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Abstract

Background Numerous interventions for irritability in autism spectrum disorder (ASD) have been investigated. We
aimed to appraise the magnitude of pharmacological and non-pharmacological interventions for irritability in ASD
without any restrictions in terms of eligible interventions.

Methods We systematically searched PubMed/MEDLINE, Scopus, and Web of Science until April 15, 2023. We
included randomized controlled trials (RCTs) with a parallel design that examined the efficacy of interventions

for the treatment of irritability in patients of any age with ASD without any restrictions in terms of eligible interven-
tions. We performed a random-effects meta-analysis by pooling effect sizes as Hedges'g. We classified assessed
interventions as follows: pharmacological monotherapy, risperidone plus adjuvant therapy versus risperidone
monotherapy, non-pharmacological intervention, and dietary intervention. We utilized the Cochrane tool to evalu-
ate the risk of bias in each study and the GRADE approach to assess the certainty of evidence for each meta-analyzed
intervention.

Results Out of 5640 references, we identified 60 eligible articles with 45 different kinds of interventions, includ-

ing 3531 participants, of which 80.9% were males (mean age [SD]=8.79 [3.85]). For pharmacological monotherapy, ris-
peridone (Hedges'g —0.857,95% Cl —1.263 to —0.451, certainty of evidence: high) and aripiprazole (Hedges'g —0.559,
95% Cl —0.767 to —0.351, certainty of evidence: high) outperformed placebo. Among the non-pharmacological
interventions, parent training (Hedges'g —0.893, 95% Cl — 1.184 to —0.602, certainty of evidence: moderate) showed

a significant result. None of the meta-analyzed interventions yielded significant effects among risperidone + adjuvant
therapy and dietary supplementation. However, several novel molecules in augmentation to risperidone outper-
formed risperidone monotherapy, yet from one RCT each.
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and participants.

Trial registration PROSPERO, CRD42021243965.

Limitations First, various tools have been utilized to measure the irritability in ASD, which may contribute to the het-
erogeneity of the outcomes. Second, meta-analyses for each intervention included only a small number of studies

Conclusions Only risperidone, aripiprazole among pharmacological interventions, and parent training among non-
pharmacological interventions can be recommended for irritability in ASD. As an augmentation to risperidone, several
novel treatments show promising effects, but further RCTs are needed to replicate findings.

Keywords Autism spectrum disorder, Systematic review, Meta-analysis, Irritability, Randomized controlled trial

Background

Autism spectrum disorder (ASD) is a heritable and
heterogeneous neurodevelopmental disorder defined
by two core symptoms of impairments in social com-
munication and restricted/repetitive behavioral pat-
terns [1]. According to the Centers for Disease Control,
approximately 1 in 36 children are diagnosed with ASD
in the USA [2]. Patients with ASD commonly express
not only the aforementioned core symptoms but also
symptoms of irritability [3], and multimodal stud-
ies have been conducted to understand the nature of
irritability in this population. They have revealed that
aberrant responses to frustrative non-reward and aber-
rant approach responses to threat might be associated
with irritable behavior. Brain regions related to these
potential mechanisms have also been identified [4, 5].
Furthermore, environmental factors such as a volatile
upbringing have been suggested to be associated with
an aggressive personality, leading to irritable behavior
[4].

Since irritability in ASD imposes a heavy burden on
both patients themselves and their caregivers, it is a sig-
nificant issue and primary treatment target. The Food
and Drug Administration (FDA) has approved risperi-
done and aripiprazole for the treatment of irritability in
ASD. Due to their potential risk of metabolic and neu-
rological adverse events, however, other low-risk medi-
cations have been investigated [6]. Also, augmentation
strategies to risperidone have been tested against risperi-
done monotherapy. Non-pharmacological interventions,
such as parent training, have also been examined because
they have advantages in terms of tolerability and safety
compared to pharmacological interventions. However,
the results have been inconsistent, and the magnitude
of their effects was unclear. Herein, a systematic review
with meta-analyses was recently performed on the phar-
macological interventions for irritability and emotional
dysregulation in this population [7]. Although providing
well-summarized evidence including reports on risk of
bias, they did not evaluate the level of certainty associ-
ated with the evidence. Moreover, non-pharmacological
interventions were also not addressed, which were also

widely recognized as an important approach to managing
these symptoms.

Given the aforementioned, we conducted a systematic
review and meta-analysis of randomized controlled tri-
als (RCTs) to appraise the magnitude of interventions for
irritability in patients with ASD. We did not apply any
restrictions in terms of eligible interventions to clearly
compare the efficacies among the identified interven-
tions, using the standardized metrics for the effect. Addi-
tionally, we employed the Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE)
method to evaluate the level of certainty in the evidence
pertaining to the identified interventions. This approach
facilitated a thorough assessment, particularly for those
not approved by the FDA.

Methods

Study protocol and pre-registration

This study was performed according to Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
guidelines (Additional file 1: Table S1, 2) [8]. The proto-
col was registered with PROSPERO (CRD42021243965)
with amendments during the study and peer-review pro-
cesses (Additional file 1: Table S3). The process of screen-
ing, data extraction, and methodological evaluation of
included articles was independently done by two authors
(JHK and HSY), and any discrepancy was solved by dis-
cussion between the other authors (HC).

Search strategy and selection criteria

We systematically searched PubMed/MEDLINE, Web of
Science, and Scopus until April 15, 2023, without any lan-
guage restrictions. Full search terms are listed in Addi-
tional file 1: Table S4. We screened titles, abstracts, and
full texts and manually searched references of relevant
studies to identify eligible articles (Fig. 1). We note that
no tools for systematic review were employed throughout
the screening process.

We included RCTs with a parallel design that exam-
ined the efficacy of interventions for the treatment of
irritability in patients of any age with ASD without any
restrictions in terms of eligible interventions. The ASD
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Fig. 1 Study selection flow

diagnosis was operationalized according to any version
of the International Classification of Diseases, the Diag-
nostic and Statistical Manual of Mental Disorders, the
Autism Diagnostic Interview, or the Autism Diagnostic
Observation Schedule [1, 9-11]. We further included
less rigorous diagnostic methods (such as a previous
diagnosis by a professional) for ASD to widely iden-
tify interventions for irritability in this population. We
included studies that reported irritability behavior scale
as an outcome using validated methods such as Aberrant
Behavior ChecKklist-Irritability (ABC-I), Developmental
Behavior Checklist-Irritable (DBC-irritable), and Eyberg
Child Behavior Inventory-Intensity (ECBI-intensity).
Irritability was defined as excessive reactivity to negative
emotional stimuli and described as having an affective
component, anger, and a behavioral component, aggres-
sion [12].

