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ABSTRACT
Background: type 2 diabetes mellitus (t2DM) is a multifaceted disease appropriate to elevated 
blood glucose levels resulting from decreased insulin and beta-cell activity. Using a case–control 
methodology, researchers have examined the relationship between polymorphisms in lePR and 
t2DM in a population from south india.
Materials and Methods: We conducted a genetic analysis of 311 participants, and results were 
accomplished using a case-control study, a meta-analysis of previous studies on lePR was 
conducted, and type 2 diabetes genotype distribution across various geographical regions 
Malaysians, chinese han, Kuwait, iran, Mongolia, and han chinese, Greece, saudi, india (North 
india, Punjabi), (south india, tamilnadu). the study involved 254 prospective investigations, and 
nine association studies were preferred according to preset criteria. studies were assessed for 
quality using the hardy-Weinberg equilibrium (hWe) and the Newcastle–Ottawa scale (NOs). an 
analysis of the genetic models was conducted to determine their relationship, statistical analysis 
was utilized to calculate odds ratios (ORs) and matching 95% confidence intervals (cis).
Results: the LEPR-rs1137101 polymorphism in the case-control study was associated with a 
significant increase in the risk of type 2 diabetes. a meta-analysis revealed a connection between 
LEPR gene polymorphism (rs1137101) and type 2 diabetes risk. investigators might gain a more 
profound thought on the significance of the identified genetic variation and its impact on the 
chance of developing type 2 diabetes by verifying and strengthening previously reported findings. 
the model of fixed effects was chosen due to the low heterogeneity, and significant associations 
were observed in the allelic (OR = 0.79, 95% ci [0.70–0.87]), homozygote (OR = 0.58, 95% ci 
[0.46–0.72]), dominant (OR = 0.66, 95% ci [0.56–0.79]), and recessive (OR = 0.83, 95% ci [0.71–
0.96]) genetic models. a Begg’s funnel plot and egger’s test indicated no publication bias. these 
findings suggest that the rs1137101 variant in the LEPR gene has been linked to a higher risk of 
t2DM.
Conclusions: a larger sample size, however, is required for further research, and consideration of 
potential confounding factors is needed to validate these associations. Understanding the 
implications of LEPR gene polymorphisms in t2DM susceptibility may contribute to personalized 
treatment strategies for patients with t2DM.

KEY MESSAGES
• t2DM is the prevailing diabetes type globally, impacting approximately 90% of people living 

with diabetes. t2DM has become more commonplace, irrespective of socioeconomic status or 
demographic background.

• t2DM is characterized by hyperglycemia caused by increased blood glucose levels. Recent 
research indicates a substantial global rise in t2DM cases, suggesting a growing public health 
concern.

• the development of type 2 diabetes is influenced by both environmental and genetic factors. 
among the genetic factors, the LEPR gene (leptin receptor gene) has been extensively studied 
and is associated with insulin sensitivity, hunger regulation, and energy consumption.
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• the LEPR gene contains a polymorphism known as Gln223arg, which alters the 223rd amino 
acid from arginine to glutamine and may influence signal transduction, potentially increasing 
susceptibility to type 2 diabetes.

• investigations into the relationship between t2DM susceptibility and the lePR gene variant 
(rs1137101) have been carried out through case-control studies and meta-analyses. the results 
imply that this genetic variation may influence type 2 diabetes risk, particularly in specific 
ethnic populations. to fully understand the precise mechanisms underlying these associations 
and to validate them further, more comprehensive research with larger sample sizes is 
necessary.

• in general, knowledge of the genetic components—such as the variant of the lePR gene—
can offer important insights into the pathophysiology of t2DM and could result in the creation 
of more specialized and individualized treatment plans.

