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AL, BRI, HNAB. tausK - 2. BE T
HLEL, B ETC I & H W AZ R R 2 IR e
A, T T HE AR e . iR i . XN
BITFAEEENIE TR r B AR R, SRR e ik
IR - o S 0, — A Y AR R RV AR 1Y T T

W,
2 SDS5ADRIHEHXMAZR

AD R AERECH I ph 2B AT 2 —, H
SRR B Z W AR R 2L B T, thE 65 % DL A
FERREH R 3.21% 1 21, AD 349 & Al K3k 30
AF DN TGIE IR A0 M P s BERR 2R 20 DA 0 T i 4 1
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Fig. 1 The pathological mechanism by which sleep deprivation influences Alzheimer ’ s disease
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AD W2 Ui BEFFAE AL 45 AB LA A tau 25 1 7
WWEIRIL . AP APP £ B 43 il fi (beta-site APP
cleaving enzyme 1, BACE1) 1y 7 ibEed)E] =4,
HR W R A AN EAESE 5 M tau & RN
MAERGEER N, RIS I B 2 I 2T 4E g 25
(neurofibrillary tangles, NFTs), SE(#ZcI)HE
ek

JE AT AT KIH O SD 5 AD 1Y
BRI RN ™, (HEEEUEE R, SD
i3 ZALHI P EE ] 2 2 e AD e BRiERE . BhY)
SEUG AN, 18 YE SD 23 W B AN BRI Y AB 1Y

e, I tau 2 1 7E A2 % R B RIGE
[FE, AD & T I AR Al tau RFLE, &5 H
PRIERR Bk . REM B AR i/ 25 ) BT,k — 25T
FAEACEEAT, B RCEEER . R, R
ISF "1 4 AR 7K 75 58 BRI TH iy, 76 Bl R ) R
P2 SD I AR B AL B [, ABRYFLER
2 FEBEIRA LRI SD, JEA] BE S22 > Figiz
GNATIBE TR, S SCse B, 121 SD IR/
UL ABE 284k . IR AL tau B /K F- T FIA
HIYJREZ A, SRR D ARG 2 P (H15
RN, B2 HE T TR o 12 1 SD 2 4 A Al
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N, ATRETRZ% T SD 7R B X AD i BRI 52 , Aok
TFF 53 e B e R 42 o A e Bl R T R Y B T
PEMRL IR 9E 2B, 20 44 fdt Bl il A\ &5 — 3%
W SD 5, Ao/ T Fe ik AR g i 5% 27,
SR, ZWFSEREAC R /N, H PET KN 2 A4 AB 71 fof
R (5%) G IR R SRS K AD AU i
BRYVIOCIATy Ry RIS . KIMRE IS ge Ik, ARYE
E A FOK N T BF5E, AR & APP AR Y IE 7
Y1, TEMZIT A S A B A v K A Y
AD 315 APP/PS1/NEZEREM SD J, AB LR
NS [| Y 1 S S R aR VA 1= B N St | 117 1 S
HW, 841N LIT36 hSD I, AR#ERR ML tau
T 30%~50%, 7% B 4 28 J0 36 sh 38 i 32F tau B
i ARZBF R REAR BN (n=8), HAUKZI T HE
IR AL tau 7E CSF iy iy, ARPFAEBERR 1K tau 22 1L
o OCHE Y L tau (INSERRAR) KOV, MELAE
FE K H] AD MG tau s FRAERE o 3 BE BEIR 1L 1)
tau £ (A SFEMZ T AN AR, JERINFTs ', il
HRXFINFIZESEEE, 1 SDAEHE AR TR Al tau FLZ,
FECEE S GV TIRE T, IR AD (1)
AU 2

AN, SD 1 5E BACEL i35 PE, BACEL
TP A A 1 S AR R tau B LA DGO AR I 1
AR T Se R IRy R AL, AN T AD Y it
JE e sk, HYEEALEI ] fE S i [ BACEL
P IN AR A, IR KN SN AR iz, %
M) AR Y PRITFEA 2. 2Pk SD &84 m/N U ISF AL
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tau RAEY P HC . Fik, Tt 2tsg M SD
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AD YRS
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BEHLIRE T T RE . X RN BT AE AD i)
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B 7 25 M ZE AR /NS I AN A WA, i e
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B AH DG S i 5 A 1o, /NS T 4 L sV E
AIRE S

