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Abstract: In previously randomized controlled trials (RCTs) on the efficacy of antidepressants in restricted and repetitive behaviors (RRBs) in
autism spectrum disorder (ASD), outcomes overwhelmingly showed no benefits of antidepressants studied in the larger multisite RCTs over
placebo. However, the positive effect of antidepressants in the RRBs found in the small preliminary studies requires confirmation in larger trials.
We aimed to systematically review the efficacy of antidepressants in the treatment of RRBs in ASD by including RCTs from the SCOPUS,
PubMed, Embase, Cochrane Controlled Trials Register, Clinical Trials.gov, and other databases in January 2024. Analyzing data from 609
participants across nine RCTs showed no significant difference in the overall pooled mean-end score for RRBs between antidepressant- and
placebo-treated groups [SMD (95% CI) of —0.25 (=0.53, 0.02), I> = 54%, Tau® = 0.10, prediction interval = —1.03, 0.53]. In small preliminary
studies by one group, the clomipramine-treated group’s pooled mean endpoint for obsessive-compulsive symptoms in ASD individuals showed
a significantly better outcome than the desipramine-treated group, but in unconfirmed studies. Of the individual antidepressants investigated only
clomipramine, and fluvoxamine illustrated some efficacy over placebo in small preliminary studies. These findings need confirmation in larger,
multisite randomized controlled trials. There were no significant differences in the overall discontinuation rates or discontinuation due to adverse
events between the antidepressant- and placebo-treated groups [RR (95% CI) of 1.30 (0.95, 1.78), I> = 0%, and 1.33 (0.71, 2.47), I*=0%,
respectively]. Common side effects included agitation, appetite disturbance, anorexia, gastrointestinal issues, and sleep disturbance, with no
significant differences between the antidepressant and placebo groups. In conclusion, the results regarding the efficacy of antidepressants in the
treatment of RRBs in ASD are inconsistent. Since previous evidence found a correlation between attention-deficit hyperactivity disorder
(ADHD) symptoms including overactivity and impulsivity, and RRBs, further trials including the use of non-stimulants such as atomoxetine
could be conducted.
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Introduction
Autism spectrum disorder (ASD), the early onset of a neurodevelopmental disorder, is characterized by deficits in social
interaction and social communication and restrictive behavior, interest, or activity." Although the prevalence of ASD
varies between studies (ranging from 0.3 to 2.5%),” all evidence suggests that it is increasing worldwide.* Core
symptoms of ASD tend to be lifelong disabilities, significantly affecting individuals, families, and society.®

Restrictive and repetitive behaviors (RRBs), including repetitive motor movements and highly circumscribed interests, are
one of the main symptoms of ASD,' frequently interfering with learning and social adaptation. The pathophysiology of RBBs is
not adequately known. A previous study found that proactive control deficits in ASD can lead to difficulties in delaying responses
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and inappropriate behaviors, such as RRBs.” Another research study found that repetitive behaviors, impulsivity, and hyper-
activity in intellectual disability overlap with ADHD.® This overlap has led to growing interest in the use of ADHD medications to
manage ASD symptoms such as repetitive behaviors. The outcomes of one study suggest that ADHD medications, such as
atomoxetine,” may be beneficial due to their effect on the norepinephrine transporter (NET).

Comparison of the mechanisms of RRBs in ASD and obsessive-compulsive disorder (OCD) reveals distinct neurobiological
and cognitive processes. In ASD, RRBs like hand-flapping, rocking, and insistence on sameness stem from sensory sensitivities,
difficulty in adapting to change, and social communication challenges. These behaviors involve abnormal neural circuits in
relation to cognitive flexibility, executive function, and sensory processing, along with serotonin and glutamate system
alterations. They often serve as coping mechanisms for sensory overload and anxiety reduction. In contrast, RRBs in OCD
arise from obsessions and compulsions aimed at reducing distress or preventing harm. This disorder involves dysfunction in
cortico-striatal-thalamo-cortical circuits and neurotransmitter imbalances, particularly serotonin and dopamine. While both
disorders feature repetitive behaviors, RRBs associated with ASD are tied to sensory sensitivities, cognitive inflexibility, and
social challenges, while those associated with OCD are rooted in circuit dysfunction and neurotransmitter dysregulation.'®'" The
drugs related to serotonin transporter (SERT) regulation and expression, especially selective serotonin reuptake inhibitors
(SSRISs), which can be treated in OCD, have been shown to have positive effects in treatment of RRBs in ASD individuals.'*"

