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ABSTRACT
Introduction  Attention-deficit/hyperactivity disorder 
(ADHD) is a prevalent neurodevelopmental disorder 
with a high risk of multiple mental health and social 
difficulties. Executive function domains are associated 
with distinct ADHD symptom burdens. Non-invasive brain 
stimulation (NIBS) mainly includes repetitive transcranial 
magnetic stimulation (TMS) and transcranial direct current 
stimulation (tDCS), which is a promising technique, but 
its impact on the executive function of ADHD is uncertain. 
Therefore, the aim of this systematic review and meta-
analysis is to derive solid and updated estimates on the 
effect of NIBS on executive function in children/adults with 
ADHD.
Methods and analysis  A systematic search will be 
performed through EMBASE, MEDLINE, PsycINFO and Web 
of Science databases from inception until 22 August 2022. 
Handsearching of grey literature and the reference lists of 
selected articles will also be conducted. Empirical studies 
assessing the effect of NIBS (TMS or tDCS) on executive 
function in children or adults with ADHD will be included. 
Two investigators will independently perform literature 
identification, data extraction and risk of bias assessment. 
Relevant data will be pooled by a fixed-effects or random-
effects model according to I2 statistic. Sensitivity analysis 
will be performed to test the robustness of the pooled 
estimates. Subgroup analyses will be conducted to 
investigate the potential heterogeneity. This protocol will 
generate a systematic review and meta-analysis that 
comprehensively synthesises the evidence on the NIBS 
treatment of executive function deficit of ADHD.
Ethics approval is not required as this is a protocol for a 
systematic review of published literature. The results will 
be submitted to a peer-reviewed journal or a conference.
PROSPERO registration number  CRD42022356476.

INTRODUCTION
Attention-deficit/hyperactivity disorder 
(ADHD) is a prevalent, highly heritable and 
impairing condition. ADHD affects many 
functional areas of personal health, including 
physical health, academic, social and voca-
tional functions.1 Medication-based treatment 

strategies are recommended and widely used. 
Psychostimulants are the first-line medication 
for the treatment of ADHD symptoms, which 
have been confirmed in many clinical trials 
to reduce the symptoms of ADHD in a short 
period of time.1 However, due to the accu-
mulation of medication tolerance, stigma 
and adverse medication reactions related to 
ADHD, low adherence is a problem.1 More-
over, the long-term effect of medication on 
educational, vocational and social outcomes 
remains uncertain. The limitations of medi-
cation treatment for ADHD highlight the 
importance of finding new management 
methods.

Executive function (EF) is an umbrella term 
for a set of advanced cognitive control func-
tions that enables individuals to achieve goal-
oriented outcomes.2 3 The EF defect may be 
why adolescents with ADHD often encounter 
social problems. Tseng and Gau reported 
youth with ADHD with social problems 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is a protocol for defining a novel systematic 
review and meta-analysis, which will critically ap-
praise the impact of non-invasive brain stimulation 
(NIBS) on the executive function of attention-deficit/
hyperactivity disorder (ADHD).

	⇒ The study deriving from this protocol will not only 
update the previous meta-analysis of attention and 
inhibitory control, but also include the analysis of 
working memory and cognitive flexibility for the first 
time.

	⇒ The study deriving from this protocol will provide 
reference values for NIBS parameter selection in 
future evidence-based research, and may suggest 
which type of ADHD that NIBS should be applied to.

	⇒ The lack of a unified executive function evaluation 
instrument may reduce the comparability between 
eligible studies, leading to heterogeneity.
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performed worse in several tasks of EF compared with 
youth with ADHD without social problems.4 The study 
by Tseng and Gau demonstrated that EF mediated the 
effect of ADHD on social problems, independent of 
age, gender, IQ, the severity of ADHD symptoms and 
comorbid conditions.4

In recent decades, transcranial non-invasive brain stim-
ulation (NIBS) has been widely used in basic research 
and clinical intervention. The most commonly used NIBS 
techniques are repetitive transcranial magnetic stimula-
tion (rTMS) and transcranial direct current stimulation 
(tDCS). NIBS alters the cortical excitability and the meta-
bolic activity of neurons in the stimulated area in a way 
that does not require surgical intervention. Evidence 
from physiology, pharmacology and behaviour suggests 
that the regulatory effect of NIBS may be produced 
through the plasticity mechanism.5 rTMS and tDCS have 
been shown to induce long-term potentiation or long-
term depression in stimulated brain regions.6 7

It was reported that EF depends on the connection 
between prefrontal cortex (PFC), basal ganglia and thal-
amus, which means that NIBS on PFC can alter EF.6 8 
tDCS provides low-strength direct current through elec-
trodes connected to the scalp. The most common tDCS 
dose is 1–2 mA for 20–40 min.5 It is generally believed that 
anode stimulation enhances cortical excitability; on the 
contrary, cathode stimulation inhibits cortical excitability. 
rTMS uses a short, strong current pulse to transmit to 
the coil, generating an electric field in the brain through 
electromagnetic induction. High-frequency rTMS (≥5 
Hz) increased cortical excitability, while low-frequency 
rTMS (≤1 Hz) decreased it.5

