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Abstract

Background: Global increase in the prevalence of type 2 diabetes 
mellitus (T2DM) has affected about 6% of the population and is one 
of the major healthcare challenges worldwide. Apart from other fac-
tors, genetics play a pivotal role in the development of diabetes. Re-
cent studies have drawn attention to the role of leptin (LEP) and leptin 
receptor (LEPR) gene polymorphisms in the pathogenesis of T2DM, 
that being the reason for the uptake of this study.

Methods: A total of 390 T2DM cases and 408 controls matched with 
respect to age and gender were taken for the study. Biochemical analy-
sis was performed on all study subjects. Polymerase chain reaction 
(PCR) amplification of the genomic regions encompassing the single 
nucleotide polymorphisms (SNPs) under study was followed by diges-
tion using specific restriction enzymes to analyze the SNP genotype 
through restriction fragment length polymorphism (RFLP).

Results: Serum leptin levels were elevated in 57.9% (226 of 390) 
of cases as compared to 11.8% (48 of 408) of controls (P < 0.0001). 
Cases had significant homeostatic model assessment-insulin resist-
ance (HOMA-IR) as compared to controls (5.3 ± 5.9 vs. 1.4 ± 0.4; 
P < 0.0001). In case of LEP G2548A SNP, the frequency of a variant 
genotype (GA + AA) was found to be higher for cases than controls 
(69.7% vs. 29.4%; P < 0.0001). For LEPR Q223R SNP, the frequency 
of a variant genotype (AG + GG) was found to be higher for cases 
than controls (69.2% vs. 23.6%; P < 0.0001).

Conclusion: We observed a significant association between the LEP/
LEPR polymorphisms and T2DM in the ethnic population of Kashmir 
indicating that genetic susceptibility may play an important role in the 
pathogenesis of T2DM.

Keywords: Leptin; Leptin receptor; Polymorphism; T2DM; Restric-
tion fragment length polymorphism

Introduction

Type 2 diabetes mellitus (T2DM) is a multifactorial disease 
that results from a genetic predisposition and various behav-
ioral and environmental risk factors [1]. Its increasing trend 
around the world has led researchers as well as healthcare pro-
fessionals to carry out studies in various ethnic populations for 
the identification of biomarkers so as to understand the etiol-
ogy of T2DM more clearly.

The satiety hormone, leptin (LEP, also called OB for 
obese) is an adipokine primarily produced in adipocytes that 
regulate the energy expenditure and the intake of food. It plays 
a vital role in the regulation of glucose homeostasis and insu-
lin sensitivity [2, 3]. Besides, it has also been suggested that 
leptin could affect the serum insulin levels and the develop-
ment of T2DM [4] and is involved in the pathophysiology of 
obesity [5]. The LEP gene, located at chromosome 7q31.3, 
encodes a 16 kDa protein that has been consistently shown to 
be associated with endocrine metabolism [6]. Leptin exerts its 
physiological action through its receptor (LEPR, also called 
CD295). LEPR gene is located at chromosome 1p31, and en-
codes for 1165 amino acid long single transmembrane protein 
distributed in many tissue types [7]. The LEPR gene is also 
called the T2DM gene [8], which is the reason that LEP and 
its receptor, LEPR, may be among the interesting and relevant 
genes responsible for the etiopathogenesis of T2DM.

LEP and LEPR genes are highly polymorphic and a num-
ber of SNPs have been identified in these two genes [4, 9, 10] 
that are potentially related to the pathophysiology of obesity, 
diabetes, and their associated complications [8]. As per the 
majority of studies, LEP G2548A SNP has been associated 
with T2DM and its related metabolic traits [11]. Accordingly, 
LEPR Q223R SNP has been associated with an increased risk 
of T2DM [12]. In addition, the relationship between the LEP 
G2548A and LEPR Q223R variant and increased body mass 
index (BMI) was reported in different ethnic populations [13, 
14]. Moreover, the combination between LEP G2548A and 
LEPR Q223R polymorphisms has been related to increase in 
obesity [15]. It has been reported that obesity is a major risk 
factor for the development of T2DM; therefore, genetic vari-
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ations of leptin signalling mediators might play a role in the 
pathogenesis of this disease.

Although relationship between LEP/LEPR gene polymor-
phisms and T2DM has been shown in a racial-dependent fash-
ion by majority of studies [13, 14], very few studies report the 
association of LEP/LEPR gene variations with T2DM individ-
uals from Kashmir valley. Subsequently, the present study was 
conceived to determine the possible association between the 
LEP/LEPR SNPs and T2DM and its related metabolic quanti-
tative traits in a group of Kashmiri individuals.

Materials and Methods

Study design

This was a case-control study carried out by the Department 
of Biochemistry and Internal Medicine, Government Medical 
College Srinagar and Associated Shri Maharaja Hari Singh 
(SMHS) hospital. Details of the participants were recorded 
and maintained in password-protected electronic excel sheets.

The study was carried out from May 2019 to Aug 2021 af-
ter being approved by the Institutional Review Board of Gov-
ernment Medical College Srinagar (vide Ref No. 140/ETH/
GMC/ICM Dated: 22-05-2019). This study was conducted in 
compliance with the ethical standards of the responsible in-
stitution on human subjects as well as with the 1964 Helsinki 
Declaration and its later amendments, or comparable ethical 
standards.

Study subjects and sample collection

A total of 390 cases diagnosed with T2DM, attending the En-
docrinology Outpatient Department (OPD) of SMHS Hospital 
were taken for the study. Individuals with chronic infectious 
diseases, cancer, and genetic abnormalities were excluded 
from the study. In addition, 408 apparently age- and gender-
matched healthy controls were also included in the study. A 
10 - 12 h fasting venous blood sample (5 mL) was collected 
from all the study subjects. Three milliliters of collected blood 
were transferred in EDTA containing vials for genetic analysis. 
Rest 2 mL of blood was transferred in clot activator vials and 
centrifuged for separation of serum. Serum was quickly trans-
ferred in a microfuge tube which was stored at -80 °C along 
with EDTA vials containing whole blood, till further analysis.

