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Abstract

Eighty-seven percent of a large sample of children with autism spectrum disorder (ASD) are at
risk for motor impairment (Bhat, Physical Therapy, 2020, 100, 633-644). In spite of the high
prevalence for motor impairment in children with ASD, it is not considered among the diagnostic
criteria or specifiers within DSM-V. In this article, we analyzed the SPARK study dataset (/7=
13,887) to examine associations between risk for motor impairment using the Developmental
Coordination Disorder-Questionnaire (DCD-Q), social communication impairment using the
Social Communication Questionnaire (SCQ), repetitive behavior severity using the Repetitive
Behaviors Scale — Revised (RBS-R), and parent-reported categories of cognitive, functional, and
language impairments. Upon including children with ASD with cognitive impairments, 88.2% of
the SPARK sample was at risk for motor impairment. The relative risk ratio for motor impairment
in children with ASD was 22.2 times greater compared to the general population and that risk
further increased up to 6.2 with increasing social communication (5.7), functional (6.2), cognitive
(3.8), and language (1.6) impairments as well as repetitive behavior severity (5.0). Additionally,
the magnitude of risk for motor impairment (fine- and gross-motor) increased with increasing
severity of all impairment types with medium to large effects. These findings highlight the
multisystem nature of ASD, the need to recognize motor impairments as one of the diagnostic
criteria or specifiers for ASD, and the need for appropriate motor screening and assessment of
children with ASD. Interventions must address not only the social communication and cognitive/
behavioral challenges of children with ASD but also their motor function and participation.

Lay Abstract: Eighty-eight percent of the SPARK sample of children with ASD were at risk for
motor impairment. The relative risk for motor impairment was 22.2 times greater in children with
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ASD compared to the general population and the risk increased with more social communication,
repetitive behavior, cognitive, and functional impairment. It is important to recognize motor
impairments as one of the diagnostic criteria or specifiers for ASD and there is a need to
administer appropriate motor screening, assessment, and interventions in children with ASD.

autism | motor; cognition; function; language; restricted/repetitive behaviors; social
communication

Introduction

Over the last decade, researchers have argued that autism spectrum disorder (ASD) is a
complex, neurodevelopmental disorder affecting whole brain connectivity and multiple brain
networks leading to various social communication, perceptuo-motor, and cognitive/
behavioral impairments [Elsabbagh & Johnson, 2016; Srinivasan & Bhat, 2013; Gepner &
Féron, 2009]. However, ASD is primarily characterized by social communication
impairments such as poor social reciprocity, verbal and nonverbal communication delays
along with the presence of repetitive behaviors and restricted interests [American Psychiatric
Association, 2013]. Sensory-perceptual atypicalities and cognitive/behavioral impairments
are also considered part of the diagnostic criteria or specifiers of ASD, whereas motor
impairments are conspicuous by their absence from either of these categories [American
Psychiatric Association, 2013]. There is accumulating evidence for the pervasive nature of
motor impairments in children with ASD; however, they are not considered diagnostic due
to their presence in other developmental disorders, for example, Developmental
Coordination Disorder (DCD) [Cagola, Miller, & Williamson, 2017].

Identification and treatment of motor issues in children with ASD is important because a
lack of full movement repertoire affects a child’s play and interaction with peers and
caregivers and adds to their social-emotional difficulties [Bhat, Landa, & Galloway, 2011].
Studies have reported a variety of perceptuo-motor comorbidities in young and older
children with ASD that relate to children’s concurrent or future social communication,
cognitive, language, and daily living/functional skills [Bhat et al., 2011; Bhat, Galloway, &
Landa, 2012; Srinivasan & Bhat, 2016; Kaur, Srinivasan, & Bhat, 2018; Lobo, Harbourne,
Dusing, & McCoy, 2013; MacDonald, Lord, & Ulrich, 2013a,b; Dziuk et al., 2007; Bedford,
Pickles, & Lord, 2015]. Recent analysis of the SPARK study dataset revealed that 87% of a
large sample of school-age children with ASD within the United States were at risk for
motor impairment and that did not change by 15 years of age [Bhat, 2020]. Only 15% of the
sample in the SPARK study dataset held a formal dual diagnosis of DCD and only 31.6%
received physical therapy services. Therefore, it appears that a lack of inclusion of motor
impairments within ASD diagnostic criteria or specifiers may contribute to a lack of
recognition and poor diagnosis and treatment of motor challenges in children with ASD.

