The Impact of Co-occurring ADHD on Core Symptoms and Treatment Among Y outh with

Autism Spectrum Disorder

A Dissertation Presented to
The Faculty of the School of Education and Human Development

University of Virginia

In Partial
Fulfillment of the Requirements for the Degree

Doctor of Philosophy

By
Christina Harkins, M.Ed.

May 5, 2022



Programs in Clinical and School Psychology
School of Education and Human Development
University of Virginia
Charlottesville, Virginia

APPROVAL OF THE DISSERTATION PROPOSAL

This dissertation (“The Impact of Co-occurring ADHD on Core Symptoms and Treatment
Among Youth with Autism Spectrum Disorder”) has been approved by the Graduate Faculty of
the School of Education and Human Development in partial fulfillment of the requirements for
the Degree of Philosophy.

Name of Chair (Dr. Micah Mazurek)

Name of Committee Member (Dr. Erica Rouch)

Name of Committee Member (Dr. William Therrien)

Name of Committee Member (Dr. Rose Nevill)

Date



TABLE OF CONTENTS

Page
PROJECT OVERVIEW ..o e eaaaes 4
A B S T R A T S e e e et e e aeen 36
MANUSCRIPT ONE: The Impact of the Comorbidity of ASD and ADHD on Social
Impairment
ADSITACT oottt e e et e et e et e e e e e e aaaaaaen 38
RevVIEW O the LITETATUTE . ooevvneeeeieee e et eeeeee e e 39
IMELROMA ... e e e e e e e e e e e e e e e 45
RESUILS e et e e et e e e e e e e 49
DISCUSSION vttt e e e e et e e e e e e e e e e e e e eeaaeeeeeaaaeeeen 51
RETETEINCES et e e e e e e eeaeeaeen 58
TADLES et aen 93

MANUSCRIPT TWO: The Association Between ADHD Symptoms and Atypical Sensory
Processing in Individuals with ASD

ADSITACE ..o 96
Review of the LItErature .........coooeeeeieiiiiiiieeeeeeeeeeeeeeeeeeeeeee e e 97
A (<11 116 ¢ A 103
RESUILS e 107
| o1 RS (o) 1 R 109
| 151 (531 101 S 116
1) (< S 129

MANUSCRIPT THREE: The Impact of Comorbid ADHD on Social Intervention Outcomes in

Youth with ASD
ADSETACE oo 133
Review of the LIterature .........coooeeeeieiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeee e 134
A (<11 116 ¢ A 139
RESUILS e 144
| o1 RS (o) 1 A 147
| 153 (531 11 S 156
;1) (< 166



Project Overview

Individuals with autism spectrum disorder (ASD) constitute an extremely heterogeneous
group with highly variable clinical and psychological features. In the nearly eight decades since
Leo Kanner’s earliest descriptions of infantile autism (1943) and Hans Asperger’s original report
(1944), there have been significant changes in the way autism is conceptualized, diagnosed, and
treated. These changes are the product of the myriad empirical investigations that have informed
understanding of autism, multiple revisions of the Diagnostic and Statistical Manual, and theory-
driven approaches to ameliorating symptoms associated with the disorder. Despite this progress,
the immense heterogeneity that characterizes the autism spectrum contributes to challenges in
diagnostic and treatment efforts. One critical source of such heterogeneity is psychiatric
comorbidity, as the presence of co-occurring symptoms and disorders can impact symptom
presentation and complicate treatment efforts. The comorbidity of autism and attention-deficit/
hyperactivity disorder (ADHD) is of particular interest, given its high prevalence, suspected
impact on several domains of functioning, and its potential to pejoratively impact developmental
outcomes. Increased knowledge about this comorbidity will contribute to our understanding of
the observed heterogeneity within the autism spectrum. This understanding may drive
identification of subgroups within autism that will allow us to tailor treatments to groups that
may be best responders. Thus, it is critical to understand the history and current state of the
evidence regarding the comorbidity of autism and ADHD. This three-manuscript dissertation
series explores the ASD/ADHD comorbidity, the relationship between ADHD symptoms and
core social and sensory symptoms in autism, and evaluates the impact of ADHD symptoms on

treatment outcomes for a social competence intervention for youth with ASD.



Autism as a Disorder: From Past to Present

Autism was first introduced as a disorder in the third edition of Diagnostic and Statistical
Manual (DSM-III; American Psychiatric Association, 1980) as “infantile autism” and was
characterized by the pervasive lack of social responsiveness described by Kanner. The disorder
was monothetic (e.g., required that all criteria be met) and considered to be rare, with an
estimated prevalence of 3 in 10,000 (Treftert, 1970). By 1985 nearly 1000 research papers on
autism had been published and many indicated concern about the inflexibility of the diagnostic
criteria in light of evidence that the presentation of the disorder could change with intervention
and throughout the lifespan (Rosen et al., 2021). These findings prompted the shift to a
developmentally-oriented, polythetic set of 16 criteria in the revision of the DSM (DSM-III-R,
American Psychiatric Association, 1987) for what became called “autistic disorder.” The 16
criteria were grouped into three domains including, (1) qualitative impairments in reciprocal
social interaction, (2) impairments in communication, and (3) restricted interests/resistance to
change and repetitive movements, and diagnosis required at least eight symptoms, with two from
the social domain and one from each of the others. Individuals who met some, but not all of these
criteria, fell into a subcategory called Pervasive Developmental Disorder-Not Otherwise
Specified (PDD-NOS). Following publication of the revision, several studies suggested that the
concept of PDD-NOS was too broad and the World Health Organization opted to include
“subcategories” of autism in the 10™ edition of International Classification of Diseases (ICD-10;
World Health Organization 1992). These subcategories (e.g., Rett’s disorder, childhood
disintegrative disorder, Asperger’s) were not included in DSM-III-R and differing diagnostic
systems held the potential to hinder research efforts. Thus, international field trials were

conducted to rigorously test the diagnostic criteria (Spitzer & Siegel, 1990; Volkmar et al.,



1994). Results confirmed that the classification system was overly broad and supported
subcategories of Asperger’s disorder and PDD-NOS within the three-domain diagnostic model
that were included in DSM-IV (American Psychiatric Association, 1994).

The years following publication of DSM-IV were characterized by immense research
efforts that ultimately highlighted problems with the diagnostic subgroups and three-domain
diagnostic model. There was significant variability in the quantity and severity of symptoms
within and between diagnostic subcategories with similar presentations (Fernell et al., 2010;
Snow & Lecavalier, 2011) and poor diagnostic clarity and compromised diagnostic reliability
(Lord et al., 2012; Lord et al., 2000). Such issues prompted a thorough review of the literature
that revealed limited empirical support for a categorical conceptualization of autism and an
inconsistent relationship between the core social, language, and behavioral features (Mandy &
Skuse, 2008). Clinical and theoretical perspectives on autism suggested that core social
symptoms of autism were related to issues of communication and reciprocity, rather than
disorder-specific language deficits (Baird et al., 2008; Gotham et al., 2007). Additionally,
sensory problems were commonly observed in autism and research suggested that sensory
differences may differentiate autism from other disorders (Billstedt et al., 2007; Wiggins et al.,
2009). These perspectives motivated further study of the diagnostic model of autism and several
factor analytic studies were conducted. Results indicated that a two-factor diagnostic model,
comprised of a social communication factor and repetitive/restricted behavior factor, was
superior to other diagnostic models (Frazier et al., 2012; Mandy et al., 2012; Mandy & Skuse,
2008). These studies also supported the removal of delayed language as a diagnostic criteria, the
conceptualization of stereotyped language as a repetitive/restricted behavior, and the

consolidation of the social interaction and communication domains (Frazier et al., 2012; Mandy



et al., 2012; Mandy & Skuse, 2008). Additionally, research supported the notion of
conceptualizing sensory abnormalities under the repetitive/restricted behavior domain (Chen et
al., 2009) and factor analytic studies confirmed this and revealed improved diagnostic sensitivity
with its inclusion (Frazier et al., 2012; Mandy et al., 2012). Taken together, these efforts and
associated findings catalyzed the most significant revision in the diagnostic criteria to date, and
“autism spectrum disorder” became conceptualized as a single condition within a dimensional
framework defined by two symptom domains.

At present, ASD is considered a lifelong disorder that affects one in 54 individuals
(Maenner et al., 2020) and is defined by core impairments in social communication and social
interaction, and the presence of restricted, repetitive behaviors, interests, or activities (American
Psychiatric Association, 2013). While the dimensional approach of DSM-5 achieved increased
sensitivity and specificity regarding core symptoms of ASD, the disorder remains characterized
by significant heterogeneity. This heterogeneity is observed at various levels including genetics,
neural systems, cognition, language, behavior, and development (Bernard Paulais et al., 2019),
and complicates assessment, differential diagnosis, and treatment provision.

Cognitive abilities in ASD are highly variable, as 30-40% of individuals meet criteria for
an intellectual disability (ID; Bernard Paulais et al., 2019; Brown et al., 2017; Christensen et al.,
2016) and others show superior cognitive abilities (Crespi, 2016). There is a strong relationship
between ASD symptom severity and IQ (Gotham et al., 2007), and individuals with ID may have
fewer strategies to compensate for the specific deficits due to ASD (Lord & Jones, 2012).
Similarly, language development is extremely variable is autism, as many individuals are fluent
speakers and 25-35% of individuals remain minimally- or nonverbal throughout the lifespan

(Boucher, 2012; Rose et al., 2016). Language abilities are associated with both ASD symptom



severity and cognitive ability (Lord & Jones, 2012). Co-occurring psychiatric disorders serve to
further complicate the picture of autism and influence clinical presentations, developmental
trajectories, treatment planning, and outcomes. They are common among individuals with ASD
and estimates suggests that 63—78% of individuals with ASD have at least one co-occurring
psychiatric condition (Simonoff et al., 2008). The most common co-occurring conditions are
ADHD, anxiety disorders, depressive disorders, and conduct-related disorders (Hollocks et al.,
2019; Lugo-Marin et al., 2019; Simonoff et al., 2008).

ADHD is one of the most common comorbid disorders in ASD and it has been estimated
that as many as 85% of children and adolescents with ASD meet criteria for ADHD (Lecavalier
et al., 2019; Murray, 2010; Van Der Meer et al., 2012). Both ADHD (Visser et al., 2014) and
ASD (Baio et al., 2018) are increasing in prevalence and the symptoms and impairments of both
conditions often persist into adulthood. The relationship between ASD and ADHD has been
complicated as a result of the changing conceptualization and diagnostic practices of autism over
the last few decades. The comorbidity holds far-reaching implications for research, diagnostic,
and treatment efforts.

ASD and ADHD: From Mutual Exclusivity to High Comorbidity

In previous version of the DSM up until publication of DSM-5, a comorbid diagnosis of
ADHD in autism was precluded. These now highly comorbid neurodevelopmental disorders
were studied separately for many years, despite the significant overlap in behavioral
presentations associated with the disorders. Thus, most research on the comorbidity has occurred
over the last decade and findings suggest big implications and even bigger remaining questions.

ASD and ADHD are the most common neurodevelopmental disorders and are defined by

distinct diagnostic criteria that do not overlap. Despite the differences in the core symptoms,



several studies have reported elevated levels of autistic symptoms in youth with ADHD
(Grzadzinski et al., 2011, 2016; Martin et al., 2014) and vice versa (Gadow et al., 2006;
Simonoff et al., 2008; Yerys et al., 2009). Both disorders are associated with attention problems
and hyperactivity/impulsivity (Ghirardi et al., 2019; Taylor et al., 2015), social problems and
peer difficulties (Avni et al., 2018; Kern et al., 2015), and atypical sensory processing (Ahmad
Ghanizadeh, 2011; Panagiotidi et al., 2018). It has been suggested that when the disorders co-
occur, there is an additive effect on symptom expression (Ames & White, 2011; Antshel et al.,
2016; Gargaro et al., 2011; Goldstein & Schwebach, 2004; Matson et al., 2010). Research has
shown that individuals affected by the ASD/ADHD comorbidity display more severe behavior
problems (Goldin et al., 2013; Guttmann-Steinmetz et al., 2009; Jang et al., 2013; Mulligan et
al., 2009), lower adaptive functioning (Rao & Landa, 2014; Sikora et al., 2012), worse executive
functioning (Yerys et al., 2010), and more severe symptoms of autism compared to either
disorder alone (Sprenger et al., 2013).
The ASD/ADHD Comorbidity and Social Impairment

While it has been suggested that youth with the ASD/ADHD comorbidity display greater
social problems compared to youth with ASD alone, this has not been consistently demonstrated
in the literature. Studies comparing individuals with ASD + ADHD to those with ASD or ADHD
alone have yielded contradictory results. Some have found greater global impairment across
social domains (Rao & Landa, 2014), particular problems with social communication and social
awareness (Factor et al., 2017), and worse social adaptation (Avni et al., 2018). Conversely,
others have not revealed significant differences between youth with ASD and those with ASD +

ADHD (Dellapiazza, Audras-Torrent, et al., 2021; Salley et al., 2015).
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In light of the mixed findings on social impairment amidst the ASD/ADHD comorbidity,
the first paper is this dissertation series investigated social impairment using a multi-informant,
multi-method approach among 282 children diagnosed with either ASD, ADHD, or ASD +
ADHD. No significant differences in social impairment were found between the ASD and ASD
+ ADHD groups on either measure. This study contributes to the mixed findings in regard to
social functioning amidst the ASD + ADHD comorbidity and suggests that differences in sample
characteristics and measurement approaches contribute to inconsistent findings. Another
explanation for mixed findings is that the executive functioning deficits observed in both ASD
and ADHD may drive social performance-based difficulties and account for some inconsistency.
An additional hypothesis regarding the possible additive effect of ADHD on social impairment
in ASD proposes that the inattentive and hyperactive/impulsive symptoms in ADHD, and shared
theory of mind deficits, contribute to social problems (Kern et al., 2015; Leitner, 2014; Sokolova
et al., 2017). Thus, differences in the type and severity of ADHD symptoms may account for
differential findings in regards to social impairment.

This study provides an important contribution to the growing body of literature on the
impact of ADHD symptoms on core social symptoms of ASD. While research investigating the
impact of the ASD/ADHD comorbidity within the social communication domain has been
marked by inconsistencies, research within behavioral domain is characterized by more robust
findings. Several prior studies have demonstrated a relationship between co-occurring ADHD
symptoms and some of the core behavioral features of ASD. The hyperactive symptoms of
ADHD are associated with increased stereotyped and repetitive behaviors (Avni et al., 2018;
Polderman et al., 2013, 2014; Ronald et al., 2014; Sokolova et al., 2017; Zachor & Ben-Itzchak,

2013) and youth with ASD + ADHD have shown greater frequency and severity of repetitive and
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restricted behaviors (Wodka et al., 2021). When considering findings regarding the impact of
ADHD symptoms on core behavioral features of ASD, it is important to note that little research
has focused on the sensory features that now fall within this domain. While there is a clear
relationship between sensory symptoms and repetitive behaviors and restricted interests, the role
of ADHD symptoms in the manifestation of sensory challenges remains largely unstudied.
Research on the associations between ADHD symptoms and specific sensory symptoms is
necessary to understand how the ASD/ADHD comorbidity impacts the full range of behavioral
symptoms core to ASD.
ADHD and Sensory Processing in ASD

While sensory problems have long been associated with autism, it was not until DSM-5
that sensory problems were added to the diagnostic criteria for ASD (American Psychiatric
Association, 2013). Sensory problems are among the most common complaints from individuals
on the spectrum (Grandin, 2009; Gray et al., 2021) and are also quite common in ADHD. It is
estimated that 50% of individuals with ADHD have sensory differences (Mimouni-Bloch et al.,
2018) and that sensory problems are not associated with a specific subtype of ADHD (Engel-
Yeger & Ziv-On, 2011; Pfeiffer et al., 2015). As sensory problems were not formally recognized
as a core symptom of autism, and ADHD and autism were conceptualized at categorically
distinct disorders without co-occurrence until DSM-5, there is a dearth of research on the
relationship between ADHD symptoms, autism, and atypical sensory processing (SP).

Atypical SP has downstream effects on the development of attention (Baranek et al.,
2018; Cascio et al., 2016; Dellapiazza et al., 2021), social skills (Baranek et al., 2013b; Thye et
al., 2018), and on cognitive, emotional, and behavioral functioning (Glod et al., 2015) in

individuals with ASD. In ADHD, atypical SP has been associated with differences in visual,
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auditory, tactile, olfactory, and vestibular/proprioceptive processing (Ahmad Ghanizadeh, 2011;
Keating et al., 2021). The limited research to date that has investigated the relationship between
ADHD and atypical SP in autism suggests a definite relationship between ADHD symptoms and
greater atypical SP, though the sensory domains affected differ. The relationship between ADHD
symptoms and atypical SP in autism has most robustly been demonstrated within the auditory
domain (Ashburner et al., 2008; Dellapiazza et al., 2021; Sanz-Cervera et al., 2017), though
symptoms have also been associated with tactile SP (Ashburner et al., 2008), under-responsivity
and sensory-seeking (Ashburner et al., 2008; Liss et al., 2006), vestibular and proprioceptive SP
(Sanz-Cervera et al., 2017), and multisensory processing (Dellapiazza et al., 2021). Among the
few studies conducted, different measures of SP and different theoretical models of SP contribute
to differential findings. Additionally, studies have inconsistently included important covariates
known to impact SP, including demographic (e.g., age, gender) and clinical characteristics (e.g.,
1Q, ASD severity, anxiety symptoms). The role of ADHD symptoms in sensory processing in
autism when accounting for all of these factors has not been previously studied.

