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The pathological association between mitochondrial dysfunction and sleep disorders CA/ Jiagi, LAN Xinying,
WANG Bingjie. ( Department of Urology, The 983 Hospital of PLA Joint Logistic Support Force , Tianjin 300143, China)
Abstract:

disorders in recent years, this article discusses the central role and pathological mechanisms of mitochondrial dysfunction

Through a systematic review of the articles on the association between mitochondrial function and sleep

in the pathogenesis and development of various sleep disorders. Mitochondrial dysfunction participates in the pathological
processes of sleep disorders through various mechanisms: intermittent hypoxia in obstructive sleep apnea leads to exces-
sive production of reactive oxygen species (ROS) , oxidative stress, and mitochondrial damage, thereby affecting energy
metabolism and neurological function; abnormalities in dopamine synthesis and iron metabolism in restless legs syndrome/
periodic limb movement disorder are closely associated with insufficient mitochondrial ATP production; sleep disturbances
associated with neurodegenerative diseases (e.g., Alzheimer disease) often involve significant mitochondrial functional de-
fects and form a vicious cycle with circadian rhythm disruption; the core mechanisms of persistent fatigue and sleep distur-
bances in chronic fatigue syndrome involve inadequate mitochondrial ATP generation, the increase in oxidative stress, and
imbalance in neurotransmitters ; mitochondria help maintain the stability of circadian rhythm through energy supply, ROS
regulation, and metabolic pathways, and mitochondrial dysfunction can disrupt the biological clock; sleep deprivation it-
self can impair mitochondrial function, leading to abnormal energy metabolism, oxidative stress, DNA damage, and neuro-
inflammation ; neuroinflammation and mitochondrial dysfunction form a bidirectional vicious cycle in neurodegenerative
sleep disorders. Mitochondrial dysfunction involves the key pathological links such as impaired energy metabolism, oxida-
tive stress,, neuroinflammation, and circadian rhythm dysregulation in the development and progression of various sleep dis-
orders. Targeted protection of mitochondrial function and alleviation of oxidative stress and neuroinflammation are expected
to become new strategies for improving various sleep disorders and delaying disease progression.

Sleep disorders;  Oxidative stress;  Energy metabolism disorder; Neu-
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roinflammation; Antioxidant intervention
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ATy RE I 2 LR AR JLG 4 i R, T X — 2o
JE UM A R = B PR I 1 (adenosine triphosphate,
ATP) B E B R4S . IR P 2R AR T RE IR A ) A2
AW VI R B L) 2 AR RN A, SR AT RESR N R
— W E X REE I Z R AR, U S R
B B LA R AEREAH . IR BEBR Y Iz I R 3R
LR 5 URH 5G9 J5E 4 T R A4 L (prii-
mary mitochondrial myopathy, PMM) , #f — 25 {EB] T
LR A B M B 5 R PRI A ] B R 2 i e 2L

UEAER , SOk A D) RE A5 22 Fhops BLPEIR S 2
) ) SCHK H 45 52 3 56 T, 0 H 2 70 B AR B 1 A T 5
b, BRI A BRI PR A A 28 O B A A A
FH B N R A AN ) N1 H AR 3 I AT e
BN 2R . TR 5T 2RI T AR S TE
I I AF S P VR FIAL AR © Rk 25 i 52 A FA
I

1 ZHEDERTERXERERSNFE
KEX

1.1 PHZEMEMEIR I B A= 235k B ZE PR e
A P I 5 455 2% 5 i (obstructive sleep apnea, OSA) J&
T UL P B B AH SC I i, 32 2R B B GE
SFHZE , O (5 AREMAEFI G . OSA 3%
SR E N RA-FEE SR, X —d e T
15 P4 (reactive oxygen species, ROS) B R A2 A, 51
KA RN, T LR IR T RS Lok
035 i 2 L A e A DT RE T B AR,
I T AR ZE S AR O LB S b 28 R e A PR
Y XU

