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ABSTRACT 
 
Background: ADHD is a prevalent neurodevelopmental condition worldwide. While 
therapeutic approaches continue to evolve, clinical considerations for adult patients 
remain underexplored. Recent approaches such as neurofeedback, tDCS, or rTMS, 
have emerged, requiring clarification of therapeutic protocols need to assess their 
relevance and efficacy. 
Methods: a systematic search of PubMed, Web of Science, Cochrane Library, Ovid and 
ScienceDirect databases was performed. A total of 1747 articles were extracted and 
inclusion and exclusion criteria were applied to screen satisfactorily. Eighteen articles 
were selected for detailed analysis. 
Results: tDCS and rTMS showed the most robust methodological designs among the 
studies analyzed. TDCS seems to be effective with anode at F3 and cathode at F4 at 2 
mA. RTMS seems to be effective on unilateral DLPFC at high frequency, with optimal 
results using deep coil. Medication appeared to have little to no effect in the studies 
reviewed. However, meta-analysis did not reach significance for any of the techniques 
studied. 
Conclusions: Future research should focus on enlarging the sample sizes for tDCS and 
TMS, and investigating the effect of comorbidities. Neurofeedback lacks significant 
study quality. It could still be a viable option, particularly for population reluctant to 
undergo neuromodulation technics. Combination of tDCS and other therapies may 
hold significant therapeutic potential. 
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INTRODUCTION 

 

Attention-deficit with or without hyperactivity disorder (ADHD) is a DSM-V diagnosis 

characterized by inattentive and/or impulsive/hyperactive symptoms. Given its significant early impact 

on learnings and educational investments, ADHD is one of the most researched pediatric disorders 

(Farone et al., 2021). Identifying this neurodevelopmental irregularity early on can reduce societal 

costs and prevent social isolation.    

However, of the 5.9% of children diagnosed with ADHD, 2.5% of adults will continue to display 

disabling symptoms (Faraone et al., 2021).There is a lack of research on adults in ADHD literature, 

and therefore a lack of understanding of their current impact. This subgroup, therefore, requires more 

through research, as to ensure proper care. Adult ADHD presents features distinct than childhood 

ADHD, in symptomatology (inattentive symptoms seem to be more prominent, Vos & Hartman, 

2022), in neurobiology (Cortese et al., 2018) and in environmental consequences (work-life balance, 

financial issues, social involvements; Courrèges, De Kermadec & Rahioui, 2024). In addition, adult 

ADHD, is often associated with comorbid disorders (Richter et al., 2007). This phenomenon could 

theoretically be explained by neuroplastic changes that would have occurred over a lifetime. 

Undiagnosed patients may maintain deleterious compensatory strategies (i.e., anxious checkings, 

ruminations) which may negatively affect self-esteem and self-image issues. Reinforced by 

conditioning processes, it may contribute to potential frequent comorbid disorders such as depressive 

episodes, addictive behaviors, or sleep disorders. 

This makes care for adults with ADHD more complex. The gold-standard pharmaceutical treatment 

is methylphenidate. This psychostimulant that acts on the dopaminergic regulatory system. It mainly 

blocks dopamine reuptake in the presynaptic neuron, thereby increasing dopamine concentration 

forward and therefore enhancing stimulant cognitive effects (Verghese & Abdijadid, 2023). 

Methylphenidate is thought to facilitate goal-driven behaviors in individuals with ADHD, who often 

appear to have low dopamine receptor availability in corticolimbic pathways (Mizuno et al., 2023), 

such as the nucleus accumbens. In children with ADHD, methylphenidate has proven effective 

(Cortese et al., 2018), helping them to focus, which serves both as a psychoeducational tool and as a 

learning aid. Nonetheless, methylphenidate, as well as other psychostimulants medication, seems to be 

less effective and less well-tolerated in adults (Cortese et al., 2018). In addition, there is numerous 

adverse effects, including gastrointestinal system (e.g., decreased appetite, nause), cardiovascular 

system (e.g., tachycardia) or central nervous system (e.g., restlessness, nervousness, insomnia). 

Additionally, there is a potential risk of substance abuse (Verghese & Abdijadid, 2023).  

Adjuvant to medication, behavioral therapies such as cognitive behavioral therapy (CBT) or 

specific cognitive training have been developed to help manage ADHD. Cognitive behavioral therapy 
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uses conditioning principles to implement healthy thinking patterns and help patients unlearn 

maladaptive behaviors. It is well-validated and widely recommended by the French HAS (High Health 

Authority) for numerous psychiatric affections, including generalized anxiety disorder, panic disorder 

with or without agoraphobia, social anxiety, phobia, obsessive compulsive disorder, post-traumatic 

stress disorder (HAS, 2007). Miscellaneous CBT protocols specific to ADHD have been published, 

targeting executive functions (Solanto, 2011) or the parenting skills of diagnosed children’ caregivers 

(Barkley, 2010). However, a recent consensus in literature has stated that CBT seems only to lead to 

small improvements when restricted to studies with control groups (Faraone et al., 2021).  

Cognitive remediation, on the other hand, focuses on stimulation of cognitive deficits through 

exercises and strategy implementation. Cognitive training appears to be theoretically highly relevant, 

since attention is a core cognitive function usually assessed by neuropsychological evaluations on 

three categories: selective, divided and sustained attention. Nonetheless, methodological limitations 

often prevent definitive statement on its efficacy as a rehabilitation tool (Tajik-Parvinchi, Wright, & 

Schachar, 2014). Thus, evidence supporting its validity for the treatment of adults with ADHD care 

remains scarce and unconclusive.  

As a result, scientific literature has explored new perspectives to develop alternative approaches to 

psychiatric care. New treatments increasingly integrate insights from neurosciences. Neurological 

abnormalities are frequently studied in the brain anatomy of patients with psychiatric conditions.  

Neurodevelopmental disorders, including ADHD, are no exception. Over the last decade, ADHD 

has been studied through its lens. It is a heterogenous disorder, to say the least. Nevertheless, certain 

patterns have emerged across various meta-analyses. For instance, one by Cortese and colleagues 

(2012) which only comprises fMRI studies, identified abnormal activation of salience network (SN) 

and hyperactivation of default mode network (DMN) in frontal areas. The SN is thought to highlight 

important information, thereby directing involuntary, unconscious attention. In contrast, the DMN 

encompasses brain areas that are active when no cognitive task is being performed, reflecting baseline 

cognitive activity. In individuals with ADHD, spontaneous activation of the DMN has been observed 

to occur during periods when it is not required, leading to daydreaming behaviors during a task that 

require focus. Meanwhile, SN may either be hypoactivated or hyperactivated, making the environment 

either insufficiently or excessively salient (Gaillac & Vera, 2016). Cortese et al., (2012) found 

hypoactivation of the frontoparietal network in 97% of their sample in a meta-analysis of functional 

MRI in adults with ADHD, as well as hyperactivation in visual (41%), dorsal (33%) attention 

networks, and DMN (26%). Concurrent with these findings, Lubar et al., (1995) had already observed 

the occurrence of slow wave activity (theta wave) during an on-going cognitive task, which resulted in 

the development of a neurofeedback protocol, aiming to improve the theta-beta ratio at Cz.  
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Neurofeedback is a non-pharmacological treatment that has been extensively debated in psychiatric 

literature. This method combines principles of CBT (including conditioning, positive reinforcements, 

strategy implementation within a therapist-patient collaboration) with electroencephalogram (EEG) 

feedback. Electrodes are placed above specific brain areas, and patients are guided in regulating 

brainwaves activity to reach a predefined threshold (Arns et al., 2009). As stated, validity and efficacy 

of EEG feedback is still of debate, but it has been deemed effective specifically for ADHD, achieving 

a level 5 (efficient and specific), according to AAPB and ISNR guidelines. A substantial effect size 

has been demonstrated in the reduction of inattention symptoms (Arns et al., 2009).  

