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1 |  INTRODUCTION

Type 2 diabetes mellitus (T2DM), characterized by chronic 
hyperglycemia resulted from resistance against insulin, is 
the most prevalent metabolic disorder worldwide, and it 
currently affects over 300 million people all over the world 
(American Diabetes Association, 2014; Zheng, Ley, & Hu, 
2018). To date, the exact underlying pathogenic mechanism 
of T2DM is still unclear. Nevertheless, accumulating evi-
dence support that genetic predisposition factors may play 
a crucial part in its pathogenesis. First, it was proved that 
positive family history is a strong independent risk fac-
tor of T2DM (Papazafiropoulou, Papanas, Melidonis, & 
Maltezos, 2017). Second, over one hundred genetic loci 
were found to be correlated with an increased risk of T2DM 

by past genome‐wide association studies (Gaulton, 2017). 
Overall, these findings jointly supported that genetic factors 
are crucial for the occurrence and development of T2DM.

Melatonin—a pineal gland hormone that is responsible 
for regulating circadian rhythm— can also impact glucose 
metabolism by affecting circadian (Claustrat & Leston, 
2015). Previous experimental studies found that melatonin 
receptor (MTNR) was abundantly expressed in pancreatic 
islet, and plasma melatonin level was reversely correlated 
with insulin level (Espino, Pariente, & Rodríguez, 2011; 
Lardone, Alvarez‐Sanchez, Guerrero, & Carrillo‐Vico, 
2014; Singh & Jadhav, 2014). Consequently, it is rational 
to believe that genetic variants of MTNR might influence 
melatonin function and impact individual susceptibility to 
T2DM.

Received: 18 December 2018 | Revised: 25 January 2019 | Accepted: 5 February 2019

DOI: 10.1002/mgg3.611

O R I G I N A L  A R T I C L E

Effects of MTNR1B genetic variants on the risk of type 2 diabetes 
mellitus: A meta‐analysis

Ling‐long Shen1 |   Yin Jin2

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original 
work is properly cited.
© 2019 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals, Inc.

1Department of Clinical Laboratory,  
Huzhou Maternity and Child Health Care 
Hospital, Huzhou, China
2Department of Clinical 
Laboratory, Huzhou Central Hospital, 
Huzhou, China

Correspondence
Yin Jin, Department of Clinical Laboratory, 
Huzhou Central Hospital, Huzhou, China.
Email: jinyin899@163.com

Abstract
Background: Whether melatonin receptor 1B (MTNR1B) variants are associated 
with type 2 diabetes mellitus (T2DM) remains unclear. Therefore, we performed this 
meta‐analysis to better explore correlations between MTNR1B variants and T2DM.
Methods: Literature research was performed in PubMed, Medline, and Embase. 
Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated.
Results: Totally 21 studies were enrolled to analyses. Pooled overall analyses 
showed that MTNR1B rs10830963 variant was significantly correlated with the sus-
ceptibility to T2DM (allele model: p = 0.02, OR = 0.97, 95% CI 0.95–1.00). Further 
subgroup analyses by ethnicity of participants revealed that rs10830963 variant was 
significantly correlated with the susceptibility to T2DM in South Asians, but not in 
Caucasians or East Asians. No any other positive results were found in overall and 
subgroup analyses.
Conclusions: Our findings indicated that MTNR1B rs10830963 variant might serve 
as a genetic biomarker of T2DM, especially in South Asians.
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So far, several studies already investigated potential roles 
of MTNR1B in T2DM. But the results of these studies were 
inconsistent (Hu & Jia, 2016; She, Laudon, & Yin, 2014). 
Therefore, we performed the present meta‐analysis to better 
evaluate potential associations between MTNR1B genetic 
variants and T2DM.

2 |  MATERIALS AND METHODS

2.1 | Literature search and inclusion criteria
This meta‐analysis adhered to the Preferred Reporting Items 
for Systematic Reviews and Meta‐analyses (PRISMA) 
guideline (Moher, Liberati, Tetzlaff, & Altman; PRISMA 
Group, 2009). Potentially relevant literatures that were pub-
lished before November 2018 were retrieved from PubMed, 
Medline, and Embase using the following searching strategy: 

(melatonin receptor type 1B OR MTNR1B) AND (poly-
morphism OR variant OR mutation OR genotype OR allele) 
AND (type 2 diabetes mellitus OR T2DM). We also screened 
the references of retrieved articles to identify other potentially 
relevant studies.