To address this gap in the literature, the second paper in this dissertation series
investigated the relationship between ADHD symptoms and types of atypical SP among 2108
children and adolescents with ASD. The large study sample was characterized by diversity of
age, gender, autism symptom severity, cognitive ability, and comorbid ADHD and anxiety
symptom severity. This well-characterized sample allowed for the inclusion of covariates known
to impact atypical SP, including age, gender, 1Q, ASD symptom severity, and anxiety symptomes,
within a multiple regression framework. Interactions between age and ADHD symptoms, and 1Q
and ADHD symptoms were evaluated in all models to determine if the effect of ADHD

symptoms on different types of atypical SP varies by age or 1Q,
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ADHD symptoms, measured continuously, significantly predicted tactile sensitivity,
taste/smell sensitivity, under-responsivity and sensory seeking, auditory filtering, and
visual/auditory sensitivity, and overall atypical SP, even after controlling for relevant covariates.
Age significantly moderated the relationship between ADHD symptoms and tactile sensitivity
and taste/smell sensitivity, which suggests there may be important age-related differences
between symptoms of ADHD and sensory problems among youth with autism.

The moderating role of age in the relationship between ADHD symptoms and tactile
sensitivity suggests that these symptoms may be most strongly linked among younger children,
as compared to older children. The relationship between ADHD symptoms and taste/smell
sensitivity among youth with autism is novel, and consistent with studies demonstrating that
youth with ADHD displayed more atypical SP within this domain (Cheung & Siu, 2009;
Machado et al., 2016; Mimouni-Bloch et al., 2018). ADHD symptoms were most strongly
associated with taste/smell sensitivity during early childhood and puberty. Both of these
developmental periods are associated with emotional and behavioral regulation challenges,
which may be linked to increased sensory reactivity. Additionally, this study provided new
information about the specific relationship between ADHD symptoms and visual/auditory over-
responsivity and builds on prior literature that has indicated a relationship with visual and
auditory processing more broadly (Dellapiazza et al., 2021; Sanz-Cervera et al., 2017).

Notably, two sensory domains, low energy/weakness and movement sensitivity, were not
significantly associated with ADHD symptoms in the autistic sample. One hypothesis of atypical
SP in autism suggests that individuals falls into two clusters; one is explained by hyperactivity
and characterized by sensory seeking, externalizing, and poor social behaviors, and the other

explained by movement sensitivity and characterized by withdrawal and low energy/weak
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behaviors (James et al., 2011). Results from this study suggest that ADHD symptoms may drive
symptoms associated with the first cluster, and thus may not predict symptoms consistent with
the second cluster. Further research on the relationship between ADHD symptoms and atypical
SP in autism using cluster analysis is necessary to confirm this possible explanation.

The associations between ADHD symptoms and core symptoms of ASD may have
important implications for treatment efforts. While evidence for treatments of the sensory
symptoms observed in ASD is lacking (see Weitlauf et al., 2017 for review of evidence for
sensory interventions), there are many established interventions with good empirical support that
target the social behavioral difficulties that are core to ASD (Wolstencroft et al., 2018; Zheng et
al., 2021). However, little is known about how ADHD affects treatment outcomes for youth with
ASD. It has been suggested that youth with ASD + ADHD may benefit less from social
interventions (Antshel et al., 2011; Barkley, 1997), but this is an area that is largely unstudied.
Treatment in the Context of the ASD/ADHD Comorbidity

Despite research supporting the notion that youth with ASD + ADHD display more
severe ASD symptoms and poorer developmental outcomes across domains than those with ASD
only (Guttmann-Steinmetz et al., 2009; Leitner, 2014; Rao & Landa, 2014; Sinzig et al., 2008;
Sokolova et al., 2017; Yerys et al., 2010), very few studies have evaluated the effect of the
comorbidity on treatment response. There are only two studies to date on this topic and results
are conflicting. Antshel et al. (2011) found that youth 8-12 years-old with ASD + ADHD did not
improve as a result of social skills treatment, while the other ASD treatment groups (i.e., ASD
only and ASD + Anxiety) showed significant improvement following the 10-session social skills
intervention. Conversely, Deckers et al. (2016) revealed that a naturalistic social skills training

program produced significant improvement per parent and teacher report for youth age 8-12 with
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ASD + ADHD and that ADHD symptoms did not moderate treatment outcomes. These
conflicting findings may be attributed to the differences in intervention components and delivery
method, participant characteristics (e.g., symptom level), or measurement approach for ADHD
symptoms. These studies are limited by reliance on a single measure of social improvement that
is solely based on parent or teacher and the lack of baseline comparisons of social symptoms.
Studies on social functioning and response to social intervention in the presence of the
ASD/ADHD comorbidity have been mixed. To address the inconsistent findings regarding the
impact of comorbid ADHD on social impairment in ASD, and the potential impact of the
ASD/ADHD comorbidity on social treatment outcomes, the third paper in this dissertation series
sought to accomplish two aims. The first aim to was to compare social functioning among youth
with ASD and ASD + ADHD using several measures of social impairment to determine which
measurement tools may be appropriate for detecting social differences attributed to the
ASD/ADHD comorbidity. The second aim was to determine if youth with ASD and ASD +
ADHD demonstrate similar treatment gains following a social skills intervention. Results from
the first aim indicated that youth with ASD and ASD + ADHD displayed comparable social
impairments at baseline in many domains. The ASD + ADHD group showed more severe
impairments on a measure of social awareness, but not on other measures. The ASD group also
showed more severe symptoms within the social communication domain of a diagnostic tool.
This finding is in contrast to the results from the first paper in this dissertation series and may
related to differences in sample characteristics. The study sample in this third paper was
restricted to youth age 6-14 without intellectual disability (IQ > 75) with solid language abilities.
Conversely, the sample in my first paper included individuals age 2-17 with variable cognitive

abilities (M 1Q = 77.69) who had been referred for an autism diagnostic evaluation. This sample
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may have presented with more cognitive and language deficits and functional impairments than
the sample in my third paper. This may explain the lack of significant group differences in social
functioning between the ASD and ASD + ADHD groups. Further research is needed to
understand how age, 1Q, language abilities, and level of co-occurring symptoms contribute to
degree and quality of social impairment.

Results from the second aim of the third paper indicated that both youth with ASD and
ASD + ADHD demonstrated significant improvement following a social competence
intervention. Improvements were observed on global measures of social functioning, and specific
measures of social communication, peer interaction, social reciprocity, social awareness, social
cognition, and social motivation. No meaningful differences were observed in the level of social
gains achieved by ASD versus ASD + ADHD groups, which suggests that youth with co-
occurring ADHD may benefit similarly from this social competence intervention. As the
intervention employed has been associated with meaningful improvements in executive
functioning (Stichter et al., 2016), the structured, scaffolded teaching approach and recurring
practice opportunities may be particularly appropriate for youth with the ASD/ADHD co-
occurrence.
Implications of Three-Paper Dissertation Series

This three-paper dissertation examines several important gaps in the research literature on
the comorbidity of ASD and ADHD and the impact it has on affected individuals. The findings
from these investigations will provide important information to researchers and clinicians
regarding the role that ADHD symptoms play in the presentation of core symptoms of ASD.
These findings will aid the collective endeavor among professionals to parse out heterogeneity in

efforts to match individuals with the most appropriate treatments based on the presentation of
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their symptoms. Treatment appropriateness is influenced by the presence of comorbid disorders.
As ADHD is among the most common comorbid disorders in ASD, we must determine the role
that associated symptoms play in the presentation and treatment of autism.

The first paper in this series introduced the idea that measurement approaches are
implicated in the inconsistent findings regarding how the ASD/ADHD comorbidity affects social
impairment. The second paper determined that ADHD symptoms play a role in the presentation
and severity of sensory symptoms, and that ADHD symptoms differentially impact sensory
modalities and type of response to sensory stimuli. The third paper revealed that youth with ASD
+ ADHD display more severe impairments in social awareness, but may appear comparable in
many other social domains. By contrast, youth with ASD without ADHD demonstrated greater
impairment on the social communication domain of a diagnostic tool, which conflicts with
results from the first paper in this series. Sample characteristics, such as age, 1Q, language level,
and degree of functional impairment may account for inconsistencies in findings regarding social
impairment in youth with ASD and ASD + ADHD. Younger individuals with ASD or ASD +
ADHD with cognitive and language limitations may present with similar social communication
difficulties on the gold-standard diagnostic tool. In contrast, older individuals with ASD with
solid cognitive and language skills may show more social communication problems than their
counterparts with co-occurring ADHD on this measure of core autism symptoms. This third
paper also showed that youth with ASD and ASD + ADHD both benefitted from a social
competence intervention, as evidenced by significant improvement on several global and specific
social measures. Co-occurring ADHD was not associated with poorer treatment response, which

is promising.
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Overall, the ASD/ADHD comorbidity may be associated with compounded social
difficulties in the area of social awareness among school-age youth. Symptoms associated with
ADHD may contribute to performance challenges in other social areas, and to over- and under-
sensory responsivity within the tactile, auditory, visual, and gustatory/olfactory systems.
Nonetheless, youth affected by the ASD/ADHD comorbidity appear to benefit from structured

social interventions, similar to youth with ASD only.
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Abstracts
Manuscript One: The Impact of the Comorbidity of ASD and ADHD on Social Impairment
Children with autism spectrum disorder (ASD) and children with attention

deficit/hyperactivity disorder (ADHD) both experience behavioral and social difficulties. Prior
research has shown that when these disorders co-occur, behavioral symptoms associated with
both disorders may be more severe. There is only limited research on the impact of ASD +
ADHD comorbidity on social functioning. The present study investigated social impairment in
282 children diagnosed with ASD, ADHD, or ASD + ADHD. No significant differences in
social impairment were found between the ASD and ASD + ADHD groups. This study
contributes to extant literature indicating mixed findings in regard to social functioning amidst

the ASD + ADHD comorbidity.

Manuscript Two: The Association Between ADHD Symptoms and Atypical Sensory
Processing in Individuals with Autism Spectrum Disorder

Atypical sensory processing (SP) is common among individuals with autism spectrum
disorder (ASD) and sensory problems are a core feature of the disorder. Differences in SP are
also observed in individuals with attention deficit/hyperactivity disorder (ADHD) and up to 70%
of children with ASD also have co-occurring symptoms of ADHD. Prior research has suggested
that ADHD symptoms may be associated with increased problems related to SP. The present
study investigated the relationship between ADHD symptoms and types of atypical SP in 2108
youth diagnosed with ASD, controlling for demographic and clinical characteristics. Results

indicate that ADHD symptoms significantly predicted several types of atypical SP, but not
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movement sensitivity or low energy/weakness. Findings suggest that ADHD symptoms may
differentially impact types of atypical SP among youth with autism.
Manuscript Three: The Impact of Co-occurring ADHD on Social Intervention Outcomes in
Youth with Autism Spectrum Disorder
The co-occurrence of autism spectrum disorder (ASD) and attention deficit/hyperactivity
disorder (ADHD) is significant and has been associated with a host of negative outcomes.
Studies investigating social functioning in the presence of the ASD/ADHD co-occurrence have
produced mixed findings. The present study further evaluated the impact of the ASD/ADHD co-
occurrence on social functioning and compared treatment response to a social competence
intervention between youth with ASD and ASD + ADHD. Youth affected by the co-occurring
ADHD displayed more impairments related to social awareness, but not in other social areas.
Participants in both the ASD and ASD + ADHD groups demonstrated significant improvement
following a social competence intervention. Co-occurring ADHD was not significantly

associated with poorer treatment response.
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Abstract

Children with autism spectrum disorder (ASD) and children with attention
deficit/hyperactivity disorder (ADHD) both experience behavioral and social difficulties. Prior
research has shown that when these disorders co-occur, behavioral symptoms associated with
both disorders may be more severe. There is only limited research on the impact of ASD +
ADHD comorbidity on social functioning. The present study investigated social impairment in
282 children diagnosed with ASD, ADHD, or ASD + ADHD. No significant differences in
social impairment were found between the ASD and ASD + ADHD groups. This study
contributes to extant literature indicating mixed findings in regard to social functioning amidst

the ASD + ADHD comorbidity.
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
impairment in social communication, social interaction, and restricted, repetitive behaviors,
interests, or activities (American Psychiatric Association, 2013). The core deficit in social
interaction is a hallmark feature of ASD and the presence of comorbid psychopathology may
serve to compound social impairment. Attention deficit/hyperactivity disorder (ADHD)
symptoms are among the most common mental health concerns for individuals with ASD
(McClain et al., 2017) with prevalence rates of ADHD symptoms in ASD ranging from 28.2% to
87% (Ames & White, 2011; Amr et al., 2012; Frazier et al., 2001; Stevens et al., 2016). Social
deficits are well-documented in neurotypical individuals with ADHD (Barkley, 1998; Clark et
al., 1999; Corbett & Constantine, 2006; Demopoulos et al., 2013; Wehmeier et al., 2010) and 15
to 25% of children with ADHD have ASD-like social difficulties (Grzadzinski et al., 2016;
Kotte et al., 2013). The comorbidity of ASD and ADHD may exacerbate social impairment
beyond what is observed in ASD alone and produce a different manifestation of social deficits
(Factor et al., 2017). As will be discussed, increased social impairment can contribute to
problems across home, school, and community contexts and have important implications for
diagnostic and treatment efforts.

Diagnostic and Clinical Characteristics of ASD and ADHD

ASD and ADHD are two of the most commonly diagnosed childhood
neurodevelopmental disorders. Core diagnostic symptoms of ASD and ADHD do not overlap
(American Psychiatric Association, 2013), but core features associated with both can manifest
similarly. A considerable body of research has identified the overlap in features between ASD
and ADHD (Corbett & Constantine, 2006; Goldstein & Schwebach, 2004; Leyfer et al., 2006).

Both disorders can include difficulties in attention, impulsivity, and various degrees of
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hyperactivity (Corbett & Constantine, 2006; Goldstein & Schwebach, 2004; Leitner, 2014; Yerys
et al., 2010), in addition to difficulties with conversation, peer relationships, and recognizing
social cues (Ames & White, 2011; Grzadzinski et al., 2011b; Hartley & Sikora, 2009). These
transdiagnostic commonalities present differential diagnostic challenges, and a diagnosis of ASD
is often delayed or initially misdiagnosed as ADHD (Hartley & Sikora, 2009). The degree of
social communication deficits observed often differentiates the two disorders, but these deficits
can be difficult to objectively categorize in an evaluation, as they may result from the core
impairment associated with either ASD or ADHD (Salley et al., 2015).

The Comorbidity of ASD and ADHD

Diagnosis may be more challenging when ASD and ADHD co-occur (Gargaro et al.,
2011). Previous versions of the Diagnostic and Statistical Manual of Mental Disorders (DSM)
precluded a diagnosis of ADHD in individuals with ASD, but the DSM-5 (American Psychiatric
Association, 2013) now acknowledges the co-occurrence of ASD and ADHD. Some research
suggests that individuals with ASD + ADHD may have qualitatively different profiles than those
with ASD alone (Antshel et al., 2016; Colombi & Ghaziuddin, 2017; Factor et al., 2017; Leitner,
2014; Sokolova et al., 2017).

Individuals with ASD and individuals with ADHD appear to display some distinct and
overlapping profiles, and symptoms associated with either can cause significant behavioral,
social, and adaptive problems (Rich et al., 2009). The comorbidity is associated with increased
autistic symptoms and maladaptive behaviors (Sprenger et al., 2013a; Yerys et al., 2010) and
more social and family problems (Rao & Landa, 2014). The deficits observed at the intersection
of the disorders may occur out of proportion to what is attributed to ASD or ADHD alone. The

comorbidity is associated with an additive effect on symptom expression compared to either
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disorder when it occurs alone (Ames & White, 2011; Antshel et al., 2016; Gargaro et al., 2011;
Goldstein & Schwebach, 2004). This has been robustly demonstrated in research on tantrums
which shows that individuals with ASD + ADHD display more severe tantrums than those with
ASD or ADHD alone (Goldin et al., 2013; Guttmann-Steinmetz et al., 2009; Jang et al., 2013;
Mulligan et al., 2009). This additive effect expands into other domains of functioning, as Sikora,
Vora, Coury, and Rosenberg (2012) found that children with ASD + ADHD had significantly
greater delays in adaptive functioning and lower health-related quality of life than individuals
with ASD only. Similarly, Rao and Landa (2014) found that young children affected by this
comorbidity were more cognitively, socially, and adaptively impaired than individuals with ASD
alone.

Less research has focused on the specific impact of the ASD + ADHD comorbidity on
social functioning. Similarities and differences in social profiles of individuals with ASD versus
ADHD point to some overlapping and divergent treatment implications for these populations.
Furthermore, there may be specific treatment considerations warranted for individuals affected
by ASD + ADHD, as they may display a different social profile altogether.

Social Profiles in ASD and ADHD

Significant social problems have been observed in individuals with ADHD (de Boo &
Prins, 2007; Luteijn et al., 2000) and have been reported in 52 to 82% of affected children
(Barkley et al., 1990; Landau et al., 1998; Staikova et al., 2013). Children with ADHD are often
rejected by their peers and have few friends (Hoza et al., 2005; Mikami, 2011). Inattentiveness
may result in missed social cues, impulsive behavior may upset peers, and hyperactivity can
hinder social participation (Leitner, 2014). It is estimated that 50 to 60% of children with ADHD

experience peer rejection (Barkley et al., 1990) and are often disliked within minutes of initial
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interactions (Pelham, 1989). Specific play behaviors have been linked to peer rejection and
include being controlling, annoying, explosive, easily frustrated, inattentive during group
activities/sports, and violating rules in games (Guevremont & Dumas, 1994; Klassen, 2004;
Pelham et al., 1990; Whalen & Henker, 1985). The core symptoms of ADHD can impede the
formation of peer relationships and limit social opportunities, and thus contribute to the
manifestation of social problems across contexts.