In recent years, neuromodulation technologies have emerged as innovative tools in 

neuropsychiatric care. Repetitive transcranial magnetic stimulation (rTMS) is a relatively new 

approach based on electromagnetism laws. The induction of an electric field is generated by the 

passage of a magnetic one through conductive material (as the scalp). When of high frequency (>1 

Hz), this leads to the depolarization of the superficial neuronal layer and stimulation of connected 

networks (Tikka et al., 2023).  

In contrast, transcranial direct current stimulation (tDCS), operates through a different mechanism. 

In tDCS, an electric current (typically ranging from 1 to 2 mA) is delivered through the scalp, with the 

objective of modulating the resting state membrane potential (Fregni et al., 2021). It is hypothesized 

that this will induce a subthreshold shift, resulting in subsequent depolarization or hyperpolarization 

(Lefaucheur et al., 2017). The polarity of the stimulation determines the direction of the effect, anodal 

(excitatory) stimulation facilitates, while cathodal (inhibitory) stimulation hinders, preventing future 

depolarization. Both rTMS and tDCS primarily affect superficial layers of neurons, as they are non-

invasive techniques. However, they are both thought to influence distant cortical to subcortical 

activities, through interconnected neuronal networks (Fregni et al., 2021). As the electric current 

spreads deeper and its intensity decreases, it modifies the subsequent recruitment of networks and 

results in biological and clinical effects (Lefaucheur et al., 2017). However, minor variations between 

studies, as differences in electrode size shape, montage, or exact area, can significantly influence the 

induced electric current, and, consequently, the clinical outcomes. It is, therefore, essential to develop 

clear and replicated protocols in order to better understand the impact of tDCS on a neuropsychiatric 

condition.   

At the present time, neither tDCS or rTMS currently have standardized protocols for ADHD. 

However, major depressive disorder is currently treated with rTMS with the Stanford accelerated 

protocol – an intensive ten sessions program over five days of theta-burst stimulation. It has reached a 

promising level of efficacy, garnering interest among professionals worldwide. As for tDCS, protocols 

for fibromyalgia, depression (medication-resistant) and addiction have reached level B efficacy 
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(probably efficacy), while chronic neuropathic pain is categorized at level C, in Lefaucheur et al., 

(2017). 

There is a need to clarify the direction for future research, in ADHD. Neurofeedback, tDCS and 

rTMS represent novel therapeutic interventions that can be used as adjuvant to prescribed medication, 

psychoeducation or cognitive trainings. A comparison of neurofeedback data with neuromodulation is 

relevant as to provide a more comprehensive view of their applicability in patient care. TDCS and 

rTMS data need to be clarified as to know where to lead next.   

To address these gaps, a systematic literature review was conducted to evaluate the validity and 

efficiency of neurofeedback, tDCS and rTMS therapies (multiple-session protocols only), with a 

population of adults diagnosed with ADHD.  

 

 

METHOD 

Search Strategy 

We performed a systematic review following the preferred reporting items for systematic review 

and meta-analysis (PRISMA) guidelines (see Figure 1). This study was registered at PROSPERO, 

which is an international database of systemic reviews from the National Institute for Health Research, 

under the number CRD42024537851. We searched PubMed/MEDLINE, an Ovid merging Embase 

EBM reviews, and Heath and Psychological Instruments (HaPi), Web of Science and Cochrane 

Library, as well as ScienceDirect, systematically from 1rst March of 2024 to 1rst June of 2024.  

To operationalize the search, we looked for variance of key words pertaining to “ADHD” or 

“attention deficit” or “attention disorder” or “Attention disorder with hyperactivity” or “Hyperactivity’ 

; added to “adult” or “grown-up” in a title and abstract-focused search. Depending on the therapy 

targeted, were included key-words addressing either neurofeedback (or “EEG biofeedback” OR “EEG 

feedback”) ; tDCS (or “Transcranial Direct Current Stimulation” or “direct current stimulation” or 

“anodal stimulation” or “cathodal stimulation”) ; and TMS (or “transmagnetic stimulation” or  

“transcranial magnetic stimulation” or “rTMS” or “iTBS” or “repetitive transmagnetic stimulation” or 

“Transcranial Magnetic Stimulation”).  

 

Exclusion/inclusion criteria 

A series of inclusion/exclusion criteria were applied in accordance with the PICO framework. To 

evaluate the efficacy and validity of comparative therapies within a meta-analysis, only randomized 
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controlled trials (RCT) were selected. Two case reports for rTMS were included in the systematic 

review as well. 

Only multiple-sessions protocols were considered. Participants had to be adults (age 18 and above) 

previously diagnosed as ADHD using standardized methods. Outcomes were evaluated based on 

relevant measures of inattention, impulsivity, and/or quality of life. Studies evaluated were in English.  

Qualitative studies, studies involving exclusively pediatric populations, using virtual reality as 

neurofeedback or studies consisting of single-session of neurofeedback, tDCS or rTMS, were strictly 

excluded. 

 

Data extraction  

The initial search identified 1747 articles, of which 623 were duplicates, leaving 1124 papers that 

were screened for eligibility. Abstracts were reviewed by author M.C. and independently cross-

checked by author M.H. to ensure that no studies were missed. Disagreements were resolved through 

discussion and consensus.   

After initial application of inclusion and exclusion criteria, a total of 203 articles for retrieval were 

selected for full-text review. Upon in-depth investigation, an additional 175 more articles were 

excluded, due to reasons such as being conference abstracts, methodology articles, unspoken language; 

or no control group at post-treatment. This left a final sample of 18 studies (Figure 1). Sensitivity 

analyses were conducted to assess the impact of potential bias on the overall findings. In order to 

assess the quality of the analyses, Jadad ratings were given for each randomized controlled trial, 

following Sonuga-Barke et al., (2013) line of work. Jadad scores RCT’s randomization quality, 

blinding quality, and mention of drop outs which are all mandatory to ensure robust findings and 

potential generalizability.  

Figure 1: 
Flowchart of literature review following PRISMA guidelines 
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Funding 

No funding was provided for this project. 

 

Ethical statement 

Ethical statements were not required for this review  

 

RESULTS 

Characteristics of included studies 
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A total of 18 studies were extracted from the sample, with 4 papers on tDCS protocols, 6 on TMS 

protocols, and 8 RCTs on EEG feedback.  

 

tDCS 

A total of 4 studies were extracted, all of which were single-blind randomized controlled trials 

(RCTs), with one crossover design (within-subject sham) and one double-blind design. They span 

from 2017 (Cachoeira et al.) to 2023 (Basiri & Hadianfard), and collectively comprised 145 adult 

participants diagnosed with ADHD. All participants were assessed through standardized self-report 

scales such as CAARS, ASRS, often supplemented by the Diagnostic Interview for ADHD in Adults 

(DIVA) based on DSM-V criteria. Neuropsychological assessments, such as the Continuous 

Performance Test (CPT), were often used. All four studies used a control group, primarily sham 

groups. However, Basiri & Hadianfard (2023) adopted a comparative approach, evaluating tDCS 

against dialectic behavioral therapy (DBT), no treatment at all, and a combined tDCS and DBT group 

(see Table 1).  

