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rTMS

Hoh&  E

tDCS

Todd.Jackson

S

(VU R 2O BEERR, FEIK, 400715)

IREFERIFE T S E0E AR, AR, AR A IS TERTAIT AR I 22 PR L AA TR B
TR T - 2/ E i il ((DCS ) AR A SRl (rTMS ) — 38 3b 1 AR i 4 s R B IR B Pl e . Btk
ORI . ARAIIBTFENE EA R HI S BRI AR BT RN, Al HoAl fh 2224 BB T Pl 2 T PR e 4 |

BFEFIBLE], I8 MA2E R T F4E & F ML T A TR

TR T B 2B RN R MR e

B R FRAE (It T) ) b ) — I A kA B 3 A
i woR, i E R AR S [ S
(NCD Risk Factor Collaboration, 2016), #8 = F1 it J}:
AN T =T RS, IS T AMAR
PRATHE T 2 RE FITA RN I T-RE /) (Davidson & Martin,
2014). HUAR AT B HAR S AT o AR PR 2
EELh EAEZER, HOResbA e S B8R
BYT BRI (Rangel, 2013), FEAEREFITR & L JRRRA
R AR o A DX ) T AR A T T A AR A SR
YIS (Stice & Yokum, 2016), i 28 541458 B BF
G, T AMMATA I (dorsolateral prefrontal cortex,
DLPFC ) Jif#kom, A T80 (R IR B ok
K (Weygandt et al., 2013), HILAT UL, A& IRE
FEH IR T RO

JEJEFIAR B 2 8™ B g T MR B O R
PR L T8 BB O ik AT R T B s TR
o HTHRRAME., &4,
GERERMA TR A, ToRIM A T I ARTERI 20
PR FE FIG RIG ST 7 THAS 2] 1 8eRsk 2 N I (fF
M, B0, BRERR , X0, 2016), TRz T H7E
R b R N AR TR e A 2 R ( repetitive
transcranial magnetic stimulation, rTMS ) FI1£2 il B i
M fili% ( transcranial direct current stimulation, tDCS )

PIRPECAR o P, RSO EEAE R AR (IE
WAREAEES ) MKEIIHREA P (T™MS A
tDCS T HRTHM AT T BEREE, FHH
T HEE R T REPLA

2 ITMS

rTMS J& 1E 28 fil @ J ¥ (transcranial magnetic
stimulation, TMS) & Al [ & J'& K 1), 761K £ 44,
SR TR R AR A (Hausmann et al., 2004), rTMS
3 e SR 4 7 A T A P DK P R SR R A A X
W5 R KM K2 J2 24t R AR AR L (XAl )
T I T ) PO XA D) BE (Allen, Pasley, Duong, &
Freeman, 2007), rTMS i i 5 | 2 0 28 0l 28 N 0 1
AR AL, 2] DL A K i RR B R U2 T A el A
(Sandrini, Umilta, & Rusconi, 2011),flJ5 rTMS( < 1Hz )
A RS2 A M TMS (5 ~ 25 Hz ) Al
TR Z BN, AR RHESE 0 U iknp
Hili% ( continuous theta burst stimulation, cTBS; rTMS
FRBY—Fh ) B4 2% B 3% (Oberman, Edwards,
Eldaief, & Pascual-Leone, 2011), c¢TBS thi i FHF1k
B HIRTSE (Lowe, Hall, & Staines, 2014), M A
R A AR G A R F, rIMS 2 R
41 (Oberman et al., 2011),

KT TR R LA EZEH, (TMS T
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TATHEAT YR LERTAM, JUHJE DLPFC (Lowe
& Hall, 2013), FEMEFEREREA LB R PP, 71K
BRPRHAR [ 2R Em . R ko 322
B 10 Hz (Lowe & Hall, 2013; Mattavelli et al., 2015),
A —TF 5T ARSI (1Hz) J0038 A4 T sk hy
(Camus et al., 2009), A& A i — 20 F LM rTMS
e R B s B R, 5 R R BIE S A
b RS Bl (AR B e T Bk oRleR 1, R
AT 22 FAR K (50% ~ 120% ) o TE{EFEREIA
LRSI, TMS o 00 i A T R ARG A
B RIESK, (e LN A Rk —2
MBS IE . FEIRE SRR Tl B4 br 2 R A5 F 1k
PRVIR . I R i R A B s sRpP e, 2805
2 W] e W0 8 e A B TR B IR R R IR B A B 1Y
1 25 MR (Dunlop et al., 2015; McClelland, Bozhilova,
Campbell, & Schmidt, 2013), PR 4T Y 258
JESRH A AR, (HH TR A B R
FAAT R AR ST 5 WA SR )
HEZIEAYE A (Camus et al., 2009; Lowe et al., 2014),
EARE RS, EAMREAMa AR
PRR T TMS J 380 A 45 - el 58 TR 1 45 il 75 5 T e
Y 25 A2 BRAL T (Claudino et al., 2011; Dunlop et al.,
2015),