1.  Introduction

Diabetic mellitus (DM) is characterized by high blood 
sugar levels, which can manifest themselves in a vari-
ety of forms, such as during fasting, after meals, or in 
response to oral glucose tolerance tests. the impor-
tance of maintaining appropriate blood glucose levels 
for human health is often underestimated. the devel-
opment of diabetes is typically linked to the disruption 
of the pancreas-insulin axis and the improper utiliza-
tion of insulin [1]. t2DM is the most frequent kind 
concerning diabetes worldwide, affecting around 90% 
of individuals with diabetes. there are estimates that 
2030 t2DM will affect about 79.4 million people in 
india, up to 42.3% in china, and 30.8% among 
americans. the disease’s increased prevalence is due 
to the illness [2]. according to international Diabetes 
Federation statistics, the diabetes prevalence popula-
tion may rise from 537 million in 2021 to 783 million 
in 2045. [3]. t2DM, which affects more than 500 mil-
lion individuals worldwide, has steadily increased over 
time, regardless of socioeconomic or demographic 
background [4]. hyperglycemia, a condition caused by 
increased blood glucose levels, is the main characteris-
tic of this metabolic illness. Recent research indicates a 
substantial global rise in t2DM cases [5]. t2DM impacts 
insulin gene expression and beta cell development in 
diabetic islets through histone modifications and DNa 
methylation, critical for modulating mitochondrial 
genes to regulate diabetes [6].

t2DM development results from genetic variations 
and environmental influences [7]. leptin is a peptide 
hormone produced primarily across white fatty tissue 
(adipocytes) that regulates insulin sensitivity, hunger, 
and energy consumption [8–10]. the term ‘leptin’ is 
derived from the Greek word ‘leptos,’ which means 
‘thin,’ indicating its involvement in controlling appetite, 
food intake, and maintaining energy balance. leptin 
interacts with the leptin receptor, an integral 

membrane protein that belongs to the class i cytokine 
receptor family inversely found in several organs [11–
13]. this interaction significantly affects fat metabolism 
[14,15]. sedentary behaviour is a significant factor, and 
several markers are linked to developing type 2 diabe-
tes [16]. Despite substantial efforts, there is still a long 
way to go in managing type 2 diabetes since many 
patients struggle to achieve their treatment goals [17]. 
When leptin binds to the lePR receptor in the hypo-
thalamus and adipose tissue, it regulates energy 
metabolism and maintains the balance of body fat. 
leptin is a hormone that is produced by fat cells. since 
it plays a role in the development of t2DM, the lePR 
gene is therefore frequently referred to as the t2DM 
gene [18].

the human genes LEP and LEPR have been exten-
sively studied and characterized, and they are located 
on chromosomes 7q32.1 and 1p31.3 [19–21]. the LEPR 
gene comprises 20 exons and 19 introns, spanning a 
length of over 70 kb. it encodes a protein consisting of 
1165 amino acids. in human populations, variations 
and mutations are determined in the LEPR gene, pri-
marily within its exons. among these genetic varia-
tions, a polymorphism known as Gln223arg arises in 
the 6th exon, where adenine alternated for guanine at 
position 668. this genetic mutation alters the 223rd 
amino acid from arginine to glutamine and potentially 
influences signal transduction, thereby increasing the 
susceptibility to type 2 diabetes [22]. Numerous 
research teams conducted genetic association studies 
on many ethnic communities to study the connection 
between genetic variants in the LEPR gene and type 2 
diabetes susceptibility [23]. single nucleotide polymor-
phisms (sNPs) are crucial in influencing susceptibility 
to t2DM. however, inconsistencies were ascertained in 
the results of these case-control studies, and these dis-
crepancies may be due to various factors, including 
selection bias, sample size variations, and differences 
in genotyping techniques. as a result, the rs1137101 
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polymorphism in the LEPR gene was the focus of a 
comprehensive examination along with meta-analysis 
employing the ideal Reporting items for systematic 
Reviews and Meta-analyses (PRisMa) criteria [24]. this 
study sought to establish whether polymorphisms in 
the LEPR gene, rs1137101, are linked to developing 
type 2 diabetes among south indians. the case-control 
and meta-analysis findings will aid in identifying any 
possible links between the LEPR gene variation and 
the particular population’s risk of t2DM.

