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ARTICLE INFO ABSTRACT
Keywords: Sleep deprivation refers to an intentional or unintentional reduction in sleep time, resulting in
Sleep deprivation insufficient sleep. It is often caused by sleep disorders, work demands (e.g., night shifts), and

Risk factor
Alzheimer’s disease
Mechanisms

study pressure. Sleep deprivation promotes Ap deposition and tau hyperphosphorylation, which is
a risk factor for the pathogenesis and progression of Alzheimer’s disease (AD). Recent research
p-amyloid has demonstrated the potential involvement of sleep deprivation in both the pathogenesis and
Tau protein progression of AD through glial cell activation, the glial lymphatic system, orexin system,
Disease progression circadian rhythm system, inflammation, and the gut microbiota. Thus, investigating the molec-
ular mechanisms underlying the association between sleep deprivation and AD is crucial, which
may contribute to the development of preventive and therapeutic strategies for AD. This review
aims to analyze the impact of sleep deprivation on AD, exploring the underlying pathological
mechanisms that link sleep deprivation to the initiation and progression of AD, which offers a
theoretical foundation for the development of drugs aimed at preventing and treating AD.

1. Introduction

Sleep accounts for approximately one-third of human life. It is greatly significant for growth and development, emotion regulation,
clearance of metabolic waste generated during wakefulness, reduction of energy loss, repair of oxidative stress damage, and consol-
idation of memory [1-4]. Approximately one-third of the global population is affected by sleep deprivation (SD) [5]. SD refers to an
intentional or unintentional reduction in sleep duration, resulting in insufficient sleep. This may be attributed to work needs, learning
pressure, poor sleep habits, or other sleep disorders. SD is the normal state among individuals of various occupations such as doctors,
soldiers, workers, and other people on night shifts) [5,6]. Especially in the elderly population, SD becomes very common because of
certain diseases (such as Parkinson’s disease and sleep apnea syndrome), neuroendocrine disorders, circadian rhythms, and other
factors. SD increases the risk of age-related diseases, such as dementia and stroke. Thus, the co-occurrence of SD and Alzheimer’s
disease (AD) is commonly observed in certain sleep disorders such as sleep apnea, as well as in certain occupations such as night-shift
workers. Research has demonstrated that the detrimental effects of SD are profound even after one night of inadequate sleep. These
effects include emotional stress, reduced attention span, impairments in learning and memory, and increased daytime sleepiness.
Furthermore, prolonged periods of SD significantly increase the risk of various conditions, including heart disease, hypertension,
obesity, stroke, diabetes, and AD [2,7]. Additionally, SD leads to industrial, traffic, and medical accidents, resulting in a decline in
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production and work efficiency, and causing serious economic and social losses [5].

Recently, notable advancements have been made in the field of research. Research on the relationship between SD and neuro-
degenerative diseases has attracted considerable attention. SD has been extensively studied and has been reported to have detrimental
effects on learning and memory. A bidirectional relationship between SD and AD has been thoroughly documented in studies involving
both humans and animals. More studies have demonstrated that SD contributes to the deposition of p-amyloid (Af) and the hyper-
phosphorylation of tau, which are the underlying pathological mechanisms of AD. Hence, SD has been identified as a risk factor for the
onset and progression of AD [8].

