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Abstract: MTNR1B gene encodes one of two high affinity forms of a receptor for melatonin that expressed in many 

tissues, including pancreatic islets β-cells. Several large-scale genome-wide association studies and meta-analysis 

have shown that common variants (rs10830963, rs1387153) in MTNR1B gene are significantly associated with type 

2 diabetes (T2D) in European populations. However, the replication studies in various populations showed an 

inconsistent result. The aim of the present meta-analysis is to investigate this inconsistency, especially in Asian 

populations. A systemic literature search inclusive to November 2018 yielded a total of 19 potentially relevant 

articles with the eligible studies concerning the association of MTNR1B rs10830963 and /or rs1387153 gene 

variants with T2D in Asian populations. We performed the final meta-analysis of 18 studies (26,289 T2D cases and 

24,881controls) for rs10830963 and 12 studies (11,085 T2D cases and 10,520 controls) for rs1387153 with T2D in 

Asian populations.  In the overall estimates, a significant association with T2D was detected only for the risk allele 

G of the rs10830963 with T2D in Asian populations with a combined allelic OR=1.04 (95%CI 1.01 - 1.07, P=0.003) 

under fixed effects model. In the stratified meta-analysis on the basis of ethnicity, the significant association of 

rs10830963 was only in the East Asian population (OR = 1.05, 95%CI 1.02 - 1.08, P=0.001). However, no 

association for rs1387153 with T2D in East or South Asian. The present meta-analysis confirmed that the 

MTNR1B rs10830963 gene variant was significantly associated with increased risk for T2D in Asian populations, 

particularly in East Asian descent. 
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I.    INTRODUCTION 

Type 2 diabetes (T2D) is a complex, multifactorial disorder, characterized by High fasting plasma glucose (FPG) levels, 

impaired insulin sensitivity and pancreatic β-cell dysfunction; and is involved in complicated interactions between genetic 

variants and environmental factors such as physical inactivity, obesity and aging, trigger the disease in genetically 

susceptible individuals (Prasad and Groop, 2015). Association studies of genetic variants in the susceptibility to T2D, 

especially Genome-wide association studies (GWASs) have identified more than 100 genetic variants associated with 

T2D in various populations (Prasad and Groop, 2015; Visscher et al., 2012), including a common diabetogenic 

(rs10830963 and rs1387153) variants in or near the MTNR1B gene, which have been associated with increased risk of 

T2D and its related metabolic traits, such as increased FPG levels and impaired insulin secretion in populations of 

European descent (Bouatia-Naji et al., 2009; Prokopenko et al., 2009; Sabatti et al., 2009; Lyssenko et al., 2009). After 

that, a number of replication studies concerning the association between this variants and T2D have been conducted in 

various ethnic populations (Rönn et al., 2009; Reiling et al., 2009; Tam et al., 2010; Hu et al., 2010; Liu et al., 2010; Xu 

et al., 2010; Kan et al., 2010; Ohshige et al., 2011; Ling et al., 2011; Cho et al., 2011; Rees et al., 2011; Been et al., 2012; 

Liu et al., 2012; Fujita et al., 2012; Bai et al., 2015; Kong et al., 2015; Qian et al., 2015; Salman et al., 2015; Gao et al., 

2016; Plengvidhya et al., 2018; Patel et al., 2018; Tabara et al., 2011; Sparsø et al., 2009; Langenberg et al., 2009; 

Reinehr et al., 2011; Dupuis et al., 2010; Chambers et al., 2009; Takeuchi et al., 2010; Voight et al., 2010; Bonnefond et 
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al., 2012; Jonsson et al., 2013; Renström et al., 2015; Florez et al., 2012; Dietrich et al., 2011; Mussig et al., 2010; 

Stancakova et al., 2009; Wang et al., 2013; Xia et al., 2012; Andersson et al., 2010; Heshmat et al., 2014; Semiz et al., 

2014; Olsson et al., 2011). However, the results from different studies were inconsistent. Therefore, we conducted a meta-

analysis to assess the contributions of the two common genetic variants (rs10830963 and rs1387153) in the MTNR1B to 

the risk of T2D, and achieve a more comprehensive result in Asian populations.  

II.   MATERIALS AND METHODS 

A. SEARCH STRATEGY  

We searched the worldwide literature published in MEDLINE via PubMed, EMBASE, Cochrane CENTRAL, Chinese 

databases (CNKI, CQVIP, Wanfang databases), and Google Scholar for articles of case-control association studies of the 

rs10830963, and/or rs1387153 variants in MTNR1B gene with T2D, published up to 2018. The following search terms 

keywords were used: melatonin receptor 1B’ or ‘‘MTNR1B’’ ‘‘Gene polymorphism’’, ‘‘Genetic variant’’, ‘‘Genetic 

variation’’, ‘‘genotype’’, in combination with words related to ‘‘Type 2 diabetes’’/‘‘Type 2 diabetes mellitus’’ or 

‘‘T2D/T2DM’’. The research subjects were limited to human studies published in English or Chinese languages were 

retrieved. The reference lists of main reports and review articles were also searched in order to identify any additional 

relevant articles. 

B. INCLUSION CRITERIA  

Studies were selected based on the following inclusion criteria: case-control or cohort studies; studies that examining the 

association of the MTNR1B rs10830963 and/or rs1387153 gene variants with the risk of T2D; and both cases and 

controls reporting genotype and/or allele frequencies; controls group accord with Hardy-Weinberg equilibrium. The 

exclusion criteria were: studies that did not fit within the selected conditions; studies with repetitive data.  

C. DATA EXTRACTION  

 Data were drawn out according to a standard protocol. Repeated publications and studies violating the inclusion criteria 

or providing insufficient data were excluded. Same data from different studies were only adopted once. The extracted 

information from all eligible articles included: first author’s surname, publication year, characteristics of study population, 

including country, ethnicity, sex, age, BMI, sample size "cases /controls" and number of genotypes and/or alleles 

frequency in case and control groups. Hardy–Weinberg equilibrium (HWE) test for the controls were included as quality 

assessment indicator. If the reported data were incomplete, the corresponding author was contacted to obtain complete 

data.  

D. STATISTICAL ANALYSIS  

In the current meta-analysis, an allele-contrast model was used to investigate the associations of the rs10830963 and/or 

rs1387153 gene variants with the risk of T2D. The strength of the association of each gene variant and the risk of T2D 

was determined by using odds ratios (ORs) and their corresponding 95% confidence intervals (CIs). The pooled ORs were 

obtained only for allele contrast model (G vs. C) of rs10830963 gene variant and (T vs. C) of rs1387153 gene variant 

because some studies lack the information for genotypes. The statistical significance of pooled ORs was determined by 

using the Z test, with the significance level set at P<0.05. 