TDCS sessions were consistent in duration, lasting 20 minutes, ranging from 3 to 10 consecutive 

sessions total, and an intensity of 1.5 to 2 mA. The dorsolateral prefrontal cortex (DLPFC) was the 

cortical target for all of them. Barham et al., (2022) and Allenby et al., (2018) both applied anodal 

stimulation to F3 (left DLPFC) and cathodal stimulation to F4 (right DLPFC) at 2mA. Cachoeira et 

al., (2017) used the opposite protocol, and Basiri & Hadianfard (2023) applied both anodal and 

cathodal stimulation at 1.5 mA to F3 and F4 simultaneously.  

TDCS randomized controlled trials have all demonstrated positive outcomes with improvements on 

various measures, either self-rated scales or neuropsychological assessments. This is promising for 

future research, but the very restricted number of existing studies (four) demands more data. Most 

studies used comparable parameters, apart from Basiri & Hadianfard (2023) who used bilateral 

stimulation. All three others used unilateral stimulation, at F3 or F4, at 2 mA. Anodal (excitatory) 

stimulation at F3 seemed to be more effective, as Cachoeira et al., (2017) only reported improvements 

in self-rated scales while stimulating F4, but still significative.  

Basiri & Hadianfard (2023) featured the largest sample size, 80 participants were assessed and 

provided valuable insights by comparing therapy approaches. Their findings indicated that concurrent 

treatments were more effective than isolated treatment, as combined DBT and tDCS showed 

significant improvement across all variables (F = 7.96, p = .001).  

This aligns with broader tDCS literature in other conditions (Fregni et al., 2021) which is currently 

growing steadily. Fregni and colleagues, in 2021, have suggested that the very effect of transcranial 

electric stimulation, which lowers the threshold for action potentials and thus facilitates latter 
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depolarizations, could amplify concurrent treatment’s effect. Enhancing the cortical excitability with 

tDCS, while exciting the cortex with TMS or cognitive therapies, is an axis of interest for future 

therapeutic researches.  

A key limitation of existing tDCS studies is follow-up assessments. Allenby et al., (2018) explored 

follow-up only three days post-treatment, but even after this short length of time, they found that CPT 

improvements were not sustained. More data are needed to assess the longevity and generalizability of 

treatment effect.  

Medication use varied across studies, with no observed impact on outcomes. Basiri & Hadianfard 

(2023) did not specify any use of pharmacological drug, Barham et al., (2022) exclusively selected 

drug-naïve participants, Cachoeira et al., (2017) required their participants to discontinue all 

medication one month prior to the study, and Allenby et al., (2018) permitted continued use of 

medication.  

Two reported minimal side effects. Allenby et al., (2018) reported “burning, itching and tingling” 

sensations which seemed to resolve after discontinuing treatment. Cachoeira et al., (2017), similarly 

reported “itching sensations” but also, documented “one acute mood change” amongst their patients.  

Jadad ratings classified all randomized controlled trials in high quality studies, since all of them 

randomized and blinded their studies with caution for drop outs, sometimes with detailed explanation.  

 

Table 1: 
Summary of tDCS extracted RCTs  

Nb: RCT: randomized controlled trial. TDCS: transcranial direct current stimulation. DLPFC: dorsolateral prefrontal cortex; DBT: dialectic behavioral therapy.   

Authors N 
(ADHD) 

Current 
comorbidity 

allowed 
Medication Study 

Design 
Testing Protocol Duration Control group Result Jadad 

scale 
ES (se) 

Nooshin 
Basiri & 
Habib 

Hadianfard 
(2023) 

80 (mean 
age 23; 

17 males) 
None Not 

specified  
RCT 

ASRS, 
DERS, 
Stroop, 

CPT  

F3 F4 
(both 

anodal + 
cathodal) 
1,5 mA 

20 mn over 
10 sessions, 

72 h 
between 

sessions (30 
days total) 

DBT vs no 
treatment vs 

TDCS vs 
Combined 

TDCS + DBT 
enhanced everything 

3 1.1093 
(0.3664) 

Huzeyfe 
Barham et 
al., (2022) 

22 (mean 
age 22; 7 

males) 
None Drug-naive RCT ASRS + 

neuropsy 

anode at 
F3, 

cathode at 
F4, 2mA 

20 mn over 
5 sessions Sham 

TDCS significant for 
some 

neuropsychological 
assessments (digit 

span) 

4 0.4866 
(0.4327) 

Carolina 
Tosetto 

Cachoeira et 
al., (2017) 

17 (age 
from 18 
to 45) 

None 
Stopped 

one month 
prior 

RCT 
double 
blind 

ASRS 

Anode at 
F4 (right 
DLPFC) 

cathode at 
F3 2 mA  

20 mn/day 
for 5 days Sham 

TDCS significant on 
self-report scales 5 

1.8857 
(0.5838)  

Cheyenne 
Allenby et 
al., (2018) 

35 (mean 
age 31.7; 
26 males) 

None  Ongoing Crossover Neuropsy 

Anode at 
F3, 

cathode at 
F4, 2mA 

20 mn over 
three 

sessions 
separated 
by 24h, 

wash out 
period, 
repeat 

Within subject 
sham, 

randomized & 
counterbalanced 

TDCS significant on 
CPT false positive 

errors 
5 0.0602 

(0.2391) 
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TMS 

Six (6) studies were extracted from the databases, four of them being RCTs (2 double-blinds, one 

semi-blind, one crossover design), and two being single case reports. These studies span from 2012 

(Niederhofer) to 2021 (Bleich-Cohen et al.) (see Table 2); and, together, comprised one hundred and 

fifty-one (151) participants diagnosed with ADHD, using standardized ADHD diagnostic tools (as 

tDCS). Apart from case reports, all of them presented control groups, either sham, or real stimulation, 

as in Alyagon et al., (2020).  

As for technical parameters, sessions ranged from 5 to 20 times, once a day. Exact duration of each 

session was not specified, except in Niederhofer (2011) whose sessions lasted 1 hour in his case 

report. Frequencies were inconsistent, but remained in the high frequency (excitatory) range, from 1 to 

18 Hz, at 100 to 120 % of motor threshold. Coils varied as well, using H6, H5, 8 or cool-B65 coils. 

Only two studies, Bleich-Cohen et al., (2021) and Alyagon et al., (2020), consistently used a H6 deep 

TMS coil. The cortical target was, overall, the prefrontal cortex, stimulated either unilaterally (left or 

right hemisphere) or bilaterally, either dorsolateral or ventrolateral (see Table 2). Only Niederhofer 

(2012) targeted a motor area.  

Out of all studies, one reported no improvement at all, on any variable: Paz et al., (2017) used 

TOVA as a cognitive assessment and CAARS as a symptom scale pre- and post-treatment, and found 

no significant effects against sham. The authors conclude that bilateral DLPFC stimulation is not 

effective compared to unilateral stimulation.  

The other five reported improvements in at least one variable, especially inattention symptoms and 

executive functions. For instance, Alyagon et al., (2020) found improved Stroop performance, and 

Bleich-Cohen et al., (2021) demonstrated sustained effects over two follow-ups. 

Deep TMS (dTMS) using H6 or H5 coils can penetrate deeper cortical layers, beyond the 

superficial 3 cm of standard rTMS. It has been used in psychiatric conditions, e.g., in depression, 

targeting subgenual cingulate cortex Cg25. It is the coil used in Alyagon et al., (2020) whose results 

suggest possible efficacy. Two studies (Ustohal et al., 2012; Weaver et al., 2012) used 8 coil 

configurations. Ustohal et al. (2012) reported worsening of emotional dysregulation specifically over 

stimulation of right DLPFC, and Weaver et al. (2012) reported improvements only on a quality-of-life 

scale (i.e., CGI) and no changes in inattention or impulsivity scores.  