We excluded studies that met the following exclusion
criteria: trials other than parallel design (e.g., cross-over
and discontinuation study), trials that did not include an
adequate control group (e.g., placebo or inactive control),
trials that did not enroll ASD patients for the target pop-
ulation, non-randomized controlled studies, trials that
did not report irritability as an outcome, and trials that
did not provide enough data needed for analysis. When
multiple trials used the same sample, we prioritized

the original trial since secondary trials mentioned the
original one. The list of the excluded articles in full-text
screening is presented in Additional file 1: Table S6, 7.

Data extraction

From the eligible studies, we extracted the following data:
the name of the first author; publication year; the country
where the trial was done; details of the trial and patient
characteristics (design of the trial, sample size, follow-up
period, age range, mean age and standard deviation [SD],
percentage of males); diagnostic criteria for ASD; meas-
urement tool used to assess irritability; details of inter-
vention in both treatment group and control group (type
of intervention and its dose and duration); and results of
the trial (effect size and corresponding 95% confidence
interval [CI] or mean and SD of outcome measure at the
baseline and end of treatment).

Risk of bias and GRADE assessment

We evaluated the risk of bias for each eligible study using
the updated Cochrane tool (RoB2) [13]. The following
five domains were assessed: bias arising from the rand-
omization process, bias due to deviations from intended
interventions, bias due to missing outcome data, bias in
the measurement of the outcome, and bias in the selec-
tion of the reported result. Each domain was judged as
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“low’, “some concerns’, or “high” risk of bias, and the
overall risk of bias was determined according to these
results.

We evaluated the certainty of the evidence using the
GRADE approach for each meta-analysis [14]. The cer-
tainty of the evidence can be categorized as either ‘high,
‘moderate; ‘low; or ‘very low! Given that all individual
studies we analyzed were RCTs, the initial assessment was
designated as ‘high, which could then be downgraded to
‘moderate’ (1 step), low’ (2 steps), or ‘very low’ (3 steps)
based on various factors that reduce the certainty of the
evidence, such as a high risk of bias. However, the down-
grading of certainty can be counterbalanced by other fac-
tors that may increase the certainty, such as large effect
size and dose—effect response gradient.

Statistical analysis

We converted the reported effect sizes of interventions
to standardized mean differences (Hedges’ g) and cor-
responding 95% ClIs, which were then meta-analyzed.
Considering the heterogeneous feature of ASD from a
clinical aspect and the methodological diversities among
included trials, meta-analysis was done under the ran-
dom-effect models. The effect size of the intervention
that was reported by a single trial, so meta-analysis was
not available, was also converted into Hedges’ g with a
corresponding 95% CI to enable the comparison of effi-
cacy among the identified interventions. The magnitude
of Hedges’ g can be interpreted as small (0.2-0.5), mod-
erate (0.5-0.8), or large (>0.8) according to Cohen’s con-
vention [15].

When converting the raw effect sizes into Hedges’ g,
the differences between intervention and control groups
in changes in irritability scores were used. “Changes in
irritability score” indicated the change of the score from
the baseline to the end of treatment. For ease of interpre-
tation, we transformed the estimates into negative values
(negative effect size representing a reduction in irrita-
bility symptoms) since the purpose of the interventions
is to reduce irritability in patients with ASD. When the
effect size and 95% CI could not be calculated with given
data (i.e., correlation coefficient [r] between baseline and
end of treatment was not presented or could not be cal-
culated), we used an imputed default value of 0.5 since
it is the most conservative approach [16]. We employed
the Knapp—Hartung adjustment in calculating a 95% CI
for each combined estimate to minimize the risk of false
positive results [17, 18]. To assess between-study hetero-
geneity, we performed Cochran’s Q test and calculated
P statistics. The Q statistic represents the magnitude of
statistical heterogeneity, and the I statistic represents the
proportion of variance in the pooled effect size attribut-
able to the heterogeneity [19]. We applied the restricted
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maximum likelihood estimator to evaluate the variance
of heterogeneity, denoted as > (tau square) [20]. We uti-
lized Egger’s test and visual inspection of funnel plots to
evaluate the publication bias [21].

We performed meta-regression analyses and subgroup
analyses to assess potential moderating factors. Meta-
regressions were done for publication year, sample size,
mean age of the intervention group, and male percent-
age of the intervention group. Subgroup analyses were
done for the overall risk of bias (measured by RoB2) and
measurement tool for irritability. We conducted meta-
regressions when at least four estimates were available.
All statistical tests were two-sided and statistical signifi-
cance was claimed at P<0.05, and all statistical analyses
were performed by R version 4.3.0 and its packages.

Results

Study selection and study characteristics

From the systematic search, we identified 5640 candi-
date articles after removing duplicates, of which 57 were
eligible after the screening process. We also found three
eligible articles by citation screening (Fig. 1). Finally, 60
articles were included, with a total of 3531 participants
(median 47 participants per trial, interquartile range
38-66, range 12-218), containing 45 different kinds of
interventions. The age of included trials ranges from 2
to 43 (mean age [SD]=8.79 [3.85]) and the overall male
percentage was 80.9%. We classified the assessed inter-
ventions as follows: (1) pharmacological monotherapy
versus placebo, (2) risperidone + adjuvant therapy versus
risperidone, (3) non-pharmacological intervention versus
placebo, and (4) dietary supplementation versus placebo
(Table 1). The detailed characteristics of included stud-
ies and their references are displayed in Additional file 1:
Table S5.

