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ABSTRACT 

Background: Obesity is a major global health concern associated with chronic inflammation, metabolic dysregulation, 

and an increased risk of cardiovascular disease (CVD). Altered leptin receptor (LEPR) signalling has been implicated in 

obesity-related cardiometabolic complications; however, evidence regarding LEPR gene expression and its relationship 

with cardiovascular risk markers in the South Indian population remains limited. 

Objective: To evaluate LEPR gene expression and investigate its association with biochemical, inflammatory, and 

cardiovascular risk markers among obese adults. 

Methods: A hospital-based case–control study was conducted involving 300 adults, including 150 obese subjects and 150 

apparently healthy controls. Anthropometric measurements, fasting biochemical parameters, lipid profile, thyroid profile, 

renal function tests, inflammatory biomarkers (hs-CRP, TNF-α, IL-6), cardiac biomarkers (NT-proBNP, ST2, and PAPP-

A), serum leptin concentrations, and LEPR gene expression were assessed. Relative LEPR expression was quantified 

using quantitative real-time polymerase chain reaction. Group comparisons were performed using the Mann–Whitney U 

test, while correlations between LEPR expression and clinical variables were analysed using Spearman's rank correlation. 

Results: Obese participants demonstrated significantly higher body mass index, fasting blood glucose, triglycerides, total 

cholesterol, LDL cholesterol, hs-CRP, TNF-α, IL-6, NT-proBNP, ST2, PAPP-A, serum leptin concentrations, and LEPR 

gene expression than controls (all p < 0.001). LEPR gene expression was significantly elevated in obese subjects (1.45 ± 

0.83 vs. 1.02 ± 0.17-fold change; p < 0.001). Within the obese group, LEPR expression showed a significant positive 

correlation with serum leptin (r = 0.345, p < 0.001) and serum creatinine (r = 0.192, p = 0.018), whereas no significant 

associations were observed with body mass index, lipid profile, inflammatory markers, or cardiac biomarkers. 

Conclusion: LEPR gene expression is significantly upregulated in obesity and is positively associated with circulating 

leptin concentrations, suggesting altered leptin signaling in obese individuals. LEPR expression may serve as a promising 

molecular biomarker for identifying obesity-associated cardiometabolic risk. Further multicentre longitudinal studies are 

warranted to validate its prognostic value and clinical applicability. 
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1. INTRODUCTION 

Obesity has become one of the most significant public health challenges worldwide and is a major contributor to the 

increasing burden of non-communicable diseases (NCDs). The World Health Organization estimates that more than one 

billion people are living with obesity, with prevalence continuing to rise because of rapid urbanization, unhealthy dietary 

patterns, reduced physical activity, and socioeconomic transitions. Obesity substantially increases the risk of type 2 

diabetes mellitus, hypertension, dyslipidemia, metabolic syndrome, and cardiovascular disease (CVD), making it one of 

the leading causes of preventable morbidity and mortality globally [1,2]. South Asian populations, including Indians, 

exhibit greater visceral adiposity, insulin resistance, and cardiovascular risk at comparatively lower body mass indices 

than Western populations, highlighting the importance of identifying molecular determinants underlying obesity-related 

cardiovascular complications [3]. 

Adipose tissue is now recognized as a metabolically active endocrine organ that secretes several bioactive molecules 

known as adipokines, which regulate energy homeostasis, inflammation, and metabolic function. Among these, leptin is 

a 16-kDa peptide hormone predominantly produced by white adipocytes and plays a pivotal role in appetite regulation, 

energy expenditure, glucose metabolism, and neuroendocrine function [4]. Under physiological conditions, leptin binds 

to the leptin receptor (LEPR), a member of the class I cytokine receptor family encoded by the LEPR gene located on 

chromosome 1p31. The long receptor isoform (LEPRb) activates intracellular signaling pathways, including Janus 

kinase/signal transducer and activator of transcription (JAK/STAT), phosphatidylinositol-3 kinase (PI3K), and mitogen-

activated protein kinase (MAPK), thereby regulating food intake, insulin sensitivity, lipid metabolism, and inflammatory 

responses [5]. 

