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for the rehabilitation of patients with neurodevelopmental disorders. The present study was aimed
to review the impact of tDCS on the executive functions of Iranian children and adolescents with
neurodevelopmental disorders.

[VETEEE This is a systematic review and meta-analysis. The related studies from 2014 to 2024
were searched in Web of Science, Scopus, PubMed, Scientific Information Database (SID), and the
comprehensive humanities portal. The qualitative assessment of studies was performed using the Jadad
scale. The standardized mean difference (SMD) was calculated with a 95% confidence interval (Cl) in
CMA software, version 2 to measure the effect size. Duval and Tweedie’s trim-and-fill method and funnel
plots were used to analyze sensitivity and publication bias. After careful screening, 23 studies were finally
included in the systematic review and meta-analysis.

[[EEMTE The meta-analysis results showed a significant effect of tDCS on the executive functions of
Iranian children and adolescents with neurodevelopmental disorders (SDM=1.04; 95% Cl, 0.83%, 1.25%;

Key words: i P<0.001). The subgroup analysis showed that tDCS had the greatest effect on the attention component
Transcranial compared to other components of executive function. Also, tDCS had a greater effect on children and
direct current : adolescents with specific learning disorders than on those with attention deficit/hyperactivity disorder
stimulation (tDCS), :  (ADHD).

Executive unctions, ¢ [SNENERT Although there are promising findings for the effectiveness of tDCS in improving attention
Neurodevelopmental deficit/hyperactivity disorder and specific learning disorder, there is a lack of randomized controlled
disorders © clinical trials with long-term follow-up in Iran, especially for autism spectrum disorder.
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Extended Abstract

Introduction

eurodevelopmental disorders are psychi-

atric conditions that develop early in life

and involve abnormalities in the central

nervous system function. Many neurode-

velopmental disorders, such as attention
deficit/hyperactivity disorder (ADHD), specific learning
disorder (SLD), developmental coordination disorder
(DCD), and autism spectrum disorder (ASD), are char-
acterized by deficits in executive functions. Impaired
executive functions in children lead to a variety of prob-
lems, including aggression, inattention, and behavioral
and communication problems. Transcranial direct current
stimulation (tDCS) has been proposed as a promising
treatment for the rehabilitation of neurodevelopmental
disorders. Studies suggest that tDCS can improve memo-
1y, attention, and executive functions through mechanisms
such as changes in resting membrane potential, cerebral
blood flow, synaptic plasticity, neurotransmitter levels,
and brain network connectivity. The effects of tDCS on
executive functions in children and adolescents are con-
tradictory across studies, and the evidence is limited. In
addition, so far, no systematic review or meta-analysis has
examined the effects of tDCS on executive functions in
Iranian children and adolescents with neurodevelopmen-
tal disorders. Therefore, the present systematic review
and meta-analysis aimed to investigate whether tDCS can
improve executive functions in Iranian children and ado-
lescents with neurodevelopmental disorders.

Methods

This is a systematic review and meta-analysis. The re-
lated studies were searched in the Web of Science, Sco-
pus, PubMed, Scientific Information Database (SID), and
the Comprehensive Portal for Humanities. The search was
conducted on studies published from 2014 to 2024 using
the following keywords and strategy: (“Transcranial di-
rect current stimulation” OR “tDCS” OR “direct current
stimulation”) AND (“executive function” OR “attention”
OR “working memory” OR “cognitive flexibility” OR
“inhibition” OR “processing speed” OR “planing”) AND
(“neurodevelopmental disorders” “attention-deficit/hy-
peractivity disorder” OR “ADHD” OR “autism spectrum
disorder” OR “ASD” OR “specific learning disorder” OR
“SLD” OR “Communication disorders” OR “intellec-
tual disability””) AND (“children” OR “adolescents” OR
“teenagers”) AND (“Iran” OR “Iranian”).
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PICO-SD criteria were used to design eligibility criteria:

1. Participants: Children (6-12 years) and adolescents
(13-18 years) residing in Iran with neurodevelopmental
disorders (ADHD, ASD, SLD, DCD, intellectual disabil-
ity (ID), communication disorders),

2. Interventions: Experimental group with tDCS alone
(anodal protocol),

3. Control: Control group with sham tDCS or no addi-
tional intervention,

4. Outcome: Executive functions (working memory,
attention, inhibition, cognitive flexibility, planning, and
processing speed),

5. Study design: Experimental or quasi-experimental
studies with pre-test/post-test design and a control group.
Two authors (Fateme Gheysari, Mehrdad Mazaheri) in-
dependently assessed the eligibility of studies.

