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Clinical efficacy of transcranial alternating current stimulation combined with pharmacotherapy in treatment of
chronic insomnia QI Mengmeng, LIU Xixi, MA Jianfang, et al. (Department of Neurology, Zhengzhou Central Hospi-
tal Affiliated to Zhengzhou University , Zhengzhou 450000, China)

Abstract:
lead to a poor treatment outcome and adverse drug reactions, and transcranial alternating current stimulation (tACS), as a

Objective  Most patients with chronic insomnia depend on long-term medication, which may easily
noninvasive neuromodulation technique, can improve chronic insomnia. This study aims to investigate the clinical efficacy
of tACS combined with pharmacotherapy in the treatment of chronic insomnia. Methods A total of 46 patients with
chronic insomnia were enrolled and randomly divided into pharmacotherapy group with 20 patients and pharmacotherapy+
tACS treatment group with 26 patients. The tACS electrodes were attached to the frontal region and the bilateral mastoids,
with a frequency of 77. 5 Hz and a current intensity of 15 mA, for 40 minutes each time, once a day for 10 consecutive days. The
primary outcome measures were Pittsburgh Sleep Quality Index (PSQI) score and its improvement rate after 4 weeks, and the sec-
ondary outcome measures included the scores of Hamilton Depression Rating Scale (HAMD) , Hamilton Anxiety Rating Scale
(HAMA ), Mini-Mental State Examination (MMSE) , and Montreal Cognitive Assessment (MoCA ) and their improvement rates.
Results  Compared with the pharmacotherapy group, the pharmacotherapy+tACS treatment group had a significant reduction in
PSQI score (P<0.05), with an improvement rate of 37% and 21%, respectively, suggesting that the combined therapy had a bet-
ter effect in improving sleep quality. The pharmacotherapy+tACS treatment group also had reductions in HAMA and HAMD
scores, suggesting improvements in anxiety and depression symptoms, and there were no significant differences in MMSE and
MoCA scores between the two groups. Conclusion — Pharmacotherapy combined with tACS has a better effect than pharmaco-
therapy alone in improving sleep quality and anxiety and depression symptoms in patients with chronic insomnia, and therefore, it
has good application prospects in clinical practice.

Key words. Anxiety and depression;  Cogni-

Chronic insomnia; Transcranial alternating current stimulation ;

tive function

P M R IR R A D ) R IR i it 2 — , B AR 2
RN, AR AR R BAE E TS C o 2Bk
0 [l ) A SR AR R, Y R 8 P G HR
AN B R M R Y A T BT 0 R R AR T AT
SN 4 WA, O AT RE 6 IA R 2 e i AN R R
HRIT BE X 18 M 26 R B bR HETR YT SR 2 245 259
18I AN AT A IF 3% (cognitive behavioral therapy,
CBT) . SR, 25 WG 97 UM 73 8 & A &L, Hal
A3 P e 40 £ D G 00 IR D RT B A A A | Tt
A R A AN RS0 45 LRS-, ] CBT (4997

RO 7 AR B R I A R IR A I
BUE T8 AHE

2% fi 22 I HEL )3 (transcranial alternating current
stimulation, tACS ) J&—FP AR {2 AVEM L IR HA | 18
aof 1] Sk Kt TR 5 HE A2 U F, L 181 ORI B B 48 0T

s B #7:2025-08-29; 11T H#7:2025-10-10

VEE B : (1. B 2 BRI wpoCs s e #2689 B T B 548 M
450000;2. F AT HEBERFEL, TTIE T 33600053, 1 ifFA8 i K2
= 2 Bt B I ity 4 22 Be i e IR, i 200025)

WS 1ES : KA, E-mail : wuxinrong2024@163. com



PSR AE 2025 4F 10 A 424 H 10

PR Ay P R A 25 I 24 3 42, DA s Ml i DI e T 8
AR Bl PR AR H R AN T & i tACS TE 2
Tt 2K Mg T G R FH R A2 B DG . SR, L
T B AR B 4, 0 A8 Pk G IR IR 7 T STk =
RGNS . BRAEAFSE R W tACS AT 1 9815 #RA
AL ) 245 6 8 K 5 fish ] S el s E 2 T RE AN 26
ARZES 00 o I R 52 1 % B, tACS 1T I 35 0%
P SR IR AR I BEAR BT i, HEA R e

