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[ Abstract]  Insomnia is a sleep disorder with a high global incidence; its pathogenesis is complex, involving
the interaction of genetic predisposition, environmental stress, and psychophysiological factors. Epigenetics is a
molecular mechanism that affects gene expression through environmental interaction. DNA methylation and N°-
methyladenosine (m®A) modification are epigenetic mechanisms triggered by environmental stress and other factors,
resulting in lasting changes in gene expression; they are a molecular bridge connecting external triggers and intrinsic

susceptibility to insomnia. This article aims to systematically consolidate the existing evidence on the association
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between DNA methylation and m°A modification and insomnia, explore the core mechanism of insomnia affecting the

regulation of circadian rhythm and the expression of neurologically related genes, confirm specific epigenetic profile

changes in patients with insomnia, and propose future research directions to promote the discovery of biomarkers and

the translation of epigenetic therapies through multi-omics integration and longitudinal research.
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Table 1 DNA methylation characteristics and mechanisms of insomnia-related genes

B F 25

Gene category

HLAYILR
Typical genes

HIEL B3

Methylation patterns

EEREALE

Primary regulatory mechanism

o B S ) 5 1

Impact on sleep

e/ R L, A

JAFF/ANRFIX CpG &y P AL
Wi e SR A 5 B 1 A E

CpG island methylation in promoter/
exon regions affects transcriptional

activity and protein stability

RGP HE A0 26 588 53¢, 5 380 HPA il
1 BEWE 5 B B I
Hypomethylation enhances
transcription, leading to HPA axis
hyperactivation and cortisol rhythm
dysregulation

i DR R T B R T 2 A
5-HT FHEREL GABA AR
Inhibits gene expression, reducing
synaptic plasticity, 5-HT reuptake,
or GABAergic inhibition

fire R 2 Wi A2 40 ), A1 3B 2 40
K7 s S R

BB ZE AL | MBI AR 37 S
B MEARZE R Befl

Circadian rhythm disruption,
delayed

fragmentation of

sleep phase, and
sleep

architecture

DL PP R B B I 4 5 IR
HE R

Stress-induced insomnia,
sleep maintenance difficulty,

and early morning awakening

B B B Ay | BB X 5 )
TR A R X
Cortical hyperarousal ,
reduced sleep drive, and
difficulty initiating sleep

P2 e | BEIR R E T
Rt | 3 e it IR Sl B I o /0

APy Ik A CLOCK, T
Circadian clock BMAL1, PER, Dynamic hyper/
genes CRY hypomethylation with
rhythmic patterns
SN ML T S 3Tk
HPA Hi IR g PRI
HPA axis-related NR3C1, CRH ) .
Promoter hypomethylation
genes .
under chronic stress
P 223 5T R 58 L ..
MEBRARIE b srcens, sttt
Neurotransmitter .
GABA Hypermethylation
system genes
SN AR e (LR
G SRR A PR AR L
FTIX)
Immune and .
TNF, IL, CRP  Global hypomethylation

inflammatory- . X
(‘especially in promoter
related genes .
regions )

Relieves

promoting  the

Neuroimmune activation ,

epigenetic  repression,
. decreased sleep depth, and
transcription  and

reduced non-rapid eye

release of pro-inflammatory cytokines

movement sleep

J5t 22 G K PR U 7 R MRS T 2 3L v R REAAR
A R IR 2 B, i T 98 5 fi T S o
B D RE , B H R R S 2 5 e e,
SAE A I [ 114 11 Y 3211 BB A8 A R 2 S A i, e
PR IE RS | i — A TR AR S5, X 289
ST AN ) A AR G AR DG HIR P AN R,
PR FWLEAL 2 B T REE BE MO

JAE I N By WP AL B e A 22 57 (B
AL PEATI A A R AR, i, %3R85 I 3R
o L AHURR, R ) R MR SR <5 MM T ) 5 A W B
ALAE R R M AL AP AR (AR
JE , X LERAL B ARAE S b R] 0t (BRI R B2
RIRI R al ez i 2R, T i RF 2 e A R
SN, i PRATESE 2 W, Y AT 5 R R ™
HORR | B MR 5 AR P e A H T 2 RE B 0 2 K
FHOETH

I3, 3 e I R I AR b Sz AR i R T i
DNA FIEALTE sUAR BN 1Y 9 28 2R 5, RIR L35
-t - - M %%, fEIX RS T, HPA Bl
ARFRF S T A e AR PP A e i S S (R 3R 3k, R

SiE PR 3k — 20 SE W o 22 36 ST R G 5 AR W B I RE,
FEIMAE S BEA  [R) S, o 22388 ot 2% 49 )41 o 2
AE T 3 B D0 L BE IR — 5 [ P oK, O 1] 422 410 il 2
PiphTTR  , X2 RS 2R RN
SR HR— ELRS Zh {8 n] BERE A B FeZE+7 r
TE3h, o BB TR R FERETT 25 A S 52
7 I N BERRE AT A% IR, IR X — RS
P2 AL 2 TR X % MR 2 WL gt A AL i ) 3R ek
AR, o e Sl AF 5 -5 i PR T B4R A1 14 8
HEE I