Articles that met the inclusion criteria were selected for
full-text review. Any disagreements about the eligibility of
the studies were discussed and solved by reaching a consen-
sus. The data were analyzed in CMA software, version 2. To
measure the effect of tDCS, the standardized mean differ-
ence (SMD) was calculated as the difference between groups
in mean values divided by the pooled standard deviation,
with a 95% confidence interval (CI). Duval and Tweedie’s
trim-and-fill method and funnel plots were used to analyze
sensitivity and publication bias.

Results

A total of 536 articles were first retrieved. Irrelevant litera-
ture, review studies, duplicates, and case reports were identi-
fied and removed based on title and abstract reviews, result-
ing in 37 full-text articles being retrieved. Fourteen studies
were excluded due to publication bias and lack of data on the
mean and standard deviation of the control and experimental
groups. Finally, 23 articles were included in the systematic
review and meta-analysis. There were 74 effect sizes, and
studies evaluated a total of 614 patients in the active tDCS,
sham tDCS, and control groups. The characteristics of these
studies are presented in Table 1.

The effect size of tDCS on the executive functions was
1.04 (SMD=1.04, 95% CI, 0.83%, 1.25%; P<0.001).
The effect size was statistically significant, indicating a
significant impact of tDCS on the executive functions of
Iranian children and adolescents with neurodevelopmen-
tal disorders. Forest plot of the effectiveness of tDCS on
cognitive functions of patients compared to controls is
shown in Figure 1. Based on the results of the trim-and-fill
method, adding eight studies to the left side of the funnel
plot make the mean of the funnel plot symmetrical.
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Table 1. Characteristics of studies used in the systematic review

Duration .
. Sample Type of sl of Each Executive 2
Study (y) intensity . PI€ " Gender Age (y) y P Treatment . . Functions
Size Disorder . Session Functions
(mA) Sessions . Measure
(Minutes)
Cognitive
flexibility WesT
Nejati et al Girland \r;vsmr;g Nback
ejati et al. 1 15 irlan 8-15 ADHD ) 15 Y
(2017) [21] boy Response Go/NoGo
inhibition
Interference
Stroop
control
Estaji et al. (2024 Girland ng::(g:'i Nback
e (P 2 24 rand  ¢12  ADHD 3 20
28] boy Response Go/NoGo
inhibition
Sayafan et al. Girland Selective
(2023) [29] 1 24 boy 8-11 ADHD 10 20 attention Stroop
Amouzadeh et al. Girland Sustained
(2022) [30] 1 45 boy 9-16 ADHD 10 15 e CPT
Arshadi et al Girland Inc}g:tlt:;n Go/NoGo
rshadi et al. 1 30 rand - g12  ADHD 10 10 0
(2022) [31] boy Cognitive
- WCST
flexibility
Avatria & Miza Girland fncton @
yatnia & Virzale 152 32 rand 1518 ADHD 18 30 )
(2022)[32] boy Working
Nback
memory
Cognitive
Soleymani & . st WCST
. . Girland flexibility
Kazemi Monit 0-2 30 boy 8-12 ADHD 10 10 p i
(2020) [33] oo e WPST
speed
Fattahi AA et al. Response
(2020) [34] 1 23 Boy 6-11 ADHD 10 10 inhibition Go/NoGo
Fattahi Andebil et Working
al. (2018) [35] 1 23 Boy 6-11 ADHD 10 10 memory Nback
Response
. Go/NoGo
Soltaninejad et al. inhibition
15 20 - 15-17 ADHD 3 15
(2015) [36] Inhibition
Stroop
control
Visual and
Jazini & Sheikh ) auditory
(2022) [37) 15 48 Girl 7-10 DCD 5 20 working CANTAB
memory
Ramezani Golaf- Girl and Verbal workin Tehran-Stan-
zani et al. (2021) 1 20 b 7-14  MildID 5 30 e € ford-Binet
[38] Y ry Intelligence
Cognitive
flexibility WesT
Amiri et al. (2022) ) 20 Boy 811 ASD 12 20 Inhibition Stroop
[39] control
Planning TOL
Sustained
e e Girland attention &g
tamoghli (2023) 2 40 sy SLD 10 20 I
[40] orking Nback
memory
Mehrvali et al Girland ?IZEir;ﬁli\tle WesT
enrvall et al. 15 40 O 995 s 10 20 Y
(2023) [41] boy Response
L Stroop
inhibition
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Duration .
i Sample Type of L] of Each Executive Executive
Study (y) intensity . P Gender Age (y) Y P Treatment . . Functions
Size Disorder . Session Functions
(mA) Sessions . Measure
(Minutes)
madi et al. irl an
2 26 7-9 SLD 5 20
(2021) [42] boy Selective atten-
. Stroop
tion
Moslemi et al Xg,::(:,nng/ Nback
(2020) [43] 15 24 Boy 8-10 SLD 15 20 .
Attention CAARS
Rahimi et al. Girland ) .
(2019) [44] 1.5 30 boy 8-12 SLD 10 20 Visual attention Coglab
Zemestani et al. 2 g0 Grand SLD 10 20 Attention IVA
(2019) [45] boy
Bagheri et al. Girland Processing
(2019) [26] 20 boy 7-11 SLD 10 20 speed SDMT
Rajaie Poor & . .
Seedmanesh 1 20 Gllroloand 9-13 SLD 10 15 g;)r:’l:)ng Andre Rey
(2018) [47] Y Y
Selective atten-
Rooholamini et Girland tion stroop
15 20 7-9 SLD 10 20 N
al. (2018) [48] boy Cognitive flex-
- WCST
ibility
Arjmandnia et al. Girland Working
(2016) [49] 1 20 boy 7-14 SLD 10 10 memory Nback
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Abbreviations: WCST: Wisconsin card sorting test; CAQ: Cognitive ability questionnaire; WPST: Wechsler processing speed test;

