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Abstract

Purpose  Variants rs10830963 (C/G) and rs1387153 (C/T)
in MTNR1B have been shown with an increased risk of
developing type 2 diabetes and gestational diabetes melli-
tus. However, the results are still controversial, and evi-
dence was not satisfied. Hence, a case—control study and a
further meta-analysis will be performed in this study.
Methods We recruited 674 GDM patients and 690 con-
trols from Jan 2010 and Jan 2014. The SNPs were geno-
typed by ABI TagMan SNP Genotyping Assays. MTNRI1B
rs10830963 and rs1387153 single nucleotide polymor-
phisms (SNPs) were performed for association analysis.
Then a systematic search of all relevant studies was con-
ducted. A meta-analysis was performed to prove the rela-
tionship between melatonin receptor 1B (rs10830963 and
rs1387153) with GDM.

Results  The case—control study presented that G allele of
the rs10830963 and T allele of rs1387153 were signifi-
cantly associated with increased risk of GDM. The further
meta-analysis included other five studies showed that the
frequency of MTNR1B rs10830963 G allele and rs1387153
T allele are higher in GDM patients.

Conclusion The case—control study proved that the risk
allele (G allele) of rs10830963 and (T allele) of rs1387153
lead to a higher risk for GDM. The further meta-analysis
provides additional evidence supporting the above results.
Due to the limited data currently available in different race
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population, further studies with large sample sizes are
required.

Keywords Melatonin receptor 1B - Gestational diabetes
mellitus - Gene - Polymorphism - Meta-analysis

Introduction

Gestational Diabetes Mellitus (GDM) is defined by WHO
as any degree of glucose intolerance with onset or first
recognition during pregnancy [1]. The incidence of GDM
is about 1-3 % of all pregnancies in the western world [2],
and 5-10 % in Asian pregnancies [3]. The maternal glu-
cose metabolism and insulin sensitivity always changes in
pregnant women. In most instances, pregnant women are
able to meet the increased insulin demand but in some
cases these needs are not met resulting in poor glycaemic
control and consequently GDM [4]. Furthermore, GDM not
just increase the risk of developing type 2 diabetes melli-
tus, but also increasing the risk of adverse pregnancy out-
comes [5]. Although the WHO guidelines for GDM have
been widely used from 1999 [6], there is still no universal
recommendation for screening and diagnosis of GDM [7].
Recently, a study of identifying susceptible genes of
complicated diseases through genome-wide association
strategy was performed. And Melatonin receptor 1B
(MTNR1B) was proven be the diabetogenic genes associ-
ated with the developing of GDM [8]. The gene MTNR1B
encodes a receptor for melatonin which belongs to the G
protein-coupled receptors [9]. Melatonin receptors are
expressed mainly in the brain, and MTNR1B has also been
found in P cells, which implies that genetic variants in the
MTNRI1B might affect pancreatic glucose sensing, insulin
secretion, and, conceivably, glucose tolerance [10].
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Variants rs10830963 (C/G) and rs1387153 (C/T) in
MTNRI1B have been shown with an increased risk of
developing type 2 diabetes [11]. And following studies
reported the association of rs10830963 (C/G) and
rs1387153 (C/T) with GDM [12, 13]. A meta-analysis [7]
published in 2014 also reported the similar results which
included five case—control studies. However, only two
studies reported the association of rs1387153 (C/T) with
GDM. Hence, a case—control study and further meta-
analysis is performed to supplement the data of the asso-
ciation of rs10830963 (C/G) and rs1387153 (C/T) with
GDM of Chinese population in this study.

Materials and methods
Subjects

A total of 1364 subjects were included. All pregnant
women were recruited from the First Clinical Medical
College of Three Gorges University between Jan 2010 and
Jan 2014. The present study was approved by the Ethics
Committee of the First Clinical Medical College of Three
Gorges University. And all participants gave written,
informed consent.

Glucose and diagnostic criteria for GDM

Included GDM cases were identified after a glucose chal-
lenge test (GCT) between weeks 24 and 28 of gestation.
Height, weight, and blood pressure were also measured
using standardized procedures and calibrated equipment.
The standard 100 g oral glucose tolerance test (OGTT) was
performed. Fasting glucose levels were measured at 1, 2
and 3 h. In this study, the GDM cases were defined as those
patients who produced two or more glucose values that met
or exceeded the threshold values [14]. Women diagnosed
with TIDM or T2DM before pregnancy were excluded
from this study.

