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Sum Sq Mean Sq Den Df F P U
Stimulation 035 035 1 18 347 0.08
“Trial type 883 294 E g 252 2934 <0.001%=* 025
Choice type 1047 1047 1 252 104.37 <0.001#=* 0.07
Stimulation type x Trial 0.08 0.02 3 252 025 0.86
type
Stimulation 0.02 0.02 1 252 0.17 0.68
typex Choice type
“Trial type x Choice type 1421 47 3 252 4724 <0.001%5 02
Stimulation type x Trial 0.16 0.05 3 252 055 065

typex Choice type

Here and below, LME model included fixed factors stimulation (cathodal tDCS vs. sham) x Trial type (diffcult vs. easy vs. computer) and the Choice type (refected vs.selected) and random
factor Subject with correlated random intercept and random slope for Stimulation. Significance level s indicated: p<0.001 as **%, p<0.01 as**, and p<0.05 as *
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LME model included fixed factors stimulation (cathodal tDCS vs. sham) x Trial type (difficult vs. easy vs. computer) and the choice type (rejected vs.
ificance level is indicated: p<0.001 as *%%, p<0.01 as **,and p<0.05 as *
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Youngest — Old Middle — Old Oldest — Old

(n=20) (n =20) (n=19)
Age (years) 65.15 (£ 2.37) 7165 (+ 1.35) 78.74 (+ 3.30) <0.001°
Years of education 1460 (2 3.76) 15,50 (2 3.40) 1442 (£ 3.37) 047
Sex 10 males 12 males 9 males o7
Bascline composite score 020 (+054) 0.15(+057) 038 (+057) <0.001*
Difference score 0.23 (+0.20) 0.11 (£ 0.25) 033 (£0.33) 0.03*
MoCA score 27.2(2.26) 26.3(2:64) 254(2.75) 0.09

Mean values and standard deviations are reported. sham, sham stimulation; tDCS, transcranial direct current stimulation; tACS, transcranial alternating current stimulation; MoCA, Montreal
cognitive assessment; 1, number of participants; *Kruskal-Wallis test, significant values (p<.05) are bold.
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Age (Mean/SD) 23.8(+2.67) 22.5(£2.19)

Sex (M/F) 703 6/14

Years of education (Mean/SD) 164 (+1.19) 16.1 (+1.47)

MMSE (Mean/SD) 285 (£0.76) 28.25(+133)
MMSE, Mini-Mental State Examination; /F is Mann-Whitney U-test and one-way ANOVA, respectively.
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Group effects Time effects Interaction effect

Pa Po
SRT iTBS 0.241 <0.001%% 0669
Normalized RCS CTBS
SHAM
SDMT iTBS 0.683 <0.0017% 0257
Normalized RCS CTBS
SHAM

RCS, Rate-correct score;

R, Simple reaction time; SDMT, Symbol digital modality test; **#p <0.001, *#p <0.05. Bold values are measurement model.
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TPS Sham TPS

