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Leptin is a hormone protein regulating food intake and energy expenditure. A number of studies have evaluated the genetic effect
of leptin (LEP) and leptin receptor (LEPR) genes on T2DM. This study aimed to investigate the association between these gene
polymorphisms and T2DM by a systematic review and meta-analysis. Published studies were identified through extensive search
in PubMed and EMBASE. A total of 5143 T2DM cases and 5021 controls from 14 articles were included in this study. Five functional
variants in LEPR were well evaluated. Meta-analysis showed that rs1137101 (p.R223Q) was significantly associated with T2DM in
all genetic models: allele model (OR =1.27, 95% confidence interval (CI) = 1.13-1.42), dominant model (OR =119, 95% CI = 1.05-
1.35), homozygote model (OR = 1.82, 95% CI = 1.38-2.39), and recessive model (OR = 1.75, 95% CI = 1.35-2.28), with minimal
heterogeneity and no indication of publication bias. Similar associations with T2DM were also found for 1562589000 (p.P1019P)
and 3'UTR ins/del, although the data was obtained from a small number of studies. For the other two polymorphisms rs1137100
(p.R109K) and rs8179183 (p.K656N), they were not significantly associated with T2DM. Our results provide robust evidences for

the genetic association of rs1137101 (p.R223Q) in LEPR with T2DM susceptibility.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a group of metabolic dis-
orders with insulin secretion deficiency or insulin resistance
(IR) and characterized by hyperglycemia. The prevalence of
diabetes increases significantly in recent decades, affecting
about 6% of adult population globally. Therefore, it is one
of the major health care challenges in the world [1]. T2DM
is a heterogeneous and polygenic disease associated with
increased risk of several complications, such as cardiovascu-
lar disease, ischemic heart disease, and diabetic retinopathy
[2]. Over the past decades, great achievements have been
made in clinical diagnosis and interventions as well as eluci-
dating the underlying pathogenesis of diabetes. Obesity, food

intake, and energy expenditure have long been recognized as
important key factors in the etiology of diabetes [3]. Besides,
genetic factors also play a pivotal role in the development
of diabetes and identified multiple T2DM-associated genes,
providing additional insights into the disease mechanisms
[4].

Leptin is a hormone protein important in regulating food
intake and energy expenditure for energy balance, fertility,
and metabolism, which are mediated by the cell surface leptin
receptor (LepR) [5, 6]. It is suggested that there is a connec-
tion between energy metabolism and obesity [7]. Under nor-
mal condition, leptin can reduce appetite and increase sym-
pathetic activity. Notably, leptin is also known to facilitate glu-
cose utilization and improves insulin sensitivity 8, 9]. Apart
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from its role in obesity, recent studies have drawn attention
to the role of leptin in the pathogenesis of T2DM and insulin
resistance.

LepR is encoded by the leptin receptor gene (LERP) on
chromosome 1p31. Several functional variants with possible
biological effects on metabolism regulation have been
extensively investigated for the genetic predispositions on
diabetes and its complications. These gene polymorphisms
include rs1137101 (p.Arg223GIn or p.R223Q), rs1137100
(p.Argl09Lys or p.R109K), rs8179183 (p.Lys656Asn or
p.K656N), rs62589000 (p.Prol019Pro or p.P1019P), 3'-
untranslated region (UTR) ins/del, rs1805134 (p.Ser343Ser or
p-S343S), and rs2228301 (p.Asn567Asn or p.N567N) [10-23].

Although many studies have elucidated the association
between T2DM and LEPR gene, the conclusion is still con-
troversial because of small sample size in each study and lack
of robust replication. We therefore conducted a systematic
review and meta-analysis to evaluate the genetic impacts of
LEPR gene polymorphisms on the risk of T2DM.

