)
(Table 2), dominant genetic model (OR: 0.75,
95% Cl: 0.43-1.32) (Figure 4) (Table 2), homo-
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zygous genetic model (OR: 1.24, 95% ClI: 0.87-
1.76) (Figure 5) (Table 2), and heterozygous
genetic model (OR: 1.80, 95% Cl: 0.89-3.64)
(Figure 6) (Table 2).

Subgroup analysis from South America

Similarly, in Caucasian populations of South
America, there was no significant difference in
the rs231775 A/G polymorphism of the CTLA4
gene between T1DM and control group. The
analyzed gene polymorphisms included the
allelic genetic model (OR: 0.95, 95% CI: 0.40-
2.25) (Figure 2) (Table 2), recessive genetic
model (OR: 0.82, 95% Cl: 0.42-1.59) (Figure 3)
(Table 2), dominant genetic model (OR: 0.52,
95% Cl: 0.34-0.79) (Figure 4) (Table 2), homo-
zygous genetic model (OR: 0.82, 95% CI: 0.26-
2.58) (Figure 5) (Table 2) and heterozygous
genetic model (OR: 0.75, 95% CI: 0.37-1.51)
(Figure 6) (Table 2). Thus, the rs231775 A/G
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T1DM Control
1.4.1 Asia
Hayashi 1999 54 21 72 22
Kikuoka 2001 57 6 78 34
Mochizuki 2003 44 17 21 12
Liang 2004 19 0 10 3
Mojtahedi 2005 10 21 36 146 7.7%
Baniasadi 2006 22 80 25 143 148%
Ahmedov G 2006 18 50 25 76 11.5%
Jin 2009 94 24 46 13
Jung 2009 157 20 167 70
Philip 2011 18 5 6 32
Ahmadi 2013 3 25 4 67 28%
Jin 2014 182 26 169 72
Tawfik 2017 2 17 0 122 0.7%
Subtotal (95% CI) 312 702 37.5%
Total events 680 659

Heterogeneity: Tau? = 0.00; Chi? = 2.50, df = 4 (P = 0.64); 1= 0%
Test for overall effect: Z = 2.63 (P = 0.008)

1.4.2 Europe

Cinek 2001 57 123 50 106 21.8%
Fajardy 2002 17 41 31 96 11.4%
Haller 2004 22 18 23 50

Lemos 2009 30 82 30 111 16.4%
Subtotal (95% CI) 264 363 49.7%
Total events 126 134

Heterogeneity: Tau® = 0.00; Chi* =162, df = 2 (P = 0.44); I = 0%
Test for overall effect: Z = 1.20 (P =0.23)

1.4.3 South America
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Ferreira 2009 6 52 10 44 5.6%
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Test for overall effect: Z =0.33 (P =0.74)

Total (95% Cl) 1139 100.0%

Total events 831 814

Heterogeneity: Tau® = 0.01; Chi?=9.75, df =9 (P = 0.37); = 8%

Test for overall effect: Z = 2.22 (P = 0.03)

Test for subgroup differences: Chi? = 2.38.df =2 (P =0.30). P=16.1%
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Figure 5. Forest plot of the TAIDM associated gene rs231775 site A/G polymorphism under the homozygous genetic
model (distribution of G allelic frequency of CTLA4 rs231775 gene).

polymorphism of the CTLA4 gene was not relat-
ed to the susceptibility of TIDM in the Cau-
casian population of South America.

Analysis of publication bias

Using Revmanb.3 Meta-analysis software, a
funnel plot was generated to evaluate the
potential publication bias. If the funnel diagram
is asymmetric, it indicates a publication bias,
otherwise, there is no publication bias. As
shown in Figure 7, the points in the figure were
symmetrically distributed on both sides of the
midline, which were basically within a 95% Cl,
indicating no obvious publication bias.

Discussion
T1DM is an autoimmune disease [35]. The clas-

sic evolutionary model of TADM, namely the
Eisenbart H model, is constantly being updat-
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ed. There is evidence that islet autoimmunity
and dysfunction often persist for years before
the diagnosis of TADM [36]. TADM in children is
quite different from T1DM in adults in the
occurrence, progression speed and prognosis
[37]. Besides, in children, the impact of genetic
factors in the development of TADM is more
severe than that in adults.

CTLA4 is located on chromosome 2q33, in
which there are many T lymphocyte regulatory
genes such as CTLA4, CD28 and ICOS [38].
Since 1996, studies in different countries such
as Belgium, Poland, Japan and Africa have
reported the widespread existence of CTLA4
rs231775 polymorphisms and found that it
may be related to the increased incidence of
T1DM [39-41].

At present, the relationship between rs231775
A/G polymorphism of CTLA4 and susceptibility

Int J Clin Exp Med 2019;12(9):11149-11159
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Hayashi 1999
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Figure 6. Forest plot of the TADM associated gene rs231775 site A/G polymorphism under the heterozygous genetic

model (distribution of G allelic frequency of CTLA4 rs231775 gene).
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Figure 7. Funnel plot for publication bias.
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to TADM in different ethnic
groups has been widely re-
ported [42]. The meta-analy-
sis in this study involved 19
articles on rs231775 polymor-
phisms of the CTLA4 gene
and susceptibility to TADM in
different ethnic groups, includ-
ing 2767 cases of TAIDM and
3591 cases of control. The
results showed that the rs-
231775 A/G polymorphism
locus of the CTLA4 gene was
associated with TADM in dif-
ferent ethnic groups, and the
correlation degree was differ-
ent under different genetic
models. For all the popula-
tions, the genetic models of

Int J Clin Exp Med 2019;12(9):11149-11159
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the recessive genetic model, the dominant
genetic model, the homozygous genetic model
and the heterozygous genetic model were sig-
nificantly different between the T1DM group
and control group. However, in the allele genet-
ic model, the difference was not statistically
significant. The risk ratio of allele G was signifi-
cantly higher than that of allele A in the whole
population, suggesting that allele G may be the
risky allele of TADM.

We then analyzed the distribution of these
genetic models in sub-populations of Asia,
Europe and South America, respectively. It was
found that the rs231775 G/A polymorphism of
the CTLA4 gene in the Asian population was
significantly different between TADM and con-
trol groups, including the allele genetic model,
dominant genetic model, recessive genetic mo-
del, and homozygous genetic model, but not
the heterozygous genetic model. This indicates
that the risk ratio of allele G is significantly high-
er than that of allele A, suggesting that allele G
may be a risky allele of TADM in Asian popula-
tions. However, there was no significant differ-
ence in rs231775 G/A polymorphism of the
CTLA4 gene in the European and South Ame-
rican Caucasian populations. This may be
caused by racial differences. Further studies
are warranted.

This study has several limitations. First, there
were only 4 articles on the European popula-
tion and 2 articles on the South American pop-
ulation. Compared with the Asian population,
the sample size of the European population
and South American population was relatively
small. Therefore, the relationship of the CTLA4
gene with TADM in European and South Ame-
rican populations remains to be further validat-
ed by large, case-by-case, case-control or pro-
spective studies. Second, the sample size was
relatively small.

In conclusion, the rs231775 G allele mutation
of the CTLA4 gene may increase the suscepti-
bility to TADM in Asian populations.
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