2.1 TEMEREHHA LRI

FEAg AR b, v TMS 55 450 354 AT 5 - B A AL
MR EROER, (AR DSR2
Uher 45 A\ (2005) 1 5% 1) v 450 84 72 il DLPFC,
SRR LS R B AE KRR, R
TS (BT —rsE & BHmH 220 DLPEC, /MA
(R4 B E AN (Lowe et al., 2014), HEEH |
A, iR TS0 S BOF T ik LS .
W—AR G RO R 5, REUE 1S
B BRI AR R MR R IR AZ VL C . B
FERERNEZ I Te2E 5, Dl 2B et
FIZLNL (Barth etal., 2011), I, KK EEHER
IR 2T rTMS A5V .

HRiA DB R s AT i min, H8T
rTMS Il HTA X 5 & YA i 5 M EPPAL
PATIIRERIN B m 41 520 . Camus 28 A (2009) K
HEwszisat, KIAUHHE A M DLPFC 2
XHE Y IEAG AR, X UFE R DLPFC 7E 2%
FMEMRES I T A REZER, 556, A
cTBS #1341 1l 2= ] DLPFC A H] 55 4> 44 7& Stroop

1E55 LR9aREL, [RIE 3 s 5 B a9 3L I (Lowe
etal, 2014), FHULATHEDN, fTMS ] fig 23 i 8 Y
DLPFC HRAT I REFE M M kK . B A B
FELAEA I RRIAEN 3525 48 T ¢ TMS 35 P9 0 iy 45 -

( medial prefrontal cortex, mPFC ) X} &4 BaiFAti 2
M (Mattavelli et al., 2015), 255 & ARSI i 36 & i i
FXRTEYI N RIS, (HAESNB R LE L IERK
Nio X, rTMS T HAT& X & Pk D ae iy
PR 232 BIAMARZE Y . R ST 0 A
225, IFEEE 2T SO B EATH e
VIR B P TE R AR B e .
2.2 TERERIARHA LR H

rTMS 7E K& K8 1 A 5¢ 145 3 7 AHXT
BN o FEIRE 2 I8 v 22 2 SR Rl ATL XS
ME W BRI K B A 2 8] T 22 5+
(van den Eynde, Claudino, Campbell, & Schmidt, 2011;
Walpoth et al., 2008), {HZZEHF57 £ rTMS /=5 55
# DLPFC FIH M FT 45t ( dorsal medial prefrontal
cortex; DMPFC ) GERRARIR R VHREEE . AFFERTERI)
ZE5t . KA MBFRAEA SR N, #RAT RS2
T A ST A R 25 S ) S A
BT A ISR IT T 1 TMS R 48 A B R TE

R B o) 4 e P Y BE A (Claudino et al., 2011;
Dunlop et al., 2015; Sutoh et al., 2016), A #f 5545 &
R AT RE USRS T R % DMPFC /9 T 1%L
N, R IR T RN RS i il DR B X 2
[ P RE g, M R BRI JFHL,
PSR GE S RTEISCIRIR D g i A8k
HA IEAH I (Dunlop et al., 2015), %5 & 20414

( functional near -infrared spectroscopy, fNIRS ) ] fff
58 & BURIIFLZE M DLPFC AR T & #k1E K FIFTA X
I A LT 5 U (Sutoh et al., 2016), X Ui IH$E
Tl ki DX 2 R R ik b 5 22 5 DXl 2 [ ) D) e IR A 1
s, Al rTMS P40 s R B i R
FALE . 350, HZEM DLPFC F&fI T MR Rz T
[ i (Claudino et al., 2011), B J5 A2 N Sz M 1)
HEIBRICY), XU rTMS S8 A& 235 T IR
FHIE Y P JAZ P (Therrien et al., 2008), LA FAF5EE
W1, rTMS B ET#U 25 22 58 W AH C U4
I DREFIN AP T