2 RERAY m® A 1EIRHLE

2.1 m°A &GRS ERM

m°A EHGVE R B AL Y5 RNA iR L
[ NI PE A~ AB 1 2 — | ELA& sh A8 ml 30 i R 4 o
P, mBEMERE P REEBEAY (S A
A AL WA 3 T LR AL AR 14 Wilms
Jifggs 1-SCBRE () Mk, Tk 25 H SRR (<« 2Rk
a7 g i 5 AR A SC B L ALKB (R R 2R A
5) bR, R U AR & U, 2T R 4R RNA



134 FRE A R 2 2k i 2026 4F 8 A S 36 45 151 Chin J Comp Med, August 2026, Vol. 36,No. 15

R ZAERAE . mOA B 7E mRNA H 5 B
S ARREHLIE 530 v B A TR B
37 4R B X DL K R B R A T IX
R
2.2 mAEHREER-TEAXERREN
HL

m° A I S A - R — R = 5 — 1K 1
AT AR AT A B SR S K F A Y
mRNA FFEE P B IR 503, PRk S 3 3 [ 1 3%
TR, 0 07 B R — D AR A I 9 45 ol A v L
AR

HJLHE RE RS 3—NC— F LR - ph 22 ik Y
( methyltransferase-like  3-m°A-neuropeptide Y,
Mett13-m°® A-NPY ) {555l 7 Bl (I ) 42 o HoA B0
YER . Mettl3 Z5 4w o /0 B 300 408 285 ik IR 445 Ay
ZETL, RIS B FIRG — i T B A A 38 Pl AR
SHBEAR I [E]) 920 . 1 NPY mRNA & Mettl3 4+ &
m® A B Y DG B A, mO A A 38 S B R NPY
mRNA YRR E R B BHIRROCR, 4 R HE Rk ok
S NPY 33 Rk T3 Ak ] R B 28 R E K R
Mettl3 2% {41 it ok /0 BRI B IR 45 1100 A — T
B Xt H UG TR 1 s 461 06 BRATE 5 b, R & PR 2R
AR 3 L 223 I 3K NPY 7K 53 3% T4 B )
TRZH(P=0.009) , HIL 3K NPY 7K Fifi 4 i 4 4< fn
T (r=-0.232,P=0.038) , I 5 DT 2% 1% ifk AR
BRI R R B A (r=-0.209,P=0.063) ,
X NPY 78 MEAR S 72 i S B s S 0 s =X, Of
5 A AR A O

Fi Mettl3-m°A-NPY {555l 7h , m® A & o 2%
AT RE ) 12 78 56 B R — B T A 4 110 L Ath 6 B 2R
A A B BMALL 2 m® A 140 () #E 5
Z— IR mC A B AE P B R Y R 4 v a]
REHA S EEHY™ , BeAh, m®A & H 5L 1L A 8
i3 GABA B ff £ h R fil A 5¢ mRNA Y 2
FRIEAL, 4 GABA BEZE fill i 1% 338 D ik, [m] B 52
i £5 R REA T R

m® A SIS P NPY 45 56 5 3 PR 5 1) B HIG 45
i, T BEIRCAR 25 7R T 8 mOA B0, . =Z 6]
FETE W 0 0L 45 G 2R . 2o i B, e AR %1
P FEA B E R AT moA B
R 3 AR e EAH DG FE Rl mRNA ) m°A
RS, 2 1T 2 Ml 2 P R R TR 28R R B e e

P, X P B I | 6 W 35 4% 381 92 0 4 2
faRRe = B IE 2Bk | hy I MR B A 1 BT 9% B 03L 17 3
Tyt

m° A EHHFE R RNA JZ 1 /9 22 Uit % & 1 AL
il Wt P IR — S P R 4 R G . Mett]3-m® A-NPY
FT A AR IR, AN N T — A% 4 I B B O 4
T [, 3 I B T 3 UL SR 23 3k RS S Y R
B PRI, TS M R B IR 22544 14 23 F- B
SAXTRE ) DNA HIEfEAHEE , m® A 1B RE 55K
Fisf e 7 R IR 25 | DR Bk ok 25 S A, e 1]
HAHE mRNA YRR, A, Bl BRCIR A 7T &
A m®A BT X — & BB BE AR B
“ R S TR TN RE , Al RE S MR AR P AT ML E
B E5RENG BRI BE A OHLE Z —, Bk, 180
JHR T m®A BT ZEAL, 7T BE R R % D BE
ek, FECR A SR,

