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Cardiovascular Disease Risk

Mathangi R', Selvaraj J2, Reji M3, Jaideep M*, Ponnulakshmi R5, Nalini D**, Samyuktha. P5, Pugazharasan®

Abstract

Background: Leptin, an adipocyte-derived hormone, is
overexpressed in atherosclerotic lesions and implicated in
promoting thrombosis and atherosclerosis through pro-
inflammatory signaling. Despite its known role in obesity-
related cardiovascular diseases (CVDs), the precise
relationship between leptin levels and various metabolic
and anthropometric factors in atherosclerosis remains
underexplored. Methods: This study aimed to investigate
the role of leptin in the pathogenesis of atherosclerosis by
measuring serum leptin levels in atherosclerosis patients
and analyzing their correlation with anthropometric
variables (waist-to-hip ratio, body mass index) and
biochemical parameters (lipids, glucose). Participants
included both atherosclerosis patients and non-CVD
controls. Serum leptin, glucose, triglycerides, cholesterol,
HDL, and LDL levels were measured, and anthropometric
measurements were taken. Results: Serum leptin levels
were significantly higher in atherosclerosis patients
compared to non-CVD controls across all weight
categories: normal weight (23.1 = 5.1 ng/mL vs. 5.7 + 3.8
ng/mL, p < 0.0001), overweight (30.2 = 3.7 ng/mL vs. 10.5
+ 4.2 ng/mL, p < 0.0001), and obese (42.8 = 4.5 ng/mL vs.
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29.3 + 9.1 ng/mL, p < 0.0001). Leptin levels positively
correlated with BMI (r = 0.57, p < 0.0001) and were higher
in normal weight atherosclerosis patients than in
overweight controls, indicating possible leptin resistance.
Additionally, atherosclerosis subjects exhibited elevated
serum glucose, triglycerides, cholesterol, HDL, and LDL
levels compared to controls, with significant differences
noted in overweight subjects. Both systolic and diastolic
blood pressures were higher in overweight atherosclerosis
patients. Waist-to-hip ratio positively correlated with
triglycerides (r = 0.42, p = 0.0001) and VLDL (r = 0.45, p <
0.0001) in atherosclerosis patients. Conclusion: Elevated

leptin levels in atherosclerosis patients, alongside

increased triglycerides and altered lipid profiles, suggest
arole for leptin in the pathogenesis of atherosclerosis and
associated cardiovascular risk. The positive correlation

between waist-to-hip ratio and lipid parameters

underscores the significance of central fat distribution in
cardiovascular health.
Keywords: leptin, atherosclerosis, triglycerides, central fat distribution,

cardiovascular disease

Introduction

Cardiovascular diseases (CVDs) such as heart disease, vascular

disease, and atherosclerosis represent a major global health crisis,
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accounting for over one-third of the world's morbidity (Agha &
Agha, 2017).

atherosclerosis, a process previously understood primarily as a

These conditions are often rooted in in
lipid-storage disorder. Today, obesity is recognized as a significant
underlying risk factor for CVD (Babu et al., 2020). Epidemiological
studies and metabolic research have consistently shown that the
accumulation of excess visceral fat is linked to an elevated risk of
CVD, as well as various metabolic and inflammatory disturbances
(Beaumont et al., 1972; Chandrasekaran et al., 2020; Cole et al.,
1997).

Excess visceral fat, also known as ectopic fat, is associated with
several key metabolic abnormalities including insulin resistance,
atherogenic dyslipidemia, hypertension, impaired fibrinolysis
(increased risk of thrombosis), and systemic inflammation (Kannan
et al, 2018). These features collectively characterize metabolic
syndrome, a condition frequently observed in individuals with
visceral obesity.

Adipose tissue plays a crucial role in the development of obesity-
related cardiovascular diseases. Adipocytes, or fat cells, secrete a
variety of hormones, peptides, and other bioactive molecules that
influence cardiovascular function through endocrine, autocrine,
and paracrine mechanisms. This secretion can lead to cytokine-
driven inflammatory changes in the liver, systemic inflammation,
and atherosclerosis. Among these bioactive substances, leptin has
emerged as a key player. Discovered in 1994, leptin is a hormone
that regulates food intake and is now recognized for its broader
implications in obesity and cardiovascular diseases (Dardeno et al.,
2010; Devarajan et al., 2021; Haouari et al,, 2019; Elsayed et al,,
2008).

This study aimed to investigate the role of leptin in the interplay
between obesity and atherosclerosis. Additionally, it will propose
effective strategies for managing obesity and its associated
comorbidities (Golia et al., 2015; Gomez-Delgado et al., 2021; Hema
etal., 2019; Jayaraman et al., 2021).