Several antidepressants, including tricyclic antidepressants (TCAs), serotonin and norepinephrine reuptake inhibitors
(SNRISs), and SSRIs been shown to have an effect on SERT.'*!* Although several large randomized controlled trials have
illustrated the efficacy of some antidepressants in the RRBs in autism spectrum disorder (ASD), the outcomes are not
consistent since some RCTs did not find such efficacy.'*'*"'*2! Since some studies related to antidepressants in RRBs

have been published and the previous review did not include clomipramine treatment for RRBs,'®!”

we planned to
perform a systematic review and meta-analysis to determine and clarify the effect of antidepressants on RRBs in ASD.

Therefore, we aimed to review the evidence using meta-analysis by comparing the efficacy, acceptability, and
tolerability of antidepressants in RRBs in ASD patients. The primary outcome was the mean endpoint in RRBs measured

by any standardized rating scale. The response and discontinuation rates were also evaluated.

Material and Methods
Study Protocol

This systematic review was designed in accordance with the PRISMA 2020 checklist, and the protocol was registered at
the PROSPERO 2022 CRD42023457683. Two authors individually completed each task of the review.

Inclusion and Exclusion Criteria
We included all RCTs fulfilling the following inclusion criteria: i) a study in ASD patients diagnosed by any set of
criteria, ii) antidepressants were administered, iii) a controlled, blinded trial iv) treatment compared with placebo or other

medication, and v) reporting the RRBs using a standardized rating scale.

Information Sources

The authors searched for relevant RCTs in the SCOPUS, PubMed, Embase, Cochrane Controlled Trials Register
(CCTR), Clinical Trials.gov (CT.gov), and other databases from inception to January 2024. No language restrictions
were imposed. In addition, the reference lists of the relevant studies were searched. If important outcomes of the included
study were unclear or unavailable, we contacted the author of the original study by email.

Search Strategy
Standard search terms, including (autism spectrum disorder) AND (antidepressants), were applied to all databases. The
specific strategic search for a specific database is illustrated in the index.
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Data Collection Process

We gathered the overall search records from the databases and removed duplicate records. Two reviewers (NM and BM)
evaluated the remaining records individually by considering their titles and abstracts. Following evaluation, the full-text
version of relevant records was collected. Two reviewers (NM and BM) independently examined the full-text version of
the studies for eligibility in this review. The reviewers reached a consensus in the case of disagreement.

Data Extraction

Two reviewers, NM and BM independently reviewed the eligible studies and extracted data using a standardized form.
They worked separately to ensure the data-gathering process was consistent and accurate, following the form’s
predefined guidelines. In case of any disagreements, the reviewers discussed the issue and reached a consensus.

Data Items

Data collection consisted of: 1) the data related to the inclusion criteria, ii) first author and year of publication, iii) study duration, iv)
participant characteristics and number of randomized participants, v) antidepressants and their doses, vi) a placebo and other
comparators with its dose, vii) the mean scores of a standardized rating scale of each treatment, viii) dropout rates of each
treatment.