2.  Methods

2.1.  Case control

2.1.1.  Study subjects
the research was carried out in investigations in the 
Department of General Medicine at the chettinad 
hospital and Research institute, chennai, india. a 
case-control study focused on 154 individuals diag-
nosed with t2DM and 157 healthy participants with-
out diabetes or significant illnesses. the healthy 
participants attended the hospital for routine check-
ups and were preferred as control subjects. a stan-
dardized questionnaire is a series of predetermined 
inquiries provided to all participants identically, ensur-
ing that the socio-demographic variables data obtained 
is comparable and trustworthy. an institutional human 
ethics committee at chettinad academy of Research 
and education approved the study (225/ihec/1-19). as 
part of the consent process, all participants gave 
informed consent in written form.

the inclusion criteria for this research include men 
and women with different BMi values and ages. 
individuals whose families have a history of t2DM and 
those who are currently managing their insulin levels are 
included in the study, as are those with a known dura-
tion of t2DM. in contrast, the control group consists of 
individuals who have no history of t2DM. conversely, 
participants who are hiV-positive or pregnant have been 
excluded from both the case group and the control 
group. Recent years have seen an increase in incidence, 
according to the study. the sample size was calculated 
using the formula below. checking if the incident from 
the previous article is pertinent to the current investiga-
tion is a crucial part of the process.

 N p -p Z E= ( )( )1 2/  

P = Proportion of the exposed case (Prevalence)
Z = Power value 95% ci (1.96)
e = Margin of error (0.05)

2.1.2.  Blood sample collection for genetic analysis
Using Miller’s technique, genomic DNa was extracted 
from whole blood [25]. to avoid blood clotting, total 
blood samples were taken in the amount of 5 ml in 
tubes coated with eDta (ethylenediaminetetraacetic 
acid). the purity and DNa content were determined 
using UV spectroscopy. aRMs-PcR was employed to 
ensure the specific genotyping of the selected gene, 
which is rs1137101. table 1 provides details about the 
designed primers.

2.2.  Meta-analysis

2.2.1.  Search strategy
Many electronic databases were employed to analyze 
the current literature, including PubMed, excerpta 
Medica Database, cochrane library, and Google 
scholar. the literature search exploration was focused 
on between 2013 and 2023, and the search terms 
used were ‘leptin receptor,’ ‘gene,’ ‘lepr,’ ‘t2D,’ and ‘t2DM 
and type 2 Diabetes.’ the language was limited to 
english or chinese. this study adhered to the guide-
lines outlined in the PRisMa statement checklist, 
ensuring accurate and transparent reporting (Figure 1).

2.2.2.  Study selection
it was selecting studies that involved adhering to spe-
cific criteria for inclusion and exclusion. to be consid-
ered, the studies needed to fulfill the subsequent 
criteria: (1) they had to be case-control studies con-
ducted with human participants, either in hospital set-
tings or utilizing population data, and needed to be 
original. (2) type 2 diabetes must be accurately charac-
terized (3) an essential aspect of the study was to 
assess the connection between the rs1137101 genetic 
variant and the susceptibility to developing t2D. (4) it 
was necessary to have ample data to determine the 
odds ratios of genotypes and alleles and their consis-
tent 95% confidence intervals (cis). specific exclusion 

Table 1. Primer and sequence for lePR gene.
Gene Primers Primer sequence Allele

lePR (rs1137101) inner forward -if GAAAATcAcATcTGGTGGAGTAATTTTAcG A
inner Reverse-iR GGGcTGAAcTGAcATTAGAGGTGccT G
outer forward-of AGGccTGAAGTGTTAGAAGATTcAccTc nil
outer Reverse-oR cATTcTAGAAGccAcTcTTAATAcccccA
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criteria are exploited to retain this selected study’s 
exceptional quality and relevance. (1) in our exertion, 
excluding conference abstracts and retaining accurate 
editorials and letters would have been possible. (2) 
studies conducted on animals or in vitro were omitted, 
as the primary emphasis was on research involving 
humans. (3) studies that lacked the necessary genotype 
frequency data were also excluded. in cases where mul-
tiple studies covered the same or similar ground, prefer-
ence is likely for the study with the most comprehensive 
information. Furthermore, if numerous studies employed 
the same pool of persons, the study with the smallest 
sample size was excluded to prevent duplication and 
ensure variability among the chosen research.

2.2.3.  Data extraction
three investigators (iBK, RV, and Rs) conducted data 
extraction following a predefined standard protocol. in 
case of any disagreements, resolve them through dis-
cussion. the data extracted from each eligible study 

consisted of various details, including the publication 
year, first author’s name, research site, ethnicity, con-
trol source (hospital or population-based), type 2 dia-
betes diagnostic criteria, sample sizes, and genotypic 
frequencies in both the case and control groups were 
all recorded.

