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Inattention and hyperactivity in association with autism
spectrum disorders in the CHARGE study

Kristen Lyalll”", Julie B. Schweitzer?, Rebecca J. Schmidtl, Irva Hertz-Picciottol:2, and
Marjorie Solomon?
lUniveristy of California, Department of Public Health Sciences, Davis CA 95616

2University of California, Davis, MIND Institute, Sacramento, CA 95817

Abstract

Background—Attention deficits in young children with autism spectrum disorder (ASD) are not
well understood. This study sought to determine: 1) the prevalence of ADHD symptoms in young
children with ASD, typical development (TD), and developmental delay (DD) and 2) the
association between ADHD symptoms and cognitive and behavioral functioning in children with
ASD.

Method—ADHD symptoms, defined according to Aberrant Behavior Checklist (ABC)
hyperactivity subscale scores, were compared across children aged 2-5 from a large case-control
study with ASD (n=548), TD (n=423), and DD (n=180). Inattention and hyperactivity items
within this subscale were also explored. Within the ASD group, linear and logistic regression were
used to examine how ADHD symptoms were associated with cognition as assessed by the Mullen
Scales of Early Learning and adaptive functioning as assessed by the Vineland Adaptive Behavior
Scales.

Results—Mean hyperactivity subscale scores were lowest in children with TD (mean=3.19),
higher in children with DD (12.3), and highest in children with ASD (18.2; between-group
p<0.001). Among children with ASD, significant associations were observed with higher ADHD
symptoms and poorer adaptive and cognitive functioning (adjusted beta for hyperactivity score in
association with: Vineland composite = —5.63, p=0.0005; Mullen visual reception scale = —2.94,
p=0.02; for the highest vs. lowest quartile of hyperactivity score, odds of lowest quintile of these
scores was approximately doubled). Exploratory analyses highlighted associations with
inattention-related items specifically.

Conclusion—These results suggest ADHD symptoms may play a key role in the functioning of
young children with ASD.
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Introduction

Under the Diagnostic and Statistical Manual (DSM)-1V (AmericanPsychiatricAssociation
1994) and /nternational Classification of Disease (1ICD)-10 (WorldHealthOrganization
1992), a comorbid diagnosis of attention deficit hyperactivity disorder (ADHD) and an
autism spectrum disorder (ASD) was not permitted; however, given research findings of
symptom overlap and clinically-impairing inattention and hyperactivity deficits in children
with ASD, the DSM-5 now allows for the diagnosis of both ASD and ADHD in the same
individuals (AmericanPsychiatricAssociation 2013). Prevalence estimates for ADHD
comorbid with ASD vary widely, ranging from 2—-78% (Lee and Ousley 2006; Hanson et al.
2013). However, most studies find that at least 30-40% of individuals with ASD exhibit
clinically significant ADHD symptoms (Taurines et al. 2012; Matson et al. 2013). A high
prevalence of attentional issues also has been reported for children with other cognitive and
developmental disorders including fragile X syndrome and dyslexia (Varvara et al. 2014;
Wheeler et al. 2014), but in general, the comorbidity of ADHD symptoms with other
developmental disorders has not been well studied, especially in young children.

To date, studies of individuals with ASD and ADHD symptoms suggest there is greater
social and cognitive impairment, poorer outcomes, and higher rates of internalizing and
externalizing problems in children with comorbid ADHD and ASD than in those with ASD
alone (Holtmann et al. 2007; Rao and Landa 2014; Visser et al. 2016). However, most prior
studies have had modest sample sizes, lacked consideration of a range of potentially
confounding factors, and have focused on children of school-age or older (Ehlers et al. 1997;
Geurts et al. 2004; Corbett and Constantine 2006; Lundervold et al. 2012; Jang et al. 2013;
Rao and Landa 2014). The few studies focusing on young children have been based on
clinically-ascertained samples (Visser et al. 2016), which likely have limited generalizability
given noted skewed severity distributions in such samples (Rao and Landa 2014). Only two
studies to date have examined ADHD symptoms in children under age 5 with ASD drawn
from community-based samples, and both were extremely small (Leyfer et al. 2006; Rao and
Landa 2014). In addition, these studies, and the majority of prior work in the literature
including that conducted in individuals of older ages, have not included a non-ASD
developmental disorder control group, which limits the ability to draw inferences about how
ADHD symptoms differentially impact functioning in ASD versus development more
broadly.

The clinical implications of this overlap of ADHD symptoms in young children with ASD
are large. For example, work from the National Survey of Children’s Health found that
approximately 20% of nearly 1,500 children aged 2-17 with parent-reported ASD were
initially given a diagnosis of ADHD, and were diagnosed with ASD three years later than
children without ADHD concerns (Miodovnik et al. 2015). Studies also indicate differences
in response to treatments based on presence/absence of ADHD symptoms in children with
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ASD (Antshel et al. 2011; Cortese et al. 2012; Pearson et al. 2012; Simonoff et al. 2013).
Finally, concerns about attention problems, in both those with ASD and their siblings, that
persist into middle childhood and school settings also underscore the importance of
developing a better understanding of how the two disorders manifest alone and together in
childhood (Miller et al. 2015). Taken together, these findings suggest it is imperative to
better understand the manifestations ADHD symptoms in early development if we are to
ensure accurate early diagnosis, appropriate treatment, and optimal school outcomes.