Anthropometric measurements and BMI calculation

All the T2DM patients and healthy controls underwent an-
thropometric assessment that included measurement of weight 
and height. Weight was measured without shoes using digital 
scales in an upright position and recorded to the nearest of 0.1 
kg. Height was measured again without shoes in a standing 
position using a stadiometer to the nearest 0.1 cm [16]. BMI 
was calculated as per the formula: BMI (kg/m2) = Weight (kg)/
Height (m2). BMI is an index of adiposity and was calculated 

as per the international classification given by WHO [17]. 
Individual with BMI of < 18.5 kg/m2 was considered under-
weight; 18.5 - 24.99 kg/m2 as normal; 25 - 29.99 kg/m2 as 
preobese; 30 - 34.99 kg/m2 as obese class I; and 35 - 39.99 kg/
m2 as obese class II [18].

Biochemical analysis

Collected samples of cases and controls were processed and an-
alyzed on ARCHITECT c-4000 fully automated biochemistry 
analyzer (Abbott, USA) in the Biochemistry Diagnostic Labo-
ratory, SMHS Hospital Srinagar within 1 - 2 h after collection. 
Following lab investigations were done: fasting blood glucose/
glycosylated hemoglobin (HbA1c)/cholesterol/triglycerides 
(TG)/high-density lipoprotein cholesterol (HDL-C)/low-density 
lipoprotein cholesterol (LDL-C). All estimations done were kit-
based using the manufacturer’s instructions (Abbott, USA). The 
normal values of included parameters were as follows: fasting 
blood glucose, 100 - 126 mg/dL; HbA1c < 6.5%; total choles-
terol ≤ 200 mg/dL; TG ≤ 200 mg/dL; LDL-C ≤ 120 mg/dL; 
HDL-C ≥ 40 mg/dL (M) and ≥ 50 mg/dL (F).

Estimation of fasting serum insulin levels and calculation 
of insulin resistance (IR)

Fasting serum insulin levels (µIU/mL) were measured using 
chemiluminescent microparticle immunoassay (CMIA) tech-
nology with flexible assay protocols, referred to as Chemiflex. 
Samples were quantitatively analyzed on ARCHITECT i2000 
fully automatic immunoassay analyzer (Abbott, USA) within 
few hours from sample collection following the package-insert 
instructions (Abbott, USA). Insulin levels of > 5 µIU/mL are 
considered to be normal [17].

Homeostatic model assessment-insulin resistance (HO-
MA-IR) was used to evaluate IR, using the formula [17]:

Fasting serum insulin ( IU/mL) Fasting plasma glucose (mg/dL)HOMA IR
405

m ´
- =

Following HOMA score was used as reference for classifica-
tion of IR: < 1.9 for insulin sensitive, 1.9 - 2.9 for low IR and 
> 2.9 for significant IR [17].

Estimation of serum leptin levels

Serum leptin levels were estimated by sandwich enzyme-linked 
immunosorbent assay (ELISA) using commercially available 
kit (DBC Diagnostics Biochem, Canada Inc.) according to the 
manufacturer’s instructions and previously described protocol 
[16]. For reference normal range, 3.7 - 11.1 ng/mL was taken for 
female gender and 2.0 - 5.6 ng/mL for males of all age groups. 
The sensitivity of the leptin assay was < 0.1 ng/mL [17].

DNA isolation and genotyping

Genomic DNA was isolated by GenElute Blood Genomic 
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DNA Kit (Sigma Life Science USA) following the kit instruc-
tions and manufacturer’s protocol. The integrity of the genom-
ic DNA was examined by gel electrophoresis using 1% aga-
rose gel and visualized on Gel Imaging System (Omega Lum 
GCW, Aplegen). The DNA samples showing bright and intact 
bands with no apparent shearing and contamination were se-
lected for further analysis. The purity of extracted genomic 
DNA samples was carried out by absorbance measurements at 
260 and 280 nm using NanoDrop 2000/2000c (Thermo Fisher 
Scientific, USA). DNA samples with an A260/A280 ratio of 
1.7 - 1.9 were considered for further analysis. DNA was ali-
quoted into three to four tubes so as to protect damage from 
freeze-thawing and stored in -80 °C deep freezer for a longer 
duration of time.

Polymerase chain reaction (PCR)-RFLP

The polymorphisms LEP G2548A and LEPR Q223R were de-
tected by PCR-based RFLP methods using a previously de-
scribed protocol with appropriate modifications [19]. Primers 
used were: LEP gene: forward: 5′-TCCCATGAGAACTATT 
CTTCTTTTG-3′; reverse: 5′-ATATGGCTCCCTTTGCCCGA 
CC-3′, LEPR gene: forward: 5′-ACCTCTGGTTCCCCAAA 
AAG-3′, reverse: 5′-TCATCATTTTAGTGCATAACTTACC 
C-3′. The PCR procedure was performed in a 25 µL reaction 
mixture containing 3 - 4 µL of genomic DNA, 0.56 µM of 
each primer, 0.28 mM deoxynucleotide triphosphate (dNTP) 
mix (ThermoScientific, USA), 2.1 mM of MgCl2, 0.7 - 1 U Taq 
polymerase, and 1× PCR buffer (3B Biotools, France). Nucle-
ase-protease free water was added to make up the final volume 
to 25 µL. The PCR was carried out in the thermal cycler (Ep-
pendorf Master cycler PRO S, USA) with pre-set thermocy-
cling conditions consisting of: an initial denaturation step of 
6 min at 95 °C, followed by 35 cycles of 30 s at 95 °C, 45 s at 
60 °C (for LEP), 45 s at 58 °C (for LEPR), and 45 s at 72 °C, 
and a final elongation step of 10 min at 72 °C.

Ten microliters of PCR product were digested with re-
striction enzymes (Thermo Fisher Scientific, USA), HhaI 
for LEP, and MspI for LEPR, for 16 h at 37 °C according to 
the manufacturers’ instructions [20]. The LEP G2548A ho-
mozygous variant genotype (AA) that lacks HhaI restriction 
site was defined by a 451 bp fragment, while as homozygous 
wild genotype (GG), which contains this restriction site, 
was characterized by two digested bands of 402 and 49 bp. 
The heterozygous (GA) genotype was characterized by 451, 
402 and 49 bp bands, respectively. On the other hand, LEPR 
Q223R wild genotype (AA), which is deficient in MspI re-
striction site, was represented by a 212 bp fragment, whereas 
variant genotype (GG), containing the restriction site, was 
represented by two bands of 151 and 61 bp while as hete-
rozygous (AG) showed the presence of 212, 151 and 61 bp 
bands, respectively. Thirty percent of samples were repeated 
at random to verify the reproducibility. The digestion prod-
ucts were separated on 3% agarose gels stained with 0.01 µg 
ethidium bromide and visualized on Gel Imaging System 
(Omega Lum GCW, Aplegen). The accuracy of genotyping 
was evaluated by performing duplicate analysis of 30% of 
the randomly selected samples.