3 DNAHELE m° A EHERNHE
1EH

FUHT 6t = BEGIESRIESE DNA IR LS m®A
A AE SR IR A 4 P3[RV T R AR A R G AR 5%
WS R —F A RS G )2 R 47
KF, DNA HEALMEN R SRIZH I IT K, PesE 2
PR BEERIL , m® A A0 ) 32 2 I T 56 3¢5 Bir
Be, U845 mRNA BAZE 5 F0 B0 0%, B ity ke 5
HEPRFIMA T RIA B XA RGN
SEIs A MRS S —A~ 222 0 0 32 E A 3 [A] 19
2% SL[R]RG 20 4 47 B IR — o I ) 300 45 O B A
UK

TEH A A=) 2 0 vp LI 2 2R A BAE A
TE T T A SE G FE H, DNAFH 3 3 o 30 4%
m®A 2% AL FE Rl SIALKBH2 19 3R3% , 5% 1 4>
Jai m® A MK T mC A 25 B AL BE S 1)
AT DNA AL BRARES , TE B 15t [l g, ] 3
PEARDCIE N F IR Y o X — WU XA AL AR 3h
PRIL T SRS R4 I 2 i s S P R

FEHIR IR DNA FARAE ) RS
ST meA HUERE RS Rl 25 T S AL, ) 4 5
PRERA) moA B IR R ST 2217 5 i
X DNA HIEEALAR AL i 26728 {1 il REHE— 20 d i 34
T om® A AR R 50 - B AR - TR A G B
KA m® A BRI TTTE 5% SR J V2 T ik R s 4



FPE P A I 2 4Rk 2026 4F 8 F 45 36 %5 1581 Chin J Comp Med, August 2026, Vol. 36,No. 15 135

FRIEAR AR A IR S 5

MTE Mett]3-m°A-NPY 15 55l | Mett]3 19 Bkt
P45 NPY ik T, 30 JAK-STAT3 55
T (B T L 5 R A 2 ARORE 5 /N RS T AN i A 4
TUEE A, 5 DNA B3R R
WHERATEH FL Y R G b C AR BRI IESE
AN e 2k B A, m® A B UE B ] 3 4o 1
PR Ty PR rY SRk (Al 452 e DNA FH AL
Fo) 05 e WAL J2 R X 36 10 I 2 i s [l g
ANUAT DA 5 8 4 A0 s M 0 PT B A 18 2k i B
B 1) & A 5 A v ke B RO R 2 s AL B 40
MIVE .

DNA HIEALS m® A B4 AT I8 1 ) B3 8 A5
3, FLRAE T O Bl e A R s R TR G 5 )
a8l Ja & RS mRNA G, P93 P [R) 52
RN B S 30 3 S5 I B 22 S U Aol X b B[]
HLHI A A0 f B AL T B a8 % 5L [ SR SR TR BB T, 1
PRIERR — 5 B ] 09 78 AN ) A 3045 10 T i A fik
iE17,

DNA H 345 m® A &1 908 | s 455 W
] piE 3 AP AR T — A e B T R A U ast
FRVRFE 2%, S AL BRI 4R T R PR 3R A T 4%
FAPHG P 5 B 3 DA TR I 3 e B ML ) B AH
TP 28 2R B 1Y FR st A5 S AR T LA

4 e

ARLER MR AL A B, RE IR T DNA
H L5 m® A 181 75 JC B & s IL A o /0 76 R A
FIE R R R R R 28, AR — 8 52 2% I i IS e
15, JCHIR 1) A 58 o IR T st A% 2y S I R 5 85 s
FIIMIE AR, DNA H 38 AL nT L i3 52 5 R
Y SiE M , 2 5 B0 4R SR AR AR OC 1 24 A Bt
R, mC A BN AR SR IR KF R RNA AR,
W d Mett]3-m® A-NPY 15 5512 5 MR 58 B 1) 4
97, DNA AL S m®A BIEIFIESS RS, &
FA R T —Fh s A5 )2 R M 4%, DNA F 34k
AR N U R S 52 i mC A B T Y Rk
m°A A\ T B FE S T R 4R g5 R SCRE RS S R T
DNA F AR 78 I HIR 14 g A 5 i o % 4
YEM .

BIRIA W] T DNA LS m®A B
W ) 2R MR =2 ) A7 A o 2 VDI 2R AHL 2 ST AT 5 4T

FAAEBEZ AR BRI AL THREL BB, BLA 4K
Z2BCUE AR T R BT 11 WL s 91 % BEAIT 5, e
AW 2 a5 U 5 R IR Z T A AR G & - )
i AHSCRE TR S TR A R, s A7 AR A
B/ I BIFFENAE S B I A58 PR AT, Lo 1) 4
WA N RN B AT, WFHI 5 1
FAERIEIENE, KA SREA AT S Pl &
BB FMATT A MLREAS | 17 S0 8] AR AS g
7 R S5 R e A RS AT A5 B