In order to advance understanding of the manifestations of ADHD symptoms and their
association with cognitive and adaptive functioning in early childhood in those with ASD
and in those with other forms of developmental delay, we conducted the first study of
ADHD symptoms in a large population-based case-control community sample of over 1,100
young children ages 2 to 5 years with confirmed ASD, developmental delay (DD) without
ASD, or typical development. Our study goals were to 1) determine the prevalence of
inattention and hyperactivity symptoms in young children with ASD, DD, and typical
development (TD) and 2) among children with ASD, examine whether these symptoms were
associated with cognitive ability level and adaptive functioning. Based on the extant
literature, we hypothesized that inattention and hyperactivity would be significantly more
common in the ASD and DD groups as compared with TD children, and that they further
would be associated with poorer functioning as measured by Mullen Scales of Early
Learning and Vineland Adaptive Behavior Scale scores in children with ASD.

Study population

Participants are part of CHARGE (CHildhood Autism Risk from Genetics and the
Environment), an on-going, large, population-based case-control study being conducted in
California; CHARGE study design and data collection details have been previously
described (Hertz-Picciotto 2006). Briefly, children with ASD and developmental delay (DD)
were identified through the California Department of Developmental Services (DDS) and
from referrals, and controls through state birth files. Controls were frequency-matched on
age, sex, and broad geographic area to cases. DDS diagnoses of ASD were confirmed on the
Autism Diagnostic Observation Schedule (ADOS) and Autism Diagnostic Interview-
Revised (ADI-R) by clinicians at the UC Davis MIND (Medical Investigations of
Neurodevelopmental Disorders) Institute or the UCLA Neuropsychiatric Institute who have
achieved and maintained research reliability. Eligibility criteria were: 1) aged 24-60 months
at recruitment; 2) born in California; 3) living with a biologic parent who speaks English or
Spanish; 4) residing in the catchment area of ~1.5 hours drive to the research clinic. The
average age of CHARGE children at enrollment is 3.66 years (standard deviation=0.8) and
79% of probands are male. Population controls were sampled at 4:1 males to females to
match ASD sex-ratio estimates.

Over 1,600 probands had been enrolled at the time this analysis was initiated. All children
were clinically evaluated to confirm community diagnoses. Children with ASD were defined
as those who met criteria on the communication or social interaction domain of the ADI-R
and were within 2 points of meeting criteria in the other domain, had onset before 36
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months, and met the ASD cut-off for social and communication totals of the ADOS. This
diagnostic definition was based on operationalizing DSM criteria and combining
information from multiple sources to diagnose ASD (Risi et al. 2006). In the children
recruited with developmental delay or as general population controls, the Social
Communication Questionnaire (SCQ) was used to screen for autism spectrum symptoms,
with a cut-off score of 15. For the current analyses, controls, designated ‘typically
developing’ (TD), were defined as children recruited from the general population who
scored 70 or higher on the Mullen Scales of Early Learning (MSEL), 70 or higher on the
Vineland Adaptive Behavior Scales (VABS), and 14 or lower on the SCQ. Developmental
delay (DD) controls were defined according to a score of <70 on either the MSEL or the
VABS, with the other score <76 (a value within one half of one standard deviation of the cut-
off score of 70), and a score of 14 or lower on SCQ or clinician judgment. For these
analyses, we included only those children meeting these clinical cut-offs (excluded n=180
due to missing or incomplete assessments, n=81 children enrolled as autism not confirmed,
and n=36 due to atypical development not meeting diagnostic cut-off criteria). Further,
individuals who did not complete the ABC (n=97) were excluded from analyses, as were
individuals missing items on the ABC Hyperactivity subscale and derived subdomains
(discussed below; n=2), leaving 1,151 children for analysis.

Measures and definition of ADHD symptoms

The Aberrant Behavior Checklist (ABC) (Aman et al. 1985) is a 58-item informant-rated
measure designed to assess problem behaviors. Each item is scored from 0 (not at all a
problem) to 3 (problem in severe degree). The ABC includes five subscales (irritability,
lethargy, stereotypy, hyperactivity, and inappropriate speech), created based on factor
analysis (Aman et al. 1985; Aman et al. 1987); higher scores on the ABC subscales indicate
greater impairment/higher maladaptive behaviors. The ABC is one of the few available
measures that can be used to evaluate ADHD symptoms in young children. The validity of
its subscales and use of the ABC in children with ASD and other conditions, as well as in
typically-developing populations, has been established, including in children as young as 2
years of age (Marshburn and Aman 1992; Brinkley et al. 2007; Karabekiroglu and Aman
2009; Kaat et al. 2014), as well as in toddlers aged 14-43 months (Karabekiroglu and Aman
2009). In this study, we focused on the hyperactivity subscale of the ABC in order to gain
information on ADHD-like symptoms, as it includes 16 items related to inattention,
hyperactivity, impulsivity, and defiant behaviors. See Appendix A for a list of ABC
hyperactivity scale items.

