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B S AR B R E NN ERN TR

kO R AAA % F
(RIS 5 IR LRI o0 * T AL 2~ QBT S Be, Y 518060)

# E R2EiAmEHF(mild cognitive impairment, MCI)Z AT EFAfmE L Fe X F ok ey P IAKRE, BATH
A WG T 5%, £ H 2 AR B (repetitive transcranial magnetic stimulation, rTMS) T i@ i # 3 £ Ak 7T
WA E R E RGN F T AE . 2T rTMS F TR MCI A 4m 2 66 69 A 20k By ZHLRI 31T 547 . R RAER B
A EALF B, 3 KA TR M7 45, & R R RS AR b e K T A ey Foh, AR LS
it AR AR R AR R rTMS 49 F FALH

KER BENKER, EHH TR, 2R ETMS)

FES  B84s

1 3

% N 0 B §% (mild  cognitive impairment,
MCT) 52 A1 T 1E # AR 2 A0 22 4F 9 2 1 o IR
%, 18K B K H % 15 sl (Petersen et al., 1999), H A1,
57 MCI HE & 42 H 2 Petersen 2£(1999)2Z 4b, 2%
= [ 57 5 A BIF 5 i A B 2R 2% 16 38R 995 P13 2% (National
Institute on Aging and Alzheimer's Association,
NIA-AA) B 7R 5 I B Bl 22 52 1R 7 DM R 4 21
(Alzheimer's Disease Neuroimaging Initiative,
ANDI), SE[EHGHIR#r2(American Psychological
Association, APA)YWLHITT T 4% H ) MCI i2 Wb
(Albert et al., 2011; Weiner et al., 2016; APA,
2000), X EEARUEM LR Z AbFEF : SRAM G OB
20 B RIS BEHEA T PEAY, HERR B RIR B AY
NI e TR, 5RIE MCT AR B ¥ iGsh A% 8
Ko HOR[R Z AL NIA-AA R A EVFICIZ R,
IR BRICAZ A3 Z A B H AW A T D RE 5 3 s 28 A
F| 2 Wr bR v 7 (Albert et al., 2011); Petersen 4§
(1999)F1 APA (2000) %+ MCT 83 945 36 ik S ik

il

TrEdR] 5y, R —BOAMIEE . H WA 1ETE D)
DIREFIAE & ThRE .

MCI 8 BN 2R MAE i e 3L, W
KA st . 8 Gt . TAERI AT, FRA
RACAL A w W > | e A2 B RE AT I E BE 1 R AR
(Klekociuk & Summers, 2014; Supasitthumrong
etal., 2019), MCI 5% (1 RICICHi0s 5 IR
5 FE KA L 5 0o TS U 55 LA B BRIA X 45 0
R B R A A ¢ (Venneri et al., 2019; Chet & lat et al.,
2003; Ries et al., 2006; Brier et al., 2014), Hi# X
A5 5 3 v 0] 32 4 A7 G (Venneri et al., 2019),
AN, FEPATE AT 55 I, MCT B3 R
24 1) D) e R 1G5 (T 9 2% = ZE i ML fE ot .
MR MRSk . AR FNSMUE 2 AL, X AT
B2 ATLAA A 18 X LA 60 B fig 464 493 i T2 ok P A A AL
(Gour et al., 2011), FEHAT TAEICILAESS I, MCI
BB A MBI | A DU TR e S8 ) 4l
L1EE IR IR (Niu et al., 2013),

Bk Ticicife, MCL R B E R GBS M E
e RAT Iy REAs LA . MCT R 35 1 T T 2 R 4
i B MEF B EGE NGRS . EREEEE
Wk H A 2020-11-10 51 &t J7 1 (Okonkwo et al., 2008; Fernandez
* DRYN TR AR 5 (R AR RE R B SE ooy 9011, Charette et al., 2020). 1E I EEZ S

(JCYJ20190808121415365); J A4 HARFL=H AT H USRS N
Bl & 58 S
(2020A1515011394); [® & H 4R B} 2% 3 4 1w [ 7 H HiFATITE G S5 47 C (Dannhauser et al., 2005).

(32071100); [H5 T ST HH(2018YFC1315200)% 1) . FI i H (electroencephalography, EEG)HF 5T i UE 4
BEMEE: &7, E-mail: guanqing@szu.edu.cn IR, MCI BEFEEREE MG h RIS B IEL

2002
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Y% % fie 1 U6k 55 (Caravaglios et al., 2018), MCI & &
BB NE T MEIEDIRE, RINIEHEBIE ., &
WA L A G MRS R (R (Mueller et al., 2018;
Themistocleous et al., 2020), iX -5 EL % M- % 2 H
FEBHBALA 22(Kim et al., 2010), I4h, %35 B
PSR AR Dok SE AT D R 32 Bl L2 MCL AR &
A G R EFL(Wu et al., 2016; Nemeth et al.,
2013; Seo et al., 2016; Geng et al., 2020; Pertl et al.,
2015; Sun et al., 2020). A IEHE BoR AT AESZ
15 5 ) w404 B 1 ZE 45 A 92 (McGough et al.,
2018). LAk, HirFIH BT e A 58 i R £ AE AT T
AEH & ¥ HEVE FH (Dosenbach et al., 2008; Goulden
etal., 2014); ik R, MCIE# R K W
P28 5 BRI 45 . v e pAUE T O 0% 5 R RUJSE il I 4%
VU K 4 i T BE 7 42 1) 5% % (Chand et al., 2017; Cai
et al., 2020),

MCTI B 8w (B 7R IR TR R (Alzheimer
disease’s, AD)FE{b%, H AD FH LA IAFIE
WENE 10 5P ESE 2, 2016; Breton et al.,
2019). BT RS EEE R, T E I MCI 4%
ik 14% (REFY 45, 2020), SRT, SO 0R A
SR WIIRYT R MCL B 238 5508 AN B . (Luber
etal., 2013), & itt, BHIFA 53 AN R B AR TR i
A 1) T REPE R 2808 35 (19 AN #EY75 (Cui et al.,
2019) . ¥ & 2 0 4 J) B (repetitive transcranial
magnetic stimulation, rTMS )23k F v i, 377 v,
TR 5 g — b i 28 AR R 5 5 R (Rossi et al.,
2009). i1 2k Bl 7 1 A 52 Sk B b AR ik
g, U LT R RN F I, R T A2 R
X2 T fE, 1755 58 fil o] B8 0 OEE D B B
2 10 HE 2 R AR K 2 8] B 9 95 1 (Luber et al.,
2013), 1 2k 3% KM B 2% K I fE (Lefaucheur,
2019).