Pharmacological monotherapy versus placebo
Meta-analyses of pharmacological monotherapy were
available for risperidone, aripiprazole, lurasidone, anti-
epileptic drugs, and valproate. Among these, risperidone
(the number of estimates [k] =6, Hedges’ g —0.857, 95%
CI —1.263 to —0.451, certainty of evidence: high) and
aripiprazole (k=5, Hedges’ g —0.559, 95% CI —0.767 to
—0.351, certainty of evidence: high) showed statistically
significant effects on improvement in irritability score
than placebo. However, statistical significance was not
achieved for lurasidone (k=2, Hedges’ g —1.076, 95% CI
—3.884 to 1.732, certainty of evidence: moderate), anti-
epileptic drugs (k=3, Hedges’ g —0.196, 95% CI —1.219
to 0.828, certainty of evidence: low), and valproate (k=2,
Hedges’ g —0.255, 95% CI —5.127 to 4.619, certainty of
evidence: low) (Table 1, Fig. 2).
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Intervention N.estimate N.participants
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Hedges' g (95% CI)

Pharmacologic monotherapy

Risperidone 6 391

Aripiprazole 5 498

Lurasidone 2 197

Anti-epileptic drug 3 72
Valproate 2 52

Risperidone + adjuvant therapy vs. risperidone

Risperidone + dietary supplementation 5 220
Risperidone + N-acetylcysteine 2 71

Non-pharmacologic intervention

Parent training 6 222
Stepping Stone Triple P 2 80

Dietary supplementation

N-acetylcysteine 158

Polyunsaturated fatty acid 146

Omega-3 fatty acid
Vitamin D3

(SIS

133
73

2 gl -0.857 (-1.263 to -0.451)

L) -0.559 (-0.767 to -0.351)
—0—- -1.076 (-3.884 to 1.732)
—0— -0.196 (-1.219t0 0.828)

-0.255 (-5.127t0 4.619)

O+ -0.490 (-1.045 t0 0.066)

1 -0.677 (-5.414 t0 4.060)

H -0.893 (-1.184 t0 -0.602)

o -0.982 (-1.448 t0 -0.517)
—-O0— -0.151 (-1.701 to 1.399)

o -0.235(-0.851 t0 0.382)

—o— -0.264 (-1.127 t0 0.599)
-0.298 (-7.279 t0 6.683)
D — —
2 0 2

Fig. 2 Summary of pooled estimates of meta-analyzed interventions for irritability in autism spectrum disorder. C/confidence interval,
N.estimate number of estimates, N.participants number of participants. 'Black rhombus indicated statistical significance and white circles indicated

nonsignificance

Risperidone + adjuvant therapy versus risperidone

Among the 60 eligible trials, 22 reported risperi-
done+adjuvant therapy versus risperidone. Dietary
supplementation as adjuvant therapy was examined
in five trials, while other candidate adjuvant therapies
were investigated by a single trial. Meta-analysis on ris-
peridone +dietary supplementation (N-acetylcysteine,
sulforaphane, L-carnosine, and Ginkgo biloba) com-
pared to risperidone did not reach statistical signifi-
cance (k=5, Hedges’ g —0.490, 95% CI —1.045 to 0.066,
certainty of evidence: very low). The pooled estimate
on risperidone+ N-acetylcysteine vs. risperidone dis-
played a similar result (k=2, Hedges’ g —0.677, 95% CI
—5.414 to 4.060, certainty of evidence: very low). Several
risperidone augmentation treatments were found to be
superior to risperidone monotherapy in one single RCT
each, including sulforaphane, topiramate, pentoxifylline,
memantine, celecoxib, minocycline, simvastatin, palmi-
toylethanolamide, galantamine, pioglitazone, and aman-
tadine, with effect sizes from moderate to large (Table 1,
Fig. 2).

Non-pharmacological intervention versus placebo

Regarding non-pharmacological interventions, meta-
analysis was available for parent training and Stepping
Stone Triple P. Identified forms of parenting training
encompass Stepping Stone Triple P, Child-Directed
Interaction Training, Parent Management Training
(individual and workshop), and Parent training which
adopted Research Units on Pediatric Psychopharmacol-
ogy (RUPP) Parent Training Manual. These interventions
could be classified as parent training for maladaptive
behaviors, as outlined in Bearrs’ taxonomy for parent

training for ASD [22]. Our meta-analysis showed that
parent training had a better effect on reducing irritabil-
ity scores than placebo (k=6, Hedges’ g —0.893, 95% CI
—1.184 to —0.602, certainty of evidence: moderate). Step-
ping Stone Triple P also displayed a significant result, as
shown by Hedges’ g of —0.982 (95% CI —1.448 to —0.517,
k=2, certainty of evidence: moderate) (Table 1, Fig. 2).

Dietary supplementation versus placebo

Regarding dietary supplementations, meta-analyses were
available for N-acetylcysteine, polyunsaturated fatty
acid, omega-3 fatty acid, and vitamin D3, none of which
showed a better effect with statistical significance on
reducing irritability scores than placebo. The certainty
of evidence of these interventions ranges from ‘very low’
to ‘low’ However, sulforaphane, which was reported by a
single trial including 40 participants, reported a signifi-
cant result (Hedges’ g —3.580, 95% CI —4.599 to —2.561)
(Table 1).

Moderator analysis: meta-regression and subgroup
analysis

We conducted meta-regression to assess potential mod-
erators (publication year, sample size, the mean age of the
intervention group, and male percentage of the interven-
tion group) for each meta-analysis including more than
three trials (Additional file 1: Table S8). None of them
was found to have a significant moderating effect on the
pooled effect size. Although the statistical significance
was not obtained in our analysis (P=0.0877), our results
possibly suggested that parent training may be positively
moderated by the mean age of the intervention group
(meta-regression coefficient 0.1793, 95% CI —0.0656 to
0.4243).
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We performed subgroup analyses by the result of
RoB2 (overall risk of bias) and measurement tools used
to assess irritability (Additional file 1: Table S9). Nota-
bly, RoB2 was shown to be a moderating factor for poly-
unsaturated fatty acid (P=0.0026), omega-3 fatty acid
(P=0.0024), and vitamin D3 (P=0.0224). Specifically, the
effect sizes of these interventions tended to be larger in
trials with a higher risk of bias than in those with a lower
risk of bias, which suggested that the effect of these inter-
ventions may be overestimated in trials with a higher risk
of bias.