CANTAB: Cambridge neuropsychological test automated battery; CPT: Continuous performance test; CAARS: Conners adult

ADHD rating scale; IVA: Integrated visual and auditory test; SDMT: Symbol digit modalities test.

Conclusion

This meta-analysis showed that tDCS was effective in
improving executive functions in Iranian children and
adolescents with neurodevelopmental disorders. The cur-
rent research provides preliminary evidence for the thera-
peutic potential of tDCS for ADHD, ASD, and childhood
and adolescent dyslexia.

The included studies had low methodological quality,
as they lacked randomized clinical trials. Few studies re-
ported follow-up data, so we did not have sufficient data
to assess the persistence of the tDCS effect. There was a
lack of sham tDCS in some studies. Therefore, future ran-
domized, sham-controlled clinical trials and studies with
follow-up periods are needed to assess the effectiveness
of tDCS on executive functions in Iranian children and
adolescents with neurodevelopmental disorders. Safety
and tolerability indicators and side effects were not re-
ported in the studies to demonstrate the safety of tDCS for
children and adolescents. Therefore, future studies should
use a standardized adverse event questionnaire to assess
tolerance and adverse events of tDCS. Additionally, the

included studies varied in terms of participants’ age, gen-
der, and level of disorder, resulting in heterogeneous data
from which our results were obtained. In addition, most
of the studies examined the effect of tDCS on executive
functions in children and adolescents with ADHD and
SLD. There is a need for future studies to examine the
effects of tDCS on executive functions in children and
adolescents with other neurodevelopmental disorders, es-
pecially ASD.

Ethical Considerations
Compliance with ethical guidelines

This is a systematic review and meta-analysis with no
human or animal samples; therefore, the need for an ethi-
cal approval code was waived.

Funding
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funding agencies in the public, commercial, or not-for
profit sectors.
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Study name Subgroup within study Outcome Statistics for each study Std diff in means and 95% CI

Std diff_Standard————ToweTUpper
inmeans  error Variance limit limit Z-Value p-Value

Estaji et al (2024) emotion-related working memory (Accuracy) N-back 054 042 017 027 136 131 019

Estaji et al (2024) emotion-related working memory (reaction time)  N-back 000 041 017 080 080 000 1.00 p—

Estaji ot al (2024) inhibition (Go accuracy) GolNo-Go 011 041 017 069 091 028 078

Estaji et al (2024) inhibition (Go reaction time) GolNo-Go 022 041 017 059 102 05 060

Estaji et al (2024) inhibition (No-go Accuracy) GolNo-Go 052 042 017 029 133 125 021

Sayafan et al (2023) selective attention Stroop 067 042 018 015 149 160 011

Ayatnia & Mirzale (2022)  exlastiveeatinclien cAQ 09 037 014 020 166 249 001 -1 E