AR, rTMS K Sl ik 22 1l i 2 AR AE |
B3 5 N A | 32 Bl R A S M R A5 i 1Y
JA¥7 W (Blades et al., 2020; Brys et al., 2016; van
Eijndhoven et al., 2020; Nardon et al., 2017; Perera
et al., 2016), F L L, DIEFRMEN, rTMS XF
A145 TAEiC 12 (Beynel et al., 2019; Yang et al.,
2019). 1% (Zhao et al., 2017; Myczkowski et al.,
2018)U]§(§%%(Rahnev et al., 2016; Guillaume
etal., 2018)# N 1 2 WA M Th e B A B4k A,
L0 2O T R 2 0K B 2 U] (Cotelli et all,

2012; Marra et al., 2015) rTMS HA ki
A R RS A AR L, B AT
X MCT H 1 52 450 1 XS5 it % ey 35 30 i 44 1
rTMS, LASGEHGAFIZNRE . Ak, Mo e nl 28 1
[ F BEAE, ' TMS X MCI th ] BE B T R .
—J7 T, rTMS BERE I 15 5 fil 7] ¥ PE (Strafella et al.,
2001), XJEICIZHF 2T (MCT 1 £ 224N AIER)
B 25 A (Bliss & Lomo, 1973); %3 —J5 i, MCI
ARAT R B A 5 fih Al Y% (D' Antonio et al., 2019),
HL A T8 0o e S 0 28 U 4 DT B3 A R ) RE Y TT
RETE

MCI K rTMS BF5EI8 SR 3R T 2006 4F
(Solé-Padullés et al., 2006), T4 1% 55 1 SCHk
Hom 2K, B AR RE D, JF
ELAE F2 SRR AL B BRI AR Y DA
TRTTRORAFLL I ) LT 51 & A AN B2 46 5 T
TIFAAER L, EBFIR ML T, rTMS T HlRE
2 MCTUE AR LE DA DI BE; rTMS IR 7 AR 1Y
TG AT DL SRR w7 AR R R . ST
AR SO 2 U ) SR 5T FEAT BT, DL T 3 R
JH rTMS il MCI KISl B A 850 B S AEAE
FHHLE, H2h MCI 9 rTMS 3697 R B .
2 Fik
21 HWERRE

KiZ Web Of Science., PubMed, PsycINFO,
Hh ) A0 2 R ) 40 A (CNK), 48 4 1 H
rTMS T30 MCI f P& SCSCHR, A5 2R I B 2 A A
FEZ 2020 4F 11 H . [FBES, SBEAATIRN S %
SCHR, DA FESRBUR DG SR, B R AG R 4T o R
SRIR T 5 A RS S R, KR ISR
A (R K IR0 35  transcranial magnetic stimulation
TMS. repetitive transcranial magnetic stimulation .
rTMS. cognitive disorder. mild cognitive impairment
cognitive dysfunction, K2 v S SCHER I B 6 2R 1)
FLH5 28 UG R B B AR A | AR A
WHIEER . IAEIE . TMS. rTMS. MCL, b4
RE 1437 RS 3CICHOM 29 F h SCCHR
2.2 WNTNHERR AR A

PHABRAE : (DFFFEXT A ARIRTE 50 JH 2 DL I |
AEICH . PR S 755 MCL B2 WibR
WE(H Petersen., NIA-AA. ADNI. APA iiliTHY
MCI 2 Witr i (Petersen et al., 1999; Albert et al.,



2004 DN = = S i S

%29 %

2011; Weiner et al., 2016; APA, 2000)); JoH i §
FONHB 1l 2 SO/ B2 BR; C fTMS 28R
SE, WANTCE B AY) . )T SC6a
PORLE T rTMS (B, SRS — B 5 N, el
it 2 I B 2l B E 5 o — Mk X S5 A 4
PRGN RSBk g A SR R
2 T ) e ot SR T A T (ED), % R 4G T
SR s P B V8l ); - 5553 ) %o 5 6 4 % AR 2
RS ) 06 DX 465 ol 8, An s AN R A - L B
PRI ) 52 56 4 R ) R 4 25 T A [) 5 5 4
R rTMS, )45 Jmfatn: EEIEPRafidE e
5. BREIEMK . EIA eI R . SRR
PN SR E AT PR S RN e N o1 B R B
WEIEFRAIE A R o (DWF5 28R . B R
521 (randomized controlled trial, RCT) , A 5T

HEBRBRIE . (DWFFEXS RA 2l s f B A7 1K
o (2) rITMS WG 29 T 1, (3) 2 & 40l 1Y SCik -
(4) e Z B APPSR 1 25 R P8 4

MRRR AR, Lif e AT A 2R B SCEkA 11
o TR AR AN 1 PR .

T B AR R AT A SCHiRkn = 1437

HeBgn = 127
SWERn =55
HE CHkn =172

B 2R ) AR fin = 1310

HEBRn = 1203
LRIRAE I Fin =306
5 EICHRICFHn =897

Y

Y

PRl &3 R fin=107

Hefn = 96

T AL BiE R = 34
AR TR A [ —HF5En = 4
BFFExt 5 sh¥in = 26
ZIRHE RLEMCIEEn =25
BFR LI N Lidkn =6
HEEIXIFEn=1

Y

Y
R4 =11
LSRRI R R R
23 XBREITM

KH Cochrane XU & P4l T HXT 10 Ii4F
AhrifER) RCT WFFE B A7 KU £ 47 74 (Higgins

etal., 2019), B4 1 TWFFE N5 (Cotelli et al.,
2012), ANFFA I fas AU PR 25, BOR 99 A I 5
WAL . BRI A HERENLT 5 A L
B . X EMZRERE . RS RWEE
TEAT | 45 R B A S B v | B MER A AF AT 45 R
T A T o A s IRUSE 43 R AR AU L <280 RS,
“rR KU = AN, e KU AL LI 2.

wpUrsrs ]
sk ]
Kpaegizerey s |
Woess R E R [ ||
Ry et (|
BT ]
HoAth Aot | |

0%  25%  50% 75% 100%

B R CRARUES RS
2 GNATIFGT )i far RURS: B 51

24 XHEH 3

AT rTMS X MCT B AR SR r= A i B
Mg, SCEATES, WIE (TMS it A
FITREXTEN A SCERIAT 4328, AN v BRI
I PATIIRE . W sidds . Kebidiz .
A B AR CAZ 7S AN o T o AHDCHIFSE ik S 4
BRI 1, TR 11 SRFGE 7 s F 45 B 3
T ARG, .

3 MAFARHIERER

A KA A ) e R T T, R A 9
B 058 S T AMURT I, 554 2 mE 5T X T
LY SN 8 1128 N T N T I o T A P -
FEN TR REATRD, — P& 2 S e T
R A5 o — bR e A T B <5 em BRI,
RI7E SHRF8 S R LG IO ) i 2 S RTZY 5/5.5 em
AR RS RIEL, 33 A T 5 M AT P R s

AL rTMS BYRIEIUR B & 5, SRS
B —, HA] 53Ry e PR (B 00, =5 Hz) 4l
HIPERDS R, <1 Hz)Mi2s, B0 rTMS {2 iE b
ZETT LA PE, TR rTMS [ AR Bl 45 5T 24 75 1k
(Lage et al., 2016), IR K2R F 321 # 0
B E R (E R 80%~120%.

