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Abstract: Alzheimer's disease (AD) is a neurodegenerative disorder characterized by
progressive cognitive decline, neuronal loss, and the accumulation of amyloid plaques in
the brain. Sleep disorders are frequently observed in individuals with AD and have been
implicated as important contributors to disease development and progression. This review
provides an overview of current research advancements in understanding the comorbid
mechanisms linking AD and sleep disorders. It explores the bidirectional relationship
between sleep disturbances and AD pathology, as well as the potential underlying
mechanisms, including disruptions in circadian rhythms, alterations in neurotransmitter
systems, and neuroinflammatory processes. The review also discusses the impact of sleep
disorders on cognitive function in individuals with AD and highlights the potential
therapeutic implications.

1. Introduction

Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by cognitive
decline and memory loss. It is the most common cause of dementia in the elderly, affecting millions
of people worldwide. While the exact cause of AD is still unclear, research evidence suggests that
the presence of amyloid plaques and tau protein tangles in the brain are its primary featurest!.

Sleep disturbances are a common comorbidity in AD patients. Studies have shown a high
prevalence of sleep disorders in AD patients, including insomnia, sleep apnea, hyperactivity, and
excessive daytime sleepinesst?l. Sleep disturbances may have a negative impact on cognitive
function and daily functioning in AD patients. Furthermore, there may be a bidirectional
relationship between sleep disturbances and the development and progression of AD.

The relationship between Alzheimer's disease and sleep disturbances has attracted widespread
attention among researchers. Understanding the comorbidity mechanisms between AD and sleep
disturbances is of significant importance in elucidating their relationship and exploring relevant
treatment methods. Current research mainly focuses on three aspects: the impact of sleep
disturbances on AD development, common pathophysiological mechanisms, and management and
treatment strategies.
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Some studies suggest that sleep disturbances may be a risk factor for the development of AD,
and they may affect AD development through various pathways, such as influencing the clearance
of amyloid plaques and brain inflammation. Additionally, sleep disturbances and AD may share
common pathophysiological mechanisms, including inflammation, oxidative stress, and alterations
in neural network functioning®®. Understanding these mechanisms helps to clarify the relationship
between the two conditions. Sleep disturbances management in AD patients has also become a
research focus. Some studies have investigated the impact of improving sleep disturbances on
cognitive function and quality of life in AD patients, while others explore sleep management
strategies to improve AD outcomes. Personalized management is also an important direction for
future research, developing individualized sleep disturbances and AD management plans based on
patient characteristics.

In summary, studying the association and comorbidity mechanisms between AD and sleep
disturbances is of great significance for our understanding of the development and management of
both conditions. Future research should further explore these mechanisms and explore more
effective treatment and management strategies.

The aim of this review is to summarize the latest research progress on the comorbidity
mechanisms between Alzheimer's disease and sleep disturbances, providing insights for future
research and clinical practice. The following sections will cover research advancements in the
relationship between Alzheimer's disease and sleep disturbances, comorbidity mechanisms, and
clinical management and treatment strategies. By gaining a deeper understanding of the relationship
between AD and sleep disturbances, we can provide a better research foundation for improving the
quality of life of AD patients and exploring potential treatment strategies.

2. Relationship between Alzheimer's disease and sleep disturbances
2.1 Prevalence and clinical features of sleep disturbances in Alzheimer's disease patients

Alzheimer's disease (AD) is a progressive neurodegenerative disease that primarily affects the
cognitive function of elderly individuals. In addition to cognitive impairment, sleep disturbances are
also common symptoms in AD patients. Research suggests a relatively high prevalence of sleep
disturbances in AD patients, with approximately 60-90% of patients experiencing various degrees
of sleep problems(“],

Different types of sleep disturbances manifest in AD patients. The most common is insomnia,
characterized by difficulties in falling asleep, poor sleep quality, and early-morning awakening. AD
patients often exhibit symptoms of excessive daytime sleepiness, feeling drowsy during the day and
struggling to stay awake. Moreover, AD patients frequently display hyperactivity, often tossing and
turning, kicking covers or walking during the night, severely affecting the quality of their rest.
Some AD patients may also suffer from sleep apnea, a condition characterized by breathing pauses
and snoring during sleep, significantly impacting sleep quality and continuity.