To test the research hypothesis of this meta‐analysis, 
included studies must meet all the following criteria: (a) 
case–control study on correlations between MTNR1B ge-
netic variants and T2DM; (b) provide genotypic and/or 
allelic frequency of investigated variants in cases and con-
trols; (c) full text in English available. Studies were ex-
cluded if one of the following criteria was fulfilled: (a) not 
relevant to MTNR1B genetic variants and T2DM; (b) case 
reports or case series; (c) abstracts, reviews, comments, 
letters, and conference presentations. For duplicate publi-
cations, we only included the study with the largest sample 
size for analyses.

F I G U R E  1  Flowchart of study 
selection for the present study

Records identified through 
electronic database searching 

(n=370) 

Additional records identified 
through other sources 

(n=0) 

Records after duplicates removed 
(n=304) 

Records screened 
(n=304) 

Records excluded after reading 
titles and abstracts 

(n=245) 

Articles assessed 
for eligibility 

(n=59) 

Studies included in  
qualitative synthesis 
(systematic review) 

 (n=21) 

Articles excluded with reasons 
(n=38) 

Reviews/comments/letters (n=18) 
Case series (n=13) 
Incomplete data (n=7) 

Studies included in  
quantitative synthesis 

(meta-analysis) 
 (n=21) 
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2.2 | Data extraction and quality assessment
The following data were extracted from included studies: (a) 
name of the first author; (b) publication time; (c) country and 
ethnicity; (d) sample size; and (e) genotypic distributions of 
MTNR1B variants in cases and controls. The probability value 
(P‐value) of Hardy‐Weinberg equilibrium (HWE) was also 
calculated. When necessary, we wrote to the corresponding au-
thors for raw data. We used the Newcastle–Ottawa scale (NOS) 
to assess the quality of eligible studies (Stang, 2010). This scale 
has a score range of 0 to 9, and studies with a score of more 
than seven were thought to be of high quality. Two experi-
enced reviewers conducted data extraction and quality assess-
ment independently. Any disagreement between two reviewers 
was solved by discussion until a consensus was reached.

2.3 | Statistical analyses
All statistical analyses were conducted with Review Manager 
Version 5.3.3 (The Cochrane Collaboration, Software Update, 
Oxford, United Kingdom). Odds ratios (ORs) and 95% con-
fidence intervals (CIs) were calculated to estimate strength 
of associations between MTNR1B and T2DM in all possible 
genetic models, and P‐values ≤0.05 were considered to be 
statistically significant. Between‐study heterogeneities were 
evaluated by I2 statistic. If I2 was greater than 50%, random ef-
fect models (REMs) would be used to pool the data. Otherwise, 
fixed effect models (FEMs) would be employed for synthetic 
analyses. Subgroup analyses by ethnicity of participants were 
subsequently performed. Sensitivity analyses were conducted 
to examine the stability of synthetic results. Funnel plots were 
used to evaluate possible publication biases.

3 |  RESULTS

3.1 | Characteristics of included studies
We found 370 potential relevant articles. Among these arti-
cles, a total of 21 eligible studies were finally included for 
synthetic analyses (see Figure 1). The NOS score of eligible 
articles ranged from 7 to 8, which indicated that all included 
studies were of high quality. Baseline characteristics of in-
cluded studies were shown in Table 1.

3.2 | Overall and subgroup analyses
To investigate potential correlations between MTNR1B ge-
netic variants and T2DM, eight studies about rs1387153 
variant (12,799 cases and 11,382 controls), two studies about 
rs4753426 variant (526 cases and 1,301 controls), two stud-
ies about rs10830962 variant (763 cases and 811 controls), 
and eighteen studies about rs10830963 variant (30,259 cases 
and 39,561 controls) were enrolled to analyses. A significant Fi
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association with the susceptibility to T2DM was detected for 
rs10830963 variant (allele model: p = 0.02, OR = 0.97, 95% 
CI 0.95–1.00) in overall analyses. Further subgroup analyses 
according to ethnicity of participants revealed that rs10830963 
variant was significantly correlated with the susceptibility to 
T2DM in South Asians, but not in East Asians or Caucasians. 
No any other positive results were found in overall and sub-
group analyses (see Table 2 and Supplementary Figure 1).

3.3 | Sensitivity analyses
We performed sensitivity analyses by excluding studies that 
deviated from HWE. No alterations of results were detected 
in sensitivity analyses, which suggested that our findings 
were statistically reliable.

