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Effects of transcranial direct current stimulation on sleep quality in patients with herpes
zoster-associated pain *
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Abstract Objective: To investigate the effects of transcranial direct current stimulation (tDCS) targeting different
brain regions on sleep quality in patients with zoster-associated pain (ZAP). Methods: Ninety patients with ZAP
who attended the Pain Management Department of the Affiliated Hospital of Xuzhou Medical University from
December 2024 to April 2025 were enrolled. On the basis of conventional treatment, all patients were randomly
divided into three groups using the random number table method: group A (tDCS group 1; anode placed at F3,
cathode at Fpz), group D (tDCS group 2; anode placed at F3, cathode at F4), and group S (sham tDCS group;
anode placed at F3, cathode at F4). Each group comprised 30 patients. All patients received tDCS treatment for
7 consecutive days, with 20 minutes of stimulation per day. The Pittsburgh sleep quality index (PSQI), Fitbit
Charge 2 smart sleep trackers, numerical rating scale (NRS), Hamilton depression scale (HAMD) and Hamilton
anxiety scale (HAMA) were used to assess sleep quality, pain intensity, and emotional status, respectively.
Results: Compared with group S, groups A and D exhibited significantly lower PSQI scores, higher sleep re-
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sponse rates, as well as improved wake time and deep sleep duration at 4 and 8 weeks post-treatment (all P < 0.05).
Additionally, NRS scores in groups A and D were lower at 8 weeks (P < 0.05), and both HAMD and HAMA
scores were significantly reduced at both 4 and 8 weeks (P < 0.05). No significant differences were observed
between groups A and D in PSQI, NRS, HAMD, HAMA scores, sleep structure durations, sleep response rate, or

pain relief rate. Conclusion: Following 7 days of tDCS treatment, sleep quality, pain intensity, anxiety state and

depressive status were significantly improved in ZAP patients. Additionally, no significant difference was

observed in sleep improvement for ZAP patients between the electrode configurations of anode at F3 with cathode at

Fpz and anode at F3 with cathode at F4.

Keywords transcranial direct current stimulation; zoster-associated pain; sleep; depression; anxiety
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Fig. 1 Ultrasound-guided percutaneous pulsed radiofrequency
therapy of never root in patients with ZAP
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Fig. 2 Transcranial direct current stimulation (tDCS) in
patients with ZAP
(A) Group A stimulation: anode F3, cathode Fpz
(International 10-20 EEG system); (B) Group D
stimulation: anode F3, cathode F4 (International 10-20
EEG system)
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R1 =HHANZEL TR LS [(X £SD), M (IQR), 72 (%)]
Table 1 Comparison of baseline data among the three groups [(X =S5D), M (IQR), 77 (%)]
A “H Group A D H Group D S % Group S PH
(72=130) (72=130) (72=30) P-value
FR (D) Age (years) 68.3+7.0 69.1+7.7 69.6+10.4 0.830
5 (55 Gender (male) [72 (%)] 16 (53.3) 15 (50.0) 15 (50.0) 0.957
A E H5 5 BMI (kg/m®) 24.80+3.29 24.46+3.13 24.26+4.49 0.852
H llliteracy 8 (26.7) 7(23.3) 4 (13.3)
SCAVFREE /N2 Primary school 10 (33.3) 8 (26.7) 10 (33.3)
Degree of education [72 (%)] rh12% Middle school 12 (40.0) 15 (50.0) 15 (50.0) 0723
K2 College 0(0.0) 0 (0.0) 1(3.3)
TR IR S AR AR A HERR 2L aCCl 3.00 (2.00,4.00)  3.00(2.00,4.00)  3.00 (2.75,4.00)  0.693
75 Hvb4ri% NRS 7.63£1.38 7.20£1.30 8.03%1.69 0.094
PO IR &2 HAMD 15.00+3.96 13.87+4.78 16.0043.85 0.153
R o == 45 4 PSQIL 14.30+3.48 13.03+3.15 14.70+3.42 0.138
BEAE AT S 2597 Drug therapy 24 (80.0) 26 (86.7) 26 (86.7) 081
Previous treatment history [72 (%)] 47 f1]3477 Invasive treatment 5(16.7) 2(6.7) 3(10.0)
filifs %6 Allodynia (Yes) [72 (%)] 28 (93.3) 27 (90.0) 25 (83.3) 0.592
fﬁit:; (]j1)month) 17 (56.7) 16 (53.3) 16 (53.3)
JRFE Course [72 (%)] gﬁ&fﬁ;ﬁf; months) 7(23.3) 7(23.3) 9 (30.0) 0.949
TSR (>
512%;?0 ;ta;e)(%>)3 months) 6(200) 7233) > (167)
B K <2 9 (30.0) 10 (33.3) 12 (40.0) 0709
Nerve segment [72 (%)] =2 21 (70.0) 20 (66.7) 18 (60.0)
= X% Trigeminus 2(6.7) 3(10.0) 5(16.7)
B KT #MAPLE Cervical nerve 3(10.0) 5(16.7) 5(16.7)
Neurotypes [72 (%)] g #1128 Thoracic nerve 19 (63.3) 19 (63.3) 17 (56.7) 0.833
JE 125 Lumbar nerve 5(16.7) 3 (10.0) 2(6.7)
HlHAZE Sacral nerve 1(33) 0 (0.0) 1(3.3)
BURZGDII H PR (mg) %35 EL bk Pregabalin 248.50+71.31 260.00+67.47  259.17+67.11  0.770
The average daily usage of
analgesic drugs (mg) %% ™ % Tramadol-paracetamol  100.00=17.98 102.16£17.06  102.50+16.87  0.833
MU Rescue analgesia [72 (%)] 6 (20.0) 5(16.7) 9 (30.0) 0.434
W