Risk of bias assessment

Out of 60 eligible articles, 37 (61.7%) showed a low over-
all risk of bias, 15 (25%) displayed some concerns about
the overall risk of bias, and 8 (13.3%) were deemed to
have a high overall risk of bias. The elevated overall risk
of bias in 23 (38.5%) studies can be mainly attributed to
biases arising from deviations from intended interven-
tions, missing outcome data, and measurement of the
outcome (Fig. 3). Among the eight studies that exhib-
ited a high overall risk of bias, seven of which had devia-
tions from intended interventions and one of which had
a problem with missing outcome data (Fig. 4). Results of
the risk of bias assessment and the reasons for judgment
for each included study were presented in Additional
file 1: Table S10.

Discussion

The present study is a systematic review and meta-
analysis that investigated pharmacological and non-
pharmacological interventions for irritability in ASD
without any restrictions in terms of eligible interven-
tions. We also evaluated the certainty of evidence
for meta-analyzed interventions to determine the
robustness of the treatment effects observed across
the included studies. Our study found 60 RCTs with
a total of 3531 participants, containing 45 different
kinds of interventions. Our meta-analysis found that

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias
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risperidone, aripiprazole, and parent training were
effective for the reduction of irritable symptoms in
ASD compared to placebo or inactive control. Risperi-
done and aripiprazole demonstrated a high certainty of
evidence according to the GRADE assessment, whereas
parent training exhibited a moderate certainty of evi-
dence. We also identified several promising molecules
for augmentation to risperidone, yet from one RCT
each.

For pharmacological interventions, only two showed
a statistically significant effect on reducing irritability
in ASD: risperidone had a large size effect (Hedges g
—0.857, 95% CI —1.263 to —0.450) and aripiprazole had
a moderate size (Hedges’ g —0.557, 95% CI —0.766 to
—0.348) compared to placebo, while other monotherapy
interventions such as lurasidone and anti-epileptic drugs
reported doubtful results. Notably, both risperidone and
aripiprazole displayed a high certainty of evidence. The
efficacy of risperidone and aripiprazole can be explained
by their biological mechanisms. The core brain circuitry
mechanism related to irritability is regulated and medi-
ated by neurotransmitters such as serotonin (5-HT),
dopamine, noradrenaline, and gamma-aminobutyric
acid. Therefore, medications capable of modulating these
neurotransmitters have been widely used to treat irri-
tability in various psychiatric disorders including ASD,
psychosis, and oppositional-defiant disorder [23, 24].
Risperidone, a serotonin-dopamine antagonist, is closely
related to this mechanism. Specifically, its antagonistic
mechanisms on both the 5HT,, receptor and dopamine
D2 receptor have been reported to reduce irritable symp-
toms [25, 26]. Aripiprazole has distinctive receptor pro-
files compared to risperidone. It has not only a 5HT,,
receptor antagonistic effect but also partial agonistic
effects on the D2 dopamine receptor and 5HT,, seroto-
nin receptor [27]. The effect of D2 receptor partial ago-
nism can prevent hyperprolactinemia, thus improving
compliance, especially in female patients [28]. Moreo-
ver, the 5HT, , receptor has been found to be a serotonin

0%

Fig. 3 Summary plot of quality assessment (RoB2)
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Fig. 4 Quality assessment results for each domain of RoB2. 'Green
plus=Low risk of bias, Yellow minus=Some concerns in risk of bias,
Red cross = High risk of bias. *D1=Bias arising from the randomization
process, D2 =bias due to deviations from intended interventions,

D3 =bias due to missing outcome data, D4 =bias in the measurement
of the outcome, D5 =bias in the selection of the reported result

receptor that is closely related to aggression, which may
contribute to reducing irritability [29].

Some trials investigated the effectiveness of risperi-
done +adjuvant therapy compared to risperidone mono-
therapy. Notably, numerous drugs have been examined
for adjuvant therapy, and trials on such non-psychotropic
adjuvant therapy seemed to be based on the evidence
that immune dysfunction in ASD was related to behav-
ior problems [30, 31]. However, meta-analysis was avail-
able only for risperidone + dietary supplementation and
did not report significant results, showing very low cer-
tainty of evidence. Although not meta-analyzed, on the
other hand, some candidate adjuvant medications with
only one trial (sulforaphane, topiramate, pentoxifylline,
memantine, celecoxib, minocycline, simvastatin, palmi-
toylethanolamide, and amantadine) showed significant
effects on reducing irritability in ASD with moderate to
very large effect sizes. Considering some adjuvant medi-
cations for risperidone showed a potential to significantly
reduce irritability score compared to risperidone mono-
therapy, further research on this topic should be war-
ranted to replicate findings.

Concerning non-pharmacological interventions, par-
ent training showed a promising effect in reducing irri-
tability in ASD (Hedges’ g —0.892, 95% CI —1.184 to
—0.601) compared to inactive control with moderate
certainty of evidence. Note that in this study, based on
previously suggested classification of parent training for
ASD [22], the term ‘parent training’ specifically refers to
parent training aimed at addressing maladaptive behav-
iors (parent implementation), which emphasize skill
development of parent and directly benefit the child. Our
results are quite meaningful when considering the safety
issues of pharmacotherapies [32]. Firstly, pharmacothera-
pies, including atypical antipsychotics, still have safety
and tolerability issues. Even though a recent meta-anal-
ysis pointed out that antipsychotics are generally toler-
able [33], numerous studies have reported adverse events
related to pharmacotherapies such as extrapyramidal
symptoms, somnolence, and weight gain, leading to poor
compliance. Secondly, atypical antipsychotics, which
were approved by the FDA for irritability, have an age
limitation for use: risperidone is approved for those aged
> 5, and aripiprazole is for those aged > 6. Therefore,
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non-pharmacological interventions such as parent train-
ing seem to be essential for children who have not yet
reached the permitted age. Moreover, while not reaching
statistical significance, our meta-regression analysis sug-
gested that younger age may be associated with better
outcomes of parent training (k=4, meta-regression coef-
ficient for the mean age of intervention group=0.1793,
P=0.0877), which indicates early initiation of parent
training may possibly be beneficial. We hypothesized that
the nonsignificant result in this instance may be attrib-
uted to the limited number of studies and participants
(four studies with a total of 222 participants), which
consequently reduced the statistical power to detect the
genuine effect. However, when considering early inter-
vention is highly recommended for patients with ASD,
the strategies that initiate early parent training before
reaching the permitted age and combining parent train-
ing and pharmacological treatment when pharmacother-
apies become available would be beneficial. Nevertheless,
the notable efficacy of parent training should be inter-
preted in the context of limited evidence, as 5 out of 6
(83.3%) meta-analyzed estimates were associated with
a high risk of bias, primarily due to a non-blind design
of trials (open), which calls for future trials with double-
blinded design.