For this reason, it is important to conceptualize how motor impairments fit within the
broader framework of ASD. Specifically, are motor impairments in ASD domain-specific,
domain-general, or transdiagnostic in nature? Motor impairments in ASD could be
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associated with ASD symptoms such as social communication difficulties and repetitive
behaviors (i.e., part of the core features of ASD) and hence, domain-specific. Additionally,
motor impairments in ASD could be associated with general cognitive, language, and
functional abilities and hence, domain-general (i.e., support the multisystem view of ASD).
Motor impairments in ASD could increase in severity with additional comorbid diagnoses
reflecting the shared neural mechanisms leading to ASD and other diagnosis(es); hence,
transdiagnostic. The present study aimed to better conceptualize the nature of motor
impairment in children with ASD and its associations with core and comorbid symptoms/
diagnoses to further support the multisystem view of ASD and to move toward shared
diagnostic and treatment approaches that cross diagnostic boundaries.

Multiple literature reviews provide evidence for the widespread presence of motor
impairments in children and adolescents with ASD [Fournier, Hass, Naik, Lodha, &
Cauraugh, 2010; Bhat et al., 2011; Downey & Rapport, 2012; Floris & Howells, 2018,]
whereas fewer studies have examined relationships between motor, social communication,
cognitive, and functional performance in this population. Children with ASD have gross-
motor impairments in whole-body coordination [Jansiewicz et al., 2006; Dewey, Cantell, &
Crawford, 2007; Green et al., 2009; McPhillips, Finlay, Bejerot, & Hanley, 2014; Kaur et al.,
2018], visuo-motor coordination such as ball skills [Dewey et al., 2007; Kushki, Chau, &
Anagnostou, 2011; Fleury, Kushki, Tanel, Anagnostou, & Chau, 2013; McPhillips et al.,
2014; Ament et al., 2014; Kaur et al., 2018], balance [Green et al., 2009; Jansiewicz et al.,
2006; Green et al., 2009; McPhillips et al., 2014; Ament et al., 2014; Kaur et al., 2018] as
well as fine-motor coordination problems such as handwriting/drawing difficulties [Dewey
etal., 2007; Kushki et al., 2011; Fleury et al., 2013; Kaur et al., 2018] and manual dexterity
problems [Jansiewicz et al., 2006; Fleury et al., 2013; Biscaldi et al., 2013; Kaur et al., 2018]
compared to typically developing (TD) children. A variety of the aforementioned motor
skills are either more affected [McPhillips et al., 2014; Ament et al., 2014] or equally
affected [Macneil & Mostofsky, 2012; Dewey et al., 2007] in children with ASD compared
to other special populations such as children with Developmental Coordination Disorder
(DCD), Attention Deficit Hyperactivity Disorder (ADHD), and Specific Language
Impairments (SLI). A meta-analysis conducted by Fournier et al. [2010] found motor
impairments to be a cardinal feature of ASD in individuals with differing levels of
impairment as well as ages.

