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e Psychiatric Genetics Unit, Vall d’Hebron Research Institute (VHIR), Barcelona, Catalonia, Spain   

A R T I C L E  I N F O   

Keywords: 
Autism spectrum disorder 
Emotion regulation 
Emotion dysregulation 
Children 
Adolescents 
meta-analysis 

A B S T R A C T   

Children and adolescents with Autism Spectrum Disorder (ASD) often experience challenges in emotion regu-
lation (ER) and emotion dysregulation (ED) which can interfere with their adaptive functioning. This study 
aimed to systematically review and meta-analyze the evidence on ER/ED in children and/or adolescents with 
ASD, examining its relationship with the following variables: internalizing and externalizing symptoms, cogni-
tive function and social skills, and the effectiveness of non-pharmacological interventions addressing ER diffi-
culties. Both electronic and manual searches were conducted to identify potential studies. Fifty-five studies were 
included in the meta-analysis. A statistically significant between-group difference was found, suggesting greater 
ER/ED challenges in the ASD group. Also, the ASD group showed more maladaptive ER strategies and fewer 
adaptive ER strategies compared to the non-ASD participants. Additionally, more severe ASD and poorer social 
skills were associated with greater ED and poorer ER skills, respectivelly. Furthermore, there was a significant 
correlation between internalizing symptomatology and both adaptive and maladaptive ER strategies. Studies of 
non-pharmacological interventions showed significant improvement in both ER and ED. These results imply that 
assessing ER/ED in children and adolescents with ASD should be part of the evaluation process, and it should also 
be a focal point for intervention in this population.   

1. Introduction 

Autism Spectrum Disorder (ASD) is characterized by deficits in social 
communication and by restrictive and repetitive behaviors (American 
Psychiatric Association, D, and Association, A. P, 2013). These symp-
toms must have been present since childhood and interfere with daily 
functioning. The prevalence of ASD stands at approximately 1%, with it 
being notably more common in males, − four times more prevalent than 
in females (Zeidan et al., 2022). However, this disparity might be 
influenced by challenges in identifying autistic profiles in females 
(Driver & Chester, 2021; Ratto et al., 2018). It is considered that the 

heritability of ASD ranges between 64% and 91% (Tick et al., 2016), 
although there are also cases that result from mutations or polygenic 
factors. 

Mental health disorders are significantly prevalent in individuals 
with ASD (Hossain et al., 2020; Lai et al., 2019; Lugo-Marin et al., 2019). 
It has been reported that Attention Deficit Hyperactivity Disorder 
(ADHD), behavioral disorders, depressive symptoms and anxiety disor-
ders are common in children with ASD (Lecavalier et al., 2019; Rosen-
berg et al., 2011). The severity of these co-occurring conditions is as high 
as in clinical samples without ASD (Gadow et al., 2005). In fact, children 
with ASD are more likely to exhibit internalizing and externalizing 
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symptoms compared to their non-autistic peers (Cibralic et al., 2019), 
which can negatively interfere with their adaptive functioning (Kaat 
et al., 2013). 

Among internalizing symptoms, studies indicate that affective 
symptoms may be underdiagnosed or difficult to observe due to the 
predominance of the core autistic features (DeFilippis, 2018). In 
contrast, anxiety disorders, including social anxiety and phobic disor-
ders, are highly prevalent in the ASD population and have been asso-
ciated with greater intellectual ability, functional language, higher 
levels of stereotyped behaviors, and restricted interests (Baribeau et al., 
2021; Sukhodolsky et al., 2008; White & Roberson-Nay, 2009). 
Regarding externalizing symptoms, aggression and hyperactivity 
symptoms occur more frequently in children with ASD than in in-
dividuals without ASD (Shea et al., 2018). Also, it has been found that 
approximately one in four children with ASD meet the diagnostic 
criteria for oppositional defiant disorder or conduct disorder (Kaat & 
Lecavalier, 2013). 

An important factor consistently associated with both internalizing 
and externalizing symptoms in ASD is the challenge of effective emotion 
regulation (ER) (Cai et al., 2018), which has been linked to negative 
outcomes in daily activities for individuals with ASD, including wors-
ened academic performance (Konstantareas & Stewart, 2006), increased 
problem behaviors, and reduced social relationships (Berkovits et al., 
2017). 

1.1. Definition of emotion regulation 

Effective ER processes enable individuals to control the emotions 
they experience. This control encompasses the regulation of the type of 
emotions, the way in which they are expressed, as well as their intensity 
and duration (Gross, 1998). Following Gross’s model, ER is a multi-
component and dynamic process involving interactions between the 
individual and their environment. Through this process, the individuals 
evaluate, maintain, and modify their own emotions to achieve specific 
goals, using strategies that are socially accepted (Thompson, 1994). 
Gross’s model defines five different groups of strategies or processes 
involved in ER, with four occurring before the emotion is generated (i.e., 
they are focused on the antecedents that give rise the emotion) and the 
fifth taking place after the emotion is generated (i.e., involving strategies 
focused on the response that follows the emotion). These five groups of 
processes include: (1) Situation selection (e.g., strategies such as 
avoiding a situation); (2) Situation modification (e.g. taking action to 
eliminate a stressful situation); (3) Attentional deployment (e.g. dis-
tracting oneself or focusing on something else, whether pleasant or not); 
(4) Cognitive change (e.g. interpreting events in a more positive way); 
and (5) Response modulation (e.g. emotional suppression which in-
volves inhibiting the expression of the emotion). 

On the contrary, emotion dysregulation (ED) refers to a difficulty in 
managing and responding to emotional experiences in a manner that is 
socially acceptable or adaptive (Sáez-Suanes, García-Villamisar, & Del 
Pozo Armentia, 2023). ED can manifest as intense, rapidly escalating, 
and poorly regulated negative emotional reactions, such as feelings of 
anhedonia, sadness, and nervousness (Mazefsky et al., 2018; Sáez- 
Suanes, García-Villamisar, & Del Pozo Armentia, 2023). The issue lies 
not in the intensity of the emotional reaction itself, even if it is intense, 
but rather in the ineffective and inappropriate strategies employed by 
the person to achieve the optimal level of intensity in the specific situ-
ation (Tull & Aldao, 2015). A consistent pattern of ineffective or inap-
propriate regulation often hinders later developmental achievement, 
resulting in difficulties in forming and maintaining interpersonal re-
lationships, communication problems, and coping with stress and 
problematic situations (Cicchetti et al., 1991). 

1.1.1. Emotion regulation coping strategies 
In addition to being categorized as either antecedent-focused or 

response-focused, various criteria for classifying ER strategies can be 

found in the literature. For instance, these strategies can be classified as 
intrinsic or extrinsic, depending on whether the source of regulation is 
internal or external to the individual, respectively (Gross, 2013). This 
differentiation criterion can have implications for understanding ER in 
the context of development from infancy to adulthood. Extrinsic regu-
lation is characteristic during the early years of life when the child re-
quires the co-regulation from significant caregivers. As the child gains 
autonomy, intrinsic or autonomous ER abilities develop (Nuske et al., 
2017; Paulus et al., 2021). 