Mean (SD) Mean (SD)
SNAP-IV (mean) Baseline 2.5(0.20) 25(0.24) 083
Posttest 1.1(0.34) 2.0(0.43) 0.00%+*
1-month f/u 1.3 (0.30) 2.1(0.35) 0.00%%%
3-month f/u 1.2(0.39) 2.1(0.36) 0.00%#%
ADHD RS-IV/ Baseline 41.1(7.27) 409 (8.13) 1.00
Posttest 24.2(12.28) 33.1(12.41) 0.07
1-month fu 24.8(10.85) 35.2(9.08) 0.01%
3-month f/u 26.8(13.21) 33.8(10.34) 0.14
Strooptestl (reaction time) Baseline 185 (9.58) 146 (376) 005
Posttest 144 (3.62) 15.2 (4.60) 079
1-month flu 14.1(5.60) 13.0 (3.34) 077
3-month f/u 12.7(3.72) 132(3.77) 0.74
Strooptest2 (reaction time) Baseline 192(505) 170 (499) 015
Posttest 17.1(4.32) 14.8 (4.31) 0.12
1-month flu 15.6 (4.01) 14.0 (4.81) 0.13
3-month f/u 18.2(11.13) 14.0 (4.88) 0.18
Strooptest3 (reaction time) Baseline 205 (1032) 280 (15.48) 035
Posttest 26.7(11.82) 22.0(8.41) 0.26
1-month flu 24.5 (12.46) 18.2(5.41) 0.11
3-month f/u 20.0(7.67) 17.8(7.10) 033
DS-Forward Baseline 123 (1.21) 122(1.70) 091
Postiest 122(192) 127 (123) 075
1-month fu 126 (1.42) 125(1.25) 076
3-month f/u 12.5(2.04) 127 (1.16) 081
DS-Backward Baseline 64(296) 7.1(3.79) 076
Postiest 7.8 (3.03) 76 (378) 073
1-month flu 7.4(2.60) 8.7(3.50) 025
3-month f/u 8.9(2.83) 8.5(3.50) 084
DS-Forward (length) Baseline 5467.1 (558.39) 5332.0 (1367.06) 033
Posttest 4867.1 (711.79) 5008.0 (1531.36) 0.66
1-month f/u 4482.4 (785.68) 48520 (839.35) 027
3-month f/u 4065.9 (865.99) 4244.0 (521.82) 050
DS-Backward (length) Baseline 5371.8 (3245.56) 5420.0 (4798.00) 0.46
Posttest 6878.8 (4065.36) 6840.0 (4722.72) 078
1-month fu 6102.4 (2983.96) 7468.0 (3950.89) 033
3-month f/u 8209.4 (3202.09) 7080.0 (3153.69) 044
CGI-Severity Baseline 4.5(0.62) 4.5(1.19) 0.60
Posttest 4.1(0.90) 4.3(0.70) 072
1-month flu 3.7(0.59) 4.1(0.74) 0.10
3-month f/u 44(0.49) 44(051) 080
CGI-Improvement Baseline 4.0 (0.00) 4.0(0.00) >0.99
Posttest 23(077) 4.0(0.00) 0.00%%%
1-month flu 1.9(0.43) 3.9(0.26) 0.00%*%
3-month f/u 1.9 (1.09) 4.0(0.00) 0.00%*%
CGl-Efficacy Baseline 0.1(0.24) 0.9(3.36) 093
Posttest 0.0 (0.00) 0.8(2.83) 0.14
1-month flu 0.1(0.24) 0.1(0.35) 050
3-month f/u 0.1(033) 0.1(026) 065
CGl-Total Baseline 8.6 (0.62) 9.3(3.94) 052
Posttest 6.4(1.37) 9.1(3.10) 0.00%**
1-month fu 57(092) 82(094) 0.00%%
3-month f/u 6.4(1.23) 8.5(0.52) 0.00%+*

SNAP-IV, Swanson, Nolan, and Pelham Teacher and Parent Rating Scale; ADHD RS-IV, ADHD Rating Scale-IV; DS, digit Span; CGI, linical global impression.
“*4p<0.001; *p<0.05.
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References Research object Electrode position Frequency Intensity Electrode = Cognition Effect of action
(Hz) (mA) size task
Jausovec and 36 healthy adults with an average Left parietal cortex ITF 15 1-2.25 (pp) (5*5) cm? N-back task Significantly improved working
Jausovec (2014) age of 20 = 4.25 years old (P3)-+supraorbital frontal cortex memory task memory performance
(F3); Right parietal cortex
(P4)+supraorbital region

Violante et al. 24 healthy adults, 27.38 & 4.56 Frontal/parietal region (F4/P4), T8 6 20 1(pp) (5*5) cm? 2-back/1-backand | Improving speech working
(2017) years old F4,and P4, T8 selective reactions ‘memory performance
Wolinski et al. Group 1 has an average age of 28.3 | Parietal cortex (P4)+vertex (Cz) 4,7 12 124 £03mA (5*5) cm? Working memory 4 Hz increases the working
(2018) = 7.6, Group 2 has an average age task memory capacity, while 7 Hz