A meta-analysis by Salehinejad et al summarised the 
effects of tDCS on inhibitory control and working memory 
in individuals with ADHD.9 The results showed that 
the dorsolateral PFC (dlPFC) anode tDCS significantly 
improved inhibitory control, while tDCS had no signif-
icant effect on the accuracy of working memory tasks.9 
Brauer et al summarised the effect of tDCS in ADHD on 
attention, inhibition, working memory and interference 
control in a meta-analysis, and none of these indicators 
has a significant effect.10 A meta-analysis published by 
Westwood et al in 2021 summarised the effects of NIBS on 
attention, inhibition and processing speed of individuals 
with ADHD, but they did not analyse working memory 
and cognitive flexibility.11 The results showed that anode 
tDCS on left or bilateral dlPFC improved the inhibition 
and processing speed, but did not cause changes in atten-
tion.11 According to the most common theoretical model 
of EF (the unity and diversity model), the three most 
common subcomponents of EF are inhibitory control, 
working memory and shifting (or cognitive flexibility).2 3 
Therefore, the above review included only some of the 
common subcomponents of EF. As the scope of EFs can 
be further expanded, and new trials have emerged in 
recent years, we considered it necessary to update the 
meta-analysis. The purpose of this study was to analyse the 
effects of NIBS on working memory, attention, inhibitory 

control and cognitive flexibility of subjects with ADHD. If 
there are enough trials, we will further analyse the impact 
of different ADHD subtypes, stimulation sites and stimu-
lation parameters on the results.

METHODS
Patient and public involvement
No patient involved.

Design and registration
This protocol has been registered in PROSPERO (Inter-
national Prospective Register of Systematic Reviews, regis-
tration no. CRD42022356476). This protocol followed 
the Preferred Reporting Items for Systematic Review and 
Meta-Analysis Protocols12 and the Cochrane Handbook 
for Systematic Reviews of Interventions. The studies to 
be included in the systematic review will be evaluated 
according to the criteria established in this protocol.

Criteria for including studies in this review
Types of studies
Empirical papers containing statistical analysis of any 
type of design published until 22 August 2022 will be 
accepted, including cross-sectional, cohort, case–control 
studies, self-controlled before-and-after studies and clin-
ical controlled trials.

Types of participants
Children or adults clinically diagnosed as ADHD (meeting 
the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM)/the International Statistical Classification of 
Diseases and Related Health Problems (ICD) diagnostic 
criteria or meeting the cut-off criteria of the validated 
ADHD rating scale or research diagnostic questionnaire).

Types of interventions
Subjects received TMS or tDCS intervention in cerebral 
cortex.

Types of control group
No NIBS or sham stimulation.

Types of outcome measures
Neuropsychological performance measures of EF 
(working memory, attention, inhibitory control and 
cognitive flexibility). Examples of possible working 
memory tests that will be analysed are digit span task, 
N-back task, Mindstreams Memory task and Corsi block-
tapping test.13 Examples of possible attention and inhib-
itory control tests that will be analysed are continuous 
performance test (CPT), go/no-go task, stop-signal task, 
Stroop task and flanker task.14 15 For cognitive flexibility, 
the Wisconsin Card Sorting Test (WCST) or other rele-
vant tests can be included.16

Language
The search will be restricted to only studies published in 
English.
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Exclusion criteria
1.	 Reviews, monographs, letters, guidelines, surveys, com-

ments, editorials, case reports and conference papers.
2.	 Animal studies or in vitro studies.

Data sources and search strategy
A systematic and comprehensive search will be performed 
through the EMBASE, MEDLINE, PsycINFO and Web of 
Science databases from inception until 22 August 2022. 
The search strategy for EMBASE (via OVID) is presented 
in online supplemental appendix 1. Open grey website 
(http://www.opengrey.eu/) will also be searched for grey 
literature. In addition to electronic search, we will manu-
ally search the reference lists of all selected articles to 
identify potential supplemental data.

Data collection and analysis
Study selection
We will apply EndNote V.X9 software to management liter-
ature. According to whether the title and abstract meet 
the inclusion criteria, two reviewers will independently 
conduct preliminary screening on relevant studies. The 
remaining articles will be evaluated by full-text reading 
to further exclude articles that do not meet the criteria. 
In case of substantial disagreement between the two 
reviewers, it will be resolved by discussion and solicited 
for arbitration by a third reviewer.

The study selection process follows the Preferred 
Reporting Items for Systematic reviews and Meta-Analysis 

guidance. Figure 1 shows the study flow chart from system-
atic search to selection process.