Genotyping analysis

MTNRI1B rs10830963 and rs1387153 single nucleotide
polymorphisms (SNPs) were performed for association
analysis. Genomic DNA was extracted from peripheral
blood leukocytes using the salting-out technique [15]. The
SNPs were genotyped by ABI TagMan SNP Genotyping
Assays using LightCycler 480 System [10].

Meta-analysis

Included studies had to meet the following criteria: (1) only
case—control or cohort studies were included; (2) all
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patients meeting the diagnostic criteria for GDM, and the
controls must be non-diabetic; (3) included studies should
report one ore more polymorphisms (rs10830963 or
rs1387153); (4) original data for calculating odds ratios
(ORs) with corresponding 95 % confidence intervals (Cls)
were reported; (5) genotype distribution of control for a
certain polymorphism must be in Hardy—Weinberg
equilibrium.

The search strategy was created with the assistance of
a librarian using a combination of terms including
melatonin receptor 1B, MTNRI1B, gestational diabetes
mellitus, GDM, gene, polymorphism, rs10830963,
rs1387153, case—control study; meta-analysis; and sys-
tematic review. No language or other limitations were
imposed. Two reviewers independently screened the titles
and abstracts of studies identified by the search strategy
and discarded clearly irrelevant studies. The same two
reviewers also independently applied the selection crite-
ria to the studies retrieved by the literature search. They
discussed to resolve any disagreement; if any uncertainty
remained, they consulted further reviewer and expert to
decide.

Two reviewers independently extracted the data using a
standardized form regarding inclusion criteria. A consensus
method was used to resolve disagreements, and a third
reviewer was consulted if disagreements persisted. The
detailed data of the first author, year of publication, study
design, total numbers, ethnicity, genotyping method,
genotype distribution, and genotype distributions were
extracted.

Statistical analysis

Chi square test was used to compare Allele/genotype fre-
quencies between two groups. Hardy—Weinberg equilib-
rium of the genotype frequencies was tested by Chi square
test. Meta-analysis was performed with STATA 12.0. The
overall association between genetic polymorphisms and
GDM risk was measured by OR and its 95 % CI. For
rs10830963, the allelic model (G vs. C) and genotype
genetic models were examined which included: (1) co-
dominant effects: GG vs. CC; (2) dominant effect:
GG+GC vs. CC; 3) recessive effect: GG vs. GC+CC. For
rs1387153, the allelic model (T vs. C) and genotype
genetic models was examined which included: (1) co-
dominant effects: TT vs. CC; (2) dominant effect: TT+TC
vs. CC; (3) and recessive effect: TT vs. TC+CC. We
performed the meta-analysis using a fixed-effect model if
no significant heterogeneity was present. A random effects
model was selected to account for heterogeneity in the
design and patient selection among included studies.
P value less than 0.05 was considered statistically
significant.
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Results

A total of 1364 subjects (674 cases and 690 controls) were
included in this case—control study, 674 of them were
diagnosed with GDM, the other 690 women were in control
group without GDM. The distributions of the alleles and
genotypes for rs10830963 and rs1387153 were described in
Table 1. The genotype distribution of GDM group and
control group were conformed Hardy—Weinberg equilib-
rium. In accordance with the genome-wide association
study, the risk allele (G allele) of rs10830963 and (T allele)
of rs1387153 lead to a higher risk for GDM (Table 1). G
allele of the rs10830963 and T allele of rs1387153 were
significantly associated with increased risk of GDM.

Meta-analysis

A total of 56 titles and abstracts were reviewed, and five
case—control studies were included [16-20]. Figure 1
summarizes the study selection process. All 5 included
trials reported the relationship between MTNRIB
rs10830963 with GDM (Table 2). The distribution of
genotypes and alleles in the individual studies were sum-
marized in Table 3. The pooled analysis showed significant
differences between the two groups of co-dominant effects
(GG vs. CC) (OR 1.62, 95 % CI 1.34, 1.94; P = 0.000,
P =29.6 %) (Fig. 2). For dominant effect (GG+GC vs.
CC), the pooled analysis showed significant differences
between the two groups (OR 1.29, 95 % CI 1.16, 1.45;
P = 0.000, I = 0.0 %) (Fig. 3). For recessive effect (GG
vs. GC+CC), the pooled analysis showed significant dif-
ferences between the two groups (OR 1.48, 95 % CI 1.22,
1.78; P = 0.000, I = 46.4 %) (Fig. 4). Two studies
reported the relationship between MTNRIB rs1387153
with GDM. For co-dominant effects: TT vs. CC, the pooled
analysis showed significant differences between the two
groups (OR 1.53, 95 % CI 1.26, 1.86; P = 0.000,
P =0.0 %) (Fig. 5). For dominant effect (TT+TC vs.
CC), the pooled analysis showed significant differences

