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Objectives: The effects of transcranial direct current stimulation over the prefrontal cortex on reactive
aggressive behavior are unclear. We conducted an updated systematic review and meta-analysis of
randomized controlled trials comparing the effects of anodal transcranial direct current stimulation vs.
sham stimulation on reactive aggressive behavior in healthy volunteers experimentally induced to
aggressive behavior.

Methods: We systematically searched the PubMed, Cochrane, Embase, and Psycinfo databases for
randomized controlled trials comparing transcranial direct current stimulation to sham stimulation over
the prefrontal cortex on reactive aggressive behavior. We computed the standardized mean difference
(SMD) with 95%Cls for all statistical models. Heterogeneity was assessed using /? statistics. The
statistical analyses were performed in R 4.5.1.

Results: We included nine trials with 547 participants, of whom 272 (49.7%) underwent anodal
transcranial direct current stimulation. There was no significant difference between anodal transcranial
direct current stimulation and sham stimulation regarding reactive aggressive behavior (SMD -0.24;
95%Cl [-0.54 to 0.05]; p = 0.09; /? = 52.4%). However, subgroup analysis showed that the effects of
online (SMD -0.41; 95%ClI [-0.61 to -0.20]; /2 = 0%), and unilateral (SMD -0.44; 95%CI [-63 to -0.25];
I2 = 0%) transcranial direct current stimulation differed significantly from sham stimulation.
Conclusions: While anodal transcranial direct current stimulation had no significant effect on reactive
aggressive behavior in healthy volunteers in the overall analysis, the results suggest that online and
unilateral tDCS may have an impact. Given the heterogeneity of the studies and outcome measures,
further research is needed to confirm these findings and better understand the role of transcranial
direct current stimulation in modulating reactive aggressive behavior.

Registration number: PROSPERO CRD420251002415.
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Introduction different subtypes: proactive aggression, which is planned

and unprovoked, and reactive aggression, which occurs

Aggressive behavior represents a significant health
problem for victims and society, leading to family conflict,
crime, murder, rape, and theft.’ According to distinct
motivations, aggressive behavior may be categorized into
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in reaction to provocation.>* Reactive aggressive beha-
vior has been associated with attention deficit hyperactiv-
ity disorder, depression, and anxiety.>” The prefrontal
cortex (PFC) plays a crucial role in regulating aggressive
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behavior. It achieves this by transmitting inhibitory signals
to subcortical brain regions, such as the nucleus
accumbens, which is associated with the reward system.®
Research has also shown that the PFC has an
asymmetric effect on aggressive behavior.®

Given the serious consequences of aggressive beha-
vior, neuromodulatory techniques such as transcranial
direct current stimulation (tDCS) and repetitive transcra-
nial magnetic stimulation have been proposed. Compared
to transcranial magnetic stimulation, tDCS is less expen-
sive, safer and easier to perform.’® tDCS typically
involves applying either anodal or cathodal currents.
Anodal tDCS is known to increase neuronal excitability,
while cathodal tDCS generally leads to a decrease in
neuronal excitability.'' Although tDCS PFC has shown
promise in reducing aggressive behavior, some studies
have reported no significant effects.'?'®

A previous meta-analysis of randomized controlled
trials in healthy volunteers experimentally induced to
aggressive behavior demonstrated that a single session
of tDCS targeting the PFC significantly decreased risk-
taking, bias, and overeating compared to sham stimula-
tion. However, the analysis found no significant effects on
aggression, and none of the tDCS parameters exhibited
significant interactions. Additionally, neither sub-analysis
nor subgroup analysis including reactive aggressive
behavior were conducted. This lack of broader effects
might be attributed to the limited number of studies
included in that meta-analysis.'” Therefore, we conducted
an updated systematic review and meta-analysis of
randomized controlled trials comparing the efficacy of
tDCS to sham stimulation on reactive aggressive
behavior.

Methods

This systematic review and meta-analysis was registered
in the international Prospective Register of Systematic
Reviews (protocol CRD420251002415) and was designed
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis reporting guidelines.'®

Study eligibility

We included studies that met the following eligibility
criteria: 1) randomized controlled trials, 2) comparing a
single session of anodal tDCS to sham stimulation, 3) in
healthy human subjects experimentally induced to
aggressive behavior, 4) reporting aggressive behavior
as one of the outcomes of interest, and 5) published in
English. We excluded: 1) studies involving patients with
mental disorders, 2) drug users, 3) multi-session tDCS, or
4) overlapping populations (using only the study with the
larger sample size).