To assess their clinical relevance, ER strategies can be classified by 
considering the mental and physical health consequences that continued 
use of certain strategies might have for the individual. As such, it has 
been proposed that ER strategies can be categorized as adaptive or 
maladaptive (Aldao & Nolen-Hoeksema, 2012). For instance, emotional 
suppression (a response-focused strategy) appears to be less adaptive, as 
it directs all resources toward suppressing emotions and restricts inter-
action with the environment (Gross, 2001). In adaptive ER, the indi-
vidual is aware of their emotions, knows theis goals, and possesses the 
capacity to select and implement a strategy they deem appropriate to 
achieve their desired outcome (Gross & Jazaieri, 2014; Sheppes et al., 
2015). Maladaptive regulation occurs when an individual fails to 
intentionally regulate an emotion, even when it would be beneficial, or 
when attempts to regulate emotions result in a mismatch between the 
chosen strategy and the situational context (Gross & Jazaieri, 2014). 
Additionally, factors like difficulty in identifying one’s own emotions or 
challenges in effectively monitoring emotional changes after imple-
menting a strategy (Cai et al., 2018) may play a role, as could be the case 
for children with ASD. 

1.1.2. Emotion regulation association with age, sex and intellectual 
functioning 

Several studies have shown an association between ER and age. For 
example, Sanchis-Sanchis et al. (2020) found that children and pre- 
adolescents in the 9–12 year group had lower scores in ER strategies 
than the 13–16 year group. Research has also shown that the ability to 
switch between cognitive and affective information, known as affective 
flexibility, varies with age. In a recent study, Samson et al. (2022) found 
that adolescents exhibited slower switching abilities compared to adults. 
This developmental trajectory suggests that as individuals age, they may 
become more adept at navigating the interplay between cognitive and 
emotional processes, enhancing their overall ER capabilities. Regarding 
the association of age and ED, Fenning et al. (2018) examined the pre-
dictors of ED in children with autism and found that ASD symptom 
severity was the strongest predictor of child ED. Furthermore, child age 
and parental scaffolding uniquely predicted child dysregulation in spe-
cific contexts. In the case of the ASD population there is a growing 
recognition of the need for proactive approaches to enhance ER in early 
childhood. A recent systematic review highlighted the importance of 
assessing ER outcomes within parent-mediated interventions for young 
autistic children, emphasizing the need for early and targeted in-
terventions (Hendrix et al., 2022). 

Sex differences in ER have also been observed. For example, in the 
previous mentioned study Samson et al. (2022) also found sex differ-
ences in ER in the context of cognitive-affective switching. While fe-
males tend to be faster switchers than males, they are slower when 
transitioning from cognitive to affective content compared to the 
reverse. This suggests sex-specific nuances in processing and regulating 
emotions, potentially influencing emotional responses and behaviors. 
Lischke et al. (2020) explored the relationship between interoception 
(the sense of the internal state of the body) and ER, differentiating be-
tween male and female individuals. The results showed that interocep-
tive accuracy was related to reappraisal in males but unrelated in 
females. While autism is more commonly diagnosed in males, emerging 
research suggests that females with autism may exhibit unique ER 
profiles. A study on the neurocognitive and behavioral development in 
young children with sex chromosome trisomy X highlighted the early 
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behavioral symptoms and neurocognitive vulnerabilities associated 
with ER (van Rijn et al., 2023). Another study emphasized the hormonal 
abnormalities in alexithymia, a trait characterized by difficulties in 
emotion recognition and regulation, suggesting potential sex-linked 
differences in ER in autism (Goerlich & Votinov, 2023). 

Children with intellectual disabilities (ID) often exhibit deficits or 
delays in affective and cognitive Theory of Mind (ToM), closely linked to 
ER(Baurain & Nader-Grosbois, 2013; Thirion-Marissiaux & Nader- 
Grosbois, 2008). Jacobs and Nader-Grosbois (2020) have shown that 
enhanced ToM abilities, through training programs focusing on under-
standing mental states, including beliefs and emotions, can subsequently 
foster better ER and social adjustment in children with ID. Similarly, Te 
Brinke et al. (2021) found that adolescents with IDs are at risk for 
externalizing problems and tend to rely more on behavioral rather than 
cognitive regulation strategies. Additionally, ToM training led to a sig-
nificant improvement in the understanding of cognitive mental states 
and the consequences of emotions in children with ID (Te Brinke et al., 
2022). Intellectual functioning can also influence ER capacities in in-
dividuals with ASD. For example Sáez-Suanes, García-Villamisar, & Del 
Pozo Armentia, 2023 showed that Individuals with both ASD and in-
tellectual disability (ID) often display significant depressive symptoms, 
although the relationship is complex. Their study showed that those 
with mild ID struggle with ER, leading to depressive symptoms. 

1.2. ER/ED in ASD 

The prevalence of ER problems in children with ASD has been esti-
mated in around 60% (A. C. Samson et al., 2015). While difficulties in ER 
are observed in various mental health disorders (Paulus et al., 2021), 
particular attention has been focused on ASD due to the frequent 
occurrence of ER-related issues in children with ASD, similar to those 
seen in typically developing children with ER difficulties (Cibralic et al., 
2019). ASD presents several risk factors that contribute to ER diffi-
culties, including alexithymia, deficits in theory of mind, social skills, 
cognitive deficits, limited abstraction capacity and cognitive func-
tioning, low inhibitory control, baseline hyperarousal, restricted in-
terests, stereotyped behaviors, and inflexibility (Beck et al., 2020). It has 
been suggested that some mechanisms contributing to poor ER in in-
dividuals with ASD may be shared with other clinical populations. These 
mechanisms include dysfunctional arousal levels, varying degrees of 
negative and positive affect, and abnormalities in the amygdala and 
prefrontal cortex (White et al., 2014). In contrast, other mechanisms 
may be unique to ASD, encompassing differences in information pro-
cessing/perception, cognitive factors like inflexibility, reduced goal- 
directed behavior, and heightened emotional disorganization (Mazef-
sky & White, 2014). ED in ASD has also been associated with difficulties 
in social and behavioral functioning and has been shown to be largely 
independent of IQ (Berkovits et al., 2017). Furthermore, it has been 
suggested that ED, particularly in the form of “emotional outbursts”, is 
related to a lower quality of family life (Nuske et al., 2017). Regarding 
coping ER strategies, research indicates that individuals with ASD 
encounter more ER difficulties and employ ER strategies less adaptively 
(Cai et al., 2018). Additionally, it has been observed that children with 
ASD exhibit greater intensity and duration of resignation, rely signifi-
cantly more on avoidance and venting strategies, and employ fewer 
constructive strategies than their peers when faced with frustrating tasks 
(Jahromi et al., 2013). 