Ayatnia & Mirzaie (2022)  working memory N-back 117 038 015 042 192 306 000

Amouzadeh etal (2022)  visual sustained attention (correct answers) cpT 000 037 013 072 072 000 100

Amouzadeh et al (2022) visual sustained attention (delete error) CPT 4.46 068 046 312 579 654 000 ——

Amouzadeh et al (2022)  visual sustained attention (error providing response)CPT 304 054 020 199 410 567 000

Arshadi et al (2022) cognitive flexibilty (completion of floors) wesT 101 039 015 025 177 261 001

Arshadi et al (2022) cognitive flexibility (false answer) WCST 2.06 045 020 117 294 456 000 e —

Arshadi et al (2022) cognitive flexibilty (staying error) wesT 118 040 016 040 195 298 000 —)

Arshadi et al (2022) inhibitory control (accuracy of execution) GolNo-Go 106 039 015 030 183 272 001 =

Arshadi et al (2022) inhibitory control (execution speed) GolNo-Go 193 044 020 107 280 437 000

Arshadi et al (2022) inhibitory control (restraint accuracy) GolNo-Go 125 040 016 047 203 314 000

Soleymani & kazemi monit (2028)gnitive flexibity (number of correct categories) WCST 116 039 016 038 193 293  0.00 —

Soleymani & kazemi monit (202@)gnitive flexibility (residual error) wesT 0.07 037 013 065 078 019 085 —

Soleymani & kazemi monit (2020cessing speed WPST 029 037 013 043 101 078 043 e s

Faltahi Andebil et al (2020)  response inhibition (answer accuracy) GoNo-Go 126 045 020 033 214 283  0.00

Fattahi Andebil et al (2020)  response inhibition (execution speed) GolNo-Go 211 051 026 111 311 414 000

Fattahi Andebil et al (2020)  response inhibition (inhibition accuracy) GolNo-Go 0.66 042 018 017 148 156 012 —

Faltahi Andebil et al (2018)  working memory (execution speed) N-back 072 043 018 012 157 168 009 - =

Fattahi Andebil et al (2018)  working memory (number of correct answers)  N-back 135 046 021 046 227 294 000

Nejati et al (2017) cognite conirol ey (categores completed) WCST 006 037 013 065 078 017 086

Nejati et al (2017) cognitive control / flebilty (completion time) 057 037 014 016 130 153 013

Nejati et al (2017) cognitive control / flexibility 1perseverauve errors) WCST 0.06 037 013 066 077 016 087 r—

Nejatl ot al (2017) cognive contl fexbiy (ot arors) wesT 012 037 013 060 083 032 075

Nejati et al (2017) interference control (accuracy) Stroop 072 038 014 002 146 191 006

Nejati et al 2017) inererance contol (rospones me) Stroop 093 038 015 018 168 242 002 —

Nejati et al (2017) response inhibition (Go accuracy) GolNo-Go 0.15 037 013 056 087 041 068 — i —

Nejatl et al (2017) response inhibition (No-Go accuracy) GolNo-Go 011 037 013 060 083 031 076

Nejati et al 2017) response inhibiton (time) GolNo-Go 026 037 013 046 098 071 048

Nejatl et al 2017) working memory (accuracy) N-back 011 037 013 061 083 030 077

Nejatl et al (2017) working memory (response fime) N-back 131 040 016 052 210 326 000

Soltaninejad etal (2015)  inhibitory control (accuracy) Stroop 050 046 021 030 149 130 019

Soltaninejad et al (2015) inhibitory control (response time) Stroop 0.25 045 020 063 113 055 058 [r—

Soltaninejad etal (2015)  response inhibition (Go accuracy) GoiNo-Go 002 045 020 085 090 006 096 =

Soltaninejad et al (2015)  response inhibition (No-Go accuracy) GolNo-Go 005 045 020 082 083 012 090

Soltaninejad et al (2015)  response inhibition (response time) GolNo-Go 025 045 020 063 113 055 058

Amiri et al (2022) cognitive flexibilty wesT 011 045 020 077 098 024 081 =

Amifi et al (2022) inhibitory control Stroop 007 045 020 081 094 015 088

Amir et al (2022) planning ToL 078 046 022 013 169 168 009

Jazini & Sheikh (2022) working memory - Motor cortex CANTAB 377 083 069 214 540 452 0.0 re—