8. =41 A\ BB U5 IR s B 25 W 19 K b

=4 NIRIT RS 4. 8. 12 TR BUR A
NI 8 s, 4R EIR, =41 AfEiR
JEJE 5 4y 8+ 12 JA {1 i AR K N S Ll 4] 22 5
ToGeit s oAb, S AR & B U5 I [) A5 A%
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®2 ZHURAASIEI A 5L PSQI E4r EEER (X £SD)
Table 2 Comparison of PSQI scores among the three groups at different time points (X £5D)

A % A group D %A D group S 21 S group
BI% 72 PSQI BI% 72 PSQI 1% 72 PSQI
VAT HI (TO) 30 14.30+3.48 30 13.03£3.15 30 14.70+3.42
VRITIE 4 J (T1) 30 7.77£3.54%* 30 6.43+£2.90%* 30 10.53+4.58%
VRIT )G 8 Ji (T2) 29 6.48+3.41** 30 6.10+£3.72%% 30 9.30+4.74*
RITIE 12 H (T3) 28 6.46+4.45" 30 5.63+3.62* 29 6.55+2.54*

*P<0.05, 5 SAMLL (Bonferroni %) : P<0.05, HiEITHitHL
#P < (.05, compared with S group (post hoc Bonferroni correction); P < 0.05, compared with TO.
R3 ZHB N AA RIS B IR &5 M R B2 (] HL L (A, X +SD)

Table 3 Comparison of durations of different nocturnal sleep structure types among the three groups (A, x +.5D)

ARt Variables A %1 A group (72 = 30) D 41 D group (72 = 30) S 4 S group (72 = 30)
Vi BRI K Duration of wakefulness (min) -16.87£25.48* -21.63£31.30* 7.37125.64
i B B BERR K Duration of REM sleep (min) 2227+26.23 23.03+£21.92 6.40+33.33
RHEAR IS K Duration of deep sleep (min) 19.9019.94* 30.30425.46* 1.57428.25
HIEARAT K- Duration of light sleep (min) 42.93469.74 38.33+69.53 35.104103.96
SEPRBERR IS K Actual sleep time (min) 85.10485.47 91.67+74.36 43.07£128.22

*P <0.05, 5 SZAMEL (Bonferroni £36) ; *P <0.05, compared with group S (post hoc Bonferroni correction).