AD is a neurodegenerative disease characterized by progressive cognitive decline. This disease has several clinical manifestations,
including memory decline and impairment of visuospatial skills and orientation. Individuals with AD commonly experience various
behavioral disorders such as changes in personality and social interactions. SD is frequently observed, along with symptoms of anxiety,
depression, and other neuropsychiatric disorders [9,10]. According to statistics, a person with dementia is diagnosed every 3 s
globally. Approximately 50 million people are affected by dementia worldwide. The global prevalence of this condition is projected to
increase significantly, reaching an estimated 152 million individuals by 2050 [11]. In China, the estimated prevalence of AD among
individuals aged >65 years is approximately 3.21% [12], and in Europe, the estimated prevalence of AD is approximately 5.05% [13].
With the current prevalence of 5.8 million individuals living with AD in the United States, the number of patients with AD in the
country will soar to 13.8 million by 2050. AD imposes significant economic and social burdens. In 2018, the global economic and social
costs associated with AD were approximately $1 trillion. This figure is projected to increase significantly, reaching approximately $2
trillion by 2030 [11]. The pathogenesis of AD is complex, and results from the comprehensive action of neurobiological, psychological,
and social factors. The pathogenesis of AD has been extensively studied, and multiple hypotheses have been proposed to explain its
underlying mechanisms. Among them, the Af hypothesis has the most extensive and far-reaching influence and has been at the core of
the pathogenesis of AD for a long time. Af is a precursor protein of amyloid protein, which is produced by p-secretase cleavage. Af
hypothesis believes that the imbalance between A production and clearance is the initial event leading to AD, and its mechanism is
that oligomeric Ap causes neuronal toxic damage and abnormal deposition, forming neuroinflammatory plaques [14]. The tau theory
holds that hyperphosphorylated tau proteins disrupt the stability of tubulin within the skeletal structure of neurons. This disruption
ultimately leads to the formation of neurofibrillary tangles, which impair the functions of neurons and synapses [14,15]. Currently, the
medical treatments for AD primarily focus on temporarily stabilizing cognitive decline and alleviating neuropsychiatric symptoms.
Additionally, the early stages of drug discovery and development present significant challenges for accurate prediction and identifi-
cation of potential therapeutic agents [16]. Therefore, to prevent and delay the progression of AD, investigating the risk factors that
contribute to its onset and it is crucial. Moreover, the underlying causes of the imbalance between the formation and clearance of Af
and tau proteins need to be explored. This study shapes the future of AD treatment and management.

SD causes Af} metabolic disorders and excessive aggregation of tau protein, which increase the risk of AD. Investigating the effects
of SD on AD could establish a crucial theoretical foundation for the prevention and treatment of this neurodegenerative condition. This
review will primarily concentrate on exploring the intricate relationship between SD and AD while delving into the underlying
mechanisms through which SD influences the pathogenesis and progression of AD.

2. SD, Ap deposition, and tau protein hyperphosphorylation
2.1. What is sleep and loss of which sleep structure has an important role in A and tau formation?

Sleep is a reversible behavior in which the body loses its awareness and response to the surrounding environment. It probably
occurs in all vertebrates [17]and is greatly important for growth, development, and memory consolidation. According to different
physiological activity parameters, sleep is divided into two stages: non-rapid eye movement (NREM) and rapid eye movement (REM)
[18]. REM sleep is also known as paradoxical sleep (PS) or fast-wave sleep. Based on the sleep depth, NREM sleep is divided into three
stages: NREM1 (N1), NREM2 (N2), and NREM3 (N3). N1-2 is light NREM sleep, whereas N3 is deep NREM sleep (also known as slow
wave sleep, SWS) [17,19]. Human sleep architecture is closely related to age, with significant changes in sleep architecture and depth
occurring in older adults because of frequent awakenings, especially during N3 sleep [20]. Aging increases the incidence of
sleep-related diseases (such as stroke, AD, hypertension, and coronary heart disease), especially AD, which is characterized by
cognitive decline. AD is a common neurodegenerative disease in the elderly population. Therefore, sleep quality should be paid close
attention in the elderly to prevent and delay the onset and progression of AD. Studies have demonstrated that sleep contributes to
memory consolidation, particularly during SWS. While REM sleep may enhance this process at the molecular and synaptic levels [17,
21]. Clinical research has demonstrated that slow wave activity is a significant predictor of Ap plaque accumulation rates; its fre-
quencies <1 Hz were negatively correlated with Ap deposition [22-25]. An animal experiment has revealed that amyloid precursor
protein (APP)/presenilin 1 (PS1) mice exhibited more severe accumulation of Af and worse spatial learning and memory ability after
REM SD [26]. Several studies have demonstrated that sleep is essential for cognition, and SD promotes AP deposition and tau
hyperphosphorylation, which leads to the decline of cognitive functions such as learning and memory, and increases the risk of AD.