Materials and methods

Selection of Participants

CVD and Non-CVD Subjects

The study included two groups: CVD patients and non-CVD
controls. The non-CVD control group consisted of individuals aged
35-75 years with no history of cardiovascular disease (CVD),
diabetes, thyroid disorders, or arthritis. None of the controls were
on medications known to influence insulin action or plasma
lipoprotein-lipid levels, nor were they taking anti-inflammatory
drugs. Individuals on chronic aspirin therapy were excluded from
the study. All participants were required to be free from any
medication affecting the variables of interest for at least three

months prior to the study.

Written informed consent was obtained from all participants.
Trained interviewers administered structured questionnaires to
collect data on participants' demographic information, including
date of birth, occupation, smoking and alcohol consumption habits.
Blood samples (5 mL) were drawn from each participant, allowed
to clot, and then centrifuged at 3500 rpm for 10 minutes. The serum
was separated and stored at -80°C for subsequent analysis. This
study was conducted in accordance with the ethical principles
outlined in the Declaration of Helsinki. Approval for the research
protocol, including the selection of participants and procedures,
was obtained from the Institutional Review Board (IRB) of
Meenakshi Academy of Higher Education and Research. Written
informed consent was obtained from all participants before their
enrollment in the study. Participants were provided with detailed
information about the purpose of the study, the procedures
involved, potential risks, and their rights to withdraw at any time
without any consequences. Data collection was carried out with
strict adherence to confidentiality, and participants' personal
information was anonymized before analysis.

Anthropometric Measurements

Anthropometric data were collected using standardized
procedures. Participants' height and weight were measured with a
precision scale (0.1 kg accuracy) and a vertical stadiometer,
respectively. Body mass index (BMI) was calculated using the
following formula:

BMI was calculated from height and weight as follows:
BMI = Wei.ght (Kzg)
Height(m~)

Waist and hip circumferences were measured with the participant
standing upright, abdomen relaxed, arms at the sides, and feet
together. Waist circumference was measured at the narrowest part
of the torso, and hip circumference was measured at the widest part
of the buttocks. These measurements were recorded to the nearest
0.1 cm. The waist-to-hip ratio (WHR) was calculated as:

Waist circumference (inches)
WHR =

Hip circumference (inches)
Blood pressure was measured by trained nurses using a mercury
sphygmomanometer.
Serum Biochemical Analysis.
Serum glucose was estimated using GOD-POD method (Kim et
al., 2020), Serum triglyceride was measured using GPO-POD-
ESPT method (Ku et al., 2010 ), Serum cholesterol was measured
using CHOD-POD method (Lovren et al., 2015 ), Serum HDL-
cholesterol was measured using direct method (Shanthi et al., 2016
); VLDL and LDL were measured by indirect method.
Statistical analysis
Data from the study were analyzed using SPSS software version
17.0. Results are presented as mean + standard deviation (SD).

Given that the data were not normally distributed, the Mann-
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Table 1. Values Of Serum Triglycerides In Atherosclerosis And Control Subjects

Bmi class Subjects N Triglycerides
(kg/m?) (mg/dl)
Normal Control subjects 21 124.6+14.3
Weight Atherosclerosis subjects 22 145.46+25.1
P value” 0.23
Over Control subjects 46 144.13+21.3
Weight Atherosclerosis subjects 45 173.9+18.9
P value” 0.005**
Obese Control subjects 33 167.9+425.8
Atherosclerosis subjects 33 149.1+18.8
P value” 0.644
Table 2. Values Of Serum Glucose In Atherosclerosis And Control Subjects
Bmi class Subjects N Glucose
(kg/m?) (mg/dl)
Normal Control subjects 21 113.9+15.4
Weight Atherosclerosis subjects 22 138.9+22.3
P value” 0.09
Over Control subjects 46 108.9+18.2
Weight Atherosclerosis subjects 45 148.4+17.6
P value” 0.005**
Obese Control subjects 33 114.9+11.9
Atherosclerosis subjects 33 139.3+23.6
P value” 0.1086
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Whitney U test was employed for group comparisons. Spearman’s
rank correlation was used to assess relationships between
continuous variables. Kruskal-Wallis analysis of variance by ranks
was conducted as needed. A p-value of less than 0.05 was considered

statistically significant.

Results

In our study, serum leptin levels were significantly higher in
atherosclerosis subjects compared to control (non-CVD) subjects
across all weight categories. For normal weight subjects, the mean
serum leptin was 23.1 + 5.1 ng/mL in atherosclerosis patients versus
5.7 + 3.8 ng/mL in controls (p < 0.0001). In overweight subjects,
leptin levels were 30.2 + 3.7 ng/mL in those with atherosclerosis
compared to 10.5 + 4.2 ng/mL in controls (p < 0.0001). Obese
atherosclerosis subjects had a mean leptin level of 42.8 + 4.5 ng/mL,
significantly higher than the 29.3 + 9.1 ng/mL observed in obese
controls (p < 0.0001). There was a notable positive correlation
between serum leptin and BMI (r = 0.57, p < 0.0001), and leptin
levels in normal weight atherosclerosis subjects were higher than in
overweight controls, suggesting possible leptin resistance in the
pathological state.