AT A B T I 45 SRR, rTMS BEWS
TE—EFEE e MCT B R, JEET
T A FE L A R ] R EE 1~6 A (Cotelli




11 MR B A FEA 2 PR O R A R A A T IR 2005
1 HNHARHNERER
(ERCER) R IO Tt D i Eonk G BRI
Anderkovaetal, 20 i F[a|, il [a] 10 Hz, 90%, 2250 1 ¥k/R,2 K M2 1,23 A
2015 T3
Eliasova etal., 10 4% FE 10 Hz, 90%, 2250 | Yk/K, 2 K WAs 1,2,3,28 FERAMNEINT
2014 R, PUTHIRE
Tayloretal, 2019 99  FFAMUIFTAN:, T 10 Hz, 120%, 4000 1 ¥K/K, 20 K MIZSSAT 1,2,11,17,18,27 $hATIhAE
Kochetal,2018 14 #g{Ht 20 Hz, 100%, 1400 1 ¥K/K, 5 K/JH, 2 J& #4500 7,921,22 T sicie
Marraetal, 2015 34  FFAMIlFTHIH 10 Hz, 110%, 2000 1 ¥X/K, 5 K/JH, 2 JH 5 cm HU0] 20,23,24,25 Ticie
BFEZ 42018 43 JEisAMURTAT 10 Hz, 80%,400 1 /K, 5 K/, 4 4 — 17,23 Ticie
Turriziani et al., 8 T HMuHT A 1Hz,90% /50 Hz, 12 %k, 4K i S Ktz
2012 80%, 600 34
PARG %2012 24 WX 1 Hz, 80%, 600 1IRIR, 5 KRIE, 6 5 — 4 I RRA
Cui etal., 2019 21 A AMURT A 10 Hz, 90%, 1500 5 K/JH, 32 J4 Sem BN 1,2,7,9,19 ELNNTal A
Cotellietal,, 2012 1 Z=Ti F/hit 20 Hz, 100%, 2000 5 K/JH, 2 J& MM 1,2,6-16 A
Solé-Padullés 9 {iKRH: 5 Hz, 80%, 500 10 s Fili#+20 s R E, - 26 BEARITAZ
etal., 2006 3t 5 43

W 1 #LMEE A (Trail Making Test A); 2 R4 B (Trail Making Test B); 3 Stroop T3t il % (Stroop Test); 4 IIfi R iCIZ 5 %
(Clinical Memory Scale); 5 & i AR 5 151012 9% 5 1E 55 (Verbal and Nonverbal Recognition Memory Task); 6 Fit S (0, i 4R
[ (Raven Colored Progressive Matrices); 7 ] % & 1R 75 % (Mini-Mental State Examination); 8 {35 [1]1Z (Story Recall); 9 Wt
GE A E2% 2 M K (Rey Auditory Verbal Learning Test); 10 #Ri2 % (Token Test); 11 & 4% EIJE M (Rey-Osterrieth Complex
Figure); 12 151737 #% 1 0 5 (Verbal Frequency Test); 13 %07 & il 46 (Digit Span Test); 14 %5 [A] ] B | K (Spatial Span Test); 15
RN B [ £R 1T 55 (Serial Position Curve Task); 16 B & 4328 H I 5 (Wisconsin Card Sorting Test); 17 €451 R A1 56
(Montreal Cognitive Assessment Test); 18 A 5 # %5 18] iC 42 il 38 1& 1T JiX (Brief Visuospatial Memory Test Revised); 19
Addenbrooke TA I3 fiE 6 £ (Addenbrooke’s Cognitive Examination I1T); 20 iZ i 1Z ik (Logic Memory Test); 21 ¥ 7455 5%
{1 56 (Digit Symbol Substitution Test); 22 #i it T g 174 i % (Frontal Assessment Battery); 23 Rivermead 1741012 I 55 4
(Rivermead Behavioural Memory Test); 24 405 % 28 il i (Letter-number Sequencing Test); 25 3% 4y 4% M % (Animal
Naming Test); 26 BEAEiC 12 % (Associative Memory Assessment); 27 I -1 iy 44 I 56 (Boston Naming Test); 28 & 22 ¥4 37 5
%% {T: 45 (Complex Visual Scene Encoding Task).

et al., 2012; Marra et al., 2015), & T HIE T 51 & i)
AR, A 2 TR GRS 7 S5 R AT 52
HIRAE 3k B2 %9 (Anderkova et al., 2015; Eliasova
etal.,, 2014), Marra %:(2015)AYHF 5T % PLAE HI 5
W2 E AN R R D, AR5 AR LS F)
rTMS T TEAR RN

4 rTMSX MCl BIFs R

RN T iE

AN T3 3 2 A kA A DA 0 D) R 119 DG B 48
FRZ—(Moll et al., 2016), # BFFEIESENT MCI
HHF [ A _E St v TMS W] A R T A 1
B AU T AT 55 R R B, X sk T
(vertex) 1 il 38 oK RE 51 & A% o] A 0 T A8 119 4% 1k
(Anderkova et al., 2015; Eliasova et al., 2014) . %l T

4.1

(el R L [ 10 Sy 0 5 ) 4% ) B4 RS 4
2 51 B ) A% 4 it #2 (Corbetta & Shulman,
2002), i & T [ 36 3h ek 55 4 5 B0 B iR
(Weissman et al., 2006), ILAb, 50557 3 B XA 4
R FH AR [ 925 (TMS, £ S AR
1155 R B S VAR P3R53 0 TR AR 30 4
B, XFERM rTMS ] = HOAEn i Tk B (Balaz
etal., 2010), F#RE5RIER MCLBF T EIIRET
R T R 55 A HR 40T Il R L [ P ) T TR IR 445 it
¥4 5 (Liang et al., 2012), rTMS ] 148 5 13 2
W2 (244 PR MCT SRS R AT 5 h R
42 BITINEE

AT I8 — RO PNt B, B 5T
FEAR B RAT AR, 2 TAELZ. MW
il 425 i AN R3S M = AN 0 K 43 (Diamond,
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2013). Taylor % A(2019)%& BLx MCI H 15 4M)
BIAR S22 a e (TMS Al B AT I RE, X
[A Angius %5 N (2019)MRF T 45 AN —5L, FE K
PR TS MU AT I SRR, o Stroop %5
MR E . thAh, AR MCI B FE MU
AT A R R g R R R, AT T RE LS R AT
(Shaked et al., 2018; Zhu et al., 2018), H.15#MulTif
R XTHRA T I RE A9 5 e S IR AN £k, B ZE 00 S M)
AR5 A 26, A5 4045 & (Vanderhasselt
etal., 2009). WA BFFEFRI, M T D) RER
Al fEJE MCI (58451455 (He et al., 2019); $hA73)
REPE AT S AR KRB 330 AD B M1 B AL
HIThfE B4 (Chainay & Gaubert, 2020), X1, H
HIA 2 rTMS 15 MCT M3 T T R 19 AH S 10 58
b, RRWFFE T MR Z AR e o
43 BRIE

1/ S50 0L A X 4 A I [R5 T A A 1
1012, FIREIGi I AD BT A9 A% O PR SRR
(Dubois et al., 2007) . Koch %% A (2018)%] 14 4 MCI
BEAOMRT S 1 T™MS, [FIRT L EEG 30 #5321
FHRITES . S5 R R, SHEHTAHE L, MCL &
P SICI A L SRR R EwE. 55
5 S TC I B IR ik 1% 4 Pl AR i L A i A
IR0 P9 A58 04 B (Kaboodvand et al., 2018), 7E
Koch 28 N MAFSTH, i ' TMS o B2 i i ) 3R 84
(R HE T MCI B FXHE SHCI2FE BRI,
TN 235 A F g2l SR . 73 4h, Koch 45 A (2018)
KB MCI & 900 «TMS J5, HpEmint p Ak
PG TR, BT BLET HIE S R St i A
M 45EME 2 —(Gilmore et al., 2015), Koch % A%
MCI HF AT S0 (TMS ATRESE B T rTMS 4
R T BLET IR 22 40 ) B AR S 3R AE F(Di - Lorenzo
et al., 2016), FEMIEHE T MCI B X5 505 B
2 ) FHEAZ

