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Background: The Leu72Met polymorphism of ghrelin gene has been associated with

genetic predisposition to type 2 diabetes mellitus (T2DM), while conclusions remain

conflicting. Hence, we performed this updated meta-analysis to clarify the association

between Leu72Met polymorphism and T2DM susceptibility.

Methods: Six electronic databases were consulted for articles published before

1 January, 2018. Pooled odds ratios (OR) and 95% confidence intervals (CI) were

calculated under five genetic models to assess this association. We used I2-test and

Q statistics to measure heterogeneity across the included studies. Subgroup analyses

and publication bias were also performed.

Results: Thirteen case-control studies involving 4720 T2DM patients and 4206 controls

were included in this meta-analysis. The overall results using fixed-effectsmodels showed

that Leu72Met polymorphism was significantly associated with an increased risk of

T2DM under homozygous model (OR= 1.307, 95%CI 1.001–1.705, p= 0.049). Further

subgroup analyses stratified by ethnicity revealed that the risk for T2DM was only

increased in Asians (homozygous model: OR = 1.335, 95%CI 1.014–1.758, p = 0.040),

while decreased in Caucasians (dominant model: OR = 0.788, 95%CI 0.635–0.978,

p = 0.030; heterozygous model: OR = 0.779, 95%CI 0.626–0.969, p = 0.025; allelic

model: OR = 0.811, 95%CI 0.661–0.995, p = 0.045). Funnel plots were basically

symmetrical, and all p-values of Egger’s test under five genetic models were >0.050,

which indicated no evidence of publication bias.

Conclusions: Our results demonstrate that the Leu72Met polymorphism of ghrelin gene

may be protective against T2DM in Caucasians, while predisposing to T2DM in Asians.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM), the most common metabolic
disease, is characterized by a progressive decline in pancreatic β-
cell function and increase in insulin resistance. It is estimated
that ∼415 million adults across the world were diagnosed
with diabetes in 2015, and this number is predicted to rise to
642 million by 2040 (Ogurtsova et al., 2017). Among these,
T2DM accounts for 90 to 95%, which makes it a public health
problem. However, detailed etiologies underlying T2DM remain
unclear. Recently, researches on genetic polymorphisms become
one of the most attention areas in the pathogenesis of T2DM,
and some studies indicate that genetic polymorphisms have
potential roles in the etiology of T2DM (Fuchsberger et al.,
2016).

Ghrelin (GHRL), a unique 28-amino acid gastrointestinal
peptide hormone, was first discovered by Kojima and Kangawa
in 1999 as the endogenous ligand for the growth hormone
secretagogue receptor (Kojima et al., 1999). There are two major
forms of ghrelin in the blood, including acyl ghrelin and des-acyl
ghrelin, in which about 80–90% of circulating ghrelin exists in
des-acyl form, while only the acylated form was demonstrated
to be biologically active (Hosoda et al., 2000). Both ghrelin and
its receptor were found widely expressed in peripheral tissues
and brain, thus exert important roles including stimulating
gastric acid secretion, regulating glucose and lipid metabolism,
and modulating learning and memory functions (Muller et al.,
2015; Alamri et al., 2016; Hsu et al., 2016). Ghrelin also had
influences on the stress response and reward processing, as
well as, in regulating reproductive function (Sominsky et al.,
2017). In addition, ghrelin played a principal role in inhibiting
inflammation, increasing cardiac output, and chronic respiratory
failure (Mosa et al., 2015; Matsumoto et al., 2017). Evidence
from clinical studies suggested that serum ghrelin correlated
negatively with body mass index (BMI), waist circumference,
insulin resistance (IR), and metabolic syndrome (MS), which
indicated that ghrelin may be involved in the occurrence of
T2DM (Serra-Prat et al., 2009; Amini et al., 2012; Soriano-Guillen
et al., 2016).

The human ghrelin gene is located on chromosome 3p25–
26 and comprises 4 exons and 3 introns (Ukkola et al., 2001).
To date, several single nucleotide polymorphisms (SNPs) of

FIGURE 1 | Structure of the preproghrelin gene and sites of the mutations detected.

the GHRL gene have been described, including Leu72Met
(rs696217), Arg51Gln, and Gln90Leu (rs4684677) (Hinney et al.,
2002). Among them, a common Leu72Met polymorphism was
identified between the coding regions of mature ghrelin and
obestatin encoded in exon 2 of the GHRL gene, and has
been linked to several obesity-related phenotypes (Figure 1)
(Ukkola et al., 2001). Previous studies showed that the Leu72Met
polymorphism was related to obesity, insulin metabolism, and
metabolic syndrome (Steinle et al., 2005; Kuzuya et al., 2006;
Xu et al., 2008; Zavarella et al., 2008). As obesity and insulin
metabolism are closely linked to T2DM, more and more studies
have been performed in attempt to investigate the relationship
between the Leu72Met polymorphism and T2DM risk across
various counties (Larsen et al., 2005; Choi et al., 2006; Kim et al.,
2006; Jiang et al., 2008; Xu and Xiang, 2008; Berthold et al., 2009;
Garcia et al., 2009; Cui et al., 2010; Xiang et al., 2011; Zhang
et al., 2011; Liu et al., 2012; Zhuang et al., 2014; Joatar et al.,
2017). However, the results remain conflicting. Consequently, we
conducted this meta-analysis to clarify the association between
Leu72Met polymorphism and T2DM susceptibility.

MATERIALS AND METHODS

This meta-analysis was conducted based on the methodology
advocated by the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guideline (Stroup et al., 2000).

Literature Search
Three English (PubMed, Cochrane Library, and Web of
Science) and three Chinese (CNKI, Wanfang, and SinoMed)
electronic databases were consulted for English and Chinese
peer-reviewed articles published before 1 January 2018 regarding
the association between ghrelin Leu72Met polymorphism and
T2DM susceptibility. For the English databases, search strategy
(“diabetes” or “T2DM”) and (“ghrelin” or “GHRL” or “Leu72Met”
or “+408C > A” or “rs696217”) and (“polymorphism” or
“mutation” or “variant”) were applied. For the Chinese databases,
search terms included “T2DM,” “ghrelin,” and “polymorphism.”
Additional publications from the reference lists of original
research articles and review articles were also searched. The
papers were limited to humans and published in English or
Chinese.
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Literature Inclusion
Studies which meet the following inclusion criteria were
considered eligible: (1) studies reporting the association between
the Leu72Met polymorphism of ghrelin gene and T2DM risk;
(2) case–control study design; and (3) providing sufficient
genotype data that could calculate odds ratios (ORs) and
95% confidence intervals (CIs). The exclusion criteria were:
(1) family or sibling pairs based studies; (2) editorials, case
reports, reviews or meta-analyses, and (3) studies without
detailed genotyping data. In addition, if there were duplicate
publications from the same population, only the study with
larger sample size and comprehensive data was included in our
meta-analysis.

