Advances in Clinical Medicine Ifi/REE2£3E/®, 2026, 16(5), 1668-1675 Hans XM
Published Online May 2026 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1651969

ES LSRN S % BRI B ENATIEE
KRR

IES, W o#”

TS ROk R B, S sk
PASEE HE XN REBRMZENEL, WS AR

Woks H . 20264F4H 190 FHEM: 20264F5H12H; KA HI: 20264F5H21H

HE

HE: i EMES S MRS TMS) X B R BMER % & AL (RRMS) B 2 A M Th B8 R B & RN
M. J7i%: IAN2024E7H 2202511 AR TR R T HIEX A RERMRRMS 843761, LN
ThReREg, LS AL (n= 15)FIXT 4 (n=22). AW ERREARRBIERTT, LRHAMH20Hz
EARr TMSHIB M MU BT T B2 2 (DLPFC), |5, EE2A (3t10K). RBASFHTH. T
YAITRIS Y897 )E 3N H K6 AR B IRES R R (MMSE). SRR A IPEE B R (MoCA) PR A A1
TheE, RANE/RGIERER (HAMD-17). N E /R R ER(HAMA-14)HEBEER. £5: W4AE
BEBRWHDEEEER. THEINAM6NH , SLRHAMMSE. MoCATES 1 EEH T XB4 (P < 0.05),
HAMD. HAMAIF/r 3R BE LT XHB4 (P <0.001). EENEF ES/TER, FERIESHHAR x B
3L BN B (P <0.01), RRTrTMSTHRL ML T 3R . £iHe M A it & iR0834 H A 5
T, EEERTELE RFMMRA, EMoCATF S RA SR IER RIE(>264). £5i8: FMPFrTMSHIEAE
I DLPFCT] & & B RRMS B 35 A K1 Th BE A s 450K

X in
L RUREL, ERSMBRB, AMIIEE, W, K8

Effects of Repetitive Transcranial Magnetic
Stimulation on Cognitive Function and
Emotion in Patients with Multiple Sclerosis

Xinxin Wang?, Jin Zhen?*

1Baotou Medical College, Inner Mongolia University of Science and Technology, Baotou Inner Mongolia
’Department of Neurology, People’s Hospital of Inner Mongolia Autonomous Region, Hohhot Inner Mongolia

CHERERE

NESIH: XEE, Wi EEEMERIET 2 R LR T RE RS IR ). IR 2R, 2026, 16(5):
1668-1675. DOI: 10.12677/acm.2026.1651969


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1651969
https://doi.org/10.12677/acm.2026.1651969
https://www.hanspub.org/

FieaE, WM

Received: April 19, 2026; accepted: May 12, 2026; published: May 21, 2026

Abstract

Objective: To investigate the effects of high-frequency repetitive transcranial magnetic stimulation
(rTMS) on cognitive function and emotional symptoms in patients with relapsing-remitting multiple
sclerosis (RRMS). Methods: A total of 37 RRMS patients admitted to the Inner Mongolia Autonomous
Region People’s Hospital from July 2024 to November 2025, all exhibiting cognitive dysfunction, were
enrolled and randomly assigned to either the experimental group (n = 15) or the control group (n =
22). Both groups maintained their original disease-modifying therapy; the experimental group addi-
tionally received 20 Hz high-frequency rTMS stimulation to the left dorsolateral prefrontal cortex
(DLPFC) five times per week for two consecutive weeks (totaling 10 sessions), while the control group
received no special intervention. Cognitive function was assessed using the Mini-Mental State Exami-
nation (MMSE) and Montreal Cognitive Assessment Scale (MoCA) before treatment and at 3 and 6
months post-treatment, while emotional symptoms were evaluated using the Hamilton Depression
Scale (HAMD-17) and Hamilton Anxiety Scale (HAMA-14). Results: No significant baseline differences
were observed between the two groups on any of the scales. At 3 and 6 months post-intervention, the
experimental group showed significantly higher MMSE and MoCA scores (P < 0.05) and markedly
lower HAMD and HAMA scores (P < 0.001) compared to the control group. Repeated-measurement
ANOVA revealed significant interaction effects of group x time on all scales (P < 0.01), indicating that
the rTMS intervention effects were independent of time progression. At 6 months, the experimental
group exhibited a slight improvement in all scores compared to 3 months, but remained significantly
superior to both baseline and the control group at that time, with MoCA scores consistently maintain-
ing normal thresholds (>26 points). Conclusion: High-frequency rTMS stimulation of the left DLPFC
significantly improves cognitive function and emotional symptoms in RRMS patients.
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1. 5|