While our study identified parent training, specifically
the implementation aspect that emphasizes skill develop-
ment of parent with the child as the primary beneficiary
[22], it is important to note the existence of another form
of parent training known as parent support (e.g., care coor-
dination and psychoeducation) for addressing problematic
behaviors [34—36]. However, parent support seemed to
have lower efficacy compared to parent implementation. A
previous RCT involving 180 children with ASD compared
the efficacy of parent training (i.e., parent implementation)
with parent education (i.e., parent support) and found that
the former was superior to the latter in reducing problem-
atic behaviors, including irritability [37].

For dietary supplementation, none of them exhibited a
significant effect on the reduction of irritability in ASD
except for sulforaphane. Sulforaphane was quite notice-
able considering its large effect size even though only one
trial was conducted. Notably, although not meta-ana-
lyzed, risperidone + sulforaphane also showed a better
effect than risperidone monotherapy. Regarding N-ace-
tylcysteine, whereas a previous meta-analysis reported
that N-acetylcysteine may be efficacious [38], our analy-
sis yielded nonsignificant results. Moreover, a pooled
estimate on risperidone + N-acetylcysteine compared to
risperidone monotherapy was also found to be nonsig-
nificant. However, rather than interpreting these results
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as they are not helpful to alleviate irritability in ASD, the
viewpoint that evidence is not yet enough to determine
their effect and further studies are needed seems to be
appropriate.

Due to the challenging nature of irritability in patients
with ASD, it is a significant concern for both patients
themselves and their caregivers. As a result, it has been
a primary target of interventions including pharmaco-
logical agents such as risperidone and aripiprazole. How-
ever, due to the potential for adverse events, numerous
studies have been done to extend the indication of exist-
ing medications for alleviating irritable symptoms in
patients with ASD. A comprehensive systematic review
with meta-analysis by Salazar de Pablo et al. investigated
various pharmacological interventions in this context
[7]. While re-affirming the efficacy of antipsychotics
and identifying the potential of ADHD medications, the
study did not cover the non-pharmacological interven-
tions. Interestingly, our study revealed that the parent
training demonstrated comparable efficacy to antipsy-
chotics (risperidone and aripiprazole), suggesting that
non-pharmacological interventions are as important as
pharmacological interventions in managing irritability in
patients with ASD. Notably, the strength of our study lies
in its broad range of examined interventions, enabling
the comparison of efficacy across different interventions
using effect sizes of Hedge’s g.

In addition, our study went beyond the previous meta-
analysis by utilizing the GRADE approach to evaluate
the certainty of evidence for each meta-analyzed inter-
vention. Since the GRADE approach addresses multiple
dimensions of evidence such as risk of bias, imprecision,
inconsistency, indirectness, and publication bias, it could
provide a more comprehensive and nuanced perspective
on the identified interventions compared to solely pro-
viding pooled effect size. For example, our study revealed
parent training exhibited a comparable effect size to
antipsychotics with moderate certainty of evidence.
Interventions in other categories (risperidone +adjuvant
therapy and dietary supplementation) yielded a certainty
of evidence ranging from ‘very low’ to ‘low. These find-
ings suggested that there is limited confidence in the
reported efficacy of these interventions, indicating the
need for further studies to establish robust evidence. By
utilizing the GRADE approach to assess the certainty
of evidence, our study enabled a more informed under-
standing of the efficacy of various interventions for irri-
tability in patients with ASD. This approach guides future
research and helps in making more evidence-based deci-
sions in clinical practice.



Choi et al. Molecular Autism (2024) 15:7

Limitations

The results of this study should be addressed in light of
some limitations. First, various measurement tools for
irritability were included such as ABC-I, DBC-irritable,
and ECBI-Intensity, which may give the impression that
outcomes may be influenced by the heterogeneity of
measurements. However, out of 13 meta-analyses, only
three included different measurements, and subgroup
analyses for measurement tools showed that this was
not a cause of between-study heterogeneity. Thus, the
diversity of measurement tools seems not to have influ-
enced the outcome considerably. Second, meta-analy-
ses for each intervention included only a small number
of studies and participants. However, this may be due
to difficulties in conducting clinical trials for ASD,
which is prevalent in children and adolescents. Indeed,
most of the included studies targeted those aged under
19 years. Third, out of three interventions that were
found to be effective for irritability in ASD, the results
of risperidone and parent training may be influenced by
the risk of bias. Indeed, three out of six trials of risperi-
done showed ‘some concerns’ or ‘high’ risk of bias, and
all trials of parent training showed ‘some concerns’ or
‘high’ risk of bias. However, our subgroup analyses for
risk of bias did not show major concerns. Fourth, the
evidence of parent training primarily relied on RCTs
without blinding. This is significant because open-label
trial introduces the potential for bias, undermining the
objectivity and credibility of the results, which sug-
gested that the examined efficacy of parent training in
this study may be overestimated.

Conclusions

In conclusion, this study aggregated the evidence of
interventions for irritability in ASD and present unified
effect sizes. As a result, only risperidone and aripipra-
zole were pharmacological interventions with promising
evidence, while other candidate medications had doubt-
ful results. For non-pharmacological interventions, only
parent training showed a significant effect on the reduc-
tion of irritability in ASD with moderate certainty of evi-
dence. Several promising candidates as an augmentation
to risperidone are found, for which findings should be
replicated in additional RCTs.

Abbreviations

5-HT Serotonin

ABC-l Aberrant Behavior Checklist-Irritability
ASD Autism spectrum disorder

@ Confidence interval

DBC-irritable Developmental Behavior Checklist-Irritable

ECBl-intensity  Eyberg Child Behavior Inventory-Intensity
FDA Food and drug administration
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GRADE Grading of Recommendations, Assessment, Development,
and Evaluations

k The number of estimates

RCT Randomized controlled trial

RoB2 Risk of bias 2

SD Standard deviation

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513229-024-00585-6.