This social profile differs from that observed in individuals with ASD, in which social
problems range from difficulties with rudimentary aspects of social interaction (e.g., eye contact,
joint attention) to more complex social processes, including understanding social contexts and
establishing and maintaining friendships (Cervantes et al., 2013; Kjellmer et al., 2012; Matson &
Wilkins, 2007). The core social-cognitive deficits seen in ASD result in impaired social-
emotional reciprocity and nonverbal communication that manifest in absent or abnormal social
initiations, responses, and communication. Individuals with ASD may demonstrate atypical
social approach (e.g., intrusive touching), fail to respond to peers (e.g., lack of social smile or
shared enjoyment), and have impairments in eye contact, body language, and speech production
(American Psychiatric Association, 2013). They may have difficulty associating with peers,
feeling empathy for others, and picking up on social cues (Luteijn et al., 2000). These deficits
and corresponding behaviors can hinder development and maintenance of appropriate peer
relationships, and many individuals with ASD lack interest in others or the skills necessary to
play cooperatively or establish friendships. While this is not true of all individuals with ASD,
many withdraw and prefer solitary activities and avoid interactions with others. Taken together,
the social-cognitive and affective deficits observed in ASD manifest in an array of social

impairments that create immense challenges for affected individuals in social contexts.
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While individuals with ASD and ADHD exhibit somewhat distinct social profiles, the
deficits observed in the presence of both disorders impede the formation of peer relationships
and affect social skill performance. The similarities and differences in social functioning among
children with ADHD versus ASD result in some overlapping and also some distinct implications,
thus underscoring the clinical significance of social impairment and the relevance of
understanding transdiagnostic and diagnosis-specific processes related to social functioning.

ASD + ADHD Comorbidity and Social Functioning

There is a paucity of research on the social impairment observed in the presence of ASD
+ADHD comorbidity, but some studies have indicated an additive effect on social deficits. Rao
and Landa (2014) investigated social impairment associated with the comorbidity in a
community-based sample of young children (age 4-8) using the Social Responsiveness Scale,
2nd Edition (SRS-2; Constantino & Gruber, 2012), a parent-report measure of ASD symptom:s.
They found that individuals with ASD + ADHD scored significantly higher, indicating greater
impairment, on all subscales of the SRS-2 than did individuals with ASD only. Also using the
SRS-2, Factor et al. (2017) investigated social impairment in children (age 3-17) with ASD and
ASD + ADHD recruited from a university center serving the local community. They similarly
found that the ASD + ADHD group had significantly higher scores on the Social Awareness and
Social Communication subscales than did individuals with ASD only. The finding that ADHD
symptoms increased social communication difficulties in ASD is consistent with research on
ADHD that indicates pragmatic language skills mediate the relationship between ADHD
symptoms and impaired social skills (Staikova et al., 2013). Contrary to the findings in Rao and
Landa (2014), the authors found no significant differences between the ASD and ASD + ADHD

groups on SRS-2 Total Score in a group of children ages 3 to 17. Differential results may be age-
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related, as ADHD symptoms may be more pronounced in younger children and may have greater
impact on social functioning. This suggests that developmental differences in ADHD symptoms
may impact the quality or degree of social impairment observed in individuals with ASD +
ADHD. However, neither of the aforementioned studies included an ADHD-only group, which
may have further explained the impact of ADHD symptoms on social impairment and
highlighted age-related differences in symptom expression.

One study investigated social impairment across individuals with ASD, ADHD, and ASD
+ ADHD (age 3-18) seen at a specialty clinic for neurodevelopmental disorders. Salley et al.
(2015) evaluated communication and social interaction skills across these groups using the
Autism Diagnostic Observation Schedule (ADOS, Lord et al., 2000), a standardized behavioral
observation assessing core features of ASD for diagnostic purposes. Comparison of ADOS
communication and social interaction scores across groups revealed that the ASD group
displayed the highest level of social impairment, followed by the ASD + ADHD and ADHD
groups, respectively. This finding is in contrast to that of Rao and Landa (2014) and Factor et al.
(2017) and may be related to study sample characteristics and differences in measurement type
and approach, as the SRS-2 is a parent report measure and the ADOS is an observational
assessment. The sample in Salley et al. (2015) consisted of clinically-referred individuals that
likely presented with higher levels of ASD symptoms than may be observed in community
samples, like that of Rao and Landa (2014) and Factor et al. (2017). The lack of a significant
mean difference observed in social impairment between the ASD and ASD + ADHD groups
suggests that these groups may appear comparable in social and communication impairment
when using the ADOS as an evaluative measure of social impairment. The authors

acknowledged an unbalanced distribution of ADOS modules administered to individuals in the
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ASD + ADHD group, indicating that the overall scores may have been suppressed for this group
and may have impacted findings (Salley et al., 2015).

In summary, those few studies that have investigated social impairment across
individuals with ASD, ADHD, and ASD + ADHD have reported rather inconsistent findings. It
remains unclear which measurement tools may be most appropriate for detecting potential
differences in the social presentations of children with ASD versus ASD + ADHD. Previous
studies have relied on either parent or clinician report, but no study has investigated group
differences using information from both parents and clinicians. The ADOS was designed to
maximize diagnostic sensitivity and specificity for ASD, and may be more capable of capturing
social differences among these populations than ASD screening tools. Additionally, other parent-
report measures of social symptoms could provide useful information about social differences
between these populations.

The aim of the present study is to evaluate group differences in social impairment among
a large, well-characterized, sample of children with ASD, ADHD, and ASD + ADHD referred
for an autism diagnostic evaluation. The present study will assess social deficits using two
assessment tools, clinician- and parent-informed, to further examine the impact of the ASD +
ADHD comorbidity on social functioning. In concordance with prior literature suggesting an
additive effect on symptom expression in the presence of the ASD + ADHD comorbidity (Factor
et al., 2017; Goldin et al., 2013; Mulligan et al., 2009; Rao & Landa, 2014), we hypothesized
that the ASD + ADHD group would present with the highest degree of social impairment,
followed by the ASD only and ADHD only groups, respectively.

Methods

Participants and Procedures
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Data were utilized from a previously completed study focused on comparison of DSM-1V
and DSM-5 criteria for ASD (Mazurek et al., 2017). The complete sample consisted of 439
children and adolescents (age 2-17 years) who were referred for ASD evaluation and received a
comprehensive diagnostic evaluation by autism specialists (e.g., psychologists, physicians,
and/or interdisciplinary teams) at one of six autism centers affiliated with the Autism Treatment
Network (ATN): Children’s Hospital Los Angeles, Cincinnati Children’s Hospital Medical
Center, Nationwide Children’s Hospital, University of Missouri, University of Pittsburgh, and
Vanderbilt University Medical Center. Each assessment was conducted in accordance with the
standard ATN diagnostic process (as described in detail in Mazurek et al., 2017), which includes
a review of records, standardized observation using the ADOS-2 (Lord et al., 2012), cognitive
assessment, assessment of behavioral functioning, and additional measures deemed necessary for
diagnostic determination. Families of eligible children (i.e., those referred for an ASD
evaluation, and between the ages of 2 years and 17 years, 11 months) were recruited for
participation prior to the child’s evaluation, and informed consent was obtained prior to
participation. Recruitment continued until the target sample size for the original study was met.
Participants were enrolled and evaluated from December 2014 through February 2016.

Participants who received a clinical diagnosis according to DSM-5 criteria of ASD
(without ADHD), ADHD (without ASD), or ASD + ADHD and who had completed
comprehensive (full scale) 1Q testing were included in the current investigation. This resulted in
a final sample of 282 children diagnosed with ASD (n = 151), ADHD (n = 82), or ASD + ADHD
(n =49). See Table 1 for sample characteristics.
[INSERT TABLE 1]

Measures
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Demographics
Primary caregivers completed a demographic questionnaire which included information about
the participant’s age, sex, ethnicity, race, and household income.
Social Impairment
The ADOS-2 social affect calibrated severity score (SA-CSS; Esler et al., 2015; Gotham,
Pickles, & Lord, 2009; Hus & Lord, 2014) served as a clinical observational method of
measuring social impairment. The ADOS-2 is a standardized, semi-structured assessment of
communication and social interaction, and repetitive behaviors and restricted interests. The SA-
CSS is based on a 10-point scale: scores from 1 to 3 are in the ‘“Nonspectrum’’ range; 45 are in
the ‘“ASD’’ range; and 6-10 in the ‘“Autism’’ range. The CSS severity metric was found to have
more uniform distributions across developmental groups than raw scores and to be less
influenced by child characteristics such as verbal 1Q, nonverbal IQ, age, and race (Gotham et al.
2009; Hus & Lord, 2014). The CSS has been employed in studies assessing participants across
broad age ranges (Gotham et al., 2009; Shumway et al. 2012) and allows for comparison of
symptoms severity across modules (Gotham et al., 2007; Gotham et al., 2009).

The Lethargy/Social Withdrawal subscale from the Aberrant Behavior Checklist (ABC;
Aman & Singh, 1986) was included to assess caregiver-reported symptom severity in the social
domain. The ABC is a 58-item caregiver-report questionnaire that measures current behavioral
functioning. It comprises five subscales: Irritability, Lethargy/Social Withdrawal, Stereotypic
Behavior, Hyperactivity/Noncompliance, and Inappropriate Speech; and it has shown strong
psychometric properties (Aman et al., 1995). The ABC subscales have been widely used in
individuals with ASD (Bagaiolo et al., 2019; Kaat et al., 2014; Sannar et al., 2018) and

individuals with ADHD (Capone et al., 2016; Halvorsen et al., 2019; Miller et al., 2004). All
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items are on a Likert scale ranging from 0 (i.e., not at all a problem) to 3 (i.e., the problem is
severe in degree). Included in the current study, the Lethargy/Social Withdrawal subscale
consists of 16 items that assess symptoms associated with social isolation, withdrawal, and
impairment in social reciprocity. This subscale has the potential to index mood-related symptoms
that impact social functioning and focuses more on the absence of appropriate social behavior, as
opposed to the presence of inappropriate social behavior. Higher scores indicate more symptoms
of social impairment.
Intellectual Ability
Full Scale IQ was assessed using one of a range of measures depending on an individual’s age,
verbal ability, and ability to participate in testing. IQ measures included the Stanford Binet
Scales of Intelligence—5" Edition (Roid, 2003), the Wechsler Intelligence Scale for Children—
Fourth Edition (Wechsler, 2003), the Wechsler Intelligence Scale for Children—Fifth Edition
(Wechsler, 2014), the Wechsler Preschool and Primary Scale of Intelligence—Third Edition
(Wechsler, 2002), the Wechsler Abbreviated Scale of Intelligence—Second Edition (Wechsler,
2011), Wechsler Adult Intelligence Scale—Fourth Edition (Wechsler, 2008), the Differential
Ability Scales—Second Edition (Elliot, 2007). Additionally, the Bayley Scales of Infant and
Toddler Development—Third Edition (Bayley, 2006) and the Mullen Scales of Early Learning
(MSEL; Mullen, 1995) were used to assess emerging cognitive skills as a proxy for Full Scale 1Q
(FSIQ). For participants receiving the MSEL, the Early Learning Composite Standard Score was
used.
Analytic Plan
All data were cleaned and examined for outliers, missing data, and distributional

assumptions using SPSS Statistics Software, Version 25. Descriptive statistics were generated



49

for the ASD, ADHD, and ASD + ADHD groups. Correlational analyses were performed to
address the inclusion of relevant covariates.

Data for variables of interest were transformed using a two-step transformation due to
skewed distributions. Step 1 involved transforming the variable into a percentile rank, which
resulted in uniformly distributed probabilities. Step 2 applied the inverse-normal transformation
to the results of the first step to form a variable consisting of normally distributed z-scores
(Templeton, 2011). More traditional data transformation methods were unable to produce normal
distributions to meet the assumptions of normality. Multiple imputation was performed to
replace missing data on measures of interest (27% missing on ABC Lethargy/Social Withdrawal
subscale; 3.5% missing on SA-CSS) that was determined to be missing at random due to lack of
association with any demographic variables. Five imputation data sets were used.

Groups were compared on demographic and sample characteristics using chi-square tests
and one-way Analyses of Variance (ANOVA). For ANOVAs, Bonferroni corrections were
performed to account for multiple comparisons. See Table 3 for group differences on study
variables. Multivariate analysis of covariance (MANCOVA) was employed with adjustment for
unequal sample sizes to determine the presence of mean differences across diagnostic groups on
measures of social impairment while accounting for relevant covariates. Post-hoc (Bonferroni
corrected) pairwise comparisons were conducted to determine what group comparisons were
significant across variables of interest.

Results

Results of correlational analyses among study variables can be found in Table 2. All

groups were compared on child age and IQ using one-way ANOVAs. A univariate ANOVA

demonstrated that the three groups differed relative to age, F(2,278)= 55.09, p <0.001 and post-
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hoc tests indicated that the ADHD and ASD + ADHD groups did not significantly differ from
one another, but both were older than the ASD group at .001 level. Similarly, a univariate
ANOVA revealed group differences in IQ, F(2,278)= 23.50, p <0.001 and post-hoc tests showed
that ADHD and ASD + ADHD groups did not differ from each other and both had a significantly
higher IQ than the ASD group at the .001 level. Thus, age and 1Q were included as covariates.
Chi square analyses demonstrated that the three diagnostic groups did not significantly differ by
sex, x2(2)=.49, p =.79 or household income, y*(10)=15.74, p =.11 and these variables were not
included as covariates. Results from univariate analyses for dependent variables and covariates
can be found in Table 3.

[INSERT TABLE 2]

[INSERT TABLE 3]

The hypothesis that children with ASD + ADHD would show greater social impairment
than children with ASD or ADHD alone was tested using MANCOVA. The independent
variable was diagnostic group status, the dependent variables were the ADOS-2 SA-CSS and the
ABC Lethargy/Social Withdrawal score, and covariates included age and 1Q. Multivariate results
were significant for diagnostic group status, F(4,548)= 24.59, p <.001, Wilks' A =.719, partial
n? =.152 above the significant effect of age, F(2,274)= 5.49, p <.001, Wilks' A = .961, partial
n? =.039. Multivariate results were not significant for IQ, F(2,274)= 1.49, p =227, Wilks' A =
989, partial > = .011. Post-hoc multiple pairwise comparisons (Bonferroni adjusted) found
significant differences on only one measure of social functioning, the ADOS-2 SA-CSS,
F(2,275)=50.79, p < .001, partial n> = .27, with the ASD group scoring significantly higher than

the ADHD group, and the ASD + ADHD group scoring higher than the ADHD group, both at
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the .001 level. No significant differences on the ADOS-2 SA-CSS were observed between the
ASD and ASD + ADHD groups.
Discussion and Implications

This study provides an additional contribution to research on social impairment among
children with ASD, ADHD, and ASD + ADHD. Significant differences in social impairment
were observed on a measure of social affect between the ASD and ADHD groups, as well as the
ADHD and ASD + ADHD groups. However, contrary to our hypothesis, no differences in social
impairment were observed on this measure between the ASD and ASD + ADHD groups, and no
between group differences were indicated on the ABC Lethargy/Social Withdrawal subscale.

As expected, the ASD and ASD + ADHD groups both demonstrated significantly more
social impairment on the ADOS-2 SA-CSS than the ADHD group, but no significant differences
were observed between the ASD and ASD + ADHD groups. Notably, children in the ASD group
were significantly younger and had lower IQ on average compared to the other groups. This
finding is consistent with many other studies that have found that higher IQ and ADHD
symptoms are associated with older age at ASD diagnosis (Frenette et al., 2013; Mazurek et al.,
2014; Shattuck et al., 2009). As children with mild to moderate ADHD symptoms are typically
diagnosed at a later age, the ASD + ADHD and ADHD groups may have presented with fewer
functional limitations than younger children initially diagnosed with ASD. While studies
employing the SRS-2 to investigate group differences in social impairment have produced
different results, results from a previous study by Salley et al. (2015), revealed that the ASD
group had higher scores on the ADOS communication/social interaction score than did the ASD
+ ADHD and ADHD groups in a similarly aged sample (M=7.39) of 209 youth. This may

suggest that the ADOS social interaction and communication items are most sensitive to the
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classic core deficits observed in ASD, rather than potential social performance differences that
may be exhibited by children who present with both ASD and ADHD or just ADHD. The ADOS
activities probe for the presence of foundational social behaviors (e.g., eye contact, emotion,
affect, gestures) as well as the ability of a child to employ social behaviors (e.g., social overtures,
conversational reciprocity) in context effectively during social activities toward a common goal
(e.g., rapport, shared enjoyment). However, the ADOS pulls for these components within a
contrived clinical setting with an unfamiliar adult. It is possible that ADOS is measuring
different social constructs than parent-report symptom measures like the SRS-2. The SRS asks
parents to assess frequency of atypical social behaviors or lack of social behaviors. Since it
measures behaviors that occur outside of a controlled clinical environment, parent-report may be
capturing global social performance and behaviors across a variety of contexts (e.g., peer, school,
home). Consequently, it is unclear if the social constructs assessed on the SRS-2 are a
manifestation of core deficits, a skill application problem in different contexts, or a social
performance issue that might be attributed to other symptoms/behaviors (e.g., inattention to
social cues, distractibility, interfering hyperactivity, preoccupation). For example, SRS-2 items
“plays with others appropriately” or “offers comfort to others” could tap into the core social
deficits attributed to ASD, but may also capture social performance challenges due to symptoms
of ADHD. Additionally, the presence of internalizing and externalizing symptoms has been
found to result in higher SRS-2 scores among children with and without ASD (Hus et al., 2013),
which lends support to concerns that the measure may be susceptible to symptoms beyond those
considered to be core features of ASD.

This is one possible explanation as to why studies using the SRS-2 have indicated that

children with ASD + ADHD have more symptoms of social impairment than those with ASD
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only (Factor et al., 2017; Rao & Landa, 2014). It is also possible that since the ADOS-2 was
designed to be diagnostically sensitive to features of ASD, and not ADHD, it may not
differentiate when additional and/or qualitatively different social difficulties are attributed to a
comorbid diagnosis of ADHD.