ARAMIF S it ZEHEDE TR PN ) BRI ] A5
BTN [ 05 B8 R MRS R R A=
KBB4 it B R 45 A TR R BB AR ik 1
il PR LR | IR 2 Wit 15 28 A i e 1, A
T T 76 4 3 T8 38 T N RUR R . [A] 22
AL 4285 5 RO HURI IR R B 5 R
DR ZH 5% SR A2 22 2 A Bl H A B A S T
SR A FLIE AL i B S IR RL e 51 A A
ZINH SR T K LA TS N RIE

ISR A5 Y H 2 S B PR AL 55 5P
JOL T, 308 1 SRR A 2R IR A U o e 3 S B T 1 2
WAL KT, T R B o P 2 Wt A7 1 B AR
Y, AR R T XIS T 7 8P Ad B R
A= Mrbr Wy i A, i Bt O B 0 Al L
RS 1) VLI A2 A8 Wi = TSR et (4 T A4k, 9 o F
FH R R AL 2587 107 IR B E LA

SE Wk

[ 1] Medalie L, Cifu A S. Management of chronic insomnia
disorder in adults [ J]. JAMA, 2017, 317(7) : 762.

[2] Sutton E L. Insomnia [J]. Ann Intern Med, 2021, 174
(3): ITC33-1TC48.

[ 3] Krystal A D, Ashbrook L. H, Prather A A. What is
insomnia? [J]. JAMA, 2021, 326(23) . 2444.

[ 4] Riemann D, Benz F, Dressle R J, et al. Insomnia disorder:
State of the science and challenges for the future [ J]. J
Sleep Res, 2022, 31(4): e13604.

[5] GaoT, Xiang H, Wu Q N, et al. Advances in the research
of comorbid insomnia and depression; mechanisms,
impacts, and interventions [ J]. Front Psychiatry, 2025,
16: 1468212.

[ 6] Godfrey K M, Costello P M, Lillycrop K A. The
developmental environment, epigenetic biomarkers and long-
term health [ J]. J Dev Orig Health Dis, 2015, 6(5) ; 399-
406.



136

FPE P I 2 2Rk 2026 4F 8 F 45 36 %5 1581 Chin J Comp Med, August 2026, Vol. 36,No. 15

[7]

[10]

[11]

[12]

[14]

[15]

[16]

[18]

[19]

[20]

[21]

Palagini L, Geoffroy P A, Gehrman P R, et al. Potential
genetic and epigenetic mechanisms in insomnia; a systematic
review [J]. J Sleep Res, 2023, 32(6) : e13868.

Palagini L, Biber K, Riemann D. The genetics of
insomnia—Evidence for epigenetic mechanisms? [J]. Sleep
Med Rev, 2014, 18(3) . 225-235.
Li S B, Borniger J C, Yamaguchi H, et al. Hypothalamic

s

circuitry underlying stress-induced insomnia and peripheral

immunosuppression [ J ]. Sei Adv, 2020, 6 (37):
eabc2590.
Ciccarone F, Tagliatesta S, Caiafa P, et al. DNA

methylation dynamics in aging: how far are we from
understanding the mechanisms? [ J]. Mech Ageing Dev,
2018, 174: 3-17.

Bird A. DNA methylation patterns and epigenetic memory
[J]. Genes Dev, 2002, 16(1): 6-21.

Ziller M J, Gu H, Miiller F, et al. Charting a dynamic DNA
methylation landscape of the human genome [ J]. Nature,
2013, 500(7463) . 477-481.

Jaenisch R, Bird A. regulation

Epigenetic of gene

expression: how the integrates intrinsic  and
environmental signals [ J]. Nat Genet, 2003, 33(3) . 245-
254.

Fiillgrabe J, Gosal W S, Creed P, et al.

genome

Simultaneous
sequencing of genetic and epigenetic bases in DNA [J]. Nat
Biotechnol, 2023, 41(10) : 1457-1464.

Schiibeler D. Function and information content of DNA
methylation [ J]. Nature, 2015, 517(7534) ; 321-326.
Moore L D, Le T, Fan G. DNA methylation and its basic
function [ J]. Neuropsychopharmacology, 2013, 38 (1) :
23-38.

3, WRE, BRI, %. TET /509 DNA F:3 & H
ELE S IIREDTFE S [J]. WEEREEE, 2018, 45
(5): 1304-1311.

Li W, Cao J G, Chen M, et al. Research progress on
mechanism and  function of TET mediated DNA
demethylation [ J]. China Anim Husb Vet Med, 2018, 45
(5): 1304-1311.

Lahtinen A, Puttonen S, Vanttola P, et al. A distinctive
DNA methylation pattern in insufficient sleep [ J]. Sci Rep,
2019, 9(1) . 1193.

Carroll J E, Ross K M, Horvath S, et al. Postpartum sleep
loss and accelerated epigenetic aging [ J]. Sleep Health,
2021, 7(3) : 362-367.

Dogan F, Forsyth N R. Telomerase regulation: a role for
epigenetics [ J]. Cancers, 2021, 13(6) . 1213.

