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m ABSTRACT

Sleep disorders, increasingly prevalent in the general population, induce impairment in daytime functioning and other clinical
problems. As changes in cortical excitability have been reported as potential pathophysiological mechanisms underlying sleep
disorders, multiple studies have explored clinical effects of modulating cortical excitability through non-invasive brain stimula-
tion in treating sleep disorders. In this study, we critically reviewed clinical studies using non-invasive brain stimulation, partic-
ularly transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS), for treatment of sleep disor-
ders. Previous studies have reported inconsistent therapeutic effects of TMS and tDCS for various kinds of sleep disorders.
Specifically, low-frequency repetitive TMS (rTMS) and cathodal tDCS, both of which exert an inhibitory effect on cortical excit-
ability, have shown inconsistent therapeutic effects for insomnia. On the other hand, high-frequency rTMS and anodal tDCS,
both of which facilitate cortical excitability, have improved the symptoms of hypersomnia. In studies of restless legs syn-
drome, high-frequency rTMS and anodal tDCS induced inconsistent therapeutic effects. Single TMS and rTMS have shown
differential therapeutic effects for obstructive sleep apnea. These inconsistent findings indicate that the distinctive character-
istics of each non-invasive brain stimulation method and specific pathophysiological mechanisms underlying particular sleep
disorders should be considered in an integrated manner for treatment of various sleep disorders. Future studies are needed
to provide optimized TMS and tDCS protocols for each sleep disorder, considering distinctive effects of non-invasive brain
stimulation and pathophysiology of each sleep disorder. Sleep Medicine and Psychophysiology 2021 ; 28(2) : 53-69
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N = HAol = A dolA EsHA & 4= 9= Ao = (Oha-

yon 2002; Nowicki & 2016; Allen -5 2005; Senaratna &

A ol (sleep disorders)= F7F %7 (daytime dis—  2017; Stranges < 2012), &3] WA off & SHEo] 713+

tress)O|u 7|54 4ol 71918k Y A gAY & =rhal gzl EWF(insomnia)> =W A48l 59 5 10l
ALl HRE ohFet FEje] HE

AE 2ol A3k EUFE 34T T iAol kst Agte]tH(Cho &
6 2 AoJstt}(American Psychiatric Association 2013). <= 2009; Lee & 2010). A oll= 7+ AAM] A5kt Abarsr
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Ay o] Y& /d-E S57HA171™ (Pack 5 2006; Shekleton 5 2014;
Horne2} Reyner 1995), A& EHGangwisch 5 2005; Singh
5 2005)2 A1d#A3HGottlieb 5 2006; Quans 2004) ¥ut
oba} AAIAIAA Z3H(Sateia 2009; Breslaus 1996)2] £
ARJMALE 2HgRtt, FFollis HAoR7F AMEAIALY] 1F e
0106 2 83t AL AT B 1% o}(Bishop 5 2020; Mc-
Call 5 2010) =780l 2| =] tgt T-8/0] B di=Hrt.
32 Ql ARl EHEY ARl oA =8} )14
e =7 7P Ehds] A8E AL Qlok ey BA71A Sl oF
EA 7o tek anpdo] of#] £Ps] ShEA] 2 Qkal(Kripke
2000; Wilt 5 2016), eFEA] &20f| BEg-0] gl oFao] 721§
o] e 4= 210](Kripke 2000; Glass 5 2005; Wilt 5 2016)
THAR O] oFEA ®ofl gk AlRHE o] o H3] Folgloem, Q1
=g H280] A3 gyl o|A|gF x|&A 0] 7|4
‘jo}{jv: |28 51'1:]'5 AleHE 7HeH(Koffel 5 2018).
oA BAGA R HE A5t
Rk tﬂﬂ 171 ﬂo—‘?—7ﬂ47]x}:‘%(transcra—
nial magnetic stimulation, TMS)Z} A F7H2 747 | A=<=
(transcranial direct current stimulation, tDCS)& Z-&-3}=
A A7F A F7FsHATE TMS®H tDCS+= = W 2+
9] Fehhyperactivity) 2-2 #5Hhypoactivity) S Z&3+o
2 GG A Age] S sAAT AR dEA
St Hummel?} Cohen 2006; Fregni 5 2007). A2 C.=2,
TMSE ZA71Fe g = W fF=A7E Ao =N 417
A5 S8 52 AAA7|=dl(Barker & 1985), A=< of
S @2 A2 71 AZFERE 7= BHE TMS (repetitive
TMS, rTMS)7} IAFollA 2 A-gHct SA ITMS+= A}
= Rlkeof wef A7 284S Bk 7] Weke] gepiithal
L& —’Fﬂx}lﬁ(low frequency, < 1 Hz) 417
<l 2 (high frequency, > 5 Hz) 4l
I —’—:.‘—7&]5}% o= 0‘317% QltH(Terao2} Ugawa
2002; Filipovic % 2010). tDCS+= 1-2 mA Q] AF= Al A
3L 9] e-E = (depolarization) &2 = (hyperpolariza-
tion)& GEdl= A=4 R, YF(anode) AF=ES A A E
o] HE=< Fresto] A7 B/de FA8kAL 5= (cathode)
A= ABA| R0 IS fEste] 417 E4s ﬁxﬂﬂ
tH(Nitsche®} Paulus, 2011). ZLoll= A4 & o <of o
T2 355 #-8sl= DS (unilateral) tDCS #TE }1/]3}
A= ¥ Foof FF ST Al At S (bilat-
eral) tDCS7} 417 B/ 9] Hgks F=aat FAl9f 459
HFE o] &S tDCSO Hlsl o & A=9] auE B
ol Zlo] A A o]of thet U2 Ago] FrkskaL ol

