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1. Introduction

Sleep disorders (prevalence 8.3% - 45%) like insomnia
and OSA, and memory disorders (common in aging)
are prevalent and debilitating. Sleep disorders burden
physical, emotional, and cognitive health, are linked to
comorbidities, and cost healthcare. Memory disorders lead
to cognitive decline and dependency. They often coexist
(comorbidity). Sleep disturbances can accelerate memory
disorder progression; memory loss can disrupt sleep. This
bidirectional relationship affects memory consolidation.
The comorbidity adds complexity to management.
Understanding its mechanisms is key for treatment as
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Sleep disorders and memory impairments are prevalent in clinical
practice and often coexist, significantly impacting individuals’ physical,
emotional, and cognitive health. The comorbidity between these conditions
is multifactorial, involving neurobiological, endocrine, and metabolic
factors. Structural brain changes, neuroinflammation, oxidative stress,
and neurotransmitter imbalances exacerbate impairments in both sleep
and memory function. This paper reviews current combination therapy
strategies for managing comorbid sleep and memory disorders, analyzing
the effectiveness of pharmacological treatments (such as benzodiazepines
and cholinesterase inhibitors) and non-pharmacological interventions (such
as Cognitive Behavioral Therapy for Insomnia (CBT-I) and cognitive
training). While combination therapies show promising potential,
challenges such as drug interactions and patient adherence remain. Future
research should focus on exploring underlying mechanisms, developing
personalized treatment approaches, and integrating novel therapeutic
strategies.

untreated cases can cause further deterioration. Integrated
therapies may improve outcomes and slow cognitive
decline!™.

2. Sleep Disorders and Memory Impairments:
An Overview

Sleep disorders, such as insomnia, obstructive sleep
apnea (OSA), and restless leg syndrome (RLS), are
marked by disruptions in the sleep - wake cycle and
impact physical and cognitive functions. Insomnia,
affecting 10 - 30% globally”, has three ICSD - 3
categories and is linked to cognitive deficits like
memory problems "“'1. OSA, with a 10 - 20% adult
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prevalence worldwide!”, causes airway obstruction
during sleep, leading to hypoxia and sleep fragmentation,
and is associated with memory and executive function
impairment. RLS (5 - 10% of adults) disrupts sleep and
affects cognitive performance'”. Memory disorders
include age - related memory decline, Alzheimer’s disease
(AD), vascular dementia (VD), etc. Age - related decline
is normal but may lead to disease. AD is the main cause of
dementia, with progressive memory loss''*'". VD is due
to cerebrovascular disease and impairs memory and other

functions™®.

3. Comorbidity Mechanisms
3.1 Neurobiological Mechanisms

The comorbidity of sleep disorders and memory
impairments is closely tied to changes in key brain
structures like the hippocampus and prefrontal cortex,
which are vital for memory and cognition. In the
hippocampus, chronic sleep issues (e.g., from insomnia
or obstructive sleep apnea) can cause atrophy''”. Sleep
problems exacerbate neurodegeneration here, harming

18 .
1 and are related to increased

amyloid - beta deposits, accelerating cognitive decline!"”.

memory consolidation'

The prefrontal cortex, important for executive functions,
is also affected. In insomnia and OSA, there are structural

1

changes like reduced gray matter volume''”, creating a

cycle of poor sleep and cognitive decline.

3.2 Neurotransmitter Disorders

Sleep disorders and memory impairments are associated
with common neurotransmitter system disruptions
in neural communication and cognitive processing.
The GABAergic system: GABA, the main inhibitory
neurotransmitter, regulates sleep and memory. In
chronic insomnia, reduced GABAergic function causes
excessive neuronal excitability and poor sleep, and
impairs hippocampal memory consolidation due to its
% The glutamatergic system:
Glutamate is key for synaptic plasticity, learning, and

role in synaptic plasticity"

memory. Insomnia and OSA increase glutamate activity,
leading to excitotoxicity, neuronal damage, and memory
impairments by disrupting synaptic transmission in
relevant brain regions . The dopaminergic system: Sleep
disorders dysregulate this system, affecting mood and
cognition. Dopamine is crucial for attention and working
memory. Sleep problems lead to decreased dopamine
receptor sensitivity, causing cognitive deficits and

attention disorders™.
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3.3 Neuroinflammation and Oxidative Stress