Exploratory subdomains

To further explore ADHD symptoms and potential differences by attention-deficit subtypes,
we separated this hyperactivity subscale of the ABC into 2 subdomains, which we clinically
derived based on what type of behavior each item was assessing: hyperactivity/impulsivity
(the sum of 10 items from the hyperactivity subscale, for a total score range of 0-30), and
inattention (the sum of 3 items from the hyperactivity subscale, for a total score range of 0-
9); see Appendix A for items included in these subdomains. These two domains are
consistent with the two subdomains in the Diagnostic and Statistical Manual of Mental
Disorders: Fifth Edition (American Psychiatric Association, 2013), which differentiates
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patients with both hyperactivity and inattention from those with inattention alone. The
additional 3 items not included in our subdomains assessed defiant behaviors, which are not
a central feature of ADHD. We defined ‘high ADHD symptoms’ as the highest quartile of
these subscale/subdomains (according to the distribution in the study group for across-
groups analysis, and according to the distribution in the ASD group for ASD-only analyses),
though we also considered use of other cut-points, such as 1 standard deviation above the
mean, however, this type of cut-point did not produce well balanced groups as described
below.

Cognitive ability level and adaptive functioning assessments

Instruments for assessment of cognitive and adaptive functioning were, respectively the
Mullen Scales of Early Learning (MSEL) ((Mullen 1995) and the Vineland Adaptive
Behavior Scales (VABS) (Sparrow 1984). The MSEL is administered to the child by a
trained professional, and provides 5 scales of developmental abilities (expressive language,
measuring ability to use language; receptive language, measuring ability to follow directions
and understand concepts; fine and gross motor skills, measuring skill at using hands and
conducting larger movements respectively; and visual reception, measuring ability to
process information as received via visual inputs. These 5 subscales can also be combined
into an Early Learning Composite score). The VABS is a semi-structured parent/caregiver
interview, commonly used in studies of developmental disabilities. Scores on 4 domains
(communication, daily living skills, socialization, motor skills), and an optional 51 domain
(maladaptive behaviors), are calculated, as well as an overall composite score of level of
adaptive functioning. For both the MSEL and VABS, lower scores indicate greater
impairment, while higher scores indicate better functioning. We defined ‘low cognitive and
behavioral scores’ as the lowest quintile of scores on these measures, though again, we
examined other cut-offs.

Statistical analyses

All analyses were conducted using SAS version 9.2 (SAS Institute, 2014). Basic
demographic comparisons were conducted across groups using one-way ANOVA and chi-
square tests as appropriate. In order to test whether ADHD symptom scores differed by
diagnostic group, mean scores on the hyperactivity subscale of the ABC were compared
using one-way ANOVA across groups and t-tests for pairwise comparisons. We compared
the highest quartile (here based on the full study group distribution) of the ABC
hyperactivity subscale by diagnostic group using chi-squared tests. Within the full study
group, we also calculated Pearson correlation coefficients for ABC Hyperactivity subscale
and subdomain scores and other subscales of the ABC, as well as the VABS and MSEL, to
gain additional information on how these symptoms might co-vary with other features.

Among children with ASD, we examined group differences between high and low scores on
the ABC hyperactivity subscale (and secondarily our derived sub-domain scores) and basic
demographic factors, cognitive ability level, and adaptive functioning. High and low ADHD
symptoms were defined here according to the distribution of these scores within the ASD
group, as our aim was to examine how the ADHD symptoms were associated with
functioning within the ASD group. Quartiles of ADHD symptoms and quintiles of cognitive
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and behavioral scores were utilized to maximize information from the distribution while
balancing sample size, and to examine dose-response effects, explore non-linearity in the
relationship with outcomes, and also given inadequate variability for analysis of differences
within the ASD group when we examined more clinically-derived cut-points. However, high
ADHD symptom scores corresponded to roughly 1-1.5 standard deviations above the mean
of the ASD group, while low cognitive/behavioral cut-offs were generally <1 standard
deviation below the mean for the ASD group.

Linear regression was used in analyses of hyperactivity symptom scale/subdomain scores
and the continuous cognitive and behavioral scores as outcomes to examine continuous
associations. Logistic regression was used to obtain odds ratios (OR) and 95% confidence
intervals (CI) of the associations between high ADHD symptoms (as predictor variables)
and low cognitive and behavioral scores (as outcome variables), defined above. For both
parameterizations, adjusted models included variables that could influence associations
between these scores: matching factors (child sex, year of birth, regional area of birth),
maternal education, health insurance status at delivery (as a measure of socio-economic
status), maternal age, maternal smoking during pregnancy (Joelsson et al. 2016), and child
age. In addition to adjustment for these potential confounders, for categorical
parameterizations we also conducted weighted conditional logistic regression adjusted
analyses with Proc Survey Logistic utilizing inverse-probability of participation weights,
designed to achieve sample representativeness of the source population and thereby adjust
for potential biases from differential participation rates related to sociodemographic factors.
Weights were derived from a model fit to population data predicting participation in the
study from maternal education level, age, country of birth, insurance status at child’s
delivery, and child race/ethnicity, obtained from birth files. Final models of ADHD-related
scores predicting cognitive and behavioral outcomes included these study weights, study
matching factors, maternal age (in years) and education (in categories of high school or less,
some college, college degree, or graduate degree), child age (continuous, in months),
selected for greatest impact on results.