tH(Vines 5 2008).

ol

HYOHOIIM HIESH LX=&2| Xz Tt

TR e] =8 tﬂa]ﬂx* oz A7 &4 ool Hiry
o] weH(Lanza 5 2015), & %o
o] TMS9} tDCSE A7 o= zﬂ 43}
Aol Qlek. oo, & F4-olA= T8 ool TMS
ot tDCSE A& R A3 AF5S L&staL, A7t
A e E Agt5o] 7HAlE o] B S Akl sl
=08tz gt

2 FAALE B3 2L 28 0l LAY At o

=Y o5t A3 A QA PubMed (https://www.ncbi.
nlm.nih.gov/pubmed/)E A&t} Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM)-5 7]<=¢] whek
=S Wt ofyel ool siiete drhH S (hy-
persomnolence disorder), 7]"® (narcolepsy), &-g4H
2}l (breathing—related sleep disorders), H&+HES S
(obstructive sleep apnea), 357|855 HArof| (circadian
rhythm sleep—wake disorders), B]Z<=HZHdAoll (non-rapid
eye movement sleep arousal disorders), 21-2-%of(nightmare
disorder), H4=
havior disorder), 3}
24/A 72k ER FE HA ol (substance/medication—
induced sleep disorder) & Z3}F5to] A3} TH American
Psychiatric Association 2013). g=HAol| 2|z ol TMS, tDCS

S 2839t 12 =78 AA4817] 8l PubMedoll (“transcra-
nial magnetic stimulation” OR “TMS” OR “transcranial di—
rect current stimulation” OR “tDCS”) AND (“sleep disorder”

3% 7ol (rapid eye movement sleep be-

{5t (restless legs syndrome),

OR “insomnia” OR “hypersomnia” OR “hypersomnolence
disorder” OR “restless legs syndrome” OR “RLS” OR “sleep
apnea’ OR “OSA” OR “REM sleep behavior disorder” OR
“narcolepsy” OR “circadian rhythm sleep—wake disorder”
OR “nonREM sleep arousal disorder” OR “non-REM sleep
arousal disorder” OR “substance/medication—induced sleep
disorder” OR “nightmare disorder”)& Ao 2 2 10d
7ro] =RS AL o, & 1297 0] =Fo] 3FelF| 9t
o]% UA At =2o] ofd = 54%H, YE o= AEA
<=

14

o =8 | SEAIS =8 5H YR FHTo] B =
£ 13, TMSS} (DCS A gof wE =HA ol 4 A &

W= HA 2 =7 48 AL, F 20H ] =F0]
QT 3712 PubMedol “sleep difficulties”, “sleep
disturbance”, “sleep quality”, “tDCS”, “TMS & Zﬂﬁ}oi
AAste] AA7Eo] 2= 6HY == 75