[ 86 references initially identified ]

‘

42 records excluded after
title review

[ 44 abstracts screened J

28 records excluded after
abstract review

‘

16 full-text assessed against
inclusion criteria

Excluded:
Dta not extractable n=2
without useful data n=9

—

[ 5 studies included ]

Fig. 1 The study selection process of meta-analysis

between the two groups (OR 1.23, 95 % CI 1.06, 1.42;
P = 0.005, > = 1.6 %) (Fig. 6). For recessive effect (TT
vs. TC4+CC), the pooled analysis showed significant dif-
ferences between the two groups (OR 1.39, 95 % CI 1.17,
1.66; P = 0.000, I = 0.0 %) (Fig. 7).

Discussion

GDM is at risk of developing type 2 diabetes mellitus,
more than 50 % patients with GDM develop T2DM in
10 years after pregnancy [21]. However, the development
mechanism of GDM is still not clear. Some studies have
shown that gene polymorphism could be associated with
the pathogenetic mechanisms and developing of GDM.
MTNRI1B as a member of G protein-coupled receptors has
been found in B cells, which might affect pancreatic glu-
cose sensing. The present case—control study proved that
the risk allele (G allele) of rs10830963 and (T allele) of
rs1387153 lead to a higher risk for GDM. G allele of the
rs10830963 and T allele of rs1387153 were significantly
associated with increased risk of GDM. Although the
results were similar with the most published evidences,
inconsistent results were still presented for MTNRI1B

Table 1 Allele and genotype

frequencies of rs10830963 and rs10830963 Genotype (%) Allele (%) P OR (95 % CI)
rs1387153 in GDM CC CG GG C G

GDM group 162 334 178 658 690

Control group 195 362 117 752 596 <0.01 0.756 (0.65, 0.879)

rs1387153 Genotype (%) Allele (%) P OR (95 % CI)

CC CT TT C T
GDM group 341 228 105 910 438
Control group 367 246 77 980 400 <0.05 0.756 (0.65, 0.879)
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Table 2 Characteristics of included studies

Author Year Country Mean age Number BMI Diagnostic criteria Genotype method
Case/control  Case/control  Case Control
Deng 2011 China 31.8/29.7 87/91 23.6/21.5 OGTT confirmed Normal glucose tolerant Sequencing
Kim 2011 Korea 33.1/32.2  928/990 23.32/21.40 OGTT confirmed Normal glucose tolerant TaqMan
Wang 2011 China 32/30 725/1039 21.72/21.48 OGTT confirmed Normal glucose tolerant TagqMan
Vlassi 2012 Greece 35.4/31.3 77/98 25.83/26.76  ADA criteria Normal glucose tolerant PCR-RFLP
Li 2013 China 32.4/31.9  350/480 25.34/24.69 OGTT and IADPSG Normal glucose tolerant PCR-RFLP
Present study 2015 China 31.6/32.1  674/690 24.41/25.12  OGTT confirmed Normal glucose tolerant TagMan
Table 3 Distribution 9f First author Case Control
genotypes and alleles in the
individual studies MTNRIB rs10830963 (C/G) GG GC CC G C GG GC CC G C
Deng 26 38 23 90 84 15 45 31 75 107
Kim 256 435 217 947 869 203 469 294 875 1057
Wang 137 364 199 638 762 191 509 329 891 1167
Vlassi 16 31 30 63 91 12 30 56 54 142
Li 79 158 113 316 384 75 233 172 383 577
Present study 178 334 162 690 658 117 362 195 596 752
First author Case Control
MTNRIB rs1387153 (C/T) TT TC CcC T C TT TC ccC T C
Kim 241 433 235 915 903 204 455 313 863 1081
Vlassi 12 26 39 50 104 11 35 52 57 139
Present study 105 228 341 438 910 77 246 367 400 980
Fig. 2 The pooled analysis of Study %
co-dominant effects (GG vs. _
CC) of MTNRIB 1510830963 'D OR (3% C) Weight
Deng (2011) 234 (1.02, 5.38) 458
Kim (2011) —m 1.71 (1.32, 2.20) 27.99
Wang (2011) —-.-— 1.19 (0.90, 1.57) 25.06
Vlassi (2012) 2.49 (1.04, 5.94) 423
Li (2013) — 1.60 (1.08, 2.38) 16.07
Present study (2015) _._._ 1.83 (1.34, 2.50) 22.06
Overall (I-squared = 29.6%, p = 0.213) @ 1.62 (1.34, 1.94) 100.00
NOTE: Weights are from random effects analysis g
.1I68 1 5.|94
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Fig. 3 The pooled analysis of Study
dominant effect (GG+GC vs.
CC) of MTNRIB rs10830963 D
Deng (2011)
Kim (2011)