The heterogeneity between studies was analyzed by using the chi-square test based on the Q statistic, with the significance 

level set at P<0.1 (Cochran, 1968) and/or heterogeneity index (I
2
, 0–100) (Higgins et al., 2003). The heterogeneity was 

quantified by the I
2
 value (Higgins et al., 2003), if no heterogeneity between the individual studies was existed, the pooled 

ORs were computed by using the fixed–effects method of Mantel–Haenszel (Petos method) (Mantel and Haenszel, 1959). 

If the significant heterogeneity between the individual studies was existed, the pooled OR was estimated using random-

effects model of DerSimonian–Laird (D–L method) (DerSimonian and Laird, 1986).  

The potential publication bias was estimated using the funnel plot (Mutshinda and Sillanpaa, 2012). The funnel plot 

asymmetry was quantified using Egger’s regression approach (Egger et al., 1997), on the natural logarithmic scale of the 

OR, with the significance level set a P<0.05, which considered to indicate significant asymmetry and the existing of 

significant publication bias. The population-attributable risk (PAR) was calculated on the basis of estimated ORs and risk 

allele frequencies in cases group to get a comprehensive view of the impact of the two genetic variants on T2D at 
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population level, using the following formula: (OR-1)/OR * risk allele frequency (Cugino et al., 2012). The statistical 

analyses were performed by STATA 11.0 software (StataCorp, College Station, TX, USA). 

 

Figure 1: Flow chart of search strategy for eligible studies 

Table 1: The characteristics of the eligible studies included in the present meta–analysis 
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III.   RESULTS 

A. CHARACTERISTICS OF INCLUDED STUDIES  

A total of nineteen potentially relevant articles withe twenty-two eligible studies were included in the present meta-

analysis (Fig. 1) describing an association of the two genetic variants in MTNR1B and T2D. Eighteen studies (26,289 

cases and 24,881controls) concerning the association between MTNR1B rs10830963 and T2D (Rönn et al., 2009; Tam et 

al., 2010; Hu et al., 2010; Xu et al., 2010; Kan etal., 2010; Ohshige et al., 2011; Ling et al., 2011; Rees et al., 2011; Been 

et al., 2012; Fujita et al., 2012;Kong et al., 2015; Salman et al., 2015; Gao et al., 2016; Patel et al., 2018; Tabara et al., 

2011) and twelve studies (11,085 cases and 10,520 controls) concerning the association between MTNR1B rs1387153 and 

T2D (Xu et al., 2010; Kan et al., 2010; Ohshige et al., 2011; Been et al., 2012; Liu et al., 2012; Bai et al., 2015; Qian et 

al., 2015; Salman et al., 2015; Plengvidhya et al., 2018; Tabara et al., 2011). Table 1 lists the main characteristics of the 

nineteen eligible articles for our meta-analysis. No study was excluded for deviating from the Hardy-Weinberg 

equilibrium (HWE). 

Egger regression analysis indicated no publication bias for the MTNR1B rs10830963 and rs1387153 gene variants which 

indicated reliability of the pooled results (t=-0.92, P=0. 0.371, 95%CI –2.024~0.798, t=-0.03, P=0.976, 95%CI –

2.69~2.62, respectively) (data not shown).  

 

Figure 2 Forest plot of association between MTNR1B rs10830963gene polymorphism and risk of T2D in Asian 

populations under allele contrast model comparison. For each study, the estimate of OR and its 95% CI is plotted with a 

closed square and horizontal line. The size of the black squares is proportional to the weight that the study has in 

calculating the summary effect estimate (diamond). The center of the diamond indicates the pooled OR and the ends of 

the diamond correspond to the 95% CI. A dashed line is plotted vertically through the combined odds ratio. This line 

crosses the horizontal lines of all individual studies.  
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Figure 3 Forest plot of the association between MTNR1B rs1387153gene polymorphism and risk of T2D in Asian 

populations under allele contrast model comparison.  

B. MTNR1B rs10830963 AND TYPE 2 DIABETES  

Figure 2 represents the forest plot of risk allele OR of an individual studies and meta–analysis for association between 

MTNR1B rs10830963 gene variant and T2D in a total of 26,289 T2D patients and 24,881 control subjects from the 

eighteen studies. Twelve studies showed a trend of elevated OR forthe risk allele G of MTNR1B rs10830963. Three 

studies, Chinese (Ling et al., 2011), Pakistani DGP (Rees et al., 2011) and Japanese (Fujita et al., 2012) showed no 

association. Four studies, Chinese (Tam et al., 2010), Pakistan UKADS (Rees et al., 2011), Indian (Patel et al., 2018) and 

Japanese (Tabara et al., 2011) showed a trend in the opposite direction. The overall frequency of the risk allele G was to 

42.4% in cases and 41.7% in controls. No heterogeneity was detected between studies (P=0.488, I
2
=0.0%). A fixed effect 

model was performed and generated a combined allelic OR of 1.04 (95%CI 1.01 - 1.07, P=0.003) for the G allele of 

MTNR1B rs10830963 in Asian populations. 

The population attributable risk (PAR) of T2D related to this variant was 1.64%. 

In the stratified meta-analysis on the basis of ethnicity, threaten East Asian studies including 22,618 T2D patients and 

21,453 control subjects were enrolled. Nine studies showed a trend of elevatedOR for the risk allele G. Two studies, 

Chinese (Tam et al., 2010) and Japanese (Tabara et al., 2011) showed a trend in the opposite direction. Two studies, 

Chinese (Ling et al., 2011) and Japanese (Fujita et al., 2012), showed no association. The overall frequency of the risk 

allele G was to 42.9% in cases and 41.2% in controls. No significant heterogeneity was detected between studies (P = 0. 

0.342, I
2
 = 10.3%). A fixed effect model was performed and generated a combined allelic OR of 1.05 (95%CI 1.02 - 1.08, 

P=0.001) for the risk allele G of MTNR1B rs10830963 in the East Asian populations. 
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Five south Asian studies including 3,671 T2D patients and 3,428 control subjects were enrolled. Two studies from India 

(Been et al., 2012; Salman et al., 2015) showed a trend of elevated OR for the risk allele G. One study from Pakistan 

DGP (Rees et al., 2011) showed no association. Two studies, Pakistani UKADS (Rees et al., 2011) and Indian (Patel et 

al., 2018), showed a trend in the opposite direction. The overall frequency of the risk allele G was to 40.6% in cases and 

41.14% in controls. No heterogeneity was detected between studies (P =0.893, I
2
 = 0.0%). A fixed effect model was 

performed and generated a combined allelic OR of 0.99 (95%CI 0.93 - 1.00, P=0.842) for the risk allele G of MTNR1B 

rs10830963 in the south Asian populations (data not shown). 