2. Methods

2.1. Searching Strategy and Inclusion Criteria. A comprehen-
sive literature search was conducted in online databases,
MEDLINE (Medical Literature Analysis and Retrieval System
Online) and EMBASE (via Ovid) engines up to July 2015.
The following medical subject headings and keywords were

»

used for search strategy: “leptin”, “leptin receptor”, “LEP”,
“LEPR”, “gene(s)”, “polymorphism(s)”, “mutation(s)”, “vari-
ant(s)”, “diabetes”, “diabetic”, “DM”, and “diabetes mellitus”.
References lists of the retrieved articles and reviews were also
screened for additional articles not captured by electronic
search. Eligible studies were defined as the following crite-
ria: (1) case-control study; (2) investigating the association
between T2DM and LEPR polymorphisms; (3) sufficient
genotype distribution data in case and control groups; (4)
study samples being unrelated individuals drawn from clearly
defined populations; (5) written in English. The exclusion cri-
teria were defined as studies on animals, case reports, reviews,
abstracts, editorial comments, and reports with incomplete
data.

2.2. Data Extraction and Quality Appraisal. The following
information was extracted from each study: first author,
year of publication, country of studies, ethnicity, sample
size, age, gender, allele/genotypic frequencies, and body mass
index (BMI). If the test for Hardy-Weinberg equilibrium
(HWE) was not reported, it was tested by the genotype data.
The quality of studies was evaluated independently by two
investigators (M. M. Yang and ]. Wang) according to the
Newcastle-Ottawa Scale (NOS). Uncertainties were resolved
by discussions or by consensus with a third reviewer (J. J.
Fan). NOS evaluated studies with a star-rating system ranging
from 0 (lowest) to 9 (highest) stars, which was based on three
study components, including selection, comparability, and
outcome assessment. Studies with more than 5 points were
evaluated as qualified.
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PubMed: EMBASE:
112 articles identified by —— 87 articles identified by
search search

53 duplicate articles

146 independent articles

54 nonrelevant studies

Excluded:
(i) 24 functional or animall

studies

(ii) 21 studies on other
diseases

(iii) 16 non-case-control
study

(iv) 12 non-English-writing]

(v) 5 reviews

92 potentially relevant
articles

14 articles were included in this meta-analysis

FIGURE 1: A schematic representation of the search strategy and
selection process.

2.3. Statistical Analysis. Pooled odds ratios (ORs) and corre-
sponding 95% confidence intervals (CI) were used to estimate
the association strength between LEPR polymorphisms and
T2DM risk. The regression coeflicients and the associated
standard errors (SE, 95% CI) were combined using meta-
analytic software. The combined ORs were, respectively,
calculated by four genetic models (allele, dominant, recessive,
and homozygous). HWE among controls was evaluated by x*
test and P < 0.05 was considered as significant disequilib-
rium. Both Cochran’s Q statistic testing degree of heterogene-
ity across studies and the index I statistic quantifying the
proportion of heterogeneity between studies were calculated;
Pvalue less than 0.10 for the Q-test and I? above 50% were
considered as statistically significant. If there was significant
heterogeneity, the random effects model would be used to
analyze the pooled ORs; otherwise, the fixed effects model
would be applied. We used univariate random effects metare-
gression to investigate the potential sources of heterogene-
ity, such as, ethnicity, sample size, source of control, and
publication years. Sensitivity analysis was used to assess the
stability of results by systematically removing each study and
reassessing the significance, whereas funnel plot and Egger’s
test were used to assess the potential publication bias. Statisti-
cal analyses were conducted by Review Manager (version 5.3,
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014).

