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SYSTEMATIC REVIEW

SOCIAL SKILLS INTERVENTIONS FOR ADOLESCENTS WITH LEVEL 1 AUTISM
SPECTRUM DISORDER: A SYSTEMATIC REVIEW WITH META-ANALYSIS
OF RANDOMIZED CONTROLLED TRIALS

Antonio Narzisi, Gianluca Sesso, Maddalena Fabbri-Destro, Stefano Berloffa, Pamela Fantozzi, Rosy Muccio,
Gianina Bruzzi, Stefano Scatigna, Elena Valente, Valentina Viglione, Annarita Milone, Samuele Cortese, Gabriele Masi

Abstract

Objective: Evidence on the efficacy of social skills training for adolescents with
Level 1 Autism Spectrum Disorder (ASD) is unclear.

Method: We searched Pubmed, Scopus, and Web of Science until July 27th, 2023,
for randomized controlled trials (RCTs) of social skills training for pre-adolescents
and adolescents (aged 9-18) with Level 1 ASD. We then pooled data on efficacy from
individual RCTs by conducting multivariate mixed-effects meta-analyses in R. We
estimated possible bias in the retained RCTs using the RoB2 tool.

Results: We retained 36 RCTs (encompassing 2796 participants), including 18
RCTs comparing an experimental treatment to a waiting list, and 18 RCTs comparing
it to standard care/control treatment. Meta-analyses showed that experimental
treatments were significantly more efficacious than waiting list or standard care/
control treatments in improving social skills (SMD = 0.3745; 95%CI = [0.2396;
0.5093]), as well as reducing behavioral symptoms (0.3154;0.1783, 0.4525) and
anxious/depressive symptoms (0.2780; 0.0432, 0.5128). However, for some outcomes
there was significant heterogeneity across studies and evidence of publication bias.
Subgroup analyses and meta-regressions did not identify any specific clinical or
demographic factors as significant predictors of outcome. The most common risk
of bias across studies was related to deviations from intended interventions and
measurement of the outcomes.

Conclusions: At the group level, social skills training for adolescents with Level 1
ASD is efficacious, with small-to-moderate effect size. Future research should focus
on personalized medicine approaches, aimed at tailoring interventions to specific
characteristics of adolescents with Level 1 ASD.
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often exhibit weaknesses in social skills, which can

significantly impact their daily lives and emotional

Level 1 Autism Spectrum Disorder (ASD) is
characterized by challenges in social communication,
limited and repetitive behaviors, and focused interests,
while maintaining typical cognitive and linguistic
abilities (APA, 2022). Adolescents with Level 1 ASD

may include
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well-being (Rosello et al., 2023). These weaknesses
difficulties
from peers, feelings of loneliness, and experiences
of rejection (Mirzaei et al., 2020), as well as trouble
understanding non-verbal social cues (Ames & Jarrold,

recognizing differences
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2009), initiating and maintaining conversations (Koegel
et al., 2021), sensory sensitivity (Narzisi et al., 2022),
interpreting others' emotions, and navigating complex
social dynamics (Ma et al., 2023).

Several reasons necessitate specific interventions
and support for these weaknesses. Firstly, social skills
are crucial for social, academic, and professional
achievement (Lord et al., 2022). Without these
skills, adolescents with Level 1 ASD may feel
isolated, frustrated, and struggle to build meaningful
relationships with their peers. They often encounter
difficulties such as depression and anxiety, which
contribute to increased isolation stemming from their
peers. Consequently, their withdrawal from social
interactions exacerbates their already existing social
skill weaknesses (Bifulco et al., 2014; Flynn & Healy,
2012; Narzisi & Stavropoulos, 2022). Secondly, social
difficulties can lead to behavioral problems (Lupi et
al., 2023). Adolescents with Level 1 ASD may exhibit
inappropriate behaviors or isolate themselves from their
peers due to their lack of understanding of implicitly
accepted social rules (Oh et al., 2021). This can lead to
a cycle of isolation and low self-esteem, which can be
difficult to break without targeted interventions (van der
Cruijsen et al., 2024).

While understanding the causes behind these social
skills deficiencies is crucial, it is equally important
to delve into the nuanced consequences they entail
(Frye, 2018). Social withdrawal, rejection, exclusion,
bullying, anxiety, and depression are among the
multifaceted repercussions of social skills weaknesses
in individuals with ASD (Mazefsky et al., 2013; White
et al,, 2007). However, these consequences are not
isolated phenomena but they are intricately intertwined
with underlying mechanisms and coping strategies
employed by individuals with ASD within their social
environments. For instance, social withdrawal may
manifest as a protective mechanism in response to
overwhelming social stimuli, allowing individuals
with ASD to seek solace in familiar and predictable
environments (Bellini, 2006). Rejection and exclusion,
often fueled by misinterpretations of social cues and
non-conformity to social norms, can trigger feelings
of alienation and inadequacy (Bauminger-Zviely et
al., 2013). Bullies may exploit these vulnerabilities,
targeting individuals with ASD for their perceived
differences (Sterzing et al., 2012). Consequently, anxiety
and depression may ensue as individuals grapple with the
emotional toll of navigating a social landscape fraught
with uncertainty and misunderstanding (White et al.,
2013). Understanding these connections between social
skills weaknesses, underlying mechanisms, and coping
strategies is essential for tailoring effective interventions
and support systems for adolescents with Level 1 ASD.