C. MTNR1B rs1387153 AND TYPE 2 DIABETES  

Figure 3 represents the forest plot of risk allele OR of an individual study and meta–analysis for association between 

MTNR1B rs1387153 gene variant and T2D in a total of 11,085 T2D patients and 10,520 control subjects from the twelve 

studies. Eight studies showed a trend of elevated OR for the risk allele G. Four studies, Indians (Been et al., 2012), 

Chinese (Liu et al., 2012; Qian et al., 2015) and Japanese (Tabara et al., 2011) showed a trend in the opposite direction. 

The overall frequency of the risk allele T was to 42.1% in cases and 41.3% in controls. A week between-study 

heterogeneity was observed (P= 0.156, I
2
=29.6%). A random effect model was performed and generated a combined 

allelic OR of 1.04 (95%CI 0.99 - 1.10, p=0.084) for the risk allele T of MTNR1B rs1387153 in the Asian populations. 

The population attributable risk (PAR) of T2D related to this variant was 1.6%.   

In the stratified meta-analysis on the basis of ethnicity, nine East Asian studies including 9,070 T2D patients and 8,678 

control subjects enrolled. Six studies showed a trend of elevated OR for the risk allele T. Three studies Chinese (Liu et al., 

2012; Qian et al., 2015) and Japanese (Tabara et al., 2011) showed a trend in the opposite direction. The overall 

frequency of the risk allele T was to 41.8% in cases and 40.8% in controls. A week between-study heterogeneity was 

observed (P = 0.135, I
2
 = 35.4%). A random effect model was performed and generated a combined allelic OR of 1.05 

(95%CI 1.00 - 1.12, P=0.071) for the risk allele T of MTNR1B rs1387153 in the East Asian populations. 

Three south Asian studies including 2,015 T2D patients and 1,842 control subjects were enrolled. Two studies from 

Indian and Thailand (Salman et al., 2015; Plengvidhya et al., 2018), showed a trend of elevated OR for the risk allele T. 

One study from India (Been et al., 2012) showed a trend in the opposite direction. The overall frequency of the risk allele 

T was to 43.1% in cases and 43.7% in controls. No significant heterogeneity between studies was observed (P =0.340, I
2
 

= 7.3%). A fixed effect model was performed and generated a combined allelic OR of 1.00 (95%CI 0.91 - 1.10, P=0.987) 

for the risk allele T of MTNR1B rs1387153 in the south Asian populations. 

IV.  DISCUSSION 

Several large genome wide association studies (GWAS) and large-scale meta-analysis  have indicated a consistent and 

significant association of the minor allele of the two common variants (rs10830963, rs1387153) in MTNR1B gene with 

the a higher risk of T2D in populations of European descent (Bouatia-Naji et al., 2009; Prokopenko et al., 2009; Lyssenko 

et al., 2009). MTNR1B gene (13.16 kb) comprises of two exons, one intron, and 5′- and 3′-flanking regions (Li et al., 

2010). The rs10830963, was found to be located in the middle of the single intron (11.5 kb) of MTNR1B at chromosome 

11q21-q22, where it's G allele was associated with decreased pancreatic β-cell function, increased FPG, hepatic insulin 

resistance and T2D (Prokopenko et al., 2009; Lyssenko et al., 2009; Sparsø et al., 2009; Langenberg et al., 2009; Staiger 

et al., 2008; Song et al., 2011), while the rs1387153, was found to be located 28 kb upstream of the 5 region of MTNR1B, 

where it's T allele was associated with both increased FPG levels and T2D in the genome-wide association study of 

European populations (Bouatia-Naji et al., 2009). This association was also later widely replicated in other independent 

studies from same or different ethnicities; however, inconsistent results were reported. Therefore, we conducted the 

present meta-analysis to investigate this inconsistency, especially in Asian populations.  

Our meta-analyses provided the most comprehensive evaluation of the associations between common variants in the 

MTNR1B (rs10830963, rs1387153) and the risk of T2D in Asian populations.  

In the overall estimates, different associations for the MTNR1B rs10830963 and the MTNR1B rs1387153 gene variants 

with T2D in Asian populations were observed. Significant association for the MTNR1B rs10830963 gene variant with the 

increased risk of T2D was detected, a combined allelic OR of 1.04 (95%CI 1.01 - 1.07, P=0.003) for the risk allele G of 

MTNR1B rs10830963 and no association for the MTNR1B rs1387153 gene variant with increased risk of T2D was 
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detected, a combined allelic OR of 1.04 (95%CI 0.99 - 1.10, P=0.084) for the risk allele T of MTNR1B rs1387153 in the 

Asian populations, under fixed and random effects model, respectively.  

Our result for the MTNR1B rs10830963 gene variant is consistent with the previous reported results in European 

populations (Prokopenko et al., 2009; Lyssenko et al., 2009; Reiling et al., 2009; Sparsø et al., 2009; Langenberg et al., 

2009), Egyptian population (Heshmat et al., 2014), Norwegian population (Olsson et al., 2011). However, the effect sizes 

in our combined sample of Asians ancestry was smaller than that in European populations (1.04 vs. 1.09) for the risk 

allele G of MTNR1B rs10830963 gene variant (Prokopenko et al., 2009), but inconsistent with the previous reported 

results in European populations for MTNR1B rs1387153 gene variant (Bouatia-Naji et al., 2009), also with smaller effect 

sizes than that in European populations (1.04 vs. 1.15) for the risk allele T of MTNR1B rs1387153 (Bouatia-Naji et al., 

2009). Notably, the risk alleles G of the MTNR1B rs10830963 variant and the risk allele T of  MTNR1B rs1387153 gene 

variants in Asian and European studies is the minor alleles, and the intronic variant, MTNR1B rs10830963 is in 

substantial linkage disequilibrium (LD) with MTNR1B rs1387153 (r
2
 = 0.7) (Prokopenko et al., 2009). 