Exploratory subdomain analyses

Parallel secondary analyses examined associations with the exploratory subdomains
(inattention and hyperactivity/impulsivity), assessing prevalence of highest quartile of these
subdomains across study groups and, within the ASD group, examining binary ‘high’
inattention and hyperactivity/impulsivity (vs. remaining quartiles) with cognitive and
adaptive functioning as in primary analyses.

Sensitivity analyses

Due to the number of tests performed, we adjusted for multiple comparisons using SAS Proc
Multtest (Westfall and Tobias 1999), which obtains corrected p-values with the Hochberg
step-up method (Hochberg and Tamhane 1987). We also examined whether removing the
youngest children (<3 years old) altered results, given potential difficulty of assessing
ADHD symptoms at this age. Finally, we assessed whether adjustment for ADOS
comparison score (an indicator of level of autism severity, ranging from 1-10) impacted
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results of associations with cognitive and behavioral scores by adding this score to adjusted
models.

Results

Full study population results: Basic comparisons across diagnostic groups

In these analyses, 548 ASD cases, 423 TD controls, and 180 DD controls were included.
Year of birth and parental age were similar across groups; DD children were more likely to
have a Hispanic mother and ASD and DD children were more likely to have lower MSEL
and VABS scores (Table 1). Mean hyperactivity subscale scores demonstrated an increase by
study group, from TD to DD and from DD to ASD, with significantly higher scores in the
ASD group compared to each of the other groups and for DD compared to TD (p<0.0001
from t-tests for all comparisons); these scores (summarized in Supplementary Table 1) are
similar to previously reported means and standard deviations for children in these and
related groups (Karabekiroglu and Aman 2009).

When categorizing ABC scores in highest quartiles for the full study group, ASD cases had
significantly higher sub-scale scores (as well as scores on the exploratory sub-domains)
relative to other groups; 42% of ASD cases scored in the top quartile of the hyperactivity
sub-scale, compared to 26% of DD and 1% of TD (Figure 1). Utilizing standard-deviation
cut-offs, rather than quartiles, was not informative for these comparisons, as all cases of
ASD fell within the ‘high’ category when defining symptoms in this way. Examining
correlations within the full study population, ABC scores for irritability, lethargy, and
stereotypy subscales were highly correlated with hyperactivity and inattention subdomain
scores across study groups (r~0.5 to 0-.7). Scores on these other ABC scales were generally
not correlated with VABS or MSEL scores, though hyperactivity subscale scores were
moderately correlated with reduced MSEL expressive language scores within ASD cases
(r=.31).

ASD case group results: Associations between ADHD symptoms and cognitive and
behavioral scores within children with ASD

Children with ASD and the highest levels of ADHD-like symptoms (as defined here by the
highest quartile of ABC hyperactivity scores within the ASD group) differed from children
with ASD in remaining quartiles of these scores on a number of basic demographic,
behavioral, and cognitive factors (Table 2).

In adjusted analyses examining ADHD symptom subscale and subdomains in association
with continuous cognitive/behavioral scores in children with ASD, on average VABS and
MSEL scores were lower by approximately 3-5 points in those ASD cases with higher
ADHD symptoms (Table 3). For the exploratory derived subdomains, all scales
demonstrated significant associations with high inattention, with the exception of VABS
daily living; fewer significant associations were noted for the hyperactivity/impulsivity
subdomain, though most VABS scales demonstrated significant associations with high
hyperactivity/impulsivity.
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In adjusted analyses of categorized ADHD symptoms and cognitive/behavioral scores, the
general pattern was similar, again showing greater cognitive and behavioral deficits among
those with more ADHD symptoms (Figure 2). In particular, ASD children with high ADHD
symptoms (again, scores in the highest quartile of the ABC hyperactivity subscale) were
over twice as likely to have composite scores in the lowest quintile of the VABS, relative to
those with lower ADHD symptoms (those in remaining quartiles of the ABC hyperactivity
subscale) - (AOR=2.20, 95% CI 1.29-3.74; similar, and significant associations were also
observed for the VABS communication and socialization subscales). In addition, children
with high ADHD symptoms also had nearly double the odds of poor visual reception as
defined by the lowest quintile of scores on the MSEL (AOR= 1.93, 95% CI 1.14-3.25).