F 4 R AAFI A A NRS PR3 HU (X 28D)
Table 4 Comparison of NRS scores among the three groups at different time points (x =5D)

A # A group D 41 D group S 4 S group
1% 72 NRS % 72 NRS BI% 72 NRS
YBIT T (TO) 30 7.631+1.38 30 7.20%1.30 30 8.03%1.69
WA 4 J8 (T1) 30 3.674+2.25 30 3.2341.55" 30 4.20+1.99%
YBIT )G 8 JH (T2) 29 2284 1.77% 30 1.93+1.41% 30 3.53+1.89"
I IE 12 8 (T3) 28 2.07%1.76 30 1.73+1.44% 29 2.14+1.66"

*P<0.05, 5 S UL (Bonferroni #3%) ; P <0.05, HifJrHititL

#P < .05, compared with S group (post hoc Bonferroni correction); “P < 0.05, compared with TO0.

RS =Y AARFEE A S HAMD $#¥43 HL% (x £SD)

Table 5 Comparison of HAMD scores among the three groups at different time points (X +=SD)

A 4 A group D 41 D group S 41 S group
BI%L 72 HAMD 1% 72 HAMD 1% 72 HAMD
YAIT R (TO) 30 15.00£3.96 30 13.90+4.74 30 16.00+£3.85
1HIT)E 4 ] (T1) 30 6.77+2.75% 30 5.73+2.63** 30 11.00+5.75%
BITIE 8 JH (T2) 29 5.2443.52% 30 4.8743.65% 30 8.63+3.78"
WBIT A 12 i (T3) 28 4.96+3.75% 30 4.4743.39" 29 5.83+3.71%

*P<0.05, 5 S UM (Bonferroni #5%) 5 "P<0.05, HiRJTRIHILL

#P < .05, compared with S group (post hoc Bonferroni correction); “P < 0.05, compared with TO.

F6 =W AR £ HAMA 1¥53 LLEL (X £5D)

Table 6 Comparison of HAMA scores among the three groups at different time points (x £5D)

A 4 A group D 41 D group S 4 S group
1% 72 HAMA 1% 72 HAMA 1% 72 HAMA
YBITET (TO) 30 10.56+3.00 30 9.774+4.22 30 11.03+4.66
BITIE 4 8 (T1) 30 6.17+3.22%# 30 5.30+2.59%* 30 8.73+3.78"
T IE 8 i (T2) 29 3.524£2.44% 30 3.43+£2.36% 30 6.1312.99¢
WG 12 8 (T3) 28 3.89+2.82¢ 30 3.30£2.37* 29 4.62+2.53"

*P <0.05, 5 S 4HMLL (Bonferroni i3 ; "P<0.05, SiBITATHALL
*P < 0.05, compared with S group (post hoc Bonferroni correction); P < 0.05, compared with TO.
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RT =N FINE) SRLE RS G AR LA [72 (%))
Table 7 Comparison of response rate and remission rate among the three groups at different time points [7z (%)]
A 2l A group (72 = 30) D 2H D group (72 = 30) S 41 S group (72 = 30) x?
%% Response
YRITE 4 i (T1) 17 (56.7)* 17 (56.7)* 8 (26.7) 7.232
¥BIT)E 8 JH (T2) 21 (70.0)* 19 (63.3)* 12 (40.0) 6.103
VAIT R 12 JA (T3) 22 (73.3) 23 (76.7) 20 (66.7) 0.775
2% Remission
BIT)E 4 A (T1) 5(16.7) 6 (20.0) 2(6.7) 2.400
BIT)E 8 A (T2) 9 (30.0) 12 (40.0) 4(13.3) 0.066
YGIT S 12 F (T3) 11 (36.7) 12 (40.0) 6 (20.0) 0.207

#P<0.05, 5 S AL (Bonferroni f%:) ; *P <0.05, compared with S group (post hoc Bonferroni correction).

F 8 =N BE VI S BURE 25 R UL [72 (%))
Table 8 Comparison of the number of patients using analgesics during follow-up among the three groups [7z (%)]
A 2l A group (72 = 30) D 41 D group (72 = 30) S 41 S group (72 = 30) x?