In the stratified meta-analysis on the basis of ethnicity, different associations for the MTNR1B rs10830963 gene variant 

with T2D in East and South Asian populations were observed. Significant association for the risk allele G of MTNR1B 

rs10830963 gene variant with the T2D risk was detected in East Asian population, a combined allelic OR = 1.05 (95%CI 

1.02 - 1.08, P=0.001), but not in south Asian population, a combined allelic OR = 0.99 (95%CI 0.93 - 1.00, P=0.842). 

However, no association for the risk allele T of MTNR1B rs1387153 gene variant with the T2D risk was detected in East 

or South Asian populations was detected, the combined allelic OR for the risk allele T in East or South Asian were 1.05 

(95%CI 1.00 - 1.12, P=0.071), and 1.00 (95%CI 0.91 - 1.10, P=0.987), respectively), suggesting variability in the 

contribution of these variants to the risk of T2D among different ethnic groups.   

There are several possible reasons may explain the differences across the East and South Asian for association of 

MTNR1B rs10830963 gene variant with T2D. Firstly, such different results could also be explained by the sample size. 

The combined sample size differ from 22,618 and 21,453 control for East Asian studies to 3,671 case and 3,428 control 

for south Asian studies, concerning the MTNR1B rs10830963 variant. Naturally, the power of genetic association studies 

is always limited by sample size especially when the effect of a genetic variant is small. Thus, absence of association with 

T2D in South Asian could be due to insufficient power to detect positive association with a small effect. Thus, additional 

association studies with much larger sample size will be required in the future to detect the association of MTNR1B 

rs10830963 gene variant with T2D risk in south Asian population. Secondly, there may be population-specific genetic 

effects as a result of gene-gene and gene-environment interactions (Hunter, 2005; Yang et al., 1999). All the above-

mentioned factors might have contributed to the heterogeneous association results across ethnic groups. 

Although the present meta-analysis limited to Asian populations, albeit this meta-analysis still revealed a weak between-

study heterogeneity for the MTNR1B rs1387153 variant (P=0.156, I
2
=29.6%) in all Asian populations and (P= 0.135, I

2
 = 

35.4%) in East Asian population. Between-study heterogeneity may be due to: 1) Difference in the sample size. Some are 

thousands in a large sample size, and some only a few hundred. The power of genetic association studies is always limited 

by sample size especially when the effect of a genetic variant is small; 2) Ethnicity difference. Studies were conducted in 

different geographical regions and ethnic, and the factors that play a leading role across populations may be different and 

might have contributed to the heterogeneous association results across ethnic groups; 3) Differences in sample selection 

(age, gender); 4) Differences in diagnostic criteria for T2D. T2D was diagnosed based on 1998, 1999 or 2003 World 

Health Organization criteria in some studies (Kan et al., 2010; Ohshige et al., 2011; Bai et al., 2015), whereas other 

studies (Been et al., 2012; Liu et al., 2012; Plengvidhya et al., 2018) were based on 2003, 2004 or 2005 American 

Diabetes Association criteria; 5) Hardy-Weinberg equilibrium is the principal law in population genetic studies. 

Generally, meeting Hardy-Weinberg equilibrium suggests that samples have representation. The genotypic distributions 

of this variant were in Hardy-Weinberg equilibrium in both T2D patients and control groups in all selected studies for our 

meta-analysis. Sometimes Hardy-Weinberg equilibrium was met, but the genotype frequency was not always consistent to 

that of the local population. The complexity of T2D or family history of cases may also affect the results. The factors that 

play a leading role across populations may be different. 

The melatonin receptor 1B (MTNR1B) gene is located on human chromosome 11q21–q22 and was found to be expressed 

in human retina, brain and, more specifically, in the diencephalon, including the hypothalamus and the suprachiasmatic 
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nucleus (SCN) and the circadian rhythm control center (Peschke, 2008). It is also expressed in human pancreatic islets β-

cells (Bouatia-Naji et al., 2009; Lyssenko et al., 2009; Ramracheya et al., 2008), suggesting a putative direct role of 

melatonin on β-cell function (Staiger et al., 2008). 

MTNR1B encodes melatonin receptor 2 (MT2) which is one of the two high-affinity G-protein-coupled receptors for 

melatonin, neurohormone primarily secreted by the pineal gland in response to the loss of light exposure to the retina 

(Mulder et al., 2009, Peschke and Mu¨hlbauer, 2010) and is mainly involved in the regulation of circadian rhythm and 

sleep cycles (Peschke, 2008).  

Plasma melatonin follows an opposite circadian rhythm to plasma insulin and glucose, rising by night and falling by day 

and the melatonin receptor 2 (MT2) was found to be indirectly regulate glucose levels and insulin secretion through the 

brain control center of the circadian clock (Bouatia-Naji et al., 2009). MT2 is predominantly expressed in β-cells and 

upregulated in pancreatic islets of  T2D patients (Lyssenko et al., 2009; Peschke, 2008; Ramracheya et al., 2008), and the 

defective MTNR1B G-protein-coupled receptor signaling on human β-cells decreased glucose sensitivity and impaired 

insulin secretion (Peschke et al., 2013), suggesting that MT2 receptor may play a role in insulin secretion and T2D. 

Genetic association studies of the T2D susceptibility variants, especially Genome-wide association studies (GWASs) 

provided a link between MTNR1B gene and T2D risk and/or FPG levels, the common genetic variants, rs10830963 and 

rs1387153 (r
2
= 0.7 in Europeans) in the MTNR1B were associated with higher levels of FPG, dicreased insulin secretion 

and increased risk to T2D in European population (Bouatia-Naji et al., 2009; Prokopenko et al., 2009; Lyssenko et al., 

2009), and some of the variants of MTNR1B have been suggested to be the proper causal variants in functional studies 

(Gaulton et al., 2015). In Addition, candidate gene based studies reported that rare loss-of function variants of MTNR1B 

were associated with the highest incidence of T2D (Bonnefond et al., 2012).  

Melatonin has an inhibitory effect on insulin secretion in clonal β-cells (Lyssenko et al., 2009; Ramracheya et al., 2008) 

thereby explaining the association between the MTNR1B locus and FPG as well as T2D (Mulder et al., 2009). Suggesting 

that common genetic variants of the MTNR1B gene may contribute to the increased risk of impaired FPG and T2D 

through impaired insulin secretion. 

V.   CONCLUSIONS 

To the best of our knowledge, the present meta-analysis is the first largest study reported to date on the association of the 

common genetic variants (rs10830963, rs1387153) in MTNR1B gene and T2D in Asian populations. Its strength was 

based on the accumulation of published data giving greater information to detect significant differences. The present 

meta-analysis confirmed significant associations of the MTNR1B rs10830963 gene variant with T2D in the all Asian 

populations, and especially in the East Asian population. Population based whole genome screening studies and larger 

studies with detailed phenotypic data in patients with T2D are needed to address the clinical significance of this finding. 