1.2.1. Evaluation of ER/ED in ASD 
The assessment of capacity for ER and ED relies on both subjective 

and objective methods. One of the most common subjective measures is 
parent/caregiver reports, often collected through scales, and self- 
reported measures for children and adolescents (Ayer et al., 2009; 
Mazefsky et al., 2018; Shields & Cicchetti, 1998). Additionally, subjec-
tive measures are used to assess self-report ER coping strategies 
(Eisenberg et al., 1994; Fabes et al., 1994; Garnefski et al., 2001). The 

Emotion Dysregulation Inventory stands out, which is a scale that allows 
for the assessment of ED in children with ASD and groups items into the 
factors of Reactivity and Dysphoria (Mazefsky et al., 2018). Also, the 
Emotion Regulation Checklist, which assesses ER and provides scores for 
ER and lability/negativity (Shields & Cicchetti, 1998). Finally, among 
informant-based assessments, there is the Child Behavioral Checklist- 
Dysregulation Profile (CBCL-DP), which includes scores for the sub-
scales of Anxiety-Depression, Attention, and Aggression to assess ED 
(Ayer et al., 2009). Among the observational measures proposed to 
evaluate ER/ED in individuals with ASD are structured experimental 
tasks in which specific situations are presented, and the child’s ED and 
practical ER coping strategies are coded based on an observational 
protocol (Calkins et al., 1999; Goldsmith & Rothbart, 1999; Grolnick 
et al., 1996). Furthermore, some physiological measures, such as res-
piratory sinus arrhythmia (RSA) and heart rate (HR), have garnered 
special attention in ER/ED evaluation (Beck et al., 2020). These mea-
sures are considered objective, as they provide insights into the para-
sympathetic activity of the autonomic nervous system, which has been 
reported to be correlated with ED and ER difficulties in individuals with 
ASD (Baker et al., 2022; Guy et al., 2014) . Studies have highlighted an 
overactivation in children with ASD, characterized by lower RSA and 
higher HR (Bazelmans et al., 2019; Cheng et al., 2020; Sheinkopf et al., 
2019; White et al., 2014). 

1.2.2. Intervention in ER in ASD 
Existing interventions to improve ER in children and adolescents 

with ASD encompass both pharmacological and non-pharmacological 
approaches. Among pharmacological interventions, aripiprazole and 
risperidone have demonstrated short-term efficacy in addressing irrita-
bility (D. Cohen et al., 2013), although they come with numerous side 
effects. It is important to consider these medications as part of a multi-
modal treatment plan since there is no specific pharmacological treat-
ment designed to enhance ER skills (de Pablo et al., 2023; Fieiras et al., 
2023). In the realm of non-pharmacological interventions, cognitive- 
behavioral approaches have shown promise and feasibility in 
improving ER in children and adolescents with ASD (Beck et al., 2020; 
Reyes et al., 2019; Rispoli et al., 2019). Early intervention to address ER 
difficulties in individuals with ASD is crucial for preventing the exac-
erbation of ASD symptoms, the deterioration of social skills, an increase 
in internalizing and externalizing symptoms, and a more significant 
impact on the family environment (Mazefsky & White, 2014). 

1.3. Objective and review questions 

Despite the fact that research on ER/ED in childhood and adolescents 
with ASD has been increasing in recent years, there is still considerable 
variability in the results found to date. Although several reviews on ER 
in ASD have been conducted (Beck et al., 2020; Cibralic et al., 2019; 
Reyes et al., 2019; Weiss et al., 2014), to date, a quantitative synthesis of 
the evidence on ER/ED in children and adolescents with ASD has not 
been conducted For this reason, the present undertakes a systematic 
review and meta-analysis of the evidence on ER/ED in children and 
adolescents with ASD. The questions that guide this study are:  

1. Are there significant differences between children and adolescents 
with ASD and those without ASD in subjective and observational 
measures of ER/ED?  

2. Is there a significant association between ER/ED measures and ASD 
severity, intellectual quotient (IQ), social skills, and internalizing 
and externalizing symptoms?  

3. Can demographic factors (age, sex) and cognitive factors (ID), as well 
as the study quality, significantly moderate the results found across 
the meta-analyses?  

4. What is the efficacy of non-pharmacological ER interventions in 
children and adolescents with ASD in terms of ER, ED, social skills, 
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parent outcomes (e.g., quality of life), and internalizing and exter-
nalizing symptoms? 

2. Methods 

The present review was guided by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021) 
and was registered in PROSPERO under the ID CRD42023458703. 

2.1. Search of studies 

An electronic search was conducted across four databases (Pubmed, 
Psycinfo, Scopus, and Web of Science) from January 2000 to June 2023 
and then updated in December 2023. The search syntax included the 
terms (“autism” OR “asd” OR “autism spectrum disorder” OR “asper-
ger’s” OR “asperger’s syndrome” OR “autistic disorder” OR “aspergers” 
OR “autistic”) AND (emotion* regulation OR emotion* dysregulation). 
Results were filtered by publication type (journal articles), age group 
(0–18 years), and language (English). Additionally, a manual search was 
performed by reviewing the reference lists of potentially eligible articles, 
including published reviews related to the topic of this study. In cases 
where the necessary data could not be retrieved, we contacted the cor-
responding authors of the original studies to request inclusion in the 
meta-analysis. For more details on the electronic search please refer to 
Appendix A. 

2.2. Inclusion and exclusion criteria 

The selection criteria were: (1) diagnosis of ASD according to DSM/ 
ICD criteria and/or confirmation with gold-standard diagnostic in-
struments (for intervention studies, a parent/caregiver diagnosis report 
was allowed); (2) child and adolescent population (ASD group with a 
mean age below 18 years); (3) evaluation studies that include subjective 
and/or observational measures of ER/ED and/or non-pharmacological 
intervention studies incorporating ER skills training session(s) within 
the intervention protocol; and (4) studies that provide means and 
standard deviations (or data allowing for the estimation of effect sizes) 
and/or correlations with the associated variables (ASD severity, intel-
lectual functioning, social skills, internalizing and externalizing symp-
toms). For the ASD severity variable, we considered evaluation 
instruments that reported quantitative measures of ASD symptom 
severity, such as the Autism Diagnostic Observation Schedule. 
Regarding the intellectual functioning variable, we included measures of 
global IQ, such as the Wechsler’s Full-Scale Intelligence Quotient. For 
the social skills variable, we considered all evaluation measures that 
provided data on the social functioning of the participants, excluding 
those that specifically addressed difficulties in social communication 
associated with autism. As for the internalizing and externalizing 
symptomatology variables, we included measures of anxiety and 
depression for the former, and measures of anger, aggression and irri-
tability for the latter. 

The exclusion criteria were: (1) non-empirical studies (e.g., literature 
review); (2) studies with a sample size of fewer than 10 participants for 
evaluation studies and fewer than 5 participants for intervention studies; 
and (3) studies reported in languages other than English. 

2.3. Data extraction and quality assessment 

Two independent reviewers, D.R. and J.L.M., conducted reference 
screening based on title/abstract and full text. In case of disagreements, 
these were resolved through discussion between the two authors. A 
Microsoft Excel spreadsheet was created where the following variables 
were extracted: first author, publication year, number of participants, 
female-to-male ratio, and mean age in the ASD group, and mean age in 
the control group (if applicable). Furthermore, it was extracted the mean 
total IQ score and whether participants with ID were included/excluded 

in the ASD group. For ER/ED evaluation studies, the following variables 
were also extracted: the instruments used for evaluating ER/ED and 
coping ER strategies (both subjective and observational measures), and 
instruments used to assess associated variables (ASD severity, intellec-
tual functioning, social skills, internalizing and externalizing symp-
toms). In the case of intervention studies, the following measures were 
extracted: the type of control condition (e.g., waitlist), descriptive 
characteristics of the intervention (number of sessions, manualized 
intervention, parent involvement, and intervention format), and 
outcome variables (ER/ED, social skills, parent outcomes, internalizing 
and externalizing symptoms). 