Interestingly, no significant differences between diagnostic groups were observed on the
ABC Lethargy/Social Withdrawal subscale. This may suggest this subscale is better able to
capture the converging, rather than diverging social symptoms associated with ASD and ADHD
(e.g., preoccupation, lack of response to structured activities, difficulty reaching). A recent study
by Norris and colleagues found that the ABC Lethargy/Social Withdrawal subscale was highly
and significantly correlated with the SRS-2 Total score, a measure that has yielded false positive
endorsements of autism among children with ADHD (Reiersen et al. 2007). The ABC
Lethargy/Social Withdrawal subscale may similarly be sensitive to social differences attributable
to either ASD or ADHD, and may not be able to capture a qualitatively different social profile
that may exist in ASD + ADHD. Further, this subscale did not significantly correlate with the
ADOS-2 social affect score, which suggests that these measures are quantifying different
symptoms of social impairment altogether.

Beyond differences that may be attributed to assessment tool selection, study sample
characteristics may also contribute to inconsistent findings with regard to social functioning. For
example, differences in sample size and recruitment methods could explain differences in
findings. There may be additional clinical or demographic characteristics that were not
accounted for (e.g., other comorbid symptoms, parental education level) that could have
contributed to differences in samples. Diagnostic overshadowing in clinical assessment also

poses concern to research on the ASD/ADHD comorbidity. Children who present to an
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evaluation with significant difficulties associated with ASD and/or cognitive impairments may
be less likely to be diagnosed with co-occurring ADHD or may be diagnosed at a later age. It is
possible that symptom severity or functional limitations associated with a primary diagnosis of
ASD masks co-occurring difficulties that may actually be attributable to ADHD or another
comorbid diagnosis. The lack of comprehensive assessment data on co-occurring conditions and
the lack of available IQ data for participants across studies investigating the ASD/ADHD may
have contributed to differences in findings. Notably, the present study had the largest sample of
children with ASD + ADHD in the literature to date and all participants had complete 1Q data
and were evaluated in accordance with the rigorous standards of the Autism Treatment Network.
In addition, participants came from various racial/ethnic backgrounds and socioeconomic levels
across several regions of the United States and are believed to be a fairly representative sample.

This study contributes to the small body of literature characterized by mixed findings on
social functioning amidst the ASD + ADHD comorbidity. While an additive effect has been
demonstrated in regard to behavior problems, it has been more difficult to illustrate the effect, if
any, the comorbidity has on social problems. Social problems are a core feature of ASD, and are
often present in ADHD, but research investigating the combination of the two disorders yields
different results based on participant characteristics and assessment measures used to quantify
deficits. Social difficulties are more pervasive and stable in ASD, but may be less consistent in
ADHD. There is substantial heterogeneity of social skills in children with ADHD and research
investigating the mechanism by which social difficulties present in ADHD has highlighted social
performance problems/inconsistencies, rather than a skill acquisition problem (Aduen et al.,
2018). Given these performance-based challenges and inconsistencies, it is possible that

application of social skills in real-time places increased demands on executive functioning skills,



55

which are known to be impaired among children with ADHD. Executive functioning deficits are
also well-documented in ASD and may be associated with social functioning (Freeman et al.,
2017). Differences in executive functioning across children with ASD, ADHD, and ASD +
ADHD could explain some of observed heterogeneity in social functioning across these groups.
Limitations and Future Directions

There are a number of limitations to note in the present study. First, a larger sample size
may have allowed for more power and more balanced samples sizes across each diagnostic
group. The variability in age of participants in this study may be another limitation given the role
that developmental differences may play in the presentation of social deficits. There is also a
possibility that differences across ADOS modules could have presented potentially different
social demands that may have impacted results. While we attempted to account for this through
use of the CSS, rather than raw score, future studies with participants matched on age, 1Q, and
ADOS module would be helpful to further investigate this possibility. Further, all children
included in the present study were initially referred for ASD evaluation, suggesting that social
impairment (even among the group receiving a final diagnosis of ADHD only) may have been
more significant than what would be observed in the general ADHD population. Future studies
would benefit from a more representative sample of children, potentially stratified by age to
further explore age-related differences in symptoms of social problems. These studies should use
a variety of different assessment methods (e.g., observational, interview, standardized protocols)
and several informants (e.g., clinician, teacher, parent, peers) to collect more comprehensive
social-behavioral data across contexts to further distinguish fundamental social impairments
from social performance problems. It may also be important to include measures designed to

assess symptoms of ADHD to further parse out what social challenges may be better attributed to
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symptoms of ADHD. Furthermore, clinical information on ADHD subtype (e.g., predominately
inattentive, hyperactive, combined) may provide useful information that could help researchers
makes sense of the observed heterogeneity in social difficulties observed in the presence of
ADHD.

Since the revision of the DSM-5 allowing the comorbid diagnoses of ASD and ADHD,
researchers and clinicians have only just begun to make progress in understanding the ASD +
ADHD phenotype. Prospective, longitudinal studies of social development and social symptoms
associated with ASD and ADHD are needed in order to examine different symptoms
manifestations or developmental trajectories produced by each disorder. This may be necessary
in order to determine where potential differences in symptom presentation and manifestation
exist amidst the ASD + ADHD comorbidity throughout the lifespan.

In conclusion, our findings suggest that children with ASD versus ASD + ADHD display
similar profiles of social problems when using the ADOS-2 SA-CSS and the ABC
Lethargy/Social Withdrawal subscale to assess social functioning. It is possible that the social
presentations of children with ASD and ASD + ADHD are characterized similarly and that these
groups do not differ by degree of social impairment. Perhaps the hallmark social difficulties
observed in ASD are not significantly altered or worsened by the presence of ADHD. While
further research is needed to clarify the mixed findings on the social impact of the ASD/ADHD
comorbidity, it is possible that social interventions targeting the core social symptoms observed
in ASD may similarly improve social functioning among individuals with and without the

ADHD comorbidity.
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Conclusion

This study contributes to the growing literature base on social functioning in the presence
of the ASD/ADHD comorbidity. A multi-method, multi-informant approach was employed to
assess social difficulties across diagnostic groups within a large, representative, and well-
characterized sample. Our findings suggest that children diagnosed with ASD and those
diagnosed with ASD + ADHD present with similar levels of social impairment when assessing
social symptoms with the ADOS-2 SA-CSS. Additionally, the parent-completed ABC
Lethargy/Social Withdrawal subscale yielded non-significant differences in scores across
children with ASD, ADHD, and those with both disorders, which suggests the measure is
capturing convergent social symptoms attributable to either ASD or ADHD. Study results
underscore the importance of measurement tool selection and confirm the need to apply multiple
assessment methods when assessing the social impact of ADHD symptoms in individuals with
and without ASD. Given the mixed findings regarding social functioning in the presence of the
ASD/ADHD comorbidity, further comprehensive research with a comprehensive multiple
measure and developmental approach is necessary to identify potential differences in the clinical

presentations of children with ASD versus children with ASD + ADHD.
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Table 1 Sample characteristics by group.

Total ASD ADHD ASD + ADHD
(N/%) (/%) (/%) (/%)
282 151 82 49

Age (months) M (SD) 93.12 (50.46) 67.26 (47.39) 122.07 (38.45) 124.37 (29.36)
Sex

Male 232 (82.27%) 123 (81.46%) 67 (81.71%) 42 (85.71%)

Female 50 (17.73%) 28 (18.54%) 15 (18.29%) 7 (14.29%)
Race

White 228 (80.85%) 113 (74.83%) 69 (84.15%) 46 (93.88%)

Non-White 48 (17.02%) 34 (22.52%) 12 (14.63%) 2 (4.08%)

NR 6 (2.13%) 4 (2.65%) 1 (1.22%) 1 (2.04%)
Ethnicity

Hisp. 21 (7.45%) 16 (10.60%) 4 (4.88%) 1 (2.04%)

Non-Hisp. 241 (85.46%) 121 (80.13%) 73 (89.02%) 47 (95.92%)

NR 20 (7.09%) 14 (9.27%) 5 (6.10%) 1 (2.04%)
Income

Under 25,000 73 (25.89%) 43 (28.48%) 16 (19.51%) 14 (28.57%)

25-49,999 61 (21.63%) 32 (21.19%) 20 (24.39%) 9 (18.37%)

50-74,999 39 (13.83%) 26 (17.22%) 10 (12.20%) 3 (6.12%)

75-99,999 34 (12.06%) 16 (10.60%) 7 (8.54%) 11 (22.45%)

100,000 45 (15.96%) 20 (13.25%) 19 (23.17%) 6 (12.24%)

NR 30 (10.64%) 14 (9.27%) 10 (12.20%) 6 (12.24%)

Note: NR= Not Reported or Missing; Hisp.= Hispanic or Latino; Non-Hisp.= Not Hispanic or

Latino.



Table 2 Bivariate correlations among study variables

N =282 Age 1Q ADOS- ABC
2 SA-  Lethargy/
CSS Social
Withdrawal
Age -
1Q A479%% -

ADOS-2 SA-CSS -396%*% - 302%*

ABC Lethargy/ 011 -.079 052 -

Social Withdrawal
Note: ADOS-2 SA-CSS = Autism Diagnostic Observation Schedule 2™ Edition Social Affect
Calibrated Severity Score; ABC = Aberrant Behavior Checklist.

**p <.01
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Table 3 Group differences on age and measures of cognition and social functioning.
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ASD ADHD ASD + ADHD F

p
n=151 n=82 n =49
M (SD)

Age 67.26 (47.39) 122.07 (38.45) 124.37(29.36)  55.091 <.001
1Q 73.13 (21.68)  88.43 (17.97) 86.99 (21.38) 23.502 <.001
ADOS-2 SA-CSS 7.43 (2.03) 4.06 (1.89) 6.54 (1.69) 80.555 <.001
ABC Lethargy/ 13.14 (8.53) 11.80(8.59) 10.68 (7.66) 1.81 .17
Social Withdrawal

Note: Results from univariate ANOVAs. Age is reported in months. The ADOS-2 SA-CSS is a

calibrated severity score, where higher scores indicate greater social impairment. The ABC

Lethargy/Social Withdrawal is an empirically derived subscale score, where higher scores

indicate the presence of more symptoms of social impairment.
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Abstract

Atypical sensory processing (SP) is common among individuals with autism spectrum
disorder (ASD) and is a core feature of the disorder. Differences in SP are also observed in
individuals with attention deficit/hyperactivity disorder (ADHD) and up to 70% of children with
ASD show symptoms of ADHD. Prior research has suggested that ADHD symptoms may be
associated with increased problems related to SP. This study investigated the relationship
between ADHD symptoms and types of atypical SP in 2,108 youth with ASD, controlling for
demographic and clinical characteristics. Results indicate that ADHD symptoms significantly
predicted several types of atypical SP, but not movement sensitivity or low energy/weakness.
Findings suggest that ADHD symptoms differentially impact types of atypical SP among youth

with autism.

Keywords: autism, ASD, ADHD, sensory processing, comorbidity, atypical SP
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Sensory differences have been recognized since the earliest clinical descriptions of
children with autism (Kanner, 1943) and are now included in the diagnostic criteria for autism
spectrum disorder (ASD; American Psychiatric Association, 2013). Sensory experiences and
associated distress remain highly salient to many individuals on the autism spectrum (Ben-
Sasson et al., 2019; Grandin, 2009; Gray et al., 2021) and increasing empirical and clinical
attention has been devoted to understanding how these differences impact individuals with ASD.
Research over the last decade has demonstrated that atypical sensory processing (SP) is
associated with cognitive, emotional, and behavioral functioning (for review, see Glod et al.,
2015). It has been suggested that atypical SP may have cascading effects on the development of
attentional skills (Baranek et al., 2018; Cascio et al., 2016; Dellapiazza, Michelon, et al., 2021),
social skills (Baranek et al., 2013; Thye et al., 2018), and adaptive functioning (Dellapiazza,
2018) in individuals with ASD. Sensory problems hinder participation in family routines
(Hochhauser & Engel-Yeger, 2010) and community/ leisure activities (Bagby et al., 2012), and
are associated with poorer individual and family quality of life (Demchick et al., 2014; Lin &
Huang, 2017) and worse school performance (Butera et al., 2020).

While atypical SP is common in ASD, it is not unique to ASD, and is also commonly
observed in individuals with attention deficit/hyperactivity disorder (ADHD). ASD and ADHD
are two of the most common neurodevelopmental disorders, and it is estimated that 30-70% of
individuals with ASD also experience symptoms of ADHD (Ames & White, 2011; Amr et al.,
2012; Antshel et al., 2016; Frazier et al., 2001; Stevens et al., 2016). Given the significant
comorbidity of ASD and ADHD, and high prevalence of sensory problems in both disorders, it is
surprising that little research to date has explored the associations between ADHD symptoms

and atypical SP in individuals with ASD. It is possible that ADHD symptoms may be associated
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with greater atypical SP in individuals with ASD. Further, it is unclear if ADHD symptoms may
be universally or differentially associated with type of atypical SP. As sensory dysfunction has
been associated with a host of co-occurring problems and altered developmental trajectories,
further investigation of the association between ADHD symptoms and atypical SP is warranted.
Atypical SP in ASD

SP is defined as the way visual, auditory, gustatory, tactile, olfactory, vestibular, and
proprioceptive information is perceived and organized in the central nervous system for optimal
functioning (Dunn, 2001). According to Dunn’s model, reactivity to sensory stimulation can vary
based on the individual and neurological threshold, and when this is disturbed, two categories of
atypical SP result. A high neurological threshold is involved in under-responsivity to sensory
stimulation, whereas over-responsivity involves a low neurological threshold, with all sensory
modalities potentially affected. As SP fundamentally impacts how individuals interact with their
environment and learn throughout development, atypical SP has widespread effects on various
developmental systems and domains of functioning.

It is estimated that 82-97% of children with ASD present with atypical SP (Dellapiazza,
2018). The increased attention devoted to understanding sensory problems in people with autism
has resulted in several systematic reviews over the last decade. Some reviews have focused on
the neurobiological correlates of atypical SP and synthesized findings on the neurobiology of
sensory symptoms (Hazen et al., 2014), assessment methodologies for adolescents and adults
with autism (DuBois et al., 2017), and the relationship between neurobiology and sensory
symptoms (Schauder & Bennetto, 2016). Others have focused on behavioral correlates of
sensory systems, including attention and adaptive behavior (Dellapiazza, 2018), daily

functioning (Ismael et al., 2018), and emotional, behavioral, and affective symptoms (Glod et al.,
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2015). Glod and colleagues’ 2015 review of 21 studies synthesized several important findings on
the psychological correlates of atypical SP relevant to the present study. Greater atypical SP was
associated with more overall symptoms of autism (Ashburner et al., 2008; Hilton et al., 2007;
Liss et al., 2006), poorer social communication skills (Baranek et al., 2013; Watson et al., 2011),
and higher levels of certain repetitive and restricted behaviors (Boyd et al., 2010; Chen et al.,
2009; Gal et al., 2010; Lidstone et al., 2014). Additionally, several studies employing a variety of
measures have demonstrated a significant association between sensory over-responsivity and
anxiety (Green et al., 2012; Lane et al., 2014; Lidstone et al., 2014; Mazurek et al., 2013; Pfeiffer
et al., 2005). Several more recent studies have similarly found a significant relationship between
anxiety symptoms and sensory over-responsivity in individuals with ASD (MacLennan et al.,
2020; Syu et al., 2020; Vasa et al., 2020). Less research, however, has focused on the
relationship between atypical SP and symptoms associated with ADHD among youth with
autism.
Atypical SP and ADHD Symptoms

Atypical SP is more frequently reported among individuals with ADHD than among
those with TD (Ghanizadeh, 2011) and differences in SP have been reported to affect
approximately half of individuals with ADHD (Miller et al., 2012; Mimouni-Bloch et al., 2018).
Over-responsivity and under-responsivity to sensory stimuli have been demonstrated in
individuals with ADHD using both behavioral measures (Cheung & Siu, 2009; Engel-Yeger &
Ziv-On, 2011; Pfeiffer et al., 2015) and physiological measures (Mangeot et al., 2001; Parush et
al., 2007). The Sensory Profile (Dunn, 1999; Dunn, 2014) and its short form, the Short Sensory
Profile (SSP; MclIntosh et al., 1999) are two of the most commonly used behavioral measures

(i.e., proxy-report measures of observable sensory behaviors) to assess atypical SP. Studies
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comparing children with TD and ADHD have found that children with ADHD demonstrated
atypical SP on as many as 11 to all 14 of the subscales of the Sensory Profile (Cheung & Siu,
2009; Dunn & Bennett, 2002; Yochman et al., 2004) and across five or more of the eight
subscales of the SSP (Engel-Yeger & Ziv-On, 2011; Mangeot et al., 2001; Mclntosh et al., 1999;
Mimouni-Bloch et al., 2018). ADHD has been associated with atypical SP in the areas of visual,
auditory, tactile, olfactory, and vestibular/proprioceptive processing (see Ghanizadeh, 2011 and
Keating et al., 2021 for reviews). Studies that have explored atypical SP among children with
ADHD have not found significant differences between those with the primarily
hyperactive/impulsive type and those with the primarily inattentive type across several sensory
measures (Engel-Yeger & Ziv-On, 2011; Ghanizadeh, 2011; Miller et al., 2012; Pfeiffer et al.,
2015). This suggests that the atypical SP observed in ADHD is not subtype-dependent or
attributable to a specific set of core symptoms, but rather is associated with the broader
developmental differences attributed to ADHD. While the relationship between ADHD
symptoms and atypical SP has been robustly demonstrated, the nature of this relationship in the
presence of ASD is less clear.
Atypical SP and ADHD Symptoms in ASD

Despite the high co-occurrence of ADHD and ASD, and global impact of atypical SP on
functioning, only a handful of studies have examined the associations between SP and ADHD
symptoms in autism using behavioral measures. Some of these studies, as well as studies
employing other measurement approaches (e.g., experimental paradigms, physiological
measures) are discussed in Dellapiazza and colleagues’ 2018 systematic review of the links
between SP, adaptive behavior, and attention in ASD. As the present study focuses on the

relationship between ADHD symptoms and atypical SP in autism using a behavioral measure
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(i.e., the SSP), the review of the literature on atypical SP and ADHD symptoms below includes
only studies that have used behavioral measures to quantify atypical SP.