Quality Assessment

NM and BM individually examined the risk of bias using the Cochrane Handbook for Systematic Reviews of
Interventions. The risk of bias included random sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcomes assessment, incomplete outcome data, selective reporting, and other biases.*>

Summary Measures

The primary outcomes of this review were efficacy, acceptability, and tolerability. The difference in the pooled mean
endpoint scores of standardized rating scales for RRBs in ASD was estimated to evaluate the efficacious outcomes.
Similar to a previous systematic review, acceptability was calculated using the relative risk (RR) of the overall
discontinuation rate.>> Tolerability was estimated using the RR of the rate of discontinuation due to adverse events.**
In the case of a crossover RCT, only the data of Phase I were included in the synthesis.

Statistical Analysis

An inverse variance, weighing the effect of each individual RCT, was applied to estimate the pooled mean endpoint
scores with 95% confidence intervals (CIs).** The weighted mean differences (WMDs) or standardized mean differences
(SMDs) were applied based on the use of the same or various measure rating scales across the studies. The relative risk
(RRs) with a 95% confidence interval (95% CI) was applied consistently for discontinuation rates. All pooled RRs with
95% CIs were calculated using Mantel-Haenszel.”> Since the true effect may differ among the examined studies, this
review for all outcomes was applied using a random-effect model for the synthesis.”® However, we also examine the
heterogeneity across the included studies. Instead of considering only using /° and Tau® statistics, the prediction interval
for overall effect was also calculated and reported in this study.”’ >° The prediction intervals are different from the
confidence intervals which provide the range of the true effect across all populations rather than the correctness of the
estimated overall effect.’! The synthesis of all outcomes was carried out using the RevMan 5.4.1.

Risk of Bias Across Studies

According to the PRISMA checklist, risk of bias across studies consists of an assessment of the risk of bias that may
affect the cumulative outcomes. Thus, the risk of bias across studies was determined by assessing the selective reporting
within studies. Additionally, in cases in which the number of included RCTs was ten or more, the publication bias using
Begg’s funnel plots test was conducted to determine such risk of bias.”? A funnel plot is a simple scatter plot to show the
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intervention effect estimated from each study against a measure of the individual study’s size. There is no significant

publication bias if the plot resembles a symmetrical inverted funnel.*

Results
Study Selection

The search identified 852 citations from the following electronic searches (SCOPUS = 496, PubMed = 53, Embase = 237,
Cochrane Controlled Trials Register = 24, ClinicalTrials. Gov = 42 (Figure 1). After removing 116 duplicated citations, 736
citations were further assessed for eligibility based on their title and abstracts. Out of these articles, 29 citations were evaluated
again from the full-text version. Of these, fourteen citations were eliminated from this review, eleven citations did not fulfill

Number of records identified through the
database searching

Number of additional records identified
through other sources
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(n=496)

Identifications
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Figure | Flow diagram of study.
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32742 three citations did not publish the outcomes.**** Hence, nine studies of fifteen

12,13,16-21,46-52

the validated rating scale of RRBs,
citations were included for qualitative and quantitative syntheses in this review.

Characteristics of Included Studies
All basic characteristics of the included trials are listed in Table 1. A total of 609 randomized participants from 9 RCTs

were included in this review. Five studies'?!¢:18:19:52 13,20,50

were conducted in child and adolescent groups, three were
carried out in adults and one'” was performed in 6-23 year olds. All patients were treated with antidepressants in
comparison to placebo or other antidepressants for 10 to 20 weeks. The RRBs in ASD of included studies were
determined by the modified National Institute of Mental Health (NIMH), Global Obsessive-Compulsive Disorder
(OCD) and Anxiety scales, Modified NIMH OCD Scale, Modified Comprehensive Psychopathological Rating Scale
(CPRS) OCD Subscale, Children’s Yale-Brown Obsessive-Compulsive Scale,(CY-BOCS), Yale-Brown Obsessive-
Compulsive Scale (Y-BOCS). The diagnostic criteria for ASD were mainly reliant on the Diagnostic and Statistical
Manual of Mental Disorders (DSM), International Classification of Diseases (ICD), Autism Diagnostic Interview (ADI),

and Autism Diagnostic Observation Schedule-Generic (ADOS-G).

