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[Abstract] Objective: Hyperarousal is one of the core pathophysiological hypotheses of chronic insomnia disorder
(CID). This study combined the pre-sleep arousal scale (PSAS) and objective arousal-related indicators derived
from polysomnography (PSG) to investigate the effects of low-frequency repetitive transcranial magnetic stimulation
(rTMS) combined with eszopiclone on insomnia symptoms and the hyperarousal phenotype in patients with CID.
Methods: Patients with CID were randomly assigned to a control group receiving eszopiclone (1.5 mg) nightly (n=
44) or an observation group receiving eszopiclone plus low-frequency rTMS over the right dorsolateral prefrontal
cortex (DLPFC, 1 Hz, 30 min/session, 5 sessions/week, n =42). The intervention lasted 4 weeks. The Pitts-
burgh sleep quality index (PSQI) . insomnia severity index (ISI), PSAS. and PSG-derived arousal-related indicators
were assessed at baseline, after 4 weeks of treatment, and at the 12-week follow-up. Results: At week 4 after treat-
ment and at the 12-week follow-up, PSQI, ISI, and PSAS total scores, as well as the somatic and cognitive arousal
subscale scores of the PSAS, significantly decreased from baseline in both groups (P <C0. 001). with greater im-
provements observed in the observation group, as indicated by significant group X time interactions (P <C0. 01).
Objective PSG indicators showed that, after 4 weeks of treatment, wake after sleep onset (WASO), number of a-
wakenings, microarousal index, total spontaneous arousal index, and rapid eye movement (REM) sleep spontane-
ous arousal index were significantly reduced after treat-

ment in both groups (P<C0. 05, 0.01). Interaction an-
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tients with CID but also alleviates hyperarousal symp-
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apeutic strategy targeting the hyperarousal phenotype of CID.
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IR R DL T B BIR 5 1 22— R DT B IR AN 2 5 1 4 A
AN T BE ISR O il 1 A8 XIS 5 m VA 5C o ot 25
M7 Skt . T CID B & wHLH A&
2, Horp ao B v e B 2 T 4 R de Bl Tz A ] B p
SRR RZ — . BT B AT RS & ge L E S
AT X LA BT B i S0 X — 2 B AR fig 1Ll 48 T 7
2 R MR- TR R A R R S AR L e LR R
T AR AR S 5 A B IR AR G 2 T Y TSGR P A ]
AE & A= e B, — T T8I /M0 A0 iy DX 46 i e IR A 28 25 %
Xof i T AR 8 B A S8CRE T B O — D7 TR e B A X
AR RE Bl 28 T 45 01 o T BR % 2o J3E 0 R, S 3000 T K
BhE LU 94 DT IR 8018 P 2 BIR i 2o B e R A ) 3R
ST SRS BRI IE T CID B A e R E i
JEEBE R AN H B AR R A s AR 31 B IR (non-rapid
eye movement sleep, NREM) ] B I 2h 3R & 2 84 Jin,
P HR Bl BE AR (rapid eye movement sleep, REM)H# o
YA o P DB R R AR S £ W CID B iy
AU 7 I p 22 R T R g

25097 CID 7 I AR 52 8 v T i 78 23 58 5 97 A%
ANAE IR S5z 52 R A Y P 245 Tt A5 ) R T A 8
H| 3 (repetitive transcranial magnetic stimulation,
r TMS) VR Sy —Flr 42 ACPE i 8B AR, 5 25 36 o Bk
B WL TE 22 b i 2805 1 BB 5 00 TP s B 4 IR
S T rTMS il g i H R R k2 R
T IOk PP 370 7 A A A Y P 28 PR A R . ' TMS
SR X A5 AR v AR 0 4% T B o <<1Hz
AR rTMS 3 38, mI R AR A 00 55 A0 000 i 40 i 5 2
(dorsolateral prefrontal cortex, DLPFC) &5 fiii [X A% &
R B IR

VBRI WEFE SRR TR v TMS Al 7E — 5 12
JE L kst CID B A ME IR R i H LR g — 2
WO R B e R AL, B FT T ST A AT A X AR T
AH Lb Sl AR 3 L f 3%, 22 S R R S I (polysomnog-

raphy, PSG) fig % 7 WL AF 7 8] 58 [ 5 o b2 W R 1E L N
VEAG o B 5 T 04 T T 8 B UL T AT AR AR . DR AR
W52 3L F PSG # T KM r TMS Bk & A7 4k D 7 B X
CID #8352 B2 50 T 1) 52 0, O 430 R LV 7 #h & A W) o
BT LA R CID B35 (4 9 3136 97 32 88T 04 5 00 3iF 9%
GIELRAHE N