When exploring use of the derived subdomains, associations with cognitive and behavioral
scores appeared stronger for the inattention subdomain than for the hyperactivity/impulsivity
subdomain. Individuals with high inattention subdomain scores were significantly more
likely to have low VABS scores for all subscales other than motor skills, as well as low
MSEL expressive composite scores, and language and visual reception subscale scores. The
strongest associations were seen for high inattention and low scores for VABS
communication (AOR=3.58, 95% CI 2.06, 6.21), VABS composite (AOR=2.85, 95% ClI
1.67, 4.85), VABS socialization (AOR=2.73, 95% CI 1.65, 4.55), and MSEL composite
(AOR=2.34, 95% CI 1.50, 3.67), and high overall ABC hyperactivity Subscale and VABS
socialization (AOR=2.53, 95% CI 1.51, 4.26; Supplementary Table 2; mean scores for each
of these categories are also provided in the previously referenced Supplementary Table 1). In
contrast, there were no differences, comparing the high vs. low hyperactivity/impulsivity
groups, on the MSEL composite or any MSEL subscale.

Sensitivity analyses

After correcting for multiple testing, most of the associations remained significant
(Supplementary Table 3). Likewise, results of analyses excluding children <3 years of age
were similar to primary analyses including these younger children (Supplementary Table 4);
significant associations with greater likelihood of low cognitive and behavioral scores
persisted. Further, the distribution of ADHD symptoms was the same by age strata (<3
years, 3 years and older, 4 years and older). Adjustment for ADOS comparison score in final
models did not materially change results (data not shown).

Discussion

In this large population-based case-control study, we found a high prevalence of ADHD
symptoms as measured by the ABC in preschool-aged children with ASD. There was a clear
difference in hyperactivity subscale items across diagnostic groups, and significant
associations between these ADHD symptoms and higher levels of other cognitive/behavioral
deficits in children with ASD.

The first aim of this work was to determine the prevalence of ADHD symptoms across our
diagnostic groups. Approximately 40% of children with ASD fell in the top quartile of the
hyperactivity subscale, as well as within our exploratory hyperactivity/impulsivity and
inattention subdomains, based on the distribution in the full study sample. The DD group
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had significantly fewer of these symptoms than the ASD group, though both the ASD and
DD groups had significantly more ADHD symptoms than the TD group. These findings
suggest that ADHD symptoms may be related to developmental delays more broadly, but
could be more prominent in those with ASD-specific delays. Further work with larger
numbers of DD cases is required to comparatively examine the second aim of our study
(how ADHD symptoms impact functioning) in other developmental disorders besides ASD,
as we did not have the statistical precision to conduct such analyses here.

Another striking result in our study was the consistency of associations between presence of
ADHD symptoms and evidence of greater cognitive/behavioral impairments in children with
ASD. Though not statistically significant for all subscales, higher overall ADHD symptoms
corresponded to poorer adaptive functioning, and cognitive abilities, a finding also
previously reported for older children (Yerys et al. 2009). Though based on only three items
from the ABC, and therefore requiring conservative interpretation, our results suggested that
presence of inattention may figure prominently into associations between the ABC
hyperactivity subscale and the cognitive and behavioral scores: inattention sub-domain
scores were significantly associated with nearly all of the VABS subscales, and with the
MSEL composite and all subscale scores, while the hyperactivity/impulsivity subdomain did
demonstrate few significant associations. Relatively less impairment with hyperactive-
impulsive features of ADHD has also been noted in prior work; a study examining ADHD
subtypes and co-occurring psychiatric symptoms in children with ASD reported the least
impairment for those with the Hyperactive-Impulsive type (Gadow et al. 2006). Future
studies, that more rigorously assess ADHD subtypes, symptoms, and attention deficits
should examine these associations between inattention in young children with ASD and
related deficits.

Other research has similarly suggested the role of attention deficits in ASD (Gillberg and
Fernell 2014; Leitner 2014); in particular, Rao and Landa noted lower cognitive functioning,
more severe social impairment, and stronger delays in adaptive functioning in children with
ASD and ADHD (Rao and Landa 2014), while a study by Jarrold and colleagues suggested
deficits in attention may disrupt social functioning in ASD (Jarrold et al. 2013). Work in
atypically developing toddlers aged 18-37 months suggested ASD symptom severity was
positively and significantly associated with inattention/impulsivity (Tureck et al. 2013).
Follow-up studies of educational attainment for children with combined ASD and ADHD
symptoms are needed to determine the impact of such symptoms on academic achievement
and other crucial outcomes. That the deficits in cognitive and adaptive behaviors appear in
pre-school children is perhaps most concerning, and suggests this subset of children among
those with ASD may be at a disadvantage long before they begin school. Our secondary
analyses examining low cognitive and behavioral scores in association with high ADHD
symptoms in children with TD and DD suggested these associations could be unique to ASD
or different for ASD than for DD, although analyses in children with DD, despite being
larger than any studies to date, may have lacked sufficient statistical power to detect group
differences. Further work should explore how these symptoms may differentially impact
functioning in ASD vs. other developmental conditions.
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These findings suggest the importance of improving attention in young children with ASD.
While applied behavior analytic approaches (Lovaas et al. 1967; Vismara and Rogers 2010)
used in early intervention programs work with children to improve their attentional focus,
building attentional skills is typically not considered the primary aim of such treatments.
Rather, they may use procedures that facilitate attention in the service of improving language
and social behavior. Early intervention programs that specifically target increasing attention
may also be beneficial. Mechanisms that may underlie patterns observed in our study may
be related to commonalities between brain regions and neural systems implicated in ADHD
and in ASD involved in the regulation of attention and behavior, as supported in the
literature (Solomon et al. 2009; Dichter 2012; Schweitzer et al. 2012).