AWETE B RV ACS B 18 e 25 Wik 97 X 12
P R IR B BRI PR 7 88, VA L7 i 5 B MG L 2% fip 1
ZERE R SN NI RE 7 T A AE FH L LA A 18 4 2 IR 1)
CEAIRYT FEALHT 0 S RIS SR

1 &ERSHX

1.1 BFZEXF 4 AW A 2024451 H —
2025 45 H HARIFE [ i 28 30 K2k Be 2E Be i i 4 B
B w12 A8 P G IR R S 46 . AR T 10y 20
BEBENL I AP 250697 4 (n=20) M2 PR G
tACS JRIT 4L (HVER A YRI741) (n=26) . Z4WIIGTT 4
WM 6 B otk 14 ], P B AR IS Oy (45, 78+2.03)
B BAIRIT R BT B Aot 17 B, AR N
(46.95+3.01) % . WL H M M AT 22 S+ o 4e it
22 X (P>0.05),

Y ABRE : (AR 18~65 %, B AR ; ()45
CHi s 12 Wi 5 e F W) 565 DU RRAE T I (DSM-TV
TR X8 J5 & MR S IR S WibmfE 5 (3) A J8 2= /0
PH =3 U 1R A B PR S B A 4 2 o Al P R, B
AR 34N H 5 (4) H [ T RESZ 61, BRIV UC 2% 68 R AR
Jit 1= 48 %0 (Pittsburgh Sleep Quality Index, PSQI)
5 TIF4322 435 (5)PSQUIEZ BT 43>8 43

HEBRARUE : (V) AFAE ™ R 5 (2) A 100 &
YRS B 5 (3) JA 7™ SN PR A 5 (4) BRATH232 3 fL AR
SEYAYT 20 PO ) R 8 2 B E 5 (5) AR DI A
AN T O AR I R0 SR e 8 i it PN 4
J& 540 5 (6) W iR s FLI I 2o 5 (T IR T AR 5 (8)
B I H A 2 R ) B B B2 1, 200 B G D I B P2 25 A
AR AR A2 By e i | g R 55

1.2 23R d SRR AR 30 R A
IR 2 R FEAMARZ . XK R E A1)
F B, 2 R 5L [ AR A 45N 35 55 585 [ B 5 & AR

- 883 -

(19 €2021 4F- 4 Jo (i FH e i 45 B R ) v %) b 78 1 >
pE U378 N /S U - S 1 U o e =
KWWK Heather Ashton (4% 2 5 YR A &
Je— 5 BRANTRCIMT A5 1 ) v S AL 0 3 0L 3l 78 P 2 6
AT G — 38 X TR R Lw TR IR R iR
JEAMAR 258 , WK 4 Hayasaka 251 & & i KO ZS
AT B P

1.3 tACSEARFIEMERITE APl
A MY FEAAE B 1 PSQI VAR 2 IR k) /™ =1 A2
i I %% R 1 £ FE i % (Hamilton Anxiety Rating
Scale, HAMA ) K 73 % /R i #0 A8 42 5% (Hamilton De-
pression Rating Scale , HAMD ) WA F AR A& fERE IR, ff
FH 187 2 K Atk S A 4 22 (Mini-Mental State Examina-
tion, MMSE) 1 5¢ ¢ F1| 2K A 13 Al & 2% (Montreal
Cognitive Assessment, MoCA) WA INHIZNRE . HLalizy
PG IT HACHAT 259697 BRE IR I H 2 MR &
tACSIRYT o SBHTEAL T2 # G E WG, % K
P FHLIF R, shal s ikoK . B2 R S
10 d Y tACS AT, 1 IR/d, 40 min/¥K, 3 10 IBYT , H
24 2 tACS HAE R IR I O AR R & A R I Ak
B 5 e R . A 31 Nexalin LA, Horp—
A HLH (4. 45 emx9. 53 em) BT HIA X3, 55 P
P (3. 18 emx3. 81 cm) B T XU FL 5 X, HL 3 3B
SRR E R 77,5 He, UL E 15 mA. 4 S
PR DP-Aik P 2H RE 1 2% 0T 6 8 Sl 2

1.4 Giit#Jrik A Bl & ] GraphPad
Prism 10 AT G250 0 o THE R (ves)
AN £ 1 1 s TS I T el 1 RS P e R S 7 S
FH XU ¢ #6536 (two-tailed Student’s t-test) 5 #5 5 W 4H
P EEc A | AR R A, SR IR 3R 7 25 53 B
(two-way ANOVA) , - #17 Tukey Z & LA 40 . T
BGERER R K S 647 93 . P<0.05 Ry 26 57 A
Agit#E L.