Data Extraction
For the included studies, data were independently extracted by
two authors (Huang R and Tian S) as follows: the first author’s
name, year of publication, country, ethnicity, sample size of
cases and controls, diagnostic criteria for T2DM, genotyping
method, genotype and allele distributions of cases and controls,
and controls with Hardy–Weinberg equilibrium (HWE) or not.

The controversy about one article was discussed and resolved by
a third reviewer (Cai RR).

Quality Assessment
The Newcastle-Ottawa quality assessment scale (NOS) was used
to evaluate the methodological quality of the included case-
control studies, which consists of the following three aspects: (1)
selection of study subjects: 0–4 star, (2) comparability of study
subjects: 0–2 star, and (3) exposure or outcomes: 0–3 star (Cook
and Reed, 2015). The total score ranges from zero star to nine
stars, and studies achieving 6 stars or more were considered as
high quality.

Statistical Analysis
The pooled OR with a 95% CI was used to estimate
the strength of the association between ghrelin Leu72Met
polymorphism and T2DM risk under different comparison
models, including dominant model (Leu72Met + Met72Met
vs. Leu72Leu), recessive model (Met72Met vs. Leu72Met +

Leu72Leu), homozygous model (Met72Met vs. Leu72Leu),
heterozygous model (Leu72Met vs. Leu72Leu), and allelic model

FIGURE 2 | Flow chart of literature search.
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(Met72 + vs. Leu72+). Subsequently, we performed subgroup
analyses to evaluate the effect of Leu72Met polymorphism
on T2DM susceptibility under above-mentioned five genetic
models according to the ethnicity of included populations.
Heterogeneity across the included studies was assessed via
Q statistics and I2-test. If the data showed no heterogeneity
(I2 < 50% or PQ ≥ 0.1), fixed-effects models were used;
otherwise, random-effects models were applied. Sensitivity

analysis was carried out by removing each study in sequence
to assess the stability of the results. Additionally, Begg’s funnel
plots and Egger’s regression test were used for investigating
the potential publication bias. The results were considered
statistically significant if the 2-tailed p-value was below 0.050.
All the above-mentioned statistical analyses were performed
with STATA software (Version 11.0) (College Station, TX,
USA).

TABLE 1 | Study characteristics from included studies in the meta-analysis.

References Country Ethnicity Sample size

(case/control)

T2DM diagnostic

criteria

Genotyping

method

Case Control Controls

with HWE

Score

LL LM MM LL LM MM

Larsen et al., 2005 Denmark Caucasian 528/229 WHO (1999);

(Alberti and

Zimmet, 1998)

PCR-SSCP 455 71 2 194 33 2 Yes 6

Choi et al., 2006 Korea Asian 758/636 WHO (1999);

(Alberti and

Zimmet, 1998)

TaqMan 518 215 25 429 185 22 Yes 7

Kim et al., 2006 Korea Asian 206/80 WHO (1999);

(Alberti and

Zimmet, 1998)

PCR-RFLP 133 65 8 54 23 3 Yes 7

Jiang et al., 2008 China Asian 252/83 ADA (2003); (The

Expert Committee

on the Diagnosis

and Classification

of Diabetes

Mellitus, 2003)

PCR-RFLP 151 96 5 55 28 0 Yes 6

Xu and Xiang,

2008

China Asian 202/333 OGTT PCR-RFLP 143 57 2 251 80 2 Yes 9

Berthold et al.,

2009

Germany Caucasian 420/430 OGTT or if

receiving

antidiabetic

therapy

PCR-RFLP 377 40 3 364 65 1 Yes 7

Garcia et al., 2009 France Caucasian 600/743 ADA (1997); (The

Expert Committee

on the Diagnosis

and Classification

of Diabetes

Mellitus, 1997)

MALDI-TOF-MS 523 75 2 633 108 2 Yes 6

Cui et al., 2010 China Asian 102/95 NA PCR-RFLP 71 25 6 68 27 0 Yes 5

Xiang et al., 2011 China Asian 316/203 WHO (1999);

(Alberti and

Zimmet, 1998)

PCR-RFLP 272 37 7 179 21 3 No 8

Zhang et al., 2011 China Asian 138/113 WHO (1999);

(Alberti and

Zimmet, 1998)

PCR-RFLP 82 51 5 80 30 3 Yes 8

Liu et al., 2012 China Asian 864/877 WHO (1999);

(Alberti and

Zimmet, 1998)

PCR-DHPLC 463 336 65 472 353 52 Yes 6

Zhuang et al.,

2014

China Asian 238/291 ADA (2010);

(American

Diabetes

Association, 2010)

TaqMan 146 70 12 197 85 9 Yes 8

Joatar et al., 2017 Saudi Arabia Arab 96/93 WHO (1998);

(Alberti and

Zimmet, 1998)

TaqMan 89 7 0 84 8 1 Yes 6

T2DM, type 2 diabetes mellitus; LL, Leu72Leu; LM, Leu72Met; MM, Met72Met; HWE, Hardy-Weinberg equilibrium; WHO, World Health Organization; ADA, American Diabetes

Association; OGTT, oral glucose tolerance test; NA, not available; PCR-SSCP, Polymerase Chain Reaction-Single Strand Conformation Polymorphism; PCR-RFLP, Polymerase Chain

Reaction-Restriction Fragment Length Polymorphism; MALDI-TOF-MS, Matrix-Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometry; PCR-DHPLC, Polymerase Chain

Reaction-Denaturing High-Performance Liquid Chromatography.
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RESULTS