To assess the quality of the evaluation studies, the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) guide-
lines in its modified version (Limaye et al., 2018)was used. This 
approach assigns a quantitative score to observational studies (Cross- 
Sectional = 77 points; Cohort = 84 points; and Case-Control = 83), and 
provides a qualitative classification (Poor <50 points; Fair = 50–70; 
Good = 70–85; Excellent >85). For the assessment of intervention 
studies, the Council of Exceptional Children’s Evidence-based Practice 
Standards (CEC) (Cook et al., 2014). Altogether, this assessment com-
prises 28 Quality Indicators (QIs) that are evaluated in a binary manner, 
where a ‘yes’ score signifies that the criterion is fulfilled, and a ‘no’ score 
indicates that it is not fulfilled. Out of these, 18 QIs pertain to both group 
and single-case research designs, six are relevant exclusively to group 
designs, and four exclusively to single-case designs. A study was 
considered methodologically robust if it satisfied 80% or more of the 
pertinent QIs aligned with its specific research design. 

2.4. Outcome measures 

The outcome variables, relevant to the objectives of the present 
study, were recorded. To explore subjective measures, we considered 
self-reported and/or parent/caregiver-reported instruments assessing 
ER and/or ED in children and adolescents with ASD, along with their 
adaptive/maladaptive coping strategies. Laboratory tasks designed to 
potentially elicit ER/ED behaviors were considered as observational 
measures for this study’s purposes. When quantitative data on these 
measures were reported during the performance of different tasks, all 
tasks were recorded and included in the quantitative synthesis. To 
examine the relationship between ER/ED with ASD severity, intellectual 
functioning, social skills, and internalizing and externalizing symptoms, 
we considered instruments used in the original study methodology 
related to each construct. 

2.5. Statistical analysis 

All statistical analyses were performed using the Comprehensive 
Meta-Analysis 4 (Borenstein, 2022). In order to be included in a meta- 
analysis, a minimum of 10 effect sizes per outcome had to be identi-
fied. A random-effects model was chosen because it assumes that the 
true effect size could vary among studies and and provides more 
generalizable results (Borenstein et al., 2010). Effect sizes were calcu-
lated as Hedges’s g and Pearson’s r correlation, along with their 
respective 95% confidence interval (CI). Cohen (2013)recommenda-
tions were followed for effect size interpretation of Hedges’s g: small 
(0.2), medium (0.5) and large (0.8); and for Pearson’s r: small (0.1), 
medium (0.3), and strong (0.5). In the Hedges’s g meta-analysis, a 
positive effect size indicates to higher scores on the specified ER measure 
in the ASD group as compared to the control group. Heterogeneity was 
assessed using the I2 test (Higgins & Thompson, 2002), with thresholds 
of 25%, 50% and 75% indicating low, moderate and high heterogeneity, 
respectevely. Publication bias was assessed by using a p-value obtained 
from Egger’s linear regression test of funnel plot asymmetry (Egger 
et al., 1997). Unless stated otherwise, a significance level of 0.05 was 
used. 

In order to thoroughly investigate the influence of specific factors 
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related to ER/ED, as discussed in Section 1.1.2 of this paper, we con-
ducted meta-regression analyses. The decision to employ meta- 
regression was driven by the observed significant heterogeneity 
among the included studies, indicating potential moderating effects of 
certain variables. Meta-regression analyses were performed using a 
random-effects model. We selected variables for this analysis based on 
two criteria: (1) they demonstrated significant effects in our preliminary 
analyses, and (2) there were >10 effect sizes available for that variable 
(or five studies in each category for categorical variables), ensuring a 
robust analysis. The following moderator variables were examined in 
separate models to avoid multicollinearity and to provide a clear 
interpretation of each factor’s influence: Model 1: Mean age of the ASD 
group. This continuous variable was analyzed to determine if age vari-
ations within the ASD group influenced the observed effect sizes; Model 
2: Proportion of female participants in the ASD group. We aimed to 
explore if sex distribution played a role in the observed outcomes; Model 
3: Inclusion of participants with ID (IQ < 70) in the ASD group. This 
categorical variable was included to understand if the presence of ID 
among participants affected the results; Model 4: Quality assessment. 
This continuous variable was included to test whether variations in 
study quality could influence the observed effect sizes. The results of 
these meta-regression analyses, including regression coefficients and p- 
values, will be presented in the subsequent sections. Additionally, het-
erogeneity statistics (I2) before and after the meta-regression will be 

reported to demonstrate the extent to which these moderators explained 
the observed variability among studies (complete analisys in Appendix 
G). 

3. Results 

Fig. 1 shows the PRISMA flow diagram for the electronic search 
strategy. Initially, a total of 1076 studies were identified, with 652 
remaining after duplicate removal. Six additional studies that fulfilled 
the inclusion criteria were found through the manual search. After fin-
ishing Title/Abstract screening, 304 studies were selected for full-text 
review. Finally, 55 separate published studies met criteria for inclu-
sion in the quantitative synthesis of results (34 evaluation studies and 21 
intervention studies). Regarding evaluation studies, the mean age of the 
ASD group ranged from 26.4 months to 15.78 years and the mean total 
IQ score ranged from 80.02 to 110.48, with only nine studies (26%) 
reporting the inclusion of participants with below-average IQ scores. For 
the intervention studies, the mean age of the ASD group ranged from 
53.43 months to 18 years and the mean total IQ score ranged from 87.45 
to 109.21, with only seven studies (33%) reporting the inclusion of 
participants with below-average IQ scores. The proportions of female 
participants in the ASD group ranged from 0% to 37% for the evaluation 
studies and 7% to 40% for intervention studies. Appendix B includes a 
qualitative synthesis of studies included in the meta-analysis. 

Fig. 1. PRISMA flow diagram.  
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3.1. Quality assessment of included studies 

In evaluation studies, quality assessment ranged from “poor” in 11 
studies to “fair” in 22 studies, with one study rated as “good” (see Ap-
pendix C). The least commonly reported items included relevant dates of 
recruitment and data collection, required power calculations and sta-
tistical significance, subgroup analysis, recruitment flow-diagram 
considering numbers of eligible individuals and reasons for non- 
participation, number of participants with missing data, and reporting 
estimates with precision (confidence interval) (see Appendix D). In the 
context of intervention studies, 12 studies achieved a compliance rate of 
80% or higher with the Quality Indicators (QIs). Frequently, these 
studies fell short in terms of meeting specific criteria, such as evaluating 
adherence and implementation fidelity to the intervention, document-
ing a minimum of three assessment timepoints (e.g., pre-intervention, 
post-intervention, and follow-up), and employing graphs to visually 
represent the results. 