Statistical analysis

Categorical variables were set for presenting and calculating 
numbers and percentages for different genotypes of LEP and 
LEPR polymorphisms. Statistical significance for the depar-
ture of a genotype frequency from its expected frequency un-
der the Hardy-Weinberg equilibrium (HWE) model was set at 
P value ≤ 0.05. Conditional logistic regression models using 
univariate and multivariate analysis were used to calculate 
odds ratios (ORs) and corresponding 95% confidence inter-
vals (95% CIs) to assess the association of the genotypes with 
T2DM. Data were analyzed using SPSS v 23.0 software (Chi-
cago, IL). Two-sided P values ≤ 0.05 were considered statisti-
cally significant.

Results

Characteristics of study subjects

A total of 390 T2DM cases were taken for the elucidation of 
serum leptin levels along with the polymorphic analysis of 
LEP and LEPR genes. The cases and controls were matched 
with respect to mean age, gender, total cholesterol, LDL-C and 
HDL-C levels (P > 0.05). The number of cases in the age group 
of < 50 years (206/390; 52.8%) exceeded those ≥ 50 years 
(184/390; 47.1%) with a mean age of 47.39 ± 12.61 years. In 
this study, 42.5% (166 of 390) of the cases were males and 
57.4% (224 of 390) were females with a male/female ratio of 
0.7:1. Based on the dwelling, 178 (45.6%) patients were rural 
and 212 (54.3%) were urban dwellers. The socio-demograph-
ic, anthropometric, and biochemical characteristics of T2DM 
cases are shown in Table 1.

A total of 408 consecutive healthy controls (non-diabetic) 
were included for the elucidation of leptin levels and poly-
morphic analysis of LEP and LEPR genes, wherein 41.2% 
(168/408) were males and 58.8% (240/408) were females, 
with a mean age of 46.94 ± 6.81 years. The number of controls 
was greater in the age group of < 50 years as compared to ≥ 50 
years (52.9% vs. 47.1%). Based on the dwelling, 144 (35.3%) 
controls were rural and 264 (64.7%) were urban dwellers. The 
socio-demographic, anthropometric, and biochemical charac-
teristics of controls are listed in Table 1.

Serum leptin and other biochemical parameters

The serum leptin levels were elevated in 57.9% (226 of 390) of 
T2DM cases as compared to only 11.8% (48 of 408) controls, 
having elevated serum leptin levels, the difference of which 
was statistically significant (P < 0.0001) (Table 1). Cases had 
significant IR (HOMA-IR; 5.3 ± 5.9) as compared to controls 
(HOMA-IR; 1.4 ± 0.4). As far as BMI (kg/m2) is concerned, 
cases had a significantly higher mean BMI of 27.34 ± 5.05 
compared to 26.82 ± 5.05 in controls (P = 0.014). The levels 
of other biochemical parameters in T2DM cases and controls 
are given in Table 2.
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Table 1.  Demographic and Biochemical Characteristics of T2DM Cases and Controls Included in the Study

Characteristics
Controls (n = 408) Cases (n = 390)

χ2 P value
n % n %

Age group 0.001 1.0
  < 50 years 216 52.9 206 52.8
  ≥ 50 years 192 47.1 184 47.1
Gender 0.158 0.72
  Male 168 41.2 166 42.5
  Female 240 58.8 224 57.4
Dwelling 8.869 0.003*
  Rural 144 35.3 178 45.6
  Urban 264 64.7 212 54.3
Family history 27.962 < 0.0001*
  No 216 52.9 134 34.3
  Yes 192 47.1 256 65.6
BMI (kg/m2) 15.227 0.004*
  Normal 120 29.4 118 30.3
  Underweight 24 5.9 14 3.6
  Preobese 120 29.4 148 37.9
  Obese class I 120 29.4 78 20
  Obese class II 24 5.9 32 8.2
Hypertension 22.107 0.0001*
  No 264 64.7 188 48.2
  Yes 144 35.3 202 51.8
Total cholesterol 23.227 < 0.0001*
  Normal 264 64.7 312 80
  Elevated 144 35.3 78 20
TG 0.479 0.523
  Normal 216 52.9 216 55.4
  Elevated 192 47.1 174 44.6
LDL-C 8.411 0.004*
  Normal 312 76.5 330 84.6
  Elevated 96 23.5 60 15.4
HDL-C 0.220 0.671
  Normal 192 47 190 48.7
  Low 216 53 200 51.3
HbA1c 434.917 < 0.0001*
  Normal 384 94.1 84 21.5
  High glycemic control 24 5.9 238 61
  Low glycemic control 00 0 68 17.4
Insulin levels 30.568 < 0.0001*
  Normal 264 64.7 320 82.1
  Low 144 35.3 70 17.9
HOMA-IR 345.549 < 0.0001*
  Insulin sensitive 360 88.2 110 28.2
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Analysis of LEP G2548A (rs7799039) polymorphism

The genotype and allele distributions of LEP G2548A poly-
morphism in the cases and controls are shown in Table 3. In 
the present study, we analyzed the frequency of LEP G2548A 
SNP in T2DM patients and matched controls in order to eval-
uate their association with the risk of T2DM in the Kashmiri 
population. The representative gel pictures showing amplified 
products of LEP gene fragment -2548 nucleotide upstream of 
ATG start site and PCR-RFLP pattern of LEP G2548A poly-
morphism are shown in Figure 1. The frequency of a variant 
allele (GA + AA) was found to be higher for cases (272 of 390; 
69.7%) than controls (120 of 480; 29.4%), a difference which 
is statistically significant (odds ratio (OR) = 5.5; P < 0.0001) 
suggesting that the presence of variant genotype predisposes 
a person to T2DM (Table 3). Also, on multivariate analysis 
exploiting various models, the LEP G2548A polymorphism 
has significant difference in the distributions of genotypes and 
alleles between cases and controls (P < 0.0001; Table 3).

