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Metabolic adaptations to fasting and overfeeding: Physiological responses.
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Introduction

Metabolic adaptation is akey physiological response to changes
in nutrient availability, influencing how the body manages
energy balance during periods of fasting and overfeeding.
The body's ability to adjust to these extremes is essential for
survival and plays a crucial role in maintaining homeostasis.
Fasting and overfeeding trigger distinct metabolic processes
that allow the body to utilize energy stores effectively or store
excess nutrients, depending on the situation [1].

Fasting occurs when an individual restricts food intake,
leading to a temporary energy deficiency. Initially, the body
uses stored glycogen in the liver and muscles as its primary
energy source. However, as glycogen stores deplete within
the first 24 hours, the body transitions to alternative energy
substrates. One of the primary metabolic adaptations to fasting
is the increased mobilization of fatty acids from adipose tissue.
These fatty acids are transported to the liver, where they are
converted into ketone bodies—an alternative energy source
for tissues, particularly the brain, which typically relies on
glucose [2].

As fasting continues, the body undergoes a shift in hormone
regulation. Insulin levels drop significantly, reducing glucose
uptake by cells and promoting lipolysis (fat breakdown). At
the same time, glucagon levels rise to stimulate the release of
stored glucose (via glycogenolysis) and the production of new
glucose from non-carbohydrate sources (gluconeogenesis).
These hormonal changes ensure a continuous energy supply
despite a lack of external food intake [3].

In prolonged fasting, protein breakdown also occurs to a
limited extent, providing amino acids for gluconeogenesis.
However, the body attempts to preserve muscle mass by
slowing down protein catabolism as much as possible. This
metabolic shift helps to minimize the negative effects of
fasting on muscle tissue, while maintaining essential functions
like brain activity and cell repair [4].

On the opposite end of the spectrum, overfeeding—
characterized by excessive caloric intake—triggers a different
set of metabolic adaptations. The body's primary response
to overfeeding is to store excess energy in the form of fat,
leading to an increase in adiposity. Initially, the body utilizes
the excess energy to replenish glycogen stores in the liver and
muscles, but once glycogen stores are full, the surplus energy
is converted into triglycerides and stored in adipocytes (fat
cells) [5].

One of the key metabolic responses to overfeeding is an
increase in insulin secretion. Insulin not only facilitates
glucose uptake into cells but also promotes the storage of
excess nutrients as fat. Chronic overfeeding leads to insulin
resistance, a condition in which the body's cells become less
responsive to insulin, requiring higher levels of the hormone
to achieve the same effects. This adaptation is thought to
help prevent toxic levels of glucose and fatty acids from
accumulating in the bloodstream, but it can contribute to the
development of metabolic diseases such as type 2 diabetes and
obesity [6].

In addition to the changes in insulin signaling, overfeeding
also leads to an increase in the thermic effect of food (TEF),
which is the energy expended during digestion, absorption,
and metabolism of food. This is a short-term adaptation that
helps the body cope with excess energy intake. However, when
overfeeding is sustained, these adaptations may not be enough
to prevent weight gain, as the body’s energy expenditure may
eventually plateau, resulting in an imbalance between caloric
intake and expenditure [7].

Chronic overfeeding can have detrimental long-term effects
on metabolic health. In addition to the development of insulin
resistance, sustained overfeeding often leads to an increase in
fat mass, particularly visceral fat, which is associated with a
higher risk of metabolic diseases, including cardiovascular
disease and type 2 diabetes [8].

Hormonal regulation plays a critical role in both fasting and
overfeeding. Leptin, a hormone produced by adipose tissue,
signals the brain about the body's energy stores. In periods of
overfeeding, leptin levels rise, promoting satiety and reducing
appetite. Conversely, during fasting, leptin levels decrease,
signaling the body to increase food intake. Ghrelin, known
as the "hunger hormone," operates in the opposite manner: its
levels rise during fasting, stimulating hunger and motivating
food intake. These hormonal fluctuations contribute to the
body’s efforts to restore energy balance after periods of
nutrient deprivation or surplus [9].

The body’s metabolic responses to fasting and overfeeding also
differ depending on the duration of these conditions. Short-
term fasting typically involves shifts in glycogen utilization,
fat breakdown, and ketogenesis, with minimal impacts on
muscle protein. On the other hand, long-term fasting induces
more significant changes, including the preservation of muscle
mass and increased reliance on ketones for energy. Chronic
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overfeeding, especially when it is sustained over weeks or
months, can lead to more permanent shifts in metabolic rate,
insulin resistance, and fat accumulation [10].

Conclusion

Metabolic adaptations to fasting and overfeeding are crucial
for energy balance and overall health. Fasting triggers a
shift towards fat and protein breakdown to provide energy
in the absence of food, while overfeeding stimulates fat
storage and insulin secretion to handle excess nutrients.
While these adaptations are essential for survival, chronic
disturbances in energy balance—such as prolonged fasting or
long-term overfeeding—can lead to metabolic dysfunction.
Understanding the physiological responses to these conditions
is essential for developing strategies to manage weight,
prevent metabolic diseases, and promote overall health.
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