[ Additional file 1. Supplementary materials. }

Acknowledgements
Not applicable.

Author contributions

HC conceptualized and designed the study, interpreted the data, drafted

the manuscript, and critically revised the manuscript; JHK conceptualized
and designed the study, performed the article screening and data extrac-
tion, did statistical analysis, interpreted the data, drafted the manuscript, and
critically revised the manuscript; HSY conceptualized and designed the study,
performed the article screening and data extraction, interpreted the data,
and drafted the manuscript; JYK interpreted the data and critically revised
the manuscript; SC interpreted the data and critically revised the manuscript;
LS interpreted the data and critically revised the manuscript; AK interpreted
the data and critically revised the manuscript; ED interpreted the data and
critically revised the manuscript; JR interpreted the data and critically revised
the manuscript; PFP interpreted the data and critically revised the manuscript;
JIS conceptualized and designed the study, interpreted the data and critically
revised the manuscript, and provided overall supervision of entire process;
KAC conceptualized and designed the study, interpreted the data, critically
revised the manuscript, and provided overall supervision of entire process;
MS interpreted the data, critically revised the manuscript. All authors had full
access to the study data. All authors read and approved the final manuscript,
and the corresponding authors had the final responsibility for the decision to
submit it for publication.

Funding
This research was supported by a grant of the R&D project, funded by the
National Center for Mental Health (Grant Number: MHER22A01).

Availability of data and materials

The datasets used and/or analyzed during the current study are available from
the corresponding authors (Jae Il Shin; shinji@yuhs.ac or Keun-Ah Cheon;
kacheon@yuhs.ac) on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

SC received payment or honoraria from ACAMH and BAP for educational talks
on ADHD. PFP received honoraria/has been a consultant for Angelini, Menar-
ini, Lundbeck, and Sunovion. MS received honoraria/has been a consultant for
ABBVie, Angelini, Lundbeck, and Otsuka.

Author details

!'Department of Child and Adolescent Psychiatry, Severance Hospital, Yonsei
University College of Medicine, Yonsei-Ro 50, Seodaemun-Gu, Seoul 03722,
Republic of Korea. ?Institute of Behavioral Science in Medicine, Yonsei Uni-
versity College of Medicine, Yonsei University Health System, Seoul, Republic
of Korea. *Yonsei University College of Medicine, Severance Hospital, Yonsei


https://doi.org/10.1186/s13229-024-00585-6
https://doi.org/10.1186/s13229-024-00585-6

Choi et al. Molecular Autism (2024) 15:7

University Health System, Seoul, Republic of Korea. “Centre for Innovation

in Mental Health, School of Psychology, Faculty of Environmental and Life Sci-
ences, University of Southampton, Southampton, UK. *Clinical and Experimen-
tal Sciences (CNS and Psychiatry), Faculty of Medicine, University of South-
ampton, Southampton, UK. ®Solent NHS Trust, Southampton, UK. ’Hassenfeld
Children’s Hospital at NYU Langone, New York University Child Study Center,
New York City, NY, USA. 8Centre for Health, Performance and Wellbeing, Anglia
Ruskin University, Cambridge CB1 1PT, UK. ?Parc Sanitari Sant Joan de Deu,
Sant Boi de Llobregat ES, Barcelona, Spain. '°Research Laboratory Psychology
of Patients, Families and Health Professionals, Department of Nursing, School
of Health Sciences, University of loannina, loannina, Greece. ' Pain and Reha-
bilitation Centre, and Department of Medical and Health Sciences, Linképing
University SE, Linképing, Sweden. '?Imaging Mood- and Anxiety-Related
Disorders (IMARD) Group, Institut d'Investigacions Biomédiques August Pi i
Sunyer (IDIBAPS), Mental Health Research Networking Center (CIBERSAM),
University of Barcelona, Barcelona, Spain. '*Department of Psychosis Studies,
King's College London, London, UK. "*Department of Brain and Behavioral
Sciences, University of Pavia, Pavia, Italy. *Outreach and Support in South-Lon-
don (OASIS) Service, South London and Maudlsey (SLaM) NHS Foundation
Trust, London, UK. "®Department of Psychiatry and Psychotherapy, Ludwig-
Maximilian-University Munich, Munich, Germany. ' Department of Pediat-

rics, Yonsei University College of Medicine, Yonsei-Ro 50, Seodaemun-Gu,
Seoul 03722, Republic of Korea. '®Severance Children’s Hospital, Yonsei
University Health System, Seoul, Republic of Korea. '“Severance Underwood
Meta-Research Center, Institute of Convergence Science, Yonsei University,
Seoul, Republic of Korea. 2°Department of Psychiatry, University of Ottawa,
Ottawa, ON, Canada. *'Regional Centre for the Treatment of Eating Disorders
and On Track: The Champlain First Episode Psychosis Program, Department

of Mental Health, The Ottawa Hospital, Ottawa, ON, Canada. >’Ottawa Hospital
Research Institute (OHRI), Clinical Epidemiology Program, University of Ottawa,
Ottawa, ON, Canada. 2Department of Child and Adolescent Psychiatry,
Charité Universitatsmedizin, Berlin, Germany. 2/Samsung Advanced Institute
for Health Sciences & Technology (SAIHST), Sungkyunkwan University,
Samsung Medical Center, Seoul, Republic of Korea. 2> DiMePRe-J-Department
of Precision and Rigenerative Medicine-Jonic Area, University of Bari "Aldo
Moro’, Bari, Italy.

Received: 20 August 2023 Accepted: 11 January 2024
Published online: 23 January 2024

References

1. Diagnostic and statistical manual of mental disorders: DSM-5. Arlington,
VA: American Psychiatric Association; 2013.

2. Maenner MJ, Warren Z, Williams AR, Amoakohene E, Bakian AV, Bilder
DA, et al. Prevalence and characteristics of autism spectrum disorder
among children aged 8 years—autism and developmental disabilities
monitoring network, 11 sites, United States, 2020. MMWR Surveill Summ.
2023;72(2):1-14. https://doi.org/10.15585/mmwr.ss7202a1.