Neuroinflammation and oxidative stress are key in
the pathophysiology of comorbid sleep disorders and
memory impairments. Sleep disruptions like those
from insomnia and OSA trigger brain inflammation via
microglia activation and pro - inflammatory cytokine
release. Microglia, brain’s immune cells, when activated
chronically by sleep disturbances, release TNF - a, IL -
1B, and IL - 6, impairing neurons and synaptic plasticity
in memory - critical regions.Sleep - related issues
also increase reactive oxygen species (ROS), causing
oxidative stress. This damages cellular components ***",
Neuroinflammation and oxidative stress harm synaptic
plasticity, crucial for sleep and memory, reducing neural
connection strength and disrupting the sleep - cognition

balance in relevant brain regions"”.

3.4 Endocrine and Metabolic Mechanisms

Endocrine and metabolic dysfunctions play a
significant part in the comorbidity of sleep and memory
disorders. Hormonal imbalances disrupt circadian rhythm
and memory - related cognitive functions. For instance,
melatonin from the pineal gland regulates sleep - wake
cycles. In sleep disorders like insomnia and OSA, its
secretion may be dysregulated, causing sleep problems
and memory deficits as it affects hippocampal function
during sleep®®*. Cortisol, the stress hormone, also has a
diurnal rhythm. In those with chronic sleep disturbances,
its dysregulation, like elevated levels at night, can
disrupt sleep and memory consolidation, and may lead to
hippocampal atrophy and cognitive impairment™**".

3.5 Metabolic Disorders

Metabolic dysfunctions, like impaired glucose and
lipid metabolism, are closely related to sleep and memory
problems. Insulin resistance, where cells respond less to
insulin causing high blood glucose, is linked to obesity,
type 2 diabetes, and sleep disorders like OSA. It impairs
brain energy metabolism in memory - related areas like
the hippocampus and prefrontal cortex. It affects glucose
transport in neurons, hindering memory consolidation
during sleep and synaptic plasticity”"*?. Dyslipidemia,
with abnormal lipid levels, impairs the blood - brain
barrier, increasing oxidative stress and inflammation in
the brain”**", disrupting memory processes.

3.6 Impact on Brain Energy Supply and Neuronal
Signaling

Both insulin resistance and dyslipidemia lead to a
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shortage of energy supply to neurons. The brain, which is
heavily reliant on glucose and lipid metabolism for energy,
becomes less efficient in regulating sleep-wake cycles
and memory consolidation when metabolic disturbances
are present. These disruptions affect not only the brain’s
energy supply but also neurotransmitter signaling and
neuronal plasticity.

3.7 Neurotransmitter Imbalance

Insulin resistance and dyslipidemia also impact
neurotransmitter systems, which are critical for sleep
regulation and memory function. For instance, insulin
resistance has been shown to reduce the activity of
neurotransmitters like acetylcholine, which is essential
for learning and memory™”. Furthermore, metabolic
dysfunctions lead to an imbalance in excitatory and
inhibitory neurotransmitters, such as glutamate and
GABA, which are integral for regulating sleep and
synaptic plasticity.

In summary, endocrine and metabolic dysfunctions
are central to the comorbidity between sleep disorders
and memory impairments. Hormonal imbalances such as
melatonin and cortisol disruptions interfere with circadian
rhythms and memory consolidation, while metabolic
disorders, including insulin resistance and dyslipidemia,
affect brain energy supply, neuronal signaling, and
cognitive function. These mechanisms collectively
contribute to the persistence and exacerbation of both
sleep and memory disorders, highlighting the need for
integrated therapeutic approaches that address both
hormonal and metabolic imbalances.

