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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% CI − 1.263 to − 0.451, certainty of evidence: high) and aripiprazole (Hedges’ g − 0.559, 
95% CI − 0.767 to − 0.351, certainty of evidence: high) outperformed placebo. Among the non‑pharmacological 
interventions, parent training (Hedges’ g − 0.893, 95% CI − 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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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 
and participants.

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.

Trial registration PROSPERO, CRD42021243965.

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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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 Checklist-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 

Records identified from:
PubMed/MEDLINE (n = 899)
Web of Science (n = 2471)
Scopus (n = 4668)

Records removed before screening:
Duplicate records removed
(n = 2398)

Records screened
(n = 5640)

Records excluded
(n = 5500)

Reports sought for retrieval
(n = 140)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n =140)

Reports excluded (n=83):
Not randomized controlled trial 

(n=23)
Not sufficient data (n=20)
Did not report irritability scale as 

an outcome (n=19)
Not parallel design (n=9)
Did not enrolled ASD for target 

population (n=5)
Inadequate control group (n=4)
Data duplication (n=3)

Records identified from:
Citation searching (n = 23)

Reports assessed for eligibility
(n = 23)

Reports excluded (n=20):
Already identified in the main 

search (n=17)
Not sufficient data (n=2)
Did not report irritability scale as 

an outcome (n=1)

Studies included in review
(n=60)
Reports of included studies
(n=67)

Identification of studies via databases and registers Identification of studies via other methods

Identification
Screening

Included

Reports sought for retrieval
(n =23)

Reports not retrieved
(n = 0)

Fig. 1 Study selection flow
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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% CIs, 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 
I2 statistics. The Q statistic represents the magnitude of 
statistical heterogeneity, and the I2 statistic represents the 
proportion of variance in the pooled effect size attribut-
able to the heterogeneity [19]. We applied the restricted 

maximum likelihood estimator to evaluate the variance 
of heterogeneity, denoted as τ2 (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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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).

Fig. 2 Summary of pooled estimates of meta‑analyzed interventions for irritability in autism spectrum disorder. CI confidence interval, 
N.estimate number of estimates, N.participants number of participants. †Black rhombus indicated statistical significance and white circles indicated 
nonsignificance
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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 

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  5HT2A 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  5HT2A 
receptor antagonistic effect but also partial agonistic 
effects on the D2 dopamine receptor and  5HT1A 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  5HT1A receptor has been found to be a serotonin 

Fig. 3 Summary plot of quality assessment (RoB2)
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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, 

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
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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 

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.
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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.
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