0f22.8 & 5.2, and each group has reduces the shared working

16 people memory capacity.
Zeng etal. (2022) 36 healthy adults with an average FP1-AP7, FP2-AF8 4,8, sham 20 2 (pp) (45*55)em® | N-back task 8 Hz can improve performance in

age of 23.67 & 1.97 memory task verbal n-back tasks
Pahorand Jausovec | 72 healthy female students withan | Group 1:P3-P4, Group 2:F3-P3, Group 1: 04.94, 15 2 (pp) (7*5) cm? N-back task 0-tACS stimulation in the posterior’
(2018) average age 0f 20.38 % 1.48 Group 3:F4-P4, Group 4:F3-F4 Y31.81; Group 2: menmory task parietal lobe enhances working

64.89, y33.22 Group ‘memory
2: 05.08, y32.60
Group 4: 05.28

Zhangetal. (2022) | 20 healthy young participants with | F4, P4 6 15 2(pp) (5*5) em? N-back task 6 Hz stimulation has no significant

an average age of 22.45 £ 2.52 memory task effect on low-load working

memory

ITE represents an individual @ Frequency; Pp represents the peak-to-peak value of the current; Sham represents false stimulation.
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Nguyen etal. (2018) | 30 healthy individuals withan | MFC and Right LPEC 6 20 1(pp) NG Time estimation Improved learning ability
average age of 24 years old task
Pollok et al. (2015) 13 healthy individuals withan | Left M1 and above the right 10,20, 35 and 12min 125 1(pp) (5*7) em? SRTT 10 and 20 Hz tACS promote
average age of 22.08 years eye socket shame learning of motion sequences
Miyaguchi et al. 30 healthy individuals withan | Right M1, left cerebellar 70 (60*8)S,2min | 1 (pp) (5*5) em? Visual motion The error rate of sports
(2018) average age of 21  0.36 years | cortex area apart each control tasks learning is significantly
time reduced
Wischnewskictal. | 50 healthy individuals withan | At the frontal cortex between 6 11 1(pp) (5*7) cm? Reverse learning Reverse learning speeds up
(2016) average age of 24.1 £ 7.80 F3 and Fc5, and between F4 tasks
years old and Fc6
Zhang et al. (2022) 14 healthy individuals withan | Left M1 and above the right 20,70 and 11 2 (pp) (5*5) em? SRTT Both 20 and 70 Hz can
average age of 22.53 % 056 eye socket sham improve motor skills and
years old sequence response skills, and
the effect of 70 Hz is more
significant
Antal et al. (2008) 16 healthy individuals withan | Left M1 and above the right 1, 10, 15, 30, 5 0.4(pp) (4*5) cm? and SRTT 10 Hz tACS can shorten
average age of 22.4 &+ 4.15 eye socket 45, and sham (5*10) cm?® reaction time and improve
years old implicit motion learning
Minpeng et al. 60 healthy individuals with an | Left and right primary motor 20 15 Sensory stimulus (5*5) em? SRTT Improved motor learning
(2019) average age of 20-25 yearsold | cortex, ipsilateral supraorbital intensity ability and shortened reaction

time

EDI represents the first interosscous dorsal muscles SRT'T represents the sequence reaction time task; The intensity of sensory stimulation starts at 20w Step A increases the amplitude of the current, and when the subject has a slight pricking sensation or visual
hallucinations on the scalp, increase it by 20 . The step size of A decreases until the stimulus current disappears in the subject’s sensation.
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Effect of action

Sela etal. (2012) 27 healthy individuals withan | Group 1: DLPEC(E3), (CP5), 65 15 0.5 (pp) (5cm x 5) cm? BART Stimulation of the right
average age of 23.89 # 2 45 Group 2: DLPEC(F4), (CP6) frontal lobe reduces
years old ‘motivation for risk
decision-making behavior
Yaple et al. (2017) Group 1: 17 healthy Group 1: F3, ipsilateral 5 40 0.5 (pp) (5¢m x 7) em? Risk Decision Tasks | 20 Hz excitation of the left
individuals with an average deltoid muscle; Group 2: F4, 10 for Voluntary prefrontal cortex increases
age of 20.52 % 2.52 years old; ipsilateral deltoid muscle 20 Conversion Tasks motivation for risk
Group 2: 17 healthy 40 decision-making
individuals with an average
age of 2117 & 2.78 years old
Wischnewskietal. | 18 healthy individuals withan | Left and right prefrontal 5 30 0.5 (pp) (3cm x 5) cm? Modified version of | Frontal lobe 0-tACS can
(2016) average age of 219 £ 2.3 years | cortex; AF3 and AF4 outer sequential gambling | increase the perception of
old 2cm, Fel and Fe2 outer 1em task. uncertainty in adventure
missions
Dantas et al. (2021) 31 healthy adults with an The large electrode is on the Shame, 6.5, 40 30 0.5 (pp) Electrode with a Cambridge 6.5 Hz reduces motivation for
average age of 23.8 == 3.45 left DLPFC, and the small diameter of 2.1cm Gambling Mission adventurous behavior