T 25 ol 8H Y =e TR ERIste], 2% 34J:‘
O] =o] ko= AAE ST FH o= fHA ol

L 2uE, PrhinE, S BE R, WAyl


https://www.ncbi.nlm.nih.gov/pubmed/
https://www.ncbi.nlm.nih.gov/pubmed/

ZoE o, BEHS] I3 A= DSM, International
Classification of Diseases (ICD), The International Clas-
sification of Sleep Disorders (ICSD) 7|&¢| wte} EHZS
AEe A9 Bt ol 4EsE Be) BuSS Wt
AL Faso] RoSgiT. EaF FAAAA WS B
SF 2Hx} = e}lofA =HE| A SHA 9 fHE &
B AT B 4] olo] gttt

rsL'm

rE e

2 2
nz g R AFE A 4 F EES O =2
23H(TMS 134, tDCS 10¥H), HrhpHF B9 =2 29
(TMS 1%, tDCS 198), stA ST I =52 59
(TMS 4%, tDCS 19), HsHESE 4 =52 49
(TMS 48)21 A o= FAME It & FHo A L2} =&
°

o =k ool B BeElo] w3
8831 AL oISt 4= 9t o] A

u1>
o
i
)
1
H}F

=20 U A TR _)I:Eﬁ;g_oﬂ %‘ %
W30 fFHEC] 7MY o= AR IE WS Zolsltt
(Nowicki 5 2016; Allen 5 2005; Senaratna & =

AofA a1zt =79 EHH e )\E‘Z""H ekl WA
3 Oﬂ ufe} v} 52 A5k g xHdo] Eo]& 1 TMS
2 tDCS A= Jiii% —1%51'9&‘3}. A TREFY
%E}Ulﬂoﬂh A= Y G99 T, HWx(frequency), =
(intensity), A4 (session)©] 3E§HE| 1, ZF Lol A] ARE-SF H]
AEA AT T2 EF2 Tables 1-59 A 2]aF3Att.

1. 2B HIESH HX=& XHE

EWSY He27|d-2 i 9d T2/ (cortical excitabili-
ty)o] 571 A s A th(van der Werf 5 2010;
Lanza 5 2015; Nardone 5 2013). -] 5 SRl A
TMS &2 tDCS A& A9 it S7He o4 &
e JASt= A= ZRESS 285Kt & S4HlA
£ TMSE A§3 =% 8HI} (DCSE A 43 = 492
nE i

1) TMS &2

EHZo|A TMSE 283t
solateral prefrontal cortex)2 33k ;ﬂ—rJJ A (frontal cortex)
I} =4 9] & (parietal cortex) A=+ °§ ARt A
TANE MY, AFAy) £ ] A5t 1'TMS
£ A8 Aol = 2%094 ARl ) ] |
(Wu 5 2021; Zhang 5 2018; Feng 5 2019; Jiang 5 2013;

Huang 5 2018; Song % 2019), 11551} rTMSE Z-8-5F A+

At 25 A3 (dor-

M= 28T 7 B HarshA] EekithAntezak &
2017; Saeki 5 2013). o= 417 S4&
£ AFT (TMS7F EHS o)A
HEAA EHS SH=7
7= %9} [ TMS A8 %7 J=
AlZIA] Fote] BT N avs HolA| KRk Ales
gl 4= ek
TAH o2 BEHF] TMSE
A AFu] ol AF=uk ' TMSE
A BIE SRRIRE v vI7HA] A
o 2T S e RE 95 S AR 1
Hz AJRI%= (TMS A= Al¥skgie). 21 23} ( TMS A= A
o Blal 1 TMS Ab= 215} gt Sof] 25 S42 Hd=
£ Uehli= g =H 1 519 A Z)5=(Pittsburgh Sleep Qual-
ity Index, PSQD 2] &5 o] 7435t om & 4~ Al7Htotal
sleep time)d} 212 <=1 A]7H(deep sleep time)> 5713+ A
= FRISHATHWu 5 2021). Zhang 5-& EH5 A i
o7 F= AFaj2o] | Hz A% rTMS2} A< (acupunc-
ture)S A AEHAS W 2HS VA S EelEk
ot FAH R, AAl(active) rTMS A=1}F e g 2
2 o)A 39 (sham) rTMS A3 H&-S 37 W2 o
H|3f] BEH= A ZHA] XqE(Insomma Severity Index, ISD<] &
Aol t] Wo] 74AsY3S Eis tHZhang & 2018). &
o] 5718 LIS FHAE HSGSIE A G}
9 Z."\éxéi(cortical arousal level)E ¥rgst= @A XS
20 % 74x] AT At TMSS] R4 &
3 71308 AXTHHE ZHo) A F2.5tth WA Feng
B2 BUE 3] P59 S AU Yol | Hy A%t
Ag-otglom, (TMS 18 A7+ ¥ PSQI 4
2, gy 92 THBA A== UERYE motor evoked poten—
tials (MEPS)Q} o2 ZAAES vFdsl= @4 brain-
derived neurotrophic factor (BDNF) ¥ y—aminobutyric acid
(GABA) &%= #3815 =lstqitt. 71 A3, AF9f rTMS 4
Q_ z‘foﬂ PSQI 2_1434. MEPSQ—] Z]Eo] 71—/\51.@1 ou:] ‘8:1)(]—
BDNF &Z2t @4 GABA %7} 57151t} T3 PSQI
ZHo| A= d7 BDNFLF GABA =7 7150,
H]—\:l:] PSQI £ =7 o] %Lig—_,j MEPS——] A] 10] A o].b A}
A7 B K Feng 5 2019). ©l= #53} rTMSE]
EWF 74 Z37F BDNF 9 GABAS} Hels 4174 A48}st
B3] o] o] 7HsAE A -0 Jiang
FAE Aoz = oS A Fu Ao
uHITMSE 14 A A88= &, ofe A=E W
#| & (psychotherapy) & ®= w22 Ld 242F
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DR N AT RS R NE R PP
SRR & B A0l B4 TS, B A TS