2.2. SD promotes Af deposition and tau protein hyperphosphorylation
Recent studies have revealed that Af levels in the interbrain fluid (ISF) exhibit an elevation during wakefulness, and a decline

during sleep, in both human and mouse subjects, and chronic SD significantly increases Ap formation [27]. Meanwhile, the accu-
mulation of Ap can also contribute to sleep loss and sleep fragmentation [28] and cause learning and memory impairment [29]; An
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animal experiment has demonstrated that 2-month SD mice exhibited changes in Ap precursor protein, increased levels of phos-
phorylated tau protein, more senile plaques in the cortex and hippocampus, and impaired learning and memory function, which
provided experimental evidence that SD is a known risk factor for AD [30]. Various studies have indicated that SD significantly en-
hances the activity of p-amyloid precursor protein (APP) cleaving enzyme 1 (BACE1, also known as p-secretase). This increase in
BACE1 activity promotes the aggregation of Ap and tau protein by modulating the metabolic processes associated with these proteins,
thus the progression of AD is accelerated [31]. Rats with chronic sleep restriction (CSR) for 21 days exhibited diminished learning and
memory abilities in the Morris water maze test, along with heightened accumulation of Ap42 in both the hippocampus and prefrontal
cortex. This outcome could potentially be attributed to an augmented production of Ap caused by upregulation of BACE1 pathway and
the impairment of Af clearance affecting Af transport in the brain [32]. Chronic SD in a mouse model of AD, known as the APP/P-
S1/tau triple transgenic AD model (3xTg-AD), resulted in multiple cognitive impairments such as recognition and working memory.
Meanwhile, this condition led to an elevated deposition of Ap and triggered the activation of microglia [33].

Measurement of brain Af burden in adults after one night of SD using PET and (18)F-florbetaben revealed that one night of SD
resulted in a significant increase in Ap burden in the right hippocampus and thalamus [34]. The evaluation of cerebrospinal fluid (CSF)
in patients with SD, along with the assessment of Pittsburgh Sleep Quality Index (PSQI), revealed a significant correlation between
levels of Ap40 and AB42 and PSQI score. SD can disrupt the metabolism of A in the brain, thus potentially increasing the risk of AD
[35]. Further, acute SD has been demonstrated to elevate tau levels in the ISF of mouse brains and CSF of humans. Chronic SD ac-
celerates the spread of tau aggregates within neural networks [36].

Human and animal experiments have fully demonstrated that regardless of the association of acute or chronic SD with cognitive
decline, SD will affect Ap and tau metabolic process, increasing Ap and tau protein aggregation, thereby increasing the risk of AD.

3. Ap deposition and tau protein hyperphosphorylation are the key pathological basis of AD

AD is a neurodegenerative disease with various characteristics. These include cognitive impairment, presence of extracellular
amyloid plaques, formation of intracellular neurofibrillary tangles, and loss of synapses and neurons [37]. Extensive evidence has
demonstrated that the accumulation of Ap in the brain plays a vital role in the pathogenesis of AD, and this accumulation may result
from an imbalance between the production and clearance of Ap [38]. The accumulation of AB is a concentration-dependent process
[27,37], which has toxic effects on synapses and neurons around it, and can destroy synapses and eventually cause nerve cell death.
The preclinical stage of AD is marked by several key features: the formation of amyloid plaques due to the aggregation of Af, phos-
phorylation of the tau protein, and subsequent aggregation of tau into neurofibrillary tangles. Currently, an increasing number of AD
studies have focused on the preclinical stage and conducted in-depth research on its risk factors and pathogenesis. Mounting evidence
supports a bidirectional relationship between SD and AD. Sleep changes are observed during the preclinical stages of AD and often
occur several years before the onset of cognitive decline. Long-term SD has been linked to an increased deposition of amyloid plaques,
which impacts the onset and progression of AD [39,40]. Meanwhile, the accumulation of Af, a key protein associated with AD, can
disrupt normal sleep-wake cycle [41], and they interact with each other. Therefore, the deposition of A and hyperphosphorylation of
tau proteins are the key pathological processes underlying the pathogenesis of AD. SD leads to Ap deposition and tau protein ag-
gregation, which are risk factors for the progression of AD. Meanwhile, aggregation of Af and tau proteins can disrupt the sleep-wake
cycle. The interaction between SD and AD results in a vicious cycle. Therefore, intervention and treatment of SD are crucial to
effectively prevent and treat AD.

4. Mechanism of Af deposition and tau protein hyperphosphorylation caused by SD

SD is known to increase the risk of various neurological disorders, including AD, Parkinson’s disease, and stroke. Identifying and
appropriately treating sleep problems may reduce their risk [42]. SD is well documented to promote Af and tau aggregation, Af and
tau are key pathogenic step in the progression of AD. To analyze why SD promotes Ap deposition and tau aggregation, why SD leads to
a decline in cognitive functions such as learning and memory, and the underlying mechanisms, current research focuses on the
activation of glial cells, Ap and tau clearance by the glial lymphatic system, circadian rhythms, orexin, synaptic plasticity, inflam-
mation, and neurotrophic factors, and gut microbiota.