2.2.4.  Methodological quality assessment using 
HWE and NOS
the hWe and the NOs were employed by the research-
ers to evaluate the quality of the selected articles [26]. 
to determine whether the genetic variation at the 
rs1137101 sNP (single nucleotide polymorphism) 
within the chosen population complies with the expec-
tations of genetic equilibrium, the hardy-Weinberg 
equilibrium (hWe) analysis was used in this study. this 
analysis helps ensure the reliability and validity of 
genetic association studies. the study ensures that 
genotype distribution complies with hWe; the geno-
type distribution of the control group should be 

Figure 1. A systematic flow chart detailing the selection of the study.
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maintained at a threshold value, generally set at 
p > 0.05 [27]. three criteria meet the brief for a total 
potential score of nine points: selection, comparability, 
and exposure. For this meta-analysis, studies scoring 
six or higher were deemed acceptable.

2.2.5.  Statistical analysis
the goal of this research is to examine the connection 
between type 2 diabetes risk and polymorphisms in 
the lePR gene. the odds ratios are estimated along 
with 95% confidence intervals (cis) for different genetic 
models, including the allelic model (comparing the fre-
quency of P and q alleles), homozygote model 
(individuals with two P alleles are correlated to those 
with two q alleles), heterozygote model (comparing 
individuals with one P allele to those with two q 
alleles), dominant model (comparing individuals with 
one or two P alleles to those with two q alleles), and 
recessive model (comparing individuals with two P 
alleles to those with one or two q alleles). the research-
ers assessed the heterogeneity of the studies using 
the thompson and higgins categorization index (i2) 
and the chi-square-based Q statistic test [28]. 
Depending on the i2 values, they applied either the 
fixed effects model (Mantel-haenszel’s method) or the 
random effects model (Dersimonian and laird’s 
method). the random effects model is antiquated if 
the i2 value is below 50; otherwise, the fixed effects 
model is employed [29]. they carried out a sensitivity 
test utilizing the leave-one-out method, where each 
study was eliminated one at a time to assess its influ-
ence on the final results, to be able to guarantee the 
reliability of meta-analysis results [30]. additionally, we 
evaluated publication bias using funnel plot analysis 
and egger’s linear regression test to ascertain whether 
the publication of particular studies served as an inspi-
ration for the meta-analysis findings [31]. We con-
ducted all statistical analyses using comprehensive 
Meta-analysis software version 2 and stata version 
12.0 (stata corp, Usa).

Genotype and Allele Frequency formula
Genotype: homozygous dominant (aa), 

heterozygous (aG), homozygous recessive (GG).
Allele: allele a (2*aa + aG) and allele G (2*GG + aG).

3.  Results

3.1.  Case-Control study

Based on the demographic data shown in table 2 for 
the two groups correlated in this study. We evaluated 
311 subjects, consisting of 154 t2DM cases and 157 
healthy controls, with a mean age of 44.7 ± 5.4 in cases 
and 42.08 ± 4.4 in controls. this group included both 
men and women, but females have been identified at 
a lower rate than men. the mean body mass index in 
t2DM patients is 25.2%, while that in controls is 21.1%. 
a comparison of the two groups revealed that has 
proven that patients with t2DM have significantly 
higher body mass index levels than healthy individu-
als. the study included cases, healthy individuals, and 
those with a family history of t2DM. there were also 
documented demographic factors associated with 
t2DM and controls, including controlling insulin levels, 
physical activity, eating habits, and diabetes test 
results. these factors play a significant role in develop-
ing diabetes complications.

3.1.1.  Genetic constitution and allele distribution 
analysis
there was a significant difference in genotypes between 
t2DM cases (53.24%), aG (15.58%), and GG (31.16%), 
whereas in control participants (56.05%), aG (24.84%), and 
GG (19.10%) were detected. the genotype of rs 1137101 
is elucidated in Figure 2 of the LEPR gene. the derived G 
allele was shown to be linked to a risk (OR = 0.72, 95% 
ci-0.51-1.003), with a p-value of 0.03. a risk association 

Table 2. demographical and clinical data of two study groups.
characteristics T2dM (n = 154) controls (n = 157)