Moreover, it is important to provide functional
support rather than following just a treatment protocol
because each adolescent with Level 1 ASD is a unique
individual with specific needs and challenges. A
personalized approach allows interventions to be tailored
to the specific needs of the adolescent, considering their
interests, strengths, and areas of development (Gabis et
al., 2021).

Furthermore, the support environment, which
may involve family, school, and community, plays a
fundamental role in providing a supportive context for
the development of social skills (Rispoli et al., 2019). For
example, teachers and educators can adopt differentiated
teaching strategies and create opportunities for practicing
social skills within the school environment (Rispoli et al.,
2019). Family can play an important role in supporting
and reinforcing learned skills in everyday situations
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(Tomaszewski et al., 2020).

Supporting social skills in adolescents with Level
1 ASD could be crucial for their long-term success
and well-being (Lord et al., 2021). A personalized and
functional approach that considers their individual needs
and the implementation of social skills development
programs could help them improve their developmental
trajectories and reach their full potential (Roberts et al.,
2018).

The studies on interventions has predominantly
focused on childhood and early childhood, neglecting
the adolescent period (Crasta et al., 2023; Narzisi,
2015). This is unfortunate as it is becoming increasingly
apparent that social skill deficits manifest more
prominently during adolescence (Dean et al., 2020). The
social skills issues are compounded by the multifaceted
upheaval in physical, emotional, cognitive, and social
realms that adolescents with ASD and their families
are faced with, each transition posing unique obstacles
(Cresswell & Cage, 2019). To address these challenges,
adolescents with Level 1 ASD can engage in group-
based SSTs (Social Skills Trainings). SSTs could be an
effective intervention for individuals with Level 1 ASD
for several reasons (Laugeson et al., 2012). SST provides
a structured and supported environment to acquire and
practice social skills through direct instruction, modelling
and role-playing (Soares et al., 2021). They provide a
safe and controlled context in which they can experience
and learn social dynamics without the pressure or anxiety
they might experience in natural social situations (Adams
et al., 2023). This can help adolescents build confidence
in their social skills and feel more comfortable engaging
with others (You et al., 2024).

In addition, the group provides opportunities for
social feedback and sharing similar experiences, which
can foster a sense of belonging and mutual learning
(Hotton & Coles, 2016). In addition, being part of a
group during SST can help individuals with Level 1
ASD develop skills of collaboration, empathy and
understanding the perspectives of others, skills that are
essential for positive and meaningful social relationships
(Afsharnejad et al., 2024).

Social Skills Training (SST) programs exhibit
considerable variability in terms of content, teaching
methodologies, delivery modes, and therapeutic intensity.
Standardized SST programs often involve behavioral
modeling of specific social skills, role-playing to practice
these skills, and personalized feedback on performance.
Some programs adopt didactic approaches with structured
lessons, while others utilize play-based interventions to
elicit social skills (Kaat & Lecavalier, 2015). The effect
sizes (from small to large) and the way in which SST
is delivered also varies across studies, with involvement
from parents, peers, or teachers, either individually or in
tandem (Wolstencroft et al., 2018; Gates et al., 2017).

As pointed out by the systematic reviews and meta-
analyses, despite the widespread adoption of Social Skills
Training (SST), the evidence regarding its goodness
remains limited and primarily relies on studies with
methodological weaknesses (Afsharnejad et al., 2024;
Cappadocia & Weiss, 2011; Ferraioli & Harris, 2011;
Gilmore et al., 2022; Gosling et al., 2022; McMahon et
al., 2013; Rao et al., 2008; Reichow & Volkmar, 2010;
White et al., 2007).

Recent large-scale evidence synthesis efforts have
addressed the efficacy of interventions for ASD, including
SST. In 2022, Gosling et al., published an umbrella
review examining outcomes from a total of 128 meta-
analyses. These analyses synthesized evidence from
over 190 unique controlled clinical trials investigating
the effectiveness (i.e. the degree to which something is
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successful in producing a desired result) of psychosocial
interventions on core ASD symptoms and related issues.
Gosling et al. found that a considerable portion of
these meta-analyses demonstrated a moderate to large
combined effect size (i.e., SMD > 0.50; 41% of the meta-
analyses) and/or statistically significant findings (53% of
the meta-analyses) favoring psychosocial interventions.
According to the algorithmic criteria established for
this umbrella review, researchers concluded that the
efficacy of many of these psychosocial interventions was
supported by highly suggestive or suggestive evidence,
depending on the age of the participants and the specific
outcomes evaluated. For late school-aged children and
adolescents, suggestive evidence was identified for the
goodness of social skills groups (SSGs) in improving
social communication and overall Level 1 ASD
symptoms. However, Gosling et al.'s review, unlike what
we proposed in our study did not solely examine RCTs
(Gosling et al., 2022).