B T REETI, JE1 MCI 2 A M i 4R -t ]
PRAFEFILC, HTI0A R HRELE 30 K(Marra
etal,2015; IRF = %, 2018), LIERFFEEM, K
A A A 23 67 TN T Sl i
= MIEE A5 & (Balconi, 2013); 7E{5 BN Tid &,
PO T A A T A TR S RS, A AT
1 S iC 12 AT i (Blumenfeld & Ranganath, 2006).
44 KAEHEIZ

Turriziani 5% A (2012) 0 T a4 (TMS

(1Hz) FI24 43P v TMS (50Hz) T i 3218 & K gz
B RLPE, A BI% MCT B3 R ANIE # 2 8 5k
MRGAI 25 F ' TMS . 45238 R, 785 SR b R
ZJ5, A MCI BB A7 1AM i AR - S5 it 400 o] 14 )
PO 2 R R K B 5 s . AR R
HRBHEACITAL Z i, B 32 iK% 347 TR 551,
1 0 L A5 09 0 20 7T 0 4K I 0 2 (Wirebring
et al., 2015; Keresztes et al., 2014), 4}, Marian
5N (2018) % IR FH 4 /51 B3 H 038 (transcranial
direct current stimulation, tDCS)X}3Zi&#& 4 i Jh
AT A0 S it % Ay M SRR, 2 R AL SR
23 F K. # Turriziani % A (2012)F5E 41, MCI
BEAETEAT T YL S5 I, w0 X 5 Hi i 22 B3R
BOEHBY AR SCICIZ AT R, AT A R E 2 1)
e — Iy REME R L4 BUZ (functional magnetic
resonance imaging, fMRI)#F5T LS R BIR, Zik
BAESAT T YA 550, A7 SO0 Bij 25 v 8
g kD, XARR T ST A2 ] fEBH
Wr 1AM AT AR 5 S T REE S, T
T AidZ(Anderson et al., 2004), At Turriziani
SN (2012) % 3232035 15 AU w7 5 - 2 i 40 o] 44 o
BT LR S st A I IO AT 45 (1 1, TR
SE M EIPE rTMS T T i AZam L

BE AL, AR 25 5 N (2012) % il 45 I8 ¢ MCI
(VMCDAFE I W5 MCT (nvMCT) #8285
X SZHEARA rTMS, IR A IR 1012 B R X T 3
BORIEATIEAL, ZIMZE MCL B FH G R0 &
B RSTS E R T, JRAE A DG L AR
P3N TS AR I A L MRS R L A, vMCT
A 32 U bR I 2035 35 W T nvMCT 4L T
gt BT 20 AF JCAT o]+ 0 A A8 B0 T A AE IS S Pk 1
VAT RENRGE . KA rTMS T80T L5 | i Ja 38 i
ML 3G I, e FE 240 A 4 K (Nadeau et al.,
2002), BT vMCI HA MR R, Frilix
2H 0T PR AT
45 FERHZIZ

Cui %5 A (2019) % BUHs 5 51 1 TMS 1EHITEA
A A& T LA -8R R MCT R 2 1Y J6 B e 12
WG, BV PEAS R T IUSCR AT HEek 8 F . HiA
ARSI R AR . — sk
Y, AR FIARZEIR S AN/ BRI -5 Sl iy el
8 HL PR el B FR ) 5 1 A9 4 B 2 12 33493 (Thomasson
etal., 2017), Tian % A (2018)%F/INLEA 7 U6 T L
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{4 (two-photon imaging) & R, £ PN AT 45 A7 7
& S 2 T AL U B T RE, AR A
AR rh AT CRARE TL A0 1 3% 422 DA g e i 1L
I, Cui % A (2019)K 1 rTMS Hl# MCT 5 1
AR AR I AT BE R B R AR T R 2R T W R Y 3
i T HE RO s .

4.6 BXEIZIZ

AR AL R X RIS DG AR B kA7 2% > FiLfE
ik ez, JAE R B H % F5 45 o B EEAE
JH(Konkel & Cohen, 2009), Cotelli % A (2012)%
FH L~y £ KT AT 55 X s R MCT R 1)
PRACAZ G HEATITEAN, KN & rTMS X
MCI B35 22 T0T /I8 it S it ] 38 mT 42 i e AR e
AT 5 B IER %, HixX — itk B 00U e R4 R 6
ARG HRARAFE, SHE R ZE M TR /N nT i 7R Bk
RCAZ B e 5 AR AR i B4R TAE A, Bjekic
S5 N(2019) 3 FH tDCS Hill i fi 52 32 38 2 T [ B 2l
M TR, XiE—53FET Cotelli % A(2012)
IR 25 5 . Cotelli 7 H 34 10T I 1) i) B, 7T RE 9%
T T AERARCAZTE B 72 v R 45 26 %OV L 1A
Hy(Horecka et al., 2018), [ A5 - FIisE 5 B A
BT SR E  DREE 4, IO Sh e I BTk
5 I I 8 B JHL 5500 114 8405 R B A 5% (Hoppstédter
etal., 2015),

X MCI 25 19 A5 - St =5 431 1 TMS [RIE R
3R TF HIRARTEAZ BN - Solé-Padullés %5 A (2006)
W NI — 1 [CIC AR S5 0P AL T B, JRfE AR
PEAR ISR EMRI 30 55 3238 K 7% 20 (1 28 4k
ZE R, RS (TMS 2R, ZiXF AT A
I8 — 1tk AT 55 IS T 350035 174 i X A G AT . T | 4
AHE VRN, AR fTMS Ja, HoAT I [E
AL R R [ R e, BRARE
RG] B E ST, $R T MCI R F AL
2 R AR A 0 P9 25 B3

5 INEERE

ASLR G T 35 A MCI SRk rTMS A
3%, XF rTMS 3% MCT A9 = B IA S D BE S i 7EAE
JHALHI AT T 00 . S55RRH rTMS T Hixt MCI
BFE NI RE 4T B A B ROR, B A
WAL R AN T8 . PATThae . il
12 KHHEIZ | R FBARIETZ o BEAP, rTMS
BT TSR W] A 30 K8 JA L6 I H REE 1 TMS

DIHA TR, maztk Rar . HEARFSERN
W Z RIS )12 60 . SR, 24AT MCI 4
1) rTMS WFFRATAFAES — SN2, AREBETE A N
DL PUAS J7 T n DA et

B—, RARERE . H R IT H AR
FEGE S om RN J5 3k 2 A i AMURTASI:, 200
FESRTI G AT, (DA E AR 1Y JR PR (Ahdab
et al., 2010), A< 34 i det il FH L 1 T PR 285 4 A5
14 28 SR SR TCAE 28 N7 R 1) T M0 2R G2 14 s v
Bio JiAb, BTG AL BRI A R K 42 B it
I 7RI B B2, S Ry 12 7 S g ot
R PR AT AR i 7 4 — 2L 1 1 (Lisanby et al.,
2001), A< 30 1 {5 FH 11 4 B R 152 %o R

55, DAREAS S SR DAl A T T 5%
rTMS X MCI BT BECR o A S8 ARG MCI 19
rTMS T 55 1Y SR A & Oy 283 A, - 3445 T A
FERT A ZIRE AL 25 &, XAHES rTMS J497
MCI SEII ARG, KA FE NI AL . X
T U A B AR, AS R BIFSE 19 38 B R 22
SRR, KBRS 6 MH, RENA 1
JEl o AR FE X A SHI ) B P o085 A < s ) 74 i
VEEAL, DME T g2 rTMS BT BIRER