Search strategy and data extraction

The PsycINFO, PubMed, Cochrane, and Embase data-
bases were systematically searched on March 2, 2025.
The search strategy was as follows: (aggression OR
“aggressive behavior” OR aggressiveness) AND
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(“prefrontal cortex stimulation” OR “DLPFC Stimulation”
OR “VLPFC Stimulation” OR “Ventromedial prefrontal
cortex stimulation” OR “VmPFC stimulation” OR “trans-
cranial direct current stimulation” OR tDCS).

We extracted data on: 1) study design, 2) dose, 3)
duration, 4) online/offline parameters, 5) PFC subregion,
6) hemisphere, 7) electrode size, 8) tools used for
outcome measurement, and (9) aggressive behavior
and intent to commit aggression scores. All identified
articles were assessed using the inclusion and exclusion
criteria. Article selection and data extraction were
performed independently by two authors (PTS and
ADB). Disagreements were resolved by consensus.

Although we intended to extract standard deviations
and means for each outcome, most studies reported the
F-statistic and Cohen’s d effect size, which led us to
estimate standard error according to Statistical Power
Analysis for the Behavioral Sciences.'® For reports with
two hemispheres stimulated unilaterally, each hemi-
sphere was treated as an independent study. Whenever
necessary, we attempted to contact the authors for further
information.

Quality assessment

The revised Cochrane risk of bias tool for randomized
trials was used by two independent authors (PTS and
ADB) to assess the quality of the randomized studies;
disagreements were resolved by consensus. Publication
bias was assessed through visual analysis of funnel plot
asymmetry. We could not perform Egger’s test due to the
limited number of studies.

Data analysis

Stimulation condition effects were compared using pooled
standardized mean differences (SMD) with 95%CI. We
used the random-effect model with inverse-variance
method. Heterogeneity was examined using the Cochran
Q test, /? statistic, and tau-square using the restricted
maximum-likelihood estimator and random effect model.
Heterogeneity was reported as low (/2 = 0-25%),
moderate (/2 = 26-50%), or high (/2> > 50%). Due to the
small sample size of some studies, we applied the
Hartung-Knapp adjustment method to improve the accu-
racy of Cl and control for type | error inflation. Unlike the
DerSimonian-Laird method, which constructs CI using
a normal (z-value) distribution, the Hartung-Knapp
approach uses a t-distribution.?°

We performed a prespecified sensitivity analysis for
aggressive behavior, excluding studies with a high
contribution to heterogeneity according to Baujat plot
and leave-one-out analysis to ensure that the results were
not dependent on a single study. A further sensitivity
analysis was performed using the DerSimonian-Laird
method as recommended by current evidence.?® Addi-
tionally, we performed a meta-regression for dose and
duration, and subgroup analysis according to the stimu-
lated PFC subregion, online/offline stimulation, hemi-
sphere, and unilateral/bilateral montage. All statistical



analyses were performed in R 4.5.1, using the meta and
metafor extension packages.

Results

Our systematic search yielded 684 records, as detailed in
Figure 1. After removing duplicates and unrelated studies,
25 were fully assessed for eligibility. Of these, 11 met the
inclusion criteria and were included in the systematic
review, while nine were included in the meta-analysis.
Two studies were excluded from the meta-analysis
because they did not provide a sample per treatment
arm and the authors did not respond to our request. The
pooled analysis included 547 healthy volunteers, of whom
272 (49.7%) underwent anodal tDCS. The studies’ base-
line characteristics and detailed statistical data are shown
in Supplementary Table S1 and S2, respectively.

TDCS and reactive aggressive behavior

Pooled analysis of all studies

Overall, compared to sham stimulation, anodal tDCS did
not significantly affect reactive aggressive behavior (SMD
-0.24; 95%ClI [-0.54 to 0.05]; p = 0.09; /? = 52.4) (Figure 2).