In 2024, Afsharnejad et al., published a systematic
review and meta-analysis examining social skills group
programs (SSGPs) designed to aid autistic adolescents
in navigating social environments. The study assessed
the programs' methodological quality, fidelity, and
efficacy. Through an analysis of 18 studies, it revealed a
moderate overall efficacy (g=0.60, p<.001) in supporting
socialization among autistic adolescents. Despite
generally good methodological quality, most studies
displayed moderate to low program fidelity. However,
Afsharnejad' et al. (2024) specifically excluded school-
based programs and those focusing on parent or family
outcomes. Additionally, Afsharnejad et al.'s study did
not encompass the outcomes arising from social skills
enhancement programs implemented within educational
settings, nor did it consider assessments by teachers and/
or parents before and after the interventions. However,
to gain insight into the external validity of social skills
interventions in real-world scenarios (Laugeson et
al., 2009), it is fundamental to assess also the efficacy
of social skills programs, including evaluations from
teachers and parents.

To corroborate the findings of Afsharnejad et al.
(2024), we conducted the present systematic review
and meta-analysis to estimate the efficacy of Social
Skills interventions for Adolescents with Level 1 ASD
including not only the assessments of clinicians but also
those of parents and teachers. We also tested for specific
moderators of response to treatment, including treatment
duration, cognitive functioning, specific psychiatric
comorbidities, and concurrent use of psychotropic
medications, as well as age and gender, which have all
been to affect the outcomes of specific rehabilitation
programs (Bent et al., 2023; Linstead et al., 2017; Kedar
& Bauminger-Zviely, 2023; Storch et al., 2022).

Methods

The reporting of this systematic review with
meta-analysis followed the most recent PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Page et al., 2021) (see
PRISMA Checklist in supplemental materials — table
S1). The protocol was preregistered on PROSPERO
(CRD42022309132).

Search Strategy and Selection Criteria
We systematically searched Pubmed, Scopus, and

Web of Science from their date of inception to 27 July
2023, with a restriction to articles published in English
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(we had no funding to professionally translate articles
into languages other than English). The search strategy
and syntax were as follows: (therap* OR treatment
OR intervention) AND (autis*) AND (child* OR
adolescen*) AND social skill* AND random* (the full
search strategies applied for each database are available
in supplemental materials — table S2). Studies were
considered eligible for inclusion when they met the
following criteria: (1) RCT; (2) including youths aged
9-18; (3) meeting DSM or ICD diagnostic criteria (any
version) for Level 1 ASD or equivalent; (4) focusing on
interventions explicitly aimed at improving social skills;
(5) using control group represented by (a) waiting list
or (b) services as usual/or not primarily focused on the
implementation of social skills (Not Focused on Social
Skills - NFSS); (7) using standardized clinical measures
of Social Skills (SS), Social Skills + Restrictive and
Repetitive Behaviors (SS+RRB), Behavioral Symptoms
(BEH), and/or Anxious/Depressive Symptoms (ANX/
DEP).

Data Selection, Extraction and Coding

First, the titles and abstracts of the studies were
independently screened by three authors (A.N., R.M. and
S.S.) to identify potential studies that met the inclusion
criteria. Any disagreements that arose were resolved
through discussion among the authors. Subsequently,
the full texts of selected articles were independently
evaluated by three authors (A.N., RM. and S.S) to
confirm their eligibility for inclusion. During the data
extraction phase, three authors utilized standardized
forms to extract information from each third of the
retrieved studies. To ensure accuracy and completeness,
the extracted data were then double-checked by the
remaining two extractors.

The clinical scales used in the included studies were
classified according to the type of outcome they assessed,
as follows: Social Skills (SS), Social Skills + Restrictive
and Repetitive Behaviors (SS+RRB), Behavioral
Symptoms (BEH) and Anxious/Depressive Symptoms
(ANX/DEP). In cases where data were unavailable in
the published reports, attempts were made to gather the
missing information by reaching out the corresponding,
first, or senior authors via e-mail (see Appendix 1 for
more details).

Data Synthesis and Analysis

Initially, a descriptive synthesis was conducted for all
studies included in the systematic review. Subsequently,
meta-analyses were performed in RStudio 4.0® (R-Core-
Team, 2020) to estimate the pooled effect size across
studies for each type of outcome (i.e., SS, SS+RRB,
BEH and ANX/DEP) and for each type of comparison
(i.e., experimental treatment versus waiting list,
experimental treatment versus control treatment,
experimental treatment versus waiting list + control
treatment). Meta-analyses were conducted whenever
there were at least two studies reporting on the same
outcome for each comparison.

For studies that reported means and standard
deviations of outcome measures, pre-to-post raw
mean differences were calculated by subtracting the
raw scores obtained before treatment from those
obtained after treatment, with scale scores reversed
when necessary. The standard deviations of pre-to-post
treatment changes were computed using the formula:
SD = (SD, )’ + (SD,)* =2 x r x SD__x SD
where r represents the "Correlation coefficient. In tTus
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study, a conservative estimate of r = 0.4 was chosen
based on previous literature (Bucher et al., 1997; Gu
et al.,, 2015; Van de Laar et al., 2005). The between-
group standardized mean differences (SMD) and related
variances were estimated using the package metafor in
RStudio® and used as a measures of effect size in the
meta-analyses.