2 e ERY wEE SA6IIh 2L A}, 'TMS A
£ oA thE 5= Lol vlE) #H4=H(rapid eye movement
sleep)2} 34 H]#4=" (non-rapid eye movement sleep)©]
S7HESleH, & @ FEE, FANA=TT 2R A
TERY Tt FastES Felstitt(iang 5 2013).
7] A3t Feng 5 Jiangs o] A+2E S, &
3 SAtol] At ' TMS A-go] AE A Ao T
BDNF®} GABA 5= B AVdshH-fotAl|l- A1 S3 A
-S| - A & B AEE HIAE
o|5 Tl =1 54 iAol o] ol M=

o= TR A9 ' TMSE 483t &
A Huang 52 23S FHISH HESHof (generalized
anxiety disorder) $HAHS o2 -5 7749 A (poste—
rior parietal cortex, PPO)°ll 1 Hz A58} rTMSE 10 Al 4
S5k 2 A AA 'TMS A2 1k Fof A 39
rTMS A=-& -2 ol vl PSQI F3 1t sl el 22 F7}t
2 &= (Hamilton Anxiety Rating Scale, HAMA) &7%]o] 25
FrojushAl axeke Felskgich B3t 2 Sl 244
5 B¢ S0l Haste AHHAE Rasklth(Huang
"5 2018). Song 59| Yol ST EHAR] %= PPCO|
1 Hz AF3} rTMSE 14 Al 283k 23 PSQIH IST ¥
MLA =S A= (Epworth Sleepiness Scale)2] &5 o] T4

=
=1 34 2de BYoH (TMS 21§ & 3 o]

A8 & ek A& BaskgltiSong § 2019). 7] 71
g A BE 2T A 5 PPCO| Hig Anl=
< 789 A B3E Bole yERd,
Aot e, 1u  TMSE 483t ths
S A a3E 2IsHA] Sk Ante-

zak 5 =SS TR At SRSt R 5 )

0
AA=E glsetydct. 1 23k (TMS 48 &
£ A% (Athens Insomnia Scale), $~H Y A (sleep
diaries)?} €] 12} (actigraphy) Axtoll A -5-2Ju|gt ¥}
7} WAE|A] Fkth(Antezak 5 2017). Saeki 5 &

o)

5
& B FR9SUS BAE Yo B WS A
A0 20 Hz 175} /TMSE 10 A4 2 §3hick. 1
A7} TMSE 5 A M8 Fol 2e Sz BAUE

SHYWOM HIEEH HXEs2 Xz 50t

At B (slow-wave activity)©] Z7F8F 2 10 A4 28
Bt Fofl= sl WeprE SRRIEA] 3kaE HArsH Ak (Saeki
5 2013).

&7] A5g TMSeF F-AFSHA, tDCSE 283t AtollAl
&2 A5udo| {tDCSE A-8-5to] BH 5742 7 4
2 AE7E Jy = Qlek, ALATE SeEH,
& AAFAA = A= 283 A=
A &37F A ¥ (Zhou 5 2020), Bl A=

< AFgA A= A8 A4 2Us A
5 Ho|A| ¢hAW(Frase 5 2019) HTHIAAL Ax}e]
Halglo] A<l WS ST NS = avE Helch
(Charest 5 2021). 71 o]e]o] FAofM DCSE 283
2 Aol WSS EUES T40ks kelo4]9
1214 &% 31) & (primary motor cortex)®ll = A=+ 2-¢
B =1 S M anE HolA| oiglas Harskeltt
(Harvey & 2017).

