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ABSTRACT

Obesity-driven hyperlipidemia, characterized by elevated levels of lipids in the blood, represents a significant
risk factor for cardiovascular diseases. While genetic predisposition plays a role, epigenetic modifications have
emerged as key mediators of the complex interactions between genes and environmental factors, including
diet, physical activity, and lifestyle. Epigenetic mechanisms, such as DNA methylation, histone modifications,
and non-coding RNAs, modulate gene expression without altering the underlying DNA sequence, influencing
lipid metabolism and fat accumulation. This review explores the role of epigenetics in obesity-driven
hyperlipidemia, focusing on the mechanisms by which environmental factors shape gene expression and
contribute to metabolic dysregulation. We highlight recent advances in understanding how epigenetic
alterations can predispose individuals to lipid disorders and examine potential therapeutic interventions that
target these modifications to mitigate hyperlipidemia in obese individuals. Additionally, we discuss the
importance of personalized medicine approaches in the prevention and management of obesity-related lipid
disorders, considering individual epigenetic profiles.
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INTRODUCTION

Obesity is a global health challenge, contributing in lipid metabolism, leading to hyperlipidemia and
to a range of metabolic disorders, including associated cardiovascular risks[’8, 97.
hyperlipidemia, ~which is characterized by Understanding the epigenetic landscape in
abnormally high levels of lipids such as cholesterol obesity-driven hyperlipidemia is essential for
and triglycerides in the blood.[1, 27 The developing targeted therapeutic interventions.
pathogenesis of hyperlipidemia in the context of Epigenetic Mechanisms in Obesity-Driven
obesity is multifactorial, involving both genetic Hyperlipidemia

and environmental factors[8—57]. While genetic DNA Methylation: DNA methylation, the
predispositions to obesity and hyperlipidemia are addition of a methyl group to cytosine residues in
well-established, emerging research highlights the CpG dinucleotides, is a key epigenetic mechanism
crucial role of epigenetic mechanisms in mediating involved in gene silencing[[10, 117. In the context
gene-environment interactions that drive lipid of obesity-driven hyperlipidemia, aberrant DNA
dysregulation are still been investigated. methylation patterns have been observed in genes
Epigenetics refers to heritable changes in gene regulating lipid metabolism, including those
expression that occur without alterations in the involved in cholesterol synthesis, fatty acid
DNA sequence[6, 7]. These modifications, oxidation, and adipogenesis. For instance,
including DNA methylation, histone modification, methylation of the peroxisome proliferator-
and regulation by non-coding RNAs, can be activated receptor gamma (PPARYy) gene, which
influenced by external factors such as diet, plays a central role in adipocyte differentiation and
exercise, and environmental exposures. In obesity, lipid metabolism, has been associated with altered
these epigenetic changes may promote alterations fat distribution and lipid profile in obese
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individuals. Additionally, hypermethylation of the
lipoprotein lipase (LPL) gene, a critical enzyme in
triglyceride metabolism, has been linked to
elevated plasma triglyceride levels in obesity[12,
137. Environmental factors, particularly diet, can
induce changes in DNA methylation. Diets high in
saturated fats and sugar have been shown to alter
methylation patterns of lipid-regulating genes,
contributing to dyslipidemia in obese individuals.
Conversely, dietary interventions, such as caloric
restriction and the inclusion of methyl-donor
nutrients like folate, may reverse these epigenetic
modifications and improve lipid profiles.

Histone Modifications: Histones are proteins
around which DNA is wrapped, and their post-
translational ~ modifications can  influence
chromatin structure and gene expression. Histone
acetylation, methylation, phosphorylation, and
ubiquitination have all been implicated in the
regulation of genes involved in lipid metabolism.
In obesity-driven hyperlipidemia, alterations in
histone modifications have been found to promote
lipogenesis and impair lipid breakdown [147. For
example, increased histone acetylation at the
promoters of genes involved in cholesterol
biosynthesis, such as 8-hydroxy-3-methylglutaryl-
CoA reductase (HMGCR), can lead to increased
cholesterol  production[14, 157. Conversely,
histone deacetylation may repress the expression
of genes involved in fatty acid oxidation,
contributing to the accumulation of lipids in
tissues.