Our study’s strengths include a relatively large sample size of over 500 ASD cases, clinical
confirmation of all diagnoses through rigorous gold-standard measures and procedures,
novel approach to focus on preschool age, and use of multiple statistical procedures to
achieve thorough adjustment for confounding, selection bias, and multiple comparisons.
However, a number of limitations should be noted. The ABC hyperactivity items overlap
with hyperactivity/impulsivity and inattention measures on most ADHD measures, however,
it was not designed as an ADHD measure and does not fully capture ADHD. We recognize
that for an ADHD diagnosis a clinical interview would be required and thus we can only
report on symptoms rather than diagnosis. The focus on symptoms, however, rather than
diagnostic categories, is consistent with the Research Domain Criteria (RDoC) approach
(Insel et al. 2010). In addition, our subdomain items do not fully capture ADHD subtypes
and should be considered preliminary. Our results must therefore be interpreted within the
context of the ABC subscale items used, rather than as ADHD specifically. However, the
ABC was designed to measure behavioral deficits in this age group, and the hyperactivity
subscale has been used in previous work as a measure of ADHD symptoms in ASD (Arnold
et al. 2006; Troost et al. 2006; Charnsil 2011). Studies of ABC scores in children with
ADHD (Aman et al. 2002; Aman et al. 2004; Hillard et al. 2013) have also supported the
validity of this subscale in capturing ADHD symptoms. We also used only mother-report
ABC scores, and did not have other informant reports available, though studies reporting
high inter-rater reliability for the ABC (Aman et al. 1985; Miller et al. 2004) suggest the use
of maternal report alone may be sufficient to capture ADHD symptoms.

Though we hypothesize that ADHD symptoms may be influencing other behaviors within
ASD and modeled our analyses of associations with cognitive/behavioral scores according to
this hypothesis, a key point to note is that our analyses cannot provide information on the
directionality of these associations. Specifically, it is not clear at this time whether the
presence of greater ADHD symptoms impairs cognitive and behavioral functioning, or
rather, if features of poorer cognitive and behavioral skills lead to greater ADHD symptoms.
Research suggests that the inability to regulate attention, including determining which
information to focus on and dividing attention between competing events and social cues,
impairs social functioning (Kofler et al. 2011). Our results are also consistent with findings
of poorer academic achievement and level of functioning for individuals with comorbid
ADHD and ASD (Pingault et al. 2011; Cooper et al. 2014; Rao and Landa 2014), and
suggest the need for targeted treatment strategies for individuals with ASD who exhibit
attention deficits. Effective strategies may improve their academic functioning, which could
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be more negatively affected than for those with ASD who do not exhibit attention
impairments. Notably, ASD symptoms in children diagnosed with ADHD have likewise
been associated with increased deficits (Cooper et al. 2014).

Children in our study were 2-5 years old, which is younger than the typical age at ADHD
diagnosis, but an appropriate age for targeting interventions. Our goal was to examine
inattention and hyperactivity/impulsivity as symptoms and their cognitive/behavioral
correlates within young children who have ASD, rather than to determine ADHD diagnoses
within this young group. Sensitivity analyses did not suggest results were driven by biased
reporting for young children; rather, measures of association were very similar (and in some
cases stronger) when excluding children <36 months of age. At least one other investigation
has used the ABC in very young samples; a clinical study of toddlers aged 14-43 months
found high validity of the ABC with the Autism Behavior Checklist and the Child Behavior
Checklist (Karabekiroglu and Aman 2009). An additional feature of our analysis was that
we created our own subdomains within this subscale, which may or may not directly map
onto ADHD subtypes. Other work has suggested increased validity of ADHD diagnoses in
children with ASD when breaking ADHD factors into clinically-relevant subparts
(Lecavalier et al. 2011), and further support for use of subtypes derives from reports
showing greater relative importance of inattention symptoms as compared to hyperactivity
(Lecavalier et al. 2011; Kaat et al. 2014). Our study confirms this literature in young
children with ASD.

The stability of ADHD symptoms at this young age in the ASD population is unknown, and
measurement of these behaviors at this age can be challenging. Though ADHD symptoms
do tend to change with development (Cherkasova et al. 2013), there is also evidence for
symptom stability. A recent analysis following-up infant siblings at risk for ASD at school-
age (5.5-9 years) supported persistence of clinical concerns for ADHD and other issues
(Miller et al. 2015). Persistence of significant ADHD symptoms and impairment in social
and academic contexts in comparison to control children has been reported in children 4 to 6
years of age to three years later (Lahey et al. 2004). Further, a large, multi-site study
including children aged 3 to 5.5 years, the Preschool ADHD Treatment Study (PATS)
(Kollins et al. 2006) reported that 89% (160/180) of the initial participants still met criteria
for ADHD diagnosis six years later (Riddle et al. 2013). Continued work on the
developmental progression of these symptoms and how they impact outcomes in the ASD
population is needed, particularly in light of evidence that ADHD symptoms are associated
with poorer academic functioning, increased behavioral and mental health issues, and
reduced social functioning, and that when these conditions are comorbid, alternative or
additional treatment strategies may be required (Antshel et al. 2011; Cooper et al. 2014).