Risk of Bias Within Studies

Figure 2 displays the risks of bias in the included studies. The included studies had a low risk of bias or unclear risk of

bias. An intention-to-treat analysis was conducted in three studies.'>'®!?

Synthesis of Results

Efficacy

The pooled mean endpoint score for RRBs measured by the CY-BOCS or Y-BOCS and response rate in ASD patients showed
significant heterogeneity between the antidepressant- and placebo-treated groups. The pooled mean-end score of the RRBs
between the antidepressant- and placebo-treated groups was not significantly different [SMD (95% CI) of —0.25 (=0.53, 0.02),
P=54%, Tar’=0.10, prediction interval =—1.03, 0.53] (Figure 3). The pooled response rate of RRBs between the antidepressant-
and placebo-treated groups was not significantly different (RR [95% CI) of 1.03 (0.58, 1.82), ’=59%).

Citalopram
Based on the included RCT,'® the mean endpoint score for CY-BOCS and response rate of the Citalopram-treated group
was not significantly different from the placebo-treated group in the treatment of repetitive behavior in ASD patients.

Clomipramine and Desipramine

Two RCTs of clomipramine were included in this review.'®'” The pooled mean endpoint for obsessive-compulsive
symptoms in ASD patients of the clomipramine-treated group was significantly less than in the desipramine-treated group
[SMD (95% CI) of —1.11 (—1.80, —0.41), ’=0%)]. Clomipramine, but not desipramine, was superior to placebo in treating
obsessive-compulsive symptoms in ASD patients, measured by the modified NIMH OCD Scale and modified NIMH
Global OCD and Anxiety scales.

Fluoxetine

The pooled mean-end score for RRBs measured by the CY-BOCS or Y-BOCS in ASD patients showed significant
heterogeneity between the Fluoxetine-treated and placebo-treated groups. The overall pooled mean-end score of the
RRBs between the fluoxetine-treated and placebo-treated groups was not significantly different [SMD (95% CI) of —0.12
(-0.53, 0.29), ’=67%] (Figure 3).

Fluvoxamine

According to the included RCTs, the findings showed that the reduction of Y-BOCS score from baseline and response
rate in the Fluvoxamine-treated group was significantly better than the placebo-treated group. Similarly, its response in
the fluvoxamine-treated was also superior to the placebo-treated group.
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Table | Characteristics of the Randomized Clinical Trials of Antidepressants in the Treatment of Repetitive Restricted Behaviors in Autism Spectrum Disorders