4.1. SD induces glial cell activation

Glial cells, including astrocytes, microglia, and oligodendrocytes play important roles in phagocytosis, support, and nutrition.
Microglia primarily function in immune surveillance and become activated when affected by the pathological factors of AD [43]. In the
initial phases of AD, microglia can phagocytose Ap. However, with long-term exposure to AD and certain risk factors, its phagocytosis
is weakened, and Ap is overdeposited, which further stimulates glial cells activation, leading to a cascade of inflammatory immune
responses [44-46]. Astrocytes are pivotal in clearing Ap and tau, the activation of astrocytes can also cause the production of various
inflammatory factors, and start the downstream harmful cascade reaction to aggravate the damage of nerve cells [47]. Glial cells have
long been associated with AD progression, and recent studies have indicated their involvement in regulating sleep homeostasis.
However, the precise mechanisms by which glial cells influence the balance between sleep and wakefulness and how SD can initiate or
exacerbate AD have become significant areas of research [48].

Studies have indicated that astrocytes and microglia play critical regulatory roles in both SD and AD. After acute and chronic SD,
the phagocytic activity of astrocytes increased compared to that during normal sleep and wakefulness. In addition, microglia are
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activated and phagocytic activity increases [48-50]. One study has reported that REM-SD and total SD were associated with worse
memory abilities, greater microglial activation, and more severe Ap accumulation [26]. Specific knockdown of Grin2a in hippocampal
astrocytes exacerbated cognitive decline, increased Ap levels, and attenuated SD increased autophagic flux, suggesting a novel neu-
roprotective role of astrocyte GluN2A in SD [51]. Activation of astrocytes and microglia involves apolipoprotein E-induced Ap
clearance in astrocytes, enhanced Af deposition in microglia in a TREM2-dependent manner [50,52], and astrocytes and microglia
activation can trigger an inflammatory response that promotes Ap deposition. Activation of microglial cells triggers activation of the
P2X7 receptor (P2X7R), resulting in the downregulation of TREM2. P2X7R activation leads to an increase in calcium influx and the
release of inflammatory cytokines, whereas decreased TREM2 levels impair microglial phagocytosis of Ap, thereby increasing the
accumulation of A in the brain parenchyma. Additionally, microglial activation is associated with the activation of NF-kB and NLRP3
inflammasomes, which in turn activate caspase-1 and stimulate the secretion of proinflammatory cytokines such as interleukin (IL)-1f
and IL-18 [53], thereby triggering a series of downstream cascades. Astrocytes are also involved in the transcellular transport of Af and
play a key role in the clearance of Af by regulating cellular degradation and Ap enzyme degradation through low-density lipoprotein
receptor-associated proteins [48]. Therefore, linking glial cells with SD and AD has great clinical significance in gaining insight into the
intricate relationship between AD and SD, ultimately facilitating the development of effective prevention and treatment strategies for
AD [54].

4.2. SD reduces brain clearance mechanisms through the glial lymphatic system

The glymphatic system is a rapid exchange flow system between CSF and interstitial fluids. This exchange is mediated by
aquaporin-4 (AQP4), which is located on astrocyte endfeet. It cleans brain tissue fluid of metabolites such as lactate and abnormal
proteins such as Af. These substances exit the brain via the perivenous space adjacent to the cranial and spinal nerves. Lymphatic
vessels in the meninges and the surrounding soft tissues of the skull play vital roles in transporting abnormal proteins and metabolites
from the central nervous system, effectively clearing harmful substances from the brain [55]. The concentrations of Ap and tau in brain
parenchyma and CSF follow circadian patterns, being highest during wakefulness and lowest during sleep. SD has been associated with
an increased burden of Af, a protein implicated in AD. This change in the protein concentration suggests that the glymphatic system,
which plays a role in waste clearance from the brain, may be activated during sleep [56]. Af clearance through the glymphatic system
holds the potential to lower the risk of AD or enhance cognitive function among individuals with AD [57,58]. Recently, the glymphatic
system has been reported to be the most active during SWS and plays a vital role in the clearance of Af. SD leads to glymphatic system
dysfunction and is closely related to AD [39,59-61]. Animal studies have demonstrated that during sleep, the glymphatic system
demonstrates a remarkable boost in efficiency, clearing harmful metabolites at a rate twice as fast as that during wakefulness.
Similarly, circadian fluctuations of Ap have been observed in human studies. After SD, Af accumulates in the brain and the clearance
rate is reduced, indicating that the glymphatic system is primarily active during sleep [55,62,63]. The discovery of the glymphatic
system provides a new perspective for the study of the pathological mechanisms and treatment of brain diseases. Currently, the
mechanism by which sleep-mediated glymphatic system regulates A and tau clearance remains unclear. Although it is closely related
to AQP4 in astrocytic endfeet, advancing our understanding of AD and effectively developing prevention and treatment strategies are
necessary to explore its specific molecular mechanisms. This exploration will identify precise targets to combat this disease.