% KRR (multiple sclerosis, MS) & —Ff DL AX 1 28 22 4t 11 51 I il 8 o 32 B BRARRAE 1) B 5 e 1
P, R TEHENE, SERERRLN 30~80/10 Ji[1]. BEEFIHIERE, 4 40%~70%[1 MS EE 4
HIUA FERERE N R T R R RS, EERIUNE BAC T R . TAECIZ N M. PATIhRERERSSS, ™E
S R ) H W AR A 25 5 [2]. SRR, MS B kR A RE . SRR IR 0 H ) s
50%, T IHAMME RGBT, B SERRIE. TR KA EE VIM O3], HET MS 1
BT ¥ BEAE T TR 15 1E 1697 (disease-modifying therapies, DMTs) LA Hliw FE g, (E XA I BEFERS 2
FERPRER 1097 F B B IR AL 29W0i6 7 W RE AR EE A0 57 . P2y & B — )7 &L, BAE7Ek
g ARXNZ . AP EAER SR R, B IRKMIERZE4]. L, SRR 2GR iRTT
JE B EEIGRE Lo TR, rTMS TEMARAE . TASAR . I 26 p 5 B 5 46 A3 e I HE R 1A 18
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HIS[5]. WHFLRM], il rTMS (55 Hz) AT s je Rt bk, (Rt ph e n 280E,  TAIRAA rTMS (<1 Hz) 7™
AEAMHIE 6] A2 4N R 45 M- 52 )2 (dorsolateral prefrontal cortex, DLPFC)& rTMS 677 W\ %1 B hg Al
SEBRAT I A, ZIXEEPATIIRE. B WTTEUIAEK[7]. A, HATXT rTMS 78 MS B3 1)
LT AR D, H 2 5 T THaa 3 D e B, X HOA RN T BE ARG REAR R e 4 FH sk = R G PEAT[8].
AHEFR G B FEHL IEREE, FRUHEAR (TMS % MS B A AN IhfRE. AR KAMAEEIR I m, AIEIR
HET B SR LB IR -

2. ARMNRKFT*
2.1. HIRMR

YN 2024 4E 7 HE 2025 4E 11 Atz TR EEH BB IX AN RIER N E RERA 2 RIEREL(RRMS) &
& 37 BIENB TN S, YIFFE (2 RS W 567 v B 5 (2023 fR)) 2 WibrdE[1] HAFIE N K03 fE
BERS, ZBEHLEC T RIE NSLIR A (n = 15) R RZH(n = 22). I NARAE: (1) 4EH > 18 %, T LA,
() & (ZRMUEALE 5107 ETE R (2023 FR)) 2 WiksiE; (3) FEAEIARNThBERERS (SRR R A RIE
iR (MOCA) /> < 26 /(A2 BB ER < 124, W 1 5 IEE) < 26 4Y)); (4) Fithfae 1 HLL
A DMT JI7 A28 (5) BRI A 2 A SSIAIT B P Ali . HERRARUE: (1) A HAh P2 R G080 (b /-
DOFERIA « WA . EEERR . LR SE): (2) AMUTFAL, MNA S BRSO ITRHEE. B
T HWE RS LT 2 (3) AR R RS A , 1 E AR (DL A R WA AR B R HAMD > 24 1)
B AR FERE (DU R IV & R HAMA > 29 4%). A 4> SLRE Sk OUM 15 IR BEAS s (4) A5 i & 1 S0 B
WS (5) B L (6) U 1 AN H P AT RERZ AR Th RE K 25 M) (U0 E AR 245 . AR BRLAE
2. R EREE); (7) BEERZ (TMS 18T BAELE rTMS HAR AR SAE; (8) ™ E AL /sy /o
i, A FINR e . BRE 2 4 & UL FERAMIEE.