3 tDCS
tDCS A HEE . RHRE EH A (1 ~ 2 mA) K
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T R B R R 22 onil Bl T ik D RE S Ak
(Brunoni et al., 2011), FEAA =Fh: FHARERET
SR E S AL B, SESRAIHOR X ) K E Ay
PEs BIRRORE R R AL AR A, I B =%
ks DRIy — Rt BRI, el A 5 E
RO R ) 3203z . HLIR tDCS AN HL 275 & s
B, HAZe 455 (Brunoni et al., 2011),

TR E U B R /Y tDCS #F5E )2 DLPFC
Ve BRI 5o A g — i il 24 ) o Bl
Z WOk, tDCS 7R E FE il o B BT D ik R
Ji (Fregni et al., 2008), 7E# ik ¥ FAA7EIR A
R, WE—WE NIEE R E R EE A
(Goldman et al., 2011; Montenegro et al., 2012), 7E3Z56
SR, FIBGREZ R 2mA , (H4 TmA F11.5mA
(Lapenta, Di Sierve, de Macedo, Fregni, & Boggio,
2014). FEEFERFA FREASFZE 224 20min, {H
TRE R PRI R RIEEFZER TR B (> 25min )
TERE U, (DCS 455 1 28 A B & iy i 52 H
HAAR D, A —IEFE R IS5 AH DGR (event-
related potential, ERP),

3.1 TEMERERHA B

FEMERRREA S, #F58& B (DCS ## DLPFC A]
ARBEEREPEE AR . Fregni 55 A (2008) B
YN =Rl DLPEC, % 304 00 PR il 4%
PFRESERE A MART S 1Y R A E L s, H
PP, Jauch-Chara 55 A (2014) L RH, %
S 8 WK FHAF A DLPFC ] R&AKE &, (H)E,
WAMFIFARABAEH & A0V (Goldman et al.,
2011; Montenegro et al., 2012), Montenegro %5 A( 2012 )
TR, A 4B n] 1S 5 tDCS W AR A0
E#EEIFICRENE ., B b I PR
e, ATRERESRA—EWEA, WA 5T
FEAEAEEHEE I TR 3R (Goldman et al., 2011),

i — T Y 45 G ERP BORFRGE T BHAR R
£l DLPFC X &y il = fl i s, R a4
) Go/no-go {2\ (Lapenta et al., 2014), 255 & B
AR B Wi SR FRAR, T HLAERUAR 1 Y N2 I
R B AP RN P3 U IR B 5, AT tDCS A e
ST T A 1R R B2 T 2B i sl 22 T ) A
(Lapenta et al., 2014), {HIAFFE 520X A AR
WFEHE, 7 Gomo-go AMES FMIFLER. if
AWFFER ISR R P B o R ], 2551
RN ETEAE IAFSAESS AT IR 5 SN R,

XL R A IR (PRIDE | FAE , 22
9, BT, BRLL, 2015), AR HIgh & pss
A B AR B AT o S 30 2ok %5 4 tDCS HillK
HA R i s

3.2 TERERAREA LN

BIRA WFIT 46 11 tDCS L rTMS B 38 A 1l
T ¥ ¥4 J7 (Sparing & Mottaghy, 2008), {H tDCS 7&
RE SRR T G RO 5T B BTAAR D, (A =4
T o, A5 WF 5% PHAR % Sk R T3 i 1k
I [ChE B % 19 45l DLPFC, 45 5 % B o £ ik
WY S ek, Al o A i ) A Bk 2RI (Bravo et
al,, 2015). 53 4b, Gluck % A (2015) A 58 &
B, BER T A0 25 R R 25 B 22l DLPFC A Y
EE B SGERY, 1 AR IR R R, (H
FER IR BE E BBV E R, RS
il DLPFC Ji5 #8439 i A i RIE R S 35 4038, 1 9
— AR TE T TR S JEA2fE (Khedr, Elfetoh, All, &
Noamany, 2014),

XTI (Khedr et al., 2014), 7] fE20F58 %)
SR T E . B RIS A TR A I
PRAEDRFNAE BEALH] 22 20k, IR e AR 7E 595
RIS R 4, WREFEUE R — LI S8R
PSRN0 o ANFERR B R IR rTMS 5T 2 & B,
A HTAT R BN X 22 (8] (4 FE 4k D) BB 4 25 il
FF-FHRF: (Dunlop et al,, 2015), Ftt, KkFHE
TS R ARG AR IR A 2 AR AL b 225,
FEET X REE IR R A I IR 20

4

SR rTMS FlDCS S8 R RTAT R G IR
PR B BOE TR R RUR, (HHAS SIS TE AR
FALH B R IFATERE . A SCHUA O ANZ P2
TARARI TC B R 28Tk TR A il i o] e L