TE OSA Y BEHL] o, 1] B IR AU A 2R
MR- A R & B ERR -4 £ A
H B, PO 200 N ) AP I RN, T R ks A JEE
THeRe AL . BN, OSA fB & MK A - DX I i) £
KR DI REAZ 5, ROS A3 N L 4t S AL B A6 2 RE fr)
TR, B RS A 2T il T L A = AT fE
WIRM FEZF N Z 1 AR kI, LRI
4 JE A7 1K, 20 Humanin F1 MOTS-c, B8 9% 4 1 o 3
LRI T REIR A A A4, 8 T X A8 P R AR
IIRE T B b fR gl

1.2 AT R 25 AIE R 0 P IR AR 32 s i
AT BREEBAE (restless legs syndrome, RLS) A1 J& 1 P
B AR iz B B 15 (periodic limb movement disorder,
PLMD ) 2% UL B B IR A O 12 2l e i, S8 50 5 2 81

J Apoplexy and Nervous Diseases, November 2025, Vol 42,No. 11

AN HT A TR UGB ) ] i B DL R R S 2
22 UL JHe A 3 T i 1) & S AL ) PP oA A ORI
KR RERE -5 2 A& U VA G, 218
¥ (4 B AR, T SRR N 1 ATP AR, PR H 2 bz 4
TRERR 5 AT BE R B Z A A 2 L AT AN EE RLS
FIPLMD fEAR o

WA, SR A R L 55 RLS 19 & A %6 PIAH G .
LA T RE AT 2 S BRI AL R B = X
SN 2 W 0 A 8, T U PEDE 2R, i E RLS AN
PLMD BYAEAR . RIS f# 4 TR A AN I, 3
LKL BE AN R LD B2 BR LA K pl 22 4%
SRR B A

1.3 i RGUB TR AR SC B RE AR B Al
25 R G0 7 MR L AR BT R PR 18 BRI (Alzheimer dis-
ease, AD) 14 #%J% (Parkinson disease, PD) . 5 £E4ifi
J% (Huntington disease, HD) , Z & P4 fLJiE (multiple
sclerosis, MS) L2 45 0] 22 Bl Ak R (amyotrophic lat-
eral sclerosis, ALS) o A5 1 28 32 G0 AR M0 I 116 IR
2 ILRIGT fit J 1) 5 0 25 A A [R) L (H B AT 5 Gokik e
BEH I RER BUE A E Z AR . b, B
R T B B 1 1 A 28 AR G A TR 1 XU
DAL , 35X 655 14 A= S JRE T st m] 58 U1 [A] 3 B B
AT 5 T AR A DI RERR . HHT, 5 AD A CHY
P S IR AR 2N 2L 1A Ty RE I 5 (9 S i 4 4L T I
A IRy o

RS AD B L], A BT RBT T4
KL ) BE B TE AD RO AE T . ZERR B |
AD [ FFAESE 3T PR A 28 70 3k 2R AL 48 R AA Ty g
BERFTE N AR AL S8 . R IA T REREAS 5 AD 1A%
O BURHE AN 22 TC D) RE R A 5 IAHOG . 8 ) Lo 4
FVRH OCHE AT BE A B A W7 125 19 R JR 4R A7 1 5
W o ARAEZORAAR IR B , LR A Ty RE AR ) AD
AR R IR AIL TR DR Sk ik 2 2R AR T RE AN 2R A2 £ 36
SN HIRE ] T B

1.4 1BYEIE S5 ER S AR FNRRAR K07 18P 7
ZEAAIE (chronic fatigue syndrome, CFS) J&—FRFIE Ky
RSP R 57 RPN | H A BEARBE DS AT RE
WM 22 RGUEIR . AR ISR 7N, CFS 5 RiR
THREREIT 2 UIAHOC , SORLARTE RE AR SN fe
JE SN AT D5 T RARAE AR Y . Aok AT e R AG TT
A CFS S HAH JC BRI 26 I 1A% oML 2 — , 520 4
JIRE QS S RGTINRE LA B A2 R GE AR .
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CFS FB 5 3 5 242 BN A B8 9% 57 , 3 Flofiz 577 X LA
R B SRR AT . 2R R BE AT 2 T ATP
A AN AL RS 40 N 2H 24 TRE R R = RS, &
G VRS A S . CFS M 3 s A7 7F A AL W R
FERORBEAR L ATP 2B AN F G L0 N 355884 Jon 455 B
A PR X e PR R AL [ENE ] 1 AN M TG A A R
FEAE R BE R, TE— 2D N E R T IR

