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Objective: Non-invasive brain stimulation, including repetitive transcranial magnetic stimulation
(rTMS) and transcranial direct current stimulation (tDCS), shows promise for psychiatric disorders in
adults, but evidence in children and adolescents remains limited. The objective of this review was to
evaluate the efficacy and safety of non-invasive brain stimulation for treating psychiatric disorders in
children and adolescents.
Methods: An umbrella review with a pre-registered International Prospective Register of Systematic
Reviews protocol (CRD42023477743) was conducted. Meta-analyses were identified using MeSH-
based searches in Embase, PubMed, PsycINFO, and Cochrane up to October 30, 2023. The PICO
strategy guided study selection. Study quality was assessed using A Measurement Tool to Assess
Systematic Reviews, version 2, and evidence certainty was rated with GRADEpro.
Results: Of 757 records screened, five meta-analyses, including 49 clinical trials and 2,105
participants, after excluding overlapped samples, met the inclusion criteria: four investigating rTMS
for depression and one investigating transcranial direct current stimulation for attention-deficit
hyperactivity disorder. Among the four meta-analyses on repetitive transcranial magnetic stimulation
for depression, three had similar PICO criteria, and we prioritized the most recent with the largest
number of trials and patients for formal evaluation. One meta-analysis (low quality) reported significant
improvement in depressive symptoms at 2 (mean difference = 4.68/GRADE = low) and 4 (mean
difference = 5.53/GRADE = low) weeks post-rTMS, with a positive response rate (OR = 3.99/GRADE =
very low) and minimal adverse effects. Another (critically low quality) found significant symptom
improvement in first-episode depression using 10 Hz stimulation on the left dorsolateral prefrontal
cortex (standardized mean difference = 1.63/GRADE = low), 1 Hz stimulation on right dorsolateral
prefrontal cortex (standardized mean difference = 1.22/GRADE = high), and remission rates (= 1.35/
GRADE = moderate). The dropout rate was low, with no serious adverse events reported. A third (low
quality) reported symptom improvement in attention-deficit hyperactivity disorder with transcranial
direct current stimulation (standardized mean difference = 0.363/GRADE = very low).
Conclusion: Non-invasive brain stimulation appears to be a safe and effective treatment for
psychiatric disorders in children and adolescents, but further high-quality randomized controlled trials
are needed for clinical validation.
Systematic review registration: PROSPERO, CRD42023477743

Keywords: Non-invasive brain stimulation; rTMS; tDCS; child; adolescent

Introduction

Psychiatric disorders are a major cause of disability
worldwide.1 Serious mental illness – including schizo-
phrenia, major depressive disorders, and bipolar disorder –

affects more than 340 million people around the world2

(Supplementary Table S1). In children and adolescents,
the burden of mental disorders reaches estimated
prevalences of 3% in those aged o 5 years and 11% in
those aged 5-19 years.1 In the 5-19 year age range, the
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leading disorders are anxiety disorders (3.22%), atten-
tion-deficit/hyperactivity disorder (ADHD) (2.62%), con-
duct disorders (2.27%), idiopathic developmental
intellectual disability (2.16%), and depressive disorders
(1.32%).1 The COVID-19 pandemic exacerbated the
worldwide prevalence and burden of mental illness.3

Substance use, problematic use of social media, and
domestic violence appear to have accelerated, resulting
in pernicious effects on adolescents4 and concerns
regarding online activities.5 In fact, studies have high-
lighted strong links between the pandemic and height-
ened anxiety, depression, and other psychological
issues.5 There are considerable limitations in the clinical
effectiveness, tolerability, and accessibility of conven-
tional pharmacological and psychotherapeutic treat-
ments, including side effects and increased suicidal
thoughts and behaviors with antidepressant treatment.6

Although many children and adolescents benefit from
psychotherapeutic and behavioral interventions, access
to high-quality, evidence-based interventions remains
limited in many public mental health systems due to
structural and socioeconomic barriers.7 The increasing
interest in non-invasive brain stimulation (NIBS) interven-
tions in youth is based on the assumption that these
techniques are safe, tolerable, appealing to families, and
clinically effective.