On stratification, it was found that there was a statisti-
cally significant (P < 0.0001) difference in the frequency of 
LEP G2548A wild (GG) and variant genotypes (GA + AA) 
between cases and controls in different strata of age, gender, 

dwelling, family history, BMI, lipid profile, HbA1c, insulin, 
and HOMA-IR (Table 4). However, the frequency of variant 
genotype (GA + AA) was significantly higher in cases with 
no history of hypertension as compared to controls having no 
history of hypertension (69.1% vs. 9.1%; P < 0.0001). Con-
trary to this, statistical significance was not noted between 
the frequency of variant genotype (GA + AA) in hypertensive 
cases and controls (70.3% vs. 66.7%; P = 0.4). Interesting-
ly, the variant genotype (GA + AA) was significantly higher 
in T2DM patients with normal leptin levels (P = 0.001) as 
compared to their control counterparts (76.8% vs. 26.7%; P 
< 0.0001). On the other hand, no such significant difference 
was found between the frequency of variant genotype (GA + 
AA) in T2DM cases and controls as far as groups with high 
leptin levels are concerned (64.6% vs. 50.0%; P = 0.07). As-
sociation of LEP G2548A genotypes with demographic/clin-
icopathological characteristics of cases and controls is shown 
in Table 4.

Analysis of LEPR Q223R (rs1137101) polymorphism

Analyzing the frequency of LEPR Q223R SNP in T2DM pa-

Table 2.  Levels of Various Biochemical Parameters of T2DM Cases and Controls

Parameters Controls, mean ± SD Cases, mean ± SD P value
Age (years) 46.94 ± 6.81 47.39 ± 12.61 0.530
Fasting blood sugar (mg/dL) 90 ± 6.44 138.9 ± 73.26 < 0.0001*
HbA1c (%) 5.64 ± 0.33 7.68 ± 1.68 < 0.0001*
BMI (kg/m2) 26.82 ± 5.05 27.34 ± 5.05 0.0143*
Total cholesterol (mg/dL) 171 ± 51.57 165.27 ± 43.11 0.090
TG (mg/dL) 228.24 ± 229.03 160.82 ± 76.76 < 0.0001*
HDL-C (mg/dL) 43.76 ± 13.63 43.11 ± 13.87 0.504
LDL-C (mg/dL) 96.94 ± 38.58 93.46 ± 37.08 0.195
Insulin levels (µIU/mL) 6.27 ± 1.92 15.84 ± 16.86 < 0.0001*
HOMA-IR 1.4 ± 0.4 5.3 ± 5.9 < 0.0001*
Leptin levels (ng/mL) 7.22 ± 3.80 13.89 ± 9.21 < 0.0001*

*Statistically significant. T2DM: type 2 diabetes mellitus; HbA1c: glycosylated hemoglobin; BMI: body mass index (< 18.5 = underweight, 18.5 - 24.99 
= normal, 25 - 29.99 = preobese, 30 - 34.99 = obese class I, 35 - 39.99 = obese class II); TG: triglycerides; LDL-C: low-density lipoprotein cholesterol; 
HDL-C: high-density lipoprotein cholesterol; HOMA-IR: homeostatic model assessment-insulin resistance.

Characteristics
Controls (n = 408) Cases (n = 390)

χ2 P value
n % n %

  Low IR 48 11.8 72 18.5
  Significant IR 00 0.0 208 53.3
Leptin levels 188.638 < 0.0001*
  Normal 360 88.2 164 42.1
  Elevated 48 11.8 226 57.9

*Statistically significant. T2DM: type 2 diabetes mellitus; BMI: body mass index (< 18.5 = underweight, 18.5 - 24.99 = normal, 25 - 29.99 = preobese, 
30 - 34.99 = obese class I, 35 - 39.99 = obese class II); TG: triglycerides; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein 
cholesterol; HbA1c: glycosylated hemoglobin; HOMA-IR: homeostatic model assessment-insulin resistance.

Table 1.  Demographic and Biochemical Characteristics of T2DM Cases and Controls Included in the Study - (continued)
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tients and matched controls in order to evaluate their associa-
tion with the risk of T2DM in the Kashmiri population was 
also part of the study. The representative gel pictures showing 
amplified products of LEPR exon 6 and PCR-RFLP pattern of 

LEPR Q223R are shown in Figure 2. The genotype and allele 
distributions of LEPR Q223R polymorphism in the cases and 
controls are shown in Table 3. The frequency of a variant al-
lele (AG + GG) was found to be higher for cases (270 of 390; 

Table 3.  Association Between Genotypic and Allelic Frequencies of the Leptin and Leptin Receptor Polymorphisms in T2DM Cases 
and Controls

Genotype/allele Controls, n 
= 408 (%)

Cases, n = 
390 (%)

Model 1 Model 2 Model 3
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

LEP (rs7799039; G2548A)
  Genotype
    GG 288 (70.6) 118 (30.2) Ref. (1.00) Ref. (1.00) Ref. (1.00)
    GA 96 (23.5) 72 (18.5) 1.83 (1.2 - 2.6) 0.001* 2.0 (1.3 - 2.9) < 0.0001* 1.1 (0.7 - 1.8) 0.4
    AA 24 (5.9) 200 (51.3) 20.3 (12.6 - 32.6) < 0.0001* 22.5 (13.8 - 36.5) < 0.0001* 18.6 (10.6 - 32.4) < 0.0001*
    GA + AA 120 (29.4) 272 (69.8) 5.5 (4.0 - 7.4) < 0.0001* 6.1 (4.5 - 8.4) < 0.0001* 3.8 (2.7 - 5.6) < 0.0001*
  Allele type
    G 672 (82.3) 308 (39.5) Ref. (1.00) Ref. (1.00) Ref. (1.00)
    A 144 (17.7) 472 (60.5) 7.1 (5.6 - 9.0) < 0.0001* 7.7 (5.8 - 10.3) < 0.0001* 5.9 (4.1 - 7.9) < 0.0001*
LEPR (rs1137101; A668G; Q223R)
  Genotype
    AA 312 (76.4) 120 (30.8) Ref. (1.00) Ref. (1.00) Ref. (1.00)
    AG 48 (11.8) 110 (28.2) 5.9 (4.0 - 8.8) < 0.0001* 6.6 (4.3 - 10.1) < 0.0001* 6.5 (4.0 - 10.6) < 0.0001*
    GG 48 (11.8) 160 (41.0) 8.6 (5.9 - 12.7) < 0.0001* 9.5 (6.4 - 14.1) < 0.0001* 7.6 (4.6 - 12.5) < 0.0001*
    AG + GG 96 (23.6) 270 (69.2) 7.3 (5.3 - 10.0) < 0.0001* 8.1 (5.1 - 11.2) < 0.0001* 7.3 (4.9 - 10.7) < 0.0001*
  Allele type
    A 672 (82.3) 350 (44.8) Ref. (1.00) Ref. (1.00) Ref. (1.00)
    G 144 (17.7) 430 (55.2) 5.7 (4.5 - 7.2) < 0.0001* 6.5 (4.9 - 9.5) < 0.0001* 4.8 (3.6 - 6.5) < 0.0001*