electrode is on F3

and a circular ring
withan outer
diameter of 11cm
and an inner
diameter of 9 cm

BART represents balloon simulation risk task.
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Frequency band

References

Frequency
(Hz)

Cognitive tasks

Cognitive
function

Intervention effect

0(4-7) Wolinski et al. 4 Retrospective working Working memory Improve the working memory
(2018) memory of the subjects
Wischnewski et al. 5 A modified version of the Decision-making ability | Improved perception of
(2016) sequential gambling task uncertainty
Violante et al. 6 Visual-spatial working Working memory Improved working memory
(2017) memory task performance
Wischnewski et al. 6 Reverse learning tasks Learning ability Reverse learning speeds up
(2016)
Dantas et al. (2021) 6.5 Cambridge Gambling Mission Decision-making ability Reduced motivation for risk
decision-making behavior
«(8-13) Borghini et al. 10 Retrospective working Working memory Improving the working
(2018) memory memory of participants
B(14-30) Yaple et al. (2017) 20 Risk decision-making for Decision-making ability | Increased motivation for
voluntary task-switching making risk decisions
Zhang et al. (2022) 20 SRTT Learning ability Shortened reaction time
Pollok et al. (2015) 20 SRTT Learning ability Can improve motor skills and
sequence response skills
Minpeng et al. 25 SRTT Learning ability Reduced learning response
(2019) time for motion sequences
v(30-80) Pollok et al. (2015) 35 SRTT Learning ability The promotion effect on
learning motion sequences is
not significant
Borghini etal. 40 Change detection task Working memory Improved working memory
(2018) ability
Zhang et al. (2022) 70 SRTT Learning ability Improved learning ability
Miyaguchi et al. 70 Visual motion control Learning ability Significant reduction in task

(2018)

error rate
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Measured variables Standardized regression CEY 95% C

coefficient

Estimate of structural model

TTBSVSSHAM—SRT_speed -0320 0.160 (~0.634,-0.007) 0.045%*
TTBSVSSHAM—SDMT_speed 0.258 0.149 (~0.035,0551) 0.084
Gender—SRT_speed -0.070 0.166 (~0.395,0.254) 0670
Gender—SDMT_speed ~0.105 0.155 (-0.409,0.199] 0498
Loading of measurement model

SRT_speed—SRT_Post_TMS1 0471 0.140 10.196,0.746] 0.001%+
SRT_speed—SRT_Post_TMS3 0.891 0119 (0657, 1.126] <0.001%+*
SRT_speed—SRT_Post_TMS5 0732 0117 10500, 0.962] <0.001%+*
SDMT _speed—SDMT_Post_TMS1 0.856 0.048 (0762,0951] <0.001%+*
SDMT_speed—SDMT_Post_TMS3. 0.946 0.031 [0.886,1.007) <0.001%+*
SDMT_speed—SDMT_Post_TMS5 0.926 0.034 [0.860,0.993] <0.001*

##p 0.05; **%p <0.001; S.E, standard error; 95% C.1, confidence interval. Bold values are measurement model
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Measured variables Standardized regression " 95% C

coefficient

Estimate of structural model

CTBSvsSHAM—SRT_speed 0.154 [-0.716,-0.113] 0.007**
CTBSvsSHAM—SDMT_speed 0.062 0.167 [~0.265, 0.390] 0.708
Gender—SRT_speed 0.006 0.164 [~0.316,0.330] 0.967
Gender—SDMT_speed 0.001 0.166 [-0.327,0.327) 0.999
Loading of measurement model