Wang (2011)

Vlassi (2012)

Li (2013)

Present study (2015)

Overall (l-squared =0.0%, p = 0.531)

NOTE: Weights are from random effects analysis

%

OR (95% Cl) Weight
H
- 144 (0.75, 2.74) 3.00
:
:
——— 1.39 (1.13, 1.71) 29.62
:
—— 1.18 (0.96, 1.46) 28.22
:
- 2,09 (1.14, 3.84) 337
:
:
—t—— 1.17 (0.88, 1.57) 14.65
i
—— 1.29 (1.01, 1.64) 21.13
;
@ 1.29 (1.16, 1.45) 100.00
)
:
:
-
1
-

T
261

T
1 384

Fig. 4 The pooled analysis of Study %
recessive effect (GG vs.
GC+CC) of MTNR1B ID OR (95% Cl) Weight
rs10830963
Deng (2011) - 2.16 (1.05, 4.43) 5.84
i
Kim (2011) —_— 1.48(1.19. 1.82) 26.50
Wang (2011) —_— E 1.07 (0.84, 1.36) 23.87
|
Vlassi (2012) - 1.88 (0.83, 4.26) 468
Li (2013) —_— 1.57 (1.11, 2.24) 16.68
i
Present study (2015) — 1.71(1.31,2.22) 2243
Overall (l-squared = 46.4%, p = 0.097) Q 1.48(1.22,1.78) 100.00
NOTE: Weights are from random effects analysis i
T - T
226 1 443

polymorphism among studies. Hence, a comprehensive
meta-analysis was needed to provide evidence with high
level.

The present meta-analysis show that the frequency of
MTNRI1B rs10830963 G allele is higher in GDM patients
than that in the healthy controls, and the frequency of
MTNRIB 151387153 T allele is also higher in GDM
patients than in controls. The results demonstrated a sta-
tistically significant positive association between the risk
factor rs10830963 G allele and rs1387153 T allele carriers
and GDM susceptibility. The conclusion was consistent
with a meta-analysis published in 2014 by Zhang et al. [7].

The development of GDM was regulated by multiple
genes. A meta-analysis by Mao et al. found that eight

genetic polymorphisms were significantly associated with
GDM  included TCF7L2 (rs7903146), IGF2BP2
(rs4402960), MTNRIB  (rs10830963), CDKALI1
(rs7754840), KCNJ11 (rs5219), KCNQ1 (rs2237892 and
rs2237895) and GCK (rs4607517) [22]. What’s more, the
genes prompt some pathological mechanisms in process of
GDM, such as impaired B cells function, insulin resistance
and abnormal utilization of glucose. The genetic poly-
morphisms test not only can improve the levels of diag-
nosis, but also can provide genetic target for treating
disease.

In this study, some limitation of meta-analysis should be
addressed. Firstly, publication bias is a unavoidable prob-
lem in meta-analysis, because the positive results are prone
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Fig. 5 The pooled analysis of
co-dominant effects (TT vs. CC)
of MTNRIB rs1387153

Fig. 6 The pooled analysis of
dominant effect (TT+TC vs.
CC) of MTNRI1B rs1387153

Fig. 7 The pooled analysis of
recessive effect (TT vs.
TC+CC) of MTNR1B
rs1387153
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Study %
D OR (95% Cl) Weight
1
Kim (2011) — 1.57 (1.22, 2.02) 60.20
i
Vlassi (2012) - > 1.45 (0.58, 3.64) 453
i
I
|
Present study (2015) —_— 1.47 (1.06, 2.04) 35.27
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|
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I
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I
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Study %
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'
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|
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to publish than negative results which leading the overes-
timation of effects. Secondly, the included sample size was
small which may influence credibility of the results. More
studies are needed in the future. Thirdly, although the
baseline of included cases are comparable, no sub-group
analysis of different race were performed, which may
influence the stability of results.

Conclusions

The case—control study proved that the risk allele (G allele)
of rs10830963 and (T allele) of rs1387153 lead to a higher
risk for GDM. The further meta-analysis provides addi-
tional evidence supporting the above results. Due to the
limited data currently available in different race popula-
tion, further studies with large sample sizes are required.
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