22. MIRF*

221 JRTTHE

{4 FH Magstim Rapid2 fiH A E R 8 TR W, 1697 )7 57 H briln PR 4 Az 2127 B (IFCN) 1) &2
ABIE 9] & 2020 FETHEUEEE % 1) rTMS W6IT FR FE[10]. B3 -FEh, ZRPESFIARY) T RIEeHA: 72
5 S 45 Bz J2 (Dorsolateral prefrontal cortex, DLPFC). ##523z shMIE (RMT)MIE 7732 B Se B h ) ik
LI E T MG B JE (ML )RSk 2 A7 B, DU ik i fIROE 220 10 7%, [RI R A & LR
PR St O (£ ) #8438 3035 & HL A (MEP) . RMIT 5 XN 10 VORI 2 /0 5 ik & kg > 50
uV ) MEP FIF 5 i e /MR B o« BFO7 ER B 1 RMT S48 B VAT RTINAE , I 9 I 00 58 (1) Mk
HARHE . LB © RIS BN 20HZ, 51N 60% Qs B{E, LRl 1800 ikrh. @ F¥i
W R TR B 5 U0, BRIK 10 b, 3t 2 AR 10 1)), IR AP AR T, 4E57 R DMT
J7 % BRORIT R E B F LR, ICRARFACRE kEAE k2 BO%E). HRITEA
BFA (U R AE . R, SERIME IR VAT 3F SR BUR S A FHHE it .

2.2.2. MEBIRHFR

(1) INFATHRERIPEAS : 1) ] Z)AS #HoIR A5 B2 (Mini-Mental State Examination, MMSE): MMSE &4
30 M, [N T IR A, T IR A RIREAS . GRS R A AE WL BDZAZ . TR
JRTHE T AR R TR E Be ) A (Al e 15 2 AN S5 0~30 43, 940 im R s Ak )
RERLF, <24 P FE/RAEENFIRREDSG . 2) ZERERIZKIAAN VTl 38 (Montreal Cognitive Assessment, MoCA):
MoCA &I A & F PP AL 42 B A RN B iG 1 T B, B8 0 AT ThRE ., 85 1012 R WA ML,
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i1 e e ) 125 2 AN RIS IR . 2> 0~30 43, >26 r Fon N FITIRE IEH, ZHE FER <12 48
W 1 /IR IE . 1% R R AN FH B MMSE 39Uk .

(2) MWLLFEPAY . 1) W /RKIHNAER & % (Hamilton Depression Scale, HAMD-17)3:4 17 AN H, X
F 0~4 53 5 pP5r(0 43 ToAEIR, 143 BBE, 240 HEE, 340 EFE, 450 WERE)[8]. M4 <84
NTCHNAR, 8~16 43 NFTREANAR, 17~19 73 AR EHIAL, 20-29 43 N EEHIAR, >30 7 N EEHAL. 2) W&
JRTUEE RS 5 % (Hamilton Anxiety Scale, HAMA-14)3: 4 14 NH, K 0~4 43 5 P70 7. HEIR, 1
Gy BRPE, 245 PRE, 34y HEFE, 445y WRESE)[9]. A <7 AR, T-13 4N REERRE, 14~20
S NEREAELE, 21~28 Sy T EARRE, >29 4y N EJEAELE.

23. G FER*

K FH SPSS 26.0 FAFREAT A /04T o IS RS Shapiro-Wilk A58 IEZS 1, DAEL + bk 22 (P A 2)
FIR ;s AH A2 b AR FEA t RS 56 B Mann-Whitney U £, 43 2835 & DB (%), AR L
KH 2 K50 B Fisher KA S o 32 245 R e br R FH 58 0 & 7 22 430 A, 28 BLAE FH 5 3 B A7 187 SR RS 49T
AN R ERTE ARSI 2K FH Greenhouse-Geisser £ 1E . 2H [A] %I 8] 2 EEE A2 AR AR t A2 588 Mann-Whitney
U K6, ZH P EUBCHBCO FEAS t A 50 ER Wilcoxon FF 5 FkAade . XSS, kK «=0.05, P<0.05 4
ZERA R EE L.