SRT_speed—SRT_Post_TMS1 0.509 0.149 [0.217,0.801] 0.001%+%
SRT_speed—SRT_Post_TMS3 0.775 0.114 [0.551, 1.001] <0.001%%%
SRT_speed—SRT_Post_TMS5 0.822 0.115 [0.595, 1.049] <0.001%+%
SDMT_speed—SDMT_Post_TMS1 0.877 0.051 [0.776,0.977] <0.001%%%
SDMT_speed—SDMT_Post_TMS3 0.873 0.052 [0.771,0.976] <0.001%%%
SDMT_speed—SDMT_Post_TMS5 0.882 0.050 [0.784,0.981] <0.001%**

##p 0.05; ***p <0.001; S.E, standard error; C.L, confident interval. Bold values are measurement model.
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Metric Stimulus type = Baseline vs. Post

(p-value)
Stroop Accuracy Control 0.544
(Percent
Correct)
Congruent 0.029
Incongruent <0.001
Response Control <0.001
Time (RT; ms)
Congruent <0.001
Incongruent <0.001
N-Back Sensitivity 1-Back 0.927
(D-Prime; &)
2-Back 0.003

Bold values denote statistical significance p < 0.05.
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Test Met Stimulus type = Effect df2 alue p-value Effect
Stroop | Accuracy (% Correct) | All Sex 69 0.006 0.941 0
Condition 69 1.102 0.355 0.051

Sex*Condition 69 1.602 0.198 0.073

Control Sex 69 0.178 0.674 0.003

Condition 69 0.869 0.462 0.041

Sex*Condition 69 0.282 0.838 0.014

Congruent Sex 69 0514 0476 0.008

Condition 69 3.783 0.015 0.157

Sex*Condition 69 3.628 0.018 0.151

Incongruent Sex 69 0.19 0.665 0.003

Condition 69 0512 0.676 0.025

Sex*Condition 69 0.227 0.877 0.011

Response Time (ms) All Sex 69 0.851 0.36 0.014
Condition 69 1.858 0.146 0.084

Sex*Condition 69 1.265 0.294 0.059

Control Sex 69 0.108 0744 0.002

Condition 69 1.458 0235 0.067

Sex*Condition 69 1.159 0.333 0.054

Congruent Sex 69 0.232 0.632 0.004

Condition 69 1.864 0.145 0.084

Sex*Condition 69 0218 0.884 0.011

Incongruent Sex 69 221 0.142 0.035

Condition 69 1.082 0.364 0.051

Sex*Condition 69 1.91 0.137 0.086

N-Back | D-Prime (d") 1-Back Sex 69 0315 0577 0.005
Condition 69 0.334 0.801 0.016

Sex*Condition 69 0.461 071 0.022

2-Back Sex 69 1.685 0.199 0.027

Condition 69 1.355 0.265 0.062

Sex*Condition 69 0.112 0.953 0.005

Bold values denote statistical significance p < 0.05.
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Group x

time
P
SNAP-IV mean score 0.94 <0.001%** <0.001%%%
ADHD RS-V 0.26 <0.001%** <0.001%%*
Strooptestl (reaction time) 022 061 003
Strooptest? (reaction time) o1 004% 002+
Strooptest3 (reaction time) 0.04% 0.18 <0.001%%%
DS-Forward 0.60 0.89 0.71
DS-Backward 0,003+ 075 007
DS-Forward (length) 071 029 <0.001%5%
DS-Backward (length) 003% 0.9 006
CGI-Severity 082 0.10 00025
CGI-Improvement 0.63 <0.001%#* <0.001%%%
CGl-Efficacy 041 016 069
CGI-Total 033 00015 <0.001%5

Adjusted for age, gender, and drug compliance. SNAP-IV, Swanson, Nolan, and Pelham
Teacher and Parent Rating Scale; ADHD RS-1V, ADHD Rating Scale-IV; DS, digit span;
CGH, clnical global impression.