Characteristics of Included Studies
A total of 208 studies were identified in the literature search
using the above-mentioned search strategies (Figure 2). After the

removal of duplicated literatures and articles that did not meet
the inclusion criteria, 13 studies involving 4720 T2DM patients
and 4,206 controls were finally included in this meta-analysis
(Larsen et al., 2005; Choi et al., 2006; Kim et al., 2006; Jiang
et al., 2008; Xu and Xiang, 2008; Berthold et al., 2009; Garcia
et al., 2009; Cui et al., 2010; Xiang et al., 2011; Zhang et al.,
2011; Liu et al., 2012; Zhuang et al., 2014; Joatar et al., 2017).
Of these selected studies, eight studies were published in English

(Larsen et al., 2005; Choi et al., 2006; Kim et al., 2006; Berthold
et al., 2009; Garcia et al., 2009; Liu et al., 2012; Zhuang et al.,
2014; Joatar et al., 2017), while the other five were published in
Chinese (Jiang et al., 2008; Xu and Xiang, 2008; Cui et al., 2010;
Xiang et al., 2011; Zhang et al., 2011). Based on the ethnicity

of included studies, three studies were performed in Caucasians
(Larsen et al., 2005; Berthold et al., 2009; Garcia et al., 2009),
nine studies were conducted in Asians (Choi et al., 2006; Kim
et al., 2006; Jiang et al., 2008; Xu and Xiang, 2008; Cui et al.,
2010; Xiang et al., 2011; Zhang et al., 2011; Liu et al., 2012;
Zhuang et al., 2014), and one study was in Arabians (Joatar
et al., 2017). Six studies diagnosed T2DM with the World Health
Organization (WHO) criteria (Larsen et al., 2005; Choi et al.,
2006; Kim et al., 2006; Xiang et al., 2011; Zhang et al., 2011;
Liu et al., 2012; Joatar et al., 2017), three studies employed the
American Diabetes Association (ADA) criteria (Jiang et al., 2008;
Garcia et al., 2009; Zhuang et al., 2014), two studies were defined
as oral glucose tolerance test (OGTT) or any usage of antidiabetic
medications (Xu and Xiang, 2008; Berthold et al., 2009), and
one study didn’t provide definite criteria (Cui et al., 2010). All

included studies used blood samples for genotyping, with the

majority of them using the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method (Kim et al.,

2006; Jiang et al., 2008; Xu and Xiang, 2008; Berthold et al., 2009;
Cui et al., 2010; Xiang et al., 2011; Zhang et al., 2011), others

using TaqMan (Choi et al., 2006; Zhuang et al., 2014; Joatar
et al., 2017), PCR-single strand conformation polymorphism
(PCR-SSCP) (Larsen et al., 2005), PCR-denaturing high-
performance liquid chromatography (PCR-DHPLC) (Liu et al.,
2012) or matrix-assisted laser desorption/ionization time of flight
mass spectrometry (MALDI-TOF-MS) method (Garcia et al.,
2009). The control samples from 12 included studies followed

the HWE (Larsen et al., 2005; Choi et al., 2006; Kim et al., 2006;
Jiang et al., 2008; Xu and Xiang, 2008; Berthold et al., 2009; Garcia
et al., 2009; Cui et al., 2010; Zhang et al., 2011; Liu et al., 2012;
Zhuang et al., 2014; Joatar et al., 2017), while only one did not
follow it (Xiang et al., 2011). According to the NOS criteria, 12
studies were considered as high quality (Larsen et al., 2005; Choi
et al., 2006; Kim et al., 2006; Jiang et al., 2008; Xu and Xiang,
2008; Berthold et al., 2009; Garcia et al., 2009; Xiang et al., 2011;
Zhang et al., 2011; Liu et al., 2012; Zhuang et al., 2014; Joatar
et al., 2017), and one study was low quality (Cui et al., 2010).
Table 1 summarized the characteristics of each included study in
details.

TABLE 2 | Meta-analysis and heterogeneity test of the Ghrelin Leu72Met

polymorphism and T2DM susceptibility.

Genetic model Subgroup OR (95% CI) p I2 (%) PQ

Dominant Overall 1.010 (0.914–1.115) 0.847 15.2 0.291

Ethnicity

Caucasian 0.788 (0.635–0.978) 0.030 0.0 0.436

Asian 1.085 (0.969–1.214) 0.156 0.0 0.690

Arab 0.734 (0.262–2.060) 0.557 – –

Recessive Overall 1.124 (0.867–1.457) 0.377 0.0 0.663

Ethnicity

Caucasian 1.161 (0.371–3.630) 0.797 0.0 0.429

Asian 1.134 (0.868–1.483) 0.357 0.0 0.521

Arab 0.320 (0.013–7.943) 0.486 – –

Homozygous Overall 1.307 (1.001–1.705) 0.049 0.0 0.831

Ethnicity

Caucasian 1.125 (0.359–3.524) 0.840 0.0 0.448

Asian 1.335 (1.014–1.758) 0.040 0.0 0.762

Arab 0.315 (0.013–7.833) 0.481 – –

Heterozygous Overall 0.983 (0.888–1.090) 0.749 11.6 0.329

Ethnicity

Caucasian 0.779 (0.626–0.969) 0.025 14.5 0.310

Asian 1.054 (0.937–1.184) 0.382 0.0 0.695

Arab 0.826 (0.287–2.377) 0.723 – –

Allelic Overall 1.037 (0.952–1.130) 0.403 17.6 0.267

Ethnicity

Caucasian 0.811 (0.661–0.995) 0.045 0.0 0.604

Asian 1.098 (0.999–1.208) 0.053 0.0 0.657

Arab 0.666 (0.248–1.7888) 0.420 – –

T2DM, type 2 diabetes mellitus; OR, odd ratio; CI, confidence interval. Bold values,

significant differences.

Synthesis Analyses
Meta-analyses under five genetic models are shown in Table 2.
No evidences of heterogeneity were found in our study, thus
fixed-effects models were used and the pooled results showed that
the Leu72Met polymorphism of ghrelin gene was significantly
associated with an increased risk of T2DM under homozygous
model (OR= 1.307, 95%CI= 1.001–1.705, p= 0.049) (Figure 3).
Further subgroup analyses stratified by ethnicity revealed that
T2DM risk was only increased in Asians (homozygous model:
OR = 1.335, 95%CI 1.014–1.758, p = 0.040), while decreased in
Caucasians (dominant model: OR = 0.788, 95%CI 0.635–0.978,
p= 0.030; heterozygous model: OR= 0.779, 95%CI 0.626–0.969,
p = 0.025; and allelic model: OR = 0.811, 95%CI 0.661–0.995,
p= 0.045) (Table 2).