The occurrence of sleep disturbances in AD patients is associated with various factors. Firstly,
age is an important factor, as sleep quality and structure change with aging, making the elderly
more susceptible to sleep problems. Secondly, there is a correlation between the severity of AD and
sleep disturbances. As the disease progresses, cognitive function deteriorates, potentially leading to
a decline in sleep quality. Studies have also found a close correlation between sleep disturbances
and the extent of cognitive decline in AD patients, with the severity of cognitive impairment
corresponding to the presence of sleep issuest.

Although sleep disturbances are common in AD patients, the underlying mechanisms remain
incompletely understood. Some studies suggest that sleep problems in AD patients may be related
to the pathological and physiological changes in Alzheimer's disease. The accumulation of
abnormal proteins, such as -amyloid, in the brains of AD patients may influence the functioning of

14



sleep-regulating centers, leading to the occurrence of sleep disturbances. Additionally, inflammatory
responses and neurotransmitter dysregulation in AD patients may also contribute to sleep issues.

To address sleep problems in AD patients, there are several pharmacological and
non-pharmacological interventions available. In terms of pharmacological treatments, certain
sedatives and antidepressants can be used to alleviate insomnia and excessive daytime sleepiness in
AD patients. However, caution must be exercised due to potential side effects.
Non-pharmacological interventions include establishing regular sleep schedules, creating a
conducive sleep environment, and minimizing daytime napping. Additionally, behavioral therapy
and cognitive behavioral therapy can also help AD patients improve sleep disturbances.

In conclusion, sleep disturbances have a relatively high prevalence in Alzheimer's disease
patients, with common issues including insomnia, excessive daytime sleepiness, hyperactivity, and
sleep apnea. The occurrence of sleep disturbances is associated with age, severity of the disease,
and degree of cognitive decline in AD patients. Pharmacological and non-pharmacological
interventions can be utilized to address sleep problems in AD patients.

2.2 The Impact of Sleep Disorders on the Development and Progression of Alzheimer's
Disease

Sleep disorders may be one of the risk factors for the onset of Alzheimer's disease (AD). Some
studies have found that long-term sleep problems may be associated with an increased risk of
developing AD. Sleep disorders may lead to increased deposition of amyloid-beta protein in the
brain, thereby promoting the development of AD. In addition, poor sleep quality and insufficient
sleep duration may exacerbate inflammatory reactions and disrupt immune system function, further
accelerating the progression of AD.

Sleep disorders may also worsen the pathological processes of cognitive decline, memory loss,
and impaired daily function in individuals with AD. Sleep is an important process for memory
consolidation and waste clearance in the brain. However, sleep disorders may disrupt this process
and affect the learning and memory abilities of AD patients. In addition, sleep deprivation may lead
to the accumulation of metabolic byproducts in the brain, further impairing neuronal function and
worsening the pathological processes of AD.

Sleep disorders may also affect the cognitive function of AD patients during the day. Long-term
sleep problems may result in excessive daytime sleepiness, lack of concentration, and cognitive
decline. These issues not only impact the daily activities of AD patients but also make social
interactions and daily decision-making challenging. Sleep disorders may also exacerbate
psychological symptoms such as depression and anxiety in individuals with AD, further reducing
their quality of life.

Early intervention targeting sleep disorders may help delay the development and progression of
AD. Some studies suggest that improving sleep quality and increasing sleep duration may reduce
the risk of AD. Non-pharmacological interventions such as maintaining a regular sleep schedule,
creating a conducive sleep environment, and cultivating good sleep habits may help improve sleep
problems in AD patients. Furthermore, some pharmacological treatments such as sleeping pills and
antidepressants may improve sleep problems in the short term, but should be used with caution to
avoid side effects.

In conclusion, sleep disorders may be one of the risk factors for the onset of AD. Long-term
sleep problems may accelerate the progression of AD and worsen the pathological processes of
cognitive decline, memory loss, and impaired daily function. Sleep disorders may also contribute to
further deterioration of cognitive function during the day and impact the quality of life of
individuals with Alzheimer's disease. Early intervention targeting sleep problems may help delay
the development and progression of AD. Non-pharmacological interventions and pharmacological
treatments may both be helpful in improving sleep problems, but personalized treatment plans and
cautious use of medications are necessary.
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2.3 Common Risk Factors and Biomarkers: Evidence of the Association between Sleep
Disorders and Alzheimer's Disease

There is evidence to suggest an association between sleep disorders and Alzheimer's disease (AD)
through common risk factors and biomarkers.