For each type of outcome variable and comparison,
a multivariate mixed-effects meta-analytic model was
fitted to the data using metafor package in RStudio®
(Viechtbauer, 2010). This model accounted for the
non-independence of data by nesting effect sizes within
studies that reported multiple effect sizes for the same
component. The Restricted Maximum-Likelihood
(REML) estimator was employed, and the Knapp-
Hartung confidence interval adjustment (Langan et
al., 2019) was applied. Heterogeneity across studies
was assessed using the Cochran Q test (p-value < 0.05
indicates significant heterogeneity). Publication bias
was assessed visually using funnel plots for small
studies and quantitatively with the rank correlation test
for funnel plot asymmetry (Begg & Mazumdar, 1994)
— a modified version of the Egger’s test (Egger et al.,
1997) suitable for multivariate meta-analytic models —
by computing Kendall’s tau.

In the presence of significant heterogeneity across
studies, exploratory subgroup analyses and meta-
regressions were conducted to investigate potential
factors that might have affected the pooled effect size in

Figure 1. PRISMA flowchart

studies assessing Social Skills as outcome variable. The
explored moderators for subgroup analysis included
the presence of psychiatric comorbidities (specifically,
Attention-Deficit/Hyperactivity Disorder (ADHD),
Oppositional Defiant Disorder (ODD) and Anxiety
Disorder (AD)), and concurrent use of psychotropic
medications. Meta-regressions were conducted using
age, sex assigned at birth (hereafter, “gender”),
treatment duration, percent use of medication and full-
scale intelligence quotient as regressors of interest.

Study Quality Rating

Two authors (A.N. and S.S.) used the most
recent version of the Cochrane Risk-of-Bias scale
for randomized trials (RoB-2 scale; Sterne et al.,
2019). The RoB-2 scale comprises a fixed set of bias
domains that encompass various potential sources of
bias, including (D1) bias from randomization, (D2)
deviations from intended interventions, (D3) missing
outcome data, (D4) measurement bias, and (D5) bias
in selection of reported results. Each domain includes
a series of "signaling questions" that aim to gather
information relevant to the risk of bias in the trial.
These domains are mandatory and cover all potential
biases in randomized trials. The judgment for each
domain was classified as ‘Low’ or ‘High’ risk of bias,
or ‘Some Concerns’.

[ Identification of studies via databases ]
M)
c
K]
é Records identified from Records identified from Records identified from
= PubMed (n = 140) Scopus (n =179) Web of Science (n = 23)
s
—J
v v A4
)
Total number of records
(n = 342 of which 61 duplicates)
y
o
=
c Records screened after ) . _
@ duplicates removed (n = 281) »| Records excluded based on title/abstract screening (n = 240)
@
Full d d aft Records excluded based on full-text screening:
llj /—text records screene _34‘15" A. Comparing an experimental treatment to other interventions
title/abstract screening (n = 41) equally aimed at improving social skills (n = 4)
— B. Out of scope (n=1)

Studies included in quantitative
syntheses (meta-analysis)
(n =36)

From: Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M.,
AKl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-
Wilson, E., McDonald, S., McGuinness, L. A., ... Moher, D. (2021). The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. Systematic reviews, 10(1), 89. https://doi.org/10.1186/s13643-021-01626-4
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Results

Study Selection

As shown in the PRISMA flowchart (figure 1) after
screening 281 possibly relevant references, 36 studies
were included in the meta-analyses (2794 participants
in total; 1435 undergoing an experimental treatment
and 1359 in the control group). Among the included
studies, 18 compared an experimental treatment (489
participants) to a waiting list (471 participants), whereas
another 18 compared an experimental treatment (946
participants) to a service as usual/or not primarily
focused on the implementation of social skills (Not
Focused on Social Skills - NFSS) (888 participants). In
the next sections we present the findings from the meta-
analyses according to the type of outcome variable
assessed, as well as to the type of comparison (see
Appendix 1 for more details).

Meta-Analyses

Our study included 36 RCTs that evaluated the
efficacy of 18 Social Skills Trainings (SST) (see tables
S3, S4, S5 and Appendix 1 for more details). Figure 2
presents a summary forest plot illustrating the results
of the four meta-analyses encompassing all outcome
variables.

Furthermore, we fitted eight additional multivariate
mixed-effects meta-analytic models according to
the type of comparison (experimental treatment
versus waiting list and experimental treatment versus
control treatment) for each type of outcome variable.
A summary forest plot of the eight additional meta-
analyses, considering all types of comparison and
outcome variables, can be found in supplemental
materials — figure S1.

Social Skills

Twenty-three studies (Afsharnejad et al., 2021;
Beaumont et al., 2021; Begeer et al., 2015; Corbett
et al., 2019; Corbett et al., 2023; Dekker et al., 2018;
Dolan et al.,, 2016; Frankel et al., 2010; Hopkins et
al., 2011; Idris et al., 2022; Ko et al., 2018; Locke,
Rotheram-Fuller & Kasari, 2012; Lopata et al., 2010;
Lopata et al., 2019; Owens et al., 2008; Platos et al.,
2022; Rabin et al., 2018; Schohl et al., 2014; Shum et al.,
2019; Thomeer et al., 2019; Vernon et al., 2018; Wright
et al., 2023; Yoo et al., 2014) reported clinical measures
of SS as outcome variable with sufficient information
for effects sizes to be computed and were thus included
in the meta-analysis. A meta-analysis conducted on 103

Figure 2. Forest plot of the four meta-analyses across all

Outcomes

effect sizes showed that experimental treatments were
significantly more efficacious on SS than waiting list/
control treatment (SMD = 0.3745; SE = 0.0681; 95%-CI
= [0.2396; 0.5093]; ¢ = 5.5015; p < 0.0001). Between-
study heterogeneity was significant (Q = 292.1041; p
< 0.0001) and publication bias was also detected (z =
0.3472; p <0.0001). Forest and funnel plots are depicted
in supplemental materials — figure S2A — B.