3. Results

3.1. General Characteristics of the Included Studies. The search
and selection process of included studies was presented in
Figure 1. According to our searching strategy, 199 potentially
relevant studies were retrieved initially; after screening, 14
studies and 30 extracted SNP outcomes met the inclusion
criteria and were used for the meta-analysis. The general char-
acteristics of the included studies were summarized in Table 1.
Genotypic distribution was in agreement with HWE in all
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TABLE 2: Pooled analyses on the association of LEPR gene polymorphisms with T2DM.
Polymorphism Cases/controls Genetic model OR (95% CI) Pvalue I* (%) Py
Allele 1.27 [1.13,1.42] <0.0001 38 0.13
p.Arg223Gln 3649/2381 Dominant 1.19 [1.05, 1.35] 0.007 28 0.13
(R223Q) Homozygote 1.82 [1.38, 2.39] <0.0001 17 0.22
Recessive 1.75 [1.35, 2.28] <0.0001 37 0.29
Allele 1.02 [0.92, 1.12] 0.73 0 0.45
p-Argl09Lys 3536/2268 Dominant 1.02 [0.86, 1.20] 0.86 27 0.23
(R109K) Homozygote 115 [0.81, 1.65] 0.44 0 0.8
Recessive 1.17 [0.82, 1.66] 0.39 0 0.84
Allele 1.08 [0.91, 1.30] 0.38 20 0.26
p.Lys656Asn 2018/1641 Dominant 1.09 [0.90, 1.33] 0.36 10 0.35
(K656N) Homozygote 0.79 [0.38, 1.65] 0.53 0 0.79
Recessive 0.78 [0.38, 1.61] 0.5 0 0.83
Allele 1.49 [0.89, 2.50] 0.13 78 0.03
p.Prol019Pro 753/767 Dominant 1.28 [0.84,1.96] 0.25 67 0.05
(P1019P) Homozygote 1.86 [L14, 3.02] 0.01 10 0.29
Recessive 1.75 [1.12, 2.72] 0.01 1 0.31
Allele 0.69 [0.55, 0.86] 0.001 0 0.5
.3'UTR 544/690 Dominant 0.71[0.55, 0.92] 0.008 34 0.22
ins/del Homozygote 0.75 [0.05, 11.7] 0.84 66 0.08
Recessive 0.35 [0.16, 0.76] 0.92 69 0.07

studies. The detailed information of the corresponding
pooled odds ratios and P values of each SNP were presented
in Table 2. The NOS results showed that the methodological
quality was generally good (data not shown).

3.2. The Effect of p.Arg223Gln on T2DM. Eleven studies,
containing 3649 T2DM cases and 2381 controls, were eligible
for pooling of genetic effects of p.R223Q on T2DM. The allele
model (R versus Q) yielded a pooled OR 0f1.27 (95% CI: 1.13-
1.42) with minimal heterogeneity (Pq = 0.13, I? = 38%). Our
result demonstrated a positive correlation between R allele
of p.R223Q and T2DM risk. Significant association was also
observed under other genetic models (dominant: OR = 1.19,
95% CI 1.05-1.35; homozygote: OR = 1.82, 95% CI 1.38-2.39;
and recessive: OR = 1.75, 95% CI 1.35-2.28, resp.) (Figure 2).

3.3. The Effect of p.RI09K on T2DM. For p.R109K variant,
seven studies containing 3536 cases and 2268 controls were
included. The pooled analysis showed that R109K had no sig-
nificant association with T2DM susceptibility for all genetic
models: allele (OR =1.02, 95% CI 0.92-1.12), dominant model
(OR =1.04, 95% CI 0.91-1.19), homozygote model (OR = 1.15,
95% CI 0.81-1.65), and recessive model (OR = 1.17, 95% CI
0.82-1.66) (Figure 3). The ORs for all genetic effects were
homogeneous across all studies (I* = 0%) except mild
heterogeneity in the dominant model (I* = 27%).

3.4. The Effect of p.K656N on T2DM. The association between
p-K656N and T2DM has been examined in five studies,

including 2018 cases and 1641 controls. Overall, no significant
association was observed in any genetic models. The genetic
effects were homogeneous across studies (I < 25%,
Figure 4).