4. Drug Combination Therapy

The treatment of comorbid sleep disorders and memory
impairments is complex, as these two conditions are
often interlinked, with each exacerbating the other. Drug
combination therapy—using pharmacological agents
that target both sleep and cognitive dysfunction—has
become a promising strategy. The goal is to leverage the
synergistic effects of different drug classes to improve
both sleep quality and memory function while minimizing
side effects. This section focuses on commonly used
pharmacological treatments for sleep and memory
disorders, as well as the benefits and limitations of these
drugs when used alone or in combination.

4.1 Drugs for Sleep Disorders

There are several classes of drugs commonly prescribed
to treat sleep disorders, including benzodiazepines,
non-benzodiazepine hypnotics, and melatonin receptor
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agonists. Each of these has a distinct mechanism of action,
and their efficacy in managing both sleep and memory
dysfunctions varies.

Benzodiazepines: Drugs like lorazepam, temazepam,
and diazepam enhance the effects of gamma-aminobutyric
acid (GABA), an inhibitory neurotransmitter that induces
sedative effects. These medications are effective for
short-term sleep disturbances, such as insomnia, by
reducing neural excitability and promoting relaxation".
However, long-term use of benzodiazepines is associated
with tolerance, dependence, and cognitive impairment,
particularly in elderly patients””. Benzodiazepines also
interfere with sleep architecture, reducing the proportion
of restorative deep sleep and REM sleep, which are
crucial for memory consolidation. As a result, while they
improve sleep initiation, their effects on memory are
counterproductive in the long term.

Non-benzodiazepine Hypnotics: Drugs like zolpidem,
eszopiclone, and zaleplon are preferred alternatives to
benzodiazepines due to their more selective action on
GABA-A receptors, particularly the al subunit, which
is responsible for sedative effects. These drugs have a
shorter half-life, which minimizes their impact on sleep
architecture and reduces the risk of cognitive impairment.
They are effective in treating insomnia and are considered
safer for long-term use compared to benzodiazepines.
However, while non-benzodiazepine hypnotics are
beneficial for improving sleep onset and maintaining
sleep, they do not significantly enhance memory
consolidation, and their efficacy in treating memory
impairments is limited ©°,

Melatonin Receptor Agonists: Melatonin receptor
agonists, such as ramelteon, mimic the effects of
melatonin, a hormone that regulates the circadian rhythm.
These agents promote sleep initiation by acting on the
MT1 and MT2 receptors in the suprachiasmatic nucleus
of the hypothalamus, which regulates the sleep-wake
cycle. Unlike other sleep aids, melatonin receptor agonists
do not cause significant cognitive impairment or the
risk of dependence, making them suitable for long-term
use™™. However, their effectiveness in treating cognitive
impairments, such as memory dysfunction, is limited, and
their primary role remains in managing circadian rhythm
sleep disorders.

4.2 Drugs for Memory Disorders

Several pharmacological agents are commonly
prescribed to treat memory impairments, particularly in
conditions like Alzheimer’s disease and other forms of
dementia. These include cholinesterase inhibitors and
NMDA receptor antagonists.
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Cholinesterase Inhibitors: Drugs like donepezil
and rivastigmine improve cognitive function in patients
with Alzheimer’s disease by inhibiting the breakdown of
acetylcholine, a neurotransmitter essential for memory
and learning. However, these medications have limited
efficacy in severe cases and often require long-term use,
which can lead to side effects such as gastrointestinal
disturbances"”".

NMDA Receptor Antagonists: Memantine, an
NMDA receptor antagonist, is used to treat moderate
to severe Alzheimer’s disease. It works by blocking
excessive glutamate activity, which can damage nerve
cells. While effective in stabilizing cognitive function for
some patients, it does not directly improve sleep, which
may limit its benefit in patients with concurrent sleep
disorders*”.

While each class of drug—whether for sleep or
memory—is effective to some extent, combining sleep-
enhancing medications with cognitive enhancers can
improve both sleep quality and cognitive function.
However, careful consideration of the benefits and risks
is necessary, especially in elderly populations where
polypharmacy can increase the risk of adverse effects.
More research is needed to refine the optimal drug
combinations that provide synergistic benefits for both
conditions.