Subgroup analysis

Although anodal tDCS did not significantly affect reactive
aggressive behavior, the subgroup analysis showed
significant effects of online tDCS vs. sham stimulation
(SMD -0.41; 95%CI [-0.61 to -0.20]; /% = 0%) (Figure 3),
unilateral tDCS vs. sham stimulation (SMD = -0.44 95%ClI
[-63 to -0.25]; /1% = 0%) (Figure 4), bilateral tDCS vs. sham
stimulation (SMD = 0.27; 95%Cl [0.14 to 0.39]; /% = 0%)
(Figure 4), tDCS vs. sham stimulation over the right
hemisphere (SMD = -0.45; 95%ClI [-72 to -0.18]; /? = 0%)
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram illustrating study screening and

selection.

Braz J Psychiatry. 2026;48:€20254514



PT Sikembi et al.

Standardized Mean

Study SMD SE(SMD) n(tDCS) n(Sham) Difference (SMD) SMD 95%Cl Weight
Chenetal 2018 0.7300 03700 16 16 - 073 [1.46;-0.00] 8.4%
Plewnia et al. 2015 0.6600  0.3200 14 14 - 066 [1.29;-0.03] 9.9%
Riva etal. 2015 06200  0.3200 20 20 = 062 [125 001 9.9%
Kelley et al. 2013. 1 20.4600  0.2600 28 33 —— 20.46 [0.97; 0.05] 12.2%
Riva etal. 2017 0.3600  0.3100 20 20 - 036 [0.97; 0.25] 10.2%
Kelley et al. 2013. 2 0.2700  0.2600 29 33 — 027 [0.78; 0.24] 12.2%
Dambacher et al. 2015 201100  0.3500 16 16 — 011 [0.80; 0.58] 8.9%
Choy et al. 2018 02600 0.2200 39 42 —_E— 026 [0.17; 069] 13.9%
Ling et al. 2018 02800 0.2100 50 42 -+ 028 [0.13; 0.69] 14.4%
Random effects model (HK) 232 236 =t -0.25 [-0.55; 0.05] 100.0%
Heterogeneity: I° = 52.4%, ° = 0.0843, p = 0.0322 Fo r

1 05 0 05 1

Figure 2 Forest plot illustrating null effect of tDCS vs. sham stimulation over the prefrontal cortex on reactive aggressive
behavior with significant heterogeneity in the model. HK = Hartung-Knapp; SE = standard error; SMD = standardized mean

difference; tDCS = transcranial direct current stimulation.
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Figure 3 Forest plot illustrating the significant effect of online tDCS vs. sham stimulation over the prefrontal cortex. HK =
Hartung-Knapp; SE = standard error; SMD = standardized mean difference; tDCS = transcranial direct current stimulation.

(Figure 5), and tDCS vs. sham stimulation over the right
ventrolateral PFC (VLPFC) (SMD = -0.55 95%CI [-1.02 to
-0.08]; /> = 0%) (Supplementary Figure S1).

Subgroup analysis in relation to the outcome measure-
ment tool showed a significant difference (Q = 74.65;
degrees of freedom = 4 p-value < 0.0001), with null
heterogeneity in all subgroups (Supplementary Figure
S2). There were no significant differences in the effects of
offine tDCS vs. sham stimulation, tDCS vs. sham
stimulation over the left hemisphere, or tDCS vs. sham
stimulation over the other PFC subregions (Figures 2-5
and S1).

Sensitivity analysis and meta-regression

The meta-regression showed no significant interaction
between tDCS and dose (degrees of freedom = 0.77,
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p-value = 0.40) or duration (degrees of freedom = 2.9134,
p-value 0.13). The meta-regression analyses are
presented in Supplementary Figures S3 and S4. Sensi-
tivity leave-one-out analysis showed a significant effect
after three studies were omitted (Supplementary Figure
S5). Significant results were found after outlier studies
were excluded (SMD -0.48; 95%CI [-0.67 to -0.30]; p-
value = 0.03) (Supplementary Figure S6 and S7). Further
sensitivity analysis using the DerSimonian-Laird method
did not result in statistically significant results (SMD -0.25;
95%ClI [-0.51 to 0.02]; Z = -1.81 p-value = 0.0701;
Supplementary Figure S8).

