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ABSTRACT

Obesity, a global public health challenge, is closely associated with lipid accumulation and metabolic
dysfunction, contributing to the development of comorbidities such as type 2 diabetes, cardiovascular diseases,
and non-alcoholic fatty liver disease (NAFLD). Autophagy, a highly conserved cellular process responsible for
degrading and recycling cytoplasmic components, plays a pivotal role in maintaining cellular homeostasis.
Dysregulation of autophagy has been implicated in the pathogenesis of obesity and its associated metabolic
disturbances. This review explores the mechanisms by which autophagy influences lipid metabolism, lipid
droplet turnover, and energy balance, focusing on its role in adipocytes, hepatocytes, and muscle cells. We
discuss the interaction between autophagy and critical metabolic pathways such as lipophagy and mitophagy
and their implications for lipid storage, insulin sensitivity, and mitochondrial function. Additionally, we
examine the contribution of autophagy to obesity-induced inflammation and the progression of metabolic
diseases. Understanding the complex relationship between autophagy and lipid metabolism may offer novel
therapeutic strategies for combating obesity and its metabolic complications.
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INTRODUCTION
Obesity has emerged as a global epidemic, characterized by abnormal or excessive fat accumulation that leads
to a range of metabolic disturbances[1-87. These disturbances include insulin resistance, dyslipidemia
(abnormal lipid levels), and chronic low-grade inflammation[4—67. The development of obesity is primarily
driven by excessive caloric intake, a sedentary lifestyle, and genetic predisposition, which together lead to
energy imbalance and lipid accumulation in various tissues[3, 7, 87]. The most affected organs include adipose
tissue, liver, and skeletal muscle, all of which play critical roles in maintaining energy homeostasis[9, 107]. As
lipid levels increase in these tissues, metabolic dysfunction sets in, further exacerbating obesity-related
complications. The pathophysiology of obesity is complex and multifactorial. Excessive fat accumulation in
adipose tissue leads to its dysfunction, which results in an altered secretion of adipokines (hormones produced
by fat cells) and pro-inflammatory cytokines [117]. This contributes to systemic inflammation and the onset of
insulin resistance, a condition where cells no longer respond properly to insulin, impeding glucose uptake and
promoting further metabolic disturbances[127]. Furthermore, lipid accumulation in non-adipose tissues like
the liver (leading to non-alcoholic fatty liver disease) and skeletal muscle impairs energy homeostasis,
contributing to the development of dyslipidemia and insulin resistance.
Role of Autophagy in Obesity

Autophagy is a highly conserved cellular process responsible for degrading and recycling damaged organelles,
misfolded proteins, and lipids. This process is crucial for maintaining cellular homeostasis, especially in
metabolically active tissues. In the context of obesity, autophagy plays a particularly important role in
regulating lipid turnover through a specialized form known as lipophagy, which involves the breakdown of
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lipid droplets within cells[187]. By breaking down these lipid droplets, lipophagy contributes to maintaining
lipid homeostasis and preventing excessive lipid accumulation that would otherwise lead to metabolic
dysfunction[[147]. However, in obesity, there is often a disruption in autophagic pathways, which leads to
impaired lipophagy and subsequent lipid accumulation. This impairment contributes to the pathogenesis of
several obesity-related metabolic abnormalities, including insulin resistance and hepatic steatosis (fatty
liver)[157]. Disrupted autophagy also affects other processes involved in energy regulation, such as
mitochondrial function and the removal of reactive oxygen species (ROS), further aggravating metabolic
dysfunction[[167].
Mechanistic Links Between Autophagy and Lipid Metabolism
Autophagy and lipid metabolism are intricately linked, with autophagy playing a key role in lipid mobilization
and degradation[ 177]. During states of energy deprivation, autophagy is upregulated to break down lipid
stores into free fatty acids, which can be used for energy production. Conversely, under conditions of excessive
nutrient availability, such as in obesity, autophagy is often downregulated, contributing to lipid accumulation
in tissues like the liver and adipose tissue. Several key regulators of autophagy have been identified, including
AMP-activated protein kinase (AMPK) and mechanistic target of rapamycin (mTOR), which respond to
changes in nutrient levels and energy status. In obesity, nutrient excess leads to hyperactivation of mTOR,
which suppresses autophagy and promotes lipid storage rather than lipid breakdown[18, 197. This
dysregulation of autophagy exacerbates the metabolic disturbances associated with obesity, including insulin
resistance and chronic inflammation.
Therapeutic Potential of Targeting Autophagy in Obesity
Given the critical role of autophagy in regulating lipid metabolism, targeting autophagic pathways presents a
promising therapeutic strategy for treating obesity and its associated metabolic disorders. Modulating
autophagy to restore its function could help reduce lipid accumulation, improve insulin sensitivity, and
mitigate inflammation[207. Several pharmacological agents have been identified that can modulate autophagy,
including rapamycin, which inhibits mTOR and thus promotes autophagy, and metformin, an antidiabetic
drug that activates AMPK and enhances autophagic activity[217]. However, while preclinical studies have
shown promising results in improving metabolic outcomes by modulating autophagy, more research is needed
to fully understand the context-dependent effects of autophagy in different tissues and stages of obesity.
Additionally, the long-term safety and efficacy of autophagy-modulating therapies remain to be established.