TAF o2 EHZFo| tDCSE 483 A5 AHEH
4l Zhou 59| dtollA= EHES EW6s 25 &
oz 25 oS AT = A=,

ARFH A &= A3S 2 mAL] AI7|Z 20 AAAE3T
gYsto] tDCSE] EHS S /A A=E Zelskqlth
A}, AA| DCS A& W2 ol Al 319] tDCS A=
= 7ol Hlsl PSQI &4, A7k 1A &9t A & (Self-Rat-
ing Anxiety Scale, SAS) <=, A7FRALA] -

Rating Depression Scale, SDS) A7} Z42F 714319 ©
4 8 S(sleep efficiency) & <+ #-E7]
A9k Q1 S/l 2 ¥ th(Zhou &
A7 de] tDCSE 483 A5 A

e
of

o
N
N
i o

o
i
=)
1o

M

S
&)
i) rlr

pul
o
FL

of
4
=}
oX
1
rle
i)
32
o
e
4
=
il

¢
P N
e

o
STY)

)

o o o
-0,
ol
R
N,
il

e
-
2
X

U‘o |
filo
olN tr

.-

K e ro
re
o|\
)
22
=2
o)
rir
Jo
1o
=
o
S
r)v

ol filo

ol

F cH(Charest & 2021). Frase
A=

o2 o rul e 2
O] {DCS A=2-L 7H7F 9 =e] 7HAL
t}. 1 A3} 4= DCSeF 2= tDC
A B8 Selsha] SakolchFrase
AT-E QoFshR, tDCSE 2 vl 9]

>

we, T
g

bl

(O8]
R

i)
R

R do

of o I s
52

3

o
=
DD

019).

n
Aol (g
r
=2
N

N
)
)
4n

o My
<t
Mo Eoox o

O
4
AU
tlo
»
op
_Orll‘
2
2
.,
foh
%
o
2o
-OFI"
rir
Lo

J4 o 2
o
=
>
)
)
a3
= -
N
)]v
}O‘Y
flo
o
i
2
-

R rlo

olX =

ox o rE X

AN
2
o,
m (0
X,
o
12 4

rN
Al
o
2
9|L
rir
pou)
flo
s



hA BIHE HolA] gtrt upAE o 2 Harvey 52 T
T BEUSS 340 S g R YA 251
Aol 2 mA F= AFE 5 A1 485 2 55 22 E

=0, e AL A ER] S Barsky o Har-
vey 5 2017).

A7) AF3 EHE 3AE A2 TMSS tDCSE A
43t Ao Bt Avb= Table 10 A 2sklct

2. Mo 2 ZHM JHME HOI HIFEH HxEs XE

At

EHS SRS e R sl AT of g A4l
A Agk g B QS e R 2o A A anE
SRITH At thr qllon, & nzoA= 47 7]zl
Holsh= TMS =5 58I} (DCS =& 638 gHlsidict
g A= gisE & o 25t Aol A

283t Ao A= BT
?ibﬁ], ol AFujdo]
Zi—ri} ITMSE 283t :rL"ﬂH HAA avE Hele
WH(Sanchez-Escandon & 2016; Gao 5 2021), &= wij¢=
ARFH ol 33k  TMSE X“l??} Aol A= 17 At
Ak 2xl7hA 53 B 15H93(Lin S 2019), W A] 274
Aol e i BaatE B 5}11 3} CH(Pellicciari 5
2013; Rosenquist & 2013).

TFAH|A .2 Sanchez-Escandon 5 %77 (focal ep—
ilepsy) RS thAt o= 1HASA dabd 25 A4,
E=A A =219 (temporal cortex)oll 1 Hz #A51} 1 TMS

= 10 4 ALk, Bl =4 A A wrbetant 1

I} AT F‘%HQ’ e FHAET & S Al
il % |(sleep latency)2t = &
115 THSanchez-Escandon
=3 OH S LR HE &

%% (anterolateral right frontal lobe)oll 1 Hz #1532} rTMS

20 Al A-gsto] EH S 7S 2elskle et

YA 7FE) @ M (mindfulness decompression therapy) 2
ITMSE @7 b= ot rTMSHE A8 e 202 Uhpof
Br7hE A O A3 & o 2RolA PSQI 49 A
3helstglar, 0] HAMA 2 Aukd <A} 914F 2 & (Clinical