3.2. Meta-analyses of subjective/observation ER/ED measures 

The results of each meta-analysis are summarized in Table 1. The 
meta-analysis of subjective/observation ER measures included a total of 
10 studies that collectively provided 11 effect sizes. These studies 
involved a sample of 220 individuals diagnosed with ASD and 189 
control participants. The results show a significant large effect (Hedges’ 
g = − 1.31, 95% CI [− 1.79, − 0.83], p < .001), indicating that the control 
group had higher ER skills compared to the ASD group. The meta- 
analysis of subjective/observation ED measures also revealed signifi-
cant large effects for studies evaluating ED (Hedges’ g = − 1.69, 95% CI 
[− 2.03, − 1.36], p < .001), including 1244 individuals diagnosed with 
ASD and 2289 control participants, and finding greater ED impairment 
in the ASD group. Heterogeneity was significant in all cases (p < .001). 
The publication bias analysis did not reveal significant results in any of 
the cases. Meta-regression analyses did not yield significant results in 
any instance. 

3.3. Meta-analyses of ER adaptive/maladaptive strategies 

In the meta-analysis of ER strategies, twelve studies (with 33 effect 
sizes) and eight studies (with 14 effect sizes) were included for adaptive 
and maladaptive ER strategies, respectively. The total samples consisted 
of 541 and 299 individuals with ASD for adaptive ER strategies, and 527 
and 346 individuals without ASD for maladaptive ER strategies. Sig-
nificant small effect sizes were found (Adaptive: Hedges’ g = − 0.18, 
95% CI [− 0.35, − 0.02], p = .03; Maladaptive: Hedges’ g = 0.47, 95% CI 
[0.24, 0.7], p < .001), indicating that the ASD group exhibited more 
maladaptive ER strategies and fewer adaptive ER strategies compared to 
the control group. Heterogeneity was significant in all cases (p < .001). 
The publication bias analysis revealed significant effect in the case of 
maladaptive ER strategies (Egger’s r = 2.85, p = .01). Meta-regression 
analyses showed significant effects related to study quality for the 
adaptive ER strategies (R2 = 0.1, p = .03), with higher quality studies 
predicting smaller differences between ASD and control groups. 

3.4. Correlation meta-analyses 

Tables 2 shows a synthesis of the results of each meta-analysis. 
Correlation between ED measures and ASD severity was conducted 
using 16 effect sizes from 7 studies, involving 430 individuals diagnosed 
with ASD. A significant small effect was found (Pearson’s r = 0.19, 95% 
CI [0.06, 0.32], p < .001), indicating that individuals with more severe 
ASD presentations had greater ED. Heterogeneity was significant (p <
.001) and the publication bias test did not reveal significant results. 
Meta-regression analyses showed significant effects for the female pro-
portion of participants with ASD (R2 = 0.18, p = .03), suggesting that 
studies with a higher proportion of female participants with ASD showed 
an increased association between ED and ASD severity. 

The association of subjective/observation ER measures with social 
skills was evaluated using 11 effect sizes extracted from 6 studies 
involving 263 individuals diagnosed with ASD. A significant medium 
effect was found (Pearson’s r = 0.46, 95% CI [0.13, 0.69], p = .01), 
indicating individuals with better social skills tend to exhibit better ER 
skills. Heterogeneity was significant (p < .001). The publication bias 
analysis did not reveal significant results. No meta-regression analyses 
found significant result. 

The association of adaptive and maladaptive ER strategies with 
internalizing symptoms was studied using 17 and 25 effect sizes for 
adaptive and maladaptive ER strategies, respectively. This analysis 
incorporated data from four studies, comprising a collective sample of 
351 individuals diagnosed with ASD. . Both correlation meta-analyses 
yielded significant medium effects (Adaptive: Pearson’s r = − 0.29, 
95% CI [− 0.35, − 0.22], p < .001; Maladaptive: Pearson’s r = 0.28, 95% 
CI [0.17, 0.39], p < .001), indicating adaptive strategies being nega-
tively related, and maladaptive strategies being positively related with 
internalizing symptoms. Heterogeneity was significant in the maladap-
tive meta-analysis (p < .001). The publication bias analysis revealed 
significant results for the adaptive ER strategies (Egger’s r = 2.22, p =
.04). No meta-regression analyses found significant result. 

Not enough number of effect sizes were identified regarding the as-
sociation between ER and ASD severity (8), as well as between ED and 
social skills (1). Additionally, inssuficient research was available on the 
relationship between ER/ED measures and both IQ (7) and externalizing 
symptomatology (6). Consequently, a meta-analysis on these outcomes 
could not be conducted. 

3.5. Meta-analyses of intervention studies 

Table 3 presents a synthesis of the results from each meta-analysis. In 
the within-group studies, we incorporated 9 studies that reported 17 
effect sizes for ER, 8 studies with 11 effect sizes for ED, 8 studies with 14 
effect sizes for internalizing symptoms, 5 studies contributing 20 effect 
sizes for parent outcomes, and 5 studies providing 15 effect sizes for 
social skills. All outcomes reached statistical significance in the meta- 
analysis (ER: Hedges’ g = 0.5, 95% CI [0.32, 0.68], p < .001; ED: 
Hedges’ g = 0.66, 95% CI [0.48, 0.84], p < .001; Internalizing symp-
toms: Hedges’ g = 0.58, 95% CI [0.41, 0.75], p < .001; Parent outcomes: 
Hedges’ g = 0.23, 95% CI [0.11, 0.34], p < .001; and Social skills: 

Table 1 
Synthesis results of the meta-analyses for evaluation of emotion regulation in ASD.  

Emotion regulation 
(k effect sizes) 

ASD (n) Control (n) Hedges’s g (95%, CI) Prediction Interval Test for effect 
(random model) 

Heterogeneity      

z p p I2 

Subjective/Observation ER measures 
Emotion regulation (11) 
Emotion dysregulation (12)  

220 
1244  

189 
2289  

− 1.31 (− 1.79, − 0.83) 
− 1.69 (− 2.03, − 1.36)  

− 3.1, 0.49 
− 2.99, − 0.4  

− 5.34 
− 9.83  

<0.001 
<0.001  

<0.001 
<0.001  

89.07 
95.65 

Adaptive ER strategies 
Overall (33)  541  527  − 0.18 (− 0.35, − 0.02)  − 1, 0.63  − 2.21  0.03  <0.001  71.73 

Maladaptive ER strategies 
Overall (14)  299  346  0.47 (0.24, 0.7)  − 0.33, 1.27  4.05  <0.001  <0.001  69.66  
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Hedges’ g = 0.55, 95% CI [0.39, 1.31], p < .001), suggesting improve-
ment after the intervention. Heterogeneity analysis was significant for 
Emotion regulation (p < .001) and for Social skills (p < .001). Publica-
tion analysis revealed significant results for Emotion dysregulation 
(Egger’s r = 2.83, p = .01), Internalizing symptoms (Egger’s r = 6.13, p 
< .001) and Parent outcomes (Egger’s r = 2.79, p = .01). Insufficient 
studies were found that reported measures for externalizing symptom-
atology, and as a result, it was not possible to carry out a meta-analysis 
on this outcome. 