RCTs used from 5 to 15 sessions, with a seemingly better outcome with 15 sessions, sustained in 

two follow-ups in Bleich-Cohen et al., (2021). Unilateral left stimulation seemed to be most indicated, 

to be evaluated with caution when caring for patients with comorbid depressive symptoms, as 

demonstrated in Ustohal et al. (2012)’s case report.  

 



 

10 
 

Table 2: 
Summary of rTMS extracted studies 
 

 
Nb: DLPFC: dorsolateral prefrontal cortex; VLPFC: ventrolateral prefrontal cortex; M T: motor threshold; FC: functional connectivity; 
mPFC: medioprefrontal cortex; PCC: posterior cingulate cortex; dTMS : deep transmagnetic stimulation; AD : antidepressants  

Authors 
N (ADHD) 

Current 
com

orbidity 
allowed 

M
edication 

Study 
Design 

Testing 
Protocol 

Duration 
Control group 

Result 
Jadad 
scale 

ES (se) 

M
aya Bleich-

Cohen et al., 
(2021) 

75 (age 
from

 18 to 
60; 49 
m

ales) 

M
ild 

depression 
and anxiety 

Stopped 3 
days before, 

SSRI ongoing 

Double-
blind RCT 

CAARS + 
CGI + 

neuropsy 

dTM
S H6 coils, 

right DLPFC &
 

left DLPFC, 40 
trains of 18 Hz 
pulses 120%

 M
 

T 

15 sessions 
over 3 weeks, 
then 2 follow 

ups 

Sham
 

Correlation of ↑ rDLPFC with 
CAARS; ↑ FC with some of the 

DM
N  

5 
-0.4492 
(0.2930) 

Helm
ut 

Niederhofer 
(2012) 

1 fem
ale, 

age 42 
None 

Ongoing 
Single case 

Conners  

1Hz, 1200 stim
 

above the 
m

otoric area 
with Cool-B65 

Coil 

5 sessions of 1 
h 

None 
Reduction in hyperactivity 
sym

ptom
s, no reduction in 

attention sym
ptom

 
1 

NA 

Uri Alyagon 
et al., (2020) 

43 (age 
from

 21 to 
46; 30 
m

ales) 

None 

Stopped 
during &

 a 
week before 

trial 

Active, 
active 

control, and 
sham

 RCT 

EEG + 
CAARS, 
BAARS, 
BRIEF A, 

BDI + 
neuropsy 

H6 coil, target 
DLPFC and 

VLPFC 

15 sessions 
single-pulsed 
over 3 weeks, 
and follow up 

at 1 m
onth  

AC with real 
stim

 elsewhere, 
patients blinded, 
operators sem

i-
blinded 

rPFC stim
ulation correlated 

with a Stroop im
provem

ent and 
CAARS, ratio of low Gam

m
a 

to Alpha activity correlated 
with ADHD sym

ptom
 

4 
0.9359 

(0.3914) 

Libor Ustohal 
et al., (2012) 

1 (36 years 
old m

ale) 
Depression 

AD 
study case 

D2 and 
M

ADRS 

1 sham
, 1 left, 1 

right DPLFC 
(120 %

 M
 T) 8-

coil 

5 sessions of 
each, 1500 stim

 
per session 

None 

Im
provem

ent of D2 with left 
DLPFC stim

, but worsening + 
em

otional disrupts with right 
DPLFC stim

 

1 
NA 

Yaniv Paz et 
al., (2017) 

26 (m
ean 

age 31; 14 
m

ales) 

Not 
m

entioned 
Stopped 48h 

prior 
Double 

blind RCT 
TOVA 

CAARS 

H5 dTM
S over 

bilateral PFC, 
55 trains of 

pulses at 18Hz 
at 120 %

 M
 T  

daily for four 
weeks = 20 

sessions 
Sham

 
No im

provem
ents on CAARS, 

no im
provem

ents on TOVA 
4 

-0.1188 
(0.434) 

Laurel 
W

eaver et al., 
(2012) 

5 (m
ean 

age 19; 2 
m

ales) 
Anxiety  

M
TP 

ongoing, AD 
stopped 2 

weeks prior 

Crossover 
CGI + 

ADHD scale 
+ neuropsy 

8-coil, 10 Hz, at 
100%

 of M
 T, 

2000 pulses per 
session 

5 days 
treatm

ent, 5 
days stop, 5 
days sham

 

Crossover  
No neuropsychological 

differences but im
provem

ents 
on CGI and on ADHD scale 

4 
0.341 

(0.478) 
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Methylphenidate medication was usually discontinued. On the aforementioned Ustohal’s case 

report, antidepressants were continued. For Weaver et al., (2012), methylphenidate and 

antidepressants were continued as well, presenting with ADHD and comorbidities such as generalized 

anxiety disorder or phobia. No interference was reported.  

Interestingly, Niederhofer (2012) used a completely different process. He reported the study case of 

a woman diagnosed with the hyperactive subtype and no comorbidity. They allowed methylphenidate 

ongoing during treatment, and targeted the right motor area with a cool B65 coil with low-frequency 

(1 Hz) for five 1 hour-sessions. This uncommon procedure resulted in no effects on inattention scores, 

but improvements in impulsivity and subsequent lowering of methylphenidate dosage. This highlights 

the possibility of targeting specific dimensions, such as impulsivity, by stimulating motor regions. 

This opens avenues for dimensional approaches aligned with RDoC frameworks.  

As for side effects, headaches have been primarily reported (Weaver et al., 2012; Paz et al., 2017; 

Alyagon et al., 2020). Niederfoher (2012) reported no complaints, while Bleich-Cohen et al., (2021) 

did not specify. Ustohal et al., (2021)’s case report mentioned, with right DLPFC stimulation, 

“dysphoria, inability to response emotionally, hypobulia, tension and also impaired attention” (Ustohal 

et al., 2012). 

Jadad ratings also report high-quality studies.  

 

Neurofeedback 

The 8 neurofeedback trials spanned from 2010 (Logemann et al.) to 2021 (Barth et al.; 

Schönenberg et al.) and investigated four main protocols: Thêta/bêta Ratio (TBR), Sensorimotor 

Rhythm (SMR), Slow Cortical Potential (SCP), and Quantitative-based neurofeedback (QEEG). These 

studies involved 376 individuals, assessed previously with the same standardized ADHD scales as 

tDCS and rTMS (see Table 3); this sample excludes Bink et al., (2014) who did not state how many 

adults were in their study.  