The most common forms of NIBS are transcranial
electric stimulation and transcranial magnetic stimulation
(TMS).8 These interventions, based on modulation of
neural circuits, are generally safe and well-tolerated.8

Used in research and clinical practice, transcranial
electric stimulation involves methods of applying non-
invasive current to the brain.9,10 Transcranial direct
current stimulation (tDCS), the most common method of
transcranial electric stimulation in clinical contexts, injects
low-intensity electrical current (usually 1-2 mA) through
electrodes placed on the scalp, producing non-focal
stimulation.11 The excitatory (anodal) and inhibitory
(cathodal) effects of tDCS on the motor cortex are
attributed to its ability to modulate synaptic transmission
– anodal stimulation facilitates, while cathodal inhibits –
resulting in increased or decreased electrical activity in
cortical neurons, respectively.12 However, TMS uses a
focused magnetic field to induce a secondary electrical
current in the brain, which can produce excitatory or
inhibitory effects depending on the stimulation proto-
col.11,13 High-frequency TMS protocols (4 5 Hz) are used
to produce excitatory effects, while low-frequency TMS
protocols (between 0.2-1 Hz) are used to produce
inhibitory effects.13 In theta-burst, a specific form of
repetitive TMS (rTMS), bursts of 3 50-HzTMS pulses are
repeated every 200 ms. In intermittent theta-burst
stimulation, a 2 s train of theta-burst stimulation is
repeated every 10 s, producing an excitatory effect.13,14

However, continuous theta-burst stimulation, which is a
train of uninterrupted theta-burst stimulation, produces
inhibitory effects.13,14

NIBS modalities have emerged as a safe and effective
treatment for various psychiatric disorders, particularly in
children and adolescents. Research has consistently
shown that rTMS and tDCS are well-tolerated and have

no serious adverse events.15 The safety profile of these
treatments is excellent, with only mild and transient side
effects being reported, such as headaches or slight
discomfort at the application site. Serious complications,
such as seizures, are exceedingly rare, further reinforcing
the reliability and safety of NIBS in clinical practice.11,16

While ample literature supports the use of NIBS in
adults, studies involving children and adolescents have
shown promising results, requiring more robust research
in this population. Umbrella reviews offer a high level of
evidence synthesis and have been crucial for expanding
knowledge and guiding clinical application.17 Given that
no umbrella review has been published on NIBS for
psychiatric disorders in children and adolescents, we
aimed to consolidate the best available evidence in this
area on its effectiveness and safety, including evidence
on adverse effects.

Methods

Literature review

A systematic search was performed of the Embase,
PubMed, PsycINFO, Web of Science, and Cochrane
databases from inception until October 30, 2023. The
PICO strategy18 was used to define the research question
(Is NIBS an effective treatment of psychiatric disorders in
children and adolescents in comparison with pharmaco-
logical, non-pharmacological, or placebo therapies?). The
search strategy was based on a combination of terms
representing: 1) psychiatric disorders (based on ICD-10
and DSM-5 classification), 2) interventions (rTMS/tDCS),
3) population (adolescents/children), and 4) publication
type (review). Psychiatric disorders were selected accord-
ing to clinical relevance and prevalence. Although
definitions of adolescence vary,19 in this review the
authors of the meta-analyses and original articles
considered individuals up to 18 or 24 years old as
‘‘adolescents.’’ For the primary search strategy, all search
terms were determined and adjusted for the EMBASE
search (Supplementary Box S1) and were then adapted
for the other databases (PubMed, PsycINFO, Web of
Science, and Cochrane). The complete search strategy is
available in Supplementary Box S1. Gray literature and
the bibliography of the selected articles were also
screened. This umbrella review was conducted according
to a pre-registered protocol (International Prospective
Register of Systematic Reviews CRD42023477743) and
followed the Preferred Reporting Items for Systematic
reviews and Meta-Analyses 2020 statement.20

Outcomes

The primary objective of this umbrella review was to
provide an evidence synthesis about the efficacy of rTMS
and tDCS for treating children and adolescents with
psychiatric disorders. Thus, we extracted information
about: 1) changes in baseline and endpoint symptom
scores on validated tools for each mental disorder, 2) the
response rate, and 3) the remission rate (RR). The
secondary objective was to investigate possible adverse
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effects and the tolerability of rTMS and tDCS in children
and adolescents, for which we extracted information on
adverse effects and their incidence, as well as information
on the dropout rate.