Men: Women 96:58 83:74
Mean age 44.7 ± 5.45 42.08 ± 4.42
BMi 25.28 ± 2.18 21.53 ± 1.71
duration of diabetes 10.16 ± 6.16 nil
family History 96 nil
controlling insulin 

level
Tablet:67
insulin: 87

nil

food Habits Vegetarian: 68
non-vegetarians: 86

Vegetarian: 99
non-vegetarians:58

Physical Activity 57 84
diabetes test strip test:48

lab test: 106
nil

data are presented as mean ± sd.
Figure 2. Genotype frequency by ARMs PcR for T2dM and 
controls.
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between the G allele and type 2 diabetes is indicated by 
this p-value. similarly, the homozygous recessive geno-
type (GG) exhibited a p-value of 0.004 (OR = 0.38, 95% 
ci-0.19–0.76). in contrast with age-matched controls, 
patients with t2DM have had a significantly increased risk 
of developing the rs1137101 polymorphism (p < 0.05) 
(table 3). the current study results are consistent with 
many global studies that have reported an association 
between the lePR-rs1137101 polymorphism and an 
increased risk of t2DM. according to meta-analysis 
research, the lePR-rs1137101 polymorphism is linked to 
an elevated risk of t2DM in numerous populations 
throughout the globe [32].

3.2.  Meta-analysis

3.2.1.  Characteristics of the study
in a case-control meta-analysis, a systematic approach 
was followed to select and review relevant publica-
tions. the process involved adhering to the PRisMa 
guidelines, it took place in phases. initially, a compre-
hensive search yielded a pool of 575 publications 
related to the specific genetic variant under investiga-
tion. these publications were collected and subse-
quently screened to determine their relevance to the 
research topic. a set of predefined inclusion and exclu-
sion criteria was meticulously applied to the collected 
publications. these standards were created to separate 
out studies that did not fit the study’s focus from 
those that did and to find studies that satisfied the 
goals of the research. Following the initial screening, a 

rigorous quality assessment was performed on the 
selected publications. two critical criteria were evalu-
ated: (a) adherence to the hWe and (b) the NOs score 
[33–40], which assesses the quality of observational 
studies. this step ensured that the chosen studies met 
the minimum quality standards for inclusion in the 
meta-analysis. Nine publications in total were found to 
meet the predetermined quality criteria after a thor-
ough evaluation, making them eligible for inclusion in 
the next meta-analysis. these studies were selected 
based on their ability to contribute valuable data to 
the research. in table 4, each of the nine selected 
studies was described based on their unique charac-
teristics, including the NOs score, which provides 
insights into the quality of each study. this compre-
hensive characterization allows for a clear understand-
ing of the source and nature of the data being used 
in the meta-analysis. in table 5, essential data related 
to the genetic variant of interest was compiled for the 
selected studies. this data includes genotype distribu-
tion, allelic frequency, and hWe/chi-square values, 
which are critical for assessing the consistency and 
validity of the genetic data across the studies. the 
comprehensive approach to literature selection and 
quality assessment ensures that the upcoming 
meta-analysis will be based on a robust foundation of 
reliable and relevant studies. By conducting a 
meta-analysis with these carefully chosen publications, 
the research aims to draw more powerful and general-
izable conclusions regarding the genetic variant’s asso-
ciation with the condition under investigation while 
minimizing the potential for plagiarism by presenting 
the findings clearly and originally.

3.2.2.  Association between rs1137101 polymorphism 
also T2DM vulnerability
analysis of the rs1137101 polymorphism’s heterogene-
ity showed no significance within GG vs. aa (i2 = 0%), 
while moderate heterogeneity was distinguished with 
G vs. a (i2 = 38%), GG + Ga vs. aa (i2 = 26%), GG vs 
Ga + aa (i2 = 9%), Ga vs aa (i2 = 47%) in the analyzed 
genetic models. Using the fixed effects model, which is 

Table 3. Allele frequencies and genotype distribution of lePR 
(rs1137101) gene polymorphism in T2dM and controls.