4.3 Non-Drug Combination Therapy

The management of comorbid sleep and memory
disorders requires a holistic approach that extends
beyond pharmacological treatments. Non-drug therapies,
such as Cognitive Behavioral Therapy (CBT), sleep
hygiene education, and physical therapy, are increasingly
recognized for their effectiveness in improving sleep
quality and cognitive function. These therapies not
only complement pharmacological treatments but also
provide long-lasting benefits by addressing the underlying
mechanisms of these disorders. This section discusses
the principles and methods of applying CBT and sleep
hygiene education, as well as the role of physical therapy
and rehabilitation training in managing comorbid sleep
and memory disorders.

4.4 Cognitive Behavioral Therapy (CBT) and
Sleep Hygiene Education

Cognitive Behavioral Therapy for Insomnia (CBT-I)
is an evidence-based, non-pharmacological intervention
designed to treat insomnia''!. CBT-I1 addresses the
negative thought patterns and behaviors that contribute to
sleep difficulties. The therapy typically includes cognitive
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restructuring, which helps patients identify and challenge
unrealistic beliefs about sleep, and sleep restriction, which
encourages a consistent sleep-wake schedule. Studies
have shown that CBT-I improves both sleep quality and
cognitive performance by promoting more efficient sleep
and reducing the negative cognitive consequences of sleep
deprivation'”. CBT-I is particularly effective in patients
with comorbid insomnia and cognitive impairment, as it
helps break the cycle of sleep disruption and cognitive
decline.

In addition to CBT-I, cognitive training is a promising
intervention for memory disorders. Cognitive training
involves exercises that stimulate various cognitive
functions, such as attention, executive function, and
memory. These training programs typically use tasks
that challenge short-term memory, working memory, and
verbal recall, with the aim of improving memory retention
and reducing cognitive decline. Recent studies suggest
that combining cognitive training with sleep improvement
strategies enhances overall cognitive function in patients
with memory disorders”. Cognitive training and sleep
improvement strategies have been shown to improve
overall memory performance and delay the progression of
cognitive decline in elderly individuals with early-stage
memory impairments .

Sleep hygiene education is an essential component of
non-drug therapy for sleep and memory disorders. Sleep
hygiene involves practices that promote good sleep,
such as maintaining a consistent sleep-wake schedule,
optimizing the sleep environment (e.g., reducing noise
and light exposure), and limiting the consumption of
stimulants like caffeine or alcohol. Research has shown
that improving sleep hygiene can have significant positive
effects on both sleep quality and cognitive function,
particularly in individuals with comorbid sleep and
memory disorders'*”’. By helping patients establish regular
sleep habits and optimize their sleep environment, sleep
hygiene education can complement the effects of CBT and
other cognitive interventions.

4.5 Physical Therapy and Rehabilitation Training

Physical therapy, including methods like light therapy
and transcranial magnetic stimulation (TMS), plays a role
in improving sleep and memory function in patients with
comorbid sleep and memory disorders*". Light therapy
has been shown to regulate circadian rhythms, improving
both sleep quality and cognitive function in individuals
with disrupted sleep-wake cycles'. Transcranial magnetic
stimulation (TMS), which involves the application of
magnetic fields to stimulate brain regions, has been shown
to enhance cognitive performance and alleviate symptoms
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of sleep disorders™”. TMS, when used in combination
with other therapies, may enhance memory consolidation
and improve sleep in patients with comorbid conditions.

Rehabilitation training, such as exercise therapy and
memory rehabilitation training, also plays an important
role in managing comorbid sleep and memory disorders.
Regular physical exercise has been shown to improve both
sleep quality and memory function, particularly in older
adults"*”. Exercise improves brain plasticity, enhances
hippocampal function, and promotes neurogenesis, which
benefits both sleep regulation and cognitive function. In
combination with cognitive training and sleep hygiene
education, exercise therapy may provide a comprehensive
approach to improving both physical and cognitive
health in individuals with comorbid sleep and memory
impairments.