Quality assessment

No studies were classified as high risk of bias. One study
was classified as low risk of bias, while the others were



TDCS and reactive aggressive behavior

Standardized Mean

Study SMD SE(SMD) n(tDCS) n(Sham)
Side = unilateral

Chenetal 2018 -0.7300 0.3700 16 16
Riva etal. 2015 06200 0.3200 20 20
Riva etal 2017 -0.3600 0.3100 20 20
Kelley et al. 2013.1 04600 0.2600 28 33
Kelley et al. 2013. 2 -0.2700  0.2600 29 33
Plewnia et al. 2015 06600 0.3200 14 14
Dambacher etal. 2015 -0.1100  0.3500 16 16
Random effects model (HK) 143 152
Heterogeneity: #= 0%, £ = 0,p=0.8345
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Choy etal. 2018 0.2600 0.2200 39 42
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Random effects model (HK) 89 84
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Figure 4 Forest plot illustrating the significant effect of unilateral and bilateral tDCS vs. sham stimulation over the prefrontal
cortex. HK = Hartung-Knapp; SE = standard error; SMD = standardized mean difference; tDCS = transcranial direct current

stimulation.
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Figure 5 Forest plot illustrating the significant effect of tDCS vs. sham stimulation over the right hemisphere. HK = Hartung-
Knapp; SE = standard error; SMD = standardized mean difference; tDCS = transcranial direct current stimulation.

classified as moderate risk of bias since most did not
report preregistration (Supplementary Table S3). We
observed funnel plot asymmetry, suggesting a risk of
publication bias (Supplementary Figure S9).

Discussion

In this meta-analysis of nine randomized controlled trials
including 547 healthy volunteers induced to aggressive

behavior, anodal tDCS was compared to sham stimula-
tion. The main findings from the overall analysis,
subgroup analysis, metaregression, and sensitivity ana-
lysis are as follows: 1) anodal tDCS applied over the PFC
did not significantly affect reactive aggressive behavior,
and there was significant heterogeneity in the model;
2) subgroup analysis showed that online anodal tDCS,
unilateral anodal tDCS, tDCS over the right hemisphere,
and tDCS over the right VLPFC significantly reduced

Braz J Psychiatry. 2026;48:€20254514
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reactive aggressive behavior; 3) bilateral anodal tDCS
significantly increased reactive aggressive scores; 4) the
meta-regression showed a non-significant interaction
effect for tDCS dose and duration; 5) leave-one-out
analysis showed a significant effect after three studies
were omitted from the analysis.

Over the last decade, three meta-analyses of rando-
mized controlled trials have evaluated tDCS over the PFC
on aggressive behavior and none have found significant
effects.’”2"22 Our meta-analysis is consistent with the
results of previous meta-analyses, including additional
suggestions on the factors that could have influenced its
results. Our findings suggest that the null effect of tDCS
on aggressive behavior may have been influenced by the
model’s significant statistical heterogeneity. According to
guidelines, the methodological diversity of the studies
included in a meta-analysis may significantly impact the
intervention’s effects.'® Additionally, the lack of effect in
most subregions may also have contributed to the null
effect in the overall analysis. Our meta-analysis differed
methodologically from previous ones by using the
Hartung-Knapp adjustment method (for more conserva-
tive estimates) and by excluding clinical populations. This
may have contributed to the significant differences in the
subgroup analysis, which were not found in previous
studies.

Our results showed that anodal tDCS applied specifi-
cally to the right VLPFC significantly reduced reactive
aggression scores. This may be due to this subregion’s
strong anatomical and functional output connections to
the amygdala, a component of the limbic system highly
involved in aggressive response.?® This significant effect
has been previously demonstrated.?* Only two studies
reported the proportion of participants who felt pain during
tDCS. The percentage of participants who felt pain during
stimulation was 67.3% in the first trial and 46.9% in the
second.?"?®

In a randomized controlled trial, anodal tDCS over the
VLPFC was compared to sham stimulation following
exposure to frustration in healthy volunteers. Anodal
tDCS over the left VLPFC significantly increased aggres-
sion scores, but no significant effects were detected for
the right VLPFC, which aligns with our findings. Although
no significant effects were found regarding the right
hemisphere, this could reflect the influence of the tools
used to measure aggressive behavior, due to contrasting
effects on the left hemisphere. That trial used a tool
involving a motivation approach rather than affective
valence.?® Research shows that applying anodal tDCS
over the left VLPFC and using tools focused on motivation
tends to increase aggression scores; a contrary effect has
been observed in studies on affective valence.?” Thus,
differences in the tools used to measure aggressive
scores may explain why combining data from different
studies results in non-significant effects.