FEROW)Z T b, JoB R 281 o iml 51—
ROV AL BUE, Bnsh b i, MBS
R FA SR . SAPRIER, S cTMS H13
DLPFC AJ A2 5% . 212 B NS X i 2
[ JHie v i (Cho & Strafella, 2009; Keck et al., 2002).
1M H., tDCS WAL 52 2] 2 1 e D2 32 1K BHL B 551 1)
PHY (Nitsche et al., 2006), 5 4h, W5 EH B UL
BT HEEREZF LSRN SS, flinze
fiz. 5- B A Z R L (Ramos, Meguid, Campos,



1514

& Coelho, 2005), o, Z W fE LB R K
Al b B OCEAE T, ) A R R B AR A
T I, TR 22 U 52 MR B FE IR (Volkow,
Wang, Tomasi, & Baler, 2013). It 45, zh¥ I+ a9 W
¥ W] rTMS 0380 RT 154 o A 5P pf 28 3 5% DR
RH Uk 4 2= 1Y 7K SF- (Miiller, Toschi, Kresse, Post, &
Keck, 2000). i1 2278 37 R I — P (i ik (k
T R B AR IR & R (Pelleymounter, Cullen,
& Wellman, 1995), AH%E W4 3 2 0 19 1R 55 7Y
figi - B% ik (Duca, Zhong, & Covasa, 2013), 1 H., 7E
PRSI R 52 R 6 B v TMS )35 ] [RGB 4 1R
PN R SR A JEE (Claudino et al., 2011), Bz JREEAEAE
ek R BAA EEEN, fEEY AR N EE
B S B 7K V-1 = (Neudeck, Florin, & Tuschen-
Caffier, 2001), UL, FATNHK, TeBIMLTHinT g
T e A BT ) A R X SR DX R 2 T R
X AT B SR TG A 2 T TR AS el TR e ) i A B
Hefilt o

TEZZTH L, Jo BB 28 1 98 A] HE 3 5 0%
kg DX (%) T e S JHE 54 O il DX %) B [R) P (O S
2016), MRS F IR EEHIGE S, 4 Heatherton
AR - B2 2 P ARy, (e Red 7 o PR 75 2R A
1) SV E BN ST [N 1 = N T ) | I e 126
F-fif (Heatherton & Wagner, 2011), Fij 4 i 1 58 W #%
A 4 R S RE A H 55 25 TR R - K J2 T e
WERAPA, FECOMATTERIGE B EE, f
Z BT RIPY R B m R R g, IR e
il A SCRYEIIT L RS DRSS (TR, BN, AH5E
BRZL, 2016). MLk, JE R T2 B 28 76 i 4 il i
DX B0 DX 8] (1) Dy fig 3% 422 B AIK (Stice & Yokum,
2016).

TELR B Sk b L & 30T 6] i 28 T i A 2
77 A AR DA D e R A 2 ML A s . A ESE R
e TMS AT BEAT B AN B TEAL I B 42 il
il DX RN B X 2 (Bl A D e & (Camus et al., 2009;
Dunlop et al., 2015), A W57 F B tDCS fe s 58 1~
X Ze R IR, IFRE T 56 & i R
Uf (Fregni et al., 2008; Lapenta et al., 2014), %5 — J7
T, JCORE 2T T iR A X 1 Jo %85 RN
T R 2 A TS, P i A DX A i XA 2
fit 4 $% (Bachtiar, Near, Johansen-Berg, & Stagg, 2015;
May et al., 2007), B4, tDCS AL HEHA A 04 i
DX 285 FILER DA [ 286 1 42258 J&F (Keeser et al., 2011), iAfHE

H45% DLPFC 2ok Z R DO RE U (Park et al.,
2013), %L, JCOIHrZ T ORI RT AT T 5 AR
(b 2 AR FRALIR A A, ORGSR RAR I L n R

AR TR DI RE, I H A G B g2 5 ),
R A PO i e

5

ToRIh 2T B A R B A Sl 2L BT
AT TR A . XTI T ek &
SR AR — e R S PR, R R RS
SR AT B TRk SE Bk AR

S, PRI Sl i () 2 PR RIS i PR 1E S
FENRI) [ FAR A 1 AT BEVRAT WY . LIRS
WERT, EREFIIRE R E A B K 5 T A,
M H X Y2 R B RE ) A T D BE L AE AR R
(Davidson & Martin, 2014), >R 117 43w =AY JC A
ST, SRR — HAR A R R A O
il XAE R AR VR . A, 6 R Y i
FEAR JRIBRF DLPFC, i i — 25 oG i S5 B
A A ARG X, BN F [, E AT [
Tir,