*Statistically significant. Model 1: unadjusted odds ratio and P value. Model 2: odds ratio and P value adjusted for age and gender using a multivari-
able logistic model. Model 3: odds ratio and P value adjusted for age, gender, dwelling, family history and other polymorphisms using a multivariable 
logistic model. T2DM: type 2 diabetes mellitus; OR: odds ratio; CI: confidence interval.

Figure 1. (a) Representative picture showing 451 bp PCR amplification product of 5′ end of the promoter region of LEP gene. 
(b) PCR-RFLP pattern of LEP G2548A polymorphism. L2, L3 and L4 represent homozygous variant genotype (AA; 451 bp); L5 
represents homozygous wild genotype (GG; 402 and 49 bp); L1 and L6 represent heterozygous genotype (GA; 451, 402 and 49 
bp); M: 100 bp molecular marker. PCR: polymerase chain reaction; LEP: leptin; RFLP: restriction fragment length polymorphism.
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Table 4.  Association Between LEP G2548A Genotypes and Various Socio-Demographic and Clinicopathological Characteristics of 
T2DM Cases and Controls

Socio-demographic/
clinicopathologi-
cal parameters

LEP G2548A genotypes in controls LEP G2548A geno-
types in T2DM cases OR (95% CI) P value

n = 408 (%) GG, 288 
(70.6)

GA + AA, 
120 (29.4) n = 390 (%) GG, 118 

(30.2)
GA + AA, 
272 (69.8) 5.5 (4.0 - 7.4) < 0.0001*

Age group
  < 50 years 216 (52.9) 144 (66.7) 72 (33.3) 206 (52.8) 70 (34.0) 136 (66.0) 3.88 (2.5 - 5.8) < 0.0001*
  ≥ 50 years 192 (47.1) 144 (75.0) 48 (25.0) 184 (47.1) 48 (26.1) 136 (73.9) 8.5 (5.3 - 13.5) < 0.0001*
Gender
  Male 168 (41.2) 144 (85.7) 24 (14.3) 166 (42.5) 62 (37.3) 104 (62.7) 10.0 (5.8 - 17.1) < 0.0001*
  Female 240 (58.8) 144 (60.0) 96 (40.0) 224 (57.4) 56 (25.0) 168 (75.0) 4.5 (3.0 - 6.6) < 0.0001*
Dwelling
  Rural 144 (35.3) 120 (83.3) 24 (16.7) 178 (45.6) 56 (31.5) 122 (68.5) 10.8 (6.3 - 18.7) < 0.0001*
  Urban 264 (64.7) 168 (63.6) 96 (36.4) 212 (54.3) 62 (29.2) 96 (36.4) 4.2 (2.8 - 6.2) < 0.0001*
Family history
  No 216 (52.9) 192 (88.9) 24 (11.1) 134 (34.3) 34 (25.4) 100 (74.6) 23.5 (13.2 - 41.8) < 0.0001*
  Yes 192 (47.1) 96 (50.0) 96 (50.0) 256 (65.6) 84 (32.8) 172 (67.2) 2.0 (1.3 - 3.0) < 0.0001*
BMI (kg/m2)
  Normal 120 (29.4) 96 (80.0) 24 (20) 118 (30.3) 36 (30.5) 82 (69.5) 9.1 (5.0 - 16.5) < 0.0001*
  Underweight 24 (5.9) 24 (100) 0 (0.0) 14 (3.6) 02 (14.3) 12 (85.7) - < 0.0001*
  Preobese 120 (29.4) 120 (100) 0 (0.0) 148 (37.9) 46 (31.1) 102 (68.9) - < 0.0001*
  Obese class I 120 (29.4) 48 (40.0) 72 (60) 78 (20.0) 22 (28.2) 56 (71.8) 1.6 (0.9 - 3.1) 0.061
  Obese class II 24 (5.9) 0 (0.0) 24 (100) 32 (8.2) 12 (37.5) 20 (62.5) - < 0.0001*
Hypertension
  No 264 (64.7) 240 (90.9) 24 (9.1) 188 (48.2) 58 (30.9) 130 (69.1) 22.4 (13.3 - 37.7) < 0.0001*
  Yes 144 (35.3) 48 (33.3) 96 (66.7) 202 (51.8) 60 (29.7) 142 (70.3) 1.1 (0.7 - 1.8) 0.482
Total cholesterol
  Normal 264 (64.7) 168 (63.6) 96 (36.4) 312 (80.0) 92 (29.5) 220 (70.5) 4.1 (2.9 - 5.9) < 0.0001*
  Elevated 144 (35.3) 120 (83.3) 24 (16.7) 78 (20.0) 26 (33.3) 52 (66.7) 10.0 (5.2 - 19.0) < 0.0001*
TG
  Normal 216 (52.9) 168 (77.8) 48 (22.2) 216 (55.4) 54 (25.0) 162 (75) 10.5 (6.7 - 16.3) < 0.0001*
  Elevated 192 (47.1) 120 (62.5) 72 (37.5) 174 (44.6) 64 (36.8) 110 (63.2) 2.8 (1.8 - 4.3) < 0.0001*
LDL-C
  Normal 312 (76.5) 216 (69.2) 96 (30.8) 330 (84.6) 102 (30.9) 228 (69.1) 5.02 (3.5 - 7.0) < 0.0001*
  Elevated 96 (23.5) 72 (75.0) 24 (25.0) 60 (15.4) 16 (26.7) 44 (73.3) 8.2 (3.9 - 17.2) < 0.0001*
HDL-C
  Normal 192 (47.0) 144 (75.0) 48 (25.0) 190 (48.7) 54 (28.4) 136 (71.6) 7.55 (4.7 - 11.8) < 0.0001*
  Low 216 (53.0) 144 (66.7) 72 (33.3) 200 (51.3) 64 (32.0) 136 (68.0) 4.2 (2.8 - 6.4) < 0.0001*
HbA1c
  Normal 384 (94.1) 264 (68.7) 120 (31.3) 84 (21.5) 18 (21.4) 66 (78.6) 8.0 (4.5 - 14.1) < 0.0001*
  High glycemic control 24 (5.9) 24 (100) 0 (0.0) 238 (61.0) 82 (34.5) 156 (65.5) - < 0.0001*
  Low glycemic control 0 (0.0) 0 (0.0) 0 (0 .0) 68 (17.4) 18 (26.5) 50 (73.5) - < 0.0001*
Insulin levels
  Normal 264 (64.7) 168 (63.6) 96 (36.4) 320 (82.1) 98 (30.6) 222 (69.4) 3.96 (2.8 - 5.6) < 0.0001*
  Low 144 (35.3) 120 (83.3) 24 (16.7) 70 (17.9) 20 (28.6) 50 (71.4) 12.5 (6.3 - 24.6) < 0.0001*
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69.2%) than controls (96 of 408; 23.6%), a difference which is 
statistically significant (OR = 7.3; P = 0.0001) suggesting that 
presence of variant allele predisposes a person to T2DM (Ta-
ble 3). In fact, on multivariate analysis using various models, 
the LEPR Q223R polymorphism has significant difference in 
the genotype and allele distributions between cases and con-
trols (P < 0.0001; Table 3).