Neurofeedback offers four standardized protocols for managing ADHD. The most famous is the 

theta/beta ratio (TBR) protocol, which was developed by Lubar et al., (1995), and targets a decrease of 

theta waves (4-7 Hz), and an increase of beta waves (12-20 Hz) in the frontoparietal area. Another 

well-known protocol is the sensorimotor rhythm, a specific subset of beta waves (12-15 Hz) associated 

with an alert mental state and calm motor state. Initially designed for epilepsy management, the SMR 

has been also studied for ADHD. The third protocol is slow cortical potential (SCP) training, which 

differs from the others by targeting electric potentials rather than brainwaves.  
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Table 3: 
Summary of neurofeedback extracted RCTs 

Nb:; iAPF: individual alpha peak frequency; WLC: waiting list control; RT: reaction time 

A
uthors 

N
 (A

D
H

D
) 

C
urrent 

com
orbidity 

allow
ed 

M
edication 

Study 
D

esign 
Testing 

Protocol 
D

uration 
C

ontrol group 
R

esult 
Jadad 
scale 

ES (SE) 

B
arth et al 
(2021) 

67 (m
ean age 

32.84; 44 
m

ales)  
N

ot m
entioned 

O
ngoing 

R
C

T, 
open-
label 

 A
D

H
S-SB

 + 
G

erm
an D

IV
A

 + 
neuropsy 

SC
P-N

F; 
N

IR
S-N

F 
30 sessions 

EM
G

 
(biofeedback) 

Tim
e effect for all groups 

in inattention, 
hyperactivity/im

pulsivity 
and depression 

4 
0.0045 
(0.26) 

 K
eith et al 
(2015) 

95 (m
ean age 

34; 59 m
ales) 

Substance use 
N

o 
R

C
T, 

open-
label 

TO
V

A
 

SM
R + ↑ β 

+ ↓ αθδ 
15 sessions 
2 x a day 

TA
U

 
Q

EEG
 groups im

proved in 
com

m
ission errors, R

T and 
variability  

1 
1.02 

(0.285) 

 C
ow

ley, et al 
(2016) 

54 (m
ean age 

36; 25 m
ales) 

N
ot m

entioned 
Stopped 

R
C

T, 
open-
label 

TO
V

A
, A

SR
S, 

digit-span 

Q
EEG

: 
SM

R
 or 

TB
R

 from
 

iA
PF 

40 sessions 
over about 
3 m

onths, 2 
to 5x a 
w

eek 

W
LC

 

Im
provem

ent on self-report 
inattention and 

hyperactivity but not on 
TO

V
A

 scores 

2 
0.604 
(0.31) 

R
yoo et al 
(2015) 

8 (age not 
specified) 

N
one 

N
o 

O
pen-

label  
EEG

 + C
PT + 

C
A

A
R

S + B
row

n 
SM

R + ↑ β 
+ ↓ θ 

15 sessions, 
3 x a w

eek 
8 other A

D
H

D
 

students, W
LC

 

C
PT reduction of error 

com
m

ission, om
ission and 

R
T (O

nly N
FB

 group 
show

ed significant in 
C

A
A

R
S) 

1 
0.83 

(0.52) 

 Zilverstand, et 
al (2017) 

7 (m
ean age 

36.3; 6 m
ales) 

N
one 

B
oth 

R
C

T, 
open-
label 

A
D

H
D

 scale + 
neuropsy 

↑ dorsal 
anterior 

cingulate 
cortex 

4 sessions 
of 1h, 1x a 

w
eek  

6 other A
D

H
D

 
participants, 

W
LC

 

N
o differences in clinical 

outcom
e, better 

perform
ances on 

neuropsychologic tests for 
N

FB
  

3 
0.26 

(0.55) 

B
ink et al (2014) 

 som
e w

ere 
21 to 24 years 
old, out of 45 
adolescents 

D
epression, 
anxiety, 

substance use, 
conduct, 

learning and 
others 

O
ngoing 

R
C

T, 
blinded 

A
D

H
D

 rating + 
D

2 + neuropsy 
↑ SM

R + ↓ 
θ or gam

m
a 

40 sessions 
of 30 m

n 
tot, 2 to 3 x 

a w
eek 

Som
e of 26 TA

U
, 

m
atched w

ith 
experim

ent 

A
ll groups dem

onstrated 
im

provem
ent no difference 

betw
een EEG

 and TA
U

 
4 

-0.12 
(0.24) 

Schönenberg, et 
al (2021) 

118 (m
ean 

age 37.95; 64 
m

ales) 
N

one 
O

ngoing 
R

C
T 

triple 
blinded 

C
A

A
R

S + B
D

I + 
STA

I + FPTM
 

(expectation) + 
neuropsy 

N
ot 

specified 

15 sham
, 15 

verum
, 

1h/w
eek 

W
ithin subject 

design in sham
 

N
FB

 + C
B

T 
training 

N
o differences occurred 

betw
een treatm

ent groups 
w

ith regard to sym
ptom

 
im

provem
ent and 

am
elioration of cognitive 

deficits during therapy 

1 
-0.09 
(0.97) 

Logem
ann et al 

(2010) 
27 (m

ean age 
20.9; 3 m

ales) 
N

one 
N

o 
R

C
T 

C
PT + A

SR
S + 

STIM
P 

(im
pulsivity) 

Q
EEG

 
16 sessions 
of 22 m

n 
2x/w

eek 
Sham

 

N
o significant tim

e*group 
interactions, or trends 

tow
ards significance, for 

any of the dependent 
variables 

4 
-0.62 
(0.48) 
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Quantitative EEG (QEEG) refers to all three techniques. A prior EEG assessment identifies 

occurrence abnormalities; then, one would follow the most adequate neurofeedback protocol. This 

tailored approach aligns with the personalized-medicine principle, reflecting the future direction of 

care policies.  

Out of the 8 that involved a group control with assessment at post treatment, 3 used a waiting list, 1 

was a crossover design, 1 sham, 2 were treatment as usual (TAU), and 1 used EMG feedback 

(biofeedback).  

Duration ranged widely, from 4 to 40 sessions in total, lasting from 20 minutes to 1 h, occurring 

from 1 to 3 times per week. This massive inconsistency complicates comparisons and the ability to 

draw conclusions. 

Outcomes were measured through self-rated scales (as CAARS, e.g. Schönenberg et al., 2017; 

Cowley et al., 2016), neuropsychological tests (as TOVA or CPT assessment, e.g. Ryoo, 2015; 

Logemann et al., 2010), and electrophysiological pre-post evaluations.  

Three reported positive outcomes: Keith et al., (2015), Cowley et al., (2016) and Ryoo et al., 

(2015) concluded to an effectiveness of their neurofeedback protocol. All the others reported mixed 

results to no improvement at all (see Table 3).  

Medication was either stopped, ongoing, or both.  

Jadad ratings varied. Often, drop outs were not accounted for, and none of the analyzed studies 

reported a specific randomization process. Schönenberg (2017) claimed to be triple-blinded but used 

open intervention in their procedure (meta-cognitive therapy). 

 
 

Analysis 

Each study was systematically assessed and assigned a Jadad score depending on the quality of 

their study, following Sonuga-Barke et al., (2013) assessment of ADHD psychological interventions’ 

meta-analysis. A Jadad score ranges from 0 to 5, with a maximum of 2 points for adequate and 

detailed randomization process, a maximum of 2 points for adequate and detailed blinding process and 

1 point for clear assessment of attrition (dropouts). The Jadad scale allows an estimation of the quality 

of a randomized controlled trial and therefore a comparison of results (a detailed breakdown of Jadad 

analysis for each study can be supplied).  
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Each study was systematically assessed to extract an effect size. It is of importance to note that 

these effect sizes are solely measures of inattention, and never of impulsivity or executive 

dysfunctions. Measures of inattention were the most common across studies so they were selected to 

ensure the highest possible degree of consistency.  

Across studies, measures of inattention varied, so assessment selection was as follows: if available, 

Continuous Performance Test was the most commonly used neuropsychological testing, and omission 

errors or true positive errors were extracted at post-treatment assessment, comparing active group vs 

sham group, were extracted. If not available, CAARS was the most standardized self-rated scale across 

studies and the index of inattention symptoms was extracted. If CAARS was not available, ASRS 

measure of inattention was used, or the equivalent in local language (e.g.: ADHS-SB in German). If 

neither CPT or CAARS were available, then the most validated neuropsychological assessment was 

extracted, as for Bink et al., (2014) who provided D2-R data, or Keith et al., (2015) who provided 

TOVA scores (a detailed breakdown of each measure can be supplied). For each effect size, the mean 

score and standard deviation or standard error measure was compared between active and sham and 

standardized mean difference was computed through R (R studio, 2023.06.1). Random-effect model 

was used. Only one study across the three groups did not report either sufficient neuropsychological 

data or self-rated scores, but global improvement index (CGI; Weaver et al., 2012) and even if 

included, was analysed with caution.  