CFS F85 110 B HIR o 30 5 3 2, R I A B IR 2
Ty T R A K B B0 HE R L AR REIR o AR T e
P i T 22 52 W st 2388 T 199 6 0 R R I, 2 T U e
I~ i R AU R ) e 5 e 2 IR R TR R O )
AR, ATRE S 2 B 2 BB R R A e T (AN
M YA G . 2RI T B B A A ] RESY M R R P 3R
A, S BRI A A R 28 T 0 ) R G e A

1.5 BHEWHERS B HE (Cicadian
Rhythm) 24§ 25 P14 P (1) A= Bk 8 4% B 2 24 h J 1
TR E T AL 322 R R R R AE X A% (Su-
prachiasmatic nucleus, SCN) #£iill . 2% 17 HEAL I
1 R B - R SR 3 SR s AR S o AR A —
FAVEBG B AR R X T 4R R A BT R
B IE % B e B E B, M Zobi A1 o 4 i i g i T
7, HETRE A AR A A R R A Y A e R
LB BRI, MO 2 9T R W, GOk fRA
AU 20 0 ) RE B A6 00 s L IS 7E 4N N 22 A B 5
P & 1 BRI 4G A AL AR 1L 35 1 42 (ROS)
Az B AR AT DA S AR T AT . LR 1 X s 1)
e S5 Wb 2 A A 7E B3 0O A B AR D R R Y
AR ROS Az K DR 35 R 36 18 8 95 5 40 mT g
MR B AR R T

K b AP 3R (U CLOCK .BMALI
PER (CRY %5 )i 13 A7 B 019 B0 FE P ek F B
B ROR YR A Y B IE R B . WA R, 2Rk
B REAE Ak AT LA A 1845 3 6 A iy p L R A s, L
Bk ) M ST A RS E T R . ZekidA
IEH REANCA A PR L B A R S 1F iR 7R
BT e AN T S £ £

LKL Ty AR [ A5 1T BB ok 22 AL B e B
BRRE M. B, RV R RO R T RE kR
M FEE G R — ok A i ATP R 4 i 2
HEREE, U H R AE X A% (SCN) By # 28 o0 X fE 12
BT R R . AN SRR R T RE Z 461, SCN 13
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AE Al BES2 B F i, R S BUR R R .
U, 2RI A ) — TG P (ROS) —TE A0 iR 1R
AL S M A, A ROS BERS IR T A
Prph LR 1) 3R3A  (H M 2RI AR D g &2 40, ROS i ik
A R AN, 5T TP AR P P A DR A
SEFNEE A BTG I, AT | BT IR L. IeAh,
LRLARIE 2 SRR R TR A 55 Z AR A
AR XS TAERF AW R e P B O,
SRR T e A T e S S0k LAk R 1 2R L, A
SRR RO | B TR O HE R 1 0, T

L G- I SR A A BT R R E R

1M, 2R A ) B I A5 AN (LA 52 il 41 L 1Y) RE S
MR, 3 1] f3E 52 ROS K PR ighig 12, itk — 2
THRAEY B IE R T RE , BV AT R

1.6 HEEHIR R S5 X SR A B 52 e B SR <5 X
LML T RE P A 22 AR 20, 45 R B AR 5 o
AL I A T 2R 1A DNA 353403 LA % A 28 4 i 25
KAEEHFFEE R WY, K 0T B AR 34 25 AN {052 il 4 i B
AIHER 8 255 | R AV 8, 5 3 ROS By 7 AR BE
AT BRI RLAR T RE R T R, ZORiAARTE LN A 173
T A L € R R R 2K i | 1) T B B 2 i
ok — FRBUAL T 5 0 40 L 1) fed B 5 2 BRI RE