4.3. Involvement of orexin in the pathological process of AD

Orexin, a neuropeptide with multifunctional roles, is secreted by lateral hypothalamic neurons. The regulatory role of orexin spans
various physiological processes, such as sleep-wake cycles, eating behavior, reward systems, anxiety modulation, cognition, and even
neuroprotection. It is divided into two subtypes: orexin A and orexin B, also known as hypocretinl (Hcrtl) and hypocretin2 (Hert2),
respectively. Orexin neurons project excitatory signals to the entire nervous system, except for the cerebellum [64-67]. The bidi-
rectional neuronal projections between the monoaminergic neurons are as follows: norepinephrine in locus coeruleus, 5-HT in the
raphe nucleus, dopamine in the substantia nigra, acetylcholine in the basal forebrain, and y-aminobutyric acid neurons in the sleep
center of the human body to regulate the state of sleep-wake cycle [68-73]. The impact of orexin on Ap clearance is attributed to its
regulation of sleep-wake cycles, as well as its inhibition of autophagic flow. In vitro studies have demonstrated that it disrupts
autophagosome-lysosome fusion, leading to impaired degradation of Ap specifically in BV2 cells [74]. Upregulation of orexin and its
receptor in the CSF and disruption of the blood-brain barrier (BBB) can also contribute to the acceleration of AD [75]. Dysregulation of
the orexin system may affect patients with both SD and AD. Consequently, targeting the orexin system through interventions could
serve as a valuable treatment strategy for AD.

4.4. Involvement of circadian rhythm disruption in the pathogenesis of AD

Emerging studies have demonstrated the prevalence of circadian rhythm disorders in patients with AD. In mice, chronic SD disrupts
the expression of genes associated with circadian rhythm regulation. This disruption specifically affects genes such as Bmall, Clock,
and Cryl, which play crucial roles in maintaining the normal function of circadian rhythms within the nuclei responsible for their
regulation. In addition, chronic SD negatively affects learning and memory, and these alterations are more pronounced in mice with
AD, further exacerbating disease progression [76]. The neurotrophin receptor p75 (p75NTR) has been identified as a circadian
regulator that plays a role in mediating cognitive impairment associated with SD, and its soluble extracellular domain p75NTR
(p75ECD) exhibits a neuroprotective effect in AD. When mice with SD were administered a high dose of p75Ecd-Fc (10 mg/kg)
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peripherally, the Ap and p75ECD levels in the hippocampus normalized. This intervention successfully addressed the cognitive deficits
observed in SD mice [77]. Potential interaction between SD and disruption of circadian rhythm can impede the clearance of Af and tau
proteins through the glial-vascular-lymphatic system. This impaired clearance mechanism can lead to an accumulation of Ap and tau,
contributing to the development of AD. Furthermore, SD and circadian rhythm disruption can lead to increased oxidative stress in the
brain and decreased melatonin levels in the bloodstream. Collectively, these factors contribute to the increased risk of AD progression
[78]. Circadian dysfunction is widely recognized as a significant contributor to the pathology of AD, characterized by the accumulation
of Ap plaques and tau tangles. Recent studies have revealed that the phosphorylation of tau, a key protein associated with AD, follows a
circadian rhythm influenced by body temperature and sleep. Recognizing early symptoms of AD, such as alterations in sleep patterns
and disrupted circadian rhythms, may enable intervention in the early stages to prevent the formation of Ap plaques, neurofibrillary
tangles, and neuronal degeneration. Intervention at this stage may mitigate AD progression. Therefore, circadian rhythms may be an
effective target to counter Ap pathology [37,79,80].

