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ABSTRACT 
Obesity is a complex metabolic disorder influenced by both environmental and genetic factors. Among the 
genetic contributors, polymorphisms in lipid metabolism genes play a significant role in regulating lipid 
profiles and promoting hyperlipidemia. This review aims to explore the impact of genetic variants on lipid 
metabolism in individuals with obesity, focusing on genes such as APOE, LPL, FTO, PCSK9, CETP, and 
FABP. These polymorphisms alter lipid processing, transportation, and storage, leading to aberrant lipid 
levels, which contribute to hyperlipidemia and subsequent cardiometabolic complications. We will also discuss 
the gene-environment interactions that modulate these genetic effects and review potential therapeutic 
interventions targeting lipid metabolism to manage hyperlipidemia in obese individuals. 
Keywords:  Genetic polymorphisms, obesity, lipid metabolism, hyperlipidemia, gene-environment 
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INTRODUCTION 

Obesity has emerged as a global epidemic, 
contributing significantly to the burden of 
cardiometabolic diseases, including hyperlipidemia, 
a major risk factor for cardiovascular disease 
(CVD)[1–3]. Hyperlipidemia is characterized by 
elevated levels of lipids, including cholesterol and 
triglycerides, in the bloodstream, which are 
influenced by genetic predisposition, dietary 
factors, physical inactivity, and metabolic 
alterations[4, 5]. Among these factors, genetic 
polymorphisms in lipid metabolism genes have 

garnered substantial attention as critical drivers of 
lipid homeostasis[6–9].  The knowledge of the 
genetic architecture of obesity and its association 
with hyperlipidemia is essential for developing 
precision therapies to manage lipid disorders. This 
review explores the role of specific genetic 
polymorphisms that influence lipid metabolism, 
contribute to the development of hyperlipidemia, 
and predispose individuals to obesity-related 
complications. 

Genetic Polymorphisms in Lipid Metabolism Genes 
Apolipoprotein E (APOE) 

The APOE gene encodes apolipoprotein E, a key 
player in lipid metabolism, particularly in the 
clearance of triglyceride-rich lipoproteins. The 
three main APOE isoforms (E2, E3, E4) arise from 

polymorphisms in the gene, with APOE ε4 being 
associated with increased low-density lipoprotein 
(LDL) cholesterol and higher cardiovascular risk 

in obese individuals. Conversely, APOE ε2 is 
associated with reduced LDL levels but an 
increased risk of hypertriglyceridemia[10–13]. 
The impact of APOE polymorphisms on lipid 
levels may be more pronounced in individuals with 
obesity, as the adiposity-related metabolic 
dysfunction exacerbates the influence of these 
variants on lipid transport and clearance[14, 15]. 

Individuals carrying the APOE ε4 allele are more 
likely to develop hyperlipidemia when exposed to 

high-fat diets, highlighting the gene-environment 
interaction in obesity[16, 17]. 

Lipoprotein Lipase (LPL) 
Lipoprotein lipase (LPL) is an enzyme crucial for 
the hydrolysis of triglycerides in lipoproteins, 
releasing free fatty acids for storage or energy use. 
Genetic polymorphisms in the LPL gene, such as 
rs328 and rs268, are linked to alterations in 
triglyceride levels, particularly in obese 
individuals. Carriers of LPL polymorphisms have 
an impaired capacity to clear triglyceride-rich 
lipoproteins, leading to hypertriglyceridemia, 
which is commonly observed in obesity-induced 
hyperlipidemia[18, 19]. 
Furthermore, polymorphisms in LPL can modify 
the response to dietary fat intake, with certain 
variants exacerbating lipid abnormalities when 
combined with a high-fat diet, underscoring the 
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interplay between genetics and lifestyle in lipid 
dysregulation.[20, 21] 
Proprotein Convertase Subtilisin/Kexin Type 
9 (PCSK9) 
The PCSK9 gene regulates LDL receptor 
degradation, controlling plasma LDL cholesterol 
levels. Gain-of-function mutations in PCSK9 lead 
to hypercholesterolemia by reducing the number 
of LDL receptors available to clear circulating 
LDL cholesterol. Conversely, loss-of-function 
mutations result in lower LDL cholesterol levels 
and reduced cardiovascular risk[22, 23]. 
In obese individuals, PCSK9 polymorphisms 
exacerbate the lipid imbalance, leading to 
hypercholesterolemia and increasing the risk of 
atherosclerosis. Targeting PCSK9 with 
monoclonal antibodies has become an effective 
therapeutic strategy to manage hyperlipidemia, 
particularly in individuals with genetic 
predispositions linked to PCSK9 variants[24]. 
Fat Mass and Obesity-Associated Gene (FTO) 