1 AR5

L1 —f A IR 2022 48 2 A & 2022 4F 12 AR
DU — B2 o e HIS I 27 p O A 19 CID /90 Bl
FEAR A . 2 % W1 Meta WFFEN L SR F & i =
0. 63, WAL K «=0. 05 Kz B2 AE 1 —B=0. 80, 115
BRI EARRE L) 40 B, % 182y 10 Y0 1) i 7% %
LTI ALY 45 B 3L 90 ], I ARRUE . F7 5
CEFREER 432555 11 ML) (International Classification
Of Diseases-11,1CD-11) H 18 4 5 IR B 45 (14 12 Wi s 4 5
Al 18~65 %5 2 R Z rTMS JA)T . HEER4R
WA I 28 R GUIR Y B 28 R G0 M e L Al 4K
AR YR B 7 TR A AT R IR 4 R O R R
i LA S48 B A OF UM i S 55 T TMS 25 R .
ABFSE C AT A DU — BE Be e 3 25 51 23 it (WH
[2022]22), i A B E W ZZAERE . RABEILE
TR ZARE 0 R R WA L 2 e R L AR
B o AR B S A R L A I 2 0 R O A —
PN S TR =8t e 5= = W N R
SR I AR & 3R 17 T ( Hamilton depression rating
scale-17, HAMD-17) I % /K il £5 J& & 38 (Hamilton
anxiety rating scale, HAMA) 8 E& 257, 0
%1,

L2 oy W IRALF LUR W25 W A 4 DS v e B 1
1.5mg iRY7, LAF 2L 4 A, WAL AE X I AL Al 1,

T LRI v TMS 36 97 R K B 18 28 /50w ) 38 A%
(YRD CCY-1),RH“8”F I L J8 , Hl 4 R h 1Hz,
J R AL R A DLPFC, &4~ ) 0% 5 FR 22 10s (5

x1 24— WERAHE

wnl PE R (D AE IR 'ﬁjr% HER Y HAMD-17 HAMA B IHEL %) ]
/4 [FMPy.P.T (A.rEs @RI [8.MPy . POT  Grats) @k SR FRRE
XA 44 10/34 48.50[38.00,54.25] 18.8248.98 32(72.7) 9.00 [8.00,11.00] 9.39+2.87 6(13.6) 5(11.4) 7(15.9)
WL 42 7/35 50.00[39.75,54.00]  18.3649.75 35(83.3) 10.00 [6.25,12.00] 9.524+4.40 9(21.4) 2(4.8) 4(9.5)
YIAL —0.406 0.498 0.228 1. 404 —0. 326 —0.312 0. 906 0.058 0. 785
P 0. 684 0. 481 0. 820 0. 236 0. 745 0. 755 0. 341 0.434 0.375




480

10 APk P B TR BE 1s, ko &5 oy 1360 A>/3, Hl
W 2 100 06 B3 Bl B A B RFSE 25min, B K
1R BE R 5d, JERFEE 4 B XA 1 BB E
KU WA 3 B8 H R SE A 4 A B9 v TMS
BT .

1.3 #REARE  TIRITHET RITE AR CGF 4 D KR
I7 5 BT 5 12 JBD 43 %) 2 40 CID &8 3% #47 LA R 3
7 DT 25 £ i IR 5T 5 45 50 (Pittsburgh sleep quality
index, PSQD : 3t 19 2% F A 4% 32 VLA HIS 57 & | A
FIF i) B HIC R 1] B G 255 23 e I o 4 IR 245 49 ]
H DI REREAS 7 A F 30 H , 855 0~21 43, S50k e 4
AT 1 AN T2 U B B 2 D2 HIR M R R 4 A
(insomnia severity index,ISD ;3L 7 A~ H, B4 0~
28 43 s OB R B SR IR B R E R, O B
W W 3 (pre-sleep arousal scale, PSAS) .3k 16 4~ 4
H AL B AR e BE AR AR e /e 2 > T30 H , SJr 16~
80 J3 » k73 B R 1 75 B T 00 TR B R . D PSG T
SE R Grael £ PSG £ 48 QR B i 23 7)) i#E
Fricsg . JEad [\ 25 i 5% 0 i v IR 3l L 20 LU fL 45
RE R WA NG RN W == 1) A R @ =TI 1
AU RS A5, bl P 4 LA TR T Y 2 e e IR R A
Tt S [ e HIR 2 27 2 2 (R IR 3 300 B A O g 4 40 32 3% 4
PR (3.0 RO VAl ST 5 B BIR 53 3 1 A4 37 43 5 5 AR A
PEOT 3B, BT BB Ik R — BUR B 8 e a5 R,
PEABE 5 56 B B (7] (wake after sleep onset, WASO) .
B T RS TR AR AL B A R M R R A NREM. )
FI & PR 6 TR 48 B REM 0] [ 4 14 o6 T 8 H00H T S ke e
Hi 322 232 P o R K-