Author contributions 

Mustafa Abdo Saif Dehwa designed the study, searched the literature, analysed the data, prepared the manuscript;  

REFERENCES 

[1] Andersson, E.A., Holst, B., Sparsø, T., Grarup, N., Banasik, K., Holmkvist, J., Jørgensen, T., Borch-Johnsen, K., 

Egerod, K.L., Lauritzen, T., et al. (2010). MTNR1B G24E variant associates with BMI and fasting plasma glucose 

in the general population in studies of 22,142 Europeans. Diabetes, 59(6): 1539–1548. doi: 10.2337/db09-1757.  

[2] Bai, H., Liu, H., Suyalatu, S., Guo, X., Chu, S., Chen, Y., Lan, T., Borjigin, B., Orlov, Y.L., Posukh, O.L., et al. 

(2015). Association Analysis of Genetic Variants with Type 2 Diabetes in a Mongolian Population in China. J. 

Diabet. Res. 2015(613236): 1-7. doi: 10.1155/2015/613236.  

[3] Been, L.F., Hatfield, J.L., Shankar, A., Aston, C.E., Ralhan, S., Wander, G.S., Mehra, N.K., Singh, J.R., Mulvihill, 

J.J. and Sanghera, D.K. (2012). A low frequency variant within the GWAS locus of MTNR1B affects fasting 

glucose concentrations: Genetic risk is modulated by obesity. Nutr. Metab. Cardiovasc. Dis. 22(11): 944–951. 

doi:10.1016/j.numecd.2011.01.006. 



  ISSN 2394-966X 

International Journal of Novel Research in Life Sciences 
Vol. 6, Issue 3, pp: (104-116), Month: May - June 2019, Available at: www.noveltyjournals.com 

Page | 112 
Novelty Journals 

 

[4] Bonnefond, A., Clément, N., Fawcett, K., Yengo, L., Vaillant, E., Guillaume, J-L., Dechaume, A., Payne, F., 

Roussel, R., Czernichow, S., et al. (2012). Rare MTNR1B variants impairing melatonin receptor 1B function 

contribute to type 2 diabetes. Nat. Genet. 44(3): 297–301. doi: 10.1038/ng.1053.  

[5] Bouatia-Naji, N., Bonnefond, A., Cavalcanti-Proenca, C., Sparso, T., Holmkvist. J., Marchand, M., Delplanque, J., 

Lobbens, S., Rocheleau, G., Durand, E., et al. (2009). Variant near MTNR1B is associated with increased fasting 

plasma glucose levels and type 2 diabetes risk. Nat. Genet. 41(1):89-94. doi: 10.1038/ng.277.  

[6] Chambers, J.C., Zhang, W., Zabaneh, D., Sehmi, J., Jain, P., McCarthy, M.I., Froguel, P., Ruokonen, A., Balding, 

D., Jarvelin, M.R., et al. (2009). Common genetic variation near melatonin receptor MTNR1B contributes to raised 

plasma glucose and increased risk of type 2 diabetes among Indian Asians and European Caucasians. Diabetes, 

58:(11):2703-8. doi: 10.2337/db08-1805.  

[7] Cho, Y.S., Chen, C.H., Hu, C., Long, J., Ong, R.T., Sim, X., Takeuchi, F., Wu, Y., Go, M.J., Yamauchi, T., et al. 

(2012). Meta-analysis of genome-wide association studies identifies eight new loci for type 2 diabetes in east 

Asians. Nat. Genet. 44(1):67-72. doi: 10.1038/ng.1019. 

[8] Cochran, W.G. (1968). The effectiveness of adjustment by subclassification in removing bias in observational 

studies. Biometrics, 24(2): 295–313. doi: 10.2307/2528036.  

[9] Cugino, D., Gianfagna, F., Santimone, I., de Gaetano, G., Donati, M.B., Iacoviello, L. and Di Castelnuovo, A. 

(2012). Type 2 diabetes and polymorphisms on chromosome 9p21: A meta-analysis. Nutr. Metab. Cardiovasc. Dis. 

22(8):619-25. doi: 10.1016/j.numecd.2010.11.010. 

[10] DerSimonian, R. and Laird, N. (1986). Meta-analysis in clinical trials. Control. Clin. Trials, 7(3): 177–188. 

[11] Dietrich, K., Birkmeier, S., Schleinitz, D., Breitfeld, J., Enigk, B., Müller, I., Böttcher, Y., Lindner, T., Stumvoll, 

M., Tönjes, A. and Kovacs, P. (2011). Association and evolutionary studies of the melatonin receptor 1B gene 

(MTNR1B) in the self-contained population of Sorbs from Germany. Diabet. Med. 28(11):1373-80. doi: 

10.1111/j.1464-5491.2011.03374.  

[12] Dupuis, J., Langenberg, C., Prokopenko, I., Saxena, R., Soranzo, N., Jackson, A.U., Wheeler, E., Glazer, N.L., 

Bouatia-Naji, N., Gloyn, A.L., et al. (2010). New genetic loci implicated in fasting glucose homeostasis and their 

impact on type 2 diabetes risk. Nat. Genet. 42(2):105-16. doi: 10.1038/ng.520.  

[13] Egger, M., Davey, S.G., Schneider, M. and Minder, C. (1997). Bias in meta-analysis detected by a simple, graphical 

test. BMJ. 315(7109): 629–634. doi: https://doi.org/10.1136/bmj.315.7109.629.  

[14] Florez, J.C., Jablonski, K.A., McAteer, J.B., Franks, P.W., Mason, C.C., Mather, K., Horton, E., Goldberg, R., 

Dabelea, D., Kahn, S.E., et al. (2012). Effects of genetic variants previously associated with fasting glucose and 

insulin in the Diabetes Prevention Program. PLoS One, 7(9): e44424.doi: 10.1371/journal.pone.0044424.  

[15] Fujita, H., Hara, K., Shojima, N., Horikoshi, M., Iwata, M., Hirota, Y., Tobe, K., Seino, S. and Kadowaki, T. (2012). 

Variations with modest effects have an important role in the genetic background of type 2 diabetes and diabetes-

related traits. J. Hum. Genet. 57(12):776-779. doi: 10.1038/jhg.2012.110.  