3. Collishaw S, Maughan B, Natarajan L, Pickles A. Trends in adolescent emo-
tional problems in England: a comparison of two national cohorts twenty
years apart. J Child Psychol Psychiatry. 2010;51(8):885-94. https://doi.org/
10.1111/j.1469-7610.2010.02252.x.

4. Brotman MA, Kircanski K, Stringaris A, Pine DS, Leibenluft E. Irritability
in youths: a translational model. Am J Psychiatry. 2017;174(6):520-32.
https://doi.org/10.1176/appi.ajp.2016.16070839.

5. Leibenluft E. Pediatric irritability: a systems neuroscience approach.
Trends Cogn Sci. 2017;21(4):277-89. https://doi.org/10.1016/j.tics.2017.02.
002.

6. Ugok A, Gaebel W. Side effects of atypical antipsychotics: a brief overview.
World Psychiatry. 2008;7(1):58-62. https://doi.org/10.1002/j.2051-5545.
2008.tb00154.x.

7. Salazar de Pablo G, Pastor Jorda C, Vagquerizo-Serrano J, Moreno C, Cabras
A, Arango C, et al. Systematic review and meta-analysis: efficacy of
pharmacological interventions for irritability and emotional dysregulation
in autism spectrum disorder and predictors of response. J Am Acad Child
Adolesc Psychiatry. 2023,62(2):151-68. https://doi.org/10.1016/j.jaac.2022.
03.033.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 13 of 14

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372: n71. https://doi.org/10.1136/bmj.n71.
WHO. Autism spectrum disorder in International Statistical Classification
of Diseases and Related Health Problems, 11th edn.

. Lord C, Risi S, Lambrecht L, Cook EH Jr, Leventhal BL, DiLavore PC, et al.

The autism diagnostic observation schedule-generic: a standard measure
of social and communication deficits associated with the spectrum of
autism. J Autism Dev Disord. 2000;30(3):205-23.

. Lord C, Rutter M, Le Couteur A. Autism diagnostic interview-revised: a

revised version of a diagnostic interview for caregivers of individuals
with possible pervasive developmental disorders. J Autism Dev Disord.
1994;24(5):659-85. https://doi.org/10.1007/bf02172145.

. Leibenluft E, Stoddard J. The developmental psychopathology of irritabil-

ity. Dev Psychopathol. 2013;25(4 Pt 2):1473-87. https://doi.org/10.1017/
50954579413000722.

. Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al.

RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366:14898. https://doi.org/10.1136/bmj.14898.

. Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R, Brozek J,

et al. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epide-
miol. 2011;64(4):401-6. https://doi.org/10.1016/j.jclinepi.2010.07.015.

. Cohen J. Statistical power analysis for the behavioral sciences. Cam-

bridge: Academic press; 2013.

. Higgins JPTTJ, Chandler J, Cumpston M, Li T, Page MJ, Welch VA.

Cochrane handbook for systematic reviews of interventions. In: VAW,
editor: Cochrane; 2023.

. Knapp G, Hartung J. Improved tests for a random effects meta-regression

with a single covariate. Stat Med. 2003;22(17):2693-710. https://doi.org/
10.1002/5im.1482.

. Sidik K, Jonkman JN. A simple confidence interval for meta-analysis. Stat

Med. 2002;21(21):3153-9. https://doi.org/10.1002/sim.1262.

. Higgins JB, Thompson SG. Quantifying heterogeneity in a meta-analysis.

Stat Med. 2002;21(11):1539-58. https://doi.org/10.1002/sim.1186.
Viechtbauer W. Bias and efficiency of meta-analytic variance estimators in
the random-effects model. J Educ Behav Stat. 2005;30(3):261-93.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315(7109):629-34. https.//
doi.org/10.1136/bmj.315.7109.629.

Bearss K, Burrell TL, Stewart L, Scahill L. Parent Training in autism spectrum
disorder: what's in a name? Clin Child Fam Psychol Rev. 2015;18(2):170-
82. https://doi.org/10.1007/510567-015-0179-5.

Miczek KA, Fish EW, De Bold JF, De Almeida RM. Social and neural
determinants of aggressive behavior: pharmacotherapeutic targets

at serotonin, dopamine and gamma-aminobutyric acid systems.
Psychopharmacology. 2002;163(3-4):434-58. https://doi.org/10.1007/
s00213-002-1139-6.

Lord C, Brugha TS, Charman T, Cusack J, Dumas G, Frazier T, et al. Autism
spectrum disorder. Nat Rev Dis Primers. 2020;6(1):5. https://doi.org/10.
1038/541572-019-0138-4.

Schur SB, Sikich L, Findling RL, Malone RP, Crismon ML, Derivan A, et al.
Treatment recommendations for the use of antipsychotics for aggres-
sive youth (TRAAY). Part I: a review. J Am Acad Child Adolesc Psychiatry.
2003;42(2):132-44. https://doi.org/10.1097/00004583-200302000-00007.
De Deyn PP, Buitelaar J. Risperidone in the management of agitation

and aggression associated with psychiatric disorders. Eur Psychiatry.
2006;21(1):21-8. https://doi.org/10.1016/j.eurpsy.2005.11.003.

Burris KD, Molski TF, Xu C, Ryan E, Tottori K, Kikuchi T, et al. Aripiprazole, a
novel antipsychotic, is a high-affinity partial agonist at human dopamine
D2 receptors. J Pharmacol Exp Ther. 2002;302(1):381-9. https://doi.org/10.
1124/jpet.102.033175.

Voicu V, Medvedovici A, Ranetti AE, Rddulescu F. Drug-induced hypo- and
hyperprolactinemia: mechanisms, clinical and therapeutic consequences.
Expert Opin Drug Metab Toxicol. 2013;9(8):955-68. https://doi.org/10.
1517/17425255.2013.791283.

de Boer SF, Koolhaas JM. 5-HT1A and 5-HT1B receptor agonists and
aggression: a pharmacological challenge of the serotonin deficiency
hypothesis. Eur J Pharmacol. 2005;526(1-3):125-39. https://doi.org/10.
1016/j.ejphar.2005.09.065.