A 2006 study that investigated the relationship between attention and patterns of atypical
SP found that a subset of the sample (10%) of 114 children (M age==8.53 years) with ASD
displayed a behavioral pattern characterized by sensory over-responsivity and over-
selective/over-focused attention (Liss et al., 2006). While the authors employed rigorous
statistical methods, an experimental measure was employed to assess atypical SP that has not
been validated in ASD and lacks published psychometric data. Additionally, only a brief
checklist designed to measure over-focusing was used. Another study exploring associations
between attention and atypical SP found a significant negative association between attention
difficulties and the auditory filtering, tactile sensitivity, and under-responsiveness/sensation
seeking subscales, and total score of the SSP among children age 6-10 with ASD (Ashburner et
al., 2008). While this was one of the first investigations to look at the relationship between
attention problems and specific types of atypical SP in youth with autism, findings are limited
due to the reliance on bivariate correlations. This approach does not consider the role of other
potentially important factors that could influence the strength of the relationship between
attention and types of atypical SP. Additionally, children with an IQ less than 80 were excluded
from the study, which limits generalizability of findings.

Two studies have been published by Sanz-Cervera and colleagues on atypical SP in ASD
using the Sensory Processing Measure (SPM; Parham et al., 2007). Results from the first study
showed that greater atypical SP significantly predicted the number of ADHD symptoms
observed at home and school after controlling for gender, age, and non-verbal 1Q in a sample of

41 children age 5-8 (Sanz-Cervera et al., 2015). Additionally, the subscales on the SPM
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explained a significant amount of the variance in inattention and hyperactive/impulsive
symptoms on a parent-report measure adapted from DSM-IV-TR. The second study compared
atypical SP across 90 children ages 5-8 with ASD, ADHD, ASD + ADHD, or TD (Sanz-Cervera
et al., 2017). The ASD + ADHD and ADHD groups demonstrated greater atypical SP on the
body awareness subscale of the SPM Home Form than the ASD group, which suggests that
ADHD symptoms may be associated with increased difficulties with proprioception and
coordinated movements. Additionally, the ASD + ADHD group showed more dysfunction on the
hearing subscale of the SPM classroom form than the ADHD group, which may indicate that
ADHD exacerbates auditory processing problems in ASD. Notably, the measure used in both of
these studies, the SPM, measures constructs such as social participation and praxis (i.e.,
planning, organizing, and executing actions in sequence), in addition to SP. Caution may be
warranted in comparing results of studies using the SPM to measures like the Sensory Profile or
SSP, as they assess distinct constructs and were developed based on different theoretical models
(Brown et al., 2010; Chaney & Wilkey, 2016; Dugas et al., 2017). Research suggests that the
convergent validity among these measures is only moderate and the SPM may yield scores
indicative of greater dysfunction than the Sensory Profile (Brown et al., 2010; Dugas et al.,
2017).

A recent study compared atypical SP and attention symptoms in 120 children age 6-12 with
ASD, ADHD, ASD + ADHD, and TD (Dellapiazza, Michelon, et al., 2021). Children with ASD
+ ADHD presented with the greatest atypical SP and showed more atypical SP in the areas of
multisensory and auditory processing than the ASD group on the Sensory Profile. Additionally,
atypical sensory seeking was related to attention problems for all ASD and ADHD groups. While

the study suggests that ADHD symptoms may impact auditory and multisensory processing in
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children with ASD, findings must be interpreted in the context of methodological limitations.
The sample was limited to children with an IQ over 80 and only 18 children were in the ASD +
ADHD group. This precluded the use of statistical analysis that could have controlled for the role
of age, gender, 1Q, and other clinical characteristics.

While findings from all of these studies support an association between atypical SP and
ADHD symptoms in youth with ASD, it is difficult to draw conclusions about the relationship
between ADHD symptoms and types of atypical SP. Factors contributing to these difficulties
include variability in measurement approach for atypical SP and ADHD symptoms, significant
methodological differences and limitations, and exclusion criteria based on age and 1Q.
Furthermore, the aforementioned studies did not consistently account for demographic and
clinical characteristics known to be related to ADHD symptoms and atypical SP, including
gender, age, 1Q, autism symptom severity, and co-occurring anxiety. Thus, the present study
evaluates the association between ADHD symptoms and types of atypical SP controlling for the
role of gender, age, IQ, ASD symptoms, and anxiety symptoms in a large, well-characterized
sample of youth with ASD. Consistent with the literature illustrating the pervasive impact of
ADHD symptoms on atypical SP, it was hypothesized that ADHD symptoms would be
significantly associated with all types of atypical SP assessed by the SSP.

Methods
Participants and Procedures
The current study conducted secondary analysis of data collected through the Autism
Speaks Autism Treatment Network (ATN) registry. The ATN registry is a multisite database
including developmental, behavioral, and health data on a sample of children with ASD who

received clinical care at an ATN site in the United States or Canada. The ATN and ATN registry
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have both been previously described in greater detail (Murray et al., 2016; Perrin et al., 2016).
The ATN registry study was approved by the Institutional Review Board at each site. Informed
written consent was obtained from all parents and assent was obtained from children when
appropriate.

Participants in the current study included 2,108 children and adolescents enrolled in the
ATN registry who had complete data on measures required for the analyses. See Table 1 for
sample characteristics. All participants were assessed by ATN clinicians using a standard
diagnostic battery, including a clinical interview, the Autism Diagnostic Observation Schedule
(Lord et al., 2012), cognitive assessment, and assessment of adaptive functioning. Eligibility for
ATN registry enrollment required participants to have a confirmed diagnosis of ASD (including
autistic disorder, Asperger’s disorder, and pervasive developmental disorder, not otherwise
specified). Participants in the current study ranged from 23 months to 17.5 years of age at
enrollment, with a mean age of 6.37 years (standard deviation (SD) = 3.34 years). The majority
of the sample was male (83.59%) and Caucasian (80.36%).

[INSERT TABLE 1]

Measures
Demographics

Primary caregivers completed a demographic questionnaire, which included information
about the participant’s age, sex, ethnicity, and race.
Sensory Processing

The Short Sensory Profile (SSP) is a 38-item questionnaire that measures atypical SP
(Mclntosh et al., 1999). The SSP is an abbreviated version of the Sensory Profile (Dunn, 1999)

that has good psychometric properties and is commonly used to assess sensory problems in
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children with ASD (Miller et al., 1999; Tomchek & Dunn, 2007). The SSP contains items related
to seven sensory domains as follows: (1) Tactile Sensitivity, (2) Taste/Smell Sensitivity, (3)
Movement Sensitivity, (4) Under-Responsive/Seeks Sensation, (5) Auditory Filtering, (6) Low
Energy/Weak and (7) Visual/Auditory Sensitivity. Items are scored for frequency on a scale of
0—4 points, with lower scores indicating greater atypical SP, or more severe sensory dysfunction.
Autism Symptom Severity

The ADOS-2 total calibrated severity score (CSS; Esler et al., 2015; Gotham, Pickles, &
Lord, 2009; Hus & Lord, 2014) served as a measure of ASD symptom severity. The ADOS-2 is
a standardized, semi-structured assessment of communication and social interaction, and
repetitive behaviors and restricted interests. The CSS is based on a 10-point scale: scores from 1
to 3 are in the ‘‘Nonspectrum’’ range; 45 are in the ‘“ASD’’ range; and 6—10 in the ‘‘Autism”’
range. The CSS is less influenced by child characteristics such as verbal 1Q, nonverbal IQ, age,
and race (Gotham et al. 2009; Hus & Lord, 2014). The CSS has been employed in studies
assessing participants across broad age ranges (Gotham et al., 2009; Shumway et al. 2012) and
allows for comparison of symptom severity across modules (Gotham et al., 2007; Gotham et al.,
2009).
Intellectual Ability

Full Scale IQ was assessed using one of a range of measures depending on an
individual’s age, verbal ability, and ability to participate in testing. IQ measures included the
Stanford Binet Scales of Intelligence—5" Edition (Roid, 2003), the Wechsler Intelligence Scale
for Children—Fourth Edition (Wechsler, 2003), the Wechsler Intelligence Scale for Children—
Fifth Edition (Wechsler, 2014), the Wechsler Preschool and Primary Scale of Intelligence—Third

Edition (Wechsler, 2002), the Wechsler Abbreviated Scale of Intelligence—Second Edition
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(Wechsler, 2011), Wechsler Adult Intelligence Scale—Fourth Edition (Wechsler, 2008), the
Differential Ability Scales—Second Edition (Elliot, 2007). Additionally, the Bayley Scales of
Infant and Toddler Development—Third Edition (Bayley, 2006) and the Mullen Scales of Early
Learning (MSEL; Mullen, 1995) were used to assess emerging cognitive skills as a proxy for
Full Scale IQ (FSIQ). For participants receiving the MSEL, the Early Learning Composite
Standard Score was used.
Co-occurring Symptoms

ADHD symptoms and anxiety symptoms were assessed using the associated DSM-
Oriented Scales from the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001). The
CBCL is a broadband parent-report questionnaire that assesses for emotional and behavioral
symptoms. Items are rated on a three-point Likert scale. The CBCL is widely used in ASD
research and has excellent psychometric properties (Nakamura et al., 2008; Pandolfi et al., 2012).
The DSM-Oriented scales for ADHD Problems and Anxiety Problems were used in the present
study.
Data Analysis

Sample characteristics and means and standard deviations for study measures were
generated (see Table 1). Eight multiple linear regressions were conducted with the CBCL. ADHD
Problems T-score as the independent variable and the following SSP scores as the dependent
variables: Total score, Tactile Sensitivity, Taste/Smell Sensitivity, Movement Sensitivity,
Unresponsive/Seeks Sensation, Auditory Filtering, Low Energy/Weak, and Visual/Auditory
Sensitivity. Covariates included age, gender, 1Q, ADOS CSS, and the CBCL Anxiety Problems
T-score. Correlations among study variables are presented in Table 2. Visual analysis indicated

model residuals were normally distributed for the SSP Total score and many of the SSP subscale
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scores. The Taste/Smell Sensitivity, Movement Sensitivity, and Low Energy/Weak outcome
variables were transformed using a two-step transformation, as more traditional transformation
methods were unable to produce normal distributions to meet the assumptions of normality. Step
1 involved transforming the variable into a percentile rank, which resulted in uniformly
distributed probabilities. Step 2 applied the inverse-normal transformation to the results of the
first step to form a variable consisting of normally distributed z-scores (Templeton, 2011).
[INSERT TABLE 2]
Results

Eight multiple linear regressions were performed to determine the association between
atypical SP and ADHD symptoms using the SSP total and subscale scores. Other predictors
included age, gender, IQ, autism symptom severity, and anxiety symptoms. In order to determine
if the effect of ADHD symptoms on SSP scores varied by age or 1Q, interactions between age
and ADHD symptoms, and 1Q and ADHD symptoms were evaluated. Interaction terms were
initially tested in all models and were dropped from subsequent models when not significant.
Table 3 shows results from the multiple regression analyses.
[INSERT TABLE 3]
SSP Total Score

Results from a multiple regression analysis revealed that ADHD symptoms (f =-0.31, p
<.001) significantly predicted the SSP Total score. The overall model, F(6, 2101) = 146.39, p <
.001, explained 29% of the variance on this global measure of atypical SP.
Tactile Sensitivity

ADHD symptoms (= -0.16, p <.001) significantly predicted Tactile Sensitivity. There

was a significant interaction between age and ADHD symptoms ( = 0.06, p = .001), which
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indicated that ADHD symptoms were more strongly associated with tactile sensitivity at younger
age. The overall model, F(6, 2101) = 73.64, p <.001, explained 20% of the variance in scores
within this subscale.
Taste/Smell Sensitivity

ADHD symptoms (= -0.06, p = 0.01) significantly predicted Taste/Smell Sensitivity.
There was a significant interaction between age and ADHD symptoms within this subscale (=
0.08, p <0.001). The association between ADHD symptoms and taste/smell sensitivity was
strongest at younger and older age. The overall model, F(6,2101) =27.01, p <.001, explained
8% of the variance in scores.
Movement Sensitivity

ADHD symptoms (= -0.03, p = 0.25) were not a significant predictor of Movement
Sensitivity. The overall model, F(6, 2101) =44.32, p <.001 explained 11 % of the variance in
scores on this subscale.
Under-Responsivity and Sensation Seeking

ADHD symptoms (= -0.55, p <.001) significantly predicted scores on the Under-
Responsive/Seeks Sensation subscale. Initially, a significant interaction was found between age
and ADHD symptoms (B= -0.05, p = 0.01). However, further examination of the predictive
margins indicated the presence of a statistically significant relationship between ADHD
symptoms and the Under-Responsive/Seeks Sensation subscale score for all age values. Thus, no
substantively significant interaction effect was found within this subscale. The overall model,
F(6,2101)=149.90, p <.001, explained 33% of the variance in scores.

Auditory Filtering
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ADHD symptoms (= -0.40, p <.001) significantly predicted scores on the Auditory
Filtering subscale. The overall model, (6, 2101) = 122.08, p <.001, explained 26% of the
variance within this scale.

Low Energy/Weak

ADHD symptoms (= -0.01, p = .54) did not significantly predict scores on the Low
Energy/Weak subscale. The overall model, F(6,2101) = 55.95, p <.001, explained 14% of the
variance in scores.

Visual/Auditory Sensitivity
ADHD symptoms (= -0.12, p <.001) significantly predicted Visual and Auditory
Sensitivity. The overall model, F(6, 2101) = 78.93, p <.001, explained 18% of the variance in
scores on this subscale.
Discussion and Implications

The current study sought to examine relationships between ADHD symptoms and
different types of atypical SP in a large sample of children and adolescents with ASD. Results
indicated that ADHD symptoms significantly predicted several types of atypical SP on the SSP.
Contrary to our hypothesis, ADHD symptoms were not universally associated with types of
atypical SP in this sample of youth with autism. After controlling for relevant demographic and
clinical characteristics, ADHD symptoms significantly predicted Tactile Sensitivity, Taste/Smell
Sensitivity, Under-Responsivity and Sensation Seeking, Auditory Filtering, Visual/Auditory
Sensitivity, and overall atypical SP as measured by the SSP. ADHD symptoms were not
significantly associated with the Movement Sensitivity or Low Energy/Weakness subscales of
the SSP. The present study also examined the potential moderating effect of age and 1Q on the

relationship between ADHD symptoms and types of atypical SP. Age significantly moderated
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the relationship between ADHD symptoms and tactile sensitivity and taste/smell sensitivity,
which highlights potentially meaningful age-related differences between symptoms associated
with ADHD and sensory problems among youth with autism.

Our findings are consistent with prior research that has demonstrated a significant
relationship between ADHD symptoms and tactile sensitivity (Ashburner et al., 2008), auditory
filtering (Ashburner et al., 2008), and sensory under-responsivity and sensation seeking
(Ashburner et al., 2008; Dellapiazza, Michelon, et al., 2021; Sanz-Cervera et al., 2017) in
individuals with ASD. The moderating role of age in the relationship between ADHD symptoms
and tactile sensitivity in novel and suggests that these symptoms may be more strongly linked
among younger children. Results also showed that ADHD symptoms were a significant predictor
of visual and auditory sensitivity. This finding is in line with previous research on ADHD
symptoms and visual and auditory processing in youth with ASD (Dellapiazza, Michelon, et al.,
2021; Sanz-Cervera et al., 2017), and provides additional information about the specific relation
to over-responsivity within these modalities. The Visual/Auditory Sensitivity subscale on the
SSP solely measures over-responsivity, which differs from the measures employed in the
aforementioned studies. Dellapiazza and colleagues (2021) assessed atypical SP with the Sensory
Profile, which measures over-and under-responsivity within each modality, and Sanz-Cervera
and colleagues (2017) used the SPM, which measures over-and under-responsivity, sensory
seeking, and perceptual problems for each modality. Our findings support a specific and
significant relationship between ADHD symptoms and visual/auditory over-responsivity among
youth with ASD.

Results also showed that ADHD symptoms were significantly associated with taste/smell

sensitivity and that age moderated this relationship. To our knowledge, no prior study has
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revealed a significant relationship between ADHD symptoms and this types of atypical SP
among youth with autism. The taste/smell sensitivity subscale of the SSP measures both
avoidance of, and strong preferences for, common tastes/smells, temperatures, and textures. Two
studies have found that children with ADHD showed greater atypical SP on this subscale than
did children with TD (Cheung & Siu, 2009; Mimouni-Bloch et al., 2018) and selective eating has
been documented in youth diagnosed with ADHD (Ghanizadeh, 2013) and with ADHD
symptoms (Machado et al., 2016; Zucker et al., 2015). Thus, it is possible that ADHD symptoms
have an additive effect on the taste/smell sensitivity commonly observed in ASD, and this
relationship may change with age. The association between ADHD symptoms and taste/smell
sensitivity was strongest at the youngest and oldest ages among the current sample. The
relationship between symptoms of ADHD and sensitivity to taste and smell may be particularly
strong during early childhood and during puberty, when emotional and behavioral regulation
challenges may be particularly salient and associated with sensory reactivity. The hormonal
changes that occur during puberty have also been associated with increased symptoms of ADHD
(Camara et al., 2022) and changes in sensitivity to taste and smell (Herz et al., 2020).