SD has various negative impacts on the brain, such as disrupting the circadian rhythm, hindering the efficient removal of Ap and tau
proteins, and potentially increasing the exocytosis of Ap and tau. The interplay of these factors can exacerbate the load of Ap and tau
proteins in the ISF, leading to their aggregation and subsequent pathological changes. SD can alter the REDOX chemical state of
neurons and glial cells, triggering oxidative stress and inflammatory responses. These processes additionally facilitate the aggregation
of pathological substances linked to AD, including Af} and tau [78]. Further research on the correlation between circadian rhythms and
AD is crucial for the early diagnosis, prevention, and management of AD.

4.5. Relationship between SD, synaptic plasticity, and AD

Studies have demonstrated that the expression levels of presynaptic marker proteins and postsynaptic density proteins significantly
decrease after long-term SD, suggesting that SD may affect memory consolidation by interfering with long-term potentiation (LTP),
resulting in a reduced density of hippocampal dendritic spines. Meanwhile, SD leads to alterations in dendritic length and branching of
pyramidal neurons in the prefrontal cortex (PFC). In AD mice, the PFC undergoes early changes at the electrophysiological, molecular,
and morphological levels, which are initiated by a decrease in two important factors, cAMP response element-binding protein and
brain-derived neurotrophic factor (BDNF) [81], which promote the occurrence and progression of AD. Animal experiments have
demonstrated that SD can significantly inhibit hippocampal LTP in APP/PS1 mice, reduce the expression of post-synaptic density
protein 95 in the hippocampus, increase the level of glial fibrillary acidic protein, and increase Ap deposition and microglia over-
activation, thereby impairing the synaptic plasticity, worsening cognitive dysfunction, and contributing to the onset and progression of
AD [82,83]. Therefore, correcting SD and improving the synaptic plasticity damage caused by SD may prevent the onset of AD or delay
its progression.

4.6. SD, inflammation, and AD

SD can continuously activate an inflammatory response, which plays a key role in the pathogenesis of metabolic and neurode-
generative diseases associated with SD [84,85]. A previous study has indicated that SD significantly increases the expression of
interleukin-1p (IL-1p), tumor necrosis factor-a (TNF-a), inducible nitric oxide synthase, and nitric oxide (NO) in the brain. Addi-
tionally, the levels of inflammatory factors are positively correlated with the deposition of Ap42. Furthermore, IL-1f, TNF-a, and NO
plasma levels increase after CSR. Thus, both brain and plasma inflammatory responses may be involved in SD-induced Af accumu-
lation [38], .and SD may participate in the pathogenesis and progression of AD by mediating inflammatory responses. Further research
has revealed that SD increases the levels of LPS and activates the TLR4/NF-kB signaling pathway, leading to the activation of
downstream mediators such as NF-kB. This activation increases the production of proinflammatory cytokines such as TNF-q, IL-1, and
IL-6. In addition, SD can cause dysbiosis of the gut microbiota. Dysbiosis of the gut microbiota can promote peripheral and central
inflammatory processes as well as cognitive deficits caused by SD [86,87]. One study has reported that 72 h of SD disrupts the circadian
rhythm of the colon, accompanied with gut microbiota dysbiosis, inflammation induction, and impaired intestinal barrier integrity.
Inflammatory signals activate the expression of microglia and chemokines, aggravating inflammation and psychiatric disorders [88].
In conclusion, SD can induce inflammatory reactions and participate in the pathogenesis and progression of AD, and inhibiting in-
flammatory reactions may provide potential intervention measures for delaying the pathogenesis and progression of AD caused by SD.