Since significant heterogeneity was detected, two
further meta-analyses were conducted to investigate
whether the type of comparison affected findings of
the main meta-analysis. A meta-analysis on 54 effect
sizes reported by 12 studies showed that experimental
treatments were significantly more efficacious on SS
than waiting list (SMD = 0.5385; SE = 0.0816; 95%-CI
=[0.3752; 0.7017]; t = 6.6004; p < 0.0001), though both
between-study heterogeneity (Q = 148.0237; p <0.0001)
and publication bias (z = 0.4324; p < 0.0001) were
still significant. Similarly, a meta-analysis on 49 effect
sizes reported by nine studies showed that experimental
treatments were significantly more efficacious on SS
than control treatments (SMD = 0.1762; SE = 0.0743;
95%-CI = [0.0273; 0.3252]; ¢t = 2.3733; p = 0.0213),
though both between-study heterogeneity (Q = 82.8690;
p=0.0054) and publication bias (= 0.1880; p = 0.0452)
were still significant.

Social  Skills

. and  Restricted Repetitive
Behaviors

Fourteen studies (Begeer et al., 2015; de Korte et
al., 2021; Idris et al., 2022; Lopata et al., 2010; Lopata
et al., 2015; Luckardt et al., 2018; Platos et al., 2022;
Rabin et al., 2018; Schohl et al., 2014; Shum et al., 2019;
Thomeer et al., 2016; Thomeer et al., 2019; Vernon et al.,
2018; White et al., 2013) reported clinical measures of
SS+RRB as outcome variable with sufficient information
for effects sizes to be computed and were thus included
in the meta-analysis. A meta-analysis conducted on 20
effect sizes showed that experimental treatments were
significantly more efficacious on SS+RRB than waiting
list/control treatment (SMD = 0.3193; SE =0.0668; 95%-
CI=1[0.1800; 0.4585]; t=4.7827; p =0.0001). Between-
study heterogeneity was not significant (Q = 30.9873;
p = 0.0554) and publication bias was not detected (z =
0.3333; p =0.0360). Forest and funnel plots are depicted
in supplemental materials — figure S3A — B.

The meta-analysis of 12 effect sizes reported by
nine studies showed that experimental treatments were
significantly more effective on SS+RRB than waiting
list (SMD = 0.3122; SE = 0.0729; 95%-CI = [0.1534;
0.4710]; t = 4.2834; p = 0.0011), as well as a meta-
analysis on eight effect sizes reported by five studies
showing that experimental treatments were significantly

outcome variables

SMD (95%-Cl)

SS - EXPERIMENTAL versus WAITING/CONTROL
SS+RRB - EXPERIMENTAL versus WAITING/CONTROL
BEH - EXPERIMENTAL versus WAITING/CONTROL

ANX/DEP - EXPERIMENTAL versus WAITING/CONTROL

HIH
HH
HiH
—a—
[ I I I 1
-1 -05 0 05 1
Favors CTRL Favors EXP

Abbreviations: 95%-CI = confidence interval at 95%; ANX/DEP =anxious/depressive symptoms; BEH =behavioral symptoms;
CTRL = waiting list/control treatment; EXP = experimental intervention; RRB = restrictive and repetitive behaviors; SMD =

standardized mean difference; SS = social skills.
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more efficacious on SS+RRB than control treatments
(SMD = 0.3172; SE = 0.1253; 95%-CI = [0.0209;
0.6134]; t=2.5312; p=0.0392).

Behavioral Symptoms

Twelve studies (Beaumont et al., 2021; de Korte et
al., 2021; Frankel et al., 2010; Lopata et al., 2010; Owens
et al., 2008; Rabin et al., 2018; Schohl et al., 2014; Shum
et al., 2019; Thomeer et al., 2016; Thomeer et al., 2019;
White et al., 2013; Yoo et al., 2014) reported clinical
measures of BEH as outcome variable with sufficient
information for effects sizes to be computed and were
thus included in the meta-analysis. A meta-analysis
conducted on 21 effect sizes showed that experimental
treatments were significantly more efficacious on BEH
than waiting list/control treatment (SMD = 0.3154; SE
= 0.0657; 95%-CI = [0.1783; 0.4525]; t = 4.7989; p =
0.0001). Between-study heterogeneity was not significant
(Q=11.0250; p = 0.9456), whereas publication bias was
detected (z=0.5238; p =0.0006). Forest and funnel plots
are depicted in supplemental materials — figure S4A — B.