Additionally, serum glucose, triglycerides, cholesterol, HDL, and
LDL levels were significantly elevated in overweight atherosclerosis
subjects compared to controls (Table 1, Table 2). Specifically, serum
glucose was 148.4 + 17.6 mg/dL in atherosclerosis subjects versus
108.9 + 18.2 mg/dL in controls (p = 0.005). Serum triglycerides were
1739 + 18.9 mg/dL versus 144.13 + 21.3 mg/dL (p = 0.005),
cholesterol levels were 233.2 + 25.1 mg/dL compared to 174.4 + 23.4
mg/dL (p < 0.0001), HDL was 41.4 + 9.1 mg/dL versus 35.1 + 9.8
mg/dL (p = 0.008), and LDL was 148.6 + 53.1 mg/dL versus 112.02
+12.4 mg/dL (p = 0.0005). In the obese category, lipid profiles were
similarly elevated in both control and atherosclerosis subjects,
resulting in no significant differences between the groups.
Furthermore, both systolic and diastolic blood pressures were
significantly higher in overweight atherosclerosis subjects
compared to controls, with systolic blood pressure at 134.4 + 16.6
mm Hg versus 122.8 + 20.5 mm Hg (p = 0.003) and diastolic blood
pressure at 90 + 12.6 mm Hg versus 84.3 + 15.5 mm Hg (p < 0.0001).
The waist-to-hip ratio also positively correlated with triglycerides (r
= 042, p = 0.0001) and VLDL (r = 0.45, p < 0.0001) in

atherosclerosis subjects. Overall, these findings in atherosclerosis

subjects are consistent with patterns observed in AMI subjects.

Discussion
The relationship between triglycerides and cardiovascular disease
(CVD) has well-established,

lipoproteins playing a direct role in atherogenesis. Our study

been with  triglyceride-rich
supports this, as elevated triglyceride levels were observed in both

atherosclerosis and acute myocardial infarction (AMI) subjects

compared to control groups. This finding aligns with previous
research indicating that triglycerides are crucial in the development
of atherosclerotic plaques, further corroborated by the presence of
triglyceride-rich lipoproteins in human atheromas (Nalini et al.,
2015). Notably, our data reveal a significant positive correlation
between serum leptin levels and triglycerides in atherosclerosis
subjects, underscoring the potential interplay between adipokines
and lipid metabolism in CVD.

In addition to triglycerides, we found higher levels of serum
cholesterol, HDL, LDL, and VLDL in overweight AMI and
atherosclerosis subjects compared to controls. Elevated VLDL levels
can lead to increased cholesterol transfer to LDL and HDL particles,
potentially exacerbating cardiovascular risk (Nordestgaard &
Varbo, 2015). that

hypertriglyceridemic HDL may become dysfunctional, small, dense

Experimental  studies  suggest
LDL particles are more prone to oxidative modification, and a
higher number of atherogenic particles could further contribute to
CVD risk. These mechanisms collectively highlight how elevated
triglycerides, particularly in the context of obesity, may significantly
impact cardiovascular health.

The distribution of adipose tissue, rather than total fat mass, is
increasingly recognized as a critical factor in the risk of diabetes,
hyperlipidemia, and coronary artery disease (CAD) (Ponnulakshmi
et al., 2019; Raskin Erusan et al., 2008). Studies have shown that a
more centralized pattern of fat distribution is associated with a
substantially higher risk of mortality (Rajagopal et al., 2012). Waist-
to-hip ratio (WHR) is a widely used metric for assessing central fat
distribution and has been shown to predict CVD and coronary
heart disease (CHD) mortality more accurately than waist
circumference or body mass index (Rajendran et al., 2012;
Redinger, 2007). In our study, WHR exhibited a significant positive
and VLDL
atherosclerosis subjects, highlighting its relevance in identifying
individuals at higher risk for CVD.

Overall, our findings suggest that increased visceral fat, as indicated

correlation with  triglycerides specifically in

by higher levels of leptin, triglycerides, and VLDL, may contribute
synergistically to the elevated risk of CVD. Addressing obesity
through interventions such as antioxidants, hypolipidemic agents,
and nutraceuticals could be a promising strategy for preventing
CVD and other related diseases (Rocha et al., 2009; Trinder, 1959;
Young, 2000). This approach could potentially mitigate the adverse
effects associated with increased visceral fat and improve

cardiovascular health outcomes.
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