In the between-group meta-analysis, we included 7 between-group 
studies that presented 16 effect sizes for ER, along with 4 between- 
group studies that contributed 12 effect sizes for parent outcomes. ER 
and Parent outcomes yielded significant large and medium effect sizes, 
respectively (ER: Hedges’ g = 0.86, 95% CI [0.37, 1.35], p < .001; Parent 
outcomes: Hedges’ g = 0.54, 95% CI [0.28, 0.8], p < .001), suggesting 
greater improvement in the ASD group compared to the control group. 
Heterogenity was significant (p < .001) for ER studies. Publication bias 
revealed significant results for both ER (Egger’s r = 2.29, p = .04) and 
Parent outcomes (Egger’s r = 6.18, p < .001). Insufficient effect sizes 
were found that reported measures related to ED (7), social skills (6), 
internalizing (5) and externalizing (4) symptomatology, and as a result, 
it was not possible to conduct a meta-analysis on these outcomes. 

For a more comprehensive presentation of the meta-analysis results, 
please refer to Appendices E (Forest plots), F (Analyses of publication 
bias and funnel plots) and G (Meta-regressions). 

4. Discussion 

To the best of our knowledge, this is the first meta-analysis that 
synthesizes the evidence on evaluation and intervention studies of ER/ 
ED in children and adolescents with ASD. The results showed poorer ER 
skills as well as greater ED impairment in children and adolescents with 
ASD compared to non-autistic controls evaluated with both subjective 
and observational measures. In addition, the results highlight a signifi-
cant association between difficulties in ER/ED with the severity of the 
ASD, social skills and internalizing symptoms. Additionally, variables 
such as sex or the study quality could predict scores on some measures 

associated to ER and ED. In regards of intervention, the quantitative 
synthesis found improvement after delivery of non-pharmacological ER 
intervention for several outcomes, including ER, ED, social skills, 
internalizing symptoms and parent outcomes. Taken together, the re-
sults have great clinical value and could guide both the evaluation and 
intervention of ER/ED in this population. 

4.1. Question 1. Differences between ASD and non-ASD children and 
adolescents in ER/ED subjective/observation measures 

In the context of differences between ASD and non-ASD individuals 
in ER/ED assessed through subjective/observational methods, our re-
sults support the hypothesis of greater difficulties in ER in children and 
adolescents with ASD compared to their typically developing peers. 
Following the model of coping ER strategies proposed by Connor-Smith 
et al. (Connor-Smith et al., 2000), participants with ASD exhibited less 
use of adaptive strategies and greater reliance on maladaptive ER stra-
tegies compared to the control participants. However, due to the high 
heterogeneity in the methodologies used to assess and report coping ER 
strategies, a study of the frequency of each individual coping ER strategy 
in participants with ASD could not be conducted. Future studies should 
explore the most frequently used adaptive ER coping strategies in chil-
dren and adolescents with ASD. This research will contribute to a better 
understanding of the preferred coping mechanisms that should be 
incorporated into an ER intervention program. 

It is important to highlight that in all the studies included in the ER 
meta-analysis, except for one (López-Pérez et al., 2018), data were pri-
marily derived from reports provided by parents or caregivers of chil-
dren and adolescents with ASD. Similarly, most recent studies that 
examined the use of coping strategies for ER relied on observational 
approaches (Costa et al., 2019a; Hirschler-Guttenberg et al., 2015; 
Nuske et al., 2017; A. C. Samson et al., 2015; Zantinge et al., 2017), 
whereas earlier investigations assessed these strategies through self- 
report measures administered to the autistic individuals themselves 
(Mazefsky et al., 2014; Pouw et al., 2013; Rieffe et al., 2014, 2011). In 
this context, none of the studies integrated both approaches into their 
research methodologies. In future research, it is advisable to 

Table 2 
Synthesis results of the meta-analyses for evaluation of emotion regulation association with relevant variables in ASD.  

Emotion regulation 
(k effect sizes) 

ASD (n) Correlation (95%, CI) Prediction Interval Test for effect 
(random model) 

Heterogeneity     

z p p I2 

Subjective/Observation ER measures 
Emotion dysregulation – ASD severity (16) 
Emotion regulation - Social skills (11)  

430 
263  

0.19 (0.06, 0.30) 
0.46 (0.13, 0.69)  

− 0.29, 0.59 
− 0.70, 0.95  

2.97 
2.71  

<0.0010 
.01  

<0.001 
<0.001  

76.31 
92.63 

Adaptive ER strategies 
Internalizing (17)  351  − 0.29 (− 0.35, − 0.22)  − 0.39, − 0.18  − 8.31  <0.001  0.36  8.23 

Maladaptive ER strategies 
Internalizing (25)  351  0.28 (0.17, 0.39)  − 0.22, 0.67  4.82  <0.001  <0.001  72.64  

Table 3 
Synthesis results of the meta-analyses for intervention in emotion regulation in ASD.  

Outcomes 
(k effect sizes) 

ASD (n) Control (n) Hedges’s g (95%, CI) Prediction Interval Test for effect 
(random model) 

Heterogeneity      

z p p I2 

Within-group (Pre-Post) 
Emotion regulation (17) 
Emotion dysregulation (11) 
Internalizing symptoms (14) 
Parent outcomes (20) 
Social skills (15)  

220 
181 
155 
119 
231  

- 
- 
- 
- 
-  

0.5 (0.32, 0.68) 
0.66 (0.48, 0.84) 
0.58 (0.41, 0.75) 
0.23 (0.11, 0.34) 
0.55 (0.31, 0.79)  

− 0.15, 1.15 
0.23, 1.09 
0.13, 1.02 
0.1, 0.35 
− 0.39, 1.48  

5.39 
7.29 
6.59 
3.97 
4.47  

<0.001 
<0.001 
<0.001 
<0.001 
<0.001  

<0.001 
0.13 
0.12 
0.45 
<0.001  

61.39 
34.11 
32.02 
0.75 
78.17 

Between-group (Post) 
Emotion regulation (16) 
Parent outcomes (12)  

188 
74  

222 
67  

0.86 (0.37, 1.35) 
0.54 (0.28, 0.8)  

− 1.25, 2.97 
− 0.23, 1.31  

3.41 
4.06  

<0.001 
<0.001  

<0.001 
0.02  

91.87 
50.99  
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contemplate the incorporation of both self-report and observational 
measures to explore convergence. Moreover, it is of utmost importance 
to include self-report evaluations for individuals with ASD when 
assessing ER and ED, as this can provide valuable insights into their 
personal experiences while navigating ER/ED challenges. 

4.2. Question 2. Association with clinical variables 

Regarding the results concerning the association between ER/ED and 
clinical variables, significant findings emerged in connection with 
autism severity, social skills and internalizing symptoms. 

Regarding the severity of ASD, findings suggest that greater diffi-
culties in ED were evident as the severity of autistic symptoms increased, 
albeit with a small effect size. One potential explanation for this 
observation is the variability in the methodologies employed to assess 
the severity of ASD. Notably, studies utilizing parent-reported method-
ologies tended to yield stronger correlations between ASD severity and 
ED challenges (Berkovits et al., 2017; Butterworth et al., 2014; Gormley 
et al., 2022; A. C. Samson et al., 2014; Yager & Iarocci, 2013), whereas 
those employing observational methods revealed weaker correlations 
between ASD severity and parent-reported ED difficulties (Baker et al., 
2022; Berkovits et al., 2017; Butterworth et al., 2014; Lin et al., 2020; Ni 
et al., 2020, 2018). To comprehensively investigate the connection be-
tween ASD severity and difficulties in ED, future research should 
encompass a range of methodologies for assessing ASD symptomatology. 