Coherently, a meta-analysis of 16 effect sizes
reported in eight studies showed that experimental
treatments were significantly more efficacious on BEH
than waiting list (SMD = 0.2908; SE = 0.0814; 95%-CI
= [0.1173; 0.4643]; ¢t = 3.5729; p = 0.0028). A meta-
analysis of five effect sizes reported by four studies
showing that experimental treatments were significantly
more effective on BEH than control treatments (SMD =
0.4048; SE = 0.1290; 95%-CI = [0.0466; 0.7629]; t =
3.1380; p = 0.0349).

Anxious/Depressive Symptoms

Nine studies (Beaumont et al., 2021; de Korte et al.,
2021; Frankel et al., 2010; Locke et al., 2012; Schiltz et
al., 2018; Schohl et al., 2014; Vernon et al., 2018; White
et al., 2013; Yoo et al., 2014) reported clinical measures
of ANX/DEP as outcome with sufficient information
for effects sizes to be computed and were thus included
in the meta-analysis. A meta-analysis conducted on 21
effect sizes showed that experimental treatments were
significantly more efficacious on ANX/DEP than waiting
list/control treatment (SMD = 0.2780; SE=0.1126; 95%-
CI=10.0432; 0.5128]; t=2.4694; p = 0.0227). Between-
study heterogeneity was significant (Q = 34.3435; p =
0.0239) and publication bias was also detected (r =
0.3905; p =0.0131). Forest and funnel plots are depicted
in supplemental materials — figure SSA — B.

Since significant heterogeneity was detected, two
further meta-analyses were conducted to investigate
whether the type of comparison affected findings of
the main meta-analysis. A meta-analysis on 16 effect
sizes reported by 6 studies showed that experimental
treatments were significantly more effective on ANX/
DEP than waiting list (SMD = 0.4459; SE = 0.0754;
95%-CI =[0.2852; 0.6066]; t = 5.9149; p < 0.0001), and
neither between-study heterogeneity (Q = 11.5404; p =
0.7134) nor publication bias (z = 0.3000; p = 0.1160)
were significant anymore. By contrast, a meta-analysis
of five effect sizes reported in three studies found no
significant differences between experimental and control
treatments in the efficacy on ANX/DEP (SMD =-0.1080;
SE = 0.1560; 95%-CI = [-0.5410; 0.3250]; t = —0.6924;
p = 0.5268); neither between-study heterogeneity (Q =
4.3316; p = 0.3630) nor publication bias (z =-0.2000; p
=0.8167) were significant anymore.
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Subgroup Analyses and Meta-Regressions

None of the explored moderators in the subgroup
analyses significantly affected the results related to the
efficacy of all interventions combined (see table S6).
Additionally, five meta-regressions were conducted
on a priori selected variables, including age, gender,
treatment duration, percent use of medication and full-
scale intelligence quotient (FSIQ), but none of them
were found to significantly moderate the pooled effect
size (see table S7).

Risk of Bias Assessment

For D1 (Bias from randomization), 26 out of 36
studies (72%) exhibited a low risk, 10 studies (28%)
showed some concerns, and none showed a high risk.
Regarding D2 (Deviations from intended interventions),
12 studies (33%) showed low risk, 22 studies (61%)
showed some concerns and 2 studies (6%) showed high
risk. Concerning D3 (Missing outcome data), 34 studies
(94%) displayed a low risk, 2 studies (6%) showed some
concerns, and none had a high risk. For D4 (Measurement
bias), 7 studies (19%) showed low risk, 22 studies (61%)
showed some concerns, and seven studies (19%) showed
high risk. Finally, regarding D5 (Bias in selection of
reported results), 32 studies (97%) reported low risk,
four studies (11%) had some concern, and none reported
high risk (see figure 3).

Discussion

This meta-analysis explored the efficacy of SST for
adolescents with Level 1 ASD for four outcomes: Social
Skills (SS), Social Skills plus Restricted Repetitive
Behaviors (SS+RRB), Behavioral symptoms (BEH), and
Anxious/Depressive symptoms (ANX/DEP). Findings
showed that experimental treatments were significantly
more efficacious, with small-to-moderate effect sizes
in enhancing outcomes, than waiting list or control
treatments in all four domains. Notably, significant
heterogeneity and publication bias were detected. In
detail, our study showed that experimental treatments
were significantly more effective in improving social
skills (SS) than waiting list or control treatments.
However, it is important to note that significant
heterogeneity was found among studies and the presence
of publication bias. These factors could affect the overall
reliability of the results. Heterogeneity could result from
differences in intervention protocols, study population or
social skills assessment methods. Consequently, future
research should focus on reducing this heterogeneity
and identifying factors that might influence treatment
outcomes. This could include analysis of variables such
as age, level of cognitive functioning, severity of autistic
symptoms, and type of intervention used. A better
understanding of these factors could improve intervention
design and optimize outcomes for individuals with ASD.

In the outcome Social Skills and Restricted Repetitive
Behaviors (SS+RRB), experimental treatments were
significantly more effective in improving social skills and
reducing repetitive behaviors than waiting list or control
treatments. The fact that no significant heterogeneity was
found among the studies may indicate greater consistency
in the results than in the domain of SS alone. This
suggests that targeted intervention might have benefits
not only on social skills but also on repetitive behaviors,
which are often problematic for people with ASD.