Despite elevated circulating leptin concentrations in obese individuals, appetite suppression and energy regulation are 

often impaired because of leptin resistance, a condition characterized by defective leptin receptor signaling. Altered LEPR 

gene expression may contribute to impaired leptin responsiveness, leading to excessive adiposity, chronic low-grade 

inflammation, insulin resistance, and metabolic dysfunction [4,6]. Beyond its metabolic role, leptin has emerged as an 

important mediator linking obesity with cardiovascular disease. Experimental and clinical studies have demonstrated that 

hyperleptinemia and impaired leptin signaling promote sympathetic nervous system activation, endothelial dysfunction, 

oxidative stress, vascular smooth muscle proliferation, and chronic inflammation, all of which accelerate hypertension, 

atherosclerosis, and adverse cardiovascular remodeling [6,7,8]. 

Several conventional cardiovascular risk markers, including body mass index (BMI), waist circumference, blood pressure, 

fasting blood glucose, glycated hemoglobin (HbA1c), serum lipid profile, and inflammatory biomarkers, are routinely 

used to assess cardiometabolic risk in obese individuals. Emerging evidence suggests that abnormalities in leptin signaling 

may influence these markers through complex interactions between adipose tissue, vascular endothelium, and immune 

pathways [5,7]. However, most previous investigations have focused on circulating leptin concentrations or LEPR gene 

polymorphisms, while relatively few studies have evaluated LEPR gene expression and its association with cardiovascular 

risk factors. Furthermore, available evidence remains inconsistent across different ethnic populations, emphasizing the 

need for region-specific molecular studies. 

Given the high prevalence of obesity and cardiovascular disease in India, understanding alterations in LEPR gene 

expression may improve early cardiovascular risk stratification and provide novel insights into the pathophysiology of 
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obesity. Therefore, the present case–control study aimed to evaluate LEPR gene expression and determine its association 

with cardiovascular risk markers among obese adults from South India. The findings may contribute to the identification 

of potential molecular biomarkers for early detection and personalized management of obesity-associated cardiovascular 

disease. 

 

2. MATERIALS AND METHODS 

2.1 Study Design and Setting 

This hospital-based case–control study was conducted between April 2023 and April 2025 in collaboration with Hridayala 

Heart and Robotic Research Centre Pvt. Ltd. and Genetika, Centre for Advanced Genetic Studies, Thiruvananthapuram, 

Kerala, India. The study protocol was approved by the Institutional Ethics Committee of Genetika (Ref. No. 

08/2023/IECG; approved on 06 April 2023) and was conducted in accordance with the ethical principles of the Declaration 

of Helsinki and its subsequent amendments. Written informed consent was obtained from all participants before 

enrolment. The study was designed and reported in accordance with the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) guidelines. 

 

2.2 Study Population 

A total of 300 adults were enrolled, including 150 obese individuals (case group) and 150 healthy non-obese individuals 

(control group). Cases were consecutively recruited from hospitals in Kerala and community-based screening programmes 

conducted during World Heart Day (29 September) and World Diabetes Day (14 November). Healthy controls were 

recruited from the same screening programmes and geographical region to minimise selection bias. 

Eligible participants were adults aged > 23 years. Obesity was defined according to the World Health Organization (WHO) 

Asia–Pacific criteria as a body mass index (BMI) ≥25 kg/m², whereas controls had a BMI <25 kg/m² and no known history 

of obesity or major chronic illness [1]. 

Participants were excluded if they had acute or chronic inflammatory diseases, malignancy, autoimmune disorders, 

chronic liver or kidney disease, pregnancy, severe endocrine disorders other than obesity, or were receiving long-term 

corticosteroids, immunosuppressive agents, or medications known to significantly influence leptin metabolism. 

Individuals unwilling to provide written informed consent were also excluded. 

 

2.3 Clinical Assessment and Sample Collection 

Demographic characteristics, medical history, medication history, lifestyle habits, and anthropometric measurements were 

recorded using a standardized predesigned questionnaire. Body weight and height were measured using calibrated 

instruments, and BMI was calculated as weight (kg) divided by height squared (m²). Waist circumference was measured 

according to standard WHO recommendations using a non-elastic measuring tape. 