Eligibility criteria

We used the following inclusion criteria: 1) meta-analyses
of clinical trials; 2) meta-analyses reporting the efficacy of
rTMS or tDCS in autism spectrum disorder, tic disorders,
mental deficiency, speech disorder, language disability,
dyslexia, dyscalculia, Rett syndrome, ADHD, conduct
disorder, separation anxiety, generalized anxiety disor-
der, body dysmorphic disorder, social phobia, selective
mutism, depression, obsessive compulsive disorder,
schizophrenia, bipolar disorder, phobia, eating disorder,
or substance abuse; 3) articles written in English,
Portuguese, or Spanish; 4) when two or more meta-
analyses involved the same population, the meta-analysis
with the largest number of trials was used. Meta-analyses
evaluating only patients older than 18 years old were
excluded. Eligibility was assessed by two researchers
(JMS and LVR) who independently decided to include or
exclude each study. Rayyan software was used to assess
the articles and guarantee blinded decisions.21 Disagree-
ments were resolved by consensus whenever possible or
by the decision of a third researcher (ARB).

Data selection and extraction

The following information was extracted from each article:
1) meta-analysis characteristics (author, publication year,
DOI, disorder, intervention, control group, number of
clinical trials, sample size); 2) demographic characteristics
(mean age and range, percentage of women, ethnicity);
3) rTMS/tDCS parameters (intensity in mA [tDCS] or
percentage of the resting motor threshold [rTMS], pulses
per session, number of sessions, total pulses, number of
trains per day, session duration, seconds/train, seconds/
interval, treatment frequency, treatment duration, and
follow up period); 4) instruments used to assess symptoms;
and 5) outcomes (score changes from baseline to end-
point, response rate, RR, description and incidence of
adverse effects, and dropout rate).

Data quality and confidence assessment

The quality of each study was assessed by two
independent researchers (JMS and LVR), and disagree-
ments were resolved by consensus. A Measurement Tool
to Assess Systematic Reviews, version 2 (AMSTAR-2)
was used to assess the quality of the systematic reviews,
classifying them as one of four quality levels: high (no or
one non-critical weakness), moderate (more than one
non-critical weakness), low (one critical flaw with or
without non-critical weaknesses), or critically low (more
than one critical flaw with or without non-critical weak-
nesses).22

The certainty of evidence was assessed using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach, rating the quality of

evidence as: high (further research is very unlikely to
change our confidence in the effect estimate), moderate
(further research is likely to have an important impact on
our confidence in the effect estimate and may change the
estimate), low (further research is very likely to have an
important impact on our confidence in the effect estimate
and is likely to change the estimate), and very low (any
effect estimate is very uncertain).23

Results

Search results

Of the initial 871 records, we retained five meta-analyses
(Figure 1) that included 49 clinical trials and 2,105
participants, after excluding overlapped samples (Sup-
plementary Table S2). The meta-analyses focused on
rTMS for depressive disorders (n=4)24-27 and tDCS for
ADHD (n=1).28

Outcomes

Efficacy and response rate – Depression

Four studies assessed the effectiveness of adjunctive
rTMS in patients with depression,24-27 all of which showed
improved symptom severity (Supplementary Table S3).
The PICO strategy was similar in three of the four
studies,24,25,27 so GRADEpro was applied to the most
recent, which had the largest number of trials and
participants24 (Supplementary Table S2). Cao et al.,24