Jazini & Sheikh (2022) working memory- Vision cortex CANTAB 117 204 415 748 1516 548 000

Ramezani Golafzani et al (202 yerbal working memory Tehran-Stanfor-Binet IQ 117 040 016 040 195 297 000

Mehrvali et al (2023) cognitive flexibilty (number of categories) wesT 305 046 022 213 395 655 000

Mehrvali et al (2023) cognitive flexibilty (preservative error) wesT 147 034 012 050 184 341 000

Mehrvali et al (2023) response inhibition (interference score) Stroop 184 038 015 119 269 506 000 ——

Mehrvali et al (2023) response inhibition (interference time) Stroop 213 040 016 135 291 538 000 =

Fazel & Rostamoghi (2023)  sustained attention (confirmation error) cPT 064 032 011 000 127 196 005

Fazel & Rostamoghli (2023)  sustained attention (error providing response)  CPT 072 033 011 008 136 221 003 = —

Fazel & Rostamoghli (2023) ~ sustained attention (omission error) cPT 1.50 036 013 080 220 419 000 —

Fazel & Rostamoghli (2023)  working memory (correct answer) N-back 296 046 021 206 38 647 000

Fazel & Rostamoghi (2023)  working memory (reaction time) N-back 008 032 010 054 070 025 080

Anmadi et al (2021) selective attention Stroop 219 050 025 122 316 442 000 s e

Ahmadi et al (2021) sustained attention CPT 270 054 029 164 377 498 000 —

Moslemi et al (2020) attention CAARS 155 050 025 058 255 312 000 —

Moslemi et al (2020) auditory working memory N-back 056 045 020 031 143 126 021

Moslemi et al (2020) visual working memory N-back 123 048 023 029 216 258 001

Rahimi et al (2019) visual attention (congruent response) Visual attention processes 0.39 037 044 034 111 105 029

Rahimi et al (2019) visual attention (incongruent response) Visual attention processes 052 037 014 021 125 140 0.6 o

Rahimi et al (2019) visual attention (rate of correct response) Visual attention processes 0.51 037 014 022 123 137 047 o e e )

Rahimi et al (2019) visual attention (response time) Visual attention processes 020 037 013 052 092 054 059

Zemestani et al (2019) attention VA 788 132 175 529 1048 595 000 —l—

Bagher et al (2019) processing speed SOMT 151 051 026 052 251 298 000

Rajacepoor & Seedmansh (20t@mory Andro-Ray 143 050 025 045 242 286 000 — i

Rooholamini etal (2018)  cognitive flexibilty (concept learning) wesT 168 052 027 066 270 323 000 —

Rooholamini et al (2018)  cognitive flexibilty (number of congruent correct ansWAEST 134 050 025 037 231 271 001

Rooholamini et al (2018)  selective attention (congruent correct answers)  Stroop 013 045 020 075 101 029 077

Rooholamini et al (2018)  selective attention (incongruent correct answers)  Stroop 046 045 021 042 135 102 031

Rooholamini et al (2018)  selective attention (total error) Stroop 220 058 033 116 342 398 000

Arjmandnia et al (2016) ‘working memory N-back 3.04 066 043 175 432 463 000 —
104 011 001 083 125 980 000 -

0 -tho obo - 2k
Favours A Favours B
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Figure 1. Forest plot of the effectiveness of tDCS on executive functions of patients compared to controls.
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1. Transcranial Direct Current Stimulation (tDCS)
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(“transcranial direct current stimulation” OR
“tDCS” OR “direct current stimulation”) AND (“ex-
ecutive function” OR “attention” OR “working
memory” OR “cognitive flexibility” OR “inhibition”
OR “processing speed” OR “planing”) AND (“neuro-
developmental disorders” “attention-deficit/hyper-
activity disorder” OR “ADHD” OR “autism spectrum
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OR “SLD” OR “Communication disorders” OR “in-
tellectual disability”) AND (“children” OR “adoles-