Following an overnight fast of 8–12 hours, approximately 6–8 mL of peripheral venous blood was collected under aseptic 

conditions. Samples intended for biochemical analyses were collected in plain vacutainer tubes, whereas blood for 

molecular analysis was collected in EDTA tubes. Specimens were centrifuged at 3000 rpm for 10 minutes, serum was 

separated immediately, aliquoted, and stored at −20°C until laboratory analysis. 

 

2.4 Biochemical, Inflammatory, and Cardiac Biomarker Analysis 

Serum fasting blood glucose, lipid profile (triglycerides, total cholesterol, HDL-cholesterol, and LDL-cholesterol), thyroid 

profile (T3, T4, and TSH), renal function parameters (urea, creatinine, and uric acid), and serum leptin concentrations 

were analysed using standard automated laboratory methods following the manufacturers' instructions and routine quality-

control procedures. 

Inflammatory and cardiovascular biomarkers, including high-sensitivity C-reactive protein (hs-CRP), tumour necrosis 

factor-alpha (TNF-α), and N-terminal pro-B-type natriuretic peptide (NT-proBNP), were quantified using commercially 

available sandwich enzyme-linked immunosorbent assay (ELISA) kits (Origin Diagnostics & Research, Clappana, Kerala, 

India; Cat. Nos. OPK8534, RK00030, and OPK1212) according to the manufacturer's instructions. Optical density was 

measured using a Thermo Scientific™ Multiskan™ FC Microplate Photometer, and biomarker concentrations were 

calculated from standard calibration curves. All assays were performed in duplicate under standardized laboratory 

conditions to ensure analytical accuracy, precision, and reproducibility. 

 

2.5 LEPR Gene Expression Analysis 

Peripheral blood samples collected in EDTA tubes were processed for total RNA extraction using standardized molecular 

biology protocols. RNA quality and concentration were assessed before complementary DNA (cDNA) synthesis. Relative 

leptin receptor (LEPR) gene expression was quantified using quantitative real-time polymerase chain reaction (qRT-PCR). 

Gene expression levels were normalized against an appropriate endogenous housekeeping gene, and relative expression 

was calculated using the comparative 2^−ΔΔCt method, with results expressed as fold change relative to the control group. 

All molecular analyses were performed under standardized laboratory conditions to ensure analytical consistency and 

reproducibility. 

 

2.6 Sample Size Determination 

The minimum sample size was estimated using the formula n = Z²pq/d², assuming a 95% confidence level (Z = 1.96), an 

obesity prevalence of 16%, and a precision of 5%. Considering participant availability during the study period and the 
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exploratory nature of this molecular biomarker investigation, a total of 300 participants (150 cases and 150 controls) were 

enrolled, providing adequate statistical precision for comparative analyses. 

 

2.7 Statistical Analysis 

Statistical analyses were performed using Stata version 17.0 (StataCorp LLC, College Station, TX, USA). Continuous 

variables are presented as mean ± standard deviation (SD), whereas categorical variables are expressed as frequencies and 

percentages. 

The normality of continuous variables was evaluated using the Shapiro–Wilk test. As most variables were not normally 

distributed, comparisons between obese subjects and healthy controls were performed using the Mann–Whitney U test. 

Categorical variables were compared using the Chi-square test or Fisher's exact test, as appropriate. 

Associations between LEPR gene expression and biochemical, inflammatory, and cardiovascular biomarkers were 

evaluated using Spearman's rank correlation coefficient (ρ). All statistical tests were two-tailed, and a p-value <0.05 was 

considered statistically significant. 

 

3. RESULTS 

A total of 150 subjects were analysed in each group. Baseline demographic and anthropometric characteristics are 

summarised in Table 1. 

 

Table 1. Demographic and anthropometric characteristics of the Test (obese/CVD) and Control groups 

 

 

 

 

 

 

 

 

 

 

 

The case group had significantly higher BMI than the control group (p < 0.001). Sex distribution did not differ significantly 

between groups, while the cases group was on average approximately four years older than the Control group (p = 0.003). 