In terms of motor-language relations, early gross and fine-motor development within the first
year of life predicts the rate of language development in children with ASD between 2 and 9
years as well as a future outcome of ASD [Bedford et al., 2015; Leonard, Bedford, Pickles,
& Hill, 2015; Choi, Leech, Tager-Flusberg, & Nelson, 2018; LeBarton & Landa, 2019]. In
terms of motor-cognition relations, children diagnosed with ASD with lower 1Q have greater
severity of motor impairment compared to those with higher 1Q [Ghaziuddin & Butler, 1998;
Licari et al., 2019; Kaur et al., 2018]. Motor impairments in children with ASD also predict
their levels of adaptive functioning [MacDonald et al., 2013a; Licari et al., 2019]. Studies
have also found that basic motor skill performance is associated with 1Q scores, whereas
praxis/motor planning skills were more related to ASD severity based on social
communication performance and presence of repetitive behaviors [Mari, Castiello, Marks,
Marraffa, & Prior, 2003; Dziuk et al., 2007; Stieglitz Ham et al., 2010; Gizzonio et al., 2015;
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Bhat, Srinivasan, Woxholdt, & Shield, 2016; Shield, Knapke, Henry, Srinivasan, & Bhat,
2017; Kaur et al., 2018]. In terms of transdiagnostic continuity, there are conflicting findings
in that some studies report similar levels of motor impairment across various diagnoses
including children with ASD, DCD, ADHD, Learning Disabilities, and SLI, whereas others
report that children with ASD have more severe motor impairments compared to children
with ADHD, SLI, and DCD [Miyahara et al., 1997; Jansiewicz et al., 2006; Dewey et al.,
2007; Ament et al., 2014; Macneil & Mostofsky, 2012; McPhillips et al., 2014]. Moreover,
some studies have found that children with ASD have specific impairments within praxis,
gestural, or visuomotor tasks such as ball skills and balance; whereas children with ADHD,
SLI, and DCD have more generalized patterns of motor impairment [Dewey et al., 2007;
Whyatt & Craig, 2011; Ament et al., 2014; Macneil & Mostofsky, 2012; McPhillips et al.,
2014].

Overall, studies in the current literature have reported relations between motor, social
communication, cognitive, language, and functional impairments of children with ASD.
However, these studies are limited by small or biased samples of children with ASD with
specific levels of functioning, language, or cognitive abilities. In contrast, the SPARK study
has obtained data from a large group of parents (7= 13,887) of school-age children and
adolescents with ASD within the United States using the Developmental Coordination
Disorder Questionnaire (DCD-Q, Schoemaker et al., 2006), a parent screener for motor
impairment, the Social Communication Questionnaire — Lifetime [SCQ; Berument, Rutter,
Lord, Pickles & Bailey, 1999], a parent screener for social communication delay, and the
Repetitive Behaviors Scale (RBS-R, Lam & Aman, 2006), a parent-reported measure of
frequency, intensity, and variety of repetitive behaviors and restricted interests. Additionally,
parents were asked to provide information on their child’s current language, functional, and
cognitive abilities compared to same-age peers. This rich dataset also includes basic
demographic, birth history, and diagnostic information.

The present study examined the SPARK study dataset, version 3 to evaluate the domain-
specific, domain-general, and transdiagnostic nature of motor impairments in children with
ASD using the DCD-Q, SCQ, RBS-R, and parent-reported current abilities data. It is
hypothesized that ASD is a multisystem disorder impacting motor, social communication,
cognitive, and functional abilities as well as repetitive behavior severity; hence, the relative
risk for motor impairment in children with ASD will increase as a function of social
communication impairment and repetitive behavior severity (i.e., motor impairment in ASD
is domain-specific and increases with ASD severity). Next, the relative risk for motor
impairment in children with ASD will increase as a function of cognitive, language, and
functional impairments (i.e., motor impairment in ASD is domain-general and supports the
multisystem view of ASD). Additionally, the relative risk of motor impairment will increase
with additional comorbid diagnoses reported in the literature such as ADHD, Language
Impairments, Intellectual Disability, and DCD (i.e., motor impairment in ASD is
transdiagnostic and supports a cross-diagnostic clinical approach). Lastly, it is also
hypothesized that the DCD-Q total scores (i.e., risk for motor impairment) and the subscale
scores (i.e., finemotor, gross-motor, and general coordination scores) will be significantly
lower in children with ASD with higher SCQ and RBS-R scores as well as greater language,
cognitive, and functional impairments.
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SPARK Study Procedures and Data Access