1.4 %t #7% RA R Studio BT 5811244
Br. BRI R EHT IESWRAR . 5 ES ST
HUT s FRsAFEESMAEU M(P,;,Pop) R
IR SR DGR (00 RoR AL AR X K
B, ZHIA) FCBAT G I A0 A R T 28 55 M A R T S R
A K% A FF A IES 040 B9 Mann-Whitney U £
B s AN U BT B AR SO0 AT R O XS ¢ K36 AT
IEZ A3 R Wilcoxon £ 5 BRK 5. 2 IR YT R
TR I7 J5 RN B 17 I 1) 45 J5y 16 AR R PR 3R i A0 6 T 22
G3ATVEAR ZH 500 L B[] S 28 531 < B 1] 28 B SR 2% vh
2Z 2= (difference-in-differences, DID) K& H 95 % B AE X
(] 055 000 79 21 el 8 S B 22 5. PR L AR H Bonferroni
AT 2 RCRCIE . B A A 5 2 S XU A 5, LA
P<<0.05 HEFAGEITFENL.

2 HR

2.1 PSQI A= ISI# 4 JRJTHI 2 4B F PSQL Al 1SI

Chinese Journal of Rehabilitation, Aug 2026, Vol. 41 No. 8

R ILE LGN EZSFRIT 4 M)E.2 HE &
PSQI 1 IST & K23 24 i 3F K TR 7 1 (P<<0. 01D, W
ZA RV B E T X AL (P<C0. 01) 555 12 JE B
i, 2 43 PSQL AT IS & R Pk IH 3 B K TR 77
HI(P<C0. 01), H W £ 241 15 43 i (% T X4 IR 4l (P <
0.01), 5 X< B[R] 38 B 43477 3R W1, 5 ¥4 97 i 5 2k i) A
e 3RY7 4 i J5 PSQI ¥ 43 [DID= —3. 14, 95 CI=
(—4.08 ~ — 2. 20), P << o0. 01] #1 ISI ¥ 43
[DID=—3.04, 95% Cl=(—3. 81~ —2.28), P<
0.017] 3¢ H fF A & 2 %% 12 J& B Ui PSQI % 43
[DID=—3.05, 95% Cl=(—3. 98~ —2.11), P<
0.01] #1 ISI ¥ 4» [DID = — 3. 08, 95% CI =
(—3.85~—2.32), P<0.01 %t HYEH &, #—%
PEATREIEAE 43 H BE VA YT T HAMA 5 HAMD-17 343
YRy AR 5 90 T R 3R R A2 £ T 2 49 BT . PSQI AN TSI
B4 4L 310 X s 1) 22 B A3 AT AR TH I 3% (P <0, 01) . L& 2,
2.2 PSAS # 4% IRJTHI 2 4 & PSAS & &,
PSAS-YR A5 B . PSAS-IN A58 BE V7 43 L3 TE 4e 11 2
25 AT 4 G .2 4B PSAS £ PSAS- RIS
FiE . PSAS-IA 16 BE VT 43 ¥ 1 3 AR TR 97 (P <
0.0D)  UEEA iR VT 73 W 2 I8 T X B2 (P <<0. 01) 5
8512 ARV, 2 41 3 PSAS & 3% PSAS-HK AR
fif \PSAS- A B B VE 404 TH 3 8 25 (K TR Y7 AT (P <<
0.01), H AR 15 5 i AL F X B4 (P <<0.01), 41
XA 22 Ho Ay Hr R W, 5IRYTRIAR L IR 9T 4 )R
PSAS ¥F 4 [DID = — 5. 79, 95% CI =
(—6.95~—4.63), P<C0.001], PSAS-HK 4457 g 1143
[DID= —2.52, 95%CI=(—3.18~—1.85), P<
0. 001 JF1 PSAS-A A4 i ¥F 43 [ DID= — 3. 20, 95%
Cl=(—3.97~—2.43), P<<0.001 & HAEH & & ;
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5 M(P,. ,P.) /7 +s
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P=0.043 15 HAE M B3 ; W Bk & [ DID= — 4. 16,
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%W PSG UE 5 2 B WASO 33038 B2 45 B &% B &
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I 1) il B o s B RT B AT A b k3 CID 5 B i B R
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REAE rTMS 34 7 2% B B 5 110 0] 3 90 05 e R A7 1
— WS, SRR R, CID B A
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P84l DLPFC 5 0] B8 2k CID 2o B 5 B 1) 5C 8 fiki
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SO, AN, AR L E A ' TMS, 1 Hz B8 rTMS /]
132 Bl iz J2 D4 AT E R B, I I8 5 R 56 I 99 4% 9 o fiE
BRSO MORBEIE R 1 Hz AR M cTMS 18 8 T i
SR, DUVTAR T 2o B i 1 9 7 5 e IR 485 SRy 1) 52
Zeak 4 MG IT . 2 R FH Y PSQLLIST V4 i 3%
R AT 2% I 3 O e R ot 359 Sk 3 ol o 3 5 B A i 25
B TGN 36 TR 5T A2 A AP iRl o T-
MS 1E 2 syt 7 sl BhiG YT ¥ ) e PSQI B4, 5
HoAb G 7 T Bk A i ml DL ek B 22 4 R Y K IR E
R AT T WS B T 2 LAY B i — A 11
P PR 2R o A T 22 A M R L I IR r TMS LG B
g 25 )36 Y7 7E 35 0 B B BT A ok E AR B R, Mk, R
KAt — L BAE frTMS /B R 2597 KA T 1 F
BOAE R MR B 5 27 A 5 S B AE . 2 IR B o e
BRI R, CID 5 78 H [BRIRE ) 3 3R B0 B2 )2 A
A0 R K O B8, OIS B0 IR R
PSAS 32 ] 43 7 DA AKA4 5 8 DA 15 8 9 A A 32 %
i 0 R S R AT AR TTAL . AR ST 45 R IR TT
Jo MEE L 1) PSAS, PSAS-YK 44 5 [ . PSAS-IA A1 5 it
V00T B W 35 AR, R W AIRAR v TMLS 1T 23 38 e i
b BE R R A . B TG A B TR U B IR AT Y A BN