Additionally, studies targeting the right hemisphere
have found similar results,?*?® whereas studies targeting
the left hemisphere have found contrasting results.?*°
Bihemispheric stimulation of homologous subregions of
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the PFC have also found contrasting results.?>®*' These
divergent results may be due to differences in population
and neuromodulatory technique. Our results also suggest
that unlike offline stimulation, online stimulation may have
an impact, which also aligns with the results of previous
studies.?*®2 In online stimulation, the electrical current
and the measurement tool are applied simultaneously,
which could result in stronger suppression of reactive
aggressive behavior than offline stimulation, in which the
measurement tool is applied after the current.

Our findings address important issues in this field.
Future studies should standardize the tasks used to
induce participants to aggressive behavior, as well as the
tools used to measure aggression. Researchers should
also focus on the role of the right VLPFC in reactive
aggressive behavior to confirm our results from a small
number of studies. To confirm our findings, future studies
should also investigate the effects of online tDCS,
unilateral tDCS, and tDCS over the right hemisphere on
reactive aggressive behavior in patients with mental
disorders, such as attention deficit hyperactivity disorder,
anxiety, and depression.

Our meta-analysis has several important limitations.
First, our analysis focused on healthy volunteers to isolate
the neurobehavioral effects of anodal tDCS on reactive
aggression, without confounding from comorbidities or
medications. While this limits direct generalizability to
clinical populations, it offers essential foundational evi-
dence and safety data to guide future studies involving
populations in which reactive aggression is more pre-
valent. Second, the samples of most included studies
were small, which could have reduced the statistical
power of the results. Third, the overall model showed high
heterogeneity, likely due to methodological differences
among the studies. Fourth, few studies have investigated
the effects of tDCS over the right VLPFC, which weakens
our results in this model. Fifth, the lack of a significant
effect for offline tDCS may have been influenced by
studies that applied bilateral stimulation. Sixth, most of
the studies did not report preregistration, which raises
concerns about selective reporting and publication bias.
Seventh, although only two studies reported the propor-
tion of participants who experienced sensory effects, such
as pain, during stimulation, this is consistent with the
literature, as clinically significant pain is uncommon in
single-session tDCS studies with healthy volunteers. Mild
transient sensations (e.g., tingling or itching) are the most
frequently reported effects, and there is little evidence that
such sensations meaningfully alter aggressive behavior
outcomes in this population.®®* Consequently, while we
could not perform a pooled analysis for this outcome, the
likelihood that pain materially influenced the effect sizes of
individual studies and thus, the results of this meta-
analysis, appears low. Finally, all of the included studies
examined the effects of single-session tDCS, limiting
generalizations to multi-session treatments, which may be
more effective for this psychiatric problem.

In conclusion, in healthy volunteers induced to aggres-
sive behavior, anodal tDCS applied over the PFC did



have a significant effect on overall reactive aggressive
behavior. Subgroup analysis showed positive significant
effects for online anodal tDCS, unilateral anodal tDCS,
and anodal tDCS over the right VLPFC.

Future trials in clinical populations should prioritize

online, unilateral anodal tDCS to the right VLPFC that is
administered concurrently with validated provocation
tasks, given our subgroup results for online stimulation,
unilateral montages, and right-hemisphere/right VLPFC
targeting. These studies should adopt rigorous sham-
controlled, preregistered designs with standardized
adverse-event monitoring and blinding checks to enhance
internal validity and translational relevance.

Disclosure

The authors report no conflict of interest.

Data availability statement

The data that support this study are available in the body
of the paper and/or supplementary materials.

Author contributions

PTS: Conceptualization, Investigation, Methodology, For-
mal analysis.

ADB: Data curation, Resources.

WSM: Data curation, Software.

PAVM: Formal analysis, Software.

LY: Writing — review & editing.

AJMO: Validation.

RLOA: Methodology, Supervision, Writing — original draft.
All authors have read and approved of the final version to
be published.

Handling Editor: Gustavo Medeiros

References

1

Gorman DM, Speer PW, Labouvie EW, Subaiya AP. Risk of
assaultive violence and alcohol availability in New Jersey. Am J
Public Health. 1998;88:97-100.

Anderson CA, Bushman BJ. Human aggression. Annu Rev Psychol.
2002;53:27-51.