3.4 | Publication biases
Publication biases were evaluated with funnel plots. We did 
not find obvious asymmetry of funnel plots in any compari-
sons, which indicated that our findings were unlikely to be 
impacted by severe publication biases.

4 |  DISCUSSION

To the best of our knowledge, this is so far the most com-
prehensive meta‐analysis on correlations between MTNR1B 
genetic variants and T2DM, and our pooled analyses demon-
strated that rs10830963 variant may be correlated with sus-
ceptibility to T2DM, especially in South Asians.

There are several points that need to be addressed about 
this meta‐analysis. Firstly, previous experimental studies 
showed that mutant allele of rs10830963 variants was cor-
related with altered glucose level and B‐cell function, which 
may partially explain our positive finding (Li et al., 2018; 
Staiger et al., 2008). Secondly, the pathogenic mechanism of 
T2DM is highly complex, and hence it is unlikely that a single 
genetic variant could significantly contribute to its develop-
ment. As a result, to better illustrate potential correlations of 
certain genetic variants with T2DM, we strongly recommend 
further studies to perform haplotype analyses and explore po-
tential gene–gene interactions.

Like all meta‐analyses, this study certainly has some 
limitations. First, our results were derived from unadjusted 
analyses due to lack of raw data, and lack of further adjusted 
analyses for potential confounding factors may impact the re-
liability of our findings (Xie, Shi, & Liu, 2017; Xie, Shi, Xun, 
& Rao, 2017). Second, obvious heterogeneities were found 
in several subgroups, which indicated that the controversial 
results of included studies could not be fully explained by 
differences in ethnic background, and other baseline charac-
teristics of participants may also contribute to between‐study T
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heterogeneities (Shi, Xie, Jia, & Li, 2016). Third, associa-
tions between MTNR1B genetic variants and T2DM may also 
be modified by gene–gene and gene–environmental interac-
tions. However, most eligible studies ignore these potential 
interactions, which impeded us to perform relevant analyses 
accordingly. To sum up, our findings should be cautiously 
interpreted on account of above mentioned limitations.

In conclusion, our meta‐analysis suggested that MTNR1B 
rs10830963 variant might serve as a genetic biomarker of 
T2DM, especially in South Asians. However, further well‐
designed studies are still warranted to confirm our findings.

ETHICAL APPROVAL

This article does not contain any studies with human partici-
pants or animals performed by any of the authors.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

AUTHORS' CONTRIBUTIONS

Ling‐long Shen and Yin Jin conceived the study, participated 
in its design, conducted the systematic literature review, per-
formed data analyses, and drafted the manuscript. All the 
authors gave final approval and agreed to be accountable for 
all aspects of work ensuring integrity and accuracy.

ORCID

Yin Jin  https://orcid.org/0000-0002-9102-0650 

REFERENCES

American Diabetes Association. (2014). Diagnosis and classification of 
diabetes mellitus. Diabetes Care, 37(Suppl 1), S81–S90. https://doi.
org/10.2337/dc14-S081

Claustrat, B., & Leston, J. (2015). Melatonin: Physiological effects in 
humans. Neuro‐Chirurgie, 61, 77–84. https://doi.org/10.1016/j.
neuchi.2015.03.002

Espino, J., Pariente, J. A., & Rodríguez, A. B. (2011). Role of melatonin 
on diabetes‐related metabolic disorders. World Journal of Diabetes, 
2, 82–91. https://doi.org/10.4239/wjd.v2.i6.82

Gaulton, K. J. (2017). Mechanisms of type 2 diabetes risk loci. Current 
Diabetes Reports, 17, 72. https://doi.org/10.1007/s11892-017-0908-x

Hu, C., & Jia, W. (2016). Linking MTNR1B variants to diabetes: The 
role of circadian rhythms. Diabetes, 65, 1490–1492. https://doi.
org/10.2337/dbi16-0012

Lardone, P. J., Alvarez‐Sanchez, S. N., Guerrero, J. M., & Carrillo‐Vico, 
A. (2014). Melatonin and glucose metabolism: Clinical relevance. 
Current Pharmaceutical Design, 20, 4841–4853.