Global Impression) A= 7HAE ERlsto] HEQ o T4

(@)
3
Q
o
o
ol
rl
nﬂ
0

A BatE g1 THGao 5 2021). A7) A At
= ol AFu o] gk AS=ut 'TMS g0l EH 5%
Aol aatrt Q-5 Ehelstich
o s 25 w9 S A Fadof 15a  TMSE 4§
A1LZE, 94 Lin 52 322l (heroin) E+ WEFtH
9l (methamphetamine) 2F& 2]Z(drug dependence) ZHA}
Foz AA I TMS A4 e 2, 89 A=S 2e
T, A= ofe M7 o= o= U rTMS7F el 7]
A= e lstainh. 1 Axk AA ITMS A2 T
oA 39 A= e A= obol] 'WA] ek ol Hlsl PSQI,
SAS, SDS % Foff Elet o, Bk = S B A
% 2019). Pellicciari 5 58
oz 25 jelS AT A 10 Hz 3L

o M

mlm oo

o
3
o
N
> i
< 3
o>"

T3} TMS, %é o)< XJX%TMVE‘OH 1 Hz M55t rTMS
2 &AHo Agstglon, 1TMS A4 d5 EEG %
AoHAARE 59 U4°11AH HSHE gelsholnt. 1 734

_1
=
=
w2
2o
o
o 0

EEGE E3f &elst &} &5 (alpha activi-
ty)o] = vj 25 AT oA Fol50] AU Felst
Rom, offgt W3} vt s & H7F A= (Ham-
ilton Depression Rating Scale, HAMD)E £3|] 43!
=3/ M E Aol S-S BHIskIth(Pellicciari &
2013). 1yt A7) WSE AT of| AEdS Tt
A=A Hehs] SlEA] okokal, E3t EEGOlAet gel 4=
Aok A Aol A= -9l gk |sk7t wakE 2] btk el
A 'TMSS] =74 Bate]] Tigh 571421 A5o] 2o
Aoz gl Rosenquist 5 T2-9-&7dof $AE f
Aoz A5 i e]E dAFE o] 10 Hz 253} ' TMSE 30
Al A-gstelet e AA| rTMS A= -2 723} 519
ITMS A=2 B2 o Afolol, A= 159 HAMDS} -2
A BEE5-ZA| E 3 (Inventory of Depressive Symptoms—
Self Report) w&9] H #& Hg=ol A FoJu|gt Zfo]7}
S35 g9lsl¥tH(Rosenquist 5 2013).

)

-10

3+ tHGoerigk % 2021;
2014; Sheng 5 2018; Forogh 5 2017). #
43t g2 dFoA = &

=
2 AT Aol ¥ 4TS 283
Q Hi
|

=
=)
2.
=
S
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HIL(Acler 5 2013), 1 Ao A= F5 wijelE A
AFu Ay dad s Hde A = A58 A
9] Aol 7§ = $ltH(Hadoush 5 2018).
Hol 2 7jAS 93l tDCSE F& vjolE AAE
¥ A3 A2 Al R, Goerigk 52 389
Zholl B gk 2 DCS AT e &, o 2A g2 T
Hescitalopram) oF& X EE W= &, 919F A 2E W= o
o2 2] ujAsto] o=t 9]oF A= tfH] tDCS A=
ogt =9 A M A=E Hrlstleh 11 Ax) #5 uje
S AAFo A = A=, 5 S AR 5=
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2 q
Hs PSQI F3o] aghs 218k tH(Minichino
2014). Sheng 5 7]<& tDCSe|l 3l ©] A=zl A= &
-g-0] 758t high—definition tDCS 7|H-& #4513tk 2
o elS e 5 w9 S AT 1.5 mA
A= 25 wjeS AR E] 23 g 4719 35
A=E viAl 10 Al A-8skdeh. E3 tDCS 48 A%
PSQI T4 gelstal FA]7] 715524 ¥ %9/ (resting-state
functional magnetic resonance imaging, rs—fMRI)S &
sto] tDCSO] &1 574 714l aatet ofof thgk 41748H4] 7]
Ae 2elskaint. 1 Ayt AA tDCS A-8-ollA 519 A=
= W2 ol sl - Agto] B AojR|AL, HEE RE Y|
E$JA(default mode network)2} 73} I E$] A (subcor—
tical networks) Are]9] 7|52 A2/ (functional connec—
tivity)o] Zax3k3ith 53], HEE & Y ES|A-94s}
HER A Ato] 9] 7]54 Ad/do] dad dee W 714
Ao} AJAI 7} 99 THSheng 5 2018). Forogh 52 @
(EH S dide = 25 w9 S AArade =, &
5 QS AAFa A 5= A=S AFAERE o 0.06

