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Introduction

Alzheimer’s disease (AD) is a neurodegenerative dementia
that currently affects more than 40 million people worldwide
and is expected to affect more than 131 million people by
2050.! The pathological hallmarks of AD are extracellular
plaques, intracellular tangles, and neuronal loss.>* To create
effective treatments for preventing or delaying the onset of
AD, a deeper understanding of its pathogenesis and potential
risk factors is essential. Intriguingly, sleep disturbance and
circadian rhythm disruption share several common molecular
signaling and anatomic pathways that promote the
neurodegeneration of AD. For example, the hypothalamus—
pituitary—adrenal (HPA) axis is regulated by the circadian
rhythm.> Also, both sleep duration and quality (i.e., continuity
and intensity) are essential for maintaining good human
performance and cognition.® The circadian system governs
several physiologic functions, such as sleeping and waking
up, activity, temperature, and cognitive function.” Although
the therapeutic importance of circadian rhythm and sleep
disruption owing to aging is well recognized, its role as an
accelerator in dementia and AD is still not known. This article
explores the intricate relationship between sleep, circadian
rhythm, and AD, shedding light on their potential therapeutic
implications.

Main Text

The circadian rhythm, often referred to as the body’s internal
clock, has an intricate relationship with the etiology of AD.®
The circadian rhythm plays a vital role in coordinating various
physiological processes throughout the day and night. In
humans, this innate rhythm operates on a slightly longer than
24-h cycle, ensuring that essential bodily functions, including
sleeping and waking, activity levels, temperature regulation,
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and cognitive function, occur in a rhythmic and coordinated
manner.’ At the core of the circadian rhythm’s orchestration
lies the suprachiasmatic nucleus (SCN), a small region within
the brain’s hypothalamus. As the central circadian pacemaker,
the SCN serves as the master regulator, orchestrating and
synchronizing the circadian rhythms of nearly all peripheral
tissues in the body.!%!! This synchronization is crucial for
maintaining overall physiological harmony and promoting
optimal health. Moreover, it allows the body to anticipate and
adapt to regular environmental changes, such as the natural
transition from day to night. Interestingly, the circadian
rhythms of different bodily systems can also exhibit short-
term independent oscillations, known as ultradian rhythms.
These ultradian rhythms, operating on much shorter cycles
than the circadian rhythm, contribute to various biological
processes, including hormone secretion and cellular
metabolism.!"1> The coordination between circadian and
ultradian rhythms ensures a finely tuned and dynamic internal
environment, enabling the body to respond efficiently to
internal and external stimuli. As individuals age, disturbances
in the circadian rhythm become increasingly prevalent,
affecting more than 80% of people over the age of 65.13 Older
adults often experience changes in sleep patterns, with
difficulties falling asleep, staying asleep, or experiencing
restorative sleep. These disruptions can lead to a host of
issues, including daytime sleepiness, reduced cognitive
function, and impaired memory consolidation. For individuals
already grappling with AD, circadian rhythm abnormalities
are even more pronounced.!*!5 Alzheimer’s disease patients
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frequently encounter significant sleep disturbances,
characterized by fragmented sleep patterns, nighttime
restlessness, and increased confusion during the evening
hours, a phenomenon known as “sundowning.” These sleep
disturbances not only exacerbate cognitive decline but can
also intensify emotional distress for both patients and
caregivers.

Numerous human investigations have demonstrated that
with a dampened circadian rhythm, melatonin production
decreases during aging. Melatonin levels, particularly
nocturnal levels, have been found to be lower in plasma,
saliva, and the pineal gland, as well as in urine melatonin and
6-hydroxy melatonin.!®!” Melatonin is a hormone that is
primarily produced by the pineal gland. It is a multifunctional,
circadian-regulated chemical that performs a neuroprotective
effect in the pathophysiology of AD.!$2! It modulates the
activity and levels of several key proteins, including
ADAMI10, BACEI1, and GSK-3, resulting in decreased
B-amyloid (AP) production and increased AP clearance.
Melatonin’s electron transport capacity also allows it to
directly scavenge free radicals and repair damaged
biomolecules.?>?* Melatonin levels in cerebrospinal fluid
(CSF) have been found to fall in AD patients, even during the
preclinical stages,!7-?>23 and continue to decline as the disease
progresses.>*2¢ Therefore, disruptions in circadian rhythm
could also impact melatonin levels, causing an imbalance in
AP metabolism and resulting in AB-induced neurotoxicity.

Interestingly, the frequent disruption of the sleep/wake
pattern observed in AD patients provides additional evidence
supporting the close association between the circadian rhythm
and AD pathogenesis.® Inadequate sleep duration, typically
ranging from 0 to 6 h per night, or poor sleep quality has been
consistently linked to impairments in memory and cognitive
function, which are critical aspects significantly affected in
AD.?7 These sleep disturbances, such as sundowning and
night-time restlessness, are particularly distressing for
patients,”®?° and their impact extends far beyond mere
discomfort. These disruptions in sleep not only intensify
cognitive decline but also impose functional limitations on
AD patients.3*32 The combination of fragmented sleep
patterns and restless nights hampers the restorative functions
of sleep, preventing the brain from effectively processing and
consolidating memories. As a result, patients may experience
heightened confusion, a reduced attention span, and difficulty
carrying out daily activities independently. Furthermore,
chronic sleep disturbances may lead to increased agitation
and behavioral issues, placing additional burden on caregivers
and affecting the overall quality of life for both patients and
their families.

Recent studies have shed light on the bidirectional
relationship between sleep and the presence of AP, a key
player closely associated with the development of AD.33:34
Under normal circumstances, A levels in the brain exhibit a
diurnal variation, fluctuating in response to the body’s natural
sleep-wake cycle. Sleep deprivation, a common consequence
of circadian rhythm disruption and sleep disturbances, has

been shown to lead to an increase in AP levels, facilitating the
formation of amyloid plaques in the brain.3>-37 These plaques,
composed of aggregated AP proteins, are a hallmark feature
of AD and are believed to contribute to neurodegeneration.
Conversely, obtaining adequate and restorative sleep has
been found to play a protective role in minimizing A
deposition in the brain. When the body experiences healthy
sleep patterns and maintains a well-regulated circadian
rhythm, the natural clearance mechanisms are more effective
in removing AP, reducing the risk of plaque accumulation and
subsequent  neurotoxicity. This compelling finding
underscores the critical importance of maintaining a healthy
sleep pattern and circadian rhythm as potential protective
factors against AD. By prioritizing proper sleep and striving
for a well-balanced circadian system, individuals may reduce
their risk of developing AD and potentially slow down disease
progression. As ongoing research continues to elucidate the
intricate links between sleep, circadian rhythm, and AP
metabolism, new therapeutic avenues may emerge, offering
hope for improved AD prevention and management.

Conclusion

In conclusion, the complex connection between sleep,
circadian rhythm, and AD needs to be further explored. A
deeper knowledge of these relationships may pave the way
for therapeutic approaches targeted at postponing or lowering
the severity of AD. By focusing on possible therapies that
target the circadian rhythm, like melatonin, and patients’
sleep health, we might be able to devise novel, effective
strategies in our battle against this debilitating disease. As the
scientific community continues to explore these relationships,
new avenues for AD prevention and treatment may emerge,
offering hope for a better future for those affected by this
condition.
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