Sensitivity Analyses
Sensitivity analyses were performed by sequentially removing
one study each time to explore the effect of individual data on the
pooled effects. The significance of ORs was not altered excessively
through omitting any single study in all compared genetic
models, except for the homozygous model, in which, following
the exclusion of the Jiang et al. (2008), Xu and Xiang (2008),
Berthold et al. (2009), Garcia et al. (2009), Cui et al. (2010), Xiang
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FIGURE 3 | Forest plots of ghrelin Leu72Met polymorphism and risk of type 2 diabetes mellitus in homozygous model (fixed-effects model) (OR = 1.307,

95%CI = 1.001–1.705, p = 0.049).

et al. (2011), Zhang et al. (2011), Liu et al. (2012), Zhuang et al.
(2014) studies, the overall OR became insignificant (OR= 1.286,
95%CI 0.984–1.681, p = 0.065; OR = 1.300, 95%CI 0.994–
1.700, p = 0.056; OR = 1.290, 95%CI 0.986–1.686, p = 0.063;
OR = 1.308, 95%CI 1.000–1.711, p = 0.050; OR = 1.250,
95%CI 0.955–1.636, p = 0.104; OR = 1.298, 95%CI 0.989–
1.702, p = 0.060; OR = 1.297, 95%CI 0.989–1.700, p = 0.060;
OR= 1.336, 95%CI 0.926–1.928, p= 0.122; OR= 1.267, 95%CI
0.959–1.674, p= 0.096, respectively) (Table 3).

Publication Biases
Funnel plot, Begg’s test and Egger’s test were performed to
evaluate whether there exist possible publication biases. The
funnel plots appeared to be basically symmetrical, and all p-values
of Begg’s test and Egger’s test were >0.050, which indicated no
evidences of publication biases in the current meta-analysis (data
not shown).

DISCUSSION

T2DM is a multifactorial disorder attributing to the coexistence
of a variety of genetic and environmental factors (Abdullah et al.,

2017). In the past decade, over 70 loci in the human genome have
been identified as potential risk factors in T2DM by genome-
wide association studies (GWAS), including transcription factor-
7-like 2 (TCF7L2), forkhead box A1 (FOXA1), and A2 (FOXA2),
hepatocyte nuclear factor 4alpha (HNF4A) and high-mobility
group AT-hook 1 (HMGA1) (Pullinger et al., 2014; Cheng
et al., 2017). The association between Leu72Met polymorphism
and T2DM susceptibility has been studied for several years,
however, the results are still controversial. As previous single
study conducted in a small sample size may limit the persuasion,
here we carried out this meta-analysis to clarify the association
between the Leu72Met polymorphism and T2DM susceptibility.
The results revealed that the Leu72Met polymorphism was
significantly associated with an increased risk of T2DM under
homozygous model. Further subgroup analyses stratified by
ethnicity indicated that T2DM risk was only increased in Asians,
while decreased in Caucasians and unchanged in Arabians.

The Leu72Met mutation lies outside the region in which the
mature ghrelin product is encoded and does not change the
sequence, which makes its functional significance still unknown
(Zavarella et al., 2008). Study from Kim et al. suggested that
the variant may alter messenger RNA stability or protein
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TABLE 3 | Sensitivity analysis by excluding individual study in each genetic model.

References Dominant model Recessive model Homozygous model Heterozygous model Allelic model

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Larsen et al., 2005 1.017 (0.918–1.126) 0.749 1.143 (0.879–1.485) 0.319 1.333 (1.019–1.744) 0.036 0.987 (0.888–1.097) 0.810 1.045 (0.958–1.141) 0.320

Choi et al., 2006 1.022 (0.915–1.142) 0.698 1.088 (0.814–1.454) 0.570 1.421 (1.054–1.917) 0.021 0.988 (0.882–1.108) 0.841 1.055 (0.959–1.161) 0.268

Kim et al., 2006 1.006 (0.909–1.112) 0.913 1.128 (0.866–1.469) 0.373 1.316 (1.004–1.726) 0.047 0.978 (0.881–1.086) 0.680 1.035 (0.949–1.129) 0.440

Jiang et al., 2008 1.000 (0.903–1.106) 0.994 1.146 (0.882–1.489) 0.307 1.286 (0.984–1.681) 0.065 0.974 (0.877–1.081) 0.619 1.028 (0.942–1.122) 0.535

Xu and Xiang,

2008

0.995 (0.898–1.102) 0.919 1.136 (0.874–1.477) 0.339 1.300 (0.994–1.700) 0.056 0.967 (0.869–1.075) 0.533 1.026 (0.940–1.121) 0.562

Berthold et al.,

2009

1.041 (0.940–1.153) 0.443 1.106 (0.851–1.437) 0.451 1.290 (0.986–1.686) 0.063 1.017 (0.914–1.130) 0.761 1.060 (0.971–1.158) 0.194

Garcia et al., 2009 1.030 (0.928–1.144) 0.580 1.122 (0.864–1.458) 0.388 1.308 (1.000–1.711) 0.050 1.002 (0.899–1.117) 0.973 1.055 (0.964–1.153) 0.245

Cui et al., 2010 1.008 (0.911–1.114) 0.884 1.189 (0.913–1.548) 0.200 1.250 (0.955–1.636) 0.104 0.986 (0.889–1.094) 0.791 1.030 (0.945–1.124) 0.499

Xiang et al., 2011 1.003 (0.907–1.110) 0.950 1.149 (0.881–1.497) 0.306 1.298 (0.989–1.702) 0.060 0.978 (0.881–1.085) 0.674 1.031 (0.945–1.125) 0.488

Zhang et al., 2011 0.991 (0.896–1.097) 0.867 1.141 (0.876–1.486) 0.328 1.297 (0.989–1.700) 0.060 0.964 (0.869–1.070) 0.495 1.023 (0.937–1.116) 0.610

Liu et al., 2012 1.010 (0.899–1.135) 0.867 0.991 (0.692–1.420) 0.961 1.336 (0.926–1.928) 0.122 0.988 (0.876–1.114) 0.847 1.032 (0.930–1.146) 0.552

Zhuang et al.,

2014

0.998 (0.900–1.106) 0.964 1.078 (0.821–1.415) 0.589 1.267 (0.959–1.674) 0.096 0.974 (0.876–1.083) 0.629 1.024 (0.937–1.120) 0.596