Movement sensitivity and low energy/weakness were the two domains of atypical SP that
were not significantly associated with ADHD symptoms among this sample of youth with
autism. The Movement Sensitivity subscale of the SSP consists of only three questions about
distress associated with feet leaving the ground, the head being upside down, and falling or
heights, or being upside down (e.g., somersaults, roughhousing). Ashburner and colleagues
(2008) similarly did not find a significant relationship between ADHD symptoms and the
Movement Sensitivity subscale among children with autism. As Miller and colleagues (2012)

found no significant differences on this subscale between children with ADHD and with TD, it is
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possible that ADHD symptoms are not associated with disruptions in this sensory system among
individuals with TD or ASD. Another study that employed the SPM to measure atypical SP also
found no significant differences among individuals with ASD, ADHD, and ASD + ADHD on the
Balance and Motion subscale (Sanz-Cervera et al., 2017). While it is not a direct comparison to
the Movement Sensitivity subscale on the SSP, there is content overlap between the scales as the
subscale measures vestibular SP and one’s ability to maintain upright posture and sense
orientation with respect to gravity. Similarly, children with ADHD and a co-occurring sensory
modulation disorder did not differ from children with ADHD on a measure of gravitational
insecurity (May-Benson et al., 2020). Taken together, the current literature base and the results
of this study do not support an association between ADHD symptoms and movement sensitivity
among youth with autism.

The SSP’s Low Energy/Weak subscale taps into muscular weakness (e.g., weak grasp,
tires easily, difficulty lifting). ADHD symptoms were not significantly associated with this
subscale score among the current sample. While two prior studies have found that children with
ADHD demonstrated greater atypical SP on this subscale compared to those with TD (Engel-
Yeger & Ziv-On, 2011; Mangeot et al., 2001), no significant association between ADHD
symptoms and greater atypical SP on the this subscale has been found among youth with autism
(Ashburner et al., 2008). It has been proposed that two distinct clusters of atypical SP exist; one
cluster is explained by hyperactivity and is characterized by sensory seeking, externalizing
behaviors, and poor social communication skills, and the other cluster is explained by movement
sensitivity and characterized by withdrawal and low energy/weak behaviors (James et al., 2011).
It is possible that ADHD symptoms are more strongly associated with the types of atypical SP

captured by the first cluster, as the explanatory variable of hyperactivity is core to ADHD
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symptomatology. This hypothesis is strengthened by the fact that the present study did not find a
significant relationship between ADHD symptoms and the explanatory variable of movement
sensitivity or clinical characteristic of low energy/weakness. However, further research that
specifically investigates the relationship between ADHD symptoms and these potential sensory
subtypes in ASD is warranted.

The present study has several noteworthy strengths. The large, well-characterized and
representative sample of children and adolescents received expert clinical evaluation and
diagnosis of ASD. The comprehensiveness of the data allowed us to control for important
demographic (i.e., age, gender) and clinical characteristics (i.e., IQ, ASD symptom severity,
anxiety) known to be associated with atypical SP. Prior studies have either inconsistently
controlled for such differences or relied on statistical methods that could not account for
differences attributed to these factors. Nevertheless, there are several limitations of the current
study. First, data on atypical SP were collected from a questionnaire that relies on
parent/caregiver report and not direct examination, as is common in published studies on SP.
However, high agreement among the SSP, clinical diagnosis, and physiological measures have
been reported (Mangeot et al., 2001; Miller et al., 2012). Second, we did not account for the
potential role that medication could play in atypical SP. Individuals receiving medication for
attention problems or other psychiatric/physical conditions were not excluded from the present
study due to concern that this exclusion would result in a sample with less severe symptoms.
Additionally, there is not sufficient data on the relationship between medication and atypical SP
to discern which medications may impact SP. Third, the present study did not investigate the
relationship between specific symptoms of ADHD (i.e., hyperactivity, impulsivity, inattention,

over attention) and atypical SP. While prior studies have failed to demonstrate a significant
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relationship between types of ADHD symptoms and types of atypical SP, addition of such
analyses may have yielded potentially useful information. The present study did not include an
appropriate measure capable of parsing out such symptoms.

In considering these limitations, there are several opportunities for future research to
address these and add to the growing body of literature on ADHD and atypical SP in autism.
Given the significant theoretical and measurement differences that characterize the study of
atypical SP in autism, it will be important for studies to include more than one behavioral
measure of SP and collect responses from more than reporter (i.e., teacher and parent, parent and
self-report). As physiological measures capable of quantifying different types of atypical SP are
limited, reliance on behavioral measures is necessary at present. Thus, a multi-measure, multi-
informant approach may further inform research on atypical SP and its relation to ADHD, or
other symptoms. Future research on the relations between ADHD symptoms and atypical SP in
ASD would benefit from quantifying different ADHD symptoms, further exploring the role of
age, and explicitly investigating which symptoms predict types of atypical SP controlling for
medication effects. Physiological studies of SP within a pre- and post-medication framework will
likely be necessary to determine what effect, if any, psychiatric medications, and particularly
medications targeting ADHD symptoms, have on sensory dysfunction. Findings from such
studies may be capable of informing medication decisions for youth with ASD and ADHD and
significant sensory problems.

In summary, this study found that ADHD symptoms significantly predict several types of
atypical SP measured by the SSP among a large sample of children and adolescents with autism.
ADHD symptoms predicted the scores for the following SSP subscales controlling for age,

gender, 1Q, ASD symptom severity, and anxiety symptoms: Tactile Sensitivity, Taste/Smell
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Sensitivity, Under-Responsivity and Sensation Seeking, Auditory Filtering, Visual/Auditory
Sensitivity, and the SSP Total Score. ADHD symptoms were not significantly associated with
the Movement Sensitivity or Low Energy/Weakness subscales of the SSP. ADHD symptoms

appear to differentially impact sensory systems and types of atypical SP in youth with autism.
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Table 1 Demographic and clinical characteristics.

M (SD)/Frequency
Age 6.37(3.34)
Gender
Male 83.59%
Female 16.41%
Race
White 80.36%
Black 5.41%
Asian 3.56%
American Indian/ Alaskan Native 0.62%
Native Hawaiian/Other Pacific Islander 0.24%
Two or More Races 5.93%
Not reported 3.89%
Ethnicity
Hispanic 7.92%
1Q 77.69 (23.16)
ADOS CSS 7.05 (1.94)
CBCL Anxiety Problems 61.31 (10.24)
At or Above Clinical Cutoff 26.94%
CBCL ADHD Problems 62.66 (8.70)
At or Above Clinical Cutoff 24.48%
SSP Total Score 130.08 (23.81)

“ADOS CSS: Autism Diagnostic Observation Schedule Calibrated Severity Score, CBCL: Child
Behavioral Checklist, SSP: Short Sensory Profile.



Table 2 Bivariate correlations among study variables.
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N=2108 Age Gender IQ ADOS CBCL CBCL
CSS Anxiety =~ ADHD

Problems Problems
T-score T-score

Age -

Gender -.14 -

1Q 19%* -.02 -

ADOS CSS -.08%* -.05 19%* -

CBCL Anxiety 19%* .02 10%* -.04 -

Problems T-score

CBCL ADHD A7F* .02 -.01 -.04 A40** -

Problems T-score

“ADOS CSS: Autism Diagnostic Observation Schedule Calibrated Severity Score, CBCL: Child

Behavioral Checklist. **p <.01



Table 3 Multiple linear regression results.

B (SE) B R P
SSP Total Score
Age -0.00 (0.01) -0.00 0.93
Gender 4.10 (1.18) 0.06 <0.001
1Q -0.01 (0.10) -0.01 0.68
ADOS CSS 0.06 (0.23) 0.01 0.79
CBCL Anxiety Problems T-score -0.80 (0.05) -0.34 <0.001
CBCL ADHD Problems T-Score -0.86 (0.06) -0.31 0.29 <0.001
SSP Tactile Sensitivity
Age 0.01 (0.00) 0.08 <0.001
Gender 0.26 (0.29) 0.02 0.37
1Q -0.01 (0.00) -0.02 0.24
ADOS CSS 0.05 (0.06) 0.02 0.34
CBCL Anxiety Problems T-Score -0.19 (0.01) -0.36 <0.001
CBCL ADHD Problems T-Score -0.10 (0.01) -0.16 <0.001
Age X CBCL ADHD Problems T-Score 0.00 (0.00) 0.06 0.20 0.001
SSP Taste/Smell®
Age 0.00 (0.00) 0.12 <0.001
Gender 0.23 (0.05) 0.09 <0.001
1Q 0.00 (0.00) 0.06 0.01
ADOS CSS -0.01 (0.01) -0.03 0.21
CBCL Anxiety Problems T-Score -0.02 (0.00) -0.20 <0.001
CBCL ADHD Problems T-Score -0.01 (0.00) -0.06 0.01
Age X CBCL ADHD Problems T-Score 0.00 (0.00) 0.08 0.08 <0.001
SSP Movement Sensitivity”
Age -0.00 (0.00) -0.07 0.001
Gender 0.07 (0.05) 0.03 0.17
1Q 0.00 (0.00) 0.06 0.01
ADOS CSS 0.03 (0.01) 0.06 0.003
CBCL Anxiety Problems T-Score -0.03 (0.00) -0.30 <0.001
CBCL ADHD Problems T-Score -0.00 (0.00) -0.03 0.11 0.25
SSP Under-Responsive and Seeks Sensation
Age 0.02 (0.00) 0.13 <0.001
Gender 1.19 (0.31) 0.07 <0.001
1Q 0.02 (0.01) 0.08 <0.001
ADOS CSS -0.07 (0.06) -0.02 0.27
CBCL Anxiety Problems T-score -0.03 (0.01) -0.05 0.01
CBCL ADHD Problems T-Score -0.41 (0.01) -0.55 <0.001
Age X CBCL ADHD Problems T-Score -0.00 (0.00) -0.05 0.33 0.01
SSP Auditory Filtering
Age -0.01 (0.00) -0.06 0.003
Gender 0.53 (0.25) 0.04 0.03
1Q -0.01 (0.00) -0.03 0.11
ADOS CSS -0.08 (0.05) -0.03 0.09
CBCL Anxiety Problems T-score -0.08 (0.01) -0.18 <0.001
CBCL ADHD Problems T-Score -0.23 (0.01) -0.40 0.26 <0.001
SSP Low Energy/Weak”
Age -0.01 (0.00) -0.24 <0.001
Gender 0.04 (0.05) 0.02 0.45
1Q -0.00 (0.00) -0.12 <0.001
ADOS CSS 0.00 (0.01) 0.01 0.78
CBCL Anxiety Problems T-score -0.01 (0.00) -0.17 <0.001
CBCL ADHD Problems T-Score -0.00 (0.00) -0.01 0.14 0.54
SSP Visual and Auditory Sensitivity
Age 0.00 (0.00) 0.02 0.38
Gender 0.24 (0.26) 0.02 0.35
1Q -0.00 (0.00) -0.01 0.50
ADOS CSS 0.10 (0.05) 0.04 0.05
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CBCL Anxiety Problems T-score -0.18 (0.01) -0.37 <0.001

CBCL ADHD Problems T-Score -0.07 (0.01) -0.12 0.18 <0.001
“ADOS CSS: Autism Diagnostic Observation Schedule Calibrated Severity Score, CBCL: Child Behavioral
Checklist, SSP: Short Sensory Profile. B (SE): unstandardized beta (standard error for the unstandardized beta), f3:
standardized beta, R? : coefficient of determination, p: probability value.
® Qutcome variable transformed so model residuals would follow the normal distribution
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Abstract

The co-occurrence of autism spectrum disorder (ASD) and attention deficit/hyperactivity
disorder (ADHD) is significant and has been associated with a host of negative outcomes.
Studies investigating social functioning in the presence of the ASD/ADHD co-occurrence have
produced mixed findings. The present study further evaluated the impact of co-occurring ADHD
on social functioning among youth with ASD and compared treatment response to a social
competence intervention between youth with ASD and ASD + ADHD. Youth with co-occurring
ADHD displayed more impairments related to social awareness, but not in other social areas.
Participants in both the ASD and ASD + ADHD groups demonstrated significant improvement
following a social competence intervention. Co-occurring ADHD did not negatively affect

treatment response.

Keywords: autism, ASD, ADHD, social intervention, social competence
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Autism spectrum disorder (ASD) is defined by core impairments in social
communication and social interaction, and the presence of restricted, repetitive behaviors,
interests, or activities (American Psychiatric Association, 2013). ASD is considered a social
disability and the social and communication problems observed in ASD are often the primary
target of intervention efforts. The social deficits in ASD include difficulties producing and
integrating verbal and nonverbal (e.g., eye contact, gestures, facial expressions) communication,
decreased engagement in turn-taking and sharing of emotion or interests, and problems
understanding and participating in social relationships (American Psychiatric Association, 2013).
Social problems are also relatively common in attention deficit/hyperactivity disorder (ADHD;
Kern et al., 2015), and it is estimated that 37 to 85 % of youth with ASD meet criteria for ADHD
(Lecavalier et al., 2018; Murray, 2010; Simonoff et al., 2008; Van Der Meer et al., 2012). It has
been suggested that that youth with ASD + ADHD may be less responsive to standard treatments
approaches (Leitner, 2014), as the co-occurrence has been associated with more significant
cognitive delays (Rao & Landa, 2014; Sinzig et al., 2008), increased oppositional behavior
(Guttmann-Steinmetz et al., 2009), worse executive functioning (Yerys et al., 2009), and greater
social challenges (Factor et al., 2017; McVey et al., 2018) than ASD in the absence of ADHD.
However, studies of psychosocial interventions amidst the ASD/ADHD co-occurrence are sorely
lacking, and there may be important treatment implications for those with potentially
compounded social behavioral difficulties.

Social Impact of the ASD/ADHD Co-occurrence

Studies comparing individuals with ASD + ADHD to those with only one of these

diagnoses have suggested that they display greater social problems, though findings have been

mixed and marked by inconsistencies in participants characteristics and measurement approaches
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(Harkins et al., 2021). Several studies employing the parent-report Social Responsiveness Scale
(SRS; Constantino et al., 2003; Constantino & Gruber, 2012) as a measure of social impairment
have found significant differences between youth with ASD + ADHD and those with either ASD
or ADHD alone. One study of young children with the ASD/ADHD co-occurrence indicated
greater global social impairment on the SRS (Rao & Landa, 2014), while another study of
children and adolescents (M age= 7.9 years) revealed that co-occurring ADHD was associated
with greater impairments on the Social Awareness and Social Communication subscales (Factor
et al., 2017). Studies relying on the clinician-reported ADOS social domain score as a measure of
social impairment have similarly yielded mixed findings. While one study found that the ASD
group had significantly greater social impairment than the ASD + ADHD group (Salley et al.,
2015), another yielded no significant difference (Harkins et al., 2021). These contrasting findings
may be attributed to measurement differences. Studies have shown that the SRS is sensitive
(Moul et al., 2015), but not specific, and may be susceptible to symptoms of ADHD (Hus et al.,
2013; Sprenger et al., 2013b). Additionally, it is possible that the ADOS is sensitive to core
symptoms of ASD, but not the qualitive social differences that may be attributed to the co-
occurrence of ASD and ADHD (Harkins et al., 2021).

Notably, the ASD + ADHD group in all of the aforementioned studies was determined
based on the presence of clinically significant ADHD symptoms on a parent-report measure,
rather than a clinical diagnosis of ADHD. Two studies that evaluated social impairment
associated with the ASD/ADHD co-occurrence based on a DSM-5 diagnosis did not find
significant differences between the ASD and ASD + ADHD groups on the SRS (Dellapiazza,
Audras-Torrent, et al., 2021; Ng et al., 2021) or the ADOS social affect raw score (Ng et al.,

2021). The differences in findings between studies that relied on a symptom threshold versus a
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clinical diagnosis based on DSM-5 criteria are interesting and warrant further investigation. To
address this, the present study will compare social impairment in youth with ASD with and
without co-occurring ADHD using multiple measures of social impairment, with diagnostic
group status based on clinical diagnosis.

Social Skills Interventions for Youth with ASD + ADHD

Despite the high co-occurrence of ASD and ADHD and potential for more severe
symptoms in many domains, no known manualized psychosocial interventions have been
developed specifically for individuals with ASD and ADHD. Social skills interventions for youth
with ASD are often group-based and are variable in content, teaching approach, delivery
methods, and intensity. Many manualized group-based social skills interventions include
treatment components such as didactics, role-play exercises, structured activities, and a parent
component (Wolstencroft et al., 2018). While many group social skills interventions designed for
ASD are advertised as appropriate for ADHD, few have been evaluated in ADHD (see Willis et
al., 2019 for review of social skills interventions for ADHD), and even fewer have been
evaluated for youth with ASD + ADHD (Batson et al., 2017). Thus, it is difficult to discern
which social skills interventions may be most effective for youth affected by the ASD + ADHD,
and how co-occurring ADHD impacts treatment outcomes.

One factor that contributes to this difficulty is the lack of reporting of co-occurring
psychiatric diagnoses in studies on social interventions for youth with ASD. A recent systematic
review and meta-analysis of group-based social skills interventions included eight studies
(Wolstencroft et al., 2018). Each article was reviewed for participant characteristics and
assessment or report of co-occurring disorders, and not one of the included studies reported on

co-occurring disorders among the samples of youth with ASD. A subsequent review of
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participant characteristics and report of co-occurring disorders for articles included in another
systematic review and meta-analysis of the UCLA PEERS Program (Zheng et al., 2021) revealed
that only three (Hill et al., 2017; Laugeson et al., 2012; Matthews et al., 2018) of the 12 included
articles reported on co-occurring conditions, including ADHD. This is surprising and concerning
given that 63—78% of individuals with ASD have at least one co-occurring psychiatric condition
(Simonoff et al., 2008). Exclusions of this nature hold the potential to limit understanding of how
co-occurring mental health conditions are related to treatment outcomes.
Impact of ADHD on Social Skills Interventions for ASD

There is little research on the impact of co-occurring ADHD symptoms on treatment
outcomes among youth with autism. It is possible that inattention interferes with learning of
social skills, hyperactivity disrupts participation in group intervention, and impulsivity hinders
application of the acquired abilities in context (Barkley, 1997; Deckers et al., 2016). Only two
studies have investigated social treatment gains in the context of the ASD/ADHD co-occurrence.