55 =, RS BOM R 2506 T 19
FRCHER R . B AT R RS Eod MCT R
FINFI T REFZ M Y BFSECR 1 B (Turriziani et al.,
2012), HLEEAS [ 5 o5 T 00 S5t i A
2 Tji(Anderkova et al., 2015; Taylor et al., 2019).
WSEOTE, DR 6. BT MCI )
rTMS T H LA = 3R B, R 2 T 5T SE RIS
BRI (Turriziani et al., 2012; #LARZ 55, 2012),
S BUARATR 38 LR A T e P AR BURAE A, R
KN R G H LS rTMS S TR S B0 E 5 T
B Z B OG R . R Sy L, H AR
HUA O XA A MU A L T S R
FIRE, X 3T A DX B A i =z b SR
BB SR BRI i X S o g 9
BRI A, X — ) BN 76 AR SR IF IR AR R -

S04, R K R AR AR B EE rTMS T
i MCI By HLH . BEG EA 5 B ] -4 2 43 3
2R, RIS B LA I B 2 3 3N 1 3h 25 A8 b R A
#% %% (Bortoletto et al., 2015); fMRI 47555 ] 4> 3%
AT 7 52 AR HEAT I Bl B 1 Jy 3 M
X % i3 P 4% 35 31K 25 (Chandra et al., 2019), A3k



2008 O B R 2 it B

%29 %

5T 0 2% R AN aT 5 B ) UK 3 BB R AR N
MCI % rTMS W5t .

S 3Tk

MR, B, 2, £, £, BRE, RE.
(2016). #h[X 2 4F A% B A0 2l B RR b I 4T 95 = R A
o [B] Z 4 5 44 5, 36(13), 3283-3286.

WFEz, WEW, MER, SFHEMA, BREA. (2018). EE
22 PR A O 18 S T R BN N B (R R e o [
F4.2, 38(7), 1662-1663.

KR, BAR, ZE, XIBHE, &RE. (2020). HEZ
BRI BRRT RBO0 R 0 RGN A I3,
20(1), 17-25.

WLARR, FE3R0E, WYL, (2012). 55 4 RO A
R FENFIREAG T HUE M. B EFE 50, 32(7),
1366-1368.

Ahdab, R., Ayache, S. S., Brugiéres, P, Goujon, C., &
Lefaucheur, J. P. (2010). Comparison of “standard” and
“navigated” procedures of TMS coil positioning over
motor, premotor and prefrontal targets in patients with
chronic pain and depression. Neurophysiologie Clinique/
Clinical Neurophysiology, 40(1), 27-36.

Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B.,
Feldman, H. H., Fox, N. C., ... Phelps, C. H. (2011). The
diagnosis of mild cognitive impairment due to Alzheimer's
disease: Recommendations from the National Institute on
Aging-Alzheimer's Association workgroups on diagnostic
guidelines for Alzheimer's disease. Alzheimer's &
Dementia, 7(3), 270-279.

Anderkova, L., Eliasova, 1., Marecek, R., Janousova, E., &
Rektorova, I. (2015). Distinct pattern of gray matter
atrophy in mild Alzheimer's disease impacts on cognitive
outcomes of noninvasive brain stimulation. Journal of
Alzheimer's Disease, 48(1), 251-260.

Anderson, M. C., Ochsner, K. N., Kuhl, B., Cooper, J.,
Robertson, E., Gabrieli, S. W., ... Gabrieli, J. D. (2004).
Neural systems underlying the suppression of unwanted
memories. Science, 303(5655), 232-235.

Angius, L., Santarnecchi, E., Pascual-Leone, A., & Marcora,
S. M. (2019). Transcranial direct current stimulation over
the left dorsolateral prefrontal cortex improves inhibitory
control and endurance performance in healthy individuals.
Neuroscience, 419, 34-45.

APA. (2000). Diagnostic and Satistical Manual of Mental
Disorders. 4th Edition, Text Revision (DSM-IV-TR).
American Psychological Association. Washington, DC.

Balaz, M., Srovnalova, H., Rektorova, I., & Rektor, 1. (2010).
The effect of cortical repetitive transcranial magnetic

stimulation on cognitive event-related potentials recorded

in the subthalamic nucleus. Experimental Brain Research,
203, 317-327.

Balconi, M. (2013). Dorsolateral prefrontal cortex, working
memory and episodic memory processes: Insight through
transcranial magnetic stimulation techniques. Neuroscience
Bulletin, 29(3), 381-389.

Beynel, L., Davis, S. W., Crowell, C. A., Hilbig, S. A., Lim,
W., Nguyen, D., ... Appelbaum, L. G. (2019). Online
repetitive transcranial magnetic stimulation during working
memory in younger and older adults: A randomized
within-subject comparison. PLoS ONE, 14(3), ¢0213707.

Bjeki¢, J., Coli¢, M. V., Zivanovi¢, M., Milanovi¢, S. D., &
Filipovi¢, S. R. (2019). Transcranial direct current
stimulation (tDCS) over parietal cortex improves associative
memory. Neurobiology of Learning and Memory, 157,
114-120.

Blades, R., Jordan, S., Becerra, S., Eusebio, B., Heatwole,
M., lovine, J., ... Kuhn, T. (2020). Treating dissociative
post-traumatic stress disorder presenting as a functional
movement disorder with transcranial magnetic stimulation
targeting the cingulate gyrus. Neurological Sciences, 41(8),
2275-2280.

Bliss, T. V., & Lomo, T. (1973). Long-lasting potentiation of
synaptic transmission in the dentate area of the
anaesthetized rabbit following stimulation of the perforant
path. The Journal of Physiolgy, 232(2), 331-356.

Blumenfeld, R. S., & Ranganath, C. (2006). Dorsolateral
prefrontal cortex promotes long-term memory formation
through its role in working memory organization. The
Journal of Neuroscience, 26(3), 916-925.

Bortoletto, M., Veniero, D., Thut, G., & Miniussi, C. (2015).
The contribution of TMS-EEG coregistration in the
exploration of the human cortical connectome.
Neuroscience and Biobehavioral Reviews, 49, 114-124.

Breton, A., Casey, D., & Arnaoutoglou, N. A. (2019).
Cognitive tests for the detection of mild cognitive
impairment (MCI), the prodromal stage of dementia:
Meta-analysis of diagnostic accuracy studies. International
Journal of Geriatric Psychiatry, 34(2), 233-242.

Brier, M. R., Thomas, J. B., & Ances, B. M. (2014). Network
dysfunction in Alzheimer's disease: Refining the disconnection
hypothesis. Brain Connectivity, 4(5), 299-311.

Brys, M., Fox, M. D., Agarwal, S., Biagioni, M., Dacpano,
G., Kumar, P., ... Pascual-Leone, A. (2016). Multifocal
repetitive TMS for motor and mood symptoms of
Parkinson disease: A randomized trial. Neurology, 87(18),
1907-1915.

Cai, C. T., Huang, C. X., Yang, C. H., Lu, H. J., Hong, X.,
Ren, F. J., ... Ng, E. (2020). Altered patterns of functional

connectivity and causal connectivity in salience subnetwork



FE1H

MR85 S5 RO 0 U O e E DA R A Y T TR 2009

of subjective cognitive decline and amnestic mild cognitive
impairment. Frontiers in Neuroscience, 14, 288.