3.5. Other Loci. Three studies were carried out to assess the
association of p.P1019P with susceptibility to T2DM, involv-
ing 753 cases and 767 controls. Only dominant genotype data
can be extracted from the original study by Takahashi-Yasuno
et al. [20]. Overall, the recessive and homozygote model
showed homogeneity and the fixed effects pooled ORs were
found to be significant (OR = 175, 95% CI = 1.12-2.72, and
OR =1.86, 95% CI =1.14-3.02, resp.). The allele and dominant
model yielded a strong heterogeneity between studies (I* >
67%; P = 0.001), and the random effect model was therefore
used but no significant association was observed (OR = 1.49,
95% CI = 0.89-2.50, and OR = 1.28, 95% CI = 0.84-1.96,
resp.) (Figure 5). Regarding the association of 3' UTR ins/del,
variable results were observed across different models, whose
significant association was detected between 3'UTR ins/del
and T2DM under allele and dominant models with no evi-
dence of heterogeneity, but lack of significant association in
other genetic models. Moreover, the ORs yielded strong het-
erogeneity among the studies (I = 66% and 69% in homozy-
gote and recessive model, resp.) (Figure 6). Two variants of
rs1805134 (p.S343S) and rs22283014 (p.N567N) were reported
by only one article by Kyong et al. with 775 cases and 688
healthy controls [17]. This study found no significant associ-
ation between these two polymorphisms and risk of T2DM.
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Study or subgroup Weight Odds ratio Odds ratio
M-H, fixed, 95% CI M-H, fixed, 95% CI
Etemad et al. 2013 (China) 1.9% 2.66 [1.35, 5.22]
Etemad et al. 2013 (India) 6.6% 1.25[0.81, 1.93] _—
Etemad et al. 2013 (Malay) 8.0% 1.69 [1.16, 2.44] —_—
Murugesan et al. 2010 7.7% 2.77 [1.98, 3.86] —_—
Gan and Yang 2012 9.8% 1.45 [1.02, 2.07] —_—
Mohammadzadeh et al. 2013 9.9% 0.98 [0.67, 1.43] B e—
Han et al. 2008 14.8% 0.99 [0.73, 1.35] ——
Jiang et al. 2014 8.8% 0.82 [0.54, 1.24] -
Kyong et al. 2006 29.3% 1.02 [0.82, 1.27] —
Liao et al. 2012 3.1% 0.94 [0.48, 1.84] v
Total (95% CI) 100.0% 1.27 [1.13, 1.42] <&
Heterogeneity: y* = 11.23,df = 9 (P = 0.13); I* = 38% T |
Test for overall effect: Z = 4.13 (P < 0.0001) 05 ! 2
Protective risk
(a)
Study or subgroup Weight M-H?f(iljesdr,a;;o% cI M—H?gjesdr,a;lSO% CI
Takahashi-Yasuno et al. 2004 11.3% 1.24 [0.86, 1.79] —t
Etemad et al. 2013 (China) 1.5% 1.97 [0.80, 4.86] x
Etemad et al. 2013 (India) 4.7% 0.98 [0.53, 1.80] —
Etemad et al. 2013 (Malay) 5.8% 1.49 [0.91, 2.43] a0 .
Murugesan et al. 2010 3.5% 3.79 [2.27, 6.33] -
Gan and Yang 2012 9.7% 1.20 [0.80, 1.80] —t—
Mohammadzadeh et al. 2013 8.3% 0.96 [0.60, 1.52] —_——
Han et al. 2008 14.4% 1.07 [0.76, 1.50] —
Jiang et al. 2014 8.9% 0.82 [0.52, 1.30] —_——
Kyong et al. 2006 28.9% 1.06 [0.83, 1.35] — il
Liao et al. 2012 3.1% 1.01 [0.48, 2.14]
Total (95% CI) 100.0% 1.19 [1.05, 1.35] ‘
Heterogeneity: x* = 13.96, df = 10 (P = 0.13); I = 28% , , ,
Test for overall effect: Z = 2.72 (P = 0.007) 0.2 0.5 1 2
Protective risk
()

Study or subgroup
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Odds ratio
M-H, fixed, 95% CI

QOdds ratio
M-H, fixed, 95% CI

Etemad et al. 2013 (China)
Etemad et al. 2013 (India)
Etemad et al. 2013 (Malay)
Murugesan et al. 2010

Gan and Yang 2012
Mohammadzadeh et al. 2013
Han et al. 2008

Jiang et al. 2014

Kyong et al. 2006

Liao et al. 2012

Total (95% CI)