Joatar et al., 2017 1.013 (0.917–1.119) 0.801 1.136 (0.875–1.474) 0.339 1.323 (1.012–1.728) 0.040 0.985 (0.889–1.092) 0.774 1.041 (0.955–1.134) 0.362

OR, odd ratio; CI, confidence interval. Bold values, significant differences.

processing, therefore, ghrelin secretion or activity could be
modified rather than change the circulating level of ghrelin (Kim
et al., 2006). In 2002, Ukkola et al. showed that subjects with
Met72Met genotype had lower BMI than those with Leu72Leu
genotype (Ukkola et al., 2002). Studies from 1420 Caucasian
subjects also demonstrated that Met72 variant of the Leu72Met
polymorphism exerted protective role in IR, which was evaluated
by homeostasis model assessment of insulin resistance (HOMA-
IR) index (Zavarella et al., 2008). Moreover, there was a tendency
toward higher ghrelin levels in the Met72+ variant rather than
in the Leu72Leu in T2DM subjects (Berthold et al., 2009), and
ghrelin concentrations were found to correlate negatively with
the prevalence of T2DM (Poykko et al., 2003). All the above
findings support the result of our meta-analysis, which displayed
a protective effect of the ghrelin Leu72Met polymorphism against
T2DM risk in Caucasians.

An important finding was shown in this meta-analysis
that ethnicity-specific association of the ghrelin Leu72Met
polymorphism with T2DM risk between Asians, Caucasians
and Arabians. Although the exact mechanism was not clear,
several possible explanations may account for this ethnic
difference. First, subjects from Asia, Caucasus, and Arab have
different genetic background, which could at least partly explain
the different observations. Previous studies found that the
frequencies of Met72 allele were 21.88% in Japanese (n = 64)
(Yamawaki et al., 2015), 18.13% in Koreans (n = 80) (Kim et al.,
2006), 16.92% in Chinese (n = 1,962) (You et al., 2017), 13.85%
in Finnish (n = 509) (Laurila et al., 2014), 7.8% in Danish
(n = 2,134) (Bing et al., 2005) and 4.3% in Italians (n = 119)
(Monteleone et al., 2007). In the current study, the distribution
of the Met72 allele varied substantially between the three
ethnic groups, with a prevalence of 18.81% in Asians, 7.70% in
Caucasians, and 4.50% in Arabians. Second, T2DM is a complex

disorder which was attributed to the interactions of multiple
genetic and environmental factors. It is possible that different
environmental exposures, life styles, and socioeconomic statuses
may modify the individual’s susceptibility in a different way
(Langenberg et al., 2014; Raghavan et al., 2015). Furthermore,
the result that protective effect of Leu72Met polymorphism on
Caucasian T2DM subjects was draw from the synthesis analysis
of three studies; the harmful effect on T2DM susceptibility
among Asians was concluded according to nine studies, among
which five were written in Chinese; and the neutral effect on
Arabian T2DM subjects was only based on one study. The NOS
scores of the included studies ranged from 5 to 9, which suggest
the qualities were not so high. Therefore, the small sample
size, the relatively low quality and the Chinese studies could all
decrease the statistical power and limit the interpretation of our
findings to some extent.

The association between ghrelin Leu72Met polymorphism
and T2DM susceptibility has been assessed by a previous meta-
analysis, which included six case-control studies (Liao et al.,
2013). The results concluded that there was a decreased T2DM
risk in subjects with Met72+ genotypes in Caucasians; while
no association of the ghrelin Leu72Met polymorphism with
T2DM risk was found in Asians. In the current meta-analysis
of data from 13 case-control studies, we found that T2DM
risk was increased in subjects with Met72Met genotype, and
further subgroup analysis indicated the increased T2DM risk
was only in Asians. Moreover, the decreased risk for T2DM
in Caucasians were also showed in heterozygous and allelic
models. The differences may be attributed to the inadequate
number of included studies in Liao et al. study (Liao et al., 2013).
Moreover, sensitivity analyses were performed in our study,
which suggested a relatively stable result and made our results
more reliable than previous meta-analysis. The results of this
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study may provide a specifically protective or hazardous effect
of the ghrelin Leu72Met polymorphism on T2DM susceptibility
among Caucasians, Asians, and Arabians.

Nevertheless, there were also several limitations that should
be addressed in the present study. First, the number of studies
and the sample size for Caucasian origin were relatively small,
which could cause type II error andmight have insufficient power
for the detection of pooled effects. For example, if we set the
significance level (α) as 0.05, the total sample size of 2,950 subjects
with 1,548 cases and 1,402 controls and 6.46 and 7.70% of Met72
allele in cases and controls only provides 25.90% power to detect
the OR of 0.79 in the dominant model in Caucasians. Moreover,
sensitivity analysis of this meta-analysis also indicated that the
overall results were somewhat unstable. Second, we only included
the studies performed in Caucasians, Asians, and Arabians,
which limited the application to a certain degree. Third, the
overall results of our study were based on individual unadjusted
OR because we had no access to the original data, such as BMI
and IR. Additionally, gene-gene interaction and T2DM-related
phenotypes were not taken into account because of limited date
addressing these issues.

In conclusion, our results demonstrated that the Leu72Met
polymorphism of ghrelin gene is protective against T2DM in
Caucasians, while predisposing to T2DM in Asians. Since the
low power of detecting effects and other potential biases and
confounders can’t be ruled out completely in this meta-analysis,
further studies based on a large sample size are needed to verify
the current findings.

AUTHOR CONTRIBUTIONS

SW and RH designed the study. RH, ST, and RC collected the
data. RH, JS, and YS performed the analyses. RH wrote the first
draft. SW and ST checked the manuscript and revised it. All
authors approved the final submission.

FUNDING

This work was partially supported by the National Natural
Science Foundation of China (http://www.nsfc.gov.cn/
No.81570732, SW), and the Postgraduate Research & Practice
Innovation Program of Jiangsu Province (KYCX17_0176, RH).