Li, Y., Wu, H., Liu, N., Cao, X., Yang, Z., Lu, B., … Wen, J. (2018). 
Melatonin exerts an inhibitory effect on insulin gene transcription 

via MTNR1B and the downstream Raf–1/ERK signaling pathway. 
International Journal of Molecular Medicine, 41, 955–961. https://
doi.org/10.3892/ijmm.2017.3305

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G.; PRISMA Group. 
(2009). Preferred reporting items for systematic reviews and meta‐anal-
yses: The PRISMA statement. Annals of Internal Medicine, 151, 264–
269. https://doi.org/10.7326/0003-4819-151-4-200908180-00135

Papazafiropoulou, A. K., Papanas, N., Melidonis, A., & Maltezos, E. 
(2017). Family history of type 2 diabetes: Does having a diabetic 
parent increase the risk? Current Diabetes Review, 13, 19–25. 
https://doi.org/10.2174/1573399812666151022143502

She, M., Laudon, M., & Yin, W. (2014). Melatonin receptors in diabetes: A 
potential new therapeutical target? European Journal of Pharmacology, 
744, 220–223. https://doi.org/10.1016/j.ejphar.2014.08.012

Shi, X., Xie, X., Jia, Y., & Li, S. (2016). Associations of insulin receptor and 
insulin receptor substrates genetic polymorphisms with polycystic ovary 
syndrome: A systematic review and meta‐analysis. Journal of Obstetrics 
and Gynaecology Research, 42, 844–854. https://doi.org/10.1111/
jog.13002

Singh, M., & Jadhav, H. R. (2014). Melatonin: Functions and ligands. 
Drug Discovery Today, 19, 1410–1418. https://doi.org/10.1016/j.
drudis.2014.04.014

Staiger, H., Machicao, F., Schäfer, S. A., Kirchhoff, K., Kantartzis, 
K., Guthoff, M., … Fritsche, A. (2008). Polymorphisms within 
the novel type 2 diabetes risk locus MTNR1B determine beta‐cell 
function. PLoS ONE, 3, e3962. https://doi.org/10.1371/journal.
pone.0003962

Stang, A. (2010). Critical evaluation of the Newcastle‐Ottawa scale for 
the assessment of the quality of nonrandomized studies in meta‐
analyses. European Journal of Epidemiology, 25, 603–605. https://
doi.org/10.1007/s10654-010-9491-z

Xie, X., Shi, X., & Liu, M. (2017). The roles of TLR gene polymor-
phisms in atherosclerosis: A systematic review and meta‐analysis of 
35,317 subjects. Scandinavian Journal of Immunology, 86, 50–58. 
https://doi.org/10.1111/sji.12560

Xie, X., Shi, X., Xun, X., & Rao, L. (2017). Endothelial nitric oxide 
synthase gene single nucleotide polymorphisms and the risk of hy-
pertension: A meta‐analysis involving 63,258 subjects. Clinical and 
Experimental Hypertension, 39, 175–182. https://doi.org/10.1080/1
0641963.2016.1235177

Zheng, Y., Ley, S. H., & Hu, F. B. (2018). Global aetiology and epidemiol-
ogy of type 2 diabetes mellitus and its complications. Nature Reviews 
Endocrinology, 14, 88–98. https://doi.org/10.1038/nrendo.2017.151

SUPPORTING INFORMATION

Additional supporting information may be found online in 
the Supporting Information section at the end of the article. 

How to cite this article: Shen L‐L, Jin Y. Effects of 
MTNR1B genetic variants on the risk of type 2 diabetes 
mellitus: A meta‐analysis. Mol Genet Genomic Med. 
2019;7:e611. https://doi.org/10.1002/mgg3.611

https://orcid.org/0000-0002-9102-0650
https://orcid.org/0000-0002-9102-0650
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://doi.org/10.1016/j.neuchi.2015.03.002
https://doi.org/10.1016/j.neuchi.2015.03.002
https://doi.org/10.4239/wjd.v2.i6.82
https://doi.org/10.1007/s11892-017-0908-x
https://doi.org/10.2337/dbi16-0012
https://doi.org/10.2337/dbi16-0012
https://doi.org/10.3892/ijmm.2017.3305
https://doi.org/10.3892/ijmm.2017.3305
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.2174/1573399812666151022143502
https://doi.org/10.1016/j.ejphar.2014.08.012
https://doi.org/10.1111/jog.13002
https://doi.org/10.1111/jog.13002
https://doi.org/10.1016/j.drudis.2014.04.014
https://doi.org/10.1016/j.drudis.2014.04.014
https://doi.org/10.1371/journal.pone.0003962
https://doi.org/10.1371/journal.pone.0003962
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1111/sji.12560
https://doi.org/10.1080/10641963.2016.1235177
https://doi.org/10.1080/10641963.2016.1235177
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1002/mgg3.611