The dynamic nature of histone modifications
makes them attractive targets for therapeutic
intervention. Histone deacetylase inhibitors
(HDAC:), for example, have shown promise in
modulating lipid metabolism by altering the
expression of key lipid-regulating genes, offering a

potential treatment for obesity-driven
hyperlipidemia.
Non-Coding  RNAs: Non-coding ~ RNAs

(ncRNAs), including microRNAs (miRNAs) and
long non-coding RNAs (IncRNAs), play critical
roles in post-transcriptional regulation of gene
expression. In the context of obesity-driven
hyperlipidemia, dysregulation of specific miRNAs
has been implicated in the control of lipid
metabolism and fat storage[16, 17].

Several miRNAs, such as miR-88 and miR-122,
have been shown to regulate cholesterol
homeostasis by targeting genes involved in lipid

transport and synthesis[187. Dysregulation of
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these miRNAs in obesity may lead to increased
circulating lipid levels and contribute to
hyperlipidemia. Similarly, IncRNAs have been
found to influence lipid metabolism by interacting
with chromatin-modifying complexes or by acting

as molecular sponges for miRNAs, further
complicating the regulatory network [197.
Therapeutic ~ strategies  targeting  ncRNAs,

including  miRNA mimics or inhibitors, hold
potential for correcting dysregulated lipid
metabolism in obesity. However, challenges
remain in the delivery and specificity of these
treatments.

Gene-Environment Interactions in Obesity-
Driven Hyperlipidemia: The interplay between
genetic predisposition and environmental factors,
such as diet, physical activity, and exposure to
toxins, is central to the development of obesity-
driven hyperlipidemia. Epigenetic modifications
serve as a molecular interface between these
factors, mediating changes in gene expression that
influence lipid metabolism.

Dietary Influences: Diet is a major modulator of
epigenetic marks. High-fat and high-sugar diets
can induce epigenetic changes that promote lipid
accumulation, while dietary interventions, such as
the Mediterranean diet, rich in fruits, vegetables,
and healthy fats, have been shown to reverse some
of these modifications, improving lipid profiles[20,
217.

Physical Activity: Exercise has been shown to
influence epigenetic regulation of lipid metabolism
genes, promoting favorable changes in lipid
profiles. Regular physical activity can reduce DNA
methylation in lipid-regulating genes, enhancing
fatty acid oxidation and lowering cholesterol

levels[227].

Environmental  Exposures:  Exposure to
environmental  toxins, such as endocrine-
disrupting  chemicals (EDCs), can induce

epigenetic changes that affect lipid metabolism.
These toxins may alter DNA methylation and
histone modifications, leading to dysregulation of
lipid homeostasis and the development of
hyperlipidemia in obese individuals[237.
Therapeutic Implications
Understanding  the  epigenetic ~ mechanisms
underlying obesity-driven hyperlipidemia opens
new avenues for therapeutic interventions.
Targeting  epigenetic modifications  through
dietary interventions, physical activity, and
pharmacological agents may provide novel
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strategies for managing hyperlipidemia in obese
individuals.

Dietary Interventions: Nutrients that serve as
methyl donors, such as folate, B vitamins, and
choline, can modulate DNA methylation and
improve lipid profiles. Dietary strategies aimed at
restoring normal epigenetic regulation may reduce
the risk of hyperlipidemia in obese individuals.
Pharmacological Interventions: Epigenetic
drugs, including HDAC inhibitors and DNA
methyltransferase inhibitors, are being explored as

www.iaajournals.org

potential treatments for metabolic disorders.
These drugs may reverse aberrant epigenetic
modifications and restore normal lipid metabolism
in obesity-driven hyperlipidemia.

Personalized Medicine: Given the inter-
individual variability in epigenetic modifications,
personalized medicine approaches that consider an
individual's epigenetic profile may be necessary for
optimizing treatment strategies for obesity-related
hyperlipidemia.

CONCLUSION

Epigenetic modifications play a crucial role in
mediating the gene-environment interactions that
contribute to obesity-driven hyperlipidemia.
Understanding  these mechanisms  provides
valuable insights into the pathogenesis of lipid
disorders and offers new opportunities for

therapeutic intervention. As research in this field
continues to evolve, personalized approaches that
target specific epigenetic modifications may
become central to the management and prevention
of obesity-related hyperlipidemia.
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