4.7. Correlation of SD, gut microbiota, and AD

In recent years, the role of the gut microbiota in neurodegenerative diseases has attracted increased interest. Research has indicated
a bidirectional relationship between inflammation, sleep, and the gut microbiota. SD can increase inflammatory responses, and
inflammation, in certain circumstances, can be mediated by the gut microbiota [87]. The gut microbiota can participate in peripheral
and central inflammatory processes as well as cognitive deficits induced by SD through the brain-gut-microbiota axis, thereby pro-
moting the onset and progression of AD. The reshaped gut microbiota due to SD serves as a driving factor for neuroinflammation and
adverse consequences associated with SD [86,89]. A study explored whether SD alters the gut microbiota and whether these changes
are associated with increased inflammation and cognitive impairment resulting from SD. The findings revealed that SD can affect the
gut microbiota, cognitive impairment, and activation of the TLR4/NF-kB signaling pathway. These results highlight the potential
pathogenic role of the gut microbiota in the inflammation and cognitive impairment induced by SD [86]. SD can lead to changes in the
gut microbiota, disrupting the balance between Firmicutes and Bacteroidetes [90], compromising the intestinal barrier and further
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affecting central immunity by increasing BBB permeability. This activation triggers signaling pathways in microglia and astrocytes,
promoting inflammatory and oxidative stress responses, resulting in the production and accumulation of Ap [86]. The gut microbiota
also affects neurotrophic factors such as N-methyl-p-aspartate receptors and BDNF, which ultimately contribute to the pathogenesis
and progression of AD [90]. Moreover, dysbiosis of the gut microbiota causes excessive secretion of amyloid and lipopolysaccharide by
gut bacteria, resulting in increased permeability of both the gut and BBB, affecting signaling pathways related to the pathogenesis of
AD and promoting neuroinflammation, thereby mediating the onset and progression of AD [91,92]. Recent studies have demonstrated
the molecular mimiculation ability of bacterial amyloid, leading to Ap misfolding and aggregation. This process spreads through the
gut-brain axis [93] and triggers the activation of microglia, which play a significant role in the pathogenesis and progression of AD.
Further research has suggested that SD may disrupt the gut microbiota and increase intestinal permeability through dysfunction of the
circadian clock genes. This disruption can exacerbate inflammation and neuroimmune reactions in the brain. Thus, adequate sleep and
a healthy gut microbiota may play protective roles in disease by restoring the intestinal epithelial barrier function and reducing
inflammation [88]. In conclusion, SD leads to changes in the gut microbiota and participates in the pathogenesis and progression of AD
through neuroendocrine and neuroimmunity, providing potential targets and ideas for the prevention and treatment of AD.

5. Conclusion

Previous studies have revealed that SD and disturbances in the circadian rhythm manifest in individuals with AD prior to the onset
and diagnosis of the condition [94,95], and that changes in sleep patterns and abnormal circadian rhythms may be the initial
symptoms of AD. The identification of these initial symptoms may provide biomarkers for the intervention and prevention of AD and
contribute to the initial diagnosis of AD [96]. A growing body of research has suggested the association of SD with Ap deposition and
tau protein hyperphosphorylation. These abnormalities serve as the underlying pathology and are crucial contributors to AD pro-
gression. Hence, SD serves as a significant risk factor for both the onset and progression of AD, and its mechanism is related to glial cell
activation, glymphatic system clearance, the orexin system, circadian disruption, synaptic plasticity, inflammation, and the gut
microbiota (Figs. 1 and 2). SD is linked to the initiation of AD and can potentially influence its symptoms and progression. This as-
sociation deserves more attention in research, and a thorough understanding can play a pivotal role in the prevention of AD by
implementing comprehensive screening measures and adopting suitable management approaches [97]. Although AD remains
incurable, ongoing research efforts have elucidated its pathology and underlying risk factors, providing opportunities to leverage these

‘e
®

glvphatic svstem clearance

synaptic plasticity

Orexin

Astrocytas

Gut microbiota glial cell activation

circadian rhythm

Fig. 1. Possible machanism of the Onset and Progression of Alzheimer’s disease induced by sleep deprivation. SD serves as a significant risk factor in
both the onset and progression of AD, its mechanism is related with glial cell activation, glymphatic system clearance, orexin system, circadian
disruption, synaptic plasticity and gut microbiota.
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Fig. 2. Molecular mechanism of the Onset and Progression of Alzheimer’s disease induced by sleep deprivation.

factors to effectively prevent disease onset and progression [8]. However, certain studies have failed to identify any evidence sup-
porting the notion that chronic exposure to work-related SD cause cognitive decline or early symptoms of dementia [98], CSF con-
centrations of AD-related biomarkers such as AB40, Ap42, tau, and neurofilament light chains also did not change in healthy adults
who received SD for 5 consecutive days [60,99]. Therefore, the exact association between SD and AD remains unknown. However, the
role and mechanisms of action of SD in AD remain unclear. In future research, prioritizing the investigation of the intricate connections
between SD and AD will be important. This involves exploring the specific relationship between SD and AD as well elucidating the role
that SD plays and the underlying mechanisms affecting the development of AD. These studies will play a crucial role in not only
establishing a clearer understanding of the relationship between SD and AD but also in identifying more effective therapeutic strategies

for preventing and treating AD.
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