The meta-analysis of RCTs for neurofeedback yielded a non-significant small positive effect of 

0.28, as the CI of the standard mean difference contains zero [-0.19; 0.74] with a random effect model. 

The heterogeneity between studies is significant and high (>50 %). The prediction interval mirrors the 

uncertainty for future studies and what researchers might expect. G were calculated rather than 

Cohen’s d accordingly with the very small number in some samples.  

 

Figure 2: 
Diamond graph for neurofeedback   
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Four TDCS studies included in meta-analysis statistics yielded a random effect with an SMD of 

0.79, indicating a moderate positive effect, but not significant ([-0.43; 2.01]). The prediction interval is 

also not significant ([-2.40; 3.98]) and since no conclusions can be drawn from the pooled SMD, there 

is a need for caution in generalizing results. However, as individual studies, Basiri & Hadianfard 

(2023) as Cachoeira et al., (2017) effect sizes do not include 0, suggesting the intervention used might 

have been effective in their specific settings. Nonetheless, the very high heterogeneity index (74%) 

calls for great caution and further analysis.  

 

Figure 3: 

Diamond graph for tDCS 

As for rTMS studies, out of 6 final studies reviewed, 2 were excluded from the meta-analysis due 

to being single case reports. This left four studies for analysis, which yielded an overall small effect 

size (SMD = 0.15), not significant ([-0.84; 1,13]). The heterogeneity is high (65%) and the wide 

prediction interval ([-2.45; 2.74]) suggests high uncertainty for studies going forward, ranging from 

strongly negative to strongly positive effects.  

Figure 4: 
Diamond graph for rTMS 
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Subgroup analyses were required for each meta-analysis, to investigate high heterogeneity within 

studies. However, the small sample for each therapy limited the subsequent subgrouping. Despite this 

fact, exploratorily, studies in each category were grouped by quality score (Jadad rating, ≥ 3 for high 

quality studies since 3 = fair), by measures of attention used (self-rated vs neuropsychological 

assessment) by protocol within the category (e.g.: SMR only vs QEEG for neurofeedback studies) and 

by use of medication (e.g.: ongoing, discontinued). Common tau was estimated to investigate 

between-study as well as within-study residual heterogeneity. Only significant data is reported in 

Table 4, non-significant analyses can be supplied.  

 

Table 4: 
Assessment of heterogeneity 

 

Meta-regressions were used to assess the predictive power of this heterogeneity analysis. The 

quality of studies of neurofeedback was explored as a moderator of efficiency, and yielded an effect of 

low quality (estimate = 0.903, p = 0.0035) vs high quality (estimate = -0.109 at p=0.425), with a 

residual heterogeneity of 0% (I2) and a strong trend of moderator effect (F = 21.6, p = 0.003). 

Protocols for rTMS were assessed as well, differentiating between deep TMS coil and standard 

TMS coil (as 8-coil). The residual heterogeneity also reached 0%, but although it shows a strong trend 

(F = 10.89, p=0.05) the moderator does not reach significance with usual TMS coil (estimate = 1.042; 

p = 0.08) estimated to be more efficient than deep TMS coil (estimate = - 0.345; = 0.22); meaning that 

even if potentially influencing results, the protocol used cannot be the only moderator.  

Publication bias was assessed through Eggers’ tests. For tDCS, the regression model was not 

significant (t = 2.513; p = 0.128) meaning that the model did not find effects of bias in the analyzed 

studies. For rTMS, the same conclusion was reached (t = 1.021; p= 0.415). For neurofeedback, the 

regression was, as well, not significant (t = -0.128; p=0.902). Therefore, funnel plots were not 

extracted to visualize asymmetricity.  

 Neurofeedback: quality of the study  

  SMD 95%CI Q I2 p 
High -0.11 [-0.51;0.29] 1.71 0.00%   
Low 0.79 [0.32;1.27] 1.84 0.00%   

Between-
studies 

  21.46  <0.0001 

Within-studies   3.55  0.74 

      
 rTMS: Protocol used  

  SMD 95%CI Q I2 p 
dTMS -0.34 [-2.29;1.60] 0.4 0.00%   
rTMS 0.69 [-3.01;4.40] 0.93 0.00%   

Between-
studies 

  10.02  0.0015 

Within-studies   1.33  0.5155 
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Finally, a frequentist network meta-analysis was conducted with a random effect model, in order to 

compare intervention techniques, with treatment as usual “tau” as reference. Results are reported in 

Table 5. 

 

Table 5:  
Network meta-analysis results 
 

 

 

 

Figure 5: 
Graph of network meta-analysis results 
 

Tau2 was different than 0 and I2 = 57% [13.3%;78,8%], again highlighting heterogeneity in 

treatment effects. Q within designs was significant within designs (Q = 20.70; p=0.008) but not 

between designs (Q=0.29; p=0.58).  

To check for consistency across our network, we split the results into direct and indirect evidence, 

to control for inconsistency in the estimates of individual comparisons between techniques in our fitted 

model. Figure 6 is a forest plot of the subsequent analysis, excluding rTMS due to insufficient data.  

 

Figure 6 
Forest plot of split estimates in direct and indirect evidence 
 

 

treatment SMR 95%CI z p 
EMG       0.4213  [-0.8727; 1.7153] 0.64 0.5234 
NFB     0.4258 [-0.3046; 1.1562] 1.14 0.2532 

real stim  -0.3515 [-2.1382; 1.4351] -0.39 0.6998 
rTMS       0.5844 [-0.7578; 1.9266]   0.85 0.3935 
sham      0.7117  [-0.4429; 1.8662] 1.21 0.227 

tau            .  . . 
tDCS        1.2417  [0.0517; 2.4318]   2.05 0.0409* 
wlc       -0.0701  [-1.0602; 0.9200]  -0.14 0.8896 
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DISCUSSION 

This present systematic review sought to investigate the efficacy and validity of neurofeedback, 

transcranial direct current stimulation (tDCS) and repetitive transcranial magnetic stimulation (rTMS) 

treatments for ADHD. The objective was to evaluate the comparative therapeutic potential interest and 

to determine on what grounds future research should be based on. Only multiple-session protocols 

were included, ensuring a comparison of therapeutic outcomes in adults with a pre-existing diagnosis 

of ADHD. Only studies that included a control group were analyzed, as to isolate the specific 

therapeutic effect of the treatment of interest. Outcomes included assessed quality of life, as well as 

inattention and impulsivity scores. Neurofeedback, tDCS and TMS all employed analogous 

procedures, evaluating pre- and post-treatment with standardized measures, either self-rated scales or 

neuropsychological assessments, or both.  

Effect sizes for meta-analysis were selectively sought in each paper, solely evaluating the 

efficiency of attention at post-treatment compared to a control group. Here is a reminder for 

researchers to report essential data such as mean scores and standard deviations, either within the 

article or in a supplementary material. This smooths the international dialogue that is experimental 

research, thereby allowing robust data analysis.  

 

Neurofeedback 

The present findings contribute to the current discussion about neurofeedback. Its use has been of 

debate for some time (Arns et al., 2009; Ros et al., 2020). Methodological challenges in 

neurofeedback studies have been previously identified, as Ros et al., published in 2020 guidelines for 

well-conducted randomized controlled trials in this specific therapeutic area. The necessity of control 

groups and thorough methods section is critical.  