Study Number of Age of Study Study Drug/Dose Diagnostic Outcome measures Summary outcomes Common side effects
(References) randomized | subjects | duration design criteria/
patients (years) (weeks) Diagnosis
Gordon, 1992 7 6-18 10 Double- - Clomipramine/flexible-dose (Max= DSM-lII-R and | - modified NIMH Global Clomipramine was - Both clomipramine and
blind, 250 mg/day or 5 mg/kg/day), Mean ADI/ AD OCD and Anxiety Scale superior to desipramine desipramine: mild sleep
randomized dose = 4.3 mg/kg/day -modified NIMH OCD and placebo in treating disturbance, dry mouth,
crossover - Desipramine/flexible-dose (Max= Scale repetitive and compulsive | constipation
trial 250 mg/day or 5 mg/kg/day), Mean -modified CPRS OCD behaviors in ASD children | - Clomipramine: mild tremor
dose = 3.8 mg/kg/day subscale and adolescents.
-CGl
Gordon, 1993 28 6-23 12 Double- - Clomipramine/flexible-dose (Max= DSM-lII-R and | - modified NIMH OCD Clomipramine was - Clomipramine: insomnia,
blind, 250 mg/day or 5 mg/kg/day), Mean ADI/ AD Scale superior to desipramine constipation, sedation,
randomized dose = 4.3 mg/kg/day -modified NIMH Global and placebo in treating twitching, tremor, flushing
crossover - Desipramine/flexible-dose (Max= OCD and Anxiety Scale repetitive and compulsive | - Desipramine: tremor, dry
trial 250 mg/day or 5 mg/kg/day), Mean -modified CPRS OCD behaviors mouth, constipation
dose = 4.0 mg/kg/day subscale in ASD
- Placebo -CGl
McDougle, 1996 30 Adult 12 RCT - Fluvoxamine/flexible dose (Max= DSM-lII-R and | - modified Fluvoxamine significantly - Nausea
(18-45) 300 mg/day), Mean dose = 276.7 mg/ ICD-10/AD Y-BOCS decreases repetitive
day -RFRLRS thoughts and behaviors
-Placebo -VABS-MBS compared to placebo.
-CGl-I
Hollander, 2005 44 5-17 20 Double- - Fluoxetine (liquid)/ flexible dose as DSM-IV-TR, - CY-BOCS, CS Low dose of liquid - Agitation
blind, patient’s tolerance ADI-R and - CGI-I-AD fluoxetine is superior to - Insomnia
crossover (Min=2.4 mg/day, ADOS-G/ placebo in the treatment | - Drowsiness/fatigue/sedation
trial Max= 20 mg/day or 0.8 mg/kg/day), Autism, AS, of repetitive behaviors in | - Anxiety/nervousness
Mean maximum dose = 0.38 mg/kg/ PDD-NOS ASD children and - Anorexia
day, Mean final dose = 0.36 mg/kg/day adolescents
- Placebo
King, 2009 149 5-17 12 RCT - Liquid citalopram/(Max= 20mg/day)), | DSM-IV-TR/ - CGl-l Citalopram did not - Increased energy level
Mean maximum dose = 16.5 mg/day AD, AS, PDD- | -CYBOCS-PDD significantly decrease the - Impulsiveness
- Placebo NOS -RBSR-PR repetitive behavior in - Decreased concentration
-ABC-Community ASD children and - Hyperactivity
version adolescents. - Stereotypy
- Diarrhea
- Insomnia

- Dry skin or pruritus.
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children and adolescents

with

NCTO01337700, 10 18-50 12 RCT - Milnacipran (Fixed max= 100mg/ - DSM-1V/ - CAARS Milnacipran is comparable | - Upper respiratory infection
2010 day), Fixed dose regimen ASD - ABC, hyperactivity to placebo in relieving - Fatigue
- Placebo subscale repetitive behaviors in - Headache
- CGIHl adult ASD.
- YBOCS-CRS
- DANVA2-AF
Hollander, 2012 37 18-60 12 RCT - Fluoxetine/ flexible dose as patients’ - DSM-IV, - Y-BOCS, CS Fluoxetine treatment - Mild insomnia
tolerance ADI-R and - CGIHI resulted in significantly - Mild dry mouth
(Min=20 mg/day, Max=80 mg/day), ADOS-G/ - ABC, irritability subscale | greater improvement in - Headache
Mean dose = 64.76 mg/day ASD - HAM-D repetitive behaviors
- Placebo compared to placebo in
adult ASD.
Reddihough, 146 7.5-18 16 RCT - Fluoxetine/ flexible dose as patients’ | DSM-IV-TR/ - CY-BOCS-PDD Fluoxetine compared to Irritability
2019 tolerance AD, AS, - RBS placebo significantly - Mood disturbance
(Max=20 mg/day if BW< 40 kg and 30 | PDD-NOS - SCA decreases OCD - Nausea
mg/day if BW 240 kg), Mean dose is - ABC-C behaviors in ASD children | - Vomiting
not available - CaGl and adolescents. - Sleep disorders
- Placebo - DA However, interpretation
is limited by a high drug
arm dropout rate.
Herscu, 2020 158 5-17 14 RCT - Fluoxetine ODT/ flexible dose as DSM-IV-TR, - CY-BOCS-PDD Low-dose fluoxetine - Insomnia
patients’ tolerance (Max=18 mg/day), ADI-R and - CGI-S-AD (mean |1.8 mg/day) was - Activation
Mean dose = | 1.8 mg/day ADOS-G/ AD | - CGI-I-AD not effective in reducing - Agitation
- Placebo -CSQ repetitive behaviors in - Respiratory tract infections