[16] Gao, K., Wang, J., Li, L., Zhai, Y., Ren, Y., You, H., Wang, B., Wu, X., Li, J., Liu, Z., et al. (2016). Polymorphisms 

in Four Genes (KCNQ1 rs151290, KLF14 rs972283, GCKR rs780094 and MTNR1B rs10830963) and Their 

Correlation with Type 2 Diabetes Mellitus in Han Chinese in Henan Province, China. Int. J. Environ. Res. Public 

Health, 13, pii: E260. doi: 10.3390/ijerph13030260. 

[17] Gaulton, K.J., Ferreira, T., Lee, Y., Raimondo, A., Mägi, R., Reschen, M.E., Mahajan, A., Locke, A., Rayner, N.W., 

Robertson, N., et al. (2015). Genetic fine mapping and genomic annotation defines causal mechanisms at type 2 

diabetes susceptibility loci. Nat. Genet. 47(12):1415-1425. doi: 10.1038/ng.3437. 

[18] Heshmat, T.S., Kareem, H.S., Khalil, N.K.M. and Shaker, O.G. (2014). The association between the melatonin 

receptor 1B gene polymorphism rs10830963 and glucose levels in type 2 diabetes. Egypt J. Intern. Med. 26:145–

150. doi: 10.4103/1110-7782.148120 



  ISSN 2394-966X 

International Journal of Novel Research in Life Sciences 
Vol. 6, Issue 3, pp: (104-116), Month: May - June 2019, Available at: www.noveltyjournals.com 

Page | 113 
Novelty Journals 

 

[19] Higgins, J.P., Thompson, S.G., Deeks, J.J. and Altman, D.G. (2003). Measuring inconsistency in meta-analyses. 

BMJ. 327(7414):557-560. doi: https://doi.org/10.1136/bmj.327.7414.557. 

[20] Hu, C., Zhang, R., Wang, C., Yu, W., Lu, J., Ma, X., Wang, J., Jiang, F., Tang, S., Bao, Y., et al. (2010). Effects of 

GCK, GCKR, G6PC2 and MTNR1B variants on glucose metabolism and insulin secretion. PLoS One, 5(7):e11761. 

doi: 10.1371/journal.pone.0011761. 

[21] Hunter, D.J. (2005). Gene-environment interactions in human diseases. Nat. Rev. Genet. 6(4): 287–298. 

[22] Jonsson, A., Ladenvall, C., Ahluwalia, T.S., Kravic, J., Krus, U., Taneera, J., Isomaa, B., Tuomi, T., Renström, E., 

Groop, L. and Lyssenko, V. (2013). Effects of common genetic variants associated with type 2 diabetes and 

glycemic traits on α- and β-cell function and insulin action in humans. Diabetes, 62(8): 2978–2983.doi: 

10.2337/db12-1627.  

[23] Kan, M.Y., Zhou, D.Z., Zhang, D., Zhang, Z., Chen, Z., Yang, Y.F., Guo, X.Z., Xu, H., He, L. and Liu, Y. (2010). 

Two susceptible diabetogenic variants near/in MTNR1B are associated with fasting plasma glucose in a Han 

Chinese cohort. Diabet. Med. 27(5): 598–602. https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1464-

5491.2010.02975.x 

[24] Kong, X., Zhang, X., Xing, X., Zhang, B., Hong, J. and Yang, W. (2015). The Association of Type 2 Diabetes Loci 

Identified in Genome-Wide Association Studies with Metabolic Syndrome and Its Components in a Chinese 

Population with Type 2 Diabetes. PLoS One, 10, e0143607. doi: 10.1371/journal.pone.0143607.   

[25] Langenberg, C., Pascoe, L., Mari, A., Tura, A., Laakso, M., Frayling, T.M., Barroso, I., Loos, R.J., Wareham, N.J. 

and Walker, M. (2009). Common genetic variation in the  melatonin receptor 1B gene (MTNR1B) is associated with 

decreased  early-phase insulin response. Diabetologia,  52(8):1537-1542. 

[26] Li, C., Shi, Y., You, L., Wang, L. and Chen, Z.J. (2010). Association of rs10830963 and rs10830962 SNPs in the 

melatonin receptor (MTNR1B) gene among Han Chinese women with polycystic ovary syndrome. Mol. Hum. 

Reprod. 17(3):193-198. doi: 10.1093/molehr/gaq087. 

[27] Liu, C., Wu, Y., Li, H., Qi, Q., Langenberg, C., Loos, R.J.F. and Lin, X. (2010). MTNR1B rs10830963 is associated 

with fasting plasma glucose, HbA1C and impaired β-cell function in Chinese Hans from Shanghai. BMC. Med. 

Genet. 11: 59. doi: 10.1186/1471-2350-11-59. 

[28] Liu, Y., Zhou, L., Xie, X.M., Yang, Z. (2012). The correlation of MTNR1B gene polymorphism with type 2 

diabetes mellitus in Ningxia Han population. China Academic Journal 6: 111–1121. 

[29] Ling, Y., Li, X., Gu, Q., Chen, H., Lu, D. and Gao, X. (2011). A common polymorphism rs3781637 in MTNR1B is 

associated with type 2 diabetes and lipids levels in Han Chinese individuals. Cardiovasc. Diabetol. 10:27. doi: 

10.1186/1475-2840-10-27. 

[30] Lyssenko, V., Nagorny, C.L., Erdos, M.R., Wierup, N., Jonsson, A., Spegel, P., Bugliani, M., Saxena, R., Fex, M., 

Pulizzi, N., et al. (2009). Common variant in MTNR1B associated with increased risk of type 2 diabetes and 

impaired early insulin secretion. Nat. Genet. 41(1):82-88. doi: 10.1038/ng.288. 

[31] Mantel, N. and Haenszel, W. (1959). Statistical aspects of the analysis of data from retrospective studies of disease. 

J. Natl. Cancer Inst. 22(4): 719–748. 

[32] Mulder, H., Nagorny, C.L., Lyssenko, V. and Groop, L. (2009). Melatonin receptors in pancreatic islets: good 

morning to a novel type 2 diabetes gene. Diabetologia,  52(7):1240-9. doi: 10.1007/s00125-009-1359-y. 

[33] Müssig, K., Staiger, H., Machicao, F., Häring, H.U. and Fritsche, A. (2010). Genetic variants in MTNR1B affecting 

insulin secretion. Ann. Med. 42(6):387-393. doi: 10.3109/07853890.2010.502125. 

[34] Mutshinda, C.M. and Sillanpää, M.J. (2012). Swift block-updating EM and pseudo-EM procedures for Bayesian 

shrinkage analysis of quantitative trait loci. Theor. Appl. Genet., 125(7):1575-87.doi:10.1007/s00122-012-1936-1. 