Regarding the outcome Behavioral symptoms
(BEH), our results showed that experimental treatments
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were significantly more effective in reducing behavioral
symptoms than waiting list or control treatments. Again,
the absence of significant heterogeneity among studies
suggests greater consistency in results. This advice that
targeted interventions can have a positive impact on
behavioral symptoms associated with ASD, which is
crucial to improving the quality of life for patients and
their families.

Analysis of the outcome Anxious/Depressive
symptoms (ANX/DEP) showed that experimental
treatments are significantly more effective in reducing
anxiety/depressive symptoms than waiting list or
control treatments. However, it is important to note that
significant heterogeneity was found among the studies
and the presence of publication bias. Interestingly, the
results of the subgroup analysis suggest that the efficacy
of experimental treatments might vary depending on

sizes, with results ranging from large to small effects
in social skills and no significant effect in behavioral/
emotional challenges and autistic-like features. In
2017, Gates et al' study reported medium effect
sizes instead. Regarding heterogeneity of outcome
measures, our study found significant heterogeneity in
all four outcome domains, while Afsharnejad’s et al.
(2024) study observed significant heterogeneity only
in the outcomes of autistic-like characteristics. From a
prospective analysis, the results of our study showed
a general consistency in the benefits of experimental
treatment, although heterogeneity and publication bias
may influence the confidence in the results. The presence
of significant heterogeneity suggests that the results
may be influenced by uncontrolled factors or variations
in study design. On the other hand, Afsharnejad's et
al. (2024) study showed more variable results, with

Figure 3. Risk of bias assessment according the RoB-2 scale domains
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Shum, 2018 !
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the type of comparison used. This underscores the
importance of carefully considering the study design and
comparison used when interpreting the results related to
anxiety/depressive symptoms.

The effects size ranged from moderate to small, with
the largest effect observed in SS (SMD = 0.3745) and
the smallest effect observed in ANX/DEP symptoms
(SMD = 0.2780). On the other hand, the recent study
by Afsharnejad et al. (2024) reported more varied effect
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a wider range of size effects and less heterogeneity in
the overall results. Gates' et al. (2017) study contributed
results of average size and non-significant heterogeneity.
Comparing our study with those of Afsharnejad et al.
(2024) and Gates et al. (2017) shows that our study
provides a more specific and quantitative view of
the effects of experimental interventions on a range
of outcomes, while Afsharnejad's et al. (2024) study
provides a more detailed perspective on how effects are
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Figure 3. Continued

Risk of Bias Domains
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Domains:

D1: Bias arising fram the randomisaton process.
D2: Bias due to deviations from the intended interventions.

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

measured and how they vary across outcome domains.
Gates' et al. (2017) study adds further evidence on the
average effects of interventions on social competence,
providing a complementary perspective to the other two
studies.

In our study, heterogeneity in outcome measures
may significantly influence the interpretation of clinical
response to the intervention (see table S8). The presence
of significant differences in the outcome measures used in
the various included studies may make direct comparison
of the effects of different experimental interventions
complicated. For example, if some studies use different
instruments to measure the same constructs, it may be
difficult to determine whether the observed differences
in outcomes are due to the actual effectiveness of the
interventions or to discrepancies in the measurements
themselves. In addition, heterogeneity in outcome
measures could impact the accuracy of estimates of the
effects of interventions. Combining results in a consistent
and reliable meta-analysis could be made more difficult
by the presence of different outcome measures. This
could lead to greater uncertainty in estimates of the
effects of interventions and reduce confidence in the
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overall results.

Finally, the heterogeneity of outcome measures
could limit the generalizability of our study results. The
variability in outcome measures used in the various
included studies could make it difficult to determine
whether the observed effects would translate into
clinically meaningful benefits for the entire population of
patients with ASD. Therefore, it is important to carefully
consider the heterogeneity of outcome measures when
evaluating the effects of experimental interventions in
order to interpret the results accurately and informatively.

In our study, psychiatric comorbidities (ADHD,
ODD, AD) and the use of psychotropic medications did
not significantly impact results. However, the prevalence
of psychiatric comorbidity and the use of psychotropic
medications among individuals with ASD highlights the
need for further investigation into their specific influence
on treatment outcomes (Frankel et al., 2007; Gates et
al., 2017; Herbrecht et al., 2009). Indeed, the effects of
comorbidities varied across studies, with some studies
reporting improvements with comorbid anxiety disorder
but not ADHD (Antshel, 2011) and reduced effects with
comorbid anxiety (Pellecchia et al., 2015).
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Age, gender, treatment duration and full-scale
intelligence quotient (FSIQ) were not moderators of the
pooled effect size included. Even though our findings
indicate that evidence-based interventions exhibit a
small-to-moderate effect size, it is possible that due to
extreme phenotypic heterogeneity, some individuals
respond significantly well to these interventions while
others do not, resulting in an average effect size that
appears small or moderate.