4.8%
18.6%
20.0%

9.4%

5.9%

6.0%
10.7%

5.2%
17.0%

2.4%

100.0%

3.61 [1.26, 10.34]
1.36 [0.70, 2.67]
2.02 [1.12, 3.66]
5.86 [3.05, 11.27]
2.72[0.90, 8.23]
1.00 [0.28, 3.59]
0.43 [0.13, 1.44]
0.57 [0.13, 2.59]
0.77 [0.34, 1.72]
0.36 [0.04, 2.97]

1.82 [1.38, 2.39]

Heterogeneity: x* = 17.47,df = 9 (P = 0.22); I = 17%

Test for overall effect: Z = 4.30 (P < 0.0001)
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FI1GURE 2: Continued.
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Study or subgroup Weight M-H(,)f(iijesia;i;% c M-H?gjesdr,a;i;%) c

Etemad et al. 2013 (China) 4.2% 3.91[1.37,11.17] -
Etemad et al. 2013 (India) 16.9% 1.64 [0.86, 3.12] e

Etemad et al. 2013 (Malay) 18.9% 2.06 [0.15, 3.68] —
Murugesan et al. 2010 16.5% 3.18 [1.81, 5.58] —

Gan and Yang 2012 5.5% 2.67 [0.89, 8.03] o
Mohammadzadeh et al. 2013 5.5% 1.02 [0.29, 3.61]

Han et al. 2008 9.9% 0.42 [0.12, 1.39] o

Jiang et al. 2014 4.7% 0.59 [0.13, 2.68] v

Kyong et al. 2006 15.7% 0.75[0.33, 1.69] —a—

Liao et al. 2012 2.2% 0.36 [0.04, 2.90] x

Total (95% CI) 100.0% 1.75 [1.35, 2.28] ‘

Heterogeneity: x* = 14.99, df = 9 (P = 0.29); I* = 37%
Test for overall effect: Z = 4.18 (P < 0.0001)

0.05 0.2 1 5 20
Protective risk

FIGURE 2: Forest plots of the association of LEPR p.R223Q with T2DM. The size of the box is proportional to the weight of the study, horizontal
lines indicate 95% CI, and a diamond indicates the summary OR with its corresponding 95% CI. (a) Allele model, (b) dominant model,
(c) homozygote model, and (d) recessive model; LEPR: leptin receptor gene; T2DM: type 2 diabetes mellitus; OR: odds ratio; CI: confidence

interval.

3.6. Heterogeneity and Publication Bias. In order to examine
the influence of each study set to the pooled ORs, sensitivity
analysis was performed by omitting one study in each time.
For the variants, rs1137101 (p.R223Q), rs1137100 (p.R109K),
and rs8179183 (p.K656N), the ORs were not significantly
influenced by individual data, indicating that our results were
statistically stable and robust. Metaregression was performed
to detect the source of heterogeneity for the significant
finding of rs1137101; the results indicated that sample size (P =
0.015) and source of control (P = 0.029) contributed het-
erogeneity, while ethnicity (P = 0.648) and publication year
(P = 0.429) did not. Regarding rs62589000 (p.P1019P), the
sensitivity analysis showed that the data from Lu et al. appar-
ently influenced the overall results; therefore, the pooled ORs
need be taken into account [15]. For 3’ UTR ins/del, only two
studies were performed in Finland and Mexican populations;
among the two included articles, the results in one study
performed by Nannipieri et al. were overweight and signif-
icantly influenced the overall results [23]. Publication bias
was investigated by funnel plot and Egger’s test; for all SNPs,
funnel plot shapes did not reveal any evidence of obvious
asymmetry (Figure 7). Egger’s test also suggested no publi-
cation bias (P = 0.524 for rs1137101).