Antshel and colleagues (2011) investigated the impact of psychiatric comorbidity (i.e.,
anxiety and ADHD) on social skills treatment outcomes for clinically-referred children age 8-12
with ASD. The manualized 10-session 60-minute group social intervention was based on a social
adjustment enhancement intervention (described in Solomon et al., 2004) and included children
with ASD (n=21), ASD + Anxiety (n = 37), and ASD + ADHD (n = 25) with average cognitive
abilities. There was also a weekly parent group that was unstructured and educational and
supportive in nature. Co-occurring disorders were assessed using the Child Behavior Checklist
(CBCL; Achenbach & Rescorla, 2001) and the Schedule for Affective Disorders and
Schizophrenia for School-Age Children-Present and Lifetime Version.23 (Kaufman et al., 1997).

The Social Skills Rating System (SSRS; Gresham & Elliott, 1990) results showed that the ASD
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and ASD + Anxiety groups both showed significant improvement on the SSRS total score and on
the Cooperation and Responsibility subscales. The ASD + ADHD group did not show
improvement and were rated as somewhat worse as a function of time on the SSRS. The finding
that the ASD + ADHD group did not improve like the other treatment groups is interesting,
particularly considering that 72% of children with co-occurring ADHD were on medication
throughout the intervention and that many were receiving concurrent school-based social skills
training (32%) or individual therapy (32%). It is possible that the children with ASD + ADHD
may not have been able to generalize skills or employ what they learned in context due to worse
executive functioning skills or interfering symptoms of ADHD.

Another study by Deckers and colleagues (2016) evaluated the effectiveness of group
social skills training delivered in a naturalistic setting for 26 children age 8-12 with ASD without
intellectual disability (ID). The manualized social skills training (described in Deckers et al.,
2013) consisted of 12 weekly 60-minute treatment sessions and three 1-hour parent sessions over
the course of the intervention. Each group consisted of four children and treatment involved
child and parent workbooks, personalized goals, and weekly homework activities. The primary
outcome measure was the social skills observation (SSO; Barry et al., 2003), which was
completed by both parents and teachers. ADHD symptoms were a hypothesized moderator,
among other variables, and were assessed via the ADHD questionnaire (ADHD-Q; Scholte &
Van der Ploeg, 1998). Results indicate that children’s social skills significantly improved as a
function of treatment per parent-and teacher-report as compared to the waitlist control group.
Interestingly, ADHD symptoms did not have an effect on the change in teacher- or parent-
reported social skills. It is possible that the participants who were recruited from a community

mental health center presented with less severe social impairments and/or less significant
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symptoms of ADHD. The majority of children in the treatment condition (19 of 26) were in the
general education setting and 11 of the 26 children were on medication throughout the
intervention. Additionally, the highly structured nature of the program, personalized treatment
plan, and parent component may have bolstered treatment effects.

Findings regarding the impact of co-occurring ADHD on treatment outcomes for youth
with ASD are mixed and limited. Both of the aforementioned studies only used one measure of
social functioning, which relied exclusively on parent and/or teacher report. Additionally, neither
of the studies reported on comparisons of baseline social impairment for the ASD and ASD +
ADHD groups. The present study seeks to address these shortcomings and evaluate the impact of
the ASD/ADHD co-occurrence on social functioning and social treatment outcomes using a
multi-measure, multi-informant approach. It is hypothesized that the ASD and ASD + ADHD
groups will be comparable in level of social impairment on parent- and clinician-reported
measures of social impairment at baseline, and that the ASD + ADHD group will demonstrate
less improvement in social functioning compared to the ASD group following a social
competence intervention.

Methods
Participants and Procedures

Data were utilized from a previously completed study focused on validation of the
Autism Impact Measure (AIM), as detailed in Mazurek et al., 2020. Participants who completed
a manualized social competence intervention as part of the larger study were included in the
present study. All participants had a previous professional diagnosis of ASD confirmed for
eligibility in the study by a score at or above the clinical cut-off on the Autism Diagnostic

Observation Schedule, Second Edition (ADOS-2; Lord et al., 2012), a full scale IQ or 75 or
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higher on the Differential Ability Scales, Second Edition (Elliot, 2007), and completed the social
competence intervention. This resulted in a sample of 81 children and adolescents (age 6-14).

All participants completed baseline assessments within four weeks of the first treatment
session. Post-treatment assessments were collected within two weeks of the last treatment
session.
Treatment

The Social Competence Intervention (SCI) is a group-based manualized intervention
program that combines both cognitive-behavioral and applied behavior analysis principles within
a group-based structure (Stichter et al., 2010). The intervention was specifically designed to
target social competence deficits associated with autism and was designed for children and youth
with autism without intellectual disability. The SCI aims to address deficits in social perspective
taking, emotion recognition, and executive functioning by teaching strategies to shift thinking
patterns and by providing appropriate replacement skills to meet desired social functions
(Stichter et al., 2010, 2012; Stichter, Herzog, et al., 2016). There are three versions of SCI
designed to provide structure, consistency, and scaffolding for three specific age ranges
(Elementary: 6-10; Adolescent: 11-14; High School: 14-18) to assist in skill acquisition and
maintenance. The Elementary (SCI-E) and Adolescent (SCI-A) curricula include five units,
which are taught in two-week increments. The curricular units include: (a) recognizing facial
expressions, (b) sharing ideas, (c) turn taking in conversations, (d) recognizing feelings and
emotions of self and others, and (e) problem solving, each in successive 2-week increments.
Each unit follows a consistent structure of (a) reviewing a previously learned skill and

introducing a new skill in an instructional and group discussion format, (b) skill modeling, (c)
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opportunities to practice the skill in structured and naturalistic activities, and (d) a closing
activity or review (Stichter et al., 2010, 2012; Stichter, Herzog, et al., 2016).

Previous research has shown that the SCI is effective in improving social behavior,
interactions, and cognitive processes among youth with ASD (Stichter et al., 2010, 2012;
Stichter, Herzog, et al., 2016). Additionally, a prior study found that youth who participated in
the SCI showed improvements on informant-based measures of executive functioning and
performance-based measures of specific executive functioning processes (Stichter, Christ, et al.,
2016). In the present study, the SCI spanned an average of 15 weeks and the SCI-E and SCI-A
were delivered to youth based on age.

Measures
Demographics and History

Parents of participants provided demographic information, including the child’s age,
gender, race and ethnicity, educational placement, and parental education and household income.
They also provided clinical information, including diagnostic history and current medications.
Clinical Characterization

Cognitive ability was assessed using the Differential Ability Scales, Second Edition
(Elliot, 2007) and a Full Scale 1Q score was obtained for all participants. The
Hyperactivity/Noncompliance subscale from the Aberrant Behavior Checklist (ABC; Aman &
Singh, 1986) was used to compare the diagnostic groups on ADHD symptoms at baseline. The
ABC is a 58-item caregiver-report questionnaire that measures current behavioral functioning. It
has shown strong psychometric properties (Aman et al., 1995) and is widely used in individuals
with ASD (Bagaiolo et al., 2019; Sannar et al., 2018). The Hyperactivity/Noncompliance

subscale has strong convergent validity with the Behavioral Regulation Index and Global
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Executive Composite of the Behavior Rating Inventory of Executive Function (BRIEF; Gioia et
al., 2000), and has been shown to predict ADHD diagnostic status (Halvorsen et al., 2019).
Social Functioning

Social functioning was assessed using a variety of measures and informants. The ADOS-
2 Social Affect Total algorithm score (ADOS-SA) served as a clinical observational method of
measuring social impairment, as all participants received ADOS-2 Module 3. The ADOS-2 is a
standardized, semi-structured assessment of communication and social interaction, and repetitive
behaviors and restricted interests. (Lord et al., 2012). The ADOS-SA score consists of 10
clinician-scored items, with a possible range of 0—20 (with higher scores indicating greater
symptom severity).

The Social Responsiveness Scale (SRS-2; Constantino & Gruber, 2012) was used as a
parent-report measure of social functioning. The SRS-2 is a 65-item questionnaire that measure
ASD symptom severity. The SRS-2 generates an overall Total T-Score indicating overall
severity of autism symptoms, and subscales for Social Awareness, Social Cognition, Social
Communication, and Social Motivation. The SRS-2 has shown good construct validity
(Constantino et al. 2003) and strong reliability (Constantino and Gruber 2005), with an overall
internal consistency (coefficient alpha) of 0.95.

The Pediatric Quality of Life Inventory (PedsQL) Version 4.0 (Varni et al., 2001) was
administered as an additional measure of social functioning. The PedsQL was designed to assess
core dimensions of quality of life across four domains (including physical, emotional, social, and
school functioning), and includes 21 items rated on a 5-point scale ranging from 0 (“never a
problem”) to 4 (“almost always a problem”). The PedsQL,is a parent-report measure that has

been widely used across samples of children with various health and developmental problems,
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including ASD, and has demonstrated good reliability and validity (Varni et al., 2001). The 5-
item Social Functioning Domain Score was examined to measure of peer and social functioning.
The Autism Impact Measure (AIM) was also used to measure the impact of social
symptoms on functioning. The AIM is a parent- report questionnaire consisting of 41 items
assessing core ASD symptoms (including both maladaptive behaviors and skill deficits). Each
item is rated on corresponding 5-point scales for frequency and impact. Frequency ratings reflect
how often the behavior has occurred over the past 2 weeks (ranging from “never” to “always”).
Frequency scale ratings for items focusing on the absence of expected skills (AIM items 28—41)
are reverse-scored, such that higher scores indicate greater difficulties. Impact ratings reflect the
degree to which the behaviors or skill deficits have interfered with the child’s everyday
functioning (ranging from “not at all” to “severely”). Five empirically derived subdomain scores
are generated using a subset of 29 items: Repetitive Behavior, Atypical Behavior,
Communication, Social Reciprocity, and Peer Interaction (Mazurek, Carlson, Baker-Ericzén,
Butter, Norris, & Kanne, 2020). The AIM has demonstrated strong reliability, validity, and
sensitivity to change (Houghton et al., 2019; Kanne et al., 2014; Mazurek, Carlson, Baker-
Ericzén, Butter, Norris, & Kanne, 2020; Mazurek, Carlson, Baker-Ericzén, Butter, Norris, Barr,
et al., 2020).The Communication, Social Reciprocity, and Peer Interaction subscales were used
as measures of social functioning in the present study.
Analytic Plan

All data were cleaned and examined for outliers, missing data, and distributional
assumptions using SPSS Statistics Software, Version 28. Multiple imputation was performed to
replace missing data at post-testing (16% missing for all study measures). As the probability of

missing data was related to other observed variables, they were assumed to be missing at random
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and five imputation data sets were used. Descriptive statistics were generated to characterize the
ASD and ASD + ADHD groups (See Table 1) and bivariate analyses were performed to compare
the diagnostic groups at baseline. Co-occurring psychiatric disorders for participants in each
group are presented in Table 2 and correlations among study variables are presented in Table 3.
Two-way repeated measures analyses of variance (ANOVAs) were computed with diagnostic
group and time as the independent variables and measures of social functioning as dependent
variables. Analysis of covariance (ANCOVA) was employed if significant group differences
were observed on variables of interest at baseline, with diagnostic group status as the
independent variable, baseline score as the covariate, and the post-intervention score as the
dependent variable. Measures of social functioning included the ADOS-SA score, SRS-2 Total
T-score, SRS-2 Social Awareness T-score, SRS-2 Social Cognition T-score, SRS-2 Social
Motivation T-score, PedsQL Social Functioning Domain score, and the AIM Communication,
AIM Social Reciprocity, and AIM Peer Interaction subscale scores. Group and Time effects and
Group by Time interactions were examined.
[INSERT TABLE 1]
[INSERT TABLE 2]
[INSERT TABLE 3]
Results

Baseline Group Comparisons

Diagnostic groups were compared on participant age, gender, race, and 1Q. Independent
samples t-tests were performed for age and IQ comparisons. Due to small cell sizes, Fisher’s
exact test was employed to compare groups by gender, and a likelihood ratio test was conducted

to compare groups by race. Results indicated that the diagnostic groups did not significantly



145

differ on any demographic variables, and thus these variables were not included as covariates in
subsequent analyses. The ASD and ASD + ADHD groups were compared on baseline ADHD
symptoms using the ABC Hyperactivity/Noncompliance subscale score. As expected, the ASD +
ADHD group displayed greater symptoms associated with ADHD on average, t(79)=0.4, p =
0.01, compared to the ASD group. Three participants (8.11%) in the ASD group and 32
participants (72.73%) in the ASD + ADHD group were on medication for ADHD symptoms
throughout the study. Three participants in the ASD + ADHD group experienced a medication
change for ADHD symptoms (i.e., from one ADHD medication to another), but medication use
was stable for all other participants.

Independent samples t-tests were performed to compare the ASD and ASD + ADHD
groups on all measures of social functioning at baseline. Results indicated significant group
differences on the ADOS-SA, t(79) = 2.44, p = 0.02, with the ASD group demonstrating more
social impairment on average than the ASD + ADHD group. Significant differences were also
observed on the SRS-2 Social Awareness T-score, t(79) =-2.29, p = 0.03, with the ASD +
ADHD group having higher scores, indicating more difficulties on average than the ASD group.
No significant differences were observed for any other SRS-2 subscale or the SRS-2 Total T-
score, any of the AIM subscales, or the PedsQL Social Domain score (See Table 4).

[INSERT TABLE 4]
Time and Group Effects

Analyses were performed to compare the effects of time and diagnostic group status and
on all measures of social functioning. Two-way repeated measures ANOV As were conducted for
most study measures (i.e., AIM subscales, PedsQL Social Domain, SRS-2 Total and Social

Communication, Cognition, and Motivation subscales). Two-way ANCOV As were performed



146

for the two study measures that diagnostic groups significantly differed on at baseline assessment
(i.e., ADOS-SA, SRS-2 Social Awareness).

Significant main effects of time and diagnostic group status were observed, but no
significant interactions between time and diagnostic group. There was a significant main effect
of time observed on all AIM subscales, including Communication, F(1,79) = 22.84, p <.001,
Social Reciprocity, F(1,79) = 7.31, p = .008, and Peer Interaction, F(1,79) = 23.87, p <.001;
scores were significantly lower, indicating symptom improvement following participation in
SCI. The main effect of time was also significant for the SRS-2 Total T-Score, F(1,79) =25.00,
p <.001, and all social subscales, including Social Awareness, F(1,79) = 10.80, p <.001, Social
Cognition, F(1,79) = 12.99, p <.001, Social Communication, F(1,79) =20.71, p <.001, and
Social Motivation, F(1,79) = 23.87, p <.001. Scores were significantly lower, indicating
symptom improvement following participation in SCI. There was also a significant main effect
of time on the PedsQL Social Domain score, F(1,79) = 4.72, p = .03, as scores significantly
increased, indicating improved social functioning. No significant main effect of time was
observed on the ADOS-SA (£ = 0.88, p =.35).

The main effect of diagnostic group status was significant on the SRS-2 Total T-score,
F(1,79) = 4.58, p = .04, as the mean scores significantly differed between diagnostic groups
following participation in SCI, with the ASD group showing less severe symptoms than the ASD
+ ADHD group. The main effect of diagnostic group status approached significance on the SRS-
2 Social Communication subscale, F(1,79) = 3.89, p = .05, with the ASD group showing fewer
symptoms on average following participation in SCI than the ASD + ADHD group. No main
effects of diagnostic group were observed for the ADOS-SA (F = 0.01, p =.92), AIM

Communication subscale (£ = 0.004, p = 0.95), AIM Social Reciprocity subscale (F =0.15, p =
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.70), AIM Peer Interaction subscale (¥ =2.39, p = .13), SRS-2 Social Awareness subscale (F' =
0.85, p = .36.), SRS-2 Social Cognition subscale (F = 1.41, p = .24), SRS-2 Social Motivation
subscale (F = 1.36, p =.25), or PedsQL Social Domain score (F' = 0.17, p = .68).
Discussion

This study sought to further explore the impact of the co-occurrence of ASD and ADHD
on social functioning and determine if youth with ASD and ASD + ADHD demonstrate similar
treatment gains following a social competence intervention. Contrary to our hypothesis,
significant differences were observed between the ASD and ASD + ADHD groups at baseline on
two measures, the ADOS-SA and SRS-2 Social Awareness subscale. The ASD group displayed
greater social impairment than the ASD + ADHD group on the ADOS-SA, consistent with
results found by Salley and colleagues (2015), but inconsistent with results found by Harkins and
colleagues (2021) that revealed no differences between these diagnostic groups. Such
discrepancies likely reflect differences in sample characteristics. Notably, the sample in the
current study was restricted by age (6-14; M age = 10.8 years) and 1Q (= 75) and all participants
received ADOS Module 3. This may represent an older group of youth with ASD and solid
language and cognitive abilities, which differs from the sample included by Harkins and
colleagues. Their clinically-referred sample may have presented with lower cognitive abilities (M
1Q for ASD group = 73.13 and ASD + ADHD group = 86.99), younger age (M = 7.76), and more
social and behavioral difficulties, which could explain the lack of significant group differences
between the ASD and ASD + ADHD groups.

The finding that the ASD + ADHD group demonstrated significantly more impairment
on the SRS-2 Social Awareness subscale than the ASD group is consistent with results by Factor

and colleagues (2017). Items within the Social Awareness subscale assess an individual’s ability
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to focus attention to where others are looking/listening and notice when they are making too
much noise or interfering with others’ conversation. It is perhaps unsurprising that youth with
co-occurring ADHD display more impairment within this subscale, as social awareness requires
that one attend to the environment, other people, and to how one’s behavior affects other people
in that environment.