Raine A, Dodge K, Loeber R, Gatzke-Kopp L, Lynam D, Reynolds C,
et al. The reactive-proactive aggression questionnaire: differential
correlates of reactive and proactive aggression in adolescent boys.
Aggress Behav. 2006;32:159-71.

Stanford MS, Houston RJ, Mathias CW, Villemarette-Pittman NR,
Helfritz LE, Conklin SM. Characterizing aggressive behavior. Assess-
ment. 2003;10:183-90.

Bubenzer-Busch S, Herpertz-Dahimann B, Kuzmanovic B, Gaber TJ,
Helmbold K, Ullisch MG, et al. Neural correlates of reactive aggres-
sion in children with attention-deficit/hyperactivity disorder and
comorbid disruptive behaviour disorders. Acta Psychiatr Scand.
2016;133:310-283.

Bilgic A, Tufan AE, Yilmaz S, Ozcan O, Ozmen S, Oztop D, et al.
Association of reactive-proactive aggression and anxiety sensitivity
with internalizing and externalizing symptoms in children with atten-
tion-deficit/hyperactivity disorder. Child Psychiatry Hum Dev. 2017;
48:283-97.

10

11

12

13

14

16

17

18

19

21

22

23

24

25

26

27

28

29

TDCS and reactive aggressive behavior

Yang Z, Luo Y, Chen F, Luo R, Qi M, Li Z, et al. Longitudinal asso-
ciations between reactive and proactive aggression and depression
in early adolescence: between- and within-person effects. J Youth
Adolesc. 2024;53:1186-96.

Heatherton TF, Wagner DD. Cognitive neuroscience of self-regula-
tion failure. Trends Cogn Sci. 2011;15:132-9.

Yang Y, Raine A. Prefrontal structural and functional brain imaging
findings in antisocial, violent, and psychopathic individuals: a meta-
analysis. Psychiatry Res. 2009;174:81-8.

Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin J,
Cogiamanian F, et al. Evidence-based guidelines on the therapeutic
use of transcranial direct current stimulation (tDCS). Clin Neurophy-
siol. 2017;128:56-92.

Nitsche MA, Paulus W. Excitability changes induced in the human
motor cortex by weak transcranial direct current stimulation. J Phy-
siol. 2000;527 Pt 3:633-9.

Cosmo C, Baptista AF, de Araujo AN, do Rosario RS, Miranda JG,
Montoya P, et al. A randomized, double-blind, sham-controlled trial of
transcranial direct current stimulation in attention-deficit/hyperactivity
disorder. PLoS One. 2015;10:e0135371.

Jacoby N, Lavidor M. Null tDCS effects in a sustained attention task:
the modulating role of learning. Front Psychol. 2018;9:476.

Loo CK, Husain MM, McDonald WM, Aaronson S, O’Reardon JP,
Alonzo A, et al. International consortium of research in tDCS (ICRT).
International randomized-controlled trial of transcranial Direct Current
Stimulation in depression. Brain Stimul. 2018;11:125-33.

Teo F, Hoy KE, Daskalakis ZJ, Fitzgerald PB. Investigating the role of
current strength in tDCS modulation of working memory performance
in healthy controls. Front Psychiatry. 2011;2:45.

Westwood SJ, Romani C. Null effects on working memory and verbal
fluency tasks when applying anodal tDCS to the inferior frontal gyrus
of healthy participants. Front Neurosci. 2018;12:166.

Bell SB, DeWall N. Does transcranial direct current stimulation to the
prefrontal cortex affect social behavior? A meta-analysis. Soc Cogn
Affect Neurosci. 2018;13:899-906.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
et al, editors. Cochrane handbook for systematic reviews of inter-
ventions [Internet]. Version 6.5. London: Cochrane; 2024 [cited 2025
Oct 26]. https://www.cochrane.org/handbook

Cohen J. Statistical power analysis for the behavioral sciences.
Hillsdale: Lawrence Erlbaum Associates; 1988.

Jackson D, Law M, Ricker G, Schwarzer G. The Hartung-Knapp
modification for random-effects meta-analysis: A useful refinement
but are there any residual concerns? Stat Med. 2017;36:3923-34.
Ling. Effects of prefrontal cortical stimulation on aggressive and
antisocial behavior: a double-blind, stratified, randomized, sham-
controlled, parallel-group trial. 2020.