which was a low-quality study according to AMSTAR-2,
found greater depressive symptom improvement in
individuals aged 8-24 years at 2 weeks (mean difference
[MD] = 4.68/GRADE = low) and 4 weeks (mean difference =
5.53/GRADE = low) after rTMS + antidepressant
treatment compared to sham rTMS + antidepressants.
Moreover, there was a positive response rate (odds ratio =
3.99, CI [2.73-5.85]/GRADE = very low). Furthermore,
younger age was associated with a more significant
decrease in depression scores, which is compatible with
Sigrist et al.27 This review included only randomized
controlled trials, which improved the quality of evidence.
Sigrist et al.27 used aggregated and patient-level data
to analyze efficacy, response rate, and moderators of
treatment.27 Aggregated data showed significant
improvement after rTMS in patients aged 12-21 years in
all studies, as well as in studies that considered only left
dorsolateral prefrontal cortex (DLPFC) high-frequency TMS
(Hedge’s g = 2.03, 95%CI 1.45-2.60, standard error =
0.29, p o 0.001; and Hedge’s g = 1.98, 95%CI 1.25-2.70,
standard error = 0.37, p o 0.001, respectively).27 Certain
patient- and trial-level data were associated with efficacy
as well as response. Age was the most consistent factor,
with younger individuals being more likely to have greater
treatment response and reduced depression severity.
Furthermore, depression severity was a significant
moderator of pre- to post-treatment changes after rTMS:
individuals with higher baseline depression scores had
greater symptom improvement following rTMS treat-
ment.27 Although this finding suggests potential benefits
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for more severe cases in that specific context, it contrasts
with other studies reporting that greater baseline severity
is associated with lower overall response and RR.29 Thus,
the relationship between baseline depression severity
and the effectiveness of rTMS remains complex and may
vary depending on population characteristics and out-
come measures.30 Only one clinical trial addressed the
efficacy of TBS,31 but standard rTMS was associated with
greater treatment response. Qiu et al.25 (n=240, k = 13),
a high quality meta-analysis according to the AMSTAR-2
checklist, found greater symptom improvement in patients
aged 10-25 years (Hedge’s g = 1.37, 95%CI 0.85-1.90;
I2 = 99.40%; p o 0.001) after adjunctive high-frequency
rTMS over the prefrontal cortex treatment than after sham
stimulation + antidepressants. Furthermore, the reported
RR varied from 13 to 44%, and response rates ranged
from 33 to 56%. Thus, the RR in children and adolescents
appears to be better than in adults (18% and 22%,
respectively), which is compatible with the hypothesis that
younger age is associated with better results.

However, Sun et al.26 performed the first meta-analysis
of adolescents aged 12-18 years with first-episode major
depressive disorders, in contrast with most studies, which

have assessed patients with treatment-resistant depres-
sion. In comparison to sham stimulation + antidepres-
sants or antidepressant monotherapy, there was greater
symptom improvement over a 2-6 week follow-up period
with rTMS + antidepressant treatment consisting of
10 Hz stimulation on the left DLPFC (standardized MD
[SMD] = 1.63/GRADE = low) and 1 Hz stimulation on the
right DLPFC (SMD = 1.22/GRADE = high), in addition to a
lower RR (= 1.35/GRADE = moderate). No differences
were found in response rate (RR = 0.79/GRADE = low).
Furthermore, 4 out of 5 studies assessing neurocognitive
function found improvement after rTMS. However, the
results should be considered with caution due to the very
low methodological quality according to AMSTAR-2.

Efficacy and response rate – ADHD

Brauer et al.28 (n=318, k = 14) performed a meta-analysis
assessing the efficacy of tDCS monotherapy or adjunctive
treatment with ADHD medications to treat patients with
ADHD. The result showed small but significant overall
symptom improvement after tDCS treatment (SMD =
0.363/GRADE = very low) compared to sham stimulation

Records identified through systematic database searching Records identified via manual search

Records identified from:
Embase (n=397)
PubMed (n=228)
PsycINFO (n=147)
Cochrane (n=99)

Records removed
before screening:
– Duplicate records

removed (n=114)

Studies included from
database search (n= 5)

Reports of total
included studies (n=5)

Records screened
based on title and
abstract (n=757)

Records sought for
retrieval (n=18)

Records sought
for retrieval (n=0)

Reports assessed for
eligibility (n=18)

Reports excluded
(n=739)

Reports not retrieved
(n=0)

Reports not retrieved
(n=0)

Reports assessed
for eligibility (n=0)

Reports excluded
(n=0)

Reports excluded after
full-text assessment (n=12 )

– Ineligible population (n=10)
– No MA of clinical trials (n=3)

Records identified from:

Open grey (n=0)
New York Academy of Medicine's Grey (n=0)
Literature report (n=0)
Canadian Institute for Health Information (n=0)
Google Scholar (n=0)

Figure 1 Preferred Reporting Items for Systematic reviews and Meta-Analyses 2020 flow diagram. MA = meta-analysis.
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(Supplementary Table S3). Another subgroup analysis
showed improvement in immediate inattention and
impulsivity in children/adolescents, but no significant
differences in hyperactivity, which could be explained by
the small number of studies that assessed hyperactivity in
isolation (n=3). Follow-up varied from 3 days to 2 months
(Supplementary Table S4), and the analysis showed
persistent differences in overall symptoms between
groups. Thus, the meta-analysis suggests immediate
effects that persisted to follow-up periods. However, this
meta-analysis was classified as low quality according to
AMSTAR-2 (Supplementary Table S2).