Ashwood P, Krakowiak P, Hertz-Picciotto |, Hansen R, Pessah |, Van de
Water J. Elevated plasma cytokines in autism spectrum disorders provide


https://doi.org/10.15585/mmwr.ss7202a1
https://doi.org/10.1111/j.1469-7610.2010.02252.x
https://doi.org/10.1111/j.1469-7610.2010.02252.x
https://doi.org/10.1176/appi.ajp.2016.16070839
https://doi.org/10.1016/j.tics.2017.02.002
https://doi.org/10.1016/j.tics.2017.02.002
https://doi.org/10.1002/j.2051-5545.2008.tb00154.x
https://doi.org/10.1002/j.2051-5545.2008.tb00154.x
https://doi.org/10.1016/j.jaac.2022.03.033
https://doi.org/10.1016/j.jaac.2022.03.033
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/bf02172145
https://doi.org/10.1017/s0954579413000722
https://doi.org/10.1017/s0954579413000722
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1002/sim.1482
https://doi.org/10.1002/sim.1482
https://doi.org/10.1002/sim.1262
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1007/s10567-015-0179-5
https://doi.org/10.1007/s00213-002-1139-6
https://doi.org/10.1007/s00213-002-1139-6
https://doi.org/10.1038/s41572-019-0138-4
https://doi.org/10.1038/s41572-019-0138-4
https://doi.org/10.1097/00004583-200302000-00007
https://doi.org/10.1016/j.eurpsy.2005.11.003
https://doi.org/10.1124/jpet.102.033175
https://doi.org/10.1124/jpet.102.033175
https://doi.org/10.1517/17425255.2013.791283
https://doi.org/10.1517/17425255.2013.791283
https://doi.org/10.1016/j.ejphar.2005.09.065
https://doi.org/10.1016/j.ejphar.2005.09.065

Choi et al. Molecular Autism (2024) 15:7

31

32.

33.

34.

35.

36.

37.

38.

evidence of immune dysfunction and are associated with impaired
behavioral outcome. Brain Behav Immun. 2011;25(1):40-5. https://doi.
0rg/10.1016/}.bbi.2010.08.003.

Onore C, Careaga M, Ashwood P. The role of immune dysfunction in

the pathophysiology of autism. Brain Behav Immun. 2012;26(3):383-92.
https://doi.org/10.1016/j.bbi.2011.08.007.

Solmi M, Fornaro M, Ostinelli EG, Zangani C, Croatto G, Monaco F, et al.
Safety of 80 antidepressants, antipsychotics, anti-attention-deficit/hyper-
activity medications and mood stabilizers in children and adolescents
with psychiatric disorders: a large scale systematic meta-review of 78
adverse effects. World Psychiatry. 2020;19(2):214-32. https://doi.org/10.
1002/wps.20765.

D'Alo GL, De Crescenzo F, Amato L, Cruciani F, Davoli M, Fulceri F, et al.
Impact of antipsychotics in children and adolescents with autism spec-
trum disorder: a systematic review and meta-analysis. Health Qual Life
Outcomes. 2021;19(1):33. https://doi.org/10.1186/512955-021-01669-0.
Lubetsky MJ, Handen BL, Lubetsky M, McGonigle JJ. Systems of care

for individuals with autism spectrum disorder and serious behavioral
disturbance through the lifespan. Child Adolesc Psychiatr Clin N Am.
2014;23(1):97-110. https://doi.org/10.1016/j.chc.2013.08.004.

Parellada M, Boada L, Moreno C, Llorente C, Romo J, Muela C, et al.
Specialty Care Programme for autism spectrum disorders in an urban
population: a case-management model for health care delivery in an ASD
population. Eur Psychiatry. 2013,28(2):102-9. https://doi.org/10.1016/j.
eurpsy.2011.06.004.

Smith LE, Greenberg JS, Mailick MR. The family context of autism spec-
trum disorders: influence on the behavioral phenotype and quality of life.
Child Adolesc Psychiatr Clin N Am. 2014;23(1):143-55. https://doi.org/10.
1016/j.chc.2013.08.006.

Bearss K, Johnson C, Smith T, Lecavalier L, Swiezy N, Aman M, et al.

Effect of parent training vs parent education on behavioral problems in
children with autism spectrum disorder: a randomized clinical trial. JAMA.
2015;313(15):1524-33. https://doi.org/10.1001/jama.2015.3150.

Lee TM, Lee KM, Lee CY, Lee HC, Tam KW, Loh EW. Effectiveness of N-ace-
tylcysteine in autism spectrum disorders: a meta-analysis of randomized
controlled trials. Aust N Z J Psychiatry. 2021;55(2):196-206. https://doi.
0rg/10.1177/0004867420952540.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14


https://doi.org/10.1016/j.bbi.2010.08.003
https://doi.org/10.1016/j.bbi.2010.08.003
https://doi.org/10.1016/j.bbi.2011.08.007
https://doi.org/10.1002/wps.20765
https://doi.org/10.1002/wps.20765
https://doi.org/10.1186/s12955-021-01669-0
https://doi.org/10.1016/j.chc.2013.08.004
https://doi.org/10.1016/j.eurpsy.2011.06.004
https://doi.org/10.1016/j.eurpsy.2011.06.004
https://doi.org/10.1016/j.chc.2013.08.006
https://doi.org/10.1016/j.chc.2013.08.006
https://doi.org/10.1001/jama.2015.3150
https://doi.org/10.1177/0004867420952540
https://doi.org/10.1177/0004867420952540

	Pharmacological and non-pharmacological interventions for irritability in autism spectrum disorder: a systematic review and meta-analysis with the GRADE assessment
	Abstract 
	Background 
	Methods 
	Results 
	Limitations 
	Conclusions 

	Background
	Methods
	Study protocol and pre-registration
	Search strategy and selection criteria
	Data extraction
	Risk of bias and GRADE assessment
	Statistical analysis

	Results
	Study selection and study characteristics
	Pharmacological monotherapy versus placebo
	Risperidone + adjuvant therapy versus risperidone
	Non-pharmacological intervention versus placebo
	Dietary supplementation versus placebo
	Moderator analysis: meta-regression and subgroup analysis
	Risk of bias assessment

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