In the process of this literature review, a recurring pattern of methodological issues were found in 

neurofeedback studies, casting doubts on the potential reliability of the outcomes and impeding the 

evolvement of the field.  

With regard to the meta-analysis, neurofeedback as a therapy yielded a non-significant effect, with 

a standardized mean difference largely including 0. Furthermore, the heterogeneity and meta-

regression analysis showed a significant effect of the quality of study as measured by the Jadad rating. 

The findings indicate a weak trend in which outcomes from low-quality studies exhibited a tendance 

to be more positive.  
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It is of note, however, that the utilization of sham protocols as control groups need further 

discussions. It is noteworthy that neurofeedback can be considered as an operant conditioning therapy, 

and, as of yet, the blinding in sham conditions may not be effective (Pigott et al., 2021). Just as 

therapeutic care in CBT or psychoanalysis cannot be assessed using blind and sham-controlled trials, 

neurofeedback blinding protocols may lead to biased results and to biased conclusions and skew 

results to placebo effect (Pigott et al., 2021). This is merely a comment, since studies could have 

reached a “high” level of quality with thorough randomization process and mention of drop outs. 

Nevertheless, the data presented here does point toward a placebo effect of neurofeedback.  

On another note, Veilhati et al., (2021) conducted a retrospective data analysis from Cowley et al., 

(2016). They found a significant effect among a subgroup of participants identified as “learners” 

within the active neurofeedback group. This finding underscores the importance of pre-screening 

participants, to distinguish, prior to any protocol, those who will respond positively as “learners” 

versus those who will not as much as “non-learners”. By identifying these subgroups early on, 

researchers and clinicians would optimize treatment outcomes, offering QEEG-based neurofeedback 

protocols only to patients likely to benefit from them.  

The identification of prior indications may be expanded to other therapeutic methods. Potential 

learners could be guided through their adequate type of intervention as to ensure efficient and precise 

care, and prevent therapeutic wanderings. This hypothesis requires stratification of patients prior and 

to and following protocols.  

 

TDCS 

Transcranial direct current stimulation (tDCS) has shown promising results for adults with ADHD, 

when applied at 1.5 to 2 mA, with the anode positioned on F3 (left DLPFC), and the cathode on F4, 

for a duration of 20 minutes across consecutive sessions. Medication status does not seem to 

significantly influence the outcomes. Cognitive functions appear to improve on neuropsychologic 

testing, but follow-up studies are needed to evaluate the sustainability of these effects. Future research 

should focus on enlarging sample sizes, and investigating the impact of comorbidities and symptoms 

clustering. Interestingly, repeated tDCS sessions seem to improve both impulsivity and inattention, 

suggesting a potential treatment for hyperactive-type ADHD. This needs to be thoroughly assessed 

through meta-analyses as well, since the current study only assessed inattention.  

One pitfall of tDCS protocols compared to rTMS and neurofeedback-QEEG, is the lack of 

personalization in current application, which is standardized across all patients rather than tailored to 

specific neuroanatomy. Moreover, the electric current distribution across the scalp is diffuse, which 

complicates further any customization.  
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One major advantage of tDCS is its possible combination with other therapeutic protocols. Its 

putative effect of facilitating future depolarizations (in the case of excitatory stimulation) may enhance 

the efficacy of concurrent non-pharmaceutical interventions. For instance, Basiri & Hadianfard (2023) 

demonstrated a large improvement across all variables in a group receiving tDCS and DBT (dialectic 

behavioral therapy). Consequently, tDCS warrants further investigation as an adjuvant therapy, 

alongside CBT, cognitive training, or even neurofeedback or TMS. Comprehensive evaluation is 

essential in future research, as Lefaucheur et al., (2017) has mentioned heterogeneous data across 

other disorders. For example, stroke patients did not improve after robot-assisted training in motor 

rehabilitation, and a ceiling effect could arise from the consecutive use of tDCS and antidepressant 

medication.   

Cognitive enhancement following tDCS treatment has been investigated in healthy subjects 

(Lefaucheur et al., 2017). Although attention was not specifically evaluated, general cognitive 

improvement was observed. Combined with its potential antidepressant effects, tDCS may be of 

interest in comorbid ADHD. This hypothesis has not yet been investigated yet and requires empirical 

support. Given the high percentage of comorbidities in this specific disorder (Courrèges, De Kermadec 

et al., 2024), studying ADHD alongside its comorbidities is a compelling area of research. Lefaucheur 

et al., (2017) highlighted Segrave et al.,’s (2014) study, which demonstrated “that the combination of 

cognitive control training and tDCS has an augmenting effect on the improvement of depression”. 

Another common ADHD comorbidity is substance abuse and addiction, which has received a level B 

recommendation for treatment by tDCS, due to its potential efficacy in reducing cravings and 

enhancing quality of life (Lefaucheur et al., 2017).  

Some studies have also investigated the stimulation of the cerebellar cortex rather than the 

prefrontal cortex, with tDCS in other neuropsychiatric affections. For instance, case reports in 

schizophrenia (Laidi et al., 2020) have shown an improvement in cognitive functions after five days of 

stimulation above the cerebellar area. The impact of the cerebellum in neurodevelopmental disorders 

has recently gained attention, particularly in autism (Wang et al., 2014). Its involvement in emotional 

and cognitive regulation could potentially mean that it may influence neurodevelopmental diaschisis 

and therefore, in the establishment of neural networks over time. The cerebellum can be 

conceptualized as a hub, offering preferential pathways for interventions, through cerebello-thalamo-

cortical loops. This hypothesis warrants further investigation in translational research, where 

monitoring the cerebellum in mice could help to establish an appropriate protocol for human 

treatment.  

TDCS is recognized as a safe procedure, with the main reported side effect being local skin itching 

or burns, which resolves after the intervention. These issues can be mitigated by a proper use of gel, 

cream, and appropriately large wet electrodes, as outlined in the guidelines by Woods et al., (2016).  
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RTMS 

Repetitive transcranial magnetic stimulation seems to be effective when applied to the unilateral 

DLPFC, at high frequencies of 100 to 120% of motor threshold, using dTMS (H6 or H5 coils) or 

rTMS (8-coil). Whether stimulation is more effective on the left or right DLPFC remains unclear, and 

may depend upon comorbidities (Ustohal et al., 2012). Bilateral stimulation, on the other hand, 

doesn’t seem to be effective (Paz et al., 2017). Notably, improvements seem to be sustained at follow-

up, which is promising indicator for future patient care. Medication does not seem to influence clinical 

outcomes.  

RTMS offers sustained measurable improvements, with minimal to no side effects. It is evidence-

based medicine and could be used alongside other indications for treatment-resistant patients.   

One pitfall of rTMS is the high cost of equipment. However, the increasing establishment of 

neuromodulation centers underscores the growing possibilities of an accessible rTMS device. Future 

research may evaluate the cost-effectiveness of rTMS. For instance, The SAINT protocol (Stanford 

Accelerated Intelligent Neuromodulation Therapy; Cole et al., 2022) for treatment-resistant depression 

is a promising area of study in psychiatry.   

Like tDCS, rTMS has been studied in a variety of neuropsychiatric disorders, and has shown 

encouraging evidence of efficacy. Major depressive disorders have received a recommendation of 

Level A (proof of efficacy) in accordance with the U.S. FDA approval. Substance abuse has received 

Level B evidence (probable efficacy). As tDCS, rTMS has been investigated as an adjunct to non-

pharmacological therapies. Lefaucheur et al., (2020) report one study from Osuch et al., (2009) 

showing greater improvement for rTMS combined to cognitive processing therapy for post-traumatic 

stress disorder, which benefits were sustained at 6-month follow-up. 