Denson TF, Choy O, Summerell E, Wong |. A meta-analysis of the
effects of transcranial direct current stimulation on anger and
aggression. Aggress Behav. 2025;51:e70036.

Ray RD, Zald DH. Anatomical insights into the interaction of emotion
and cognition in the prefrontal cortex. Neurosci Biobehav Rev.
2012;36:479-501.

Riva P, Romero Lauro LJ, DeWall CN, Chester DS, Bushman BJ.
Reducing aggressive responses to social exclusion using transcranial
direct current stimulation. Soc Cogn Affect Neurosci. 2015;10:352-6.
Choy O, Raine A, Hamilton RH. Stimulation of the prefrontal cortex
reduces intentions to commit aggression: a randomized, double-
blind, placebo-controlled, stratified, parallel-group trial. J Neurosci.
2018;38:6505-12.

Gallucci A, Riva P, Romero Lauro LJ, Bushman BJ. Stimulating the
ventrolateral prefrontal cortex (VLPFC) modulates frustration-induced
aggression: A tDCS experiment. Brain Stimul. 2020;13:302-309.
Harmon-Jones E, Gable PA, Peterson CK. The role of asymmetric
frontal cortical activity in emotion-related phenomena: a review and
update. Biol Psychol. 2010;84:451-62.

Chen CY. Right ventrolateral prefrontal cortex involvement in
proactive and reactive aggression: a transcranial direct current sti-
mulation study. Neuroreport. 2018;29:1509-15.

Gallucci A, Riva P, Romero Lauro LJ, Bushman BJ. Stimulating the
ventrolateral prefrontal cortex (VLPFC) modulates frustration-induced
aggression: a tDCS experiment. Brain Stimul. 2020;13:302-9.

Braz J Psychiatry. 2026;48:¢20254514


https://www.cochrane.org/handbook

8 PT Sikembi et al.

30 Wu CS, Huang YJ, Ko YC, Lee CH. Efficacy and safety of duloxetine 32 Riva P, Gabbiadini A, Romero Lauro LJ, Andrighetto L, Volpato C,

in painful diabetic peripheral neuropathy: a systematic review and Bushman BJ. Neuromodulation can reduce aggressive behavior eli-

meta-analysis of randomized controlled trials. Syst Rev. 2023;12:53. cited by violent video games. Cogn Affect Behav Neurosci. 2017;17:
31 Molero-Chamizo A, Martin Riquel R, Moriana JA, Nitsche MA, 452-9.

Rivera-Urbina GN. Bilateral prefrontal cortex anodal tDCS effects 33 Bikson M, Grossman P, Thomas C, Zannou AL, Jiang J, Adnan T,

on self-reported aggressiveness in imprisoned violent offenders. et al. Safety of transcranial direct current stimulation: evidence based

Neuroscience. 2019;397:31-40. update 2016. Brain Stimul. 2016;9:641-61.

Braz J Psychiatry. 2026;48:e20254514



	title_link
	Introduction
	Methods
	Study eligibility
	Search strategy and data extraction
	Quality assessment
	Data analysis

	Results
	Pooled analysis of all studies
	Subgroup analysis

	Figure�1Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram illustrating study screening and selection
	Sensitivity analysis and meta-regression
	Quality assessment

	Figure�2Forest plot illustrating null effect of tDCS vs. sham stimulation over the prefrontal cortex on reactive aggressive behavior with significant heterogeneity in the model. HK = Hartung-Knapp; SE = standard error; SMD = standardized mean difference; 
	Figure�3Forest plot illustrating the significant effect of online tDCS vs. sham stimulation over the prefrontal cortex. HK = Hartung-Knapp; SE = standard error; SMD = standardized mean difference; tDCS = transcranial direct current stimulation
	Discussion
	Figure�4Forest plot illustrating the significant effect of unilateral and bilateral tDCS vs. sham stimulation over the prefrontal cortex. HK = Hartung-Knapp; SE = standard error; SMD = standardized mean difference; tDCS = transcranial direct current stimu
	Figure�5Forest plot illustrating the significant effect of tDCS vs. sham stimulation over the right hemisphere. HK = Hartung-Knapp; SE = standard error; SMD = standardized mean difference; tDCS = transcranial direct current stimulation
	Disclosure
	Data availability statement
	Author contributions

	REFERENCES