Li T, Xie Y, Tao S, et al. Moderating effects of PER3 gene
DNA methylation on the association of sleep quality with

mental health in Chinese young adults [ J]. J Affect Disord,

[22]

[24]

[25]

[26]

(28]

[29]

[30]

[34]

[35]

[36]

2023, 323. 716-722.
1P,

Latha Laxmi Tamizhselvi R. Epigenetic events

biological clock : Panacea for

Heliyon, 2024, 10(19) : e38836.

P.  Nutrition,

influencing  the
neurodegeneration [ J].
Sato T, Sassone-Corsi metabolism, and
epigenetics: pathways of circadian reprogramming [ J].
EMBO Rep, 2022, 23(5) . e52412.

Musiek E S, Holtzman D M. Mechanisms linking circadian
clocks, sleep, and neurodegeneration [ J]. Science, 2016,
354(6315) : 1004-1008.

Wang Y, Pan L, Guan R. Mechanism of insomnia after
stroke based on intestinal flora [ J]. Int J Gen Med, 2024,
17 5493-5502.

Chowdhury D, Wang C, Lu A P, et al. Understanding

quantitative  circadian regulations are crucial towards
advancing chronotherapy [J]. Cells, 2019, 8(8) . 883.
Weissovda K, Skrabalova J, Skélovda K, et al. Circadian
rhythms of melatonin and peripheral clock gene expression in
idiopathic REM sleep behavior disorder [ J]. Sleep Med,
2018, 52. 1-6.
Franken P, Dijk D J.

Eur J Neuroscience, 2009, 29 (9):

Circadian clock genes and sleep
homeostasis [ ] ].
1820-1829.
Tomatsu S, Abbott S, Attarian H. Clinical chronobiology:
circadian thythms in health and disease [ J]. Semin Neurol,
2025, 45(3) . 317-332.

Lima C N C, Da Silva F E R, De Carvalho M A J, et al.
The sleep-mood connection; Temperament modulates
neuroinflammation, clock genes, and dopaminergic receptors
expression in rats [ J]. Prog Neuro Psychopharmacol Biol
Psychiatry, 2025, 141, 111443.

Wang W, Wang Y, Guo Q, et al. Valerian essential oil for
treating insomnia via the serotonergic synapse pathway [ J].
Front Nutr, 2022, 9. 927434.

Sochal M, Ditmer M, Tarasiuk-Zawadzka A, et al.
Circadian rhythm genes and their association with sleep and
sleep restriction [ J]. Int J Mol Sci, 2024, 25(19) : 10445.
Lu A T, Seeboth A, Tsai P C, et al. DNA methylation-
based estimator of telomere length [ J]. Aging, 2019, 11
(16) : 5895-5923.

Pavithra S, Aich A, Chanda A, et al. PER2 gene and its
association with sleep-related disorders: a review [ J].
Physiol Behav, 2024, 273, 114411.

Viola A U, Archer S N, James L M,

et al. PER3

sleep  structure and  waking
performance [ J]. Curr Biol, 2007, 17(7): 613-618.

Koike N, Yoo S H, Huang H C, et al. Transcriptional

polymorphism  predicts

architecture and chromatin landscape of the core circadian

clock in mammals [ J]. Science, 2012, 338(6105) : 349-



rPE PR I 2 4Rk 2026 4F 8 F 45 36 %5 1581 Chin J Comp Med, August 2026, Vol. 36,No. 15 137

[37]

[40]

[41]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

354.
Lee C, Etchegaray J P, Cagampang F R, et al.
Posttranslational mechanisms regulate the mammalian

circadian clock [J]. Cell, 2001, 107(7) : 855-867.

Yi X, Ma X, Shi L, et al. A matched case-control study on
the interaction of anxiety, depression, and circadian CLOCK
genes ( CLOCK PER2 RORA) in sleep disorders among
mental workers [ J]. Front Public Health, 2025, 13.
1579151.

Goodell F, Ingram K K. Multi-SNP haplotypes in circadian
PER3 gene are associated with mood and sleep disorders in
university students [ J]. Genes, 2025, 16(9): 1047.
Ballester-Navarro P, Martinez-Madrid M J, Javaloyes-
Sanchis A, et al. Interplay of circadian clock and melatonin
pathway gene variants in adults with autism, intellectual
disability and sleep problems [ J].
Disord, 2021, 81. 101715.

Becker S P, Jarrett M A, Luebbe A M, et al. Sleep in a

Res Autism Spectr

large, multi-university sample of college students: sleep
problem prevalence, sex differences, and mental health
correlates [ J]. Sleep Health, 2018, 4(2) . 174-181.
Liberman A R, Halitjaha L, Ay A, et al. Modeling
strengthens molecular link between circadian polymorphisms
and major mood disorders [ J]. J Biol Rhythms, 2018, 33
(3): 318-336.

Ring M. An integrative approach to HPA axis dysfunction:
from recognition to recovery [J]. Am J Med, 2025, 138
(10) ; 1451-1463.