Safety and tolerability – Depression

Of the four studies assessing depression and rTMS,24-27

three assessed tolerability and safety in children and
adolescents24-26 (Supplementary Table S3). The dropout
rate and adverse effects in active stimulation groups were
qualitatively or statistically similar to the sham groups
(Supplementary Table S3). Cao et al.24 found low
adverse reaction rates (odds ratio = 0.64/GRADE = very
low) and no serious side effects. The adverse event rate
in Qiu et al.25 could not be obtained due to a lack of
information. However, according to descriptive analysis,
rTMS was safe and had a low dropout rate (0.04, 95%CI
0.02-0.09; I2 = 0; p = 1). Of the 165 patients in the meta-
analysis, 63% reported treatment-related pain (scalp,
neck, and eye), which is compatible with previous studies
and might be explained by incidental stimulation of the
facial nerve. Nausea, vomiting, muscle twitching, and
muscle aches were also reported. Psychiatric disorders
were less commonly reported in six patients from one
study: insomnia (two), panic attacks (two), and suicidal
ideation (two). Seizure, the most severe and concerning
potential side effect, was not reported.

However, Sun et al.26 found a low all-cause dropout
rate (RR = 0.79/GRADE = moderate) with no serious
adverse events and no significant differences in adverse
effects between active and control groups (headache:
RR = 3.07 [0.70-13.37], I 2 = 0, p = 0.14; loss of appetite:
RR = 0.43 [0.07-2.88], I 2 = 0, p = 0.39; dizziness: RR =
1.30 [0.14-12.29], I2 = 29, p = 0.82; nausea: RR = 0.26
[0.03-2.24], I2 = 0, p = 0.22).

Safety and tolerability – ADHD

Because Brauer et al.28 did not assess the tolerability of
tDCS, the dropout rate could not be obtained. However,
they found statistically significant data, assessing the risk
ratio for itching (RR = 0.87, 95%CI 0.48-1.56, p = 0.634),
tingling (RR = 0.679, 95%CI 0.33-1.4, p = 0.297), and
headache (RR = 0.84, 95%CI 0.14-5.07, p = 0.847).
Furthermore, no severe adverse effects were reported for
tDCS in ADHD (Supplementary Table S3).

Discussion

Although many NIBS techniques are already considered
safe and effective for adults with a variety of psychiatric
disorders,32 the literature on their use in children and

adolescents is still limited. To our knowledge, this is the
first umbrella review to assess the efficacy of NIBS for
psychiatric disorders in children and adolescents. Our
results suggest that: 1) rTMS and tDCS are safe and well
tolerated in children and adolescents, with no severe
adverse events reported; 2) adjunctive rTMS is effective
an effective treatment for depression and first-episode
depression; 3) tDCS effectively improves ADHD symp-
toms; 4) caution is required when interpreting the data
since most of the studies had low levels of evidence; and
5) further robust studies are needed to support the clinical
use of neuromodulation for treatment in children and
adolescents.

Body of evidence

Our review demonstrated an important limitation in the
available literature on NIBS in pediatric populations:
a lack of meta-analyses addressing a wide variety of
combinations between neuromodulation techniques and
psychiatric disorders. Of the 757 initially screened
references, only five meta-analyses met the inclusion
criteria, four of which investigated TMS for depression
and one investigated tDCS for ADHD. According to
AMSTAR-2 criteria, one of the five studies was classified
as high quality,25 two were classified as low quality24,28

and two were classified as critically low quality.26,27 The
GRADE ratings ranged from very low to high. The
assessments for each condition are shown in Figures 2,
3, and 4. No meta-analysis has addressed other relevant
combinations, such as TMS or tDCS for anxiety,
obsessive-compulsive disorder, or autism. This gap
highlights the need for future studies on neuromodulation
techniques in different psychiatric contexts to expand the
evidence on the safety and efficacy of these interventions.