I A M2 ik N e 2 . DIRe i 52 2% 1)
IR AR, e AEMRA s T A A R TR
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G A AR B A —Af DI AN Sy A
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T, BEAR T AR R T2 S BRI SN 4R S A
[ FRRRALEREREIE K . ik, K
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P28 SEAE &= AD LA S P 23R A T PR 1Y)
FEMEHIE, P FEA TR L . SN SR RE N
ZEEE . — LB N {55l B 5 T DA SRk rh 48
SEA BRI, A ik SE R = ARl BE 3 AD B3
F P TCI REREAR B AE T >, SD ATHFLRIIG SR AE
FUR, 7E SD AH I AR B ph 28R A T 1)
S LT TR OCHEE ] o 520 AN S50 2 ) R IR 1)
A F AR (interleukin, IL) -la. IL-6
FEMERHF, MIEIRSEH T B (tumor necrosis
factor B, TNF-B) . IL-4 SEHT 4 PR 1 W3 40 i %
FEFEM (MIP-1B) 507,

WEAEMTSR 2, SD Al S & 38 i ;9 IL-1B . ik
W YRFE R T o (tumor necrosis factor o, TNF-a) .
e AL A A — A A (NO) MR
s g — oY & B, SD X Jig 2 b
(lipopolysaccharide, LPS) 7K, #AE LiiFbr&d)
TS, ALFE IS RAE TLR4/NF-xB {5 5l i, &
FUNF-xB 45 B W0 o 0, XM s g in 1 4
R B 40 TNF-a, IL-1B F1 IL-6 [ 7= A= Fil
mRNA %3k % FElR RIS, B2 52 g6 P e
MR LS ] St 25 SR AE o 3 in . B &
W, 400124 h Z2ANE SD W MA S R A AEFN N3
Uineny e Bk B AR ENE, AR
1 SD 75 T R AE AR L AEE A —30, XTI RE
55 SDHFZEIa] | s EE | 3210 HLRAS KA Ty
R 2E A G, FRIPRZE R AE B 78 SD-AD JCHK
HR] R AR ZEAN R Ak 10 (B 5 B S AR AR R AR . (R
SD 51 AR B R AT HEPS B ALK A WL, 2
55 AD B R FIE R 5 T A 28 S AE Y TG 4 SD A
AD B F ALK, 381 ] SD ] I % fi 28 98 5E A 17
it AD.
3.4 SDRE{Rzfh AT 24

S fipti AT SR VSRR PR 28 T FE e [V, 45 Fh R 28 T
SRIE N MR, 5 e B R B HL A O
TEA ML AE b, 3 i RIS SR ALY (long-
term potentiation, LTP) [& & Al 4 301 #1 i %% i
(long-term depression, LTD) 35 3505 fish n] #8k
KRR AD ICIZBRIG Y SE R, HEHRIE, 7EAD ',
19 B I VR HE 1) A 368 3t 1 ] LTP I 3 LTD ket 3
SEMATIAYE, TEMRRR AT, AREE IRV E R T
AR FERIRMEHELTP ) WFFR I, 2l P i
2 A S R ) B, IR Y 5 ok T 9
P, K SD 5 28 il A A 12 A R 5 Ml 5 % 2R 1

(IR K- 3 B, BT LA SD W] B i T4 LTP
SEMAICAC I, 0] B o A0 1 AR A
R GERAEFERE B, DTS20 1 (91 5 D ag .
PSR, 18V SD i i s AD i BEAY AT |
RRE ARG 5 2 fih i 2 B 25 1 95 (postsynaptic density
protein 95, PSD95) (145 FIfN T 5 LTP #14 ,
I T APP/PST /I R IARIBR G = [, P4k
SD i T 4 PSD95 K- B4 AB BRI /)y
JIS2 5 400 L R 8 5 B A /DN BRI E BE AN 5 fh T 28
P SIS R, R B BRSNS A 2 U Ve
LA B 2 b AR 2T R IA RN ZE i 4l A

SLEUESE R W], SD Rl gt — 2 IRl AD 3
I R I FE AT T T o (BRI
Hr, SD XS AT ¥MER R0 (AN LTP/LTD) 215
A, DLRGX R MEAE AD RS IREE , A
WFFEXS AR 2 o oo g (58 B
B, KINSBHCEZ M AB, B THEAR AT LAREARTE
"D T I AR ) 8 b 5 S Y S A B2, BT LA SD ]
A PR A T . AR B IR 1] 5 1 R ]
AEFECAB S IATE ML BERAIE L. L, k%
SD 71 i A4 5 fith T Y8 PE A5 005 T RE 22 il AD 41 225
HSRE, RS ROREIR AT LSS S AR A DG HY A A RE
JITRFERTABIRREE . NI/ AD (9 KA
3.5 SDENIMEEFREFKE