- Diarrhea

- Vomiting

Abbreviations: ABC, Aberrant Behavior Checklist; AD, Autistic Disorder; ADI-R, Autism Diagnostic Interview-Revised; ADOS-G, Autism Diagnostic Observation Schedule-Generic; AS, Asperger’s Syndrome; BW, body weight; ASD,
Autism Spectrum Disorders; C, Community Version; CAARS, Conners’ Adult attention deficit hyperactivity disorder Rating Scales; CDD, Childhood Disintegrative Disorder; CGI, Clinical Global Impression Scale; CGI-AD, Clinical
Global Improvement Scale Adapted to Global Autism; CPRS, Comprehensive Psychopathological Rating Scale; CRS, Compulsive and Rigidity Subscale; CS, Compulsive Scale; CSQ, Caregiver Strain Questionnaire; CY-BOCS, Children’s
Yale-Brown Obsessive-Compulsive Scale; DA, Disruptiveness Assessment; DANVA2-AF, Diagnostic Analysis of Nonverbal Activity-2 Adult Facial Expression; DSM, Diagnostic and Statistical Manual of Mental Disorders; HAM-D, |7-item
Hamilton Depression Rating Scale; ICD-10, International Classification of Diseases, 10th Revision; |, Improvement; Max, maximum; Min, minimum; NIMH, National Institute of Mental Health; mv, modified versions; NOS, Not Otherwise
Specified; OCD, Obsessive- Compulsive Disorder; ODT, Oral Dissolving Tablet; PDD, Pervasive Developmental Disorders; R, Revised; RBS-R, Repetitive Behavior Scale-Revised; RBSR-PR, Repetitive Behavior Scale-Revised (parent-
rated); RCT, randomized, controlled trial; RFRLRS, Ritvo-Freeman Real-Life Rating Scale; RS, Rett Syndrome; S, Severity; SCAS, Spence Children’s Anxiety Scale; TR, Text Revision; VABS-MBS, Vineland Adaptive Behavior Scale

(maladaptive behavior subscale); Y-BOCS, Yale-Brown Obsessive-Compulsive Scale.
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Figure 2 Risk of bias summary of antidepressants in ASD.

Milnacipran
A previous RCT illustrated that Milnacipran, compared to placebo, did not significantly decrease the Y-BOCS score from
baseline.
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Antidepressants  Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Citalopram
King 2009 131 3.7 73 131 3.2 76 15.7% 0.00 [-0.32, 0.32] .
Subtotal (95% CI) 73 76  15.7% 0.00 [-0.32, 0.32] >

Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

Clomipramine

<

Gordon 1992 7 M 7 20 12 7 45% -1.06 [-2.20, 0.09] *
Gordon 1993 8 4 12 12 4 12 68%  -097[1.82,-011] ————————
Subtotal (95% Cl) 19 19 11.3%  -1.00 [-1.68, -0.31] —~l

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df =1 (P = 0.90); I> = 0%
Test for overall effect: Z = 2.86 (P = 0.004)

Desipramine

Gordon 1992 18 9 7 20 12 7 51% -0.18 [-1.23, 0.87]
Gordon 1993 12 5 12 12 4 12 74% 0.00 [-0.80, 0.80] —
Subtotal (95% Cl) 19 19 125%  -0.06 [-0.70, 0.57] e

Heterogeneity: Tau? = 0.00; Chi? = 0.07, df =1 (P = 0.79); I = 0%
Test for overall effect: Z=0.20 (P = 0.84)