Buckley T M, Schatzberg A F. On the interactions of the
hypothalamic-pituitary-adrenal ( HPA ) axis and sleep:
normal HPA axis activity and circadian rhythm, exemplary
sleep disorders [ J]. J Clin Endocrinol Metab, 2005, 90
(5): 3106-3114.

Passos G S, Youngstedt S D, Rozales A A R C, et al.
Insomnia severity is associated with morning cortisol and
psychological health [ J]. Sleep Sci, 2023, 16(1) : 92-96.
Nader N, Chrousos G P, Kino T.
circadian CLOCK system and the HPA axis [J].
Endocrinol Metab, 2010, 21(5) ; 277-286.

Oster H, Challet E, Ott V, et al. The functional and clinical
significance  of the 24-hour
glucocorticoids [ J]. Endocr Rev, 2017, 38(1) . 3-45.

Minnetti M, Hasenmajer V, Pofi R, et al. Fixing the broken

Interactions of the

Trends

thythm  of

circulating

clock in adrenal disorders: focus on glucocorticoids and
chronotherapy [ J]. J Endocrinol, 2020, 246 (2). R13-
R31.

Vasey C,
dysregulation and restoration: the role of melatonin [ J].

Nutrients, 2021, 13(10) ; 3480.

McBride J, Penta K. Circadian rhythm

[50]

[52]

[53]

[54]

[57]

(58]

[60]

[61]

[62]

Huang X X, Jiang X M, Zheng Q X, et al. The association
between circadian rhythm of cortisol and shift work regularity
among midwives—A multicenter study in Southeast China
[J]. Front Public Health, 2022, 10. 965872.
Juliana N, Maluin S M, Effendy N M, et al. Cortisol
detection methods and the hormone’ s role in evaluating
circadian rhythm disruption [ J]. Int J Mol Sci, 2025, 26
(18): 9141.

Mohd Azmi N A S, Juliana N, Azmani S, et al. Cortisol on
circadian rhythm and its effect on cardiovascular system
[J]. Int J Environ Res Public Health, 2021, 18(2) : 676.
Kuhlman K R, Chiang J J, Bower J E, et al. Sleep
problems in adolescence are prospectively linked to later
depressive symptoms via the cortisol awakening response
[J]. Dev Psychopathol, 2020, 32(3) . 997-1006.
Chiarella J, Schumann L, Pomares F B, et al. DNA
methylation differences in stress-related genes, functional
connectivity and gray matter volume in depressed and healthy
adolescents [ J]. J Affect Disord, 2020, 271 160-168.
Reyes G, Silva J R, Jaramillo K, et al. Self-knowledge dim-
out; stress impairs metacognitive accuracy [J]. PLoS One,
2015, 10(8) : 0132320.

Green C, Stolicyn A, Harris M A, et al. Hair
glucocorticoids are associated with childhood adversity,
depressive symptoms and reduced global and lobar grey
matter in Generation Scotland [ J]. Transl Psychiatry,
2021, 11(1): 523.

Anderson R M, Bimie A K, Koblesky N K, et al
Adrenocortical status predicts the degree of age-related
deficits in prefrontal structural plasticity and working memory
[J]. J Neurosci, 2014, 34(25) : 8387-8397.

Bian X, Yang W, Lin J, et al.

J Clin Neurol, 2024, 20

Hypothalamic-pituitary-
adrenal axis and epilepsy [ J].
(2): 131-139.

Sénchez-Garcia S, Moreno-Tamayo K, Ramirez-Aldana R,
et al. Insomnia impairs both the pro-BDNF and the BDNF
levels similarly to older adults with cognitive decline: an
exploratory study [ J]. Int J Mol Sci, 2023, 24(8) . 7387.
Furihata R, Saitoh K, Otsuki R, et al. Association between
reduced serum BDNF levels and insomnia with short sleep
duration among female hospital nurses [ J]. Sleep Med,
2020, 68. 167-172.

Deuschle M, Schredl M, Wisch C, et al. Serum brain-
derived neurotrophic factor ( BDNF ) in sleep-disordered
patients: relation to sleep stage N3 and rapid eye movement
(REM) sleep across diagnostic entities [ J]. J Sleep Res,
2018, 27(1): 73-77.

Ancelin M L, Jaussent I, Ritchie K, et al. Brain-derived
( BDNF )

neurotrophic factor variants and promoter |



138

FPE P I 2 2k 2026 4F 8 F 45 36 %5 1581 Chin J Comp Med, August 2026, Vol. 36,No. 15

[64]

[65]

[66]

[68]

[72]

[73]

[74]

methylation are associated with prolonged nocturnal
awakenings in older adults [ J]. J Sleep Res, 2023, 32(4) .
e13838.

Wang H, Gu Y, Khalid R, et al. Herbal medicines for
insomnia through regulating 5-hydroxytryptamine receptors: a
systematic review [ J]. Chin J Nat Med, 2023, 21(7) : 483
—-498.