2 & R

2.1 —MRIGIRBERHEbR LR T ALY 46 1
P Pk 2 HIR B 2 Y — JBE N 1 22 R R AR AE A T 483 T4
B, AL HEVE IR B I8 R BRI R SRR EE IR H
PR A . SR R A [R] A% T A bR 22 -1
TG iR L (P>0.05) (W& 1),

F1 —RIERER

— eIl AR Bt/ Rerigil AIRYT UL XAH Pl
PRI (H /2 n) 6/14 9/17 0.11 -
AR (725, &) 45.78+2.03 46.95+3. 01 - 0.16
PMETE (s, 4F) 6.91+2. 11 8.08+1. 48 - 0.73
ZHE TR (vxs, 4F) 14.18+1. 00 12. 07+0. 73 - 0.11
PGP 1 (A4, mg) 3. 40+0. 92 3.38+0. 77 - 0. 74
FIETT 1 (245, mg) 8.22+2. 61 9.31%2.39 - 0. 86




- 884 -

2.2 PHARIREE RIS % i 1E
46 £ FBE 2593697 41 20 6], B AR YT 4H 26 il .
TE LN, W 20 PSQL V4343 1] 24 (13. 7520. 46) Fi1
(15.03+0. 66) , = TG IT2# 5 . B 4 JHEF, 7
20 PSQI 343 43 51 F B 2 (10. 75+0. 68) 1 (9. 42+
0.91)  BRATAYT AL T FR IR 2 B8 K, 205K K 37%, 1
FETYNAITHN 21%(P<0. 05) , 278 25 W B A
tACS VAT I 3 0t AR R A T (UL 1) o

COZiviayrar O BCAIRITRT B 2R iT A
W ZpaiT e AT W TCATEITA
20 — 50 —
. T 40—+
15 - — <
_ ; 30 -
10 4 ]
z # 29—
3] 10
0 0—
ZH 51 2H 5

T e P<0, 0001, #P<0. 05,
BT WAL IR IRYT RIS PSQI T4

2.3 MYRIREHEEHEERILE FZEIE
PRI IR AR A £ R AR A1 25 et , AR IF 5 TR
AL T P AL T BUET JE B) HAMA AT HAMD 343 .
HELR i, B ZH HAMA fIHAMD i L &% 5. 18
57 4 A5 BCAIR YT 4L B9 HAMA R HAMD 343
3 T . HAMA B 43 (1) 20 3% 545 0l 42%
19% ; HAMD PF-453 B9 205 5431 4 38% 1 11% , k&
BT 4 ok 35 Bl 538 (P<0. 05) , £ W% T RAE St
FE S AR R Ty T B AT R (WA 2) .

COBARTRr I 25R)7 4
B ARy s I RAGITA

A O3 4iadrin
W 25697 )

20 60 —
15 = o
< < 40 -
é 10 — jﬁg
20
5 —
0 - 0—
28 AL
B . 60
10 — = 40
a "
> 3
< #I
= 5 = 20
= 0
A5 2053

AL PR IR BB VR IT IS B9 HAMA 37435 B, PRZH S IR B
YRITHTE B9 HAMD P43 5 ##P<0. 01, #P<0. 05,
B2 PRI FARYT RS HAMA & HAMD 74

J Apoplexy and Nervous Diseases, October 2025, Vol 42,No. 10

2.4 WARREBH N ERILE HIEA
PAA YT 7 I D BB Ve s AR LR T
WiZH 5 19 MMSE #1 MoCA ¥F43 . TFAT, B2 5 %
MMSE ¥ 4343 51 >~ (27. 80+0. 40) Fi1(25. 53+0. 83) ,
MoCA 4343518 (24. 35+0. 68) Fl1(22. 38+1. 13) , 2%
SRGFE N . T4 )G, BRAE A,
(HMGGE R TE 3 25 57, H o i U R 3 o ol R RS o
FEAXTIAFN T E ™A B w52 (DLIE 3) o

COsairyTar I 26y T 4
W AT GG TAL

A @R
W 2T )