cents” OR “teenagers”) AND (“Iran” OR “Iranian”)
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Study name Outcome Stati
e —_— Std diff_Standard
inmeans  error  Variance
Esta et al (2024) emotion-related working memory (Accuracy) N-back 054 042 017
Estajl et al (2024) emotion-related working memory (reaction time)  N-back 000 041 017
Esta et al (2024) inhibition (Go accuracy) GolNo-Go 011 041 047
Estaj et al (2024) inhibition (Go reaction time) GolNo-Go 02 041 047
Estaj et al (2024) inhibition (No-go Accuracy) GolNo-Go 052 042 047
Sayafan et al (2023) selective attention Stroop 067 042 018
Ayatnia & Mirzaie (2022) srissitveeatinlien CAQ 0.93 037 014
Ayatnia & Mirzaie (2022)  working memory N-back 117 038 015
Amouzadeh et al (2022) visual sustained attention (correct answers) cPT 000 037 013
Amouzadeh et al (2022) visual sustained attention (delete error) cPT 446 068 046
Amouzadeh et al (2022) visual sustained attention (eror providing response)CPT 304 054 029
Arshadi et al (2022) cognitive flexibillty (completion of floors) wesT 101 039 015
Arshadi et al (2022) cognitive flexibilty (false answer) wesT 206 045 020
Arshadi et al (2022) cognitive flexibilty (staying error) wesT 118 040 016
Arshadi et al (2022) inhibitory control (accuracy of execution) GolNo-Go 106 039 015
Arshadi et al (2022) inhibitory control (execution spet GolNo-Go 193 044 020
Avshadi et a (2022) inhibitory control (restraint accuracy) GolNo-Go 125 040 0.6
Soleymani & kazemi monit (2028jgnitive flexibiity (number of correct categories) WCST 116 039 016
Soleymani & kazemi monit (2028gnitive flexibiiy (residual error) wesT 007 037 013
Soleymani & kazemi monit (2028cessing speed WPST 029 037 013
Fattahi Andebil et al (2020)  response inhibition (answer accuracy) GoNo-Go 126 045 020
Fattahi Andebil et al (2020)  response inhibition (execution speed) GolNo-Go 211 051 0%
Fattahi Andebil et al (2020)  response inhibition (inhibition accuracy) GolNo-Go 066 042 018
Fattahi Andebil et al (2018)  working memory (execution speed) N-back 072 043 019
Fattahi Andebil et al (2018)  working memory (number of correct answers)  N-back 136 046 021
Nejati et al (2017) cognitive control  flexibilty (categories completed) WCST 006 037 013
Nejati et al (2017) cognitive control / flexibilty (completion time) wesT 057 037 044

Nejati et al (2017) cognitive control / flexibilty (perseverative errors) ~WCST 006 037 013
Nejati et al (2017) cognitive control / flexibilty (total errors) wesT 012 037 013
Nejati et al (2017) interference control (accuracy) Stroop 072 038 014
Nejat et al (2017) interference control (response time) Stroop 093 038 015

Nejati et al (2017) response inhibition (Go accuracy) GolNo-Go 015 037 043
Nejati et al (2017) response inhibition (No-Go accuracy) GolNo-Go 011 037 0143
Nejati et al (2017) response inhibition (time) GolNo-Go 026 037 013
Nejati et al (2017) working memory (accuracy) N-back 011 037 013
Nejati et al (2017) working memory (response time) N-back 131 040 06
Soltaninejad et al (2015)  inhibitory control (accuracy) Stroop 059 046 021
Soltaninejad et al (2015)  inhibitory control (response time) Stroop 025 045 020
Soltaninejad et al (2015)  response inhibition (Go accuracy) GolNo-Go 002 045 020
Soltaninejad et al (2015)  response inhibition (No-Go accuracy) GolNo-Go 005 045 020
Soltaninejad et al (2015)  response inhibition (response time) GolNo-Go 025 045 020
Amir et al (2022) cognitive flexibility wesT 041 045 020
Amir et al (2022) inhibitory control Stroop 007 045 020
Amiri et al (2022) planning Tol 078 048 022
Jazini & Sheikh (2022) working memory - Motor cortex CANTAB 377 083 069
Jazini & Sheikh (2022) working memory- Vision cortex CANTAB 17 204 415

Ramezani Golafzani et al (2021erbal working memory

Tehran-Stanford-Binetla 117 040  0.16
Mehrvali et al (2023) cognitive flexibility (number of categories) wesT 3.0