Further research should explore the potential of low frequency rTMS rather than HF, since it may 

be more compatible with innate anatomical development (Dufor, Lohor & Sherrard, 2023).  

Another point of interest is the targeting parameter. The major advantage of rTMS, over tDCS and 

neurofeedback, is its high precision in identifying the exact neuroanatomical target to achieve the best 

possible results. It can focus on a precise structural point on the superficial layer of the cortex, that will 

stimulate an entire network looping in deep brain areas. In contrast, neurofeedback can only display 

superficial pyramidal neurons and relies on participants’ participation, while tDCS applies a diffuse 

current that, although effective, cannot be customized to individual neuroanatomy, or rather poorly. 

RTMS benefits from neuro-navigation, which uses prior MRI to pinpoint the exact location for 

stimulation, thereby maximizing clinical efficacy.  
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This advantage should be fully exploited to investigate whether rTMS treatment response in adults 

with ADHD depends on anatomical characteristics, such as connectivity within salience or default 

mode networks.  

Even if included in the review, single case reports (Ustohal et al., 2012; Niederhofer, 2012) cannot 

be considered as representative as RCTs and should be taken into account distinctly. In a similar way, 

only one RCT used an 8-coil rTMS (Weaver et al., 2012) and with a very limited number of 

participants (n=5); therefore, restricting comparison with dTMS and their potential respective 

efficiency.  

Meta-analysis was scarce since only three were actual RCT, and one of them did not report 

sufficient measure for inattention (Weaver et al., 2012). For effect size, only an index of self-rated 

global improvement was available. This concludes to a high level of uncertainty for future studies, as 

outlined by the very wide range of interval.  

 

Both rTMS and tDCS are non-invasive, non-convulsive neuromodulation therapies with little to no 

side effects. Both are supported by encouraging data, but the limited number of available RCTs 

prevents from drawing definitive conclusions. Additional studies are imperatively needed to 

strengthen the evidence base, especially as the heterogeneity assessments all reached a very high 

percentage (>50%). This means that a moderator that has not been assessed here may be influencing 

outcomes. The post-hoc analyses did not pin the correct moderator in the use of medication, 

differences in protocols (e.g.: F3 or F4), differences in measures (e.g.: CAARS or CPT) or study 

quality. The small number for each therapy hereby limits the statistical power of the analysis. 

Both also benefit from shorter length of treatment completion. While neurofeedback often requires 

up to 40 sessions to complete a protocol, rTMS and tDCS may produce results in as few as 5 sessions. 

Nevertheless, neurofeedback has shown positive outcomes as well, and may be a viable option for 

patients unable or unwilling to undergo neuromodulation techniques. 

A limitation to the generalizability of the conclusions here relates to comorbidities and their non-

inclusion. As mentioned in the Introduction section, ADHD is a highly comorbid disorder, with an 

increasing number of pathologies with aging. These results could be biased by the inclusion of patients 

diagnosed only with ADHD, as reported in the case report of Ustohal et al., (2012) with an adverse 

effect of rTMS in a patient with a comorbid mood disorder. 

More studies are undoubtedly needed to improve the current state of knowledge. While the 

available data is promisinig, it remains insufficient to draw stastically robust conclusions.  
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Due to the very small number of studies for each device but as well within study, all additional 

analyses are biased and have been conducted exploratorily. It demands more data in order to draw 

conclusions and every result of the present meta-regression and subgroup analyses are to be 

considered with caution.  For instance, even if yielding significance in subgroup analyses, rTMS 

versus dTMS in the present research depicts one study of rTMS (n=5) compared to mixed results of 

two dTMS RCTs (n=118 for H6). Homogeneity is imperative for strong statistical analyses. 

Translational research might help smooth clinical trials with human participants, back-translating to 

look for most adequate protocol for tDCS or rTMS.  

The meta-analyses of this review has highlighted some discrepancies between study qualities, 

specifically profuse for neurofeedback. The current data are not sufficient to draw any conclusion on 

specific efficiency versus placebo for each of these techniques, since none reached a SMD that did not 

include zero.  

Interestingly, medication use did not appear to have a significant effect on any of the treatment 

method used in subgroup regression. In tDCS studies, the apparent heterogeneity was not explained by 

any of the subgroups that were explored (use of medication, type of protocol, Jadad rating and 

measure of inattention).  

However, the network meta-analysis found solid consistency when the data were analyzed as a 

network, with consistency between direct and indirect evidence. TDCS shows a tendency towards 

efficiency against wait list control, sham or treatment as usual but not always reaching significance. 

RTMS might slightly be more effective than tDCS according to indirect measures (nma = -0.6574) but 

is not significant. 

Neurofeedback shows a small to moderate effect toward efficiency against wait list control, sham 

or treatment as usual, but similarly, not always reaching significance. Indirect evidence suggests that 

neurofeedback might slighly be more effective dans tDCS (nma = -0.8159) but is non-significant. 

These findings are not consistent with the meta-analysis of neurofeedback’s studies, so their relevance 

is doubtful.  

The very little number of studies included limits the statistical analysis ran here and needs to be 

replicated with larger samples. Nonetheless, placebo effect seems to be present in all three techniques.  

 

This review has several limitations. First, it relies on published data; however, publication bias in 

scientific literature often favor the publication of significant findings, potentially excluding trials with 

contradictory or null results. Even though it was specifically tested for using Eggers’ test, it does not 

exclude any risk of bias. It restricts the comprehensiveness of the present analysis and promotes 

uncertainty.  
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Second, this review is limited to English-language databases. Additional databases in other 

languages may comprise more data that esthablished here. This prevents a more global and 

comprehensive comparison. 

Another significant limitation is the exclusion of recent technological developments, which were 

not taken into account in this comparative analysis. Variations in designs of electrodes shapes, sizes – 

such as the use of 256-channel versus 19-channel electrodes headset, and advances like the use of 

intermittent theta-burst stimulation (iTBS), represent critical differences not factored in here. Future 

expert reviews zooming in on one single tool should address these technological differences in detail.  

Other neuroscientific tools and perspectives were not included in this review. While this study 

focused on two neuromodulation tools and neurofeedback, other modalities, such as vagus nerve 

stimulation, or other deep brain stimulation, may also hold therapeutic potential and warrant 

exploration.   

 

CONCLUSION  

 

This meta-analysis and systematic review of literature highlights the comparative efficacy of 

neurofeedback, transcranial direct current stimulation and repetitive transmagnetic stimulation, 

exclusively on adults diagnosed beforehand as ADHD, treated with multiple-sessions protocols. We 

provide an overview of latest evidence, for each tool. We also assess the methodological value of each 

study. Even if some results are promising, the restricted number of data (of qualitative comparable 

RCT as well as number of participants within a RCT) restricts conclusions. Homogeneity is imperative 

for strong statistical analyses. As of the present meta-analysis, all category investigated yielded non-

significant SMD and very large prediction interval, tDCS with the highest SMD. As for the review of 

literature, some very interesting data are extracted. The potential of combining neuromodulation tools 

with concurrent non-pharmacological therapies is discussed, and stratification of “learners” 

beforehand in order to better guide patients through their therapeutic journey is mentioned. Some 

recommendations for researchers interested in assessing one of these devices is available, specifically 

for the care of ADHD.  

 

 

Disclaimer 

ChatGPT and Deepl write was used for proofreading English grammar mistakes, since none of the 

authors are native English-speaker. It was their sole use.  
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