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Meta-analysis of tDCS treatment for ADHD

Kiyoshi Kurokawa*

Abstract

Attention-Deficit/Hyperactivity Disorder (ADHD) impacts a significant
number of children and adolescents and often leads to deleterious functional
impairment. Transcranial Direct Current Stimulation (tDCS) has been proposed
as a novel therapy. Some investigations have claimed that tDCS reduces the
symptoms of ADHD, but studies on tDCS have demonstrated variable results.
This meta-analysis aimed to examine the effect of tDCS on children and
adolescents with ADHD. A systematic literature search was performed in four
online databases in total including PubMed, Cochrane Library, bioRxiv and
PsychINFO. The last search was in January 2018. Six studies, which attempted
to evalute the effectiveness using Go/No-Go task, were included in the meta-
analysis. The studies, which the electrodes were placed over the left dorsolateral
prefrontal cortex and performed No-Go task, produced the midle effect size
(SMD = 0.69; 95% CI, 0.16 to 1.21). This result suggested that the effect of tDCS

on children and adolescents with ADHD was limited.
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EE. ROV U EEE. ZEiE R L T ATEIORE T, AN RITEIREEORK
BBICKBEZ X 72T 5D TH L. ] LFISE3 HO [SBROFERSHRHEOLD JTIZon
T OGRS | ITBVWTEFRL TV,

ADHDIZ. 7@PanicBin, € 0RO ke L. AR IS 5 2 O ZRIZ X 55
HEAEDH L LHEIN TV LS, FENOARTIE, 3-4%BTHLHEEZLN TV,
ENORFFE TIEZ B, HEIPEIZAERE & HITB X T 5 TL B ANEEERIGEAIZ
Lo ThbahlrBI3ELT, HAOERRIIMATBLZ2UHRETHLEEZLNT
W5 [2-4]1s AIBICBITHRACET 5 EENHBEOREHE R < &d KRB RAAI
HiAS 5 OEMTTIZBIF 510000\ %2 Ff 5 & L2 EFHFHAE T, 166%DERFBTH-7-2 &
PHEENTwS [5],

ADHD®EF I, K E o0 THRYHE & ORI T o, Yk, 3
RPN EPHONTND [6]c HeaHEMEL T, BfEa =%, A +F7 7,
AV F 22T O3EPAI I LT INTWE, LaALA2S, SEWRFECEIER oM
I XD BEYE LA~ OWPUR S MR < BITEH O WIHEEORBEPEEFN TS, Z0
—o & LT, B, IHMRZEMN 2 REHE PRI A S hTwd [7]

FEHZE AR I RO D O EDIAFE T 525, I b BRI S 5 D%, T
ERCEEH LS 5 J7: (TMS: transcranial magnetic stimulation) T%» % [8 1,

COTMSTIE7 77 7 4 —OBEHNC X 0 FEICES 2 PARIRSRICAE L S8 27
T. 19854E 122 [E @ Anthony Barker 575, I FOM» SFEMEX 2 iLskd b2 &
RO L7z 2iE Lz [9]. /20 —ACTHEEE, BREEMNICELEZ 52 H%EE L
THRUASF HE A (tDCS: transcranial direct current stimulation) 7%, B SN TE
720 ZODCSIZ, B Y VIZBWTIMOEGD? S5 HIZE S £ TRWEFZE MR S T
20 UHEIEFICHROEREBEEIH LN TEZ, LA LAED S, TMSOMFFERK
WS, FWER TR THAZL2HONIIT 5 LBEAICEBRENNITFONTETED,
SHTIE] - 2mADERBICE > TBIR) L9 IR D, TMSIZHABEGMHE T, %
DIVERTE D L L RERE R > THBH . Z 1048 HtDCSISBT % 6f
FEA L3002 B2 T b [10],

e, tDCSIE. WA HZOUNE Y F—3 3 VISR TWA [11]. 20%H%
DPLRIHEA, REREE, EIERE, HERIE S Vo 2MRREZ I LDE DB
DFEHPBET SN TE [12], 2L T EEANOBILDITONL X H %Y [13], &
AERE BB RAE DRI OV TOMEDIHME K L INT WD, T2 BWIIRETEICH
THEMEDD. WANDOHEEDRTH > 7205 FEWMNRILTY 2R Lize TOREHM
FEANRZ T A (ASD) R ADHD7Z E/NBOMBIRBENDISHPHKALN D L) 1% o
T&7: [10],