mAQ] Al712 8 Al A8t Ax} u]2 % AT (Fatigue Se-

o
jE o

o
l

skt (Forogh & 2017). o]&3k Aitk= 25 wjelS AAd
Fulgof = =9 tDCS A-go] EH F4 7H Aol &t
A S UEhdeh

2o g2 sopu|Eedt, ISy 2AE tdes &
B A {DCSE &85 AFolAl=, WA Acler 52 4o}

SHYWOM HIEEH HXEs2 Xz 50t

HlERE BHE TR 25T} 95 Hes o] 7t
Hd o] AA| tDCS A=<
Lol A 319) tDCS AFS Whe tof| H]E] PSQIE &

<= J
7% o] Aol Al M BRlekAH(Acler &

-

Hjj 25 A Fu At A2 o] S0 1 mA g=
A== 10 Al #Eshien, 1 23 PSQI 34, =91 ¢
=2 %= (Geriatric Depression Scale, GDS) &7} H425}%1
Aol A2 vEhie A% o At A AEA(36-Ttem
Short-Form Health Survey, SF-36)¢] d4+= 57169
< Zelshltt. =3 PSQI 3 0] A4t =2k GDS A+
7F faet A= 9 SF-36 A7t 71 ol A
Aee Harsk@l ek (Hadoush & 2018).

271 A Y A SHoA S 2 TMSe
tDCS 26 A=+2] W7t A3} Table 291 7 2J3F A,

e

3. ACtHBNMO HIESH HXEs HE

HrprEFo HeZ|d e tifu)d ZEAd 0] Ao
Ql5o] LA AthRye 5 2012; Dauvilliers 5 2016). ©|

gF ol = WrppHF SAE o2 HIREA WA=
=& A8 dAqs A SRt AA A e &
A7 ZR2EZO] AGEon, & FHA= TMSE
283k A+t 17)e tDCSE A8t A+ 170E Shlskqich
ATANE S EH, 25 vjlS AT Ao a5}
rTMSe} &= A4=9] (DCS &-8-2 FrheHs 54 74
aNE 2ok ol 250 ' TMSF = A9 tDCS7}

3

A7 B A5 AL THE o) BheewgelA
22 W) ARET D 99 FaE v A THAS
FHIPORA YhrEF F4S ANRS AR 37
she 4= olek

1) TMS 252

Sonmez & TN FodS thdom 2= vl
Q& ARFa A 10 Hz 11573} 1 TMSE 30 Al 285}
of, MrhpHSAe A Eelskgint. 1 Ay, (TMS 4]
& Adofl vlsf 2§ & ried S AA4EE UEiil=
Ap7pE 1A Zho] L-&54 H7H -7 42| (Quick Inven—
tory of Depressive Symptomatology Adolescent Self-Re—
port)o| A o] Iehp w3k Faeot $25 A4 EE Y
ElYl&= ols & HA 2% (Children’s Depression Rating
Scale Revised) &7} 257 -9 | stA| Fhasl 3l S5 <<l
Sheith. QL 'TMS 218 oJgt Aot T4 7S %
=54 AT AT e Al BE vk (Son-
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mez 5 2020). o] FR 9ol Exlo] = o=
Fujdof 151} (TMSE A-§oh= o] &5 A +

o k58 AT 4 288 A

A

fua

2)tDCS ¢
Galbiati 5-& EWHA] (1d1opath1c) Tt S SRS oA
o2 HAHuje]E HAF

o
A8aisLont, (OCS A AF FUAd £9 S48 S
e Ao} 9] 7l s 1B ole =Sl A4

(Attentional Network Task, ANT)E A

tDCS 2§ 5 702 Q1 & 5eke] 7 S0l sl en

ANTO| 4] ¥Eg- A|ZH(reaction times)©| 743} cH(Gal-

biati & 2016) o= Frlm = S glAre 2 B )9
w

JJX‘Oﬂ oFF DCSE A §5he 3o W Foke] &

© & TMS% tDCS
3] A efekaitt.