x4 24 PSG WEEIEFRIGIT AT IE LR M(P ;. Py3)
- . WASO (min) B REL (VO
IRYTHT BITIE t P ey agil] BITE t p
poRiGE 44 95.75(51.88,166.25) 64.00(32.00,112.50) —5.205 <20.001 25.00(18.75,40.25) 20.00(15.75,28.25) —2.757  0.009
W LH 42 100. 25(75. 62,150, 88)  47.75(23.62,68.50)  —8.485 <C0.001 28.00(20.00,37.50) 18.00(13.00,22.00) —4.598 <Z0.001
Z/t —0.488 2.190 —0.514 1. 886
P 0. 629 0.029 0.610 0. 060
HAEF/P) 1.42/0. 236 1.41/0. 238
i (F/ P) 95.79/<20. 001 26.11/<20. 001
L)X A (F/ P) 4.78/0. 031 1.26/0. 265
il ., T ERTE AL B R MR RTEEL
TRYT I BIT IR ¢ P IBITHI RIT IR ¢ P
pogiiskicl 44 23.45(17.07,30.42) 14.75(8.07,20.22)  —4.727 <<0.001 114.00(76.50,141.75) 80.00(42.25,113.75) —2.256  0.029
pUEZSI| 42 22.85(18.85,29.17) 11.55(7.00,14.28)  —5.583 <C0.001 103.00(76.00,147.75) 52.00(37.25,81.25)  —5.222 <C0.001
Z/t —0. 151 2.497 0. 350 2.398
P 0. 883 0.013 0.730 0.017
H5N(F/P) 1.26/0. 265 3.45/0.067
] (F/ P) 86. 80/<20. 001 31.77/<20. 001
U)X ISR (F/ P) 6.13/0.015 4.31/0. 041
a1 . NREM H FI & P56 W46 %5 REM M [ % P B 46 4
TRYTHT WBITE t P ey agifl] BITIE t P
it HE 4 44 91.50(63.00,121.50)  68.00(38.75,88.75) —1.971  0.055  17.35(12.12,22.70) 11.30(6.65,15.67) —3.544 <<0.001
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Z/t 0.138 2. 644 0. 562 3.068
P 0. 893 0.008 0.577 0. 002
A (F/P) 3.67/0.059 5.40/0. 023
] (F/P) 28.47/<20. 001 54, 47/<20. 001
2] X IR (F/ P) 5.10/0. 027 4.23/0.043
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