On one hand, sleep disorders and AD may share some common risk factors. Studies have found
associations between sleep disorders and AD with factors such as hypertension, diabetes, and
cardiovascular diseases. These factors may contribute to the occurrence of sleep disorders and AD
by affecting sleep quality and structure and promoting brain pathologies. Additionally, lifestyle
factors such as poor dietary habits, lack of physical activity, and prolonged exposure to
environmental factors (such as air pollution and noise) are also associated with the development of
sleep disorders and AD.

On the other hand, sleep disorders and AD patients exhibit similar biomarker abnormalities.
Typical biomarkers of AD include excessive accumulation of amyloid-beta and abnormal
phosphorylation of tau protein. Research has found that sleep disorders may be associated with
these biomarker abnormalities. Sleep disorders may lead to increased deposition of amyloid-beta in
the brain, thereby promoting the development of AD. Moreover, poor sleep quality and insufficient
sleep duration may also contribute to increased abnormal phosphorylation of tau protein, further
exacerbating the progression of ADI®],

These common risk factors and biomarker abnormalities support the association between sleep
disorders and AD. Common risk factors may provide a shared basis for the occurrence and
development of sleep disorders and AD. Common biomarker abnormalities may serve as an
important biological link between sleep disorders and the pathophysiology of AD. Further research
on the comorbidity mechanisms between sleep disorders and AD can provide a deeper
understanding of the pathophysiological mechanisms of AD and offer new targets and strategies for
prevention and treatment. Although the association between sleep disorders and AD has been
preliminarily established, there is currently a lack of definitive causal evidence. Further research is
needed to determine whether sleep disorders directly contribute to the development of AD or if
biological changes caused by AD lead to the appearance of sleep disorders. Additionally, the
mechanisms underlying the association between sleep disorders and AD require further exploration
and explanation.

In conclusion, there are common risk factors and biomarker abnormalities between sleep
disorders and Alzheimer's disease. These shared characteristics support the association between
sleep disorders and AD and provide important clues for further research into the comorbidity
mechanisms between sleep disorders and AD.

3. Sleep Disorders and the Comorbidity Mechanism with Alzheimer's Disease
3.1 p-Amyloid and Tau Proteins: Their Role in Alzheimer's Disease and Sleep Disorders

B-amyloid and tau proteins are typical pathological features of Alzheimer's disease (AD), and
they play important roles in both AD and sleep disorders.

B-amyloid is the main component of amyloid plaques in the brains of AD patients, which
accumulate around neurons, impairing their normal function. Some studies have found that sleep
disorders may promote the deposition of B-amyloid, thereby accelerating the development of AD.
Sleep deprivation and poor sleep quality may lead to excessive accumulation of B-amyloid.
Additionally, sleep disorders may further exacerbate its accumulation by affecting the clearance of
B-amyloid!.

Tau protein is another important pathological feature in AD. It becomes abnormally
phosphorylated in neurons of AD patients, leading to the formation of neurofibrillary tangles and
consequent neuronal dysfunction. Some studies suggest that sleep disorders may be associated with
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abnormal phosphorylation of tau protein. Sleep deprivation and fragmented sleep may increase the
abnormal phosphorylation of tau protein, further exacerbating the progression of AD.

These research findings indicate that f-amyloid and tau proteins play important roles in the
comorbidity between sleep disorders and AD. Sleep disorders may promote the development of AD
by affecting the metabolism and deposition processes of B-amyloid and tau proteins.

3.2 The Impact of Sleep Disorders on Brain Neural Networks and Synaptic Plasticity

Sleep disorders may have an impact on brain neural networks and synaptic plasticity, which is
also an important aspect related to the pathogenesis of Alzheimer's disease.

Sleep plays a crucial role in the development and maintenance of brain neural networks. It is a
critical process for the consolidation and organization of memories. During sleep, synaptic
connections in the brain are optimized, aiding in the formation and consolidation of new memories.
Sleep disorders can disrupt this process, leading to decreased memory and impaired learning
abilities. In Alzheimer's disease, sleep disorders may further exacerbate memory loss and cognitive
decline.

Furthermore, sleep disorders may also influence synaptic plasticity. Synaptic plasticity is the
basis for brain adaptation and learning, and it refers to the ability of neurons in the brain to connect
and transmit information. Sleep disorders may result in a decrease in synaptic plasticity, further
impairing normal brain function. In Alzheimer's disease, abnormal synaptic plasticity may be one of
the important mechanisms behind cognitive decline.

3.3 Sleep Disorders, Inflammation, and Oxidative Stress: Interactions in the Pathogenesis of
Alzheimer's Disease

There is an interaction between sleep disorders, inflammation, and oxidative stress, which is also
an important aspect related to the pathogenesis of Alzheimer's disease (AD).