Families throughout the United States with one or more children with ASD were recruited in
the SPARK study through 21 clinical sites across the United States using a multipronged
social media strategy [Feliciano et al., 2018]. Families voluntarily signed up for this study by
completing the online questionnaires (https://sparkforautism.org/registration/
account_information/) on the SPARK website. They also received information on studies in
their nearby community to volunteer for local research studies. This author signed up with
the SPARK study to utilize their study recruitment resources (i.e., SPARK Participant Match
Resource) for her lab’s ongoing research studies approved by the University of Delaware
(UD)’s Human Subjects Review Board. UD also signed an authorization agreement with the
Simons Foundation; after which the author was given access to version 3 of the SPARK
study database (release date: February 2019).

SPARK Forms and Measures

DCD-Q

The SPARK database comprised of multiple parent questionnaires such as the basic medical
screening form, individual data form, and background history form. The basic medical
screening form includes demographic information, birth history, professional diagnosis of
ASD and other disorders, as well as other general medical conditions. The individual data
form provides details on when the ASD diagnosis was made, which professional provided
the diagnoses, whether there is a presence of a cognitive impairment, whether there is an
Individualized Education Plan (IEP) for the child, and whether the child receives ASD
services. The background history form lists the various intervention services received by the
child as well as information regarding cognitive, language, and functional abilities of each
participant (i.e., above, at, slightly below, or significantly below same-age peers). Table 1
summarizes the type of SPARK study data used for our analysis. Apart from these
participant details, three parent questionnaires including the Developmental Coordination
Disorder Questionnaire [DCD-Q; Schoemaker et al., 2006], the Social Communication
Questionnaire — Lifetime [SCQ; Berument, Rutter, Lord, Pickles, & Bailey, 1999], and the
Repetitive Behaviors Scale — Revised [RBS-R; Lam & Aman, 2006] have also been
examined.

The DCD-Q is a 15-item parent questionnaire used to assess a child’s gross- and fine-motor
coordination during everyday functional/play skills within their natural environment
[Schoemaker et al., 2006]. The questionnaire focuses on various motor skills such as ball
skills (e.g., hitting or catching a ball), complex body coordination skills (e.g., jumping,
running, etc.), fine motor skills (e.g., writing, cutting, etc.), and general motor control
abilities (e.g., quickness, clumsiness, fatigability, etc.). These skills are categorized into
three subscales: control during movement, fine motor coordination, and general
coordination. The total final score is calculated as a sum of the individual subscale scores.
Definite motor impairment or suspect DCD (<10 percentile) is determined based on the
final score cutoffs, which differ for different age groups. For example, these cutoffs include
a score < 47 for children between 5 years and <8 years, a score below 56 for children
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between 8 years and <10 years, and a score < 58 for children between 10 and 15 years.
Based on these criteria, an assignment of risk for motor impairment or DCD (1 = Yes, 0 =
No) is provided for each participant. A motor impairment or DCD diagnosis is typically
confirmed with a follow-up, standardized motor assessment, and clinical judgment of a
trained movement clinician. Note that the positive predictive value of the DCD-Q with a
clinical motor assessment such as the Movement ABC [Green et al., 2009] is 92%; which
means 92% of the children who are at-risk for a motor impairment using the DCD-Q will
most likely perform poorly on the M-ABC standard motor assessment.