Fluoxetine
Hollander 2005 11.63 3.8 19 1295 3.2 20 9.7% -0.37 [-1.00, 0.26] A
Hollander 2012 10.48 3.92 21 11.15 3.05 13 8.8% -0.18 [-0.87, 0.51] - 1
Reddihough 2019 9.02 4.84 54 10.89 4.92 55 14.5% -0.38 [-0.76, -0.00] — &
Herscu 2020 135 33 76 124 36 79 15.8% 0.32[-0.00, 0.63] - =
Subtotal (95% Cl) 170 167 48.7% -0.12 [-0.53, 0.29] i

Heterogeneity: Tau? = 0.11; Chi? = 9.16, df = 3 (P = 0.03); > = 67%
Test for overall effect: Z = 0.57 (P = 0.57)

Fluvoxamine

McDougle.1996 13.7 91 15 219 6.7 15  7.8% -1.00 [-1.76, -0.23] -
Subtotal (95% CI) 15 15  7.8%  -1.00[-1.76,-0.23] o ——
Heterogeneity: Not applicable
Test for overall effect: Z =2.56 (P = 0.01)

Milnacipran
NCT013377002010  12.4 4.41 5 12 3.03 5 3.9% 0.10 [-1.15, 1.34]
Subtotal (95% Cl) 5 5 3.9% 0.10 [-1.15, 1.34] e —
Heterogeneity: Not applicable
Test for overall effect: Z=0.15 (P = 0.88)
Total (95% CI) 301 301 100.0% -0.25 [-0.53, 0.02] -
Heterogeneity: Tau? = 0.10; Chi? = 21.88, df = 10 (P = 0.02); I2 = 54% =_2 1 5 1 2*

Test for overall effect: Z=1.81 (P = 0.07)

Favours SRl Favours placebo
Test for subaroup differences: Chi? = 11.43, df =5 (P = 0.04), I> = 56.2% P

Figure 3 Mean-end scores of RRBs antidepressants vs placebo in ASD.

Discontinuation Rates

Overall Discontinuation Rate (Acceptability)

No significant heterogeneity for overall discontinuation rate was found. The overall discontinuation rate of the anti-
depressant-treated groups [RR (95% CI) of 1.30 (0.95, 1.78), I’=0%] did not show significant differences from the
placebo-treated group.

Discontinuation Rate Due to Adverse Events (Tolerability)
Heterogeneity was not significantly different in the pooled discontinuation rates. The discontinuation rates due to adverse
events did not differ between the antidepressant- and placebo-treated groups [RR (95% CI) of 1.33 (0.71, 2.47), P=0%].

Main Adverse Events
The main adverse events, including agitation, appetite disturbance, anorexia, gastrointestinal disturbance, and sleep
disturbance were not different between the antidepressant- and placebo-treated groups.
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Risk of Bias Across Studies

In cases where there are fewer than ten studies, a funnel plot evaluating the publication bias in a systematic review may
not have sufficient power to estimate the chances of real asymmetry occurring due to the included results.>® For this
reason, the funnel plot could not be tested because this review gathered nine RCTs. We therefore presented the risk of
bias assessments in table format in the evidence synthesis, showing each included study and its strength across several
quality criteria for that particular study type (Figure 2). From Figure 2, the selective reporting within studies, two studies
showed a low risk of bias, in all domains.

Discussion

This meta-analysis updates the evidence on antidepressants in treating RRBs in patients with autism spectrum disorder.
As a consequence of the methodological diversity of individual RCTs, it is challenging to interpret outcome data
regarding the overall efficacy and safety of antidepressants. The synthesis of results shows the various outcomes of
antidepressants in the treatment of RRB symptoms. Based on the non-duplicated studies, clomipramine and fluvoxamine
appear to confer some level of efficacy in the reduction of RRBs in ASD, but this is not found in other antidepressants.
According to some small included studies, the adverse effects including behavioral activation, irritability, appetite
disturbance, anorexia, gastrointestinal disturbance, and sleep disturbance may be found, but they are not significantly
different from placebo. The acceptability and tolerability of the drug were not different from that of the placebo.