Implications

Our results suggest significant cognitive and behavioral impairments for those individuals
with ASD and the greatest attention and hyperactivity deficits, and that such issues may be
present from a very young age. Our exploratory analysis of subdomains of symptoms
suggests that inattention may play a strong role in functioning within those with ASD; thus,
developing treatments that improve attentional functioning in ASD could be an important
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clinical consideration. Subsequent research should explore if the inattentive symptoms seen
in ASD are qualitatively and neutrally distinct from the inattentive symptoms seen in
ADHD. Finally, future work also should examine the impact of ADHD symptoms and
subtypes using standardized ADHD assessments in young children with ASD, and explore
how these associations influence longer-term trajectories.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Attention deficits are common in children with autism and other
developmental delays, but how these symptoms impact other areas of
functioning, particularly in very young children with these disorders, in not
well understood.

This is the largest population-based study examining the impact of attention
deficits/ ADHD-related symptoms in young children with autism spectrum
disorder on cognitive and behavioral scores.

Our results, which demonstrated significant associations between higher
levels of attention deficits in children with ASD and lower scores on cognitive
and behavioral assessments, suggest ADHD symptoms may play a key role in
the functioning of young children with ASD.

Our results also confirm the high prevalence of attention deficits in children
aged 2-5 with ASD, and to a lesser extent, children with developmental delay
without autism, relative to typically developing children of this age range.

Findings here also suggest the need for better understanding of the
manifestations ADHD symptoms in early development to ensure accurate
early diagnosis, appropriate treatment, and optimal school outcomes for
children with these conditions.
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Figure 1. ADHD Symptoms by diagnostic group
Graph displays the percent of each diagnostic group in the top quartile (indicating greater

impairment/symptoms) of the Hyperactivity Subscale of the ABC and the two derived
subdomains of the ABC Hyperactivity Subscale. TD=Typically developing controls; DD=
developmentally delayed controls; ASD=autism spectrum disorder cases. Quartiles here
were defined within the full study group distribution (ASD+DD+TD).
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Figure 2. High ADHD symptoms as predictors of low congnitive and behavioral scores within the
ASD group

Results of weighted logistic regression, adjusted for study matching factors (child sex, year
of birth, and regional catchment area), maternal age, maternal education, child age in
months, and weighted to account for selection into study using inverse-probability weights.
Odds ratios (OR) represent odds of low (defined as the lowest quintile) VABS or MSEL
subscale score in association with high (defined as highest quartile) ADHD symptoms (ABC
hyperactivity subscale, hyperactivity/impulsivity subdomain, and inattention subdomain)
within the ASD group (n=548). Vertical grey line indicates OR null value of 1; horizontal
error bars indicate 95% confidence intervals. Point estimates and confidence intervals from
these analyses and models with alternate covariate adjustment can be found in
Supplementary Table 1, Model 3 column estimates.
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Table 1
Basic characteristics of the study population
ASD Cases  TD Controls DD Controls 1, yajyel
n=548 n=423 n=180
Mean (std)
Demographic factors
Maternal age (years) 31.0 (5.6) 30.9 (5.7) 30.8 (6.5) 0.87
Paternal age (years) 33.6 (6.5) 33.2(6.9) 33.5(7.5) 0.65
Child age (months) 448(10.1)  42.9(9.7) 46.9 (9.1) <0.0001
Cognitive & behavioral scores
ABC hyperactivity Subscale? 18.2(10.6)  3.19 (4.9) 12.3(11.6)  <0.0001
Hyperactivity/impulsivity Subdomain® 108 (7.3) 2.06 3.4) 771(7.7) <0.0001
Inattention Subdomain4 4.02(2.2) 0.52 (1.0) 2.48 (2.3) <0.0001
VABS Composite 64.4(12.3) 1025(14.8) 58.0(8.2) <0.0001
VABS Communication 67.7(15.8) 103.8(13.0)  62.4(9.6) <0.0001
VABS Daily Living Skills 66.2 (12.6) 97.1(14.6)  60.9(9.8) <0.0001
VABS Socialization 68.1(12.8) 103.0(12.8) 71.1(113) <0.0001
VABS Motor skills 76.3(17.8) 1046 (14.2) 57.9(13.4) <0.0001
MSEL Expressive language-T score 26.4(10.1) 51.9(10.9) 22.8(5.8) <0.0001
MSEL Receptive language-T score 269 (11.4) 52.1(11.0) 23.0(5.7) <0.0001
MSEL Visual reception-T score 29.8(13.5) 57.1(10.8) 24.3(8.1) <0.0001
MSEL Fine motor- T score 28.0(117) 532(125)  21.4(4.1) <0.0001
MSEL Composite 61.3(175) 107.3(17.2) 53.1(7.0) <0.0001
n(%)