4. Discussion

In recent years, numerous studies have been conducted to
evaluate the genetic influence of leptin to T2DM suscep-
tibility. While the reports in different ethnic groups often
yielded contradictory results, the inconsistencies could be

due to the lack of power in each individual study with limited
sample size as well as the heterogeneous data and methods.
To confirm the association of LEPR and T2DM, we, for the
first time, conducted a systematic review and meta-analysis
to examine the associations of LEPR polymorphisms with
T2DM risk. For this meta-analysis, five of the most com-
monly investigated LEPR SNPs were analyzed. Among them,
p-R223Q was found to be significantly associated with T2DM,
which remained significant even after sensitivity analysis.
Genetic effect with allele R showed a positive association with
T2DM from 1.19- to 1.82-fold under different genetic models.
This result provides robust evidence for the genetic impact
of leptin on diabetes, which will lead to further biological
function investigation.

It is well known that obesity is a major link to T2DM,
especially characterized by insulin resistance [24]. As lep-
tin has long been linked with obesity, recent studies have
depicted the role of leptin in T2DM and insulin resistance.
Leptin can facilitate glucose utilization and improve insulin
sensitivity, which has been implicated in the development of
diabetes. Meanwhile, lower leptin expression in the adipose
tissue and serum leptin levels were observed in T2DM
patients [25]. The LEPR p.R223Q (G>A polymorphism,
rs1137101) leads to an amino acid alteration from Arg to Gln
located in the regulatory domain of the LEPR protein. Study
by Murugesan et al. found that the levels of leptin, insulin,
and body mass index (BMI) were significantly increased
with homozygous and heterozygous variants of p.R223Q and
showed significant difference between cases and controls [19].
These results were consistent with findings of Yiannakouris
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F1GURE 3: Continued.
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FIGURE 3: Forest plots of the association of LEPR p.R109K with T2DM. (a) Allele model, (b) dominant model, (c) homozygote model, and

(d) recessive model.

etal. suggesting that the p.R223Q polymorphism is associated
with obesity and predicts a small percentage of body weight
and body composition variability in a genetically homoge-
neous population [26]. Regarding this SNP, majority of stud-
ies were conducted in Asian populations; this is because some
studies in other ancestries were excluded during the process
of narrowing the studies; additionally, the MAF of this poly-
morphism is similar across different populations. Therefore,
this significant association reported in the present study is
more likely to be predictive of diabetes in overall population.

For other two functional variants, p.R109Q and p.K656N,
no significant associations were found with T2DM under any
genetic models, implying that these two variants might not
contribute to the risk of T2DM. With regard to p.P1019P
and 3'UTR ins/del, significant association was identified with
T2DM, but the results were largely influenced by particular
article and a limited number of studies were available.
Therefore, these associations should be carefully interpreted,
and further examinations in larger cohorts are warranted.

There are a number of limitations in our current meta-
analysis. Firstly, only 14 available studies were enrolled. The
number is not enough for every variant in the meta-analysis,
such as p.P1019P and 3'UTR ins/del. Secondly, the small
sample size conferred limited statistical power for exploring
real association, especially for the subgroup analysis. Thirdly,
as a multifactorial disease, a more precise analysis on T2DM-
related factors should be conducted, such as BMI, age, and
environmental exposure; however, some studies did not
provide the detailed information.

To the best of our knowledge, this is the first meta-analysis
to investigate the association of LEPR gene with T2DM. Our
results suggested that the polymorphism rs1137101 (p.R223Q)

has strong association with T2DM susceptibility. More stud-
ies in larger cohort and functional analyses of LEPR are
required to reinforce the results and elucidate its biological
roles in diabetes.
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FIGURE 4: Forest plots of the association of LEPR p.K656N with T2DM. (a) Allele model, (b) dominant model, (c) homozygote model, and
(d) recessive model.
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FIGURE 5: Forest plots of the association of LEPR p.P1019P with T2DM. (a) Recessive model, (b) allele model, (c) homozygote model, and
(d) dominant model (study by Takahashi-Yasuno et al. only provides dominant data for this SNP).
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FIGURE 6: Forest plots of the association of LEPR 3'UTR with T2DM. (a) Allele model, (b) dominant model, (c) homozygote model, and

(d) recessive model.
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FIGURE 7: Funnel plot of studies conducted on the association
between rs1137101 (R223Q) and T2DM risk (G>A).
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