Mehrvali et al (2023) cognitive flexibily (preservative error) wesT 117 034 012
Mehrvali et al (2023) response inhibition (interference score) Stroop 194 038 015
Mehrvali et al (2023) response inhibition (interference time) Stroop 213 040 016
Fazel & Rostamoghi (2023)  sustained attention (confirmation error cPT 064 032 011
Fazel & Rostamoghl (2023)  sustained attention (eror providing response) ~ CPT 072 033 011
Fazel & Rostamoghli (2023)  sustained attention (omission error) cPT 150 036 013
Fazel & Rostamoghl (2023)  working memory (correct answer) Neback 296 046 021
Fazel & Rostamoghi (2023)  working memory (reaction time) N-back 008 032 010
Ahmadi et al (2021) selective attention Stroop 219 050 025
Anmadi et al (2021) sustained attention cPT 270 054 029
Moslem et al (2020) atiention CAARS 155 050 025
Moslemi et al (2020) auditory working memory N-back 05 045 020
Moslemi et al (2020) visual working memory N-back 123 048 023
Rahimi et al (2019) visual attention (congruent response) Visual attention processes 039 037 0.14
Rahimi et al (2019) visual attention (incongruent response) Visual attention processes  0.52 037 0.14
Rahimi et al (2019) visual attention (rate of correct response) Visual attention processes 051 037 0.14
Rahimi et al (2019) visual attention (response time) Visual attention processes 020 037 0.13
Zemestani et al (2019) attention VA 788 132 175
Bagheri et al (2019) processing speed SDMT 151 051 026
Rajaeepoor & Seedmanesh (20t@jmory Andre-Ray 143 050 025
Rooholamini et al (2018)  cognitive flexibilty (concept learning) cST 168 052 027

Rooholamini et al (2018)  cognitive flexibiity (number of congruent correct ansWSTT 13 050 025
Rooholamini etal (2018)  selective attention (congruent correct answers)  Stroop 013 045 020
Rooholamini et al (2018)  selective attention (incongruent correct answers) ~ Stroop 046 045 021
Rooholamini et al (2018)  selective atiention (total error) Stroop. 229 058 033
Arjmandnia et al (2016) working memory N-back 304 066 043

s for each study

limit
027
-0.80
069
059
029
015

r
limit Z-Value p-Value

136 131 019
100 T
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9. Integrated Visual and Auditory (IVA)

10. Conners’ Adult ADHD Rating Scales (CAARS)
11. Conners Continuous Performance Test (CPT)
12. Wisconsin Card Sorting Test (WCST)

13. Tower of London (TOL)

14. Wechsler Processing Speed Test (WPST)

15. Symbol Digit Modalities Test (SDMT)

16. Cognitive Abilities Questionnaire (CAQ)
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Study name Subgroup within stuautcome Statistics for each study Std diff in means and 95% CI

Std diff Standard =
inmeans error Variance

or
limit Z-Valuep-Value

Estaji et al (2024) working memory  N-back 0.54 042 047 -027 136 131 019
Estaji et al (2024) working memory  N-back 0.00 041 047 -080 080 000 1.00
Ayatnia & Mirzaie (2022working memory  N-back 147 038 015 042 192 306 0.00
Fattahi Andebil et al (20Mrking memory ~ N-back 0.72 043 019 012 157 168 0.09
Fattahi Andebil et al (20Mrking memory ~ N-back 1.36 046 021 046 227 294 000
Nejati et al (2017) working memory  N-back 011 037 013 -061 083 030 077
Nejati et al (2017). working memory  N-back 131 040 016 052 210 326 000
Fazel & Rostamoghli (2088}king memory ~ N-back 2.96 046 021 206 386 647 0.00
Fazel & Rostamoghli (20@8)king memory ~ N-back 0.08 032 010 -054 070 025 080
Moslemi et al (2020) ~ working memory ~ N-back 0.56 045 020 -031 143 126 021
Moslemi et al (2020)  working memory.  N-back 123 048 023 020 216 258 001
Arjmandnia et al (2016) working memory ~ N-back 3.04 066 043 175 432 463 000

1.03 026 007 051 155 390 0.00

-2.00 -1.00
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Study name Subgroup within studlytcome Statistics for each study Std diff in means and 95% CI

Std diff Standard__ Tower Upper
n means error Variance limit limit Z-Valuep-Value