B, RSRAGE N IR A A 22 k. DB
FAEMFN G EFEARTEW, Bk nbt s it —2
PR . AR E 2 AR R R A S R AR R X
g%, WHIFSE 7 S8 TR AR SR Y ) b 282 SRAL
%&£ (Dunlop et al., 2015). It4F, BLAAER
M ZE R ANy Re_LAAAEPE 25 5, i EATErn Tt
FEH M ROE WATAE 225 (Cornier, Salzberg, Endly,
Bessesen, & Tregellas, 2010), 7ELAEMGT A /DR
FIRA B YEYHL (Camus et al., 2009; Mattavelli et al.,
2015).

e, TeRp 1N 5 AW O ARG
TELR T AU b 2355 ik 8 15 R A B A AR 2 ) I
BT I HETA AL T2 Hr B, Hsok A
KB RIS . G5 G4 AR BEH 22 T0A)
P T CE IR EERIE PSR, i ERE A
STEBERAMARE T 10 SR8 S dr . Jidh, BRG
B 10: O B R = =R 0 Y AL L2 W 1 WY A
A DL TC AR 28 T 5 A TR T 25 iR AR
G, BEmEmA RN g ALO ST

RO | HEET 28RS0 THE L BREL . 2015). BRI IR A £
H I RIRE TR0 . 55 Ul 2 [E PR Lol 2 [
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Effects of Non-Invasive Neurostimulation of Prefrontal
Cortex on Eating Control: A Systematic Review Based on
rT’MS and tDCS
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Abstract Unhealthy eating habits can lead to overweight, obesity and eating disorder. A study has shown that obesity and disordered eating is a
formidable global medical challenge, especially in China. The number of people who are worldwide overweight or obese has augmented dramatically
over the past decades. The hedonic-inhibitory model of feeding posits that overconsumption of palatable food results from the disrupted balance
between appetitive motivation mediated by the mesolimbic reward system and active inhibitory control mediated by the prefrontal areas, whereby
appetitive motivation may override inhibitory control. Recently, data from obesity neuroimaging studies shows that imbalance in the prefrontal and
limbic brain circuits that support cognition and reward-related aspects of eating behavior. Indeed, obesity and eating disorder often display abnormal
neural activity in the prefrontal control circuitry, a key area for the eating control and processing of food motivation and satiety signaling.

In this context, there is a pressing need for novel approach to prevention and treatment of obesity and eating disorder. Non-invasive
neuromodulation techniques allow the external manipulation of the human brain in a safe manner, without the requirement of a neurosurgical
procedure. Over the past decades there has been rising interest in the use of non-invasive neuromodulation in neurology and psychiatry motivated by
the shortage of existing treatments. The most commonly used non-invasive neuromodulation techniques are repetitive transcranial magnetic stimulation
(rTMS) and transcranial direct current simulation (tDCS). The purpose of this work is to conduct a systematic review of rTMS and tDCS efficacy on
improving the eating control among the healthy participants and eating disorder as well as methodological considerations and its potential mechanism.

Eating control is a new application for the non-invasive neuromodulation, with the earliest study dating back to 2004. To date, seeing that
the vital role of the prefrontal regions on the inhibit the hedonic eating, the most studies published to this day pay attention to the prefrontal cortex,
especially in the dorsolateral prefrontal cortex (DLPFC). In the healthy participants, most studies have found that the subjective food craving was
reduced and the food-related cognitive function was enhanced after one session stimulation. In the eating disorders, improvement in clinical symptoms
and alteration of the neurobiological basis were shown after one or more sessions. Nonetheless, it is necessary to note that a small number of studies
did not achieve the desirable intervention effect. Non-invasive neuromodulation stimulating the prefrontal cortex would bring a series of neural
physiological and biochemical changes, which boosts the capacity to control the hedonic eating and inhibits the appetitive motivation. This will
heighten the strength of the top-down executive function and suppress the bottom-up reward impulsivity, thereby facilitating the eating control among
the obesity and eating disorder.

To sum, non-invasive neurostimulation technology might effectively enhance the ability to control appetite, which ultimately improves the
symptoms of disordered eating by altering the neuropsychological mechanism of the prefrontal cortex to adjust its excitability. Future research should
further take the effect of different stimulation parameters and other target sites into account, consider the individual differences and explore the
underlying neuralmechanism by integrating with other neurophysiological techniques and combining with the objective behavioral paradigms.
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