REFERENCES

Abdullah, N., Abdul Murad, N. A., Mohd Haniff, E. A., Syafruddin, S. E., Attia,

J., Oldmeadow, C., et al. (2017). Predicting type 2 diabetes using genetic and

environmental risk factors in a multi-ethnic Malaysian cohort. Public Health

149, 31–38. doi: 10.1016/j.puhe.2017.04.003

Alamri, B. N., Shin, K., Chappe, V., and Anini, Y. (2016). The role of ghrelin in

the regulation of glucose homeostasis. Horm. Mol. Biol. Clin. Invest. 26, 3–11.

doi: 10.1515/hmbci-2016-0018

Alberti, K. G., and Zimmet, P. Z. (1998). Definition, diagnosis and

classification of diabetes mellitus and its complications. Part

1: diagnosis and classification of diabetes mellitus provisional

report of a WHO consultation. Diabet Med. 15, 539?553.

doi: 10.1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S

American Diabetes Association (2010). Diagnosis and classification of diabetes

mellitus. Diabetes Care 33(Suppl. 1), S62–S69. doi: 10.2337/dc10-S062

Amini, P., Wadden, D., Cahill, F., Randell, E., Vasdev, S., Chen, X., et al. (2012).

Serum acylated ghrelin is negatively correlated with the insulin resistance in

the CODING study. PLoS ONE 7:e45657. doi: 10.1371/journal.pone.0045657

Berthold, H. K., Giannakidou, E., Krone, W., Mantzoros, C. S., and Gouni-

Berthold, I. (2009). The Leu72Met polymorphism of the ghrelin gene is

associated with a decreased risk for type 2 diabetes. Clin. Chim. Acta 399,

112–116. doi: 10.1016/j.cca.2008.09.022

Bing, C., Ambye, L., Fenger, M., Jorgensen, T., Borch-Johnsen, K., Madsbad, S.,

et al. (2005). Large-scale studies of the Leu72Met polymorphism of the ghrelin

gene in relation to the metabolic syndrome and associated quantitative traits.

Diabet. Med. 22, 1157–1160. doi: 10.1111/j.1464-5491.2005.01575.x

Cheng, M., Liu, X., Yang, M., Han, L., Xu, A., and Huang, Q. (2017).

Computational analyses of type 2 diabetes-associated loci identified by genome-

wide association studies. J. Diabetes 9, 362–377. doi: 10.1111/1753-0407.12421

Choi, H. J., Cho, Y. M., Moon, M. K., Choi, H. H., Shin, H. D., Jang, H.

C., et al. (2006). Polymorphisms in the ghrelin gene are associated with

serum high-density lipoprotein cholesterol level and not with type 2 diabetes

mellitus in Koreans. J. Clin. Endocrinol. Metab. 91, 4657–4663. doi: 10.1210/jc.

2005-2549

Cook, D. A., and Reed, D. A. (2015). Appraising the quality of medical education

research methods: the Medical Education Research Study quality instrument

and the newcastle-ottawa scale-education. Acad. Med. 90, 1067–1076.

doi: 10.1097/ACM.0000000000000786

Cui, B. Q., He, Z. Y., and Lin, Y. Z. (2010). Relationships between Leu72Met

polymorphism of preproghrelin gene and type 2 diabetes mellitus in

Han ethnics of Guangzhou. J. Chongqing. Med. Univ. 7, 1067–1070.

doi: 10.13406/j.cnki.cyxb.2010.07.015

Fuchsberger, C., Flannick, J., Teslovich, T. M., Mahajan, A., Agarwala, V., Gaulton,

K. J., et al. (2016). The genetic architecture of type 2 diabetes.Nature 536, 41–47.

doi: 10.1038/nature18642

Garcia, E. A., King, P., Sidhu, K., Ohgusu, H., Walley, A., Lecoeur, C., et al. (2009).

The role of ghrelin and ghrelin-receptor gene variants and promoter activity in

type 2 diabetes. Eur. J. Endocrinol. 161, 307–315. doi: 10.1530/EJE-09-0122

Hinney, A., Hoch, A., Geller, F., Schafer, H., Siegfried, W., Goldschmidt,

H., et al. (2002). Ghrelin gene: identification of missense variants and

a frameshift mutation in extremely obese children and adolescents and

healthy normal weight students. J. Clin. Endocrinol. Metab. 87:2716.

doi: 10.1210/jcem.87.6.8672

Hosoda, H., Kojima, M., Matsuo, H., and Kangawa, K. (2000). Ghrelin and des-

acyl ghrelin: two major forms of rat ghrelin peptide in gastrointestinal tissue.

Biochem. Biophys. Res. Commun. 279, 909–913. doi: 10.1006/bbrc.2000.4039

Hsu, T. M., Suarez, A. N., and Kanoski, S. E. (2016). Ghrelin: A link

between memory and ingestive behavior. Physiol. Behav. 162, 10–17.

doi: 10.1016/j.physbeh.2016.03.039

Jiang, J. M., Sun, Y. N., Liu, L. M., Zheng, T. S., Wang, N. S., and Wang, F. (2008).

Relationship between Leu72Met polymorphism of preproghrelin gene and type

2 diabetes mellitus and diabetic nephropathy. J. Shanghai Jiaotong Univ. 28,

863–866.

Joatar, F. E., Al Qarni, A. A., Ali, M. E., Al Masaud, A., Shire, A. M., Das, N.,

et al. (2017). Leu72Met and other intronic polymorphisms in the GHRL and

GHSR genes are not associated with Type 2 diabetes mellitus, insulin resistance,

or serum ghrelin levels in a saudi population. Endocrinol Metab. 32, 360–369.

doi: 10.3803/EnM.2017.32.3.360

Kim, S. Y., Jo, D. S., Hwang, P. H., Park, J. H., Park, S. K., Yi, H. K., et al. (2006).

Preproghrelin Leu72Met polymorphism is not associated with type 2 diabetes

mellitus.Metabolism 55, 366–370. doi: 10.1016/j.metabol.2005.09.011

Kojima, M., Hosoda, H., Date, Y., Nakazato, M., Matsuo, H., and Kangawa, K.

(1999). Ghrelin is a growth-hormone-releasing acylated peptide from stomach.