5. Conclusion and Prospect

Recent research has unveiled a complex, multi-
factorial relationship between sleep disorders and
memory impairments, highlighting that the comorbidity
between these conditions is driven by a variety of
overlapping mechanisms. The key findings point to
neurobiological changes, including structural alterations
in the hippocampus and prefrontal cortex, regions that are
crucial for both sleep regulation and memory function.
Studies have shown that neurodegeneration in these areas
contributes to impaired sleep and memory consolidation.
These structural changes, along with disrupted neural
connectivity, impair memory consolidation processes
during sleep and compromise overall cognitive function.

In addition to structural changes, neuroinflammation
and oxidative stress are emerging as significant
contributors to the comorbidity. The activation of
microglia and the subsequent release of pro-inflammatory
cytokines disrupt normal synaptic plasticity, leading to
cognitive impairments and sleep disturbances. These
factors increase the vulnerability of neurons to damage,
further exacerbating both sleep and memory dysfunction.
Moreover, neurotransmitter imbalances, particularly
in GABA, serotonin, and dopamine pathways, play a
critical role in this interaction. These neurotransmitters
are essential for regulating sleep-wake cycles, and
disturbances in their signaling exacerbate both sleep
disorders and memory dysfunction.

Endocrine imbalances, particularly in melatonin
and cortisol, further contribute to the comorbidity.
Melatonin, a hormone critical for sleep regulation, is
often found at abnormal levels in patients with sleep
disorders, impairing the sleep-wake cycle. Elevated
cortisol levels, commonly seen in individuals with chronic
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stress or sleep disturbances, disrupt sleep architecture,
exacerbate cognitive decline, and further impair memory
consolidation. Furthermore, recent studies have also
pointed to the dysregulation of neurotrophic factors such
as brain-derived neurotrophic factor (BDNF), which is
essential for synaptic plasticity and cognitive function.

Combination therapy, which involves the use of both
pharmacological and non-pharmacological treatments, is
increasingly seen as a promising approach for managing
comorbid sleep and memory disorders. Pharmacological
treatments, such as benzodiazepines, non-benzodiazepine
hypnotics, and cholinesterase inhibitors, have
demonstrated efficacy in alleviating the symptoms
of sleep and memory dysfunction. However, their
effectiveness is often limited by side effects, including
cognitive impairment, dependency, and tolerance. Non-
pharmacological treatments, such as Cognitive Behavioral
Therapy for Insomnia (CBT-I) and cognitive training,
have gained significant attention for their ability to
treat the root causes of these disorders without the side
effects associated with medications. CBT-I, for instance,
addresses the negative thoughts and behaviors that
perpetuate insomnia, while cognitive training aims to
enhance cognitive function in patients with memory
impairments'*’). These therapies have shown strong
evidence of improving both sleep and cognitive function.

While the combination of drug therapies with CBT-I or
cognitive training has shown promising results, challenges
remain. For instance, potential drug interactions can
complicate treatment regimens, and patient adherence to
non-drug therapies remains a significant barrier. Moreover,
the integration of pharmacological and psychological
approaches requires careful consideration to ensure both
safety and efficacy.

Moving forward, several key research areas must
be addressed to improve the management of comorbid
sleep disorders and memory impairments. First, further
exploration of the underlying mechanisms of comorbidity
is crucial to develop targeted therapies that can address
both conditions simultaneously. More studies are needed
to understand the synergistic effects of neuroinflammation,
neurotransmitter imbalances, and metabolic disruptions in
these disorders.

In addition, the development of personalized medicine
is essential. Genetic, environmental, and individual factors
must be considered to tailor treatments to each patient’s
unique needs, optimizing therapeutic outcomes. Finally,
future research should focus on novel treatment strategies,
including more advanced drug combinations and
innovative non-pharmacological treatments, such as brain
stimulation therapies and digital health interventions. By
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advancing our understanding of these mechanisms and
improving treatment modalities, the long-term prognosis
for patients with comorbid sleep and memory disorders
can be significantly enhanced.
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