Monti J M, Jantos H. The roles of dopamine and serotonin,
and of their receptors, in regulating sleep and waking [ J].
Prog Brain Res, 2008, 172. 625-646.

Liu YM, LiJC, GuY F, et al. HT,, Cannabidiol exerts
sedative and hypnotic effects in normal and insomnia model
mice through activation of 5-HT,, receptor [ J]. Neurochem
Res, 2024, 49(5) . 1150-1165.

Dai W, Zhu W, Huang L, et al. Sedative and hypnotic
effects of icariin through the GABAergic system pathway
[J]. Sleep Med, 2025, 128. 56—64.

U7, W, B, & RRGME SR A2 S
ZWENZ S FURERRMEUR DL [1]. &
S M 2 s 2k, 2022, 25(11) ; 1321-1330.

Fan J, Xie Y P, Hui P L, et al. Study on the pathogenic
mechanism of serotonin transporter gene and neuropeptide S
receptor gene polymorphism and primary insomnia [ J]. Chin
J Pract Nerv Dis, 2022, 25(11); 1321-1330.

Gottesmann C. Function of GABAB and p-containing
GABAA receptors ( GABAC receptors) in the regulation of
basic and higher integrated sleep-waking processes [ M ]//
GABA and Sleep:
Aspects. Basel: Springer Basel, 2010: 169-188.

Zhu W, Gong A, Zhang B, et al. The chronobiological and

Molecular, Functional and Clinical

neuroprotective mechanisms of resveratrol in improving sleep
[J]. Mediat Inflamm, 2025, 2025. 4954030.

Sears S M, Hewett S J. Influence of glutamate and GABA
transport on brain excitatory/inhibitory balance [J]. Exp
Biol Med, 2021, 246(9) . 1069-1083.

Al-Kuraishy H M, Al-Gareeb A 1, Albuhadily A K, et al.
Sleep disorders cause Parkinson’ s disease or the reverse is
true: Good GABA good night [ J]. CNS Neurosci Ther,
2024, 30(3) : el4521.

Ehlert U. Enduring psychobiological effects of childhood
adversity [ J]. Psychoneuroendocrinology, 2013, 38(9):
1850-1857.

Park S, Kang I, Edden R A E, et al. Shorter sleep duration
is associated with lower GABA levels in the anterior cingulate
cortex [J]. Sleep Med, 2020, 71: 1-7.

Winkelman ] W, Buxton O M, Jensen J E, et al. Reduced
brain GABA in primary insomnia: preliminary data from 4T
proton magnetic resonance spectroscopy ( 1H-MRS) [J].
Sleep, 2008, 31(11): 1499-1506.

[75]

[78]

[79]

[80]

[81]

[82]

[85]

[86]

[87]

Ballesio A, Zagaria A, Curti D G, et al. Peripheral brain-
derived neurotrophic factor ( BDNF ) in insomnia: A
systematic review and meta-analysis [ J]. Sleep Med Rev,
2023, 67; 101738.

Giacobbo B L, Corréa M S, Vedovelli K, et al. Could
BDNF be involved in compensatory mechanisms to maintain
cognitive performance despite acute sleep deprivation? An
exploratory study [ J]. Int J Psychophysiol, 2016, 99. 96—
102.

Schmitt K, Holsboer-Trachsler E, Eckert A. BDNF in
sleep, insomnia, and sleep deprivation [ J]. Ann Med,
2016, 48(1/2) . 42-51.

Wang M, Wang G, Zhao M, et al. Jujuboside A in
ameliorating insomnia in mice via GABAergic modulation of
the PVT [J]. J Ethnopharmacol, 2025, 349. 119939.

Cao Z, Zhuo F, Yan F, et al. Sleep disturbance and
hypertension mediated by systemic inflammatory response
index in NHANES [J]. Sci Rep, 2025, 15(1) . 24255.
Cho H J, Seeman T E, Kiefe C I, et al. Sleep disturbance
and longitudinal risk of inflammation; Moderating influences
of social integration and social isolation in the Coronary
Artery Risk Development in Young Adults (CARDIA) study
[J]. Brain Behav Immun, 2015, 46 319-326.

Irwin M R, Olmstead R, Carroll J E. Sleep disturbance,
sleep duration, and inflammation: a systematic review and
meta-analysis of cohort studies and experimental sleep
deprivation [J]. Biol Psychiatry, 2016, 80(1) . 40-52.
Golmohammadi M, Attari V E, Salimi Y, et al. The effect
of MIND diet on sleep status, mental health, and serum
level of BDNF in overweight/obese diabetic women with
insomnia; a randomized controlled trial [ J]. Sci Rep,
2025, 15(1) . 8237.

Lekander M, Andreasson A N, Kecklund G, et al.
Subjective health perception in healthy young men changes in
response to experimentally restricted sleep and subsequent
recovery sleep [ J]. Brain Behav Immun, 2013, 34. 43-
46.