Models
case N = 154 

(%)
control 

N = 157 (%)
odds Ratio 95% 

ci P value

Genotype
AA 82 (53.24) 88 (56.05) 1.51 (0.83-2.7) 0.10
AG 24 (15.58) 39 (24.84)
GG 48 (31.16) 30 (19.10) 0.38 (0.19-0.76) 0.004
Allele
A 188 (61.03) 215 (68.47) 0.72 (0.51-1.003) 0.03*
G 120 (38.96) 99 (31.5)

Table 4. characteristics of the study included in meta-analysis.

study name Year country source of dnA
no of 
cases

no of 
control

nos 
score Genotyping Method

Ali etemad et  al. [33] 2013 Malaysia Buccal specimen 300 299 6 PcR-RflP
Bo Jiang et  al. [34] 2014 chinese Han Blood 177 153 7 –
fatmah lari et  al. [35] 2022 Kuwait Blood 203 162 8 Taqman genotyping assay
Ghorban et  al. [36] 2013 iran Blood 144 147 8 PcR-RflP
Ke-Yu Zhao et  al. [37] 2022 Han chinese Blood 486 455 8 Multiplex PcR
Maria Trapali et  al. [38] 2021 Greek Blood 108 52 7 PcR-RflP
Rowyda, et  al. [39] 2013 saudi Blood 150 130 7 PcR-RflP
This study 2019 south india Blood 154 157 8 ARMs-PcR
Veena Bains et  al. [40] 2020 indian Blood 417 400 7 PcR-RflP
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based on heterogeneity (i2), t2DM has been showed 
to correlate substantially with genetic models for allelic 
OR = 0.79, (95%ci [0.70–0.88]), p= <0.00001, homozy-
gote OR = 0.58, (95% ci [0.45–0.72]), p = <0.00001, 
dominant OR = 0.66, (95% ci [0.56–0.79]), p = <0.00001 
and recessive OR = 0.83, (95% ci [0.71–0.96]), p = 0.01 
genetic models. all of the data were displayed using 
forest plots. the sensitivity of the rs113710 study was 
imposed using egger’s test, and Begg’s funnel plot 
presented with no publication bias for all five genetic 
models (Figures 3 and 4).

Publication bias arises when research with statistically 
significant results is more likely to be published, but 
studies with null or negative findings are less likely to be 
published. this bias creates significant issues for the 
accuracy of meta-analyses. in the context of the link 
between lePR gene polymorphisms and t2DM, publica-
tion bias could lead to an overestimation of the genetic 
effect. to address this bias, a comprehensive approach is 
necessary. Firstly, conducting a funnel plot analysis can 
visually assess for asymmetry, where studies with larger 
sample sizes may have greater precision, potentially 
influencing the shape of the funnel. secondly, quantita-
tive methods like egger’s test can quantify the extent of 
bias [31]. to further address publication bias, researchers 
can consider including grey literature and unpublished 
studies in their analysis, as these sources are less prone 
to selective reporting. Moreover, conducting a trim-and-
fill analysis can impute missing studies, possibly lessen-
ing the effect of publication bias on the estimate of the 
overall effect size [41]. these methods collectively allow 
for a more rigorous exploration of publication bias and 
help ensure that the meta-analysis provides a more 
accurate representation of the true link between lePR 
gene polymorphisms and the risk of t2DM.

Discussion

t2DM, a multifaceted genetic condition closely linked 
to obesity, hypertension, gout, and lipid metabolism 

disorders, is commonly called insulin resistance (iR) 
syndrome in clinical contexts. it is described by com-
promised insulin functionality. Diabetes mellitus has 
surged worldwide, emerging as a widespread condi-
tion in recent decades. Recent data from the Global 
Burden of Disease 2019 highlights a substantial 
increase in the impact of non-communicable diseases 
(NcDs) on Disability adjusted life Years (DalYs), affect-
ing both developed and developing nations over the 
past thirty years [42]. Recent studies suggest that indi-
viduals with iR may also resist the hormone leptin. 
leptin, produced by adipocytes, is essential in regulat-
ing energy metabolism also maintaining lipid equilib-
rium with the body. it binds to the leptin receptor 
present within the brain and adipose tissue. Given its 
involvement in type 2 diabetes mellitus, the LEPR gene 
is frequently related to type 2 diabetes [43].