¥ AR Pregabalin
WITIE 4 7 (T1) 30 (100.0) 29 (96.7) 30 (100.0) 1.840
BIT)E 8 A (T2) 25(83.3) 26 (86.7) 28 (93.3) 1.482
BIT IR 12 8 (T3) 23 (76.7) 21 (70.0) 21 (70.0) 0.443

Z W i &£ Tramadol-paracetamol
BIT)E 4 A (T1) 11 (36.7) 10 (33.3) 18 (60.0) 5.158
HIT)E 8 A (T2) 7(23.3) 6 (20.0) 12 (40.0) 3.600
BIT)E 12 F (T3) 4(13.3) 4(13.3) 8 (26.7) 2.432

R A RSN [72 (%)]
Table 9 Comparison of adverse events among the three groups [7z (%)]
AR Adverse events A 4 A group (72=30) D 4D group (7z=30) S 4 S group (72 =30) x? P {f P-value
3% Dizziness [72 (%)] 3(10.0) 2(6.7) 2(6.7) 0.440 1.000
Wl>. MR Nausea, vomiting [72 (%)] 1(3.3) 3(10.0) 1(3.3) 1.490 0.613
% A Scalp tingling [72 (%)] 12 (40.0) 13 (43.3) 10 (33.3) 0.655 0.797

B, HREEIT R i AR Z= 55 R R R
il TR EAE R . B 2593697 R H o iE K
AR N AR . Ak 77 2590 AN By 3R B DR 25 5 e L I
PREIRIH o

HEHIR 2 A8 A2 R fl ] A PE () B B FE, W9
FH, AR PRGN LI MR REARRAS T 2RI H
B R RG0S Fy R I T, T B A T AR R
F i 199 265 (] 2% %), tDCS 1 S — R AR N H # 2
PR, DAY B2 26 A M A 1 5 o 48 ] I8 %
(IRE I p 2 ook BEAEWT 72 o U2, tDCS &
Bk DL L o R O3E sm R kv S 1, I
R A AN T y-2= R T R (gamma-
aminobutyric acid, GABA) 1 4 =& Ll P #2258 5,
52 ph 2 8 i A &R (glutamic acid, Glu) 3 [A]
TEF, Semphe eiq i A IhRe T 884 @177 GABA
T Glu i RIRM A GABA 7K-F i K T &

FEAMA, JEE BB tDCS $25 GABA /K, 1 BA A%
tDCS J&# I Glu 1 5 #0120 4% 36, AT e 5 e G
i OuGE RN s EdE S mEy ik
¥ Cn—E A% R Py Rz AR K R 7 g 3 A 1
WEEIN, DA OR AR e AR E MR N A S @
SN PR 2 A 22 T IR S A R A Y 5- R i
FHB- N MERKRRET,  G e AR adb scrs AN e
FRMRAE IR . JEF Bk e, tDCS il £ 5 i
WLHIAE Bz 0 - i - 52 J2 I e [l i b R SEAE AT
MEAR AT lE, 76 “H b~ RIS Rah K
FEEEEM .