Inflammation and oxidative stress are important factors in the development of AD, and they may
be associated with pathological features such as deposition of amyloid-beta and tau proteins and
neuronal functional impairment. Sleep disorders may lead to increased inflammation and oxidative
stress, further exacerbating the pathological processes of AD. At the same time, inflammation and
oxidative stress may also affect sleep quality and structure, forming a vicious cycle.

Some studies have found a link between sleep disorders in AD patients and abnormal markers of
inflammation. Sleep disorders may contribute to increased inflammation, leading to the release and
activation of inflammatory factors in the brain. These inflammatory responses further promote the
development and progression of ADII,

Furthermore, oxidative stress may also be associated with the relationship between sleep
disorders and AD. Sleep disorders may lead to increased oxidative stress, further exacerbating the
metabolic and functional impairments associated with AD.

These findings suggest that there is an interaction between sleep disorders, inflammation, and
oxidative stress, further promoting the development of AD. Sleep disorders may contribute to the
pathological processes of AD by increasing levels of inflammation and oxidative stress.

4. Clinical Management and Treatment Strategies

4.1 Importance of Early Screening and Diagnosis of Sleep Disorders in Alzheimer's Disease
Patients

Early screening and diagnosis of sleep disorders in Alzheimer's disease (AD) patients is crucially

important. Due to the high prevalence and clinical features of sleep disorders in AD patients, as well
as their impact on the development and progression of AD, early identification and management of
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sleep disorders can have a positive impact on patients' cognition and quality of life.

For AD patients, early screening and diagnosis of sleep disorders can help doctors better
understand the patient's condition and formulate appropriate treatment plans. Through early
diagnosis of sleep disorders, doctors can intervene in a timely manner and take appropriate
treatment measures to alleviate the adverse effects of sleep disorders on AD patients.

4.2 Impact of Sleep Disorder Management on Cognitive Function and Functionality in
Alzheimer's Disease Patients

Sleep disorder management has a significant impact on the cognitive function and functionality
of Alzheimer's disease patients. Effective management of sleep disorders can improve the quality of
sleep, enhance daytime alertness and attention, and promote the maintenance and improvement of
cognitive function.

Sleep disorder management can be achieved through both pharmacological and
non-pharmacological interventions. In terms of pharmacological treatment, some sedatives and
antidepressants can be used to improve insomnia and excessive daytime sleepiness in AD patients.
However, caution should be exercised in the use of medication due to potential side effects and
interactionsl®). Non-pharmacological treatment includes maintaining a regular sleep routine,
creating a conducive sleep environment, avoiding stimulating food and drinks, and cultivating good
sleep habits. Additionally, behavioral therapy and cognitive-behavioral therapy can also help AD
patients improve sleep problems.

Effective sleep disorder management has multiple positive impacts on the cognition and
functionality of AD patients. Improving sleep quality and quantity can enhance memory and
learning abilities, improve thinking and decision-making accuracy, and increase participation and
independence in daily activities. Furthermore, good sleep management can also reduce
psychological symptoms such as depression and anxiety, and improve patients' quality of life.

4.3 Exploring Preventive Strategies and Treatment Approaches: Joint Interventions to
Improve Alzheimer's Disease and Sleep Disorders

The exploration of preventive strategies and treatment approaches is crucial in improving joint
interventions for Alzheimer's disease (AD) and sleep disorders. Currently, there is no specific cure
for AD or complete prevention of its occurrence, but some research and practice suggest that
comprehensive interventions can improve the quality of life of AD patients and slow down disease
progression.

Comprehensive interventions involve multiple management measures, such as cognitive
stimulation training, physical activity, healthy diet, blood pressure and blood sugar control, among
others. These interventions aim to improve cognitive function, promote neuroprotection and repair,
and reduce the risk of chronic diseases. Good sleep management is also an important component of
comprehensive interventions. By improving sleep quality and structure, cognitive and functional
improvements can be achieved in AD patients, while also reducing the deterioration of pathological
processesl,

Furthermore, early intervention and management are crucial. Through early screening and
diagnosis of sleep disorders, as well as timely treatment and intervention, the adverse effects of
sleep disorders on AD patients can be alleviated, and disease progression can be delayed.