Nature 402, 656–660. doi: 10.1038/45230

Kuzuya, M., Ando, F., Iguchi, A., and Shimokata, H. (2006). Preproghrelin

Leu72Met variant contributes to overweight in middle-aged men of a Japanese

large cohort. Int. J. Obes. 30, 1609–1614. doi: 10.1038/sj.ijo.0803296

Frontiers in Genetics | www.frontiersin.org 8 November 2018 | Volume 9 | Article 541

http://www.nsfc.gov.cn/
https://doi.org/10.1016/j.puhe.2017.04.003
https://doi.org/10.1515/hmbci-2016-0018
https://doi.org/10.1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S
https://doi.org/10.2337/dc10-S062
https://doi.org/10.1371/journal.pone.0045657
https://doi.org/10.1016/j.cca.2008.09.022
https://doi.org/10.1111/j.1464-5491.2005.01575.x
https://doi.org/10.1111/1753-0407.12421
https://doi.org/10.1210/jc.2005-2549
https://doi.org/10.1097/ACM.0000000000000786
https://doi.org/10.13406/j.cnki.cyxb.2010.07.015
https://doi.org/10.1038/nature18642
https://doi.org/10.1530/EJE-09-0122
https://doi.org/10.1210/jcem.87.6.8672
https://doi.org/10.1006/bbrc.2000.4039
https://doi.org/10.1016/j.physbeh.2016.03.039
https://doi.org/10.3803/EnM.2017.32.3.360
https://doi.org/10.1016/j.metabol.2005.09.011
https://doi.org/10.1038/45230
https://doi.org/10.1038/sj.ijo.0803296
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


Huang et al. Ghrelin Leu72Met Polymorphism and T2DM

Langenberg, C., Sharp, S. J., Franks, P. W., Scott, R. A., Deloukas, P., Forouhi, N.

G., et al. (2014). Gene-lifestyle interaction and type 2 diabetes: the EPIC interact

case-cohort study. PLoSMed. 11:e1001647. doi: 10.1371/journal.pmed.1001647

Larsen, L. H., Gjesing, A. P., Sorensen, T. I., Hamid, Y. H., Echwald, S. M.,

Toubro, S., et al. (2005). Mutation analysis of the preproghrelin gene: no

association with obesity and type 2 diabetes. Clin. Biochem. 38, 420–424.

doi: 10.1016/j.clinbiochem.2005.01.008

Laurila, M., Santaniemi, M., Kesaniemi, Y. A., and Ukkola, O. (2014). High plasma

ghrelin protects from coronary heart disease and Leu72Leu polymorphism of

ghrelin gene from cancer in healthy adults during the 19 years follow-up study.

Peptides 61, 122–129. doi: 10.1016/j.peptides.2014.09.012

Liao, N., Xie, Z. K., Huang, J., and Xie, Z. F. (2013). Association between the ghrelin

Leu72Met polymorphism and type 2 diabetes risk: a meta-analysis. Gene 517,

179–183. doi: 10.1016/j.gene.2012.12.094

Liu, J., Liu, J., Tian, L.M., Liu, J. X., Bing, Y. J., Zhang, J. P., et al. (2012). Association

of ghrelin Leu72Met polymorphism with type 2 diabetes mellitus in Chinese

population. Gene 504, 309–312. doi: 10.1016/j.gene.2012.03.025

Matsumoto, N., Tsubouchi, H., Imazu, Y., Arimura, Y., Yanagi, S., Iiboshi, H., et al.

(2017). Clinical application of ghrelin for chronic respiratory failure. Endocr. J.

64, S1–S3. doi: 10.1507/endocrj.64.S1

Monteleone, P., Tortorella, A., Castaldo, E., Di Filippo, C., and Maj, M.

(2007). The Leu72Met polymorphism of the ghrelin gene is significantly

associated with binge eating disorder. Psychiatr. Genet. 17, 13–16.

doi: 10.1097/YPG.0b013e328010e2c3

Mosa, R. M., Zhang, Z., Shao, R., Deng, C., Chen, J., and Chen, C. (2015).

Implications of ghrelin and hexarelin in diabetes and diabetes-associated heart

diseases. Endocrine 49, 307–323. doi: 10.1007/s12020-015-0531-z

Muller, T. D., Nogueiras, R., Andermann, M. L., Andrews, Z. B., Anker,

S. D., Argente, J., et al. (2015). Ghrelin. Mol. Metab. 4, 437–460.

doi: 10.1016/j.molmet.2015.03.005

Ogurtsova, K., da Rocha Fernandes, J. D., Huang, Y., Linnenkamp, U., Guariguata,

L., Cho, N. H., et al. (2017). IDF diabetes atlas: global estimates for the

prevalence of diabetes for 2015 and 2040. Diabetes Res. Clin. Pract. 128, 40–50.

doi: 10.1016/j.diabres.2017.03.024

Poykko, S. M., Kellokoski, E., Horkko, S., Kauma, H., Kesaniemi, Y. A., and

Ukkola, O. (2003). Low plasma ghrelin is associated with insulin resistance,

hypertension, and the prevalence of type 2 diabetes. Diabetes 52, 2546–2553.

doi: 10.2337/diabetes.52.10.2546

Pullinger, C. R., Goldfine, I. D., Tanyolac, S., Movsesyan, I., Faynboym, M.,

Durlach, V., et al. (2014). Evidence that an HMGA1 gene variant associates

with type 2 diabetes, body mass index, and high-density lipoprotein cholesterol

in a Hispanic-American population. Metab. Syndr. Relat. Disord. 12, 25–30.

doi: 10.1089/met.2013.0086

Raghavan, S., Porneala, B., McKeown, N., Fox, C. S., Dupuis, J., and Meigs,

J. B. (2015). Metabolic factors and genetic risk mediate familial type 2

diabetes risk in the Framingham Heart Study. Diabetologia 58, 988–996.

doi: 10.1007/s00125-015-3498-7

Serra-Prat, M., Alfaro, S. R., Palomera, E., Casamitjana, R., Buquet, X.,

Fernandez-Fernandez, C., et al. (2009). Relationship between ghrelin and the

metabolic syndrome in the elderly: a longitudinal population-based study. Clin.

Endocrinol. 70, 227–232. doi: 10.1111/j.1365-2265.2008.03307.x

Sominsky, L., Hodgson, D. M., McLaughlin, E. A., Smith, R., Wall, H. M., and

Spencer, S. J. (2017). Linking stress and infertility: a novel role for ghrelin.