The efficacy and safety of transcranial magnetic
stimulation for depression

Major depressive disorder is the most studied condition to
have shown improvement with TMS. Since 2008, when
TMS was first approved for adults with depression, the
Food and Drug Administration has been expanding
treatment modalities.33 TMS has been extensively studied
in adults, demonstrating robust efficacy, especially for
treatment-resistant depression.34 The number of studies
involving children and adolescents is growing, and
preliminary findings suggest that TMS may be a promis-
ing intervention for depression in younger populations.
Recently, the Food and Drug Administration approved
TMS as an adjunctive treatment for adolescents aged 15-
21 years old with depression, which is an important step
in its dissemination. Although the mechanisms of TMS
are not fully understood, its antidepressant effects are
believed to be secondary to its modulation of neuroplas-
ticity and the resulting changes in brain connectivity, with
the DLPFC appearing to be the best place to engage in
top-down control of other important cerebral regions, such
as the amygdala.35,36 All four meta-analyses found that
rTMS is an effective intervention for depression in
adolescents with different profiles, including those with
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resistant and first-episode depression.24-27 Thus, our
findings were consistent with the current literature and
our previous hypothesis that TMS sessions are effective
for depressive symptoms. One key point is the potential
benefit of earlier intervention. Most research on adults
has focused on refractory depression after multiple

treatment failures.34 In contrast, initiating TMS earlier in
the course of illness, including during the first depressive
episodes, could lead to better outcomes.24,26,27 However,
most studies have included mixed samples of first-
episode and multi-episode major depressive disorder,
making it difficult to isolate the specific effects of early
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greater than 50% or p o 0.1 in the Q statistics.
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intervention. Moreover, while this raises the possibility of
longer-term benefits such as reduced relapse risk, the
current evidence is insufficient to confirm whether early
TMS treatment leads to sustained remission or lower
recurrence rates. Further longitudinal studies are needed
to clarify the long-term outcomes of early rTMS interven-
tion in youth. It has also been proposed that TMS reduces
suicidality in children and adolescents with major dep-
ressive disorder,25 although the exact mechanisms
remain unclear and may be related to the alleviation of
depressive symptoms. This hypothesis is compatible with
previous studies in adults,37 indicating that TMS could
be a promising treatment for suicidal ideation among
adolescents. A recent meta-analysis found that rTMS
significantly reduces depressive symptoms, resulting in a
greater reduction in SMD than electroconvulsive therapy
and ketamine treatment.38 They also suggested that
rTMS should be strongly considered for treatment-
resistant depression in youth, given its efficacy and side
effect profile.38 According to the included studies, TMS is
well tolerated in adolescents, with mild and transient
adverse events, such as headache and discomfort at the
application site, which is compatible with previous studies
in adults.39 No serious adverse events such as seizures
were reported, corroborating the method’s safety profile in
pediatric populations. Studies have reported low dropout
rates due to side effects, reinforcing TMS’ potential as a
safe therapy. This favorable safety profile encourages
further research in this area, particularly large-scale
randomized controlled trials, to better assess long-term
outcomes and optimize treatment protocols.

The efficacy and safety of transcranial direct current
stimulation for attention-deficit/hyperactivity disorder

Although the mechanisms by which tDCS could interfere
in ADHD are not completely understood, it is supposed
that anodal stimulation of the prefrontal and inferior frontal
cortex could improve symptom severity and neuropsy-
chological functioning by modulating dysfunctional activa-
tion in these brain regions.40 Previous studies in adults
have shown cognitive symptom improvement.41 tDCS
over the inferior frontal cortex and left DLPFC has shown
positive effects on hyperactivity symptoms and neuro-
cognitive performance,28,42-44 generally immediately after
treatment, although no significant effects were found in

the largest randomized controlled trial45 or in longer
follow-up periods. The only meta-analysis included in the
current review, Brauer et al.,28 found significant improve-
ment in overall symptoms after tDCS treatment.28

Subgroup analyses showed immediate improvement in
inattention and impulsivity, although no significant differ-
ences were observed in hyperactivity. These results
suggest that tDCS may be more effective for certain
ADHD symptom domains, but heterogeneity in stimulation
parameters and study quality limit definitive conclusions.
Consistent with the current literature in adults, tDCS also
presented a favorable safety profile.46,47 Mild adverse
events, such as tingling and slight discomfort, were
reported, with no evidence of serious side effects or
dropouts attributed to the intervention. However, due to
the lack of long-term studies, the lasting effects of tDCS in
pediatric populations remain unknown.