In examining the relationship between ER and social skills, our 
findings consistently revealed a robust positive association, indicating 
that an improvement in the social skills of children and adolescents with 
ASD was accompanied by enhanced ER skills. It is noteworthy that 
certain studies incorporated composite measures that blended ER and 
social skills (Butterworth et al., 2014), potentially introducing an arti-
ficial inflation of the correlation between these variables. However, this 
favorable association was consistently detected across all studies 
incorporated in this meta-analysis (Berkovits et al., 2017; Butterworth 
et al., 2014; Guy et al., 2014; Jahromi et al., 2013, 2021; Reyes et al., 
2020), underscoring the robustness and reliability of this relationship. 
Consequently, our results suggest the potential to enhance social skills in 
children and adolescents with ASD through targeted therapeutic in-
terventions addressing their ER challenges. Intervention programs tar-
geting social skills in children and adolescents with ASD should take into 
account this salient association when designing their intervention 
strategies. 

The investigation into the ER strategies, the findings consistently 
revealed a near-to-moderate association between internalizing symp-
tomatology and the utilization of ER strategies. Specifically, there was a 
positive association observed for maladaptive ER strategies and a 
negative association for adaptive ER strategies. It is important to note 
that the studies included in this meta-analysis exclusively employed self- 
report measures to assess ER strategies in their research methodologies, 
whereas the sources of informant for internalizing symptomatology 
were balanced between self-report and parent-report. Of interest, a post- 
hoc sensitivity analysis revealed a stronger correlation in those studies 
where both variables were self-reported by the child/adolescent with 
ASD, compared to when the variable of internalizing symptomatology 
was reported by the family (see Appendix H). This aligns with the 
expectation that internalizing symptomatology, by definition, is better 
perceived subjectively by the individual experiencing it. This holds 
significance in the assessment of this symptomatology in children and 
adolescents with ASD, which is often prone to underestimation due to 
challenges in insight. Typically, such assessments rely on reports from 
external informants, who more frequently identify externalizing symp-
toms while underestimating the presence of internalizing symptoms. 
Lastly, as discussed in the preceding section, the abundance of described 
strategies and the limited number of identified studies precluded an in- 
depth analysis at the single strategy level to ascertain which ER strate-
gies exhibit the strongest correlation with internalizing 

symptomatology. The implementation of a standardized and uniform 
assessment protocol for these strategies will facilitate an examination of 
those that may serve as protective factors or potential contributors to the 
development of internalizing symptomatology in children and adoles-
cents with ASD. 

In our study, we incorporated intellectual functioning and exter-
nalizing symptomatology as measures of association. However, we 
identified a shortage of studies that reported both variables. Regarding 
intellectual functioning, only four studies (Baker et al., 2022; Berkovits 
et al., 2017; Conner et al., 2022; A. C. Samson et al., 2014), contributing 
six effect sizes, met the criteria for inclusion in the meta-analysis. In 
contrast, only one study (Reyes et al., 2020) was identified that reported 
correlation values between externalizing symptomatology and chal-
lenges in ER. Additionally, although it was not a specific focus of this 
study, the paucity of identified studies investigating the relationship 
between ER and ADHD in children and adolescents with ASD is note-
worthy. In our current review, only one study explored the connection 
between a parent-report measure of ER and a hyperactivity/inattention 
scale (Reyes et al., 2020). Furthermore, ADHD was neither considered 
within inclusion/exclusion criteria nor included as a covariate in any of 
the identified studies. Given the well-established association between 
ER difficulties and individuals diagnosed with ADHD (Beheshti et al., 
2020; Graziano & Garcia, 2016), it is imperative to incorporate this 
variable when conducting ER research within the ASD population. 
Similarly, only a limited number of studies have investigated the link 
between ER and executive functioning in the studies reviewed (Bazel-
mans et al., 2019; Guy et al., 2014; Jahromi et al., 2013; Zantinge et al., 
2017). Considering the acknowledged role of executive skills in the 
processes related to behavior and emotion regulation (Morawetz et al., 
2017), one might anticipate an intrinsic relationship between ER and 
executive functions in this population. Future research endeavors should 
address these gaps and explore the connections of these relevant vari-
ables with difficulties in emotion regulation within this population. 

4.3. Question 3. Meta-regression analyses 

The meta-regression analysis returned significant results for some of 
the included moderators. 

4.3.1. Age 
While not stastiscally significant, the findings in our study suggest an 

increase in difficulties related to ER and ED as individuals traverse their 
developmental stages. This outcome runs contrary to the anticipated 
trend, as it is typically observed that ER difficulties are more prevalent 
during childhood and tend to ameliorate during adolescence in the 
general population (Sanchis-Sanchis et al., 2020). A recent meta- 
analysis that synthesized longitudinal studies involving individuals 
with ASD reported a decrease in the frequency of challenging behaviors, 
which are closely tied to ER skills, in follow-up assessments (Adams 
et al., 2023). It is worth noting, however, that the authors acknowledged 
methodological limitations, including the use of measures of central 
tendency rather than measures of behavior frequency and severity. In 
our study, one potential explanation for this observed pattern is asso-
ciated with the distinct demands of each developmental stage. Reports 
indicate that as children with ASD progress in their development, the 
inherent challenges of autism become more pronounced. This phe-
nomenon is particularly conspicuous in cases involving individuals with 
profiles characterized by lower levels of support needs, where diffi-
culties often remain unnoticed, thereby placing these individuals at a 
heightened risk of developing mental health-related issues (Salazar 
et al., 2015). Future research endeavors aimed at investigating ER 
should incorporate longitudinal methodologies spanning childhood and 
adolescence while taking into consideration the severity level of ASD. 
Such an approach will contribute to a deeper understanding of this 
phenomenon. 
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4.3.2. Sex 
In our study, we observed that a higher representation of females 

among participants with ASD seems to amplify the relationship between 
ASD severity and ED challenges. This observation aligns with existing 
evidence suggesting that females diagnosed with ASD often present 
more severe forms of the condition compared to their male counterparts 
(Dworzynski et al., 2012). In this context, it is conceivable that the 
increased association may be artificially enhanced due to the inclusion 
of individuals with more severe forms of autism in the female ASD 
group, potentially masking the genuine link between ASD severity and 
ED difficulties. One limitation identified in the course of this review is 
the shortage of studies that provide separate reporting data by sex. 
Future investigations assessing ED in children and adolescents with ASD 
should include sex-segregated data to facilitate a more comprehensive 
understanding of how sex contributes to the relationship between ASD 
severity and ED difficulties. 

4.3.3. Intellectual disability 
Only nine studies (Baker et al., 2022; Berkovits et al., 2017; Butter-

worth et al., 2014; Chiu et al., 2023; Conner et al., 2020, 2021; Costa 
et al., 2019b; DeLucia et al., 2021; A. C. Samson et al., 2014) reported 
including participants with ID in the ASD group, while 12 studies did not 
report their inclusion (Guy et al., 2014; Hirschler-Guttenberg et al., 
2015; Jahromi et al., 2013, 2021, 2012; Konstantareas & Stewart, 2006; 
Nuske et al., 2017; Reyes et al., 2020; Rieffe et al., 2014, 2011; Yager & 
Iarocci, 2013; Zantinge et al., 2017), and one study included a sample 
that was too young to assess intellectual capacity (Day et al., 2023). As a 
result, meta-regression analysis could only be conducted in a limited 
number of cases, yielding non-significant results each time. Future 
studies should strive to increase the representation of individuals with 
ASD and associated ID and explicitly report their inclusion/exclusion 
within the study sample. 