 

3.1 Biochemical, inflammatory, and cardiac biomarker profile 

All 19 biochemical, hormonal, inflammatory, and cardiac variables examined differed significantly between the case and 

control groups (Table 2). The case LDL cholesterol, TSH, hs-CRP, urea, creatinine, uric acid, leptin, NT-proBNP, TNF-

α, IL-6, ST2, and PAPP-A, together with lower HDL cholesterol, T3, and T4 – consistent with the expected metabolic 

and inflammatory consequences of obesity and established cardiovascular disease. Of particular relevance to this study, 

LEPR gene expression was significantly higher in the obese group than in the control group (1.45 ± 0.83 vs. 1.02 ± 0.17 

fold change; p < 0.001) (Figure 1). 

 

Table 2. Comparison of biochemical, hormonal, inflammatory, and cardiac biomarkers between the Test and 

Control groups 

Variable 
Test group mean ± 

SD 

Control group mean 

± SD 
p-value 

Fasting blood sugar (mg/dL) 136.62 ± 40.88 94.06 ± 19.49 <0.001 

Serum triglyceride (mg/dL) 164.61 ± 30.28 112.80 ± 17.99 <0.001 

Serum total cholesterol (mg/dL) 241.73 ± 35.50 175.77 ± 20.33 <0.001 

Serum HDL cholesterol (mg/dL) 47.75 ± 12.27 62.77 ± 14.53 <0.001 

Serum LDL cholesterol (mg/dL) 161.05 ± 41.04 90.44 ± 24.50 <0.001 

Tri-iodothyronine, T3 103.99 ± 32.51 124.17 ± 22.85 <0.001 

Characteristic Test group (n = 150) 
Control group (n = 

150) 
p-value 

Age (years), mean ± SD 45.38 ± 10.16 41.51 ± 11.98 0.003 

Female sex, n (%) 90 (60.0%) 87 (58.0%) 0.814 

Body mass index (kg/m²), mean ± 

SD 
31.08 ± 3.77 24.28 ± 3.57 <0.001 
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Variable 
Test group mean ± 

SD 

Control group mean 

± SD 
p-value 

Tetra-iodothyronine, T4 6.50 ± 2.52 7.84 ± 2.10 <0.001 

Thyroid stimulating hormone, TSH 5.45 ± 3.61 3.11 ± 1.61 <0.001 

hs-C-reactive protein, hsCRP (mg/L) 3.90 ± 3.06 0.94 ± 0.34 <0.001 

Urea (mg/dL) 23.19 ± 7.46 21.58 ± 5.86 0.038 

Enzymatic creatinine (mg/dL) 1.08 ± 0.40 0.86 ± 0.26 <0.001 

Uric acid (mg/dL) 6.19 ± 1.69 4.86 ± 1.42 <0.001 

Serum leptin (ng/mL) 16.11 ± 11.70 9.11 ± 4.79 <0.001 

NT-proBNP (pg/mL) 127.22 ± 40.85 67.84 ± 34.34 <0.001 

TNF-α (pg/mL) 28.59 ± 11.43 13.39 ± 5.00 <0.001 

Interleukin-6, IL-6 (pg/mL) 7.31 ± 3.77 2.36 ± 1.79 <0.001 

ST2 (ng/mL) 24.80 ± 9.03 12.48 ± 5.63 <0.001 

PAPP-A (mIU/L) 30.91 ± 12.00 18.97 ± 6.46 <0.001 

Leptin receptor (LEPR) gene expression 

(fold change) 
1.45 ± 0.83 1.02 ± 0.17 <0.001 

Of particular relevance to this study, LEPR gene expression was significantly higher, and considerably more variable, in 

the obese group than the control group (1.45 ± 0.83 vs 1.02 ± 0.17 fold-change; p < 0.001), indicating both a shift in 

central tendency and a wider spread of expression values among obese subjects with CVD. 

 
Figure 1. Comparison of relative LEPR gene expression between obese subjects and healthy controls. 
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3.2 Correlation of LEPR gene expression with clinical and biochemical variables within the case group.  

To characterise what drives variation in LEPR expression among subjects who already share the obesity phenotype, 

Pearson correlations were calculated between LEPR expression and all other continuous variables within the Test group 

alone (Table 3). The overall correlation pattern between LEPR gene expression and the investigated biomarkers is 

illustrated in Figure 3. Within the obese group, LEPR gene expression correlated significantly and positively with serum 

leptin (r = 0.345, p < 0.001) (Figure 2). 