The outcomes of treatment of RRBs in autism spectrum disorders with antidepressants including SSRIs remain
inconclusive. Although previous meta-analysis of the studies®* >® demonstrated that serotonin reuptake inhibitors could
improve RRBs in ASD, those trials have several limitations including being small and preliminary studies, with possibly
selective reporting of publication outcomes. One meta-analysis conducted in 2020, showed no significant difference
between SSRIs and placebo in treating RRBs in ASD.”” A previous review did not include clomipramine studies of
RRBs in ASD. Therefore, this systematic review, including clomipramine and recent studies, could lead to a more
comprehensive study in identifying the effect of antidepressants in RRBs treatment in ASD.

Inconsistent outcomes of antidepressants in the treatment of RRBs were also found in this review. Although fluvoxamine
and clomipramine have shown some efficacy in small preliminary trials, citalopram and fluoxetine were not found to have any
effects. These findings underscore the importance of recognizing the preliminary nature of these results, which require
validation through larger, multisite RCTs. However, the present study suggests a potential relationship between antidepressant
dosage and clinical response to RRBs in ASD, warranting further investigation for confirmation.

Previous reviews have not estimated the tolerability of antidepressants in treating RRBs in ASD.>**’ However, our
outcome has illustrated that tolerability, measured by discontinuation rate due to adverse events such as irritability, activation,
and mood, gastro-intestinal and sleep disturbances, was comparable to placebo. Based on our findings, physicians should
consider the risk and benefit of prescribing the medication for those with ASD based on their own judgment.

The present outcomes of this systematic review have some limitations. First, the number of included RCTs is limited.
Additionally, those included RCTs varied with regard to several factors including diagnostic criteria, age groups, and
outcome measurement. Of the four fluoxetine RCTs, doses varied across studies. In children aged 5-17 years, doses
ranged from 2.4 to 20 mg/day, with a mean maximum dose of 0.38 mg/kg/day and a mean final dose of 0.36 mg/kg/day.
In adults aged 18-60 years, doses ranged from 20 to 80 mg/day, with a mean dose of 64.76 mg/day. Another study
involving children and adolescents used flexible dosing of fluoxetine up to 20 mg/day for those weighing less than 40 kg
and up to 30 mg/day for those weighing 40 kg or more. A final study in children and adolescents used flexible dosing of
fluoxetine up to 18 mg/day. Second, significant heterogeneity among the included studies was found, which may be
related to the diversity of eligible RCTs in terms of clinical, methodological, and statistical aspects. Third, since the
included trials were limited, the funnel plot could not estimate the publication bias, hence, the risk of bias across studies
was only determined by assessing selective reporting within studies. Based on these limitations, the present findings
should be applied cautiously. Next, the large confidence interval was observed for milnacipran treatment. It might be due
to a very small sample in the examined study which included only five participants. The examination of milnacipran with
a larger sample size should be further conducted. Finally, previous evidence suggests that non-stimulant such as
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atomoxetine has some efficacy in RRBs for ASD/ID patients, but this review did not include the non-stimulants. Further
studies including such non-stimulant ADHD medications are warranted.

Conclusions

The effects of antidepressants on the treatment of RRBs in ASD are inconsistent. According to the small, non-replicated
clinical trials, clomipramine and fluvoxamine illustrate some efficacy for treatment of RRBs in ASD. Even though
common side effects, including behavioral activation and irritability, occurred, they were no different from those
experienced with a placebo. However, due to the impact of the limited number of studies, range of doses, intervention
periods, and baseline characteristics of patients, in combine with heterogeneity in the combined effect of the studies,
generalization of the evidence should be carefully applied in clinical practice. Since there is significant evidence showing
an association between RRBs and symptoms of ADHD in Autism Spectrum Disorder and Intellectual and Developmental
Disabilities, further research through clinical trials is necessary to explore the potential benefits of non-stimulant ADHD
medications for these conditions.
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