The associations of LEPR Q223R genotypes and the risk 
of T2DM were further stratified with respect to different sub-
groups of the study population in terms of different clinico-
pathological variables (Table 5). Statistically significant dif-
ferences in the frequency of wild (AA) and variant genotypes 
(AG + GG) between cases and controls in different strata of 
age, gender, dwelling, family history, BMI, hypertension, lipid 
profile, HbA1c, insulin, HOMA-IR, and leptin levels were ob-
served (P < 0.0001) (Table 5).

Discussion

The ethnic population of Kashmir exhibits an increased preva-
lence of T2DM and impaired fasting glycemia in young adults 
with a high frequency of undiagnosed diabetes [21], hence 
studying the impact of genes and genetic variations has thus 
become necessary in the validation of their association with 
various disorders. T2DM is described as a polygenic disease, 
often clinically called IR syndrome; the disease is closely re-
lated to hypothyroidism, hypertension, obesity, and lipid dis-
orders [8]. Various research studies have attempted to discover 
the polymorphisms of important genes which are potentially 
involved in major human diseases and such studies provide 
valuable information about their genetic role in the progres-
sion of diseases [22], but the studies exploring the genetic vari-

Figure 2. (a) Representative picture showing 212 bp PCR amplification product of exon 6 in LEPR gene. (b) PCR-RFLP 
pattern of LEPR Q223R polymorphism. L3, L5, L6 and L7 represent homozygous wild genotype (AA; 212 bp); L2 represents 
homozygous variant genotype (GG; 151 and 61 bp); L1 and L4 represent heterozygous genotype (GA; 221, 151 and 61 bp); 
M: 50 bp molecular marker. PCR: polymerase chain reaction; LEPR: leptin receptor; RFLP: restriction fragment length poly-
morphism.

Socio-demographic/
clinicopathologi-
cal parameters

LEP G2548A genotypes in controls LEP G2548A geno-
types in T2DM cases OR (95% CI) P value

n = 408 (%) GG, 288 
(70.6)

GA + AA, 
120 (29.4) n = 390 (%) GG, 118 

(30.2)
GA + AA, 
272 (69.8) 5.5 (4.0 - 7.4) < 0.0001*

HOMA-IR
  Insulin sensitive 360 (88.2) 240 (66.7) 120 (33.3) 110 (28.2) 34 (30.9) 76 (69.1) 4.4 (2.8 - 7.0) < 0.0001*
  Low IR 48 (11.8) 48 (100) 0 (0.0) 72 (18.5) 18 (25.0) 54 (75.0) - < 0.0001*
  Significant IR 0 (0.0) 0 (0.0) 0 (0.0) 208 (53.3) 66 (31.7) 142 (68.3) - < 0.0001*
Leptin levels
  Normal 360 (88.2) 264 (73.3) 96 (26.7) 164 (42.1) 38 (23.2) 126 (76.8) 9.1 (5.9 - 14.0) < 0.0001*
  Elevated 48 (11.8) 24 (50.0) 24 (50.0) 226 (57.9) 80 (35.4) 146 (64.6) 1.8 (0.97 - 3.4) 0.072

*Statistically significant. T2DM: type 2 diabetes mellitus; OR: odds ratio; CI: confidence interval; BMI: body mass index (< 18.5: underweight, 18.5 - 
24.99 = normal, 25 - 29.99 = preobese, 30 - 34.99 = obese class I, 35 - 39.99 = obese class II); TG: triglycerides; LDL-C: low-density lipoprotein cho-
lesterol; HDL-C: high-density lipoprotein cholesterol; HbA1c: glycosylated hemoglobin; HOMA-IR: homeostatic model assessment-insulin resistance.

Table 4.  Association Between LEP G2548A Genotypes and Various Socio-Demographic and Clinicopathological Characteristics of 
T2DM Cases and Controls - (continued)
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Table 5.  Association Between LEPR A668G (Q223R) Genotypes and Various Socio-Demographic and Clinicopathological Charac-
teristics of T2DM Cases and Controls

Socio-demographic/
clinicopathologi-
cal parameters

LEPR A668G genotypes in controls LEPR A668G geno-
types in T2DM cases OR (95% CI) P value

n = 408 
(%)

AA, 312 
(46.6)