Endocr. Rev. 38, 432–467. doi: 10.1210/er.2016-1133

Soriano-Guillen, L., Ortega, L., Navarro, P., Riestra, P., Gavela-Perez, T., and

Garces, C. (2016). Sex-related differences in the association of ghrelin

levels with obesity in adolescents. Clin. Chem. Lab. Med. 54, 1371–1376.

doi: 10.1515/cclm-2015-0555

Steinle, N. I., Pollin, T. I., O’Connell, J. R., Mitchell, B. D., and Shuldiner,

A. R. (2005). Variants in the ghrelin gene are associated with metabolic

syndrome in the Old Order Amish. J. Clin. Endocrinol. Metab. 90, 6672–6677.

doi: 10.1210/jc.2005-0549

Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I., Williamson, G.

D., Rennie, D., et al. (2000). Meta-analysis of observational studies in

epidemiology: a proposal for reporting. Meta-analysis of observational studies

in Epidemiology (MOOSE) group. J. Am. Med. Assoc. 283, 2008–2012.

doi: 10.1001/jama.283.15.2008

The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus

(1997). Report of the expert committee on the diagnosis and classification of

diabetes mellitus. Diabetes Care 20, 1183–1197.

The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus

(2003). Report of the expert committee on the diagnosis and classification of

diabetes mellitus. Diabetes Care 26(Suppl. 1), S5–S20.

Ukkola, O., Ravussin, E., Jacobson, P., Perusse, L., Rankinen, T., Tschop, M., et al.

(2002). Role of ghrelin polymorphisms in obesity based on three different

studies. Obes. Res. 10, 782–791. doi: 10.1038/oby.2002.106

Ukkola, O., Ravussin, E., Jacobson, P., Snyder, E. E., Chagnon, M., Sjostrom,

L., et al. (2001). Mutations in the preproghrelin/ghrelin gene associated

with obesity in humans. J. Clin. Endocrinol. Metab. 86, 3996–3999.

doi: 10.1210/jcem.86.8.7914

Xiang, Y., Tan, N., Zhang, Z., Li, Q., Xu, J., and Gu, M. (2011). Relationship

between ghrelin gene Leu72Met polymorphism and type 2 diabeted mellitus.

Chin. J. Diabet. 10, 729–731.

Xu, L. L., and Xiang, H. D. (2008). Association of human ghrelin gene

polymorphism with type 2 diabetes mellitus. Basic. Clin. Med. 1, 44–47.

doi: 10.7754/Clin.Lab.2016.160715

Xu, L. L., Xiang, H. D., Qiu, C. C., and Xu, Q. (2008). Association of ghrelin

polymorphisms with metabolic syndrome in Han Nationality Chinese. Biomed.

Environ. Sci. 21, 188–192. doi: 10.1016/S0895-3988(08)60027-6

Yamawaki, H., Futagami, S., Shimpuku, M., Shindo, T., Maruki, Y., Nagoya,

H., et al. (2015). Leu72Met408 polymorphism of the ghrelin gene is

associated with early phase of gastric emptying in the patients with functional

dyspepsia in Japan. J. Neurogastroenterol. Motil. 21, 93–102. doi: 10.5056/

jnm14086

You, Y., Yu, Y., Wu, Y., Rao, W., Zhang, Y., Liu, Y., et al. (2017). Association study

between ghrelin gene polymorphism andmetabolic syndrome in aHanChinese

population. Clin. Lab. 63, 175–181.

Zavarella, S., Petrone, A., Zampetti, S., Gueorguiev, M., Spoletini, M., Mein, C.

A., et al. (2008). A new variation in the promoter region, the−604 C>T,

and the Leu72Met polymorphism of the ghrelin gene are associated with

protection to insulin resistance. Int. J. Obes. 32, 663–668. doi: 10.1038/sj.ijo.

0803766

Zhang, S. L., Liu, J., Guo, Q., Ma, X. Q., Liu, J. X., and Jin, L. Y. (2011).

Association of Arg51Gln and Leu72Met polymorphism of Ghrelin gene

polymorphism with type 2 diabetes mellitus and lipid in Muslins in Gansu

province. J. Lanzhou. Univ. 1, 21–24. doi: 10.13885/j.issn.1000-2812.2011.

01.006

Zhuang, L., Li, M., Yu, C., Li, C., Zhao, M., Lu, M., et al. (2014). The

Leu72Met polymorphism of the GHRL gene prevents the development

of diabetic nephropathy in Chinese patients with type 2 diabetes

mellitus. Mol. Cell Biochem. 387, 19–25. doi: 10.1007/s11010-013-

1865-6

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2018 Huang, Tian, Cai, Sun, Shen and Wang. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Genetics | www.frontiersin.org 9 November 2018 | Volume 9 | Article 541

https://doi.org/10.1371/journal.pmed.1001647
https://doi.org/10.1016/j.clinbiochem.2005.01.008
https://doi.org/10.1016/j.peptides.2014.09.012
https://doi.org/10.1016/j.gene.2012.12.094
https://doi.org/10.1016/j.gene.2012.03.025
https://doi.org/10.1507/endocrj.64.S1
https://doi.org/10.1097/YPG.0b013e328010e2c3
https://doi.org/10.1007/s12020-015-0531-z
https://doi.org/10.1016/j.molmet.2015.03.005
https://doi.org/10.1016/j.diabres.2017.03.024
https://doi.org/10.2337/diabetes.52.10.2546
https://doi.org/10.1089/met.2013.0086
https://doi.org/10.1007/s00125-015-3498-7
https://doi.org/10.1111/j.1365-2265.2008.03307.x
https://doi.org/10.1210/er.2016-1133
https://doi.org/10.1515/cclm-2015-0555
https://doi.org/10.1210/jc.2005-0549
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1038/oby.2002.106
https://doi.org/10.1210/jcem.86.8.7914
https://doi.org/10.7754/Clin.Lab.2016.160715
https://doi.org/10.1016/S0895-3988(08)60027-6
https://doi.org/10.5056/jnm14086
https://doi.org/10.1038/sj.ijo.0803766
https://doi.org/10.13885/j.issn.1000-2812.2011.01.006
https://doi.org/10.1007/s11010-013-1865-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	Ethnicity-Specific Association Between Ghrelin Leu72Met Polymorphism and Type 2 Diabetes Mellitus Susceptibility: An Updated Meta-Analysis
	Introduction
	Materials and Methods
	Literature Search
	Literature Inclusion
	Data Extraction
	Quality Assessment
	Statistical Analysis

	Results
	Characteristics of Included Studies
	Synthesis Analyses
	Sensitivity Analyses
	Publication Biases

	Discussion
	Author Contributions
	Funding
	References