#5259 <0.001; **p<0.01; *p<0.05.
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Authors Session/ Treatment Results

duration = region

Transcranial direct current stimulation (tDCS)

Cosmoetal. (19) 60 18-65  Double-blind, sham-controlled 1 Left DLPFC No significant differences in ADHD symptoms
RCT between the tDCS & sham group
Soffetal. (20) 15 12-16  Double-blind RCT 5 Left DLPFC Significant reduction of Hyperactivity & Inattention

(p<0.05) but no effect on impulsivity

Allenby etal. (4) 37 18-65  Double-blind, sham-controlled 3 Left DLPEC DCS improved impulsivity symptoms
RCT
Leffaetal. (21) 64 18-60  Double-blind, parallel, sham- 20 Anodal-right  Mean inattention score was 18.88 (SD 5.79) in the
controlled RCT and cathodal-  active (DCS group compared with 23.63 (SD 3.97) in
left prefrontal  the sham tDCS. Significant treatment by time

intervention evaluated by clinician-administered
version of the adult ADHD self-report scale (§
interaction: =3.18, p <0.001).
Westwood etal. (22) 50 10-18 Double-blind, sham-controlled 15 rIFC No significant improvement in core ADHD
RCT symptoms (p >0.05)

Repetitive transcranial magnetic stimulation (rTMS)

Pazetal. (23) 2 12-16  Single-blind RCT 2 Bilateral No effect on dlinical/cognitive outcomes (p >0.05)
DLPFC
Cao etal. (24) 64 6-13 3-armed RCT 6weeks Right DLPFC FTMS+ATX group improved significantly in
¥TMS (n=20); inattention & hyperactivity/impulsiveness at
ATX (n=19); posttreatment (p <0.05). All groups showed
rTMS+ATX (n=21) improvements in clinical/cognitive measures.

*ATX = Atomoxetine

Trigeminal nerve stimulation (TNS)

McGough etal. (25) ) 812 Doubleblind, sham-controlled  4weeks | Rightfrontal  Significant reduction of ADHD-RS score (p =0.005)
RCT lobeand frontal  and CGI score on active TNS group (p =0.003)
midline compared to sham TNS group

DLPEC, dorsal lateral prefrontal cortex; IFC, inferior frontal gyrus; RCT, randomized controlled trial.
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Overall Baseline Posttest 1-month f/u 3-month f/u

P P P P P
SNAP-IV total 0.009%* 075 0.06 051 041
SNAP-IV mean score 002¢ <0001+ 033 022 035
ADHD RS-V 0.02% 038 039 089 0.55
Strooptestl (reaction time) <0001+ <0001+ 010 <0.001%+* 003
Strooptest? (reaction time) <0001+ 005% 02 003+ <0001+
Strooptest3 (reaction time) <0001%%% <0001+ 0.006% <0.001%+* 002¢
DS-Forward <0.001%#* 0.004%* <0.001%** 0.002%* <0.001%**
DS-Backward <0.001%#* 0.04% 0.12 0.11 027
DS-Forward (length) <0.001%## <0.001%## <0.001%* 089 024
DS-Backward (length) <0.001%#* <0.001%%% 0.006%* 0.008%* 0.56
CGl-Severity <0.001%%% <0.001%## <0.001%#% <0.001%5% <0.001%5+
CGl-Improvement <0001%%% <0001+ <0001+ <0.001%5% <0001+%%
CGl-Efficacy <0.001%** <0.001%#* <0.001%#% <0.001%#% <0.001%#*
CGl-Total <0.001%** <0.001%#* <0.001%#% 0.05 <0.001%#*

SNAP-IV, Swanson, Nolan, and Pelham Teacher and Parent Rating Scales ADHD RS-V, ADHD Rating Seale-1V; DS, d
#45p 0.001; ##p<0.01; *p<0.05.

it span; CGI, linical global impression.
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Assessed for eligibility (n=169)

SNAP-IV at baseline
+ Excluded if SNAP-IV mean score < 2.0
(n=120)

+ Not meeting inclusion criteria (n=17)

Randomized (n=32)

Allocated to TPS group (n=17)

+ Psychological instruments measurements (ADHD

RS-V, Stroop Test DS, CGI) at baseline and post-

treatment

Allocated to Sham TPS group (n=15)

+ Psychological instruments measurements (ADHD
RS-V, Stroop Test DS, CGI) at baseine and post-
trestment

Psychological instruments measurements
(ADHD RS-IV, Stroop Test, DS, CGI) at 1
month- and 3 month-ffu (n=17)

l

Psychological instruments measurements
(ADHD RS-V, Stroop Test, DS, CGl) at 1

month- and 3 month-fu (n=15)

== l

Analysed (n=17)

Analysed (n=15)
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