Arshadi et al (2022) cognitive flexibility  WCST 101 039 015 025 177 261 001
Arshadi et al (2022) cognitive flexibility  WCST 206 045 020 1.17 284 456 0.00
Arshadi et al (2022).. cognitive flexibility  WCST 118 040 016 040 195 298 0.0 =
Soleymani & kazemi monit (26agitive flexi 116 039 016 038 193 293 0.00
Soleymani & kazemi monit (263gitive flex 007 037 0.3 -065 078 0.19 0.85
Nejati et al (2017) y 006 037 013 -065 078 017 086
Nejati et al (2017) cognitive flexibility  WCST 057 037 014 -0.16 130 153 0.3
Nejati et al (2017). cognitive flexibility ~WCST 0.06 037 013 -0.66 077 016 0.87 [
Nejati et al (2017). cognitive flexibility  WCST 012 037 0.3 -060 083 032 075
Amiri et al (2022) cognitive flexibility  WCST 011 045 020 -077 098 024 081
Mehrvali et al (2023) cognitive flexibility  WCST 305 046 022 213 3.96 655 0.00
Mehrvali et al (2023) cognitive flexibility  WCST 117 034 012 050 184 341 0.00
Rooholamini et al (2018)  cognitive flexibilty WCST 168 052 027 066 270 323  0.00 — .
Rooholamini et al (2018).  cognitive flexibility ~WCST 134 050 025 037 231 271 001 —
084 022 005 050 138 419 000 — =
—ei—
-2.00 -1.00 0.00 1.00 2.00
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Study name Subgroup within stu@ytcome

Std diff Standard
in means error

Nejati et al (2017) inhibition Stroop 0.72 0.38 0.14 -0.02
Nejati et al (2017).  inhibition Stroop 0.93 038 015 0.18
Soltaninejad et al (20ijibition Stroop 0.59 046 021 -0.30
Soltaninejad et al (20fjibition Stroop 025 045 020 -0.63
Amiri et al (2022) inhibition Stroop 0.07 0.45 0.20 -0.81
Mehrvali et al (2023) inhibition Stroop 1.94 0.38 0.15 1.19
Mehrvali et al (2023).inhibition Stroop 213 040 016 135

0.97 030 009 038

Statistics for each study

1.46
1.68
1.49
1.13
0.94
2.69
2.91
1.56

Std diff in means and 95% CI

~ Lower Upper
Variance limit limit Z-Valuep-Value

191  0.06
242 0.2 ﬂ
130  0.19 =
055 058
015 0.88 -
506  0.00
538  0.00
320 0.00 —
2.00 1.00 0.00 1.00 2.00
Favours A Favours B

Meta Ammatysis
LTl ol e o e

J)'Z.\Sj u:‘il‘)-' 03; O (“;"5):"“" U}a)-i) 6)‘¢)b o;)lf).» Ls‘w‘)é M.E:..M Ul'ﬁ)> s.i‘:')zs )3“ e)L\:‘ C,ufau‘ )‘09.';: R ,.19@3

Study name Subgroup within studytcome

Std diff Standard
i s error

=
Variance limit

Estaji etal (2024)  inhibition GoMNo-Go 011 041 017 -0.69
Estajietal (2024).  inhibition GoNo-Go 022 041 017 -0.59
Estajietal (2024)..  inhibition GoNo-Go 052 042 017 -0.29
Arshadi et al (2022) ition GoNo-Go 106 039 015 030
Arshadi et al (2022). ition GoNo-Go 193 044 020 1.07
Arshadi et al (2022)..  inhibition GoMNo-Go 125 040 016 047
Fattahi Andebil et al (20EBjibition GoNo-Go 126 045 020 0.39
Fattahi Andebil et al (2020jibition GoNo-Go 211 051 026 141
Fattahi Andebil et al (2080jibition GoNo-Go 066 042 018 -0.17
Nejati etal (2017)  inhibition GoNo-Go 015 037 013 -0.56
Nejati et al (2017).  inhibition GoNo-Go 011 037 013 -0.60
Nejati et al (2017)..  inhibition GoNo-Go 026 037 0413 -046
Soltaninejad et al (2015} GoNo-Go 002 045 020 -0.85
Soltaninejad et al (2015)ahibition GoNo-Go 005 045 020 -0.82
Soltaninejad et al (2015)ahibition GoNo-Go 025 045 020 -0.63

064 017 003 031

Statistics for each study
ower Upper
limit

0.01
1.02
1.33
1.83
2.80
203
214
311
1.48
0.87
0.83
0.98
0.90
0.93
113
0.97

Std diff in means and 95% CI

Z-Valuep-Value

028 078
053 060
125 021
272 001
437 000
314 0.00
283 000
414 000
156 0.12
041 068
031 076
071 048
006 096
012 090
055 058
381 0.00
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