Caravaglios, G., Castro, G., Muscoso, E. G, Crivelli, D., &
Balconi, M. (2018). Beta responses in healthy elderly and
in patients with amnestic mild cognitive impairment
during a task of temporal orientation of attention. Clinical
EEG and Neuroscience, 49(4), 258-271.

Chainay, H., & Gaubert, F. (2020). Affective and cognitive
theory of mind in Alzheimer's disease: The role of
executive functions. Journal of Clinical and Experimental
Neuropsychology, 42(2), 371-386.

Chand, G. B., Wu, J. J., Hajjar, I., & Qiu, D. Q. (2017).
Interactions of the salience network and its subsystems
with the default-mode and the central-executive networks
in normal aging and mild cognitive impairment. Brain
Connectivity, 7(7), 401-412.

Chandra, A., Dervenoulas, G., Politis, M., & Alzheimer’s
Disease Neuroimaging Initiative. (2019). Magnetic resonance
imaging in Alzheimer's disease and mild cognitive
impairment. Journal of Neurology, 266(6), 1293—1302.

Charette, C., Blanchet, S., Maganaris, C. N., Baltzopoulos,
V., & McFadyen, B. J. (2020). Community-dwelling older
adults with mild cognitive impairments show subtle visual
attention costs when descending stairs. Human Movement
Science, 69, 102561.

Chetélat, G., Desgranges, B., de la Sayette, V., Viader, F.,
Berkouk, K., Landeau, B., Eustache, F. (2003).
Dissociating atrophy and hypometabolism impact on
episodic memory in mild cognitive impairment. Brain,
126(9), 1955-1967.

Corbetta, M., & Shulman, G. L. (2002). Control of
goal-directed and stimulus-driven attention in the brain.
Nature Reviews. Neuroscience, 3(3), 201-215.

Cotelli, M., Calabria, M., Manenti, R., Rosini, S., Maioli, C.,
Zanetti, O., & Miniussi, C. (2012). Brain stimulation
improves associative memory in an individual with
amnestic mild cognitive impairment. Neurocase, 18(3),
217-223.

Cui, H. L., Ren, R. J,, Lin, G. Z., Zou, Y., Jiang, L. J., Wei, Z.

D., ... Wang, G. (2019). Repetitive transcranial magnetic
stimulation induced hypoconnectivity within the default

mode network yields cognitive improvements in amnestic

mild cognitive impairment: A randomized controlled study.

Journal of Alzheimer's Disease, 69(4), 1137-1151.
Dannhauser, T. M., Walker, Z., Stevens, T., Lee, L., Seal, M.,
& Shergill, S. S. (2005). The functional anatomy of
divided attention in amnestic mild cognitive impairment.
Brain, 128(6), 1418—1427.
D'Antonio, J., Simon-Pearson, L., Goldberg, T., Sneed, J. R.,
Rushia, S., Kerner, N., ... Devanand, D. (2019). Cognitive

training and neuroplasticity in mild cognitive impairment
(COG-IT): Protocol for a two-site, blinded, randomised,
controlled treatment trial. BMJ Open, 9(8), ¢028536.

Diamond, A. (2013). Executive functions. Annual Review of
Psychology, 64(1), 135-168.

Di Lorenzo, F., Ponzo, V., Bonni, S., Motta, C., Negrao, P. C.,
Bozzali, M., ... Koch, G. (2016). Long-term potentiation-like
cortical plasticity is disrupted in Alzheimer's disease
patients independently from age of onset. Annals of
Neurology, 80(2), 202-210.

Dosenbach, N. U. F., Fair, D. A., Cohen, A. L., Schlaggar, B.
L., & Petersen, S. E. (2008). A dual-networks architecture
of top-down control. Trends in Cognitive Sciences, 12(3),
99-105.

Dubois, B., Feldman, H. H., Jacova, C., Dekosky, S. T.,

Scheltens, P.
(2007). Research criteria for the diagnosis of Alzheimer's
disease: revising the NINCDS-ADRDA criteria. The
Lancet. Neurology, 6(8), 734-746.

Eliasova, 1., Anderkova, L., Marecek, R., & Rektorova, 1.

(2014). Non-invasive brain stimulation of the right

Barberger-Gateau, P., Cummings, J.,

inferior frontal gyrus may improve attention in early
Alzheimer's disease: A pilot study. Journal of the
Neurological Sciences, 346(1-2), 318-322.

Fernandez, P. J., Campoy, G., Garcia Santos, J. M.,
Antequera, M. M., Garcia-Sevilla, J., Castillo, A., ...
Fuentes, L. J. (2011). Is there a specific pattern of
attention deficit in mild cognitive impairment with
subcortical vascular features? Evidence from the attention
network test. Dementia and Geriatric Cognitive Disorders,
31(4), 268-275.

Geng, Z., Wu, X. Q., Wang, L., Zhou, S. S., Tian, Y. H.,
Wang, K., & Wei, L. (2020). Reduced delayed reward
selection by Alzheimer's disease and mild cognitive
impairment patients during intertemporal decision-making.
Journal of Clinical and Experimental Neuropsychology,
42(3), 298-306.

Gilmore, A. W., Nelson, S. M., & McDermott, K. B. (2015).
A parietal memory network revealed by multiple MRI
methods. Trends in Cognitive Sciences, 19(9), 534-543.

Goulden, N., Khusnulina, A., Davis, N. J., Bracewell, R. M.,
Bokde, A. L., McNulty, J. P., & Mullins, P. G. (2014). The
salience network is responsible for switching between the
default mode network and the central executive network:
replication from DCM. Neurolmage, 99, 180—-190.

Gour, N., Ranjeva, J. P., Ceccaldi, M., Confort-Gouny, S.,
Barbeau, E., Soulier, E., ... Felician, O. (2011). Basal
functional connectivity within the anterior temporal
network is associated with performance on declarative

memory tasks. Neurolmage, 58(2), 687-697.



2010 DI = N S S

%29 %

Guillaume, S., Gay, A., Jaussent, L., Sigaud, T., Billard, S.,
Attal, J., ... Courtet, P. (2018). Improving decision-making
and cognitive impulse control in bulimia nervosa by rTMS:
An ancillary randomized controlled study. The International
Journal of Eating Disorders, 51(9), 1103-1106.

He, H., Xu, P. F,, Wu, T. T., Chen, Y. Q., Wang, J., Qiu, Y.
H., ... Luo, Y. J. (2019). Reduced capacity of cognitive
control in older adults with mild cognitive impairment.
Journal of Alzheime's Disease, 71(1), 185-200.

Higgins, J. L. P. T., Thomas, J., Chandler, J., Cumpston, M.,
Li, T. J., Page, M. J., & Welch, V. A. (2019). Cochrane
handbook for systematic reviews of interventions. 2nd
edition. Chichester (UK): John Wiley & Sons, Ltd.

Hoppstédter, M., Baeuchl, C., Diener, C., Flor, H., & Meyer,
P. (2015). Simultaneous EEG-fMRI reveals brain networks
underlying recognition memory ERP old/new effects.
Neurolmage, 116, 112-122.

Horecka, K. M., Dulas, M. R., Schwarb, H., Lucas, H. D.,
Duff, M., & Cohen, N. J. (2018). Reconstructing relational
information. Hippocampus, 28(2), 164—177.

Kaboodvand, N., Biackman, L., Nyberg, L., & Salami, A.
(2018). The retrosplenial cortex: A memory gateway
between the cortical default mode network and the medial
temporal lobe. Human Brain Mapping, 39, 2020-2034.

