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DESCRIPTION

Mitochondrial dysfunction is increasingly recognized as a central
player in the development of sleep disorders and related
neurodegenerative diseases. Mitochondria, the powerhouses of
cells, are responsible for energy production, regulating cellular
metabolism and controlling oxidative stress. When these vital
organelles become impaired, it can lead to a cascade of cellular
dysfunctions, the
progressive neurodegeneration observed in diseases like
Alzheimer's, Parkinson's and Huntington's disease. Recent
research is uncovering the mechanisms by which mitochondrial
abnormalities contribute to sleep disorders and the links
between these disturbances and neurodegenerative diseases.

including disrupted sleep patterns and

Mitochondria generate energy through oxidative phosphorylation,
a process that occurs in the inner mitochondrial membrane and
produces Adenosine Triphosphate (ATP), the main energy
currency of the cell. This process is not perfect, as it also generates
Reactive Oxygen Species (ROS), which can cause oxidative damage
to cellular components if not adequately neutralized by antioxidant
Over stress,
mitochondrial damage, can disrupt cellular functions critical to

defenses. time, oxidative combined with

maintaining normal sleep-wake cycles.

One of the most direct connections between mitochondrial
dysfunction and sleep disorders is the role of these organelles in
circadian rhythms. The circadian rhythm is the body’s internal
clock, regulating sleep-wake cycles, hormone release and other
physiological processes over a 24-hour period. This rhythm is
controlled by clock genes, such as BMALI and CLOCK, which
regulate mitochondrial biogenesis and oxidative metabolism.
Mitochondria help maintain this rhythm by responding to
energy demands and by influencing the activity of circadian
genes.

Mitochondrial dysfunction can cause disruptions in this system
by impairing the energy production needed to regulate circadian
clocks and sleep homeostasis. For example, alterations in ATP

production can reduce the function of adenosine, a molecule
that promotes sleep. Additionally, changes in mitochondrial
metabolism can affect melatonin synthesis, a hormone critical
for sleep regulation. Dysfunctional mitochondria can also lead to
increased production of ROS, further damaging cells and
disrupting circadian rhythm synchronization. These factors can
collectively contribute to various sleep disorders, including
and circadian rhythm sleep-wake

insomnia, sleep

disorders.

apnea

A specific example of mitochondrial involvement in sleep
disorders is found in Obstructive Sleep Apnea (OSA). OSA, a
condition characterized by repeated interruptions in breathing
during sleep, has been linked to mitochondrial oxidative stress.
Studies have shown that patients with OSA experience elevated
levels of ROS and markers of oxidative damage, which can
further impair mitochondrial function. The lack of oxygen
(hypoxia) experienced during apnea episodes can also lead to
mitochondrial dysfunction, as mitochondria are highly sensitive
to oxygen levels. Hypoxia increases ROS production, leading to
mitochondrial damage and inflammation, both of which are key
factors in the pathogenesis of sleep-related disorders.

Another important link between mitochondrial dysfunction and
sleep disturbances is the accumulation of damaged mitochondria
in aging and neurodegenerative diseases. Aging is associated with
a decline in mitochondrial function, leading to reduced energy
and This

contributes to the increased prevalence of sleep disturbances in

production increased oxidative stress. decline
the elderly and in patients with neurodegenerative diseases like

Alzheimer's and Parkinson's.

In Alzheimer’s disease, mitochondrial abnormalities are thought
to play a significant role in the onset and progression of both
decline and Mitochondrial
dysfunction in neurons leads to impaired energy metabolism

cognitive sleep disturbances.
and increased oxidative stress, contributing to the formation of
amyloid-beta plaques and tau tangles, two characteristic features
of Alzheimer’s pathology. These pathological changes not only
disrupt brain function but also interfere with sleep regulation.
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Sleep disturbances, such as fragmented sleep and reduced slow-
wave sleep, are common in Alzheimer’s patients and may
accelerate cognitive decline.

CONCLUSION

Mitochondrial dysfunction plays a central role in the
development of sleep disorders and related neurodegenerative
diseases. The disruption of energy production, increased
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oxidative stress and impaired circadian rhythms caused by

mitochondrial —abnormalities contribute to both sleep
disturbances and neurodegenerative processes. As research into
linking  mitochondria, sleep  and
neurodegeneration continues, new therapeutic strategies aimed
at restoring mitochondrial function may offer hope for

improving sleep quality and slowing the progression of

the  mechanisms

neurodegenerative diseases.
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