Non-invasive brain stimulation techniques for other
psychiatric disorders

Although we found no meta-analyses of other combina-
tions of psychiatric disorders and NIBS techniques that
met the inclusion criteria, preliminary evidence suggests
that NIBS is efficacious and tolerable in various contexts.
In ADHD, several clinical trials have reported symptom
improvement with rTMS targeting the right DLPFC of
youngsters.48,49 Regarding autism spectrum disorder,
a meta-analysis showed significant cognitive improve-
ment and mild-to-moderate behavioral improvement with
low-frequency rTMS, but limitations, such as a lack of
sham-controlled trials, small sample sizes, the inclusion of
older adults, and protocol heterogeneity reduce the
reliability of findings.50 Other studies have reported
reduced irritability and improved sleep quality.51-53 Further-
more, in children and adolescents with autism spectrum
disorder, tDCS has been reported to improve behavior
and functional outcomes, even in severe cases like
benzodiazepine-resistant catatonia.54-56 In schizophrenia,
most studies are case reports documenting improve-
ments in hallucinations, agitation, and global functioning
after TMS.57-59 A double-blind, sham-controlled trial also
indicated that tDCS was well-tolerated in childhood-onset
cases, but the small sample size limited the study’s
power.60 For Tourette’s syndrome and tic disorders,
clinical trials and case reports have demonstrated

Not serious

Author(s):
Question: tDCS (monotheraphy or co-treatment) compared to sham stimulation or ADHD medication for ADHD
Setting:
Bibliography: Brauer, 2021

Certainty assessment No. of patients Effect

Certainty Importance
Study designNo. of

studies
Risk of bias Inconsistency Indirectness Imprecision Other considerations

Overall symptom severity

tDCS
(monotherapy or

co-treatment)

Sham stimulation
or ADHD

medication

Relative
(95%CI)

Absolute
(95%CI)

8 Randomized
trials

Serious† Not serious Serious‡ Publication bias
strongly suspected§

179 179 SMD 0.363
higher

(0.063 higher
to 0.663
higher)

–

Very low†‡§

Figure 4 GRADE assessment of Brauer et al.28 ADHD = attention-deficit/hyperactivity disorder; tDCS = transcranial direct
current stimulation; SMD = standardized mean difference. w Heterogeneous results. = Small sample. y Egger’s test indicated
publication bias (p = 0.005).
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significant reductions in tic severity and comorbid
obsessive-compulsive symptoms.61-63 In summary, while
promising, the evidence for NIBS in pediatric populations
with other psychiatric disorders remains preliminary and
will require more rigorous and standardized research.

Study limitations and weaknesses

These results should be interpreted in light of some
limitations. First, the small sample of meta-analyses
reflects the scarcity of robust evidence on NIBS in
pediatric populations. Regarding rTMS in depression,
overlapping datasets and PICOS strategies could have
quantitatively overestimated the amount of evidence.
Furthermore, the heterogeneity of the included studies
makes it difficult to generalize the results, leading to a low
mean AMSTAR score. Only one of the four reviews on
depression was of high quality,25 while the others were
low (n=1)24 or critically low (n=2).26,27 The age of patients
varied from 8 to 25 years, depending on the study. The
rTMS parameters varied in cortical target (left DLPFC,
right DLPFC, bi-hemispheric DLPFC), frequency (50 Hz,
10 Hz, 1 Hz), and other characteristics related to
stimulation protocols (Supplementary Table S4). Further-
more, there is a lack of representative data from different
geographical and cultural populations. Most of the
included studies were conducted in specific contexts,
particularly China, which limits the generalizability of the
results to other regions and populations. Cao et al.24

included only randomized controlled trials in their review,
which improved the quality of evidence due the use of
sham stimulation in the control group to exclude placebo
effect. However, all of their randomized controlled trials
were conducted in China, and 17 of the 18 studies had a
moderate or high risk of bias. Qiu et al.’s meta-analysis,25

rated as high quality according to the AMSTAR-2 check-
list, included several clinical trials that found no significant
difference between the rTMS and sham groups, which
was associated with a large placebo effect. Other
limitations included the small number of clinical trials,
small sample size, inconsistent symptom severity rating
scales, and high heterogeneity. Furthermore, all of the
studies but one were self-controlled – that is, the
participants served as their own controls by comparing
pre- and post-intervention outcomes – rather than using a
sham-controlled design. In Sigrist et al.,27 a very low-
quality meta-analysis according to AMSTAR-2 criteria, the
clinical trials had small sample sizes and large standard
errors, and publication bias was strongly suggested.
Moreover, the studies were very heterogeneous regard-
ing rTMS protocols, and only two out of 10 studies were
double-blind, randomized, and sham-controlled. In Sun
et al.,26 the only meta-analysis to exclusively assess first
episode depression, the limitations included a small
sample size (562), a short follow-up period (2-6 weeks),
and the fact that all clinical trials included only Chinese
adolescents, which hampers generalization to other
populations. Furthermore, the meta-analysis was consid-
ered very low quality according to AMSTAR-2 criteria. All
of these limitations reduced the certainty of evidence,
which ranged from very low to high according to GRADE,

that rTMS is an efficacious treatment for depression in
children and adolescents.