AG + GG, 
96 (53.3) n = 390 (%) AA, 120 

(30.7)
AG + GG, 
270 (69.3) 7.3 (5.3 - 10.0) < 0.0001*

Age group
  < 50 years 216 (52.9) 192 (88.9) 24 (11.1) 206 (52.8) 64 (31.1) 142 (98.9) 17.7 (10.5 - 29.7) < 0.0001*
  ≥ 50 years 192 (47.1) 120 (62.5) 72 (37.5) 184 (47.1) 56 (30.4) 128 (69.6) 3.8 (2.4 - 5.8) < 0.0001*
Gender
  Male 168 (41.2) 96 (57.1) 72 (42.9) 166 (42.5) 54 (32.5) 112 (67.5) 2.7 (17 - 4.3) < 0.0001*
  Female 240 (58.8) 216 (90.0) 24 (10.0) 224 (57.4) 66 (29.5) 158 (70.5) 21.5 (12.9 - 35.8) < 0.0001*
Dwelling
  Rural 144 (35.3) 144 (100) 0 (0.0) 178 (45.6) 60 (33.7) 118 (66.3) - < 0.0001*
  Urban 264 (64.7) 168 (63.6) 96 (36.4) 212 (54.3) 60 (28.3) 152 (71.7) 4.43 (3.0 - 6.5) < 0.0001*
Family history
  No 216 (52.9) 192 (88.9) 24 (11.1) 134 (34.3) 40 (29.9) 94 (70.1) 18.8 (10.7 - 33) < 0.0001*
  Yes 192 (47.1) 120 (62.5) 72 (37.5) 256 (65.6) 80 (31.3) 176 (68.8) 3.6 (2.4 - 5.4) < 0.0001*
BMI (kg/m2)
  Normal 120 (29.4) 120 (100) 0 (0.0) 118 (30.3) 44 (37.3) 74 (62.7) - < 0.0001*
  Underweight 24 (5.9) 24 (100) 0 (0.0) 14 (3.6) 4 (28.6) 10 (71.4) - < 0.0001*
  Preobese 120 (29.4) 72 (60.0) 48 (40.0) 148 (37.9) 40 (27.0) 108 (73.0) 4.0 (2.4 - 6.7) < 0.0001*
  Obese class I 120 (29.4) 96 (80.0) 24 (20.0) 78 (20.0) 22 (28.2) 56 (71.8) 10.1 (5.2 - 19.8) < 0.0001*
  Obese class II 24 (5.9) 0 (0.0) 24 (100) 32 (8.2) 10 (31.3) 22 (68.8) - 0.002*
Hypertension
  No 264 (64.7) 216 (81.8) 48 (18.2) 188 (48.2) 70 (37.2) 118 (62.8) 7.5 (4.9 - 11.6) < 0.0001*
  Yes 144 (35.3) 96 (66.7) 48 (33.3) 202 (51.8) 50 (24.8) 152 (75.2) 6.0 (3.7 - 9.7) < 0.0001*
Total cholesterol
  Normal 264 (64.7) 216 (81.8) 48 (18.2) 312 (80.0) 94 (30.1) 218 (69.9) 10.4 (7.0 - 15.4) < 0.0001*
  Elevated 144 (35.3) 96 (66.7) 48 (33.3) 78 (20.0) 26 (33.3) 52 (66.7) 4.0 (2.2 - 7.1) < 0.0001*
TG
  Normal 216 (52.9) 192 (88.9) 24 (11.1) 216 (55.4) 64 (29.6) 152 (70.4) 19.0 (11.3 - 31.8) < 0.0001*
  Elevated 192 (47.1) 120 (62.5) 72 (37.5) 174 (44.6) 56 (32.2) 118 (67.8) 3.5 (2.2 - 5.4) < 0.0001*
LDL-C
  Normal 312 (76.5) 264 (84.6) 48 (15.4) 330 (84.6) 100 (30.3) 230 (69.7) 12.6 (8.5 - 18.6) < 0.0001*
  Elevated 96 (23.5) 48 (50.0) 48 (50.0) 60 (15.4) 20 (33.3) 40 (66.7) 2.0 (1.0 - 3.9) 0.047*
HDL-C
  Normal 192 (47.0) 168 (87.5) 24 (12.5) 190 (48.7) 58 (30.5) 132 (69.5) 15.9 (9.4 - 26.9) < 0.0001*
  Low 216 (53.0) 144 (66.7) 72 (33.3) 200 (51.3) 62 (31.0) 138 (69.0) 2.8 (2.2 - 3.5) < 0.0001*
HbA1c
  Normal 384 (94.1) 288 (75.0) 96 (25.0) 84 (21.5) 26 (31.0) 58 (69.0) 6.6 (3.9 - 11.2) < 0.0001*
  High glycemic control 24 (5.9) 24 (100) 0 (0.0) 238 (61.0) 72 (30.3) 166 (63.4) - < 0.0001*
  Low glycemic control 0 (0.0) 0 (0.0) 0 (0.0) 68 (17.4) 22 (32.4) 46 (67.6) - < 0.0001*
Insulin levels
  Normal 264 (64.7) 192 (72.7) 72 (27.3) 320 (82.1) 96 (30.0) 224 (70.0) 6.2 (4.3 - 8.9) < 0.0001*
  Low 144 (35.3) 120 (83.3) 24 (16.7) 70 (17.9) 24 (34.3) 46 (65.7) 9.5 (4.9 - 18.5) < 0.0001*
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ations or molecular mechanisms involved in the etiopathogen-
esis of T2DM in this population have been very meagre [23].

Leptin, a fat-derived hormone, could play a role in the 
regulation of energy metabolism and body lipid homeostasis 
after it is combined with the LEPR located in the hypothala-
mus and adipose tissue [7]. The present case-control study 
was carried out in order to investigate and also to address the 
discordant observations in studies related to leptin, the pos-
sible role of the LEP gene, and its receptor LEPR on the obe-
sity traits and T2DM in the ethnic population of Kashmir. Our 
study showed statistically significant elevated levels of serum 
leptin in 57.9% of T2DM cases as compared to 11.8% of the 
controls. This is in accordance with various studies that have 
also reported elevated levels of leptin in T2DM patients apart 
from its involvement in microvascular complications and car-
diac autonomic dysfunction [24-26]. In our study, significant 
IR was observed in T2DM cases as compared to controls. IR 
is now recognized as a component of several disorders, in-
cluding T2DM [27]. There was a significantly higher percent-
age of T2DM case having preobesity and obesity class II as 
compared to control group, which is in line with majority of 
studies [20].