Concerning age some studies have indicated
comparatively superior gains in older participants
(Herbrecht et al., 2009; Mathur et al., 1998), whereas
others have suggested greater advantages for younger
children using specific approaches (McMahon et al.,
2013). However, the results of our exploratory subgroup
analyses and meta-regressions, conducted to investigate
potential sources of heterogeneity, indicated no significant
moderation effect of age. The clinical explanation for this
result could be that the effectiveness of interventions for
ASD may vary with the age of the participants. It could
be that younger people, being at a more susceptible and
rapidly changing stage of development, benefit more
from interventions than older individuals. This could
be due to greater brain plasticity in younger children,
which makes it easier for them to learn new social and
behavioral skills. In addition, younger people might
be less influenced by external or prior factors, such as
accumulated experience over time, which could affect
their response to interventions. This result suggests that
interventions should be tailored according to the age of the
patient and that early interventions might be particularly
beneficial for improving social skills in children and
adolescents with ASD. Moreover, individuals with
higher cognitive abilities and improved verbal skills, as
in our study, tend to derive more benefit from social skills
training (Herbrecht et al., 2009; Solomon et al., 2004).
From a clinical point of view, this could be because
these people are better able to understand the concepts
presented during the training and apply them in real social
contexts. In addition, the more developed cognitive and
verbal skills might facilitate communication and social
interaction, reducing any barriers in active participation
in the training and thus maximizing the results obtained.
This suggests that intervention programs should be
tailored to the individual's level of cognitive and verbal
skills in order to maximize treatment effectiveness.
Although our results are not significant the impact of sex
on the effects of social skills training remains uncertain
(Dean et al., 2023), further research with larger samples
and more robust study designs may be needed to clarify
the role of gender in response to social skills training
and identify any significant differences that might exist
between the sexes.

Regarding the duration of the intervention, which
varied across studies, previous literature did not reach
a consensus. Indeed, some studies found no correlation
between intervention length and social improvement
(Tyminski & Moore, 2008), while others observed greater
increases in peer interactions with a greater number
of intervention sessions (McMahon et al., 2013). Our
meta-analysis did not establish a significant moderating
effect on treatment outcome, although further research is
needed to determine whether prolonged or more intensive
interventions could yield more effects that are prominent.
Guidance on this aspect is essential for service providers
(Gates et al., 2017).

In summary, this meta-analysis demonstrated small-
to-moderate effect size of experimental treatments over
waiting list/control treatments across various outcomes,
although caution is advised due to heterogeneity
and publication bias in some analyses. Although
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interventions for ASD in children and adolescents have
shown promise, further research should prioritize the
development of Individual Participant Data (IPD) meta-
analyses aimed at enhancing the personalized medicine
approach, thereby customizing interventions to tackle the
specific challenges encountered by adolescents with ASD
(Cuijpers et al., 2022). In IPD meta-analyses, primary
data from multiple trials are gathered, amalgamated into
a comprehensive dataset, and subsequently collectively
analyzed. This approach allows for an investigation
into whether baseline patient characteristics are linked
to therapy outcomes. Combining data from multiple
trials significantly enhances statistical power, enabling a
more thorough examination of outcome predictors and
moderators.

Limitations

Our meta-analysis should be considered in light
of some limitations of the included studies, as well as
limitations of our own meta-analysis. In relation to the
included studies, first, the significant heterogeneity
in outcome instruments used across studies can pose
challenges in directly comparing the results. Second, the
presence of bias due to deviations of the included studies
from intended interventions and outcome measurement
can undermine the validity and interpretation of the
results. It highlights the importance of adhering to
rigorous study protocols and reporting guidelines to
minimize these biases. Third, the limited adherence of
most studies to reporting guidelines, such as CONSORT
(Consolidated Standards of Reporting Trials), was a
common issue in included studies. Reporting guidelines
like CONSORT are designed to ensure transparency
and completeness in the reporting of research studies,
particularly clinical trials. When authors don't adhere to
these guidelines, it can create several issues that affect
both the quality and reliability of the research such as:
Incomplete Information, Bias and Selective Reporting,
Reproducibility and Replicability, Difficulty in Meta-
Analysis and Ethical Considerations. In our work, the
influence of this limitation may have been mainly in
the interpretation and synthesis of the research results.
Therefore, one has to be cautious about the potential
impact of an incomplete report on the reliability and
validity of the results. Furthermore, when drawing
conclusions or making recommendations on the basis
of the available evidence, it will be necessary to rely
on additional sources or contexts to compensate for the
shortcomings of the reports. Fourth, there was a lack of
details on treatment fidelity and limited response from
authors can limit the understanding of how interventions
were implemented. Providing comprehensive details on
treatment programs and ensuring treatment fidelity is
crucial for evaluating the efficacy and replicability of
interventions. Future studies should prioritize reporting
on treatment fidelity and provide explicit information
on the implementation process. Fifth, included studies
relied mostly on waiting list control groups, which
limits the ability to make direct comparisons between
different interventions. Including control groups in future
studies can provide valuable insights into the relative
efficacy of different interventions. Sixth, the variability
in terms of age of diagnosis and non-homogeneity of
previous treatments may have influenced the outcome
of subsequent treatments. Seventh, the potential impact
of variability in the timing of diagnosis and initiation
of social skills training on treatment outcomes was not
consistently addressed in the original studies, warranting
further consideration in future research discussions.
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Finally, concerning our meta-analysis, due to budget
issues we could not screen for studies in languages other
than English. Moreover, even though we endeavored to
gather unpublished information from study authors, this
was not systematically provided.
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