Keresztes, A., Kaiser, D., Kovacs, G.,, & Racsmany, M.
(2014). Testing promotes long-term learning via stabilizing
activation patterns in a large network of brain areas.
Cerebral Cortex, 24(11), 3025-3035.

Kim, S. H., Seo, S. W., Yoon, D. S., Chin, J., Lee, B. H.,
Cheong, H. K., ... Na, D. L. (2010). Comparison of
neuropsychological and FDG-PET findings between
early-versus late-onset mild cognitive impairment: A
five-year longitudinal study. Dementia and Geriatric
Cognitive Disorders, 29(3), 213-223.

Klekociuk, S. Z., & Summers, M. J. (2014). Lowered
performance in working memory and attentional sub-processes
are most prominent in multi-domain amnestic mild
cognitive impairment subtypes. Psychogeriatrics: the
official journal of the Japanese Psychogeriatric Society,
14(1), 63-71.

Koch, G., Bonni, S., Pellicciari, M. C., Casula, E. P., Mancini,
M., Esposito, R., ... Bozzali, M. (2018). Transcranial
magnetic stimulation of the precuneus enhances memory
and neural activity in prodromal Alzheimer's disease.
Neurolmage, 169, 302-311.

Konkel, A., & Cohen, N. J. (2009). Relational memory and
the hippocampus: Representations and methods. Frontiers
in Neuroscience, 3(2), 166—-174.

Lage, C., Wiles, K., Shergill, S. S., & Tracy, D. K. (2016). A

systematic review of the effects of low-frequency

repetitive transcranial magnetic stimulation on cognition.
Journal of Neural Transmission, 123(12), 1479-1490.

Lefaucheur J. P. (2019). Transcranial magnetic stimulation.
Handbook of Clinical Neurology, 160, 559-580.

Liang, P. P, Wang, Z. Q., Yang, Y. H., & Li, K. C. (2012).
Three subsystems of the inferior parietal cortex are
differently affected in mild cognitive impairment. Journal
of Alzheimer’s Disease, 30(3), 475-487.

Lisanby, S. H., Gutman, D., Luber, B., Schroeder, C., &
Sackeim, H. A. (2001). Sham TMS: Intracerebral measurement
of the induced electrical field and the induction of
motor-evoked potentials. Biological Psychiatry, 49(5),
460-463.

Luber, B., Mcclintock, S. M., & Lisanby, S. H. (2013).
Applications of transcranial magnetic stimulation and
magnetic seizure therapy in the study and treatment of
disorders related to cerebral aging. Dialogues in Clinical
Neuroscience, 15(1), 87-98.

Marian, M., Sz6llési, A., & Racsmany, M. (2018). Anodal
transcranial direct current stimulation of the right
dorsolateral prefrontal cortex impairs long-term retention
of reencountered memories. Cortex, 108, 80-91.

Marra, H. L. D., Myczkowski, M. L., Memoria, C. M.,
Arnaut, D., Ribeiro, P. L., Mansur, C. G. S., ... Marcolin,
M. A. (2015). Transcranial magnetic stimulation to
address mild cognitive impairment in the elderly: A
randomized controlled study. Behavioural Neurology,
2015, 287843.

McGough, E. L., Kelly, V. E., Weaver, K. E., Logsdon, R. G.,
McCurry, S. M., Pike, K. C., ... Teri, L. (2018). Limbic
and basal ganglia neuroanatomical correlates of gait and
executive function: Older adults with mild cognitive
impairment and intact cognition. American Journal of
Physical Medicine & Rehabilitation, 97(4), 229-235.

Moll, K., Gébel, S. M., Gooch, D., Landerl, K., & Snowling,
M. J. (2016). Cognitive risk factors for specific learning
disorder: processing speed, temporal processing, and working
memory. Journal of Learning Disabilities, 49(3), 272-281.

Mueller, K. D., Hermann, B., Mecollari, J., & Turkstra, L. S.
(2018). Connected speech and language in mild cognitive
impairment and Alzheimer's disease: A review of picture
description tasks. Journal of Clinical and Experimental
Neuropsychology, 40(9), 917-939.

Myczkowski, M. L., Fernandes, A., Moreno, M., Valiengo,
L., Lafer, B., Moreno, R. A., ... Brunoni, A. R. (2018).
Cognitive outcomes of TMS treatment in bipolar
depression: Safety data from a randomized controlled trial.
Journal of Affective Disorders, 235, 20-26.

Nadeau, S. E., McCoy, K. J. M., Crucian, G. P., Greer, R. A.,
Rossi, F., Bowers, D., ... Triggs, W. J. (2002). Cerebral



FE1H

MR85 S5 RO 0 U O e E DA R A Y T TR 2011

blood flow changes in depressed patients after treatment
with repetitive transcranial magnetic stimulation: Evidence
of individual variability. Neuropsychiatry, Neuropsychol ogy,
and Behavioral Neurology, 15(3), 159-175.

Nardon, R., Brigo, F., Holler, Y., Sebastianelli, L., Versace,
V., Saltuari, L., Trinka, E. (2017). Transcranial
magnetic stimulation studies in complex regional pain
syndrome type I: A review. Acta Neurologica Scandinavica,
137(2), 158-164.

Nemeth, D., Janacsek, K., Kiraly, K., Londe, Z., Németh, K.,
Fazekas, K., ... Csanyi, A. (2013). Probabilistic sequence
learning in mild cognitive impairment. Frontiers in
Human Neuroscience, 7, 318.

Niu, H. J., Li, X., Chen, Y. J., Ma, C., Zhang, J. Y., & Zhang,
Z.J. (2013). Reduced frontal activation during a working
memory task in mild cognitive impairment: A non-invasive
near-infrared spectroscopy study. CNS Neuroscience &
Therapeutics, 19(2), 125-131.

Okonkwo, O. C., Wadley, V. G, Ball, K., Vance, D. E., &
Crowe, M. (2008). Dissociations in visual attention
deficits among persons with mild cognitive impairment.
Aging, Neuropsychology, and Cognition. , 15(4), 492-505.

Perera, T., George, M. S., Grammer, G., Janicak, P. G,
Pascual-Leone, A., & Wirecki, T. S. (2016). The clinical
TMS society consensus review and treatment recommendations
for TMS therapy for major depressive disorder. Brain
Simulation, 9(3), 336-346.

Pertl, M. T., Benke, T., Zamarian, L., & Delazer, M. (2015).
Decision making and ratio processing in patients with mild
cognitive impairment. Journal of Alzheimer's Disease, 48(3),
765-779.

Petersen, R. C., Smith, G. E., Waring, S. C., Ivnik, R. J.,
Tangalos, E. G, & Kokmen, E. (1999). Mild cognitive
impairment: Clinical characterization and outcome.
Archives of Neurology, 56(3), 303-308.

Rahnev, D., Nee, D. E., Riddle, J., Larson, A. S., &
D'Esposito, M. (2016). Causal evidence for frontal cortex
organization for perceptual decision making. Proceedings
of the National Academy of Sciences of United Sates of
America, 113(21), 6059-6064.

Ries, M. L., Schmitz, T. W., Kawahara, T. N., Torgerson, B.
M., Trivedi, M. A., & Johnson, S. C. (20006).
Task-dependent posterior cingulate activation in mild
cognitive impairment. Neurolmage, 29(2), 485-492.