  ISSN 2394-966X 

International Journal of Novel Research in Life Sciences 
Vol. 6, Issue 3, pp: (104-116), Month: May - June 2019, Available at: www.noveltyjournals.com 

Page | 114 
Novelty Journals 

 

[35] Ohshige, T., Iwata, M., Omori, S., Tanaka, Y., Hirose, H., Kaku, K., Maegawa, H., Watada, H., Kashiwagi, A., 

Kawamori, R., et al. (2011). Association of new loci identified in European genome-wide association studies with 

susceptibility to type 2 diabetes in the Japanese. PLoS One, 6(10): e26911. doi: 10.1371/journal.pone.0026911.  

[36] Olsson, L., Pettersen, E., Ahlbom, A., Carlsson, S., Midthjell, K. and Grill, V. (2011). No effect by the common 

gene variant rs10830963 of the melatonin receptor 1B on the association between sleep disturbances and type 2 

diabetes: results from the Nord-Trøndelag Health Study. Diabetologia, 54(6):1375–1378. doi:10.1007/s00125-011-

2106-8.  

[37] Patel, R., Rathwa, N., Palit, S.P., Ramachandran, A.V. and Begum, R. (2018). Association of melatonin &MTNR1B 

variants with type 2 diabetes in Gujarat population. Biomed. Pharmacother. 103:429-434. doi: 

10.1016/j.biopha.2018.04.058. 

[38] Peschke, E. (2008). Melatonin, endocrine pancreas and diabetes. J. Pineal. Res. 44(1):26 – 40 

[39] Peschke, E. and Mu¨hlbauer, E. (2010). New evidence for a role of melatonin in glucose regulation. Best Pract. Res. 

Clin. Endocrinol. Metab. 24(5):829-841. doi: 10.1016/j.beem.2010.09.001. 

[40] Peschke, E., Bahr, I. and Muhlbauer, E. (2013). Melatonin and pancreatic islets: interrelationships between 

melatonin, insulin and glucagon. Int. J. Mol. Sci. 14(4):6981–7015. doi: 10.3390/ijms14046981.  

[41] Plengvidhya, N., Chanprasert, C., Chongjaroen, N., Yenchitsomanus, P., Homsanit, M. and Tangjittipokin, W. 

(2018). Impact of KCNQ1, CDKN2A/2B, CDKAL1, HHEX, MTNR1B, SLC30A8, TCF7L2, and UBE2E2 on risk 

of developing type 2 diabetes in Thai population. BMC. Med. Genet. 19(1):93. doi: 10.1186/s12881-018-0614-9. 

[42] Prasad, R.B. and Groop, L. (2015). Genetics of type 2 diabetes-pitfalls and possibilities. Genes (Basel), 6(1): 87–

123. doi: 10.3390/genes6010087 

[43] Prokopenko, I., Langenberg, C., Florez, J.C., Saxena, R., Soranzo, N., Thorleifsson, G., Loos, R.J., Manning, A.K., 

Jackson, A.U., Aulchenko, Y., et al. (2009). Variants in MTNR1B influence fasting glucose levels. Nat. Genet.  

41(1):77-81. doi: 10.1038/ng.290.  

[44] Qian, Y. , Lu,  F., Dong, M., Lin, Y., Li, H., Dai, J., Jin, G., Hu, Z. and Shen, H. (2015). Cumulative Effect and 

Predictive Value of Genetic Variants Associated with Type 2 Diabetes in Han Chinese: A Case-Control Study. 

PLoS One , 10, e0116537. doi: 10.1371/journal.pone.0116537. 

[45] Ramracheya, R.D., Muller, D.S., Squires, P.E., Brereton, H., Sugden, D., Huang, G.C., Amiel, S.A., Jones, P.M. and 

Persaud, S.J. (2008). Function and expression of melatonin receptors on human pancreatic islets. J. Pineal. Res. 

44(3):273-279. doi: 10.1111/j.1600-079X.2007.00523.x.  

[46] Rees, S.D., Hydrie, M.Z., O'Hare, J.P., Kumar, S., Shera, A.S., Basit, A., Barnett, A.H. and Kelly, M.A. (2011). 

Effects of 16 genetic variants on fasting glucose and type 2 diabetes in South Asians: ADCY5 and GLIS3 variants 

may predispose to type 2 diabetes. PLoS One, 6(9):e24710. doi: 10.1371/journal.pone.0024710. 

[47] Reiling, E., van't Riet, E., Groenewoud, M.J., Welschen, L.M., van Hove, E.C., Nijpels, G., Maassen, J.A., Dekker, 

J.M. and Hart, L.M. (2009). Combined effects of single nucleotide polymorphisms in GCK, GCKR, G6PC2 and 

MTNR1B on fasting plasma glucose and type 2 diabetes risk. Diabetologia, 52(9):1866-1870.doi: 10.1007/s00125-

009-1413-9 

[48] Reinehr, T., Scherag, A., Wang, H.J., Roth, C.L., Kleber, M., Scherag, S., Boes, T., Vogel, C., Hebebrand, J. and 

Hinney, A. (2011). Relationship between MTNR1B (melatonin receptor 1B gene) polymorphism rs10830963 and 

glucose levels in overweight children and adolescents. Pediatr. Diabetes, 12(4 Pt 2):435-441. doi: 10.1111/j.1399-

5448.2010.00738.x. 

[49] Renström, F., Koivula, R.W., Varga, T.V., Hallmans, G., Mulder, H., Florez, J.C., Hu, F.B. and Franks, P.W. 

(2015). Season-dependent associations of circadian rhythm-regulating loci (CRY1, CRY2 and MTNR1B) and 

glucose homeostasis: the GLACIER Study. Diabetologia, 58(5):997-1005. doi: 10.1007/s00125-015-3533-8.  



  ISSN 2394-966X 

International Journal of Novel Research in Life Sciences 
Vol. 6, Issue 3, pp: (104-116), Month: May - June 2019, Available at: www.noveltyjournals.com 

Page | 115 
Novelty Journals 

 

[50] Rönn, T., Wen, J., Yang, Z., Lu, B., Du, Y., Groop, L., Hu, R. and Ling, C. (2009). A common variant in MTNR1B, 

encoding melatonin receptor 1B, is associated with type 2 diabetes and fasting plasma glucose in Han Chinese 

individuals. Diabetologia, 52(5):830-3. doi: 10.1007/s00125-009-1297-8.  