Data extraction
For working memory measures, we will extract back-
ward order or forward order span in memory span task, 
accuracy in N-back task or scores in some other memory 
tasks. For attention measures, we will extract percentage 
(or number) of omission errors in CPT or visual atten-
tion test, percentage of omission go (or accuracy go) in 
go/no-go task, percentage of omission (or accuracy) of 
congruent trials in flanker or Stroop task, or some similar 
conversion scores. For inhibitory control, we will extract 
percentage (or number) of commission errors in CPT or 
visual attention test, percentage of commission no-go (or 
accuracy no-go) in go/no-go task, percentage of commis-
sion (or accuracy) of incongruent trials in flanker, Stroop 
or Simon task, stop-signal reaction time in stop-signal task 
or some similar conversion scores. For cognitive flexi-
bility, percentage (or number) of perseverative errors in 
WCST will be extracted.

Data will be extracted by two reviewers independently. 
A data form will be used to extract the following data: 
general article information (first author, year of publi-
cation), study design, demographics, stimulation details 
including stimulation type, area, locating method, 
frequency, intensity, duration, sessions, and timing 
(online or offline) and outcome measures. If the relevant 

Figure 1  Flow chart of identification, screening, eligibility and inclusion of studies.
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data are missing, the study authors will be contacted to 
obtain the missing data. If the data are not provided in 
the text but the information is displayed in the figure, the 
WebPlotDigitizer software17 will be applied to calculate 
the data. Extracted data will be entered into a table and 
checked by another investigator.

Assessment of risk of bias
We will use the Cochrane Collaboration’s risk of bias 
tool18 to assess risk of bias, which rates risk of bias in five 
areas: selection bias, performance bias, detection bias, 
attrition bias and other biases. Two investigators will 
independently assess risk of bias and resolve any disagree-
ments by a consensus.

If there are more than 10 eligible studies, the publica-
tion bias analysis will be conducted by funnel plot and 
Egger’s test.

Data synthesis and statistical analysis
Comparison of dichotomous data between two groups 
will be expressed as risk ratio, and continuous outcomes 
will be expressed as standardised mean difference with 
95% CIs. If some scales increase with disease severity 
while others decrease, then a series of studies need to be 
multiplied by −1 (or the mean can be subtracted from 
the maximum possible value of the scales) to ensure that 
all the scale points are in the same direction.19 Hetero-
geneity among studies will be assessed with Cochrane’s 
Q-statistic and I2 statistic. After excluding apparent clin-
ical heterogeneity, we will conduct meta-analyses by 
RevMan V.5.3 software using random-effects model if I2 
was above 50% or using fixed-effects model if I2 was below 
50%. If quantitative synthesis is not appropriate, we will 
conduct a descriptive analysis and report the characteris-
tics of included studies.

Sensitivity analysis and subgroup analysis
Sensitivity analysis will be used to test the robustness of 
the pooled estimates by removing one trial at a time.

If the data are sufficient and available, subgroup anal-
yses will be conducted based on stimulation type (tDCS or 
TMS), stimulation area, stimulation timing and subtypes 
of ADHD.

Grading of Recommendations, Assessment, Development and 
Evaluation profile evidence
The Grading of Recommendations, Assessment, Devel-
opment and Evaluation approach will be used to assess 
the overall quality of the evidence for the outcomes. Five 
domains will be considered for downgrading the quality 
of evidence: risk of bias, inconsistency, indirectness, 
imprecision and publication bias.

DISCUSSION
There is still controversy about the effectiveness of NIBS 
on several components of executive function in individ-
uals with ADHD. The intended review will provide an 
up-to-date summary of the effect of NIBS on individuals 

with ADHD. We will conduct a comprehensive literature 
search of eligible studies and use robust meta-analysis 
tools to estimate the role of NIBS reliably. If the data are 
sufficient and the intervention is effective, we will explore 
the most effective stimulation parameters to guide the 
clinical application of NIBS in individuals with ADHD. It 
was reported that after eliminating the influence of stim-
ulus parameters, there is still large intersubject variability 
in the effect of NIBS.20–22 One possible explanation is 
that it is challenging to target stimuli appropriately and 
reliably, and many studies have not yet applied modern 
MRI-guided neuronavigation systems to ensure accurate 
localisation.23 The second possible explanation is that an 
individual’s unique neurophysiology and anatomy (skull 
thickness, subcutaneous fat levels, cerebrospinal fluid 
density and cortical surface topography) may affect their 
reaction to NIBS.23 Therefore, in this systematic review, we 
will also focus on whether the included research applies 
the neuronavigation system. At the same time, we also 
hope to have enough sample size to reduce the impact 
of individual differences on the results. Moreover, this 
systematic review and meta-analysis will provide evidence 
to trigger future research protocols.
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