2ol MU R 8

= 223 A1LE X3t
B 5 u Ao digt 153} ' TMS AF=(Liu 5 2015; Lin
5 2015; Altunrende 5 20143} L2 A 4H-2Fs] 2 (prima-
ry somatosensory cortex)®l| Tigt 33} rTMS Z}=-(Lanza
5 2018)°] SHA|E T Ak R mof| F-ou]ek /A
BIE 7S 7 s AARREEL
TAH 2 A BT RS e 2 TMSE 4§
Sh AF-E AHEY, 4 Liu 52 544 s EE-
S GO E s-fMRIE &Ysto] sHAEQMSS E4}
ofiAIA 7T Ale] B r2+-2-%5-(sensorimotor), A|
(Vlsual) 7‘131 ] o] Tako] oSS ERIsH. sHA=
&
o

j=
QY 25 F of

2 g2
215] 257155 SEyehE ¥ ol § Hy TS TMSE

14 Al A-85 A3k, rTMS A8 & 7 o] 9ld ¥ &4
o] BAABtE Yl on, SHAESTI S HA=E e
Wi A shAlERE S A 1E B7H = (Internation—

al Restless Legs Syndrome Study Group Rating Scale) &
o B3 A2 EletHLiu 5 2015). E3L Lin
59 02 AN E SARASTR BAE o
= A A F e 25715S H9Yshe F9el
15 Hz9] 1153 ' TMSE 14 A A8

Aol vls) A4 ol Fol A BAZFEF S4ke| HZtwS 1}
B A slREorES - H7FA & (International Rest—
less Legs Syndrome Rating Scale, IRLS-RS) 422} PSQI
22 9 HAMA d47F 24590, o] &34} 271L71A

A& RS2 Sl tHLin 5 2015). Altunrende 5=
Table 3. Findings from hypersomnolence disorder studies
Subjects Age Brain stimulation . .
Study - Main findings
N (no. of male) mean + SD Site Parameters
TMS studies
Sonmez, 2020 MDD =17 (5) MDD = 15.9 + 1.3 L-DLPFC 10 Hz, 120% RMT, 3000 | QIDS-A17-SR hypersomnia,

tDCS studies

Galbiati, 2016 IH = 8 (3) H=350+ 155

lateral orbit

Anode = L-DLPFC
Cathode = contro-

CDRS-R scores
No association between QIDS-

pulses, 30 sessions, 6—8
weeks
A17-SR hypersomnia score
and CDRS-R score
No changes in QIDS-A17-SR
insomnia score

2 mA, 20 min, 12 sessions, | EDS, VAS scores, reaction
4 weeks fimes in ANT

Anodal

ANT, Attentional Network Task; CDRS-R, Children’s Depression Rating Scale; Revised; DLPFC, dorsolateral prefrontal cortex; EDS,
Excessive Daytime Sleepiness; IH, idiopathic hypersomnia; L, left; MDD, major depressive disorder; QIDS-A17-SR, Quick Inventory of
Depressive Symptomatology-Adolescent (17 Item)-Self Report; RMT, resting motor threshold; tDCS, transcranial direct current
stimulation; TMS, franscranial magnetic stimulation; VAS, Visual Analogue Scale
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Table 5. Findings from obstructive sleep apnea studies

Main findings

Brain stimulation
Parameters

Site

Subjects Age
mean + SD

N (no. of male)

Study

TMS studies

1 UA mechanics without arousing

5 consecutive TMS-induced twitches

51.0 + 13.0 M1 (SUB somatotopic representation site)

109  OSA

OSA

Melo-Silva, 2013a

patients from sleep

1 UA mechanics without arousing

5-10 non-consecutive TMS-induced

50.0 = 14.0 M1 (SUB somatotopic representation site)

OSA

14(11)

Melo-Silva, 2013b  OSA

patients from sleep

twitches

No improvement in UA mechanics

25 Hz, 130% GGMT, 200 ms

48.0 = 11.0 Genioglossus

10(10)  OSA

OSA

Rousseau, 2015

120% SUBMT stimulation intensity with No improvement in UA mechanics

M1 (SUB somatotopic representation site)

=559 £ 9.7

OSA =9 (8) OSA

Rousseau, 2016

1)5Hz,0.8s

2) 25Hz,0.2 s

3) 25Hz, 0.4s

GGMT, genioglossus motor threshold; M1, primary motor cortex; OSA, obstructive sleep apnea; SUB, submental muscle; SUBMT, submental muscle motor threshold; TMS, transcranial

magnetic stimulation; UA, upper airway
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