Irwin M R, Wang M, Campomayor C O, et al. Sleep
deprivation and activation of morning levels of cellular and
genomic markers of inflammation [ J]. Arch Intern Med,
2006, 166(16) ; 1756-1762.

Rockstrom M D, Chen L, Taishi T, et al. Tumor necrosis
factor alpha in sleep regulation [ J]. Sleep Med Rev, 2018,
40. 69-78.

Hasan Z W, Nguyen V T, Ashley N T. Effect of
glucocorticoid blockade on inflammatory responses to acute
sleep fragmentation in male mice [ J]. PeerJ, 2024, 12.

e17539.
Wang 7, Wallace D A, Spitzer B W, et al. Methylation risk



FRE B R 2k i 2026 4F 8 A4S 36 #4515 8] Chin J Comp Med, August 2026, Vol. 36,No. 15

139

[88]

[90]

[91]

[92]

[93]

[94]

[95]

[97]

score of C-reactive protein associates sleep health with
related health outcomes [ J]. Commun Biol, 2025, 8(1):
821.

Abell J G, Shipley M J, Ferrie ] E, et al. Recurrent short
sleep, chronic insomnia symptoms and salivary cortisol: a
10-year follow-up in the Whitehall II study [ J ].
Psychoneuroendocrinology, 2016, 68 91-99.

Nollet M, Wisden W, Franks N P. Sleep deprivation and
stress ; a reciprocal relationship [ J]. Interface Focus, 2020,
10(3) : 20190092.

Besedovsky L, Lange T, Born J. Sleep and immune function
[J]. Pfliigers Arch Eur J Physiol, 2012, 463 (1) 121-
137.

Gibbs J E, Blaikley J, Beesley S, et al. The nuclear
receptor REV-ERBa mediates circadian regulation of innate
immunity through selective regulation of inflammatory
cytokines [ J]. Proc Natl Acad Sci U S A, 2012, 109(2):
582-587.
Kwon H S, Koh S H.

Neuroinflammation  in
neurodegenerative disorders: the roles of microglia and
astrocytes [ J]. Transl Neurodegener, 2020, 9(1): 42.
Irwin M R. Sleep and inflammation; partners in sickness and
in health [ J]. Nat Rev Immunol, 2019, 19(11).: 702-
715.

Picard K, Dolhan K, Watters J J, et al. Microglia and sleep
disorders [J]. Adv Neurobiol, 2024, 37 357-377.
Krueger ] M, Frank M G, Wisor ] P, et al. Sleep function:
Toward elucidating an enigma [J]. Sleep Med Rev, 2016,
28. 46-54.

Boulias K, Greer E L. Biological
methylation in RNA [J]. Nat Rev Genet, 2023, 24(3):
143-160.

roles of adenine

He P C, Wei J, Dou X, et al. Exon architecture controls
mRNA m®A suppression and gene expression [ J]. Science,

2023, 379(6633) . 677-682.

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Meyer K D, Saletore Y, Zumbo P, et al. Comprehensive
analysis of mRNA methylation reveals enrichment in 3’
UTRs and near stop codons [ J]. Cell, 2012, 149(7):
1635-1646.

Dominissini D, Moshitch-Moshkovitz S, Schwartz S, et al.
Topology of the human and mouse m®A RNA methylomes
revealed by m®A-seq [ J]. Nature, 2012, 485 (7397):
201-206.

Sun Q, Zhu J, Zhao X, et al. Mettl3-m°A-NPY axis

governing neuron-microglia interaction regulates sleep
amount of mice [J]. Cell Discov, 2025, 11(1): 10.
Huang Q, Liao J, Liu Y, et al. Plasma neuropeptide Y
levels in Chinese patients with primary insomnia [ J]. Sleep
Breath, 2015, 19(2): 617-622.
Zhong X, Yu J, Frazier K, et al. Circadian clock
regulation of hepatic lipid metabolism by modulation of m®A
mRNA methylation [ J]. Cell Rep, 2018, 25(7): 1816—
1828. e4.

Mitsuhashi H, Nagy C. Potential roles of m*A and FTO in
synaptic connectivity and major depressive disorder [ J].
Int J Mol Sei, 2023, 24(7) : 6220.

Liu Y, Wang Z, Liu S, et al. Cell-type-specific mRNA
N°-methyladenosine landscape and regulatory mechanisms
underlying immune dysregulation of sleep-deprived [ J]. J
Pineal Res, 2025, 77(3) : €70046.

Yoon K J, Vissers C, Ming G L, et al. Epigenetics and
epitranscriptomics in temporal patterning of cortical neural
progenitor competence [ J]. J Cell Biol, 2018, 217(6) .
1901-1914.

Zhou L L, Tian S P, Qin G Z, et al. RNA methylomes
reveal the m6A-mediated regulation of DNA demethylase
gene SIDML2 in tomato fruit ripening [ J]. Genome Biol,

2019, 20(1) : 156.

( Ye#5 B #3)2025-12-06