The LEP G2548A SNP is located at the 5′ end of the pro-
moter region of LEP, and it has been suggested that this remote 
region may contain inhibitory elements from transcription in 
adipocytes [28]. In the present study, frequency of LEP G2548A 
SNP in T2DM was also analyzed to evaluate their association 
with the risk of T2DM in the Kashmiri population. The fre-
quency of a variant genotype (GA + AA) was significantly 
higher in cases (69.7%) than controls (29.4%) (P < 00001). A 
previous study has reported a significantly higher frequency 
of the variant (AA) genotype in T2DM patients of China com-
pared to the healthy subjects [29]. Roszkow et al found that 
the wild genotype (GG) of LEP G2548A polymorphism was 
significantly more common in controls than the diabetic group 
[30]. Taken together, these results suggest that variant geno-
type of LEP G2548A SNP significantly increases the risk of 
T2DM in different populations. The LEP G2548A variant may 

influence the LEP gene expression and the leptin secretion by 
adipose tissue [31]. Even though LEP G2548A polymorphism 
is close to a specificity protein 1 (SP-1) transcription factor 
binding site, as well as two repetitive sequences MER11 and 
Alu that may regulate LEP transcription, its effect on LEP ex-
pression remains to be elucidated [31].

In this study, we reported a significant association of non-
synonymous LEPR Q223R polymorphism with T2DM which 
is suggested by the higher frequency of variant allele (AG + 
GG) in T2DM cases (69.2%) compared to controls (23.6%). 
The same association has been reported in a meta-analysis in 
the Chinese population [8]. Similar to our study, Fang et al and 
Shi et al observed the variant (G) allele of LEPR Q223R SNP 
to be a risk factor for T2DM [32, 33]. Salopuro et al reported 
that the LEPR Q223R SNP was associated with impaired glu-
cose tolerance and conversion to T2DM [34]. Wauters et al also 
demonstrated an association of the LEPR Q223R SNP with 
glucose and insulin levels in women with impaired glucose 
tolerance (IGT) [35]. In another study, Chiu et al found LEPR 
Q223R SNP to be associated with IR in healthy Caucasian 
subjects [36]. It has been suggested that presence of Q223R 
SNP might affect the isoforms of the receptor thereby alter-
ing LEPR expression on the plasma membrane [28]. Hence, 
LEPR Q223R SNP may impair signal transduction through the 
receptor thereby increasing the risk of T2DM by influencing 
the neurological function of the vagus nerve, leading to IR, 
which in turn disrupts not only glucose metabolism but also 
fat metabolism [12]. Although these mechanisms are yet to be 
demonstrated physiologically, they provide a plausible ration-
ale for the results from this study.

In contrast to our study, Ying et al reported wild allele (A) 
of LEPR Q223R SNP to be associated with an increased risk of 
T2DM [12]. However, numerous studies have failed to demon-
strate an association between LEPR Q223R SNP and increased 
BMI or metabolic syndrome parameters [37, 38]. Majority of 
studies have shown that the LEPR Q223R SNP was not as-
sociated with T2DM and no difference in the frequency of 
genotypes between cases and controls was reported [30, 39, 

Socio-demographic/
clinicopathologi-
cal parameters

LEPR A668G genotypes in controls LEPR A668G geno-
types in T2DM cases OR (95% CI) P value

n = 408 
(%)

AA, 312 
(46.6)

AG + GG, 
96 (53.3) n = 390 (%) AA, 120 

(30.7)
AG + GG, 
270 (69.3) 7.3 (5.3 - 10.0) < 0.0001*

HOMA-IR
  Insulin sensitive 360 (88.2) 288 (80.0) 72 (20.0) 110 (28.2) 34 (30.9) 76 (69.1) 8.9 (5.5 - 14.4) < 0.0001*
  Low IR 48 (11.8) 24 (50.0) 24 (50.0) 72 (18.5) 22 (30.6) 50 (69.4) 2.2 (1.0 - 4.8) 0.037*
  Significant IR 0 (0.0) 0 (0.0) 0 (0.0) 208 (53.3) 64 (30.8) 114 (69.2) - < 0.0001*
Leptin levels
  Normal 360 (88.2) 288 (80) 72 (20.0) 164 (42.1) 62 (37.8) 102 (62.2) 6.5 (4.3 - 9.8) < 0.0001*
  Elevated 48 (11.8) 24 (50.0) 24 (50.0) 226 (57.9) 58 (25.7) 168 (74.3) 2.8 (1.5 - 5.4) 0.02*

*Statistically significant. T2DM: type 2 diabetes mellitus; OR: odds ratio; CI: confidence interval; BMI: body mass index (< 18.5 = underweight, 18.5 
- 24.99 = normal, 25 - 29.99 = preobese, 30 - 34.99 = obese class I, 35 - 39.99 = obese class II); TG: triglycerides; LDL-C: low-density lipoprotein cho-
lesterol; HDL-C: high-density lipoprotein cholesterol; HbA1c: glycosylated hemoglobin; HOMA-IR: homeostatic model assessment-insulin resistance.

Table 5.  Association Between LEPR A668G (Q223R) Genotypes and Various Socio-Demographic and Clinicopathological Charac-
teristics of T2DM Cases and Controls - (continued)
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40]. Also, no significant association was reported between the 
Q223R variant and glucose levels in Brazilian population [41]. 
These discrepancies in associations may arise due to interac-
tions of the LEPR Q223R polymorphism with environmental 
factors or other polymorphisms in LEP or LEPR genes, and 
differences in the genetic pool of studied populations.

Limitation of the study

The limitations of the study include relatively modest sample 
size, ethnicity, various environmental factors, changes in di-
etary patterns, and other genetic factors. In spite of the asso-
ciation of these SNPs with T2DM, future studies are needed to 
investigate the association between a high number of SNPs per 
gene and genetic susceptibility to T2DM in massive cohorts 
from North India.

Conclusion

The study revealed a significant association between the LEP/
LEPR polymorphisms and the development of T2DM in the 
ethnic population of Kashmir, indicating that genetic suscep-
tibility plays an important role in the pathogenesis of T2DM. 
Identification of such precise genetic polymorphisms that 
impact the progression of T2DM is essential in understand-
ing its mechanism, which can, in turn, contribute to its early 
diagnosis and proper management. Prospective, large-scale 
investigations that include assessment of the physiological ef-
fects of LEP/LEPR gene polymorphisms are needed to better 
understand the role of these variations in the etiopathogenesis 
of T2DM and related metabolic syndrome.
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