[51] Sabatti, C., Service, S.K., Hartikainen, A.L., Pouta, A., Ripatti, S., Brodsky, J., Jones, C.G., Zaitlen, N.A., Varilo, 

T., Kaakinen, M., et al. (2009). Genome-wide association analysis of metabolic traits in a birth cohort from a 

founder population. Nat. Genet. 41(1):35-46. doi: 10.1038/ng.271.  

[52] Salman, M., Dasgupta, S., Cholendra, A., Venugopal, P.N., Lakshmi, G.L., Xaviou, D., Rao, J. and D'Souza, C.J. 

(2015). MTNR1B gene polymorphisms and susceptibility to Type 2 Diabetes: A pilot study in South Indians. Gene. 

566(2):189-93. doi: 10.1016/j.gene.2015.04.064.  

[53] Semiz, S., Dujic, T., Velija-Asimi, Z., Prnjavorac, B., Bego, T., Ostanek, B., Marc, J. and Causevic, A. (2014). 

Effects of Melatonin Receptor 1B Gene Variation on Glucose Control in Population from Bosnia and Herzegovina. 

Exp. Clin. Endocrinol. Diabetes, 122(6):350-355. doi: 10.1055/s-0034-1371871.  

[54] Song, J.Y., Wang, H.J., Ma, J., Xu, Z.Y., Hinney, A., Hebebrand, J. and Wang, Y. (2011). Association of the 

rs10830963 polymorphism in MTNR1B with fasting glucose levels in Chinese children and adolescents. Obes. 

Facts, 4: 197–203. 

[55] Sparsø, T., Bonnefond, A., Andersson, E., Bouatia-Naji, N., Holmkvist, J., Wegner, L., Grarup, N., Gjesing, A.P., 

Banasik, K., Cavalcanti-Proenca, C., et al. (2009). G-allele of intronic rs10830963 in MTNR1B confers increased 

risk of impaired fasting glycemia and type 2 diabetes through an impaired glucosestimulated insulin release: studies 

involving 19,605 Europeans. Diabetes, 58(6):1450-1456. doi: 10.2337/db08-1660.  

[56] Staiger, H., Machicao, F., Schafer, S.A., Kirchhoff, K., Kantartzis, K., Guthoff, M.,  Silbernagel, G., Stefan, N., 

Haring, H-U. and Fritsche, A. (2008). Polymorphisms within the novel type 2 diabetes risk locus MTNR1B 

determine β-cell function. PLoS One, 3(12):e3962. 

[57] Stancáková, A., Kuulasmaa, T., Paananen, J., Jackson, A.U., Bonnycastle, L.L., Collins, F.S., Boehnke, M., 

Kuusisto, J. and Laakso, M. (2009). Association of 18 confirmed susceptibility loci for type 2 diabetes with indices 

of insulin release, proinsulin conversion, and insulin sensitivity in 5,327 nondiabetic Finnish men. Diabetes, 

58(9):2129-2136. doi: 10.2337/db09-0117.  

[58] Tabara, Y., Osawa, H., Kawamoto, R., Onuma, H., Shimizu, I., Makino, H., Kohara, K. and Miki, T. (2011). 

Genotype risk score of common susceptible variants for prediction of type 2 diabetes mellitus in Japanese: the 

Shimanami Health Promoting Program (JSHIPP study). Development of type 2 diabetes mellitus and genotype risk 

score. Metabolism, 60: 1634–1640. 

[59] Takeuchi, F., Katsuya, T., Chakrewarthy, S., Yamamoto, K., Fujioka, A., Serizawa, M., Fujisawa, T., Nakashima, 

E., Ohnaka, K., Ikegami, H., et al. (2010). Common variants at the GCK, GCKR, G6PC2-ABCB11 and MTNR1B 

loci are associated with fasting glucose in two Asian populations. Diabetologia, 53(2):299-308. doi: 

10.1007/s00125-009-1595-1 

[60] Tam, C.H., Ho, J.S., Wang, Y., Lee, H.M., Lam, V.K., Germer, S., Martin, M., So, W.Y., Ma, R.C., Chan, J.C. and 

Ng, M.C. (2010). Common polymorphisms in MTNR1B, G6PC2 and GCK are associated with increased fasting 

plasma glucose and impaired β-cell function in Chinese subjects. PLoS One, 5(7):e11428. doi: 

10.1371/journal.pone.0011428. 

[61] Visscher, P.M., Brown, M.A., McCarthy, M.I. and Yang, J. (2012). Five years of GWAS discovery. Am. J. Hum. 

Genet. 90, 7–24. 

[62] Voight, B.F., Scott, L.J., Steinthorsdottir, V., Morris, A.P., Dina, C., Welch, R.P., Zeggini, E., Huth, C., Aulchenko, 

Y.S., Thorleifsson, G., et al. (2010). Twelve type 2 diabetes susceptibility loci identified through large-scale 

association analysis. Nat. Genet. 42, 579–589. doi: 10.1038/ng.609. 



  ISSN 2394-966X 

International Journal of Novel Research in Life Sciences 
Vol. 6, Issue 3, pp: (104-116), Month: May - June 2019, Available at: www.noveltyjournals.com 

Page | 116 
Novelty Journals 

 

[63] Wang, H., Liu, L., Zhao, J., Cui, G., Chen, C., Ding, H. and Wang, D.W. (2013). Large scale meta-analyses of 

fasting plasma glucose raising variants in GCK, GCKR, MTNR1B and G6PC2 and their impacts on type 2 diabetes 

mellitus risk. PLoS One, 8(6):e67665. doi: 10.1371/journal.pone.0067665. 

[64] Xia, Q., Chen, Z.X., Wang, Y.C., Ma, Y.S., Zhang, F., Che, W., Fu, D. and Wang, X.F. (2012). Association between 

the melatonin receptor 1B gene polymorphism on the risk of type 2 diabetes, impaired glucose regulation: a meta-

analysis. PLoS One, 7: e50107.  

[65] Xu, M., Bi, Y., Xu, Y., Yu, B., Huang, Y., Gu, L., Wu, Y., Zhu, X., Li, M., Wang, T., et al. (2010). Combined 

effects of 19 common variations on type 2 diabetes in Chinese: results from two community-based studies. PLoS 

One, 5: e14022. 

[66] Yang, Q., Khoury, M.J., Sun, F. and Flanders, W.D. (1999). Case-only design to measure gene-gene interaction. 

Epidemiology, 10: 167–170. 

 

 

 

 

 

 

 

 