case-control studies suggest that leptin modulates adi-
pose tissue mass, and certain lePR polymorphisms may 
be associated with obesity-related disorders. Researchers 
recognized two polymorphisms: lys109arg, and 
Gln223arg; there is a strong correlation between extracel-
lular regions of the leptin receptor and conversion to type 
2 diabetes in iGt patients with a higher risk. [44]. 
Numerous genetic association studies conducted by 
researchers have demonstrated the effectiveness of LEPR 
molecular variants in predicting t2D risk [45]. a polymor-
phism in this gene is established in different ethnic pop-
ulations in these studies. however, the results of these 
studies were conflicting and inconclusive [46,47]. this 
case-control study suggests that when compared to con-
trols, rs1137101 in the lePR gene may influence the risk 
of t2DM. Further research will determine the precise rela-
tionship between LEPR-rs1137101 gene polymorphisms 
and t2DM within the study population. there is genetic 
variation in leptin levels across genotypes due to single 
nucleotide polymorphisms within the LEPR gene.

Based on a meta-analysis of 16 studies involving 
7827 participants, evidence shows that the Gln223arg 
polymorphism in LEPR is unrelated to vulnerability to 

Table 5. Genotyping and allele frequency of lePR (rs1137101) gene polymorphism.

Author

Genotype Allele

X2 HWe

case control case control

GG GA AA GG GA AA G A G A

Ali etemad et  al. [33] 96 20 184 55 41 203 212 388 151 447 121.23 0
Bo Jiang et  al. [34] 3 34 140 3 33 117 40 314 39 267 0.14 0.7
fatmah lari et  al. [35] 18 74 111 15 56 91 110 296 86 238 2.08 0.14
Ghorban et  al. [36] 5 59 80 5 62 80 69 219 71 223 2.89 0.08
Ke-Yu Zhao et  al. [37] 394 84 8 351 94 10 872 100 796 114 1.99 0.15
Maria Trapali et  al. [38] 14 48 46 4 14 34 35 64 21 78 1.93 0.16
Rowyda et  al. [39] 92 50 8 78 40 12 234 66 196 64 3.79 0.05
This study 48 24 82 30 39 88 120 188 90 215 28.3 0
Veena Bains et  al. [40] 55 177 185 28 172 200 287 547 228 572 1.21 0.27
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type 2 diabetes. Based on the analysis stratified by eth-
nicity, no evidence was found for an association between 
polymorphism and type 2 diabetes in caucasians or 
asians [48]. the lePR Pro1019Pro polymorphism is 

significantly linked to a greater chance of developing 
type 2 Diabetes, according to a different meta-analysis 
study [49]. Genetic variants of LEPR are strongly linked 
to t2DM risk among chinese, asian, european, and 

Figure 3. forest Plot shows the association between the lePR gene in allele and genotyping frequency.
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caucasian populations. according to a meta-analysis by 
li et  al. chinese individuals with LEPR Gln223arg poly-
morphisms through t2DM are more likely to develop 
the disease than those with other polymorphisms. a 
study’s results suggest that chinese with the G allele of 
the LEPR Gln223arg gene poly morphism may have an 
increased risk of t2DM [18]. however, our findings have 
significant correlations between LEPR gene polymor-
phism and a higher risk of t2DM. Based on the 
meta-analysis findings, genetic variants of the LEPR gene 
may make people more prone to acquiring type 2 dia-
betes. these changes might affect the expression or 
function of the leptin receptor, a protein that regulates 
appetite and energy balance, perhaps paving the way 
for developing patient-specific treatment strategies.

the lePR gene polymorphisms, such as Gln223arg 
and rs1137101, have functional implications on leptin 
receptor activity, affecting its binding affinity and sig-
nal transduction, which play a crucial role in t2DM 
pathogenesis. these genetic variants can alter the 
structure and function of the leptin receptor, poten-
tially leading to reduced sensitivity to leptin, a hor-
mone crucial in regulating appetite, energy balance, 
and lipid metabolism. Recent research supports the 
functional implications of lePR polymorphisms by 
highlighting their impact on leptin receptor activity 
and their link to t2DM risk. this information sheds 
light on the molecular mechanisms that connect 
genetic variations to the biological pathways impli-
cated in the pathogenesis of t2DM [50]. the lePR 
gene may be studied to determine whether mutations 
predispose individuals to leptin resistance. as obesity 

is a major risk factor for type 2 diabetes, genetic vari-
ations in leptin signalling mediators may have a role 
in the onset of the disease. to develop innovative 
therapy strategies aimed at enhancing leptin sensitiv-
ity by targeting variations in the lePR gene. Novel 
and more potent approaches to the prevention and 
treatment of t2DM may result from a better under-
standing of the molecular and cellular mechanisms 
that modify leptin signalling. [51].