C COWEAMB ORI TR N T NG LR R R SN TW AL EIF. AV TF
)Y 2 L TW s, ADHDOBEE. il & L TGo/No-Gor A L iy % <
HwbHhT&7z [14]o Go/No-Goibid, TEI a2 e 2L LT, BEH
Hil ATEPHIHIERE & UL KR ISR ST & -3 . ADHD O 84T &) D Fe A
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ELTHwLRTETWS [15],

Go/No-Goif#FEERE, [HRVT ¥ THRDOND TLERER S TSV, #fawg v 7
TIRIBLLWTL S| L) iEZBEE IS 2. 8BS 5 (Go response) &5
WS (No-Go response) # BIRE 574 E, BEHOBINEZITOELERTH S [16],
Go/No-GoaffEIZ k3~ 5 FUB L. HUZ/MN @B B OBfE 2 KWt $ % 7217 Tld & <L BT
AT O EBEREZ KL L, 4512 No-Gorf I A 5 BUS &, ZAb§ A BRBEI#EIS 5 72
D, HAERISEHNT LD T AEMICHE D Z 20T BEERE. 372 b HIEIEEE 2 B L,
ZOHRKIIHEAT TH A ) EEZ S5 Tw5 [17]. AWfJETId. ADHDIZB ) 5tDCS
DFRE AT TF I Y AT B I WELEZNR T

2 &
2.1 XHNE

WOIESLLHRT — ¥ RN—ZA &, R L7,

PubMed (https://www.ncbinlm.nih.gov/pubmed/). PsycNET (http://psycnet.apa.
org/). Cochrane Library (http://www.cochranelibrary.com/). bioRxiv (https://www.
biorxivorg/) DK 7T —F N—A %W T, 20184 1 A18HIFE THFEEZ B k572,

— KRB M OB R H FE X, [(ADHD) OR (comorbidities) OR (neuroplasticity)
OR (child psychiatry) OR (child neurology) OR (adolescents)] AND [(transcranial
magnetic stimulation) OR (transcranial direct current stimulation) OR (alternating

current stimulation) OR (transcranial random noise stimulation)] & L7z,

2.2 XEGEIR. HEtom

MR OFif & THONTZCHRY A b6, RIIROHME G 2 A Lz K
ZRIZ B 5 kL, random control study TH 5 2 &0 F 72, WIHE 2 AR 1 2 s
BHVLNTWD Z & 2 BRI E L7,

A TF)YARF REZDNRy =T Thbdmetar b bW TH I, FEKXEIE
95% T11 > 72 [18],

3 R
3.1 XHEGER

— R SCHIRFRIC B TOA9D TRk AT S 7z Dk, iR MR W S
N T Brandom control studyld#E 1 IRT LI 268X, 10EBTH - 72 [19-24],
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SORBEE QTR - ZEEREANORIZHET 525 71 ¥ A

TN BDEBROH TGo/No-Goit#EIZ B 2R R ZWE L TV 7=Wi9ess 7 FZERAAE L
T W7z (3% 1), Bandeira® 92 % T, Visual Attention Test (TAVIS-3) & Battery
Subtest neuropsychological Development Assessment (NEPSY-II) %%, Cachoeira® 25k
Tl¥. Adult ADHD Self-Report Scale (ASRS) & Sheehan Disability Scale (SDS) 7%:F
fliké LTHwS N TW [22, 23],

2 tDCSMOADHDICH T %R  Go/No-GosRRENDRE
tDCS sham

Study % year Measere mean SD mean SD Ref.
Correct responses 840 2258 10.57 18.92

Cosmo_F 2015 Impulsivity errors -5.54 10.03 -6.90 10.40 [19]
Omission errors -2.87 2454 -3.67 21.16
Correct responses 4.77 18.83 340 1848

Cosmo_L 2015 Impulsivity errors -394 13.34 -1.27 6.30 [19]
Omission errors -0.83 17.14 -2.13 2041
Accuracy Go 98.81 3.56 98.88 1.85

Soltaninejad_L 2015  RT 0.83 0.29 0.91 0.35 [21]
Accuracy No-Go 96.23 8.23 95.82 6.89
Accuracy Go 97.26 4.01 98.88 1.85

Soltaninejad_R 2015  RT 091 0.28 091 0.35 [21]
Accuracy No-Go 99.58 1.58 95.82 6.89
Accuracy Go 93.33 1142 90.90 19.56

Nejati_ex1 2018 RT 1.08 0.21 1.03 0.17 [24]
Accuracy No-Go 19.86 7.6 19.00 7.80
Accuracy Go 100.00 0.00 98.54 3.24

Nejati_ex2a 2018 RT 1.33 0.9 1.23 0.12 [24]
Accuracy No-Go 22.7 1.33 20.7 4.39
Accuracy Go 100.00 0.00 98.54 3.24