The FTO gene has been extensively studied for its 
association with obesity and lipid metabolism. 
Polymorphisms in FTO influence body mass index 
(BMI), fat distribution, and lipid profiles[25]. The 
rs9939609 variant is the most well-characterized, 
with carriers showing an increased risk of obesity 
and higher triglyceride and LDL cholesterol 
levels. Although the exact mechanisms remain 
unclear, it is hypothesized that FTO variants 
contribute to altered energy homeostasis and lipid 
storage, leading to an increased prevalence of 
hyperlipidemia in obese individuals. Additionally, 
environmental factors such as diet can modify the 
effect of FTO polymorphisms on lipid metabolism, 
amplifying the risk of hyperlipidemia in those with 
an unhealthy diet.[25] 

Cholesteryl Ester Transfer Protein (CETP) 
The CETP gene encodes a protein involved in the 
transfer of cholesteryl esters and triglycerides 
between lipoproteins. Polymorphisms such as 
rs5882 in the CETP gene are associated with 
variations in high-density lipoprotein (HDL) 
cholesterol levels. Individuals carrying the rs5882 
variant tend to have lower HDL cholesterol and 
higher triglyceride levels, contributing to the lipid 
abnormalities observed in obese individuals.[26] 
The dysregulation of CETP function in 
individuals with obesity further complicates the 
lipid profile, increasing the risk of hyperlipidemia 
and CVD. Therapeutic agents that inhibit CETP 
activity have shown promise in raising HDL 
cholesterol levels and improving lipid profiles in 
those with hyperlipidemia driven by genetic 
polymorphisms[26]. 

Fatty Acid Binding Protein (FABP) 
The FABP family of genes encodes intracellular 
lipid chaperones that facilitate the uptake and 
trafficking of fatty acids. Polymorphisms in FABP 
genes, such as FABP2 rs1799883, are associated 
with increased intestinal absorption of dietary fats 
and elevated circulating triglyceride levels[27]. 
Obese individuals with FABP2 polymorphisms are 
more prone to developing hyperlipidemia due to 
the enhanced lipid absorption and storage. The 
interaction between FABP gene variants and diet 
plays a pivotal role in determining lipid 
metabolism outcomes, suggesting that dietary 
interventions may mitigate the adverse effects of 
these polymorphisms on lipid profiles in obese 
individuals[27]. 

Gene-Environment Interactions and 
Hyperlipidemia 

The interplay between genetic predispositions and 
environmental factors, such as diet and physical 
activity, significantly influences lipid metabolism 
in obese individuals. While genetic polymorphisms 
predispose individuals to dysregulated lipid 
profiles, lifestyle factors often act as catalysts, 
exacerbating the metabolic imbalance[28]. For 
instance, a high-fat diet can amplify the adverse 
effects of APOE, LPL, and FTO polymorphisms, 
leading to more pronounced hyperlipidemia. 
Understanding these gene-environment 
interactions provides valuable insights into 
personalized therapeutic strategies, including 
dietary modifications and pharmacological 
interventions tailored to an individual’s genetic 
makeup. 
Therapeutic Approaches Targeting Genetic 
Polymorphisms 
Given the role of genetic polymorphisms in lipid 
metabolism and hyperlipidemia, therapeutic 
interventions targeting these genetic variants have 
gained traction. PCSK9 inhibitors have emerged as 
a potent treatment for hypercholesterolemia in 
individuals with PCSK9 mutations, effectively 
lowering LDL cholesterol levels. Similarly, CETP 
inhibitors aim to improve HDL cholesterol levels 
in individuals with CETP polymorphisms. 
Nutritional interventions, such as omega-3 fatty 
acid supplementation, may also help mitigate 
hyperlipidemia in individuals with FABP and 
APOE polymorphisms by reducing triglyceride 
levels. Genetic screening and personalized 
medicine approaches can further optimize 
treatment strategies for managing hyperlipidemia 
in obese individuals with genetic predispositions. 
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CONCLUSION 
Genetic polymorphisms in lipid metabolism genes 
play a critical role in the development of 
hyperlipidemia in obese individuals. Variants in 
APOE, LPL, PCSK9, FTO, CETP, and FABP 
alter lipid processing, contributing to dyslipidemia 
and increasing the risk of cardiovascular disease. 
Understanding the gene-environment interactions 

that modulate lipid metabolism provides 
opportunities for personalized therapeutic 
interventions to manage hyperlipidemia in obesity. 
Future research should focus on exploring novel 
genetic variants and developing targeted therapies 
to reduce the burden of obesity-related lipid 
disorders. 
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