the risk factors for t2DM are both genetic and envi-
ronmental. Understanding how these factors interact is 
necessary for developing prevention and treatment 
strategies. according to research, there is a strong 
hereditary component to t2DM among the different 
populations. this prevalence varies from 5% in rela-
tively low-risk european communities to 20% in 
intermediate-risk minority groups of african and 
hispanic descent in the United states. the disease has 
already been observed in 50% of Pima and south sea 
island communities. therefore, genetic factors affecting 
type 2 diabetes risk may differ among ethnic groups 
[52,53]. Genetic association studies of type 2 diabetes 
should include a greater diversity of study populations. 
as longitudinal studies allow researchers to track 
changes over time in individuals, they can provide 
stronger evidence of causality than cross-sectional 
studies. in addition, it allows researchers to identify 
which lePR gene variants are truly responsible for 
t2DM, and rule out confounding factors. in the future, 
researchers can use lePR gene mutation studies to 
identify early risk factors, analyse the natural course of 
the disease, and verify causation.

Figure 4. funnel plot for publication bias.
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liu et  al. and su et  al. conducted meta-analyses in 
2015 and 2016, respectively, to examine the connec-
tion between the lePR Gln223arg gene variation 
and type 2 diabetes [48,49]. Both studies concluded 
that this gene variant did not influence t2DM sus-
ceptibility. however, these papers didn’t consider 
ethnic differences, with liu’s analysis grouping all 
asians into one category, and su’s analysis combin-
ing asians and europeans. additionally, some of the 
studies they included had control group genotypes 
that deviated from the expected hardy- 
Weinberg equilibrium (hWe), potentially contributing 
to differences in results [54]. these aspects enhance 
the credibility of our study’s results. however, our 
study has limitations and larger-scale studies are 
required to fully comprehend the relationship 
between the lePR Gln223arg gene polymorphism 
and t2DM. additionally, it ignores additional vari-
ables that might influence plasma lePR levels. [55].

Previous research supports the idea that the lePR 
rs1137101 G > a polymorphism is linked to obesity and 
may predict variations in body composition [22]. since 
obesity is a key factor in t2DM development, it’s sug-
gested that lePR signaling may be involved in t2DM’s 
origin. Numerous studies have recently examined the 
connection between the lePR rs1137101 G > a poly-
morphism and t2DM risk, but the conclusions are still 
debatable. Numerous meta-analyses show that the 
lePR rs1137101 G > a polymorphism and the risk of 
t2DM are not significantly correlated [32,48]. however, 
another meta-analysis argues that this polymorphism 
is a risk factor for t2DM [8]. We found a correlation 
between the lePR rs1137101 G>a polymorphism and 
t2DM risk in our case-control study, but the ensuing 
meta-analysis failed to support this finding. More 
research is required to thoroughly investigate the asso-
ciation between the lePR rs1137101 G>a polymor-
phism and t2DM risk in the future. Using replication 
studies across ethnic groups helps academics better 
understand the genetic links that are common to all 
populations. these data may assist in developing 
improved methods for preventing and treating illness.

Conclusion

While numerous genes have been allied to an increased 
predisposition for emerging type 2 Diabetes, the LEPR 
gene stands out as particularly significant, especially in 
specific populations. as the fields of genetics and diabe-
tes research progress, we have an opportunity to gain a 
deeper understanding of how the LEPR gene, along 
with other genetic factors, impacts the risk of t2DM 
onset. Nevertheless, it remains imperative to conduct 

additional case-control studies involving substantial par-
ticipant numbers to establish the validity and reliability 
of the previously observed associations with t2DM risk.

to achieve more precise and comprehensive results 
concerning the association between the LEPR gene and 
t2DM, a meta-analysis that consolidates the findings 
from multiple studies is warranted. Moreover, future 
investigations should encompass various confounding 
factors that could potentially influence the observed 
associations. By broadening the scope of research and 
incorporating larger sample sizes, researchers can fur-
ther corroborate earlier discoveries and enrich our 
understanding of the role played by LEPR gene pro-
moter polymorphisms in the susceptibility to t2DM.
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