3. &R
3.1, —iREE

AW I 37 B 2 R REARE B 2, AR T T SN A R 2 (n = 22) fIsREG 4 (n = 15). fEA
Gt FRHETT I, WAAFER . N ELREER. SHEHM, LRATEEEEKTARA, 7R m
YLAE P RESE AN D RE B FRAT A AL S BRI 3R EAFEZE . AR AH QIR RFE b, SER A 1)
H IRk SR B E R T . AR, A P AR R LG 2 R . AEBOmIE ST, K
o BEEWRMNEERET, BWHARMEREGITTE S ZS . EHZ5 b, I REZ AR
M ERZ, HUCONR LRGN AL 25, =AM 258X A M LI H R B St 2 57, &
BN 2 I B R T 1 SR AT L, S5 5R k1R,

Table 1. Comparison of baseline demographic and clinical characteristics between the two patient groups
1. MABREREL AOSHFEMIGKFHERL R
Variables Total (n = 37) X HEZH (n = 22) SEaG2H (n = 15) Statistic P
4E#%, Mean = SD (Median)  38.08 +7.03 (37.00) 39.55 +7.90 (38.50) 35.93+5.01(36.00) t=157 0.127
JifE, Mean+SD (Median)  4.03+1.80 (4.00) 452+2.07(4.00) 3.30+0.96(350) t=2.13 0.041
RIFER, Mean + SD (Median) 33.92+5.38 (33.00) 34.91+5.90 (34.00) 32.47+4.29(32.00) t=1.37 0.178
Z#H, Mean +SD (Median) 13.14 +2.30 (12.00) 12.50 +2.48 (12.00) 14.07 +1.67 (14.00) t=-2.13 0.04

A1, n (%) - 0.493
% 14 (37.84) 7(31.82) 7 (46.67)
L 23 (62.16) 15 (68.18) 8 (53.33)

SK, n (%) - 0.153
& 10 (27.03) 8 (36.36) 2 (13.33)
2 27 (72.97) 14 (63.64) 13 (86.67)
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H%i, n(%) 0.445
BIEZAR BT 23 (62.16) 14 (63.64) 9 (60.00)
Hoptn 5(13.51) 4 (18.18) 1(6.67)
EXRVE 17 9 (24.32) 4(18.18) 5 (33.33)

3.2. INHThEETRE

P2 B2k MMSE. MoCA V43 TG Wi 35 22 e R HBEHLAL R L, AR 2R\ HK T35 T Lt .
i 3 AN H 5, L84 MMSE 743 i 240 T 6 R 44 (P = 0.017), MoCA 43 7R i 3 7 T X HRZH (P = 0.043) .
T 6 N HE, SLIH MMSE P R FF 2 Z % (P = 0.023), MoCA P45 [l B2 LT X JEZH (P =
0.036). EEMET 2/ iR, T MMSE W55, a1 x a5 B4 2 2 (F = 8.76, P = 0.001),
i 1) = R0 i 35 (F = 45.23, P < 0.001), #H7 R0 2 3% (F = 12.34, P = 0.001); *FT MoCA V¥4, 43l
x I [E] 22 B RN IR 35 (F = 10.45, P < 0.001), B[R] 3= R0 I 3% (F = 38.67, P < 0.001), ZH il 3 R0 i 2
(F =15.78, P < 0.001), #2&7~ rTMS T8 S 3 7 T~ B 18] 25007 o 2L P IS ) RS2 20 BT 57, SE562H MMISE
PN 3 A3 6 HEARM NP = 0.037), HFEFEME(-1.21 7)) & /N T34 (-1.26 47, P = 0.005);
MoCA V¥ PiZH N 3 H 2 6 A3 2 B3 TREEHA (LKA P < 0.001, X4 P <0.001), {HSZIGHTER
B (8] 2 Y PR FE>26 23 0 I F N EIBRE, % HEZH 6 AN H B % 42(25.19 £ 0.61 47), (KT N ARSI FHAH -
gERN% 2 foR