30 — 6 —
X
e o8
oS4 -
20 — =
2 3y
§ i
10 — =
0 p—
0 - -
ZH3 HI
30 — 10 —
~ 8—
x
<20 < 6
E Ml 4—
10 — &
2—.
0 0 -
A ZH3

A PR IR CE IR 7 BT S 1) MMSE 7435 B, 5 41 SR iR B 3
YRIT RIS B9 MoCA 343
3 PHULRIR B E IR HT)E MMSE & MoCA 43

33

A A= AP 22 R 45 R 0 45 A 8 G
(repetitive transcranial magnetic stimulation, rTMS) |
25 i H A H )3 (transcranial direct current stimula-
tion, tDCS) A K tACS. HoH v TMS il i Bk i i 7
(R A I 2 375 P A T ARe o B JBT , DTS2 ) A ki
P28 ¥ I B 5 tDCS AR PR 1) 5 R 1 B o 2% Ay
P, BRI RINEC st b 22 T35 3, BRAR o 55 #h 48T
{5 307 5 7 CACS DU 3 o S0 i, 93, 08 5 M
(NI IR 0 T A . R TSR 4 i 22955 Bl i
R rTMS FIDCS , tACS FEHR W 53 FIAR (2298 45 77
T ELAA SR RIE v, Bt oy s B e i+
). AP, A TR ACSHE IR AR
57 B, USSR 25097 3%, B8 M G IR AR o

UEAE SR AF 5T 2 W], 77. 5 Hz 15 mA [ tACS 7
P&V I IR S ANARAETR Y7 b BAT R B9t 5 A AL
PRI ARENTF  BARTR L (<4 mA) 1Y tACS X 1E
£ R R IR 17 T FUSOR M AR AR > ™ IRt AR
FEHEF 77.5 Hz 15 mA [ LACSTRYT , BRI KL JE



PSR AE 2025 4F 10 A 424 H 10

RAEHIRITAURE o A SCHRHE , 38 3 1 A0 AN 2L
5T 77.5 Hz 15 mA FtACS BB, AT 7E 32384 1Y
TRR D | Iy I A S5 RS il DX S T 381 -5 S S 1)
JRFR S H A BERIZ SRR T I LACS T RZ IR
S DX A A 22 0 B, AT AR R AR S Th R A R YT AR
F HAMA Fl HAMD ¥ 43 19 3 25 o035 o AR 58 BTk
FHAGHL SR BE (15 mA) & T35 2 REAE AR 5 b B 4
FLACS Z 807" (BAE IR YT b 72 rp R W8 210 &
YE LIRS RN, i — 20 SRR R IR AT 47
e g i

I R Fp P 2 IR B A 3 K R 245 , LA
FAEIEIARIE 4, W B LU e 25 ey . s
P IFHBON tACSTRYT , S8 AT e RO 22 1T J2 3
7 EXMELLSLE . PR A 5 R B BIR Y T &, 0T
G5 25 Wi )7 AT X IR A . WFIT 4R B B
BRI AR ETE T4 85, PSQIPTF 4 b 25 T R, £
JE LA 25 75 B 4 2l s {0 MMSE A& MoCA 1153
R UL AR PR AR R I tACS 1 A Bl AR Y
INAITIRE . XA RE S5 IANRITIBEZ Z R K 2 52 A
ZEHLHI R 2 A O, IR ] e 5 T T Rl A A G

AW WAFAE—E JRBRYE . B 9E, AR AR
FHE T BAB A 30T B, ] B A7 A 22 18 390 00 A 7% o
ok e BE DT R ASOEAN T 4 J8 N A 17
B, 25 tACS TR T 08 1 R AR A9 B 4 47 25007
PTG i — 25 WSS s e A, A 5% A R FH 25 e IR A 0
S BOWTF-B, B0ds 3 SR R W R, VT fig
FEAE— AR s EARFRAEAR B (n=46) 1T TE
HRFEA 2 Pl A58 S L 56 1 45 SR 0 R 1
G, HAEENE, WA B EEAYRIT
B LAl 352 T 1, DR AN R 5F 4 HEBR 259 IR 25 %)
R . EARIRATIXT P T 2 4 4 b 2 A 5
T TS, R A E 2 (AR XS 2
P HURAEAR R AT 62, AT 800 A — 1 5

LR TR AR R, 25 MR G tACS IR YT T
TEJE U DY I 3 A5 18 P 2 IR RR A Y R IR T i, 2%
fifFE R PG 28 , %o i S35 A0 U 2 B el 3 A 30 o i
FABME S AR N B RAEAR A Rl 17 1% Bl AL
X RRBIFSY , F— 20 35 uE H T RO T BB FLAE AL

WIBZEFER: AAL T EZ LB RFES
M i e B E R & F s (H5:2021201),
BEHEZERED,

FIZEHRFER: rAEEHNFATGEA G
HR

TEHTTEAAERR: AW AT RBUE LTS
AT VIR E B K X A # R T U Akt Dk
LR BEERLHEF AR/ FARALT R X
FHERBER T REFARLE M2 FEHEEHR.