Rossi, S., Hallett, M., & Rossini, P. (2009). Safety, ethical
considerations, and application guidelines for the use of
transcranial magnetic stimulation in clinical practice and
research. Clinical Neurophysiology, 120(12), 2008-2039.

Seo, E. H., Kim, H., Lee, K. H., & Choo, I. H. (2016). Altered

executive function in pre-mild cognitive impairment.

Journal of Alzheimer's Disease, 54(3), 933-940

Shaked, D., Katzel, L. 1., Seliger, S. L., Gullapalli, R. P.,
Davatzikos, C., Erus, G., ... Waldstein, S. R. (2018).
Dorsolateral prefrontal cortex volume as a mediator
between socioeconomic status and executive function.
Neuropsychology, 32(8), 985-995.

Solé-Padullés, C., Bartrés-Faz, D., Junqué, C., Clemente, 1.
C., Molinuevo, J. L., Bargallo, N., ... Valls-Solé, J. (2006).
Repetitive transcranial magnetic stimulation effects on
brain function and cognition among elders with memory
dysfunction. A randomized sham-controlled study.
Cerebral Cortex, 16(10), 1487-1493.

Strafella, A. P., Paus, T., Barrett, J., & Dagher, A. (2001).
Repetitive transcranial magnetic stimulation of the human
prefrontal cortex induces dopamine release in the caudate
nucleus. Neurolmage, 13(6), 1008—1008.

Sun, T. T., Xie, T., Wang, J., Zhang, L., Tian, Y. H., Wang,
K., ... Wang, H. L. (2020). Decision-making under
ambiguity or risk in individuals with Alzheimer's disease
and mild cognitive impairment. Frontiersin Psychiatry, 11,
218.

Supasitthumrong, T., Tunvirachaisakul, C., Aniwattanapong,
D., Tangwongchai, S., Chuchuen, P., Tawankanjanachot,
I, ... Maes, M. (2019). Peripheral blood biomarkers
coupled with the Apolipoprotein E4 genotype are strongly
associated with semantic and episodic memory
impairments in elderly subjects with amnestic mild
cognitive impairment and Alzheimer's disease. Journal of
Alzheimer's Disease, 71(3), 797-811.

Taylor, J. L., Hambro, B. C., Strossman, N. D., Bhatt, P.,
Hernandez, B., Ashford, J. W., ... McNerney, M. W. (2019).
The effects of repetitive transcranial magnetic stimulation
in older adults with mild cognitive impairment: A protocol
for a randomized, controlled three-arm trial. BMC
Neurology, 19(1), 326.

Themistocleous, C., Eckerstrom, M., & Kokkinakis, D.
(2020). Voice quality and speech fluency distinguish
individuals with mild cognitive impairment from healthy
controls. PloS One, 15(7), €0236009.

Thomasson, J., Canini, F., Poly-Thomasson, B., Trousselard,
M., Granon, S., & Chauveau. F. (2017). Neuropeptide S
overcomes short term memory deficit induced by sleep
restriction by increasing prefrontal cortex activity.
European Neuropsychopharmacology, 27(12), 1308—1318.

Tian, Y. L., Yang, C. J., Cui, Y. X., Su, F., Wang, Y. J., Wang,
Y. Z., ... Zhang, C. (2018). An excitatory neural assembly
encodes short-term memory in the prefrontal cortex. Cell
Reports, 22(7), 1734-1744.

Turriziani, P., Smirni, D., Zappala, G.,, Mangano, G. R.,
Oliveri, M., & Cipolotti, L. (2012). Enhancing memory



2012 O B R 2 it B

%29 %

performance with rTMS in healthy subjects and
individuals with mild cognitive impairment: The role of
the right dorsolateral prefrontal cortex. Frontiers in
Human Neuroscience, 6, 62.

Vanderhasselt, M. A., de Raedt, R., & Baeken, C. (2009).
Dorsolateral prefrontal cortex and stroop performance:
Tackling the lateralization. Psychonomic Bulletin &
Review, 16(3), 609-612

van Eijndhoven, P. F. P., Bartholomeus, J., Mobius, M., de
Bruijn, A., Ferrari, G. R. A., Mulders, P., ... Tendolkar, I.
(2020). A randomized controlled trial of a standard 4-week
protocol of repetitive transcranial magnetic stimulation in
severe treatment resistant depression. Journal of Affective
Disorders, 274, 444—449.

Venneri, A., Mitolo, M., Beltrachini, L., Varma, S., Della
Pieta, C., Jahn-Carta, C., ... de Marco, M. (2019). Beyond
episodic memory: Semantic processing as independent
predictor of hippocampal/perirhinal volume in aging and
mild cognitive impairment due to Alzheimer's disease.
Neuropsychology, 33(4), 523-533.

Weiner, M. W., Petersen, R. C., Aisen, P. S., Rafii, M., Shaw,
L., Morris, J., ... Jagust, W. (2016). Alzheimer’s disease
neuroimaging initiative 3 (ADNI3) protocol. Retrieved
May 24, 2016, from http://adni.loni.usc.edu/wp-content/themes/
freshnews-dev-v2/documents/clinical/ ADNI3_Protocol.pdf

Weissman, D. H., Roberts, K. C., Visscher, K. M., &
Woldorff, M. G. (2006). The neural bases of momentary
lapses in attention. Nature Neuroscience, 9(7), 971-980.

Wirebring, L. W., Wiklund-Hornqvist, C., Eriksson, J.,
Andersson, M., Jonsson, B., & Nyberg, L. (2015). Lesser
neural pattern similarity across repeated tests is associated
with better long-term memory retention. Journal of
Neuroscience, 35(26), 9595-9602.

Wu, Q. F., Chan, J. S. Y., & Yan, J. H. (2016). Mild cognitive
impairment affects motor control and skill learning.
Reviews in the Neurosciences, 27(2), 197-217.

Yang, L. L., Zhao, D., Kong, L. L., Sun, Y. Q., Wang, Z. Y.,
Gao, Y. Y., ... Wang, Y. M. (2019). High-frequency
repetitive transcranial magnetic stimulation (rTMS)
improves neurocognitive function in bipolar disorder.
Journal of Affective Disorders, 246, 851-856.

Zhao, J. W., Li, Z. G, Cong, Y. N., Zhang, J. B., ... Shan, P.
(2017). Repetitive transcranial magnetic stimulation improves
cognitive function of Alzheimer's disease patients.
Oncotarget, 8(20), 33864-33871.

Zhu, X. L., Liu, S. H., Liao, W. H,, Kong, L. G, Jiang, C. H., &
Yuan, F. L. (2018). Executive function deficit in
betel-quid-dependent chewers: Mediating role of prefrontal
cortical thickness. Journal of Psychopharmacology, 32(12),
1362-1368.

Effects of repetitive transcranial magnetic stimulation on
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Abstract: Mild cognitive impairment (MCI) is an intermediate state between normal aging and dementia,

and there is no high-quality evidence that supports the pharmacologic treatment of MCI. Repetitive

transcranial magnetic stimulation (rTMS) can improve the whole brain function by eliciting changes in

synaptic plasticity. In this systematic review, the effectiveness and neural mechanisms of rTMS enhance

MCI patients were analyzed. Future studies should optimize the localization for TMS, extend the period of

the intervention effect evaluation, and explore how rTMS works in the treatment of MCI combining with

neuroimaging technologies.

Key words: mild cognitive impairment, nonpharmacological intervention, transcranial magnetic stimulation
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