Table 2. Comparison of MMSE and MoCA scores between the two groups at different time points
7 2. PR ETERTE = MMSE 1 MoCA 145 EE 3

AT L4 (n = 15) AL (n = 22) Z11n] P {H

MMSE MMSE Ffj, Mean + SD (Median) 25.47 +0.52 (25.00) 25.45 + 0.51 (25.00) 0.941
MMSE 3 /J, Mean = SD (Median) 29.32 + 0.48 (29.00) 27.58 +0.44 (27.00) 0.017
MMSE 6 /J, Mean + SD (Median) 28.11 +0.57 (28.00) 26.32 £ 0.63 (26.00) 0.023

P 0.037 0.005
MoCA  MoCA fil, Mean+SD (Median) ~ 24.07+0.80 (24.00)  24.27 +0.63 (24.00) 0.407
MoCA3 I, Mean+SD (Median) ~ 29.07+0.70(29.00) 2632 + 057 (26.00) 0.043
MoCA 6 H, Mean = SD (Median) 27.13 £ 0.64 (27.00) 25.19 + 0.61 (25.00) 0.036

P <0.001 <0.001

3.3. MALERAETE
CEAPHRREIRTT I, T30 3 A HI, SEIRALIHIAEYE 7 (3.67 £0.72 73) SR &R0 i 41(11.41 £ 1.01

7y, P<0.001). 6 ™A, BARWHIESE 3 AN ARG ETE, H52564(5.58 £0.65 7)) 5Hk & KT

XTHEZ(13.18 + 0.96 47, P < 0.001). N IE IR, SEIRAN 3 H 2] 6 H BRI IR A 2 fHE & 2 1n
H(P < 0.001). FEEARTT3 AN HEF, LIS HLEREVF5(4.67 + 0.72 43R WK T X R 2H (12,50 + 0.96
4y, P<0.001). £ 6 MHAK, SLIHIF5(7.38+0.42 ) EMEH LI, EREZE T X84 (14.27 £0.98
55, P<0.001). ZHAE A TR, WARERTSMN 3 HE 6 HHES TS5 A P<0.001; R4
P=0.031). ZiHRWE 3w,
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Table 3. Comparison of HAMD and HAMA scores between the two groups at different time points
#* 3. FAEETFERE S HAMD & HAMA 4 EEE

HEMIE SEERAH(n = 15) SHEZ (n = 22) HIF P A

HAMD HAMD §j, Mean + SD (Median) 15.60 £ 0.63 (16.00)  15.32 +0.84 (16.00) 0.253
HAMD 3 H, Mean + SD (Median) 3.67 £0.72 (4.00) 11.41 +£1.01 (11.50) <0.001
HAMD 6 H, Mean + SD (Median) 5.58 + 0.65 (6.00) 13.18 £ 0.96 (13.00) <0.001

P <0.001 0.042
HAMA HAMA 7, Mean + SD (Median) 1653 +0.74 (17.00)  16.32+0.84 (17.00)  0.418
HAMA 3 H, Mean + SD (Median) 4.67+0.72 (5.00) 12,50 +0.96 (13.00)  <0.001
HAMA 6 H, Mean + SD (Median) 7.38 £0.42 (8.00) 14.27 +£0.98 (14.00) <0.001

P <0.001 0.031

4. Wig

LR TMS)E N — R AR A Z i R AR, BT 2 Mt esE & Thig, &
72 5 T 3R E S A VAT [11] o i rTMS (35 Hz) T S I R I SR 00N, e ik e 28 ] Y8 1k B
HA[12]0 ZC T HMI RTAT I B2 2 (DLPFC)E AT ThRE RIS 26 1815 I S G X, & rTMS Y897 AR RIS 26
BRI i P s [13]. #RTAT, H AT rTMS 76 MS S Hr N H 2 Tiash Dhse iR, XA mThae &k
PR ) 5 1 F R = RGN [14] o AHITF T i@ BEALA FEREE, PRV A rTMS 3R &g MS &
NN THRE BB R S, PR 2 iR A T