4.3.4. Study quality 
The quality of the included studies had a significant impact on the 

meta-regression analysis of adaptive ER strategies, indicating a reduc-
tion in differences between the ASD and control groups in their usage. 
This finding should be considered in light of a limitation identified in the 
analysis of study quality. As shown in Appendix C, a strong correlation 
was found between the study quality and the year of publication, with 
more recent studies exhibiting higher reporting quality. This suggests a 
potential confounding effect, as newer studies may report with higher 
quality due to better alignment with the criteria used to assess study 
quality (Limaye et al., 2018). No other meta-regression analysis yielded 
significant results for the study quality moderator. 

4.4. Question 4. Efficacy of non-pharmacological ER intervention 

The meta-analysis of non-pharmacological interventions for ER 
produced significant results across all assessed outcomes, suggesting 
improvements following the interventions. Effect sizes were of moderate 
magnitude for ER, ED, internalizing symptoms, and social skills, 
whereas for outcomes related to parents, the effect size was small. The 
variance in effect sizes could be explained by the range of subcategories 
encompassed within the broader classification of “parent outcomes”. 
Regrettably, due to the limited available data, conducting a meta- 
analysis for externalizing symptomatology was not feasible, as only 5 
studies that provided 8 effect sizes for this outcome were identified. 

In addition, the meta-analysis on between-group studies yielded 
large and medium effect sizes for ER and parent outcomes, respectively. 
This result is of particular interest, as the majority of interventions 
included parental involvement during the sessions, thereby potentially 
enhancing collateral variables related not only to parental stress but also 
to parents’ own emotions management. Unfortunately, there were 
insufficient studies available to perform meta-analyses for social skills (3 
studies, 6 effect sizes), internalizing symptomatology (4 studies, 5 effect 

sizes), and externalizing symptomatology (3 studies, 4 effect sizes). 
It’s worth mentioning that only a limited number of studies docu-

mented the inclusion of participants with intellectual functioning falling 
below the normative range (Beck et al., 2022; Einfeld et al., 2018; 
Mahler et al., 2022; Scarpa & Reyes, 2011; Shaffer et al., 2023, 2019; 
Tse, 2020), and the majority of the participant samples consisted of 
males. 

4.5. Limitations 

While this study possesses notable strengths, it is important to 
acknowledge certain limitations. First, the heterogeneity analyses 
showed significant results, compromising the generalization of the re-
sults. The development of a standardized ER/ED assessment protocol 
which can be replicated is recommended in order to increase homoge-
neity through research designs. The publication bias analysis revealed 
significant results for differences in the utilization of maladaptive ER 
strategies and the relationship between adaptive ER strategies and 
internalizing symptomatology. Additionally, publication bias analyses 
showed significance across almost all cases, with the exception of the 
social skills variable. This pattern could be attributed to the limited 
number of included studies, leading to an underrepresentation of pub-
lished studies reporting negative results. Another limitation affecting 
external validity is the underrepresentation of females among ASD 
participants. There is evidence of sex influencing the manifestation of 
the core autism symptomatology (Wood-Downie et al., 2021), which 
may also be reflected in differences in ER skills. Also, medication and 
co-occurring disorders could potentially influence ER/ED (Jahromi 
et al., 2009; McRae et al., 2014). However, only few studies reported the 
frequencies of psychotropic medication use and co-occurring disorders 
in the ASD group, preventing the possibility of conducting a moderator 
analysis. Finally, our study exclusively incorporated subjective and 
observational measures. While previous research has established the 
inclusion of physiological measures such as respiratory sinus arrhythmia 
and heart rate variability as objective ER indicators (Agako et al., 2022; 
Beck et al., 2020), and there is evidence of their relationship with sub-
jective ER/ED measures in ASD (Baker et al., 2022; Guy et al., 2014), the 
lack of specificity of these physiological measures in assessing ER might 
hinder their classification as purely objective ER measures. This un-
derscores the need for the development of more precise and objective 
measures specifically design to capture the challenges inherent in 
navigating ER processes among children and adolescents with ASD. 

The authors would like to highlight a prominent challenge in the 
field of ER research that is the difficulty in differentiating between ER, 
ED, and maladaptive regulation within measurement frameworks. To 
address this, it is essential to explore objective measures that can 
accurately distinguish ER in everyday scenarios from instances of dys-
regulation. Similarly, Lavender et al. (2017) highlight a significant 
shortcoming in current ER measures: their emphasis on dispositional 
traits and general tendencies at the expense of situational variability in 
ER strategies. This oversight results in a partial portrayal of ER, 
neglecting the dynamic manner in which individuals adapt their regu-
lation strategies to specific situational challenges and environmental 
contexts. The study concluded the necessity for state-based ER measures 
that can provide real-time, context-specific evaluations, thereby offering 
a more thorough understanding of the intricacies and dynamics of ER in 
everyday life. Springstein & English, 2023 have notably addressed this 
challenge, proposing an innovative approach that emphasizes the 
importance of acknowledging both individual differences and situa-
tional variables in emotion goals and regulation strategies. Their method 
advocates for a more detailed and inclusive assessment of ER success, 
moving beyond traditional measures that solely focus on the increase of 
positive affect and reduction of negative affect. This approach is 
particularly relevant in complex scenarios such as those faced by people 
with ASD, where situational and personal factors play a key role in ER 
processes. Continuing in this line of research could also help to broaden 
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understanding of how ER differs in ASD compared to other clinical 
conditions, especially in terms of identifying and employing regulation 
goals and strategies. 

4.6. Conclusions 

The results of this meta-analysis point to a higher degree of ER/ED 
difficulties in children and adolescents with ASD when compared to non- 
autistic controls, as assessed through both subjective and observational 
measures. Moreover, significant associations were identified between 
ED and the severity of ASD, as well as poorer social skills and increased 
internalizing symptomatology with ER.Factors such as sex and study 
quality may moderate the results, impacting both subjective and 
observational measures of ER/ED. Additionally, non-pharmacological 
interventions, which incorporate ER training components, hold prom-
ise for improving clinically relevant variables, especially social skills. 

Overall, the evaluation and treatment of ER skills and ED difficulties 
in clinical practice can offer significant benefits to children and ado-
lescents with ASD. These findings underscore the importance of assess-
ing and addressing both in this specific population. Future research 
should consider variables of clinical interest, such as the presence of 
ADHD and other co-occurring difficulties (e.g., externalizing symptom-
atology), and should report on the inclusion of underrepresented groups, 
including females and individuals with ID. Importantly, further longi-
tudinal research is needed to explore the long-term impact of ER/ED 
difficulties on development, shedding light on their role in the core 
symptoms of ASD, as well as their influence on the development of social 
skills and internalizing/externalizing symptoms. 
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