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Fasting and metabolism: how caloric restriction alters cellular function

and disease progression.

Andreas Schmidt*

Institute of Molecular Medicine, University of Berlin, Germany.

Introduction

Fasting and caloric restriction have gained significant attention
for their potential to improve health and extend lifespan.
Research has demonstrated that reducing calorie intake,
particularly without malnutrition, can alter cellular processes
in ways that promote longevity and reduce the risk of various
diseases [1]. These effects are primarily mediated by changes in
metabolic function, cellular stress response pathways, and the
regulation of key biological processes such as inflammation,
autophagy, and insulin sensitivity. Understanding how fasting
and caloric restriction influence metabolism provides insights
into their potential therapeutic benefits for managing aging
and age-related diseases [2].

At the core of caloric restriction's effects on metabolism is its
impact on energy balance. When calorie intake is reduced,
the body shifts from a state of nutrient abundance to one of
energy scarcity. This triggers a variety of adaptive responses
aimed at conserving energy, improving cellular efficiency,
and promoting survival under stress. One of the key metabolic
pathways involved in this process is the activation of AMP-
activated protein kinase (AMPK) [3]. AMPK functions as an
energy sensor within cells, responding to low energy levels by
initiating metabolic changes that help restore energy balance.
When activated, AMPK increases the breakdown of fats and
glucose, enhances mitochondrial function, and promotes
autophagy, a process by which the body removes damaged or
dysfunctional cellular components. These actions collectively
support cellular health and reduce the risk of metabolic
diseases like obesity, type 2 diabetes, and cardiovascular
disease [4].

Fasting also influences the insulin signaling pathway, which
plays a critical role in regulating glucose and lipid metabolism.
Insulin resistance, a hallmark of aging and metabolic
dysfunction, is mitigated by caloric restriction. When caloric
intake is reduced, insulin sensitivity improves, allowing the
body to regulate blood sugar more effectively. This reduction
in insulin resistance is particularly beneficial for individuals at
risk of developing type 2 diabetes, as it can delay or prevent
the onset of the disease. In addition to improving insulin
sensitivity, caloric restriction lowers circulating levels of
insulin and glucose, reducing the burden on pancreatic cells
and decreasing the risk of metabolic dysfunction [5].

One of the most significant effects of fasting on metabolism
is its impact on the mitochondrial network. Mitochondria are

the energy-producing organelles in cells, and their function
declines with age, leading to reduced energy production
and increased oxidative stress. Caloric restriction promotes
mitochondrial biogenesis, the process by which new
mitochondria are formed, and improves mitochondrial function
[6]. This enhances the cell’s ability to generate energy efficiently,
reduces the accumulation of damaging reactive oxygen species
(ROS), and slows down the process of cellular aging. Additionally,
fasting has been shown to increase the activity of sirtuins, a group
of proteins involved in regulating cellular health, stress response,
and longevity. Sirtuins help maintain mitochondrial function and
prevent cellular damage, making them important players in the
effects of fasting on metabolism [7].

Autophagy, the process of cellular self-repair and waste
removal, is another key mechanism influenced by fasting.
During periods of caloric restriction, cells enhance autophagic
activity to recycle damaged proteins and organelles. This not
only helps maintain cellular homeostasis but also reduces the
accumulation of harmful substances that could contribute
to aging and disease. For example, the accumulation of
damaged proteins in the brain is a characteristic feature of
neurodegenerative diseases like Alzheimer’s and Parkinson’s.
Fasting-induced autophagy may help clear these misfolded
proteins, potentially reducing the risk or slowing the
progression of neurodegenerative diseases [8].

In addition to its effects on cellular function, fasting also
influences key pathways involved in inflammation. Chronic
low-grade inflammation, often referred to as "inflammaging,"
isacentral feature of aging and is implicated in the development
of many age-related diseases, including heart disease,
diabetes, and cancer. Caloric restriction has been shown
to reduce markers of inflammation, helping to mitigate the
effects of chronic inflammatory conditions. This reduction in
inflammation is thought to be mediated through the inhibition
of pro-inflammatory signaling pathways, such as nuclear
factor-kappa B (NF-kB), which is activated in response to
stress and injury. By decreasing the activation of NF-kB and
other inflammatory pathways, fasting can reduce the chronic
inflammation that accelerates aging and the progression of
various diseases [9].

The effects of fasting on metabolism extend beyond individual
cellular processes to influence the broader physiological
systems. For example, caloric restriction has been shown to
improve cardiovascular health by lowering blood pressure,
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reducing cholesterol levels, and decreasing the risk of
atherosclerosis. These benefits are thought to arise from
improved lipid metabolism, reduced oxidative stress, and
enhanced endothelial function. Similarly, fasting has been
linked to improved brain health, with studies suggesting that
it may reduce the risk of cognitive decline and protect against
neurodegenerative diseases. These benefits are likely due to the
combined effects of improved metabolic function, enhanced
mitochondrial health, and reduced inflammation [10].

Conclusion

In conclusion, fasting and caloric restriction have a profound
impact on metabolism, influencing key cellular processes
such as energy regulation, insulin sensitivity, mitochondrial
function, autophagy, and inflammation. These effects
collectively contribute to improved health, reduced disease
progression, and potentially extended lifespan. As research
into the mechanisms behind fasting and caloric restriction
continues, there is growing potential for developing therapeutic
strategies that harness the benefits of these interventions to
treat or prevent metabolic diseases, slow aging, and improve
overall health. However, careful consideration must be given
to the individual’s health status and the potential risks of such
interventions, ensuring that these strategies are used in a way
that is both safe and effective.
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