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DESCRIPTION
Aging is a complex biological process influenced by genetic, 
environmental and metabolic factors. Among these, lipid 
metabolism plays a critical role in cellular function and 
homeostasis. Lipids are necessary macromolecules that 
contribute to membrane integrity, energy storage and cell 
signaling. Dysregulation of lipid metabolism is increasingly 
recognized as a key contributor to aging and the development of 
age-related disorders such as cardiovascular diseases, 
neurodegenerative conditions and metabolic syndromes. 
Understanding the exchange between lipid metabolism and 
aging can provide insights into potential therapeutic 
interventions to enhance longevity and mitigate age-related 
diseases.

Lipid metabolism and its role in aging

Lipid metabolism surrounds the synthesis, degradation and 
utilization of lipids in cells and tissues. Key lipids involved in 
these processes include triglycerides, phospholipids, cholesterol 
and sphingolipids. The balance of lipid metabolism is important 
for maintaining cellular homeostasis and its disruption can lead 
to oxidative stress, inflammation and mitochondrial 
dysfunction, all of which are attributes of aging [1,2].

As organisms age, lipid metabolism undergoes significant 
alterations. One of the primary changes observed in aging is an 
increase in lipid peroxidation, where Reactive Oxygen Species 
(ROS) cause oxidative damage to lipids. This leads to impaired 
membrane integrity and cellular dysfunction. Additionally, aging 
is associated with a decline in lipid turnover, resulting in lipid 
accumulation and ectopic fat deposition in non-adipose tissues 
such as the liver, heart and muscles. These changes contribute to 
metabolic dysregulation and the onset of various age-related 
disorders.

Lipid metabolism and age-related disorders

Cardiovascular diseases: Cardiovascular Diseases (CVDs) are 
among the leading causes of mortality in aging populations.

Lipid metabolism plays a pivotal role in cardiovascular health, 
with imbalances in cholesterol and triglyceride levels 
contributing to atherosclerosis, hypertension and other cardiac 
conditions. Aging is often accompanied by elevated Low-Density 
Lipoprotein (LDL) cholesterol and reduced High-Density 
Lipoprotein (HDL) cholesterol, increasing the risk of plaque 
formation and vascular complications. Moreover, chronic 
inflammation driven by lipid dysregulation increases endothelial 
dysfunction, further accelerating cardiovascular aging [3,4].

Neurodegenerative disorders: The brain is highly dependent on 
lipid metabolism for maintaining synaptic function, neuronal 
integrity and myelination. Disruptions in lipid homeostasis have 
been implicated in neurodegenerative diseases such as 
Alzheimer’s Disease (AD) and Parkinson’s Disease (PD). For 
instance, altered cholesterol metabolism in the brain affects 
amyloid-beta processing, a key factor in AD pathology. 
Additionally, sphingolipid dysregulation contributes to 
neuroinflammation and cognitive decline. Lipid-based 
therapeutic strategies, such as omega-3 fatty acid 
supplementation and cholesterol-lowering agents, are being 
explored for their potential neuroprotective effects in aging 
individuals.

Metabolic disorders: Aging is closely associated with an 
increased prevalence of metabolic disorders such as obesity, type 
2 diabetes and Non-Alcoholic Fatty Liver Disease (NAFLD). 
Insulin resistance, an attribute of metabolic aging, is linked to 
alterations in lipid metabolism, including increased circulating 
free fatty acids and ectopic lipid accumulation in insulin-
sensitive tissues [5]. These metabolic changes contribute to 
chronic inflammation and mitochondrial dysfunction, 
increasing age-related metabolic decline. Strategies targeting lipid 
metabolism, such as caloric restriction and pharmacological 
interventions, have shown potential in improving metabolic 
health and extending lifespan.

Inflammation and immune system dysfunction

Lipid metabolism is complexly linked to immune function, with 
certain lipid species acting as bioactive signaling molecules in
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Dysregulation of lipid homeostasis is a common feature of aging 
and is implicated in a range of age-related disorders, including 
cardiovascular diseases, neurodegeneration and metabolic 
syndromes. Understanding the complex relationship between 
lipid metabolism and aging provides valuable insights into 
potential interventions aimed at promoting healthy aging.
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inflammatory pathways. Aging is associated with a phenomenon 
known as “inflammaging,” characterized by chronic, low-grade 
inflammation that contributes to tissue damage and disease 
progression. Lipid-derived mediators, such as prostaglandins and 
leukotrienes, play a role in modulating immune responses and 
their dysregulation can lead to immune senescence. Dietary and 
pharmacological approaches targeting lipid-mediated 
inflammation hold potential for mitigating age-related immune 
dysfunction [6].

Potential interventions to modulate lipid
metabolism in aging

Given the significant impact of lipid metabolism on aging and 
age-related disorders, various strategies have been proposed to 
modulate lipid homeostasis and promote healthy aging.

Dietary interventions: Nutritional approaches, such as the 
Mediterranean diet and ketogenic diet, have been shown to 
positively influence lipid metabolism. These diets emphasize 
healthy fats, such as monounsaturated and polyunsaturated fatty 
acids, which can improve lipid profiles and reduce inflammation 
[7,8]. Additionally, caloric restriction and intermittent fasting 
have been associated with enhanced lipid turnover, reduced 
oxidative stress and improved metabolic health in aging 
individuals.

Pharmacological interventions: Several pharmacological agents 
targeting lipid metabolism have been explored for their potential 
anti-aging effects. Statins, commonly used to lower cholesterol, 
have shown benefits beyond cardiovascular protection, including 
anti-inflammatory and neuroprotective properties [9,10]. 
Similarly, fibrates and omega-3 fatty acid supplements have been 
investigated for their role in modulating lipid profiles and 
reducing the risk of metabolic and neurodegenerative disorders.

CONCLUSION
Lipid metabolism is a fundamental aspect of aging, influencing 
cellular function, metabolic health and disease susceptibility.
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