Demographic factors and basic characteristics
Maternal education level <0.0001

High school or less 77 (14%) 61 (14%) 57 (32%)

Some college 229 (42%) 148 (35%) 62 (34%)

College or graduate degree 242 (44%) 213 (50%) 60 (33%)
Maternal race 0.002

Caucasian 325(59%) 282 (67%) 90 (50%)
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ASD Cases  TD Controls DD Controls  ,.yq)yel

n=548 n=423 n=180
Hispanic 137 (25%) 83 (20%) 60 (33%)
Other 86 (16%) 58 (15%) 30 (17%)
Insurance status at delivery <0.0001
Private insurance 442 (81%) 350 (83%) 117 (65%)
Government program 106 (19%) 73 (17%) 63 (35%)
Male child® 470 (86%) 353 (83%) 107 (59%) 0.005

1 . . . . .
P-value shown here from one-way ANOVA for comparison of means across groups; from chi-squared test for comparison of categorical variables.

ABC Hyperactivity Subscale ranges from 0-48. 43 ASD, 9 TD, and 15 DD were missing this subscale due to missing 1 or more ABC items used
in creating the score.

Created by summing 10 items from the ABC Hyperactivity Subscale related to hyperactivity; see text for further information.
Created by summing 3 items from the ABC Hyperactivity Subscale related to inattention; see text for further information.

5TD controls were sex-matched to ASD cases, but DD controls were not.
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Basic characteristics of the ASD group (n=548) by high ADHD symptoms, according to ABC hyperactivity

subscale scores

ASD Cases with ‘ehigh ADHD ASD Cases with ‘lower ADHD P-value3
symptoms’1 symptoms’2
n=126 n=379
Mean (std)
Maternal age (years) 29.4 (5.4) 31.9(5.4) <0.0001
Paternal age (years) 32.0(5.8) 34.3(6.5) 0.0006
Child age (months) 45.5(10.2) 44.3 (10.0) 0.26
Cognitive & behavioral scores
ABC Hyperactivity Subscale? 32.8 (5.6) 13.3(6.7) <0.0001
Hyperactivity/impulsivity Subdomain®  20.4 (4.6) 7.73(4.9) <0.0001
Inattention Subdomain® 6.35(1.7) 3.24(1.9) <0.0001
VABS Composite 60.9 (10.8) 65.9 (12.6) <0.0001
VABS Communication 62.7 (12.8) 69.6 (15.5) <0.0001
VABS Daily Living Skills 63.1 (10.8) 67.1(11.4) 0.0008
VABS Socialization 64.7 (11.3) 69.3 (12.3) 0.0002
VABS Motor skills 73.0 (17.1) 77.7 (17.3) 0.01
MSEL Expressive language- T score 249 (8.2) 27.2 (10.8) 0.02
MSEL Receptive language- T score 24.4 (8.3) 27.9(12.2) 0.0003
MSEL Visual reception- T score 26.2 (11.0) 31.1(14.2) <0.0001
MSEL Fine motor- T score 25.9 (9.6) 28.5(12.0) 0.01
MSEL Composite 57.1(13.5) 62.8 (18.7) 0.0003
N (%)
Maternal education level <0.0001
High school or less 31 (25%) 35 (9%)
Some college 55 (44%) 153 (40%)
College degree 24 (19%) 124 (33%)
Graduate degree 16 (13%) 67 (18%)
Maternal race
Caucasian 68 (54%) 235 (62%) 0.11

Res Autism Spectr Disord. Author manuscript; available in PMC 2018 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lyall et al. Page 22
ASD Cases with ‘ehigh ADHD ASD Cases with ‘lower ADHD P-value3
symptoms’1 symptoms’2
n=126 n= 379

Hispanic 31 (25%) 91 (24%)

Other” 27 (21%) 53 (14%)
Insurance status at delivery

Private insurance 91 (72%) 322 (85%) 0.001

Government program 35 (28%) 57 (15%)
Male child 105 (83%) 326 (86%) 0.46
Firstborn child 60 (48%) 166 (44%) 0.40
Multiple birth 8 (6%) 18 (5%) 0.47
Low birth weight (<2500g) 10 (8%) 31 (8%) 0.92

1. .. " . . L
“High ADHD symptoms” here defined as the highest quartile of ABC Hyperactivity subscale;

“Lower” defined as the remaining quartiles of the ABC Hyperactivity subscale combined.

3 . . . . .
P-values from t-tests for continuous variables and Chi-square tests for categorical variables. Other notes as for Table 1:

4ABC Hyperactivity Subscale ranges from 0-48.

5Created by summing 10 items from the ABC Hyperactivity Subscale related to hyperactivity; see text for further information.

Created by summing 3 items from the ABC Hyperactivity Subscale related to inattention; see text for further information.

7 . . . .
Includes Black, Asian, and ‘Other’; difference here driven by Asian and ‘Other.’
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