R A R, M MRS < 2 5 B A g AR E
JTHY T B R R S AL B R 1k (oxidative phosphoryla-
tion, OXPHOS) Fl i, T 1% i £ 4t (electron transport
system, ETS) (I D RE 52 ) 0 Z 0] o i IR AS 42 BB ]
LRI 1) ATP 5 KR AR, 328 17 5 240 4 R o

M A AME S RE T o B R A

M%) 25 36 7T R T Bk KL 1A DNA 458455 F W52 D) e e
5, FECZ A LRAR TR, IR 40 A T ) X
W o A, B B R 25 5 | RS A PN BT 1) 7 8 B 2%
IS R & E A W (unfolded protein response,
UPR) , 3% — BV 23 i — A0 i e 2B AR D RE R 452 45
TE BUBMEAEIR

S TSR B RS P R B RS TE — E 72
& BRI 2 B ZORAR T E , IR A2 E ATP 5 AL
PRI o PRI, ) BRI SR 5 15 | A R AR 403 L Bt 4
AT BN N & — A i S A g . T8 i B AR
FRREFE T LD ROS AR 3R, DA T sk 22 e ¢ <5 0
2R A T RE A I S4B 15 L 205 A0 B A 2 BRI RE AN A=
Pt
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1.7 MAERIESLRIRIRERRT P RIE
LR T RE FEAT 2 (8] YA ELAE FITE 2 R 2 R 52
PR T B OCHE B . AR
JE il R A 28 S E Y B TR 3R 22— , SR A I e i
T /NI TR 5 | 5 A 28 JRAE , T A 28 4 A ) 23 i Jl
SRR B D ERREAT o X — R VEFE IR AE AD (PD AF
S RGBSR LR PR B T E AR

WF5E R, S IR A 28 2R e 28 PR HH Y
PR 1 o 2o £ 9 ROS AN AN 23 301 /)N e 3t 4
JHL 75 A 2 RAE L, ik o LM 40T, 3
MAITTIE T FIA RN RER RS . 5 IL Rl , P28 20
A Byt 23 TR S AR 1 D RE 5 005 , B R b AR Yy
R E I, T 5 W) 40 M 0 B R A T B . X
TP O AU T 4028 B N 1t RS
PRSI Y A XU

BEXI 28 JEE 5 SR 1A D) RE A5 =2 8] ) XL fm) =
PR FIHT R IBIT BOA N & —Fh AR B9I6R YT 5K
Mg R S A B s | A LR A T RE T A
M RAE , X LAY I E T BB B TN A RS
VRS 0 T JIE , DRI 22 0TI RE  SE SN D e
R fln, sreEefl s RE KAE bR N-2
Tt Bt Z R (N-acetyleysteine, NAC) 55, EL 9% ] 12 Bff
FET I T 465 0 1T B] 23R o g R 0 S5 AR 9 T
o A, A /0N R 5 20 BT AR Y 25 W R R R T
TR RAE T R LR DI BE T2 2
RGEREREKF-

2 REBERS

2L A Ty 8 W Ak A 22 T e HIR g 2L e 5 1) 22 2
IR S v 43 1 36 OB AR (8 o DA IEL 2 P e IR I R
15 25 5 A (obstructive sleep apnea, OSA) A T il 45
A AIE (restless legs syndrome , RLS) | J& 314 B {432 5l
f% 7% (periodic limb movement disorder, PLMD ) ] f#
25 Z2 G0 0 1 5 A O TR IR A 0 M 9 55 2R B AE
(chronic fatigue syndrome , CFS) A ¢ I 0 25 16 J &
BT R FLRT , 2R R D E 32 AT n] AE - BRE 1 AU
SR A AN K T R 28 98 RE K2, 2 TN
R 175 R Joe o s b, R IR S5 A B 2 X 2 b A i
B W . R R SOk R Dy e Y DR 4 1 SR
W, TR Sy 3 L i IR 05 (14 76 7 4 A vy JEL i ik
S i 1Y RO B B I AT R . B X R
KR 5 I B o 28 2R G A MR 2 [ O AR Y TR
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