 

Table 3. Correlation of LEPR gene expression with clinical and biochemical variables within the case group (n = 

150) 

Variable Pearson r p-value 

Serum leptin 0.345 <0.001 

Enzymatic creatinine 0.192 0.018 

hsCRP 0.155 0.059 

ST2 −0.153 0.063 

Uric acid −0.147 0.073 

TNF-α −0.136 0.098 

Urea −0.131 0.110 

Total cholesterol −0.126 0.125 

Age −0.092 0.265 

LDL cholesterol −0.087 0.291 

PAPP-A −0.067 0.418 

HDL cholesterol −0.059 0.471 

T3 −0.054 0.510 

IL-6 0.054 0.511 

Fasting blood sugar −0.037 0.653 

BMI 0.031 0.711 

Triglyceride −0.030 0.716 

T4 −0.020 0.810 

NT-proBNP −0.013 0.873 

TSH 0.003 0.970 
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Figure 2. Correlation between LEPR gene expression and serum leptin concentrations among obese subjects. 

 

 
Figure 3. Heatmap showing correlations between LEPR gene expression and clinical biomarkers. 

 

Within the obese group, LEPR gene expression correlated significantly and positively only with serum leptin (r = 0.35, p 

< 0.001) and, more weakly, with serum creatinine (r = 0.19, p = 0.018). hs-CRP showed a borderline positive association 

(r = 0.15, p = 0.059). No other biomarker – including BMI, fasting glucose, the lipid profile, TNF-α, IL-6, NT-proBNP, 

ST2, or PAPP-A – showed a statistically significant association with LEPR expression within this group. 

When the analysis was repeated on the combined whole population data(n = 300), LEPR expression correlated 

significantly with a much larger number of variables, including hs-CRP, IL-6, BMI, creatinine, triglycerides, NT-proBNP, 

HDL, LDL, total cholesterol, fasting glucose, T3, PAPP-A, TNF-α, T4, ST2, and TSH (all p < 0.05).  

 

4. DISCUSSION  

The present study demonstrated significantly higher LEPR gene expression in obese individuals than in healthy controls, 

accompanied by elevated serum leptin concentrations and adverse metabolic, inflammatory, and cardiovascular biomarker 

profiles. These findings support the growing evidence that dysregulated leptin signalling plays an important role in 

obesity-associated cardiometabolic dysfunction. Vilariño-García et al. [9] reported that obesity is characterized by chronic 

hyperleptinemia and impaired leptin receptor signalling, resulting in persistent inflammation, insulin resistance, 

endothelial dysfunction, and increased cardiovascular risk. Their review emphasized that altered leptin signalling 

contributes to metabolic abnormalities despite elevated circulating leptin concentrations. Our findings are consistent with 

their observations, as obese participants showed significantly higher serum leptin levels together with increased LEPR 

gene expression, suggesting that receptor upregulation may represent a compensatory response to leptin resistance rather 

than restoration of normal signaling. 
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Similarly, Flier and Ahima [10] highlighted that leptin resistance develops primarily because of defects in intracellular 

signalling pathways involving SOCS3 activation, PTP1B overexpression, hypothalamic inflammation, and impaired 

receptor trafficking rather than reduced receptor abundance. They proposed that receptor expression may remain 

unchanged or even increase despite impaired biological activity. The significantly elevated LEPR gene expression 

observed in our study strongly supports this concept and suggests that increased receptor transcription does not necessarily 

translate into effective leptin signaling in obese individuals. 

A significant positive correlation between serum leptin concentration and LEPR gene expression was observed in the 

present study. Comparable findings were described by Gruzdeva et al. [11], who demonstrated that chronic 

hyperleptinemia induces adaptive alterations in LEPR expression while simultaneously activating inhibitory pathways 

that reduce downstream JAK2/STAT3 signaling. Their review concluded that elevated leptin and increased receptor 

expression frequently coexist in obese individuals because compensatory receptor upregulation cannot overcome post-

receptor signalling defects. Our results closely parallel these observations, reinforcing the hypothesis that altered LEPR 

expression reflects compensation for chronic leptin resistance. 