Autophagy Mechanism
Autophagy is a catabolic process that facilitates the degradation of intracellular components through
lysosomal machinery. Three major forms of autophagy—macroautophagy, microautophagy, and chaperone-
mediated autophagy—operate to maintain cellular energy levels and eliminate damaged proteins, lipids, and
organelles[22, 237].
Macroautophagy involves the formation of double-membraned vesicles called autophagosomes, which
sequester cytoplasmic materials and deliver them to lysosomes for degradation.
Microautophagy directly engulfs cellular components into lysosomes.
Chaperone-mediated autophagy selectively degrades proteins that are identified by chaperones and
translocated into lysosomes.
Autophagy is regulated by nutrient availability and metabolic cues, primarily through the mammalian target
of rapamycin (mTOR) and AMP-activated protein kinase (AMPK) signaling pathways. During nutrient
deprivation, autophagy is activated to mobilize stored energy from lipids and proteins, a process crucial for
maintaining metabolic balance.
Autophagy and Lipid Metabolism
Lipophagy: Role in Lipid Droplet Turnover
Lipophagy is a selective form of autophagy that mediates the degradation of lipid droplets (LDs) in
hepatocytes and adipocytes. It plays a significant role in regulating lipid storage and utilization[167]. LDs,
which store triglycerides and cholesterol esters, are engulfed by autophagosomes and delivered to lysosomes
for hydrolysis, releasing free fatty acids (FFAs) that are subsequently used for $-oxidation. In obesity, the
dysregulation of lipophagy leads to excessive lipid accumulation in adipocytes and hepatocytes, contributing to
steatosis, insulin resistance, and NAFLD. Defective lipophagy hampers the turnover of LDs, exacerbating
lipid overload in metabolic tissues and driving obesity-related complications [157].
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Mitophagy: Mitochondrial Quality Control and Lipid Oxidation
Mitophagy, the selective degradation of damaged mitochondria, is essential for maintaining mitochondrial
function and energy production. Mitochondria are central to lipid metabolism, as they mediate fatty acid
oxidation (FAO). In obesity, impaired mitophagy results in dysfunctional mitochondria, reduced FAO, and
increased lipid storage in tissues like the liver and muscle, contributing to insulin resistance and metabolic
inflexibility. Reduced mitochondrial function in obese individuals compromises lipid oxidation, leading to
elevated lipid intermediates such as ceramides and diacylglycerols (DAG), which interfere with insulin
signaling and exacerbate metabolic dysfunction[24, 257.
Autophagy in Key Metabolic Tissuese
Adipose Tissue
Adipose tissue expansion in obesity results in hypertrophic adipocytes, which exhibit reduced autophagic
activity. Dysregulation of autophagy in adipocytes impairs lipid turnover, exacerbating lipid accumulation.
Additionally, impaired autophagy in adipose tissue contributes to increased secretion of pro-inflammatory
cytokines such as tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6), driving systemic inflammation
and insulin resistance. Adipose tissue autophagy also plays a role in adipogenesis, as autophagy deficiency
leads to defective adipocyte differentiation and altered lipid storage capacity[[267].
Liver: In the liver, autophagy is crucial for maintaining lipid homeostasis, primarily through lipophagy.
Hepatic autophagy deficiency leads to the accumulation of lipid droplets and the development of NAFLD.
Mice with autophagy-deficient livers exhibit steatosis, hyperlipidemia, and insulin resistance, underscoring the
importance of autophagy in preventing lipid overload in the liver[277.
Skeletal Muscle: Skeletal muscle is a major site for glucose and fatty acid oxidation. Deficient autophagy in
muscle cells reduces mitochondrial function, impairs lipid oxidation, and promotes lipid accumulation. This
leads to insulin resistance and decreased metabolic flexibility, both of which are hallmarks of obesity-related
metabolic dysfunction[287].
Autophagy, Inflammation, and Metabolic Dysfunction
Chronic low-grade inflammation is a hallmark of obesity, and autophagy plays a dual role in modulating
immune responses. While autophagy can suppress excessive inflammation by removing damaged organelles
and preventing the release of pro-inflammatory factors, impaired autophagy promotes inflammation by
allowing the accumulation of dysfunctional mitochondria and reactive oxygen species (ROS). This, in turn,
activates inflammatory pathways, exacerbating metabolic dysfunction in obesity[217.
Therapeutic Potential of Targeting Autophagy in Obesity
Given the critical role of autophagy in regulating lipid metabolism, targeting autophagic pathways offers a
promising therapeutic strategy for obesity and its associated metabolic diseases. Pharmacological agents that
activate autophagy, such as rapamycin and AMPK activators, have shown potential in reducing lipid
accumulation and improving insulin sensitivity. Moreover, lifestyle interventions like caloric restriction and
exercise are known to enhance autophagy and may serve as complementary therapies for obesity management.
CONCLUSION
Autophagy plays a central role in lipid metabolism, energy homeostasis, and the prevention of metabolic
dysfunction in obesity. Dysregulation of autophagy contributes to lipid accumulation, insulin resistance, and
chronic inflammation, driving the progression of obesity-related metabolic diseases. Therapeutic strategies
aimed at restoring autophagic function may provide novel approaches to combating obesity and its
complications. Further research is needed to fully elucidate the molecular mechanisms of autophagy in lipid
metabolism and to develop targeted interventions for metabolic disorders.
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