Nejati_ex2c 2018 RT 1.31 0.13 1.23 012 [24]
Accuracy No-Go 24.2 1.22 20.7 4.39

W)

RT: reaction time of Go stimuli; Ref:: Reference; tDCS: transcranial direct current stimulation;
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Go/No-GoiffEHE /R EERIZ B W T, Cosmo b DIFFETIE. GoiiiE & No-Goif i % [X Il 9
% Z &7 <, fruits (Cosmo_F) &letter (Cosmo_L) &9 2 F¥H o REIR R 7 &
BiEWER S Tz (F2). [19]. ENUANOHITILGoilE & No-Goaft i 2 X i L T il
EDVITbLN TV (FK2), 2Dz, Cosmod DIFZRIZERI 2 SATIZBWTIEEE L
72h%, Goigil & No-Goit & X B L 72 9T I IEH W b o 720

¥ 7z, Left DLPFC (F3) IZAnode (Bafi) % 3% iE L7234 (Soltaninejad_L.
Nejati_ex1. Nejati_ex2a) & Cathode (F&fi) A6 % % E 3 5 ¥ & (Soltaninejad_R.
Nejati_ex2c) D 2ODWEDNH 72720, TNOHEFE—ICEIEHEEXNTHEED 2
WY OB I ko7,

Z M9 B, Nejati_ex2a & Nejati_ex2c®D 2 D DFEEEDGoikE O IEAEMEIC B W T =
100, SD=0& w9 —H, BRHRTHLH, HBOXFYTF I Y RAZBWTAETH-
Tohs, AT ED o T2

3.2 #EtaR

BRI EETT B oz, FEEATFHE (SMD) Pifixed effect model 0.12,
Random effects model 0.14T9% confidence interval (CI) A3Z &4 [95%CI : -0.09 ;
0.32]. [95%CI : -0.11 ; 0.39] &/NE LR RERTITEE o7z (K1),
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WIZ, GoAfEICRI 3 2 IEAEMEICBIL €. BN ELZ ERETICoTEBI koL
Z A, SMD#%fixed efect model —0.15 [95%CI :-0.53 ; 0.23]. Random effects model -0.15
[95%CI : 053 ; 023] T (M 2A). Anodef&i DAL iE A Left DLPFC (F3) 2k L7z
Yt Tld. SMD#sfixed effect model 0.05 [95%CI : -0.42 ; 0.52]. Random effects model
0.05 [95%CI :-042 ; 052] T (XI2B). AnodefEM DAL A Left DLPFC (F3) 2% L
7=%56 SMD#sMixed efect model -0.51 [95%CI :-1.14 ; 0.12]. Random effects model -0.51
[95%CI : -1.14 ; 0.12] (H2C) &%V, GoifEICBL TR~ En#REE2MGs 2 L
3ITERPoT

tDCs Sham Standardised Mean Weight  Weight
Study Total Mean SD Total Mean S0 Difference SMD 95%-C! (fixed) (random)
Soltaninejad_R 20 9726 40100 20 9888 18500 —8— 051 [1.14;0.12] 356% 355%
Soltaninejad_L 20 9881 35600 20 9888 1.8500 — 002 [064:060] 369% 368%
Nejati_ex1 15 9333 114200 15 90.90 19.5600 - 0.15 [057:086]) 276% 27.7%
Nejati_ex2a 10 10000 00000 10 9854 32400 0.0% 0.0%
Nejati_ex2c 10 10000 00000 10 9854 3.2400 0.0% 0.0%
Fixed effect model s s — <0.15 [0.53; 0.23) 100.0% -
Random effects model —_— 0.15 [-0.53;0.23) - 1000%
Heterogeneity: £ « 3%, ¢ « 0.0034, p « 0.36 T

1 05 0 05 1

tCcs Sham Weight  Weight
Study Total Mean SD Total Mean SD SMD 95%-C! (fixed) (random)
Soltaninejad_L 20 9881 35600 20 9888 1.8500 002 [064,060] 572% 572%
Nejati_ex1 15 9333 114200 15 90.90 19.5600 0.15 [057;086] 428%  428%
Nejati_ex2a 10 10000 00000 10 9854 3.2400 0.0% 0.0%
Fixed effect model a5 a5 0.05 [-0.42; 0.52] 100.0% -
Random effects model 0.05 [-0.42;0.52) - 1000%
Heterogeneity: F « 0%, @ « 0, p = 0.72

tDCs Sham Standardised Mean Weight  Weight
Study Total Mean  SD Total Mean SD Difference SMD 95%C! (fixed) (random)
Soltaninejad_R 20 9726 40100 20 98.88 18500 ——H—- 051 [1.14;0.12] 100.0% 100.0%
Nejati_ex2c 10 100.00 0.0000 10 98.54 3.2400 i 0.0% 0.0%
Fixed effect model 30 30 —_— 051 [1.14;0.12) 100.0% -
Random effects model —_— 051 [-1.14;0.12) - 1000%
Heterogeneity: I* = NA%, ¥ = NA, p = NA