2B FE R F (neurotrophins, NTs) Jg&f#1£8
JUE RS AT b I EE 1, ] SRPE 4
W2 R EE & LUR S5 Sl Ho HEmid e, ek aHh
PRI RIS AF T 2L 30 1) IR+ # NS R JA] Lo 28 2R 5
(peripheral nervous system, PNS) Hi #4532 3%
ik, JFHAMEIEMATCMURES | 2 S
IHREANIE 5 S ful T AVESFIhRE . TEmiFLahyh, 1Y
R AL E IR N T RE R AT (nerve
growth factor, NGF) . BDNF, #l £ % % [H ¥ 3
(neurotrophin 3, NT3) FIfLEFEHF4/5 (NT4/
5) o iR B B A0 M AR AT A B p 2 B IR I T
(glial cell line-derived neurotraphic factor, GDNF)
HAT 5T 4 AR BS54, (HEAT 5 NTs H B )
AE. WFERM, 78 AD SR B hH ISR 2
BTN TR AEsET:, fesEph g Ty sa AR
A RARGAPEI, SRR 2B TR 1 M HAZ AR
SR 2 SEPZIBTTIEI AL, T ] 5 X L
AR5 3E B AT i AD A2 i T R AR
FIZNREMRIZL '

i W ME M2 E R T

(brain derived
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neurotrophic factor, BDNF) J& CNS H' i F &
NTs, Hifid i s iaooE 2405 50 I E
o), A A 28 SR D 0 R A AR
BDNF H #1285 T Sl e (4 20 80 FN 2 T e Jo 40 g 7=
S E R A2 u i, Hapg B 370
R A& R AE BRI REA OC, R R 28 fil v] 38
PE SIS RIBERR 7 1 7, 2R, SD&
WD NTs (=42, I BONAIFER, il & AD
K I IRBFSE R B, 8144 %2R 44t 24 h SD
J&, Zi%# A BDNF, GDNF. NT3 mRNA #ik[#
i, NT4 mRNA JCHIRAEfk; 1l iE BDNF £ 1k
JE TG A8 1k, GDNF 2 FUANAE TG I g # HREAIR
NT3, NT4 & AR ER i ™, R0 2ok 2
NFG SRR FE 0 NTs (7= o X B8 F 7 i 10 245
R (mRNA FREEHREANBSIG M) KT
NTs P8 #8098 Zu bk, % WF5% SD R4 i ] 4k o mT
REAN LA R (™ AR B Rl HLHERR T AR

FINT JE 2, AT R T 4 10 9 20 A o 38 2 X
C57BL/6 /N FR 47 SD BRI M4 £, & 3 SD I M
miR-155-5p, | BDNF %3k, #i% NF-xB {55 il
B, BERCRAER T, ISR, FEOA
1y g B A, {H JF R B 18 miR-155-5p 3@ i
BDNF 5% Ml SD /N BN Dy fig i ELARAL S . ek,
i 1 XF APP/PS1 /N 4T 3 Jili2 8 T 15, BDNF/
sAPPo Pp[R] 1, AB TR, IANHIDIRERS 2 3ok
A, BRI S APP il i 42 0 EHEESE 7 X
SORIFSE IS T SD 5 NTs 1y eItk [H Xt HAAR Sy
TR Z IR ARIPLHIRTT, X AR T 2
R IE . I, K SD. NTs 5 AD B &R ok,
XHRGT AD ZJbliil A HEE L, RIS T SD
SN AD %0 oA B S SE IR, S5 B
BEAY Bl RAFSY A 25 RUBE IR, Ay [ BRI 41 422 1)
AD BRI S SR AE T HLHRIAELL 5 S5 K3

F1BEARRIZFA0MT/RORIE AR IE R E LS 5 SLIIER

Table 1 Sleep deprivation—driven pathophysiological mechanisms and experimental evidence in Alzheimer’ s disease
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) AT 4= K tau
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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. Firstly, 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
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delaying sleep onset and amplifying AP production. At the molecular level, SD disrupts A homeostasis through
multiple converging pathways, including enhanced production via f3-secretase (BACE1) 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-1f, 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 [ -protein, tau protein, neuroinflammation, synaptic
plasticity
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