AWBFFEH, LA THE 3 A 6 ANHMK MMSE K MoCA VP14 8 2 & T 4, 54 &
J5ZE M R BE AR x RS BN, $27R rTMS T TR0 250 R o T T AR . %45 1S
Hulst ZE[15] 58— 3, J57& K3 10 Hz rTMS HI3CA Il DLPFC W] 23 MS &3 TAEILZ, FEHEREn:
WOE B E A R ThREE R 98 . AWFFCR A 20 Hz myTURI, $on S8 S vl B FIRE A 2%, B 2l B o
AT RN 3 T 2 ] VRO . 456 AR FE TR S5 4 MMSE A MoCA V743 1) 2 2 52 7,
HED rTMS 7] GEEIE LA R HLHI S A ENThAE: A0 rTMS 7] SR R SR PE RN, 0% NMDA %214,
fRHES M B YA[12]; BhSLE6 tBAESE rTMS A L BDNF £ik. R MAKIE. Rk E16] [17],
NNENIECE IR LA M FE R . AR, S2IR4 6 DN HFHAKPESE 3 MH AT R, ERERT
XTREZE, H MoCA VA a2 4E 47 1R BIE(>26 47), AR 6 A H I K TN FIBEAS Im A E . X P
BT e 5 R b A 2 m] BRI SN (B VARG O, AR T MS i A% B i3 T DA 1 D e
BEFLM o ARAIE FE n] PR 2= P IR ] A A A SR 4R R

AR AN AR B MS B3 WS H ., 5 AR =% VA C[16]. AW, SLiATHE 3 AN A
6 N H 1 HAMD & HAMA P43 38 B3 X4, 3278 rTMS XHE @ IR A R GEEA . 1245
H 5 Ahmadpanah Z£[18] (W BE LA LG — 5, 5 KM 10 Hz rTMS BA 4 AR AT 525 BR K MS & 41
HEPESy o rTMS BUIARRINLEIRT BE fe . W AT - A G B DR iz . PR R E T, LRiREF,
DA% 55 M B frig A 20 330 TRORR TS [19] o AW 9000 R LA BB S5 s [R5, 487K rTMS 1 Beid i 3t [R1 3R 26 [R]

TR 4
AHEFCA NS G2 s 2R 3 AN AN 8 ik s, 6 AN I B A [ THEAS & 2 U0 T3¢
Ao SR R RS P REIR T 5 T . — 7 TR S e T Ok A R DAy, B iR S 320 5 — i

NPT IS 58 0 NI (5 0, B IE 4IRS [21]. MY~ MR, DLPFC fE A afEl 5
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TEG AT “AZICIX”, RIBGZ X AT [E] s T R A 45 AH SR % [22] . BDNF /E 35 [E L], BE
Z 5253504812, X SMAESR R AC[23], rTMS _Ei# BDNF w] GE 5] I3k KA 28 250

RIS — EERILZ rTMS 7 TR 6 A, SR HIES TR AR T B SCR, midk
FEE AT TR B . ShSLEe SR rTMS BT 58 i 25 98 I RE 915 S [13], IR e 45 K P S50 7 AR k2
BEELRt. SR 6 AN H PP AR B IEl BB N7 AT RE BN, ARSR R ER R ILE Va7 S A il 2k 12
BT DAERRT R0 WA, ABE TSR AR R . BB KPR, ATREXT S R A e, (HEE
LY ESF At cfshl, A EEER,

K AFERERN, REBARETE, APPSR EER, kB AER E R, Rk
T FE R FE AR Z O BEATLOUE X B ES, SR RS A APl T H (10 SDMT. PASAT), 454 fMRI.
P300 & MARFRIRANFE S AL o TS ARP 0T 78 O 5o P300 AT L HARUR [ WOl AT AR [24], Ak MS BF5
WA G N KR AT bR, RN SATSERE MS R AR BEHAT 2 E 0T, RRAMEIEIT T %

Zx FRR, S rTMS Il ) DLPFC v] 2 2 243% RRMS B A A DI Re A 2R, J7 AT 57 4: 6
MNH, HINSESEEAA D RSN . rTMS 53N MS 2548 LI 2B,

B

ARG AR ERAC R RS MAEEF M S SC-07/02KT2024159Y). A Hi Y3k a i st
NS ER
SE K
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