14 05 0 05 1

B2C

M2 A:tDCSHGoRBEICHFBERMUENDEE, B tDCSHGoRBICH T BERMENDETE
AnodeE 4B # DLPPCIC 2% L =384, C 1 tDCSNDGoREIC & 1F 5 FFEMEA DFE CathodeE
WAEDLPPCICEE L -1EE
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F 72, Nejati_ex2a & Nejati_ex2c® 2 O DFEERD Goi 8 O WEHEVEIZ R L T ANT IZH W
LTl hhol

No-GoifEIZ B4 2 IEAEMEICE LT, BHWOMEZZERBETIIOMeBIho/ce
%, SMD#%fixed efect model 043 [95%CI : 0.10 ; 0.76]. Random effects model 0.44
[95%CI : 008 ; 0.80] T (X3 A). AnodefE i ® i A5Left DLPFC (F3) 2% L 72
Yt Tld. SMD#%Mixed efect model 0.27 [95%CI : -0.15 ; 0.69]. Random effects model
0.31 [95%CI : -0.23 : 0.85] < (X 3B). Anodef&EMi D& A Left DLPFC (F3) Zi%i#E
L 72356 SMD7ixed efect model 069 [95%CI : 0.16 ; 1.21]. Random effects model 0.69
[95%CI : 0.16 ; 1.21] (K 3C) &% V. No-GoiffIZBI L CatkIIC R EE DR R 23D 2
ZEDIH L7z,

AT, BHWOBRELIICL 572 SITEHFLEL LD -7,

Sham Standardised Mean Weight  Weight
Study Total Mean SD Total Mean S0 Ditference SMD 95%-C! (fixed) (random)
Soltaninejad_L 20 96.23 82300 20 95.82 6.8900 005 [057;067) 279% 266%
Soltaninejad_R 20 99.58 1.5800 20 95.82 6.8900 -.— 0.74 [0.09;1.38) 260% 25.1%
Nejati_ex1 15 19.86 76000 15 19.00 7.8000 r— 0.11 [061;082] 209% 21.1%
Nejat_ex2a 10 2420 12200 10 20.70 4.3900 e 104 [0.09;199] 120% 13.0%
Nejat_ex2c 10 2270 13300 10 20.70 4.3900 059 [0.31;1.49] 132% 143%
Fixed effect model % % = 0.43 [0.10; 0.76) 100.0%
Random effects model et 0.44 [0.08; 0.80) - |M
Heterogenelty: I* « 16%, ¢ « 0.0283, p « 0.31 f 1
- 0 1
tDCcs Sham Standardised Mean Weight  Weight
Study Total Mean  SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
Soltaninejad_L 20 9623 82300 20 95.82 6.8900 005 [057:067] 459% 41.1%
Nejati_ex1 15 19.86 76000 15 19.00 7.8000 0.11 [061:082] 344% 349%
Nejati_ex2a 10 2420 12200 10 20.70 4.3900 -9—.— 104 [009;199] 197% 240%
Fixed effect model a4 a5 0.27 [-0.15; 0.69] 100.0%
Random effects model 0.31 [0.23;0.85) - lm
Heterogeneity: £ = 38%, 7 = 0.0876, p = 0.20
1 0 1
Ccs Sham Standardised Mean Weight  Weight
Study Total Mean  SD Total Mean  SD Difference SMD 95%-Cl (fixed) (random)
Soltaninejad_R 20 9958 15800 20 95.82 6.8900 ———— 074 [009;138] 662% 662%
Nejati_ex2c 10 2270 1.3300 10 20.70 4.3900 059 [031:149] 338% 338%
Fixed effect model 30 30 e 060 [0.16; 1.21) 100.0%
Random effects model -.— 069 [0.16;1.21) - IM
m-f-m{.o,p.on
14 05 0 05 1

M3 A:tDCSDONo-GOREICH I 2 IERMEANDFE, B tDCSONo-GoEBEICH |F 2 EFEMEAD
2EAnodeBAE # DLPPCICEE L 2354, C:tDCSONo-GoBEICH 17 2 EHMEANDEE
CathodeE 1 % DLPPCIC%7E L =154
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4 ZBE