However, only one meta-analysis assessed tDCS in
ADHD patients.28 The first limitation was its low quality
according to AMSTAR-2 criteria. Furthermore, the small
sample size (n=133), the small number of studies (eight),
and study heterogeneity make it difficult to properly
interpret the results. Another point to be considered is
the high number of crossover studies included in the
analysis (7 of 8), which can confound interpretation of the
differences due to the long-term tDCS effect hypothesis.

Other general limitations regarding rTMS and tDCS
should be pointed out. A recent review emphasized the
influence of the placebo effect in pharmacological and
neurostimulation interventions for mental disorders,64

showing that unreliable ratings, baseline symptom sever-
ity inflation, sampling bias, and other nonspecific bene-
ficial effects resulting from participation in trials could
mimic therapeutic response.65-67 Moreover, the lack of
randomized controlled trials comparing active stimulation
to sham stimulation affects study quality. Although sham
conditions are often employed, active sham – designed to
mimic the sensory experience of real stimulation, such as
tingling in tDCS or clicking sounds in rTMS, without
delivering a therapeutic dose – is generally not used.
Instead, many studies use sham protocols with only
partial sensory mimicry, the effectiveness of which in
maintaining participant blinding is unclear. In contrast to
active sham, these non-active or partially active sham
conditions may allow participants to distinguish between
real and placebo stimulation, thereby increasing the risk
of unblinding and introducing bias into the results.68

A limitation specific to tDCS is that only a small selection
of certified tDCS devices are available and, apart from the
basic functions required for tDCS, their features differ.69

This, combined with the heterogeneous protocols,70

hampers generalization of the findings. Furthermore, in
the meta-analyses included in this review, safety was
generally assessed as a secondary outcome, and infor-
mation about the method of adverse event reporting –
whether through passive self-report or active clinician-led
assessment using structured instruments – was rarely
specified. This lack of detail limits the ability to draw firm
conclusions about the true incidence and nature of
adverse effects associated with rTMS and tDCS in youth.

Finally, another critical point is the lack of long-term
studies on the sustained effects of both rTMS and tDCS in
children and adolescents. Most of the analyses involved
only short-term outcomes, limiting our understanding of
these interventions’ effects in terms of safety and lasting
efficacy. This limitation is particularly relevant in pediatric
populations, whose brains are still developing and may
respond differently to neuromodulation.

In conclusion, notwithstanding some limitations, current
evidence supports the effectiveness and safety of rTMS
for depression and tDCS for ADHD in children and
adolescents. However, the scarcity of studies on other
combinations of neuromodulation techniques and psy-
chiatric disorders limits our understanding of the ther-
apeutic potential of NIBS in pediatric populations. In
addition, the included studies’ methodological limitations
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the reinforce the need for more rigorous future research,
with more standardized protocols, longer follow-up dura-
tion, and more representative samples. Further studies
should also explore how these interventions can be
adapted for other psychiatric disorders, expanding ther-
apeutic options for young people with mental health
conditions. In view of the need to develop new therapeutic
strategies for psychiatric disorders, it is expected that
neuromodulation, especially non-invasive techniques like
rTMS and tDCS, will become increasingly researched and
applied.
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LHM, Munhoz CD, et al. Cognitive decline following acute viral
infections: literature review and projections for post-COVID-19. Eur
Arch Psychiatry Clin Neurosci. 2022;272:139-54.

4 Wang G, Zhang Y, Zhao J, Zhang J, Jiang F. Mitigate the effects
of home confinement on children during the COVID-19 outbreak.
Lancet. 2020;395:945-7.

5 Jones EAK, Mitra AK, Bhuiyan AR. Impact of COVID-19 on mental
health in adolescents: a systematic review. Int J Environ Res Public
Health. 2021;18:2470.

6 Hammad TA, Laughren T, Racoosin J. Suicidality in pediatric patients
treated with antidepressant drugs. Arch Gen Psychiatry. 2006;63:332-9.
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