As expected, the ASD and ASD + ADHD groups presented similarly on other social
measures at baseline, including measures of global social functioning (i.e., SRS-2 Total, PedsQL
Social Domain) and specific social symptoms of ASD (i.e., SRS and AIM subscales). The lack
of significant group differences on the SRS-2 Total and most subscales is consistent with two
prior studies using similarly-aged samples (Dellapiazza, Audras-Torrent, et al., 2021; Factor et
al., 2017; McVey et al., 2018). Additionally, the ASD and ASD + ADHD groups scored
similarly on the AIM Communication, Social Reciprocity, and Peer Interaction subscales, which
might suggest that ADHD symptoms did not exacerbate the core symptoms assessed.

In the present study, youth with ASD and ASD + ADHD participated in a 15-week
intervention focused on social competence (Stichter et al., 2010). Following the SCI, participants
in both diagnostic groups demonstrated significant improvement on most measures of social
functioning. Improvements were observed on the AIM Communication, Peer Interaction, and
Social Reciprocity subscales, the SRS-2 Total Score and all social subscales (e.g., Awareness,
Cognition, Communication, and Motivation), and the PedsQL Social Domain. The social gains
align with the curricular constructs of the SCI (e.g., recognition of emotions in self and others,
sharing of ideas/interests, conversational skills, problem solving) and prior research illustrating
global and specific social improvements (Stichter et al., 2010, 2012; Stichter, Christ, et al., 2016;

Stichter, Herzog, et al., 2016). Significant improvements were not observed on the ADOS-SA,
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which is perhaps unsurprising as this diagnostic tool was designed to determine categorical
presence or absence of autism, but not to be sensitive to short-term change across relatively brief
intervals.

The finding that participants in both diagnostic groups showed significant improvement
on several measures of social functioning is promising and lends support to the effectiveness of
the SCI for youth with ASD and co-occurring ADHD. Our results are in line with those of
Deckers and colleagues (2016), who found that that ADHD symptoms did not moderate the
change in parent- or teacher- reported social skills following a similar social skills intervention.
Notably, their intervention included a heavy parent component, therapist support (e.g., emails,
phone calls between sessions), and individualized feedback to participants and parents. This
additional support with skill acquisition, maintenance, and generalization may have aided
participants with ADHD symptoms. Deckers and colleagues did not compare social treatment
gains between youth with ASD and ASD and clinically-diagnosed ADHD, perhaps due to small
sample sizes for diagnostic groups.

This is one of only two studies to date to compare social skills treatment gains among
youth with ASD as compared to those with ASD + ADHD. The first, by Antshel and colleagues
(2011), found that youth with ASD showed improvement on the SSRS Total and the Assertion,
Cooperation, and Responsibility subscales, while those with co-occurring ADHD did not. While
the present study is remarkably similar to that of Antshel and colleagues (2011) in regard to
social skills intervention components and sample characteristics, there are noteworthy
differences that may clarify differences in findings. The skill areas targeted by each group social
intervention are similar (e.g., emotion recognition in self/others, conversation skills, social

problem solving), but the scaffolded teaching design and ongoing practice of recurring concepts
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is unique to the SCI. This additional structure and repetition may have aided participants with
ADHD, as the SCI has been shown to improve certain executive functions, including the ability
to attend, recall important information, monitor and inhibit responses, and apply rules to
problems in the classroom and on standardized assessments (Stichter, Christ, et al., 2016). The
SCl is also five weeks longer than the social skills intervention used by Antshel and colleagues,
so it is possible the additional time on concepts and opportunities for practice and feedback was
helpful for youth with the co-occurrence of ASD and ADHD.

Consideration of the outcome measures used in these treatment studies is important given
the different results. The SSRS, used by Antshel and colleagues, contains 55 questions that fall
into two domains, Social Skills and Problem Behaviors. The Social Skills domain includes 38
items and comprises the Cooperation, Assertion, Responsibility, and Self-Control subscales that
assess social skills in the home and community setting. The remaining 17 items assess behavioral
difficulties, and scores in both the Social Skills and Problem Behaviors domains are combined to
generate the total score. In considering that a third of the items that compose the SRSS total
score assess behaviors that map onto core symptoms of ADHD, it may be unsurprising that
individuals with ASD and co-occurring ADHD demonstrate more impairment, and perhaps less
improvement following intervention on this measure. Additionally, symptoms of inattention and
hyperactivity/impulsivity have been associated with worse performance on the Cooperation,
Assertion, Responsibility, and Self-Control subscales in a study of youth with ADHD (Van Der
Oord et al., 2005).

Similar concerns have been raised regarding the associations between ADHD symptoms
and items on the SRS-2 (Grzadzinski et al., 2011a; Hus et al., 2013), a measure employed in the

present study. While both the ASD and ASD + ADHD groups demonstrated significant
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improvement on all SRS-2 subscales and the total score following the SCI, the effect of
diagnostic group status was significant on the SRS-2 Total score (p = .04) and approached
significance on the SRS-2 Social Communication subscale score (p =.05). Though the difference
in scores is marginal and not believed to be clinically meaningful, the emergence of diagnostic
group differences on the SRS-2 may suggest that co-occurring ADHD symptoms contribute to
specific social difficulties in older children and adolescents with ASD without ID. It is possible
that ADHD symptoms impact social behaviors assessed by the SRS-2. For example, the Social
Communication subscale includes several items that may be influenced by symptoms of
inattention (e.g., wanders aimlessly from one activity to another, knows when they are invading
someone’s space, difficulty answering questions directly and talking around the subject) and
hyperactivity/impulsivity (e.g., frustrated when trying to get ideas across in conversation, plays
appropriately with other kids, is too silly or laughs inappropriately). It may be unsurprising that
youth with co-occurring ADHD may show greater difficulties on items like these, compared to
youth with ASD without ADHD. The finding that the ASD + ADHD group showed significantly
higher scores on the SRS-2 Total score following the intervention is in line with this, as the Total
score represents symptoms across social subscales and includes items related to repetitive and
restricted behaviors, which have been associated with ADHD symptoms in youth with ASD
(Avni et al., 2018; Stratis & Lecavalier, 2013; Zachor & Ben-Itzchak, 2013).

This study contributes to the growing body of research on the co-occurrence of ASD and
ADHD. A primary aim of this study was to compare social functioning between youth with ASD
and ASD + ADHD in efforts to reconcile the mixed findings that characterize the literature. The
finding by Factor and colleagues (2017) that youth with ASD + ADHD display compounded

difficulties with social awareness was replicated in the present study. Our results contribute to
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mixed findings regarding the ADOS-SA amid the co-occurrence of ASD and ADHD
comorbidity, and suggest that differences in sample characteristics may contribute to mixed
findings. Another aim of this study was to compare treatment response to a social skills
intervention in youth with ASD with and without co-occurring ADHD. Findings suggest the SCI
is associated with significant social gains and is effective for youth with ASD even in the
presence of co-occurring ADHD.
Limitations and Future Directions

There are a number of limitations to note in the present study related to measurement, the
study design, and sample characteristics that impact generalizability of findings. This study
assessed social functioning using several global and specific measures that have been designed
or validated for individuals ASD. While both parent- and clinician- report tools were employed,
the present study lacked teacher- report or multi-rater measures that may have provided more
information about social functioning across contexts. Multi-rater data may also have allowed for
evaluation of concordance among reporters. Inclusion of a direct or objective measure of social
skills (e.g., observation, experimental paradigm) would have also strengthened this study and
provided more information about social skill application in naturalistic environments or specific
social situations. Additionally, it may have been informative to ask youth with ASD and ASD +
ADHD about their perceived social abilities, social relationships, and barriers to social
performance or the application of learned social skills. Analysis of self-report data may have
strengthened this investigation and provided qualitative information about the role of ADHD
symptoms in self-reported social experiences.

Given the focus on co-occurring ASD and ADHD, the present study would have been

strengthened by inclusion of a more comprehensive, specific measure of ADHD symptoms. The
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ABC Hyperactivity/Noncompliance subscale was used as a measure of ADHD symptoms, and to
confirm that the clinically-diagnosed group with ASD + ADHD displayed more severe ADHD
symptoms. However, more information on type of ADHD symptoms (e.g., inattention,
hyperactivity, impulsivity) may have allowed for further characterization of the sample and
additional analyses. Assessment of executive functioning may also have strengthened the current
study, as the SCI has been shown to improve certain executive functions (Stichter, Christ, et al.,
2016). Replication of these results and examination of executive functioning performance before
and after the SCI may contribute to research on how the intervention structure and curricular
constructs are related to executive functioning improvements among youth with ASD and ASD +
ADHD. Further, additional measures of co-occurring symptoms known to impact social
functioning, namely anxiety and depression, would have enabled analysis of the associations
between internalizing symptoms and social functioning between youth with ASD and ASD +
ADHD in the context of a psychosocial intervention.

In addition to measurement limitations, there are limitations associated with the study
design. Data from the current study were collected within a pre-post framework, and short- and
long-term follow up data are not available. The lack of data related to maintenance of treatment
gains and generalization of skills across contexts is a major limitation and should be addressed in
future studies of the SCI. Maintenance and generalization data may be particularly important
when considering the appropriateness of the SCI for youth with co-occurring ADHD. It may be
more challenging for individuals with ADHD to apply skills in different contexts in the absence
of structure. Thus, the treatment setting (e.g., clinic, school, community setting) should be
considered, as generalization and maintenance may be superior in naturalistic environments.

Randomized controlled trials will be necessary to consider these factors and to determine the
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effectiveness of the SCI. It will be useful to compare the SCI to social interventions with similar
content that are less structured and lack the scaffolded teaching design and recurring practice
activities of the SCI. Such research may contribute to knowledge regarding what interventions
are most appropriate for youth with ASD and ASD + ADHD. It will be important for future
studies to include larger samples that allow for separate examination of treatment response
across the different age-based SCI groups (i.e., SCI-E, SCI-A, SCI-High School). These studies
should measure treatment response from the perspective of many observers (e.g., parents,
teachers, clinicians) and include direct social skills observations and/or more objective social
measures.

Lastly, there are noteworthy limitations of the present study with regard to the study
sample. The sample is relatively large compared to the two previous social intervention studies
in ASD investigating the role of comorbid ADHD, and is well-characterized in regard to
demographic, IQ, comorbid psychopathology, and medication use data. Nevertheless, the sample
was fairly homogenous, which impacts generalizability of findings. First, the sample was almost
entirely male, and it cannot be assumed that findings would look similar among females. A
growing body of research points to differences in the social presentations and social experiences
of males and females with autism without ID (de Giambattista et al., 2021; Sedgewick et al.,
2019; Wood-Downie et al., 2021). While examination of gender differences is beyond the scope
of this study, future social treatment studies should consider gender in the context of treatment
response and composition of social intervention groups. In the current study only a handful of
females participated in almost all-male groups; it is unclear how the unbalanced gender
composition impacted the treatment experience of participants, particularly females. It is also

important to note that groups comprised roughly equal numbers of participants with ASD and
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ASD + ADHD. As it is unclear if there is a benefit to having more homogenous groups (e.g., all
ASD or all ASD + ADHD), future treatment studies involving youth with co-occurring
conditions should explore this.

Next, the sample is composed of predominately non-Hispanic, Caucasian males with
autism without ID. The lack of diversity in the sample with regard to race and ethnicity is a
noteworthy limitation. As normative social behaviors are often dependent on an individual’s
culture, future studies should carefully consider if a social skill intervention is an appropriate
match for culturally- and linguistically- diverse youth with ASD. As participants in this study
had IQ scores at or above 75, findings cannot be generalized to youth with ASD and ID.
Individuals with ID and/or significant language concerns may not achieve the same level of gains
from the SCI as youth with ASD without those difficulties. Further, the impact of co-occurring
ADHD symptoms on social functioning and treatment response is likely very different among
youth with ASD versus ASD + ID. Future studies may explore this, as there is a growing need
for interventions that are appropriate and accessible for youth with ASD and co-occurring ID and
other co-occurring mental health conditions.

In conclusion, additional research is surely needed to determine which social
interventions may be most appropriate for youth with ASD and comorbid ADHD. Findings from
this study suggest that youth with ASD and comorbid ADHD may benefit from interventions that
are highly structured that utilize a scaffolded teaching design. It will be important for future
psychosocial treatment studies in youth with ASD to report on co-occurring conditions for

participants and evaluate the role these co-occurring symptoms have on treatment outcomes.
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Table 1 Sample characteristics by group.

Total ASD ASD + ADHD
N (%) n (%) n (%)
81 37 44
Age (years) M (SD) 10.78 (2.35) 10.11 (2.46) 11.34 (2.21)
Gender
Male 73 (90.13%) 34 (91.9%) 39 (88.6%)
Female 8 (9.87%) 3 (8.1%) 5 (11.4%)
Race
White 73 (90.12%) 31 (83.78%) 42 (95.45%)
Black 2 (2.47%) 1(2.7%) 1 (2.27%)
Asian 2 (2.47%) 2 (5.41%) 0 (0.0%)
Two or More Races 4 (4.94%) 3(8.11%) 1 (2.27%)
Ethnicity
Hispanic 2 (2.5%) 1 (2.7%) 1(2.3%)
Non-Hispanic 79 (97.5%) 36 (97.3%) 44 (97.7%)
Income
Under 15,000 2 (2.5%) 2 (5.4%) 0 (0.0%)
15-25,000 6 (7.4%) 3 (8.1%) 3 (6.8%)
25-35,000 5 (6.2%) 0 (0.0%) 5(11.4%)
35-50,000 16 (19.8%) 9 (24.3%) 7 (15.9%)
50-75,000 11 (13.6%) 4 (10.8%) 7 (15.9%)
75-100,000 17 (20.0%) 7 (18.9%) 10 (22.7%)
100,000+ 24 (29.6%) 12 (32.4%) 12 (27.3%)




Table 2 Comorbid psychiatric diagnoses of participants by diagnostic group.
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Total ASD ASD + ADHD

N (%) n (%) n (%)
Anxiety Disorder 17 (20.99%) 6 (16.22%) 11 (25.0%)
Bipolar Disorder 2 (2.47%) 0 (0.0%) 2 (4.55%)
Depressive Disorder 7 (8.64%) 1 (2.70%) 6 (13.64%)
Obsessive Compulsive Disorder 7 (8.64%) 2 (5.41%) 5(11.36%)
Oppositional Defiant Disorder 3 (3.70%) 1 (2.70%) 2 (4.55%)
Tourette Syndrome or Tic Disorder 2 (2.47%) 0 (0.0%) 2 (4.55%)




Table 3 Bivariate correlations among study variables.
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1 2 3 4 5 6 7 8 9
ADOS-SA -
AIM .004 -
Communication
AIM Social -.126 .606%* -
Reciprocity
AIM Peer .048 543%*% 0 422%% .
Interaction
PedsQL Social  -.080 -243%  -251%  -450%%*
Domain
SRS-2 Total T-  .055 548**  572%%  548%* . 568*%*% -
Score
SRS-2 Social -.012 327*%*% 0 394%* 217 -.192 695%*
Awareness
SRS-2 Social 118 A63**  549%%  439%% . 450%*%  BO*¥*  409** -
Cognition
SRS-2 Social .022 S536%*F  540%*  472%% . 549%*%  961**  J06**  732%*
Communication
SRS-2 Social .109 393*%* 0 407**  639%* - 506%* 729%*  295%*%  560%*  633%**

Motivation

2 ADOS-SA= ADOS-2 Social Affect Score; AIM= Autism Impact Measure; PedsQL= Pediatric
Quality of Life Inventory; SRS= Social Responsiveness Scale, Second Edition

b* p<.05
**p<.01
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Table 4 Comparison of diagnostic groups on demographic and baseline clinical characteristics.

M (SD)/n(%) Significant Difference
ASD ASD + ADHD
Age (years) 10.11 (2.46) 11.34 (2.21) t(79) =-2.42, p =0.07
Race (% White) 83.78% 95.45% p=0.18
Gender (% male) 88.6% 91.9% p=0.72
IQ 101.41 (14.82)  100.00 (15.81)  t(79)=0.41,p=0.54
ADOS-SA 10.19 (3.14) 8.48 (3.16) %(79) =2.44, p = 0.02
AIM
Communication 23.89 (8.58) 23.73 (6.56) t(79) =0.09, p=0.92
Social Reciprocity 24.97 (6.58) 25.45 (6.54) t(79) =-0.33, p=0.74
Peer Interaction 20.49 (6.04) 22.16 (5.21) t(79) =-1.34,p=0.18
PedsQL Social Domain 49.19 (18.62) 47.84 (23.06) t(79) =0.29, p=0.78
SRS-2
Total 71.92 (9.58) 75.35(9.27) t(79) =-1.63,p=0.11
Social Awareness 70.97 (10.59) 76.22 (9.96) t(79) =-2.29, p = 0.03
Social Cognition 69.78 (9.80) 70.82 (10.29)  t(79) =-0.46, p = 0.65
Social Communication 70.76 (9.79) 74.19 (9.95) t(79) =-1.56,p =0.12
Social Motivation 66.76 (10.89) 68.82 (11.74)  t(79)=-0.81,p=0.42

®The ADOS- SA is a domain score with a possible range from 0-20, with higher scores indicating
greater impairment. The AIM Communication, Social Reciprocity, and Peer Interaction
subdomain raw scores are empirically derived and higher scores indicate greater impairment.
The PedsQL Social Domain score range is 0-100, with higher scores indicating better social
functioning. The SRS-2 Total and Social Awareness, Cognition, Communication, and
Motivation subscale scores are T-scores, with higher scores indicating greater impairment.
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Figure 1 Scores on social measures as a function of time.
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2 ADOS-SA= ADOS-2 Social Affect Score; AIM= Autism Impact Measure; PedsQL= Pediatric
Quality of Life Inventory; SRS= Social Responsiveness Scale, Second Edition

b* p<.05

** p<.01



