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Fig. 1 The pathological mechanism by which sleep deprivation influences Alzheimer’s disease
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R BB AFFE A R AL 1 (8 55 80 S AR AL RRAE . I,
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Table 1 Sleep deprivation—driven pathophysiological mechanisms and experimental evidence in Alzheimer’s disease
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WAL R, I ZENLE] B
ABFEHUIY e SAEH
AP, tau 5323 IN k204 JEMES RN SDECSF AB. tautfil  FEAE/N; £ [14]
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Abstract Sleep deprivation (SD) has emerged as a significant modifiable risk factor for Alzheimer’s disease
(AD), with mounting evidence demonstrating its multifaceted role in accelerating AD pathogenesis through
diverse molecular, cellular, and systemic mechanisms. SD is refined within the broader spectrum of sleep-wake
and circadian disruption, emphasizing that both acute total sleep loss and chronic sleep restriction destabilize the
homeostatic and circadian processes governing glymphatic clearance of neurotoxic proteins. During normal sleep,
concentrations of interstitial Ap and tau fall as cerebrospinal fluid oscillations flush extracellular waste; SD
abolishes this rhythm, causing overnight rises in soluble Ap and tau species in rodent hippocampus and human
CSF. Orexinergic neurons sustain arousal, and become hyperactive under SD, further delaying sleep onset and
amplifying AP production. At the molecular level, SD disrupts AP homeostasis through multiple converging
pathways, including enhanced production via beta-site APP cleaving enzyme 1 (BACE!1) upregulation, coupled
with impaired clearance mechanisms involving the glymphatic system dysfunction and reduced Ap -degrading
enzymes (neprilysin and insulin-degrading enzyme). Cellular and histological analyses revealed that these
proteinopathies are significantly exacerbated by SD-induced neuroinflammatory cascades characterized by
microglial overactivation, astrocyte reactivity, and sustained elevation of pro-inflammatory cytokines (IL-1f3, TNF-a,
IL-6) through NF-«B signaling and NLRP3 inflammasome activation, creating a self-perpetuating cycle of
neurotoxicity. The synaptic and neuronal consequences of chronic SD are particularly profound and potentially
irreversible, featuring reduced expression of critical synaptic markers (PSD95, synaptophysin), impaired long-
term potentiation (LTP), dendritic spine loss, and diminished neurotrophic support, especially brain-derived
neurotrophic factor (BDNF) depletion, which collectively contribute to progressive cognitive decline and memory
deficits. Mechanistic investigations identify three core pathways through which SD exerts its neurodegenerative
effects: circadian rhythm disruption vie BMALI1 suppression, orexin system hyperactivity leading to sustained
wakefulness and metabolic stress, and oxidative stress accumulation through mitochondrial dysfunction and
reactive oxygen species overproduction. The review critically evaluates promising therapeutic interventions
including pharmacological approaches (melatonin, dual orexin receptor antagonists), metabolic strategies
(ketogenic diets, and Mediterranean diets rich in omega-3 fatty acids), lifestyle modifications (targeted exercise
regimens, cognitive behavioral therapy for insomnia), and emerging technologies (non-invasive
photobiomodulation, transcranial magnetic stimulation). Current research limitations include insufficient
understanding of dose-response relationships between SD duration/intensity and AD pathology progression, lack
of long-term longitudinal clinical data in genetically vulnerable populations (particularly APOE &4 carriers and
those with familial AD mutations), the absence of standardized SD protocols across experimental models that
accurately mimic human chronic sleep restriction patterns, and limited investigation of sex differences in SD-
induced AD risk. The accumulated evidence underscores the importance of addressing sleep disturbances as part
of multimodal AD prevention strategies and highlights the urgent need for clinical trials evaluating sleep-focused
interventions in at-risk populations. The review proposes future directions focused on translating mechanistic
insights into precision medicine approaches, emphasizing the need for biomarkers to identify SD-vulnerable
individuals, chronotherapeutic strategies aligned with circadian biology, and multi-omics integration across sleep,
proteostasis and immune profiles may delineate precision-medicine strategies for at-risk populations. By
systematically examining these critical connections, this analysis positions sleep quality optimization as a viable
strategy for AD prevention and early intervention while providing a comprehensive roadmap for future

mechanistic and interventional research in this rapidly evolving field.

Key words sleep deprivation, Alzheimer’s disease, amyloid B-protein, tau protein, neuroinflammation, synaptic
plasticity
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