Comprehensive interventions and early management have significant implications for the
treatment and management of AD patients. They can not only improve sleep quality and
functionality but also enhance patients' quality of life and provide support for the prevention and
slowing down of AD development. Through further research and practice, we can further refine and
optimize these intervention strategies to improve the joint management of AD and sleep disorders.
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5. Research Challenges and Future Prospects

Current research faces methodological limitations and controversies that hinder a comprehensive
understanding of the association between sleep disorders and Alzheimer's disease (AD). On one
hand, the progressive nature of both sleep disorders and AD makes it difficult to accurately
determine the causal relationship between the two. On the other hand, existing studies often only
observe the presence of sleep disorders in AD patients, without delving deeper into the mechanisms
and interconnections between the two.

Additionally, the current understanding of the relationship between different types of sleep
disorders and different stages of AD is still limited. Sleep disorders encompass various types, such
as insomnia, excessive daytime sleepiness, and sleep apnea, while the development of AD also
involves multiple stages. Therefore, researchers need to further explore the impact of different types
of sleep disorders on different stages of AD to enhance our understanding of their relationship.

To overcome the limitations and issues in current research, future studies need to adopt new
research methods and innovative treatment strategies. Firstly, longitudinal study designs can be
employed to track the development of sleep disorders and AD in patients, allowing for a more
accurate determination of the causal relationship between the two. Additionally, large sample and
multicenter research designs can improve the reliability and generalizability of the studies.

In terms of treatment, further research and development of innovative treatment strategies for
sleep disorders and AD can be explored. Some studies have already shown that improving sleep
quality may have a positive impact on the cognitive function of AD. Therefore, we can further
investigate treatment methods targeting sleep disorders to enhance cognitive function and improve
the quality of life in AD patients.

Future research should also focus on personalized management. Due to potential variations in
sleep disorders and the condition of AD in each patient, it is crucial to develop personalized
management strategies based on individual characteristics. Researchers can further investigate the
relationship between patient-specific characteristics and the association between sleep disorders and
AD to formulate more effective personalized management plans. Additionally, with advancements
in technology, new tools can be utilized for the management of sleep disorders and AD. For
example, wearable devices and smartphone applications can assist patients in monitoring and
evaluating sleep quality, as well as providing personalized sleep recommendations. Future research
can explore the potential application of these technologies in the management of sleep disorders and
AD, assessing their effectiveness and feasibility.

In conclusion, future research needs to address the limitations and controversies in current
studies, adopting new research methods and innovative treatment strategies. Personalized
management is also an important research direction that can provide better management solutions
for sleep disorders and AD. Through continued efforts and innovation, we can gain a better
understanding of the relationship between sleep disorders and AD and provide improved treatment
and management approaches for patients.

6. Conclusion

Through research on the association between sleep disorders and Alzheimer's disease, we have
made some important findings. The research indicates a close relationship between sleep disorders
and Alzheimer's disease. Sleep disorders are not only common symptoms of Alzheimer's disease,
but may also be one of the risk factors for its development. Different types of sleep disorders, such
as insomnia, excessive daytime sleepiness, and sleep apnea, are associated with cognitive decline
and brain pathology changes in Alzheimer's disease. Furthermore, it has been found that
improvements in sleep quality may have significant implications for the treatment and management
of Alzheimer's disease. Some studies suggest that improving sleep quality can slow down cognitive
decline and pathological progression in Alzheimer's disease, and improve patients' quality of life.
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Future research and clinical practice can provide the following recommendations and insights
based on the existing findings and challenges. Firstly, longitudinal study designs can be utilized to
track the relationship between sleep disorders and Alzheimer's disease, thus more accurately
determining the causal relationship between the two and understanding their developmental
trajectories. Secondly, to enhance the reliability and generalizability of research, future studies can
adopt multi-center and large sample study designs to better reflect the differences between different
regions and populations. In addition, personalized management is an important area for future
research, and developing personalized sleep disorder and Alzheimer's disease management plans
based on patient characteristics may improve treatment effectiveness and patient quality of life.
Finally, future research can further explore and develop innovative treatment strategies for sleep
disorders and Alzheimer's disease, and utilize new technologies such as wearable devices and
smartphone applications to assist in managing these diseases. Through these recommendations and
insights, we can hope to gain a deeper understanding of the relationship between sleep disorders and
Alzheimer's disease and provide more effective approaches for prevention and treatment.

In conclusion, the relationship between sleep disorders and Alzheimer's disease is a complex and
important research field. By overcoming the limitations and challenges of current research, future
research and clinical practice can provide us with a deeper understanding and more effective
treatment strategies, thereby improving patients' quality of life and cognitive function.
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