Our obese participants also exhibited significantly higher fasting blood glucose, triglycerides, total cholesterol, LDL 

cholesterol, and lower HDL cholesterol than controls, indicating marked metabolic dysfunction. Münzberg H et al. [12] 

described leptin as a central regulator of glucose homeostasis, lipid metabolism, and energy balance and reported that 

impaired leptin signaling contributes to insulin resistance and dyslipidemia. Although our study demonstrated substantial 

metabolic disturbances, LEPR gene expression was not significantly associated with fasting glucose or lipid parameters 

within the obese group. This discrepancy suggests that once obesity becomes established, metabolic abnormalities are 

influenced by multiple mechanisms beyond receptor expression alone, including insulin resistance, adipose tissue 

dysfunction, and genetic susceptibility. 

Inflammatory biomarkers, including hs-CRP, TNF-α, and IL-6, were significantly elevated among obese individuals, 

confirming the presence of chronic low-grade inflammation. Christen T et al. [13] reported that leptin functions as a pro-

inflammatory cytokine capable of stimulating macrophage activation, oxidative stress, endothelial dysfunction, and 

vascular inflammation, thereby promoting cardiovascular disease progression. While their review demonstrated strong 

mechanistic links between leptin signalling and inflammation, our study identified only a borderline association between 

LEPR gene expression and hs-CRP, with no significant correlation with TNF-α or IL-6 within obese subjects. These 

findings suggest that inflammatory activation during obesity may depend more on downstream signalling pathways and 

adipose tissue-derived cytokines than on LEPR gene expression itself. 

The present study further demonstrated significantly elevated NT-proBNP, ST2, and PAPP-A concentrations among obese 

participants, indicating increased cardiovascular stress. Shin et al. [14] recently demonstrated that enhanced leptin receptor 

signalling contributes to obesity-associated sympathetic activation and hypertension through carotid body mechanisms 

independent of changes in body weight. Although we observed significant elevations in cardiovascular biomarkers among 

obese participants, LEPR gene expression was not significantly associated with NT-proBNP or ST2. This difference may 

reflect tissue-specific regulation of leptin receptors, where peripheral blood gene expression may not accurately represent 

receptor activity within cardiovascular tissues. 

Interestingly, LEPR gene expression showed a weak but significant positive association with serum creatinine in our 

study. Gruzdeva et al. [11] suggested that excessive leptin signalling contributes to renal inflammation, oxidative stress, 

and glomerular fibrosis during obesity. Our findings partially support these observations and indicate that increased LEPR 

expression may also reflect early obesity-related renal involvement, although the relatively weak correlation suggests that 

additional molecular mechanisms contribute to renal dysfunction. 

Overall, our findings are in agreement with most recent evidence demonstrating that obesity is associated with 

hyperleptinemia, altered LEPR expression, systemic inflammation, and increased cardiometabolic risk. Unlike several 

previous studies that primarily evaluated circulating leptin concentrations or LEPR polymorphisms, the present 

investigation assessed LEPR gene expression together with biochemical, inflammatory, and cardiovascular biomarkers in 

a South Indian population. This integrated molecular approach provides additional evidence that increased LEPR gene 

expression is more likely to represent a compensatory response to chronic leptin resistance than an indicator of preserved 

receptor function, supporting its potential utility as a biomarker for obesity-associated cardiometabolic risk. 

 

5. CONCLUSION  

The present study demonstrated significantly increased LEPR gene expression in obese individuals, accompanied by 

adverse metabolic, inflammatory, and cardiovascular biomarker profiles. LEPR expression was positively associated with 

circulating leptin concentrations, supporting the presence of altered leptin signaling in obesity. However, its limited 

correlation with conventional cardiovascular risk markers suggests that obesity-associated cardiometabolic dysfunction is 

mediated through complex molecular mechanisms beyond receptor expression alone. These findings highlight the 

potential utility of LEPR gene expression as a complementary biomarker for early cardiometabolic risk assessment. Future 

multicentre prospective studies incorporating mechanistic and functional analyses are required to validate its diagnostic 

and prognostic significance. 
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