AN, IDCS HIIRITE S8 i 3k j R
S8 F TR TR 5 1) 0 DX 3 T 77 A R AR A 2 RN
PIM 5%, T 4N A4 (dorsolateral prefrontal cortex,
DLPFC) T8 uiF B 2 247 TA R0 1 B G B X 4, 9F
5 AN X AP 2 1%z S AR, R
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it 2 5 HEIR - 50 BE (0 B X, 1% X i 2 e
J¥z fie 18 % 5 0 0 B 55 X, BT A B2 T (prefrontal
cortex, PFC) %5 X 3 il o K 1 DhREIE#2, Rl
PFC 2 A 5 Th g [0 i 52 SR AR, BRI R & th 2> 52
B2, X AT REAR BT HI 55 TR 2% 2 8] 1 A
F B2, DCS @ i e 3k 57 JZ W 4 A7 2 R A4 G
AT IR A A SR 5 5 i X 2 ) e, TR R SR 1
PFC il . K& CUFH/ER T DLPFC [ FH AR R
WORT A 80IR TT A 2R B N TR P R AR [ 5 B,
TR B RS, BUA SRR LR, B
WAL T A2 DLPFC, I A7 T 45 fill DLPFC Y, Fpz
Hfie b N I BEAR BT & PO, IR, A ATk 4
45l DLPFC 1 Fpz X A Ay A [ B AR i 3 A
AL R ER, S0 RAMLE, DCS HBiGIT
Al R sE ZAP R A PSQI W4y, HIAITEH 8
AR EER, XS5 MM s R,
MRAEFE 22NN,  RAF A BERR 45 M R AR . bRk R
) MR R AN VR R AT AL Fs , PP P IS Jo 2 D1 ey P R P B
{1 EL A P R0 e B ) 3O 0 5 v Y AR T 4
RIE7R, tDCS Wit 465 ZAP 5 NGB K. 1
O HER R P ) SR e 7 A IR PRV F o HEE DX P
55 tDCS M) B2 i A5 T O N RN ., 1Y
5 S fil T SRR SR ThRE AR OC,  AEHLAARA: 2 1) R 15 DL
$, R AP NTE Sk N R I 4 BEAR A BEAROIR S
AT 4 B R 2. AR FT tDCS N R AR 24 35 2 7
HA KA, A050IE N2 R E R F 5
WA T IR CCE LT . 5 R EoR, SXHR4LAI L,
tDCS 4§ BIIG T {E 28 4 A EE 8 J o503t M AR 1 R0 SR
B AHFFIEKI, Tl &R tDCS BT 4
Bgyr, “HREMERY TR EER . AHLER,
KA FNN ZAP i NI TR, HoaZaE g
L, HEARCIR A5 T R M DUIA B e BN BER T
YIKF

PR A& 5 K ZAP P53 N R A I HIR B 15 114 O i K]
K, KRR IR B DI T 7 A R P A 34
%, HETEXT ZAP BEARZR T I 5 M A2 W o
AW (DCS 1677 241 T4 R 5 26 8 JE NRS PF47
SEMT AR, XA tDCS HhiGIT ZAP 114t T
HITWUEYE SCRF . AT (DCS 16T HAE 2R 4 4
5 8 & 1) HAMD & HAMA 143 8 A% T % IR 4,
IX A F T 3% B R B BRI GRS A7 75 ) DLPFC 2 1 24
W E B AL, A A AR B IX — X 3 B [
5 5 G T 1 28 RO B e R R AR % B

JUE AT S 45 5 % B tDCS 7] LA ZAP
N BIRERR T & SRR BEAAAL . BRI, (BT
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%6 B 1 BH B B T 220 DLPEC X, BAMGRE T4
il DLPFC [X 8% Fpz [X 7 BEHR VT 73+ &I W 5507
¥R 3 2 5, IX 7N 54l FH AR e ] DLPFC
X B AT R ZAP 9 N IR RER . I 1 3C
BR G FIX — WS UEA —, AR HEDN AT §8 59697
1 229 B R T O R P A 8 0 R AR T S B A
Ky AR T ER SR AT X — S R AL
file FEARWFFEF, =M NG IR EINA R R
N = TBE Sy FE WG T R A R R R R G, L IR
RIGLE 2 /N TSR . =2 ATEAS B N 7 T oK
VLR R 25,

AW FRAFAE L R RR . %, AHFF N
OFFF, BFEARSEAEDN, R0 S5 R0 E A7
TEAE o HR, AT A B A [F 16 T ] 2
COn NBERT JEEER SRR AP, EiEHERT
RS 1) St e ARG 57 2 1) 503 2 75 8 A [ R P P S
KR FRAHT FLE T, 20 563 5T tDCS X HiE
ARG 5o, $Msmmt e & MU 71, R EtE
TR BfE, ABFFANE TSR EHT T
1 URBEHR S P I, SRSk mT LASE I 22 AN ] i (nl
fH 1RO FATEERZ VRS, LS tDCS Xt
HIE R 45 P4 TR S A RE T

22 E PRk, fEA M DLPFC E#HTIESE 7 KK
B tDCS 745 2k 3% ZAP % NBEIR &, K
i, IEXTECEAR . AR g A KRN
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