- 885 -

HFEFR I RE T,
[ 5% 0k ]

[ 1] Riemann D, Nissen C, Palagini L, et al. The neurobiology, investi-
gation, and treatment of chronic insomnia [J]. Lancet Neurol,
2015, 14(5): 547-558.

[2] Riemann D, Baglioni C, Bassetti C, et al. European guideline for
the diagnosis and treatment of insomnia [J1.J Sleep Res, 2017,
26(6): 675-700.

[3] Huedo-Medina TB, Kirsch I, Middlemass J, et al. Effectiveness of
non-benzodiazepine hypnotics in treatment of adult insomnia: Meta-
analysis of data submitted to the Food and Drug Administration[J].
BMJ, 2012, 345(decl7 6): e8343.

[4] Lafon B, Henin S, Huang Y, et al. Low frequency transcranial
electrical stimulation does not entrain sleep rhythms measured
by human intracranial recordings [J]. Nat Commun, 2017, 8:
1199.

[5] D’ Atri A, Romano C, Gorgoni M, et al. Bilateral 5 Hz transcranial
alternating current stimulation on fronto-temporal areas modulates
resting-state EEG[J]. Sci Rep, 2017, 7: 15672.

[6] Lustenberger C, Boyle MR, Alagapan S, et al. Feedback-
controlled transcranial alternating current stimulation reveals a func-
tional role of sleep spindles in motor memory consolidation[J]. Curr
Biol, 2016, 26(16): 2127-2136.

[7] Wang HX, Wang L, Zhang WR, et al. Effect of transcranial alter-
nating current stimulation for the treatment of chronic insomnia: A
randomized, double-blind, parallel-group, placebo-controlled clini-
cal trial[ J]. Psychother Psychosom, 2020, 89(1): 38-47.

[8] Mysliwiec V, Martin JL., Ulmer CS, et al. The management of
chronic insomnia disorder and obstructive sleep apnea: Synopsis of
the 2019 U. S. department of veterans affairs and U. S. department
of defense clinical practice guidelines[J]. Ann Intern Med, 2020,
172(5) : 325-336.

[9] Hayasaka Y, Purgato M, Magni LR, et al. Dose equivalents of anti-
depressants: Evidence-based recommendations from randomized
controlled trials[ J]. J Affect Disord, 2015, 180: 179-184.

[10] Wang H, Wang K, Xue Q, et al. Transcranial alternating current

stimulation for treating depression: A randomized controlled trial
[J]. Brain, 2022, 145(1): 83-91.

[11] EL0E, Th, Ahdl, 45 . 28 Wise it i R T BN R 25903697
BB AE 2B AT R[], AR ARk, 2020, 100(03) «
197-201.

[12] Shekelle PG, Cook IA, Miake-Lye IM, et al. Benefits and harms
of cranial electrical stimulation for chronic painful conditions, de-
pression, anxiety, and insomnia: A systematic review[J]. Ann In-
tern Med, 2018, 168(6): 414-421.

[13] Frohlich F, Riddle J. Conducting double-blind placebo-controlled
clinical trials of transcranial alternating current stimulation (tACS)
[J]. Transl Psychiatry, 2021, 11: 284.

[14] Shan Y, Wang H, Yang Y, et al. Evidence of a large current of
transcranial alternating current stimulation directly to deep brain
regions[]]. Mol Psychiatry, 2023, 28(12): 5402-5410.

[15] Matsumoto H, Ugawa Y. Adverse events of tDCS and tACS: A re-
view[J]. Clin Neurophysiol Pract, 2017, 2: 19-25.

GIEATSC BB B, XA B, S5, 45 . 2GS Uit iRl BB & 25906
JPRPER IR B PR OFFE [T ], S #0450k, 2025, 42(10) -
882-885.