ADHDIZB T 5. oAy b7 =27 IZREIZOWTEE COMEI TR TET
BY., TNOOWMEOFBFRIC &V AiERE T /MUE (dorsolateral prefrontal cortex :
DLPFC) & ¥ HIFiH IRz (dorsal anterior cingulate cortex : dACC) DFEREA4TH
HZEDHPILTETWAS [25], DLPFCIZ. ffi. EEhHIE, SRPELR ELIcb:
LR EZHSTHBY, WOPTHEWNELS, WA TLIHITHL I EAFHHL TWE A
[26]. ADHDTIE, IEH & D EHITRANENL Z EPMESNTWDS [27]. 2 DBk
DIEND, WDOF Y b T =7 DREIIOLNRDLEEZONDL, —J T, tDCSOEMD X
EHTE LT o & DLPFCOSA LN T E 7245, 202 L1134 DR CRRAEE
k7% EODLPFCOFIEATH ) BREZ K HEL LD L LTDOI L THbD, ADHDIZBWTDH,
ZEAETRTOERINCE W TEBMOKEY T & L TDLPFCA% A LN TE 72
DLPFCOHEREIZZ LI D72 ) D% OO & fiEEFZ LTWwd, AT, i
EABEO Lo E R L LT, HEEEIE. 28Ik (Alerting netwaork). EEDE
{7 (Orienting network). FATHIMHIH (Executive control network) @ 3FEfHIZ/ T S
5H (28], Silvab iz XL, MHEGREIC BT AtDCSOERIBERICHE T 5 A2 M L
T\ tDCSODLPFCANDOIERIZ L, 1RO EN & EATHHIENOYETH ), EEHIREIC
BB L o7zl b 2MELTHY [29], tDCSHDLPFCOAETOMEEZUET S 2
Lid, BLVWOTERWIEEZ B,

Durston & 13, No-GoiftIZJ64T 9 % GokfE O ML MBI X ). No-Goik@E R IZ BT 5
FRAVLEIGEWAA LN AL Z 2L L TEY [30]. #ARSIE, IMRIZ HW:6f7E
2B W, KADHDJEIRR: & B ADHDIEIRFE I 331 2 47 B H B 0 Jix 36 B 2 LGS L
T 575, No-Goif#IZ 1T 3 2 GoaE D MBS L WD Ty ATEIFREIC D e Vs,
fMRI (WRERymE A LB W {4 © functional magnetic resonance imaging) 7S 47BN D)
WA SN DM OEENCAEREPALN I EZ2HMELTEBY 31, 2hoso
L X DIBEL L TH VI 72Go/No-GoifRE 25 Bifl 72 I D FRE T ld % <. No-Goif 235 AT
T % GOt RS L 72 Mo iR B IC B b 2 H 2 KL L T S E2RIE S N5, SO
AZTFY T RHCE R D TR TGoiE D #IINo-Goit 2 EMi L TH Y. No-Go
MEDOGOMENDIKGFEES N PEETH LD F 2y 7 3R ENTViR Vv, T2, HiF
% ilin X & 7255 (No-Goit DB IZGoik) PMThNTEL T, AiEILLDTHL L
Zz2 5o

Go/No-GoffE 1%, #IEHE I B W CHIHI M) < FRHIC B 2 RRANFR B 1S b > T
LEEZOLNTE [32] COBELBEAREOREL VW) O FE JIZADHDOEET
HbHEZZ 5N, ADHDDZ L DRFFEIZ 5 TGo/No-Goi sV ST X7 [33]. L
L&A S, ADHDOERD 5 B E5 O BIRICORTEHIHIOZ L SBHFET L L%
ZHNTHBY, ADHDRIERICELH T, 1 O0ORBMEE LTHS L BRYTHLH



FETH R A AR OV RN - ZEIEREE~ORRIZ T B A5 7)) ¥ X

BN FICHERSNLLEZIATH D [34-36] F 72, ADHDIZBT % Go/No-Goift It
TLIRLENRDLZEDMOENTEY [37]. EBRIEI—-RI YTV RTHALN. #EL
SHETT B LRI A DRTDHADH > THBEYH, FEBED BTN E25b0 5,

GEDAZTF) Y ATE, —FICEMLZFERTH 722 L1, tDCSOADHDNOD i
RISHANOE % B < 25, BUROFER TIE, HHHITDCSHADHDND HRFBRTH 5 &
WOREICELDIHEL S, SHORLEMOEMPLETHL EER B,
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