The SCQ is a widely used, 40-item parent questionnaire (Yes/No format) to screen for
autistic traits in children above 4 years of age with a mental age of at least 2 years
[Berument et al., 1999]. It is based on a well-validated diagnostic interview, the Autism
Diagnostic Interview-Revised (ADI-R). The SCQ has two versions—L ifetime which is used
to support a diagnosis and—Current which is used to support an evaluation of current
difficulties. The Lifetime version provides a total SCQ score. If the total score is =12, it
indicates a social communication delay and higher likelihood to be on the autism spectrum.
The cut-off of 12 used in this study is a research recommended, more sensitive cut-off score
[Lee et al., 2010; Daniels et al., 2011; Zwaigenbaum et al., 2015; Marvin, Marvin, Lipkin, &
Law, 2017].

The RBS-R is a widely used 43-item parent-reported measure to characterize the repetitive
behaviors of children with ASDs. It has high internal consistency and medium reliability
(Lam & Aman, 2006). Each item/question is scored on a 4-point scale: 0 (no such behavior),
1 (mild problem), 2 (moderate problem), and 3 (severe problem); therefore, the total score
ranges between 0 and 129 with higher score indicating more repetitive behavior. It has six
subscales on the child’s stereotyped (1), self-injurious (I1), compulsive behaviors (111),
ritualistic (IV), sameness behaviors (V), and restricted interests (V1).

Inclusion/Exclusion Criteria

Out of the total 150,064 individuals in the SPARK database, which include children with
ASD and their family members, parents of 16,705 children with ASD completed the DCDQ
form; hence that was our base sample. Table 2 shows the subsequent filters applied in this
work to further exclude some children. Parents of some children did not complete certain
items on the questionnaire; therefore, final DCDQ scores and assignment of risk for motor
impairment (MI)/DCD (Yes/No) were not assigned to them according to publisher
guidelines. Children below the age of 5 years and above the age of 15 years were excluded.
After these filters, there were 16,338 individuals remaining with a valid DCDQ
administration. Next, the children who were truly affected by ASD were confirmed. Here,
two robust criteria for ASD diagnosis (i.e., diagnosis age >18 months or has an
Individualized Education Plan (IEP) for ASD) reduced the sample to 16,287 children. From
this sample, participants who had a valid (<3 items missing) Social Communication
Questionnaire — Lifetime (SCQ) form were identified, which decreased the sample to 15,888
children. As discussed earlier, participants who met the SCQ cut-off of score = 12 were
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included, which reduced the sample to 14,745 children. Finally, it was also confirmed that
the children with ASD did not have general neuromotor injuries unrelated to ASD.
Specifically, children with medical conditions/birth injuries (i.e., brain and spinal cord
malformations, prenatal alcohol/drug exposure, and brain bleed) were excluded. After
applying these criteria, the final sample included 13,887 children. Compared to the sample
analyzed in the past publication [Bhat, 2020], the current study sample includes participants
with cognitive impairment/intellectual disability as this analysis focuses on how the risk for
motor impairment differs in children with ASD as a function of cognitive abilities.

Categories of Language, Cognition, and Functional Abilities

To study the risk for motor impairment as a function of cognition, language, and function,
the eligible sample was categorized based on parent reports of their child’s current language,
cognitive, and functional impairments. For each type of impairment, a child’s ability was
reported as above age, at age, slightly below age, or significantly below age, compared to
same-age peers. The eligible sample was divided into three categories based on current
cognitive abilities:

. Category 1—No cognitive delay (ability at or above age, V= 6,080).
. Category 2—Some cognitive delay (ability slightly below age, = 3,756).

. Category 3—Significant cognitive delay (ability significantly below peers, V=
3,361).

Six-hundred and ninety children (5.0%) with missing data were excluded.

The eligible sample was divided into three categories based on current language abilities:
. Category 1—No language delay (ability at or above age, V= 5,143).
. Category 2—Some language delay (ability slightly below age, V= 3,716).

. Category 3—Significant language delay (ability significantly below peers, V=
4,564).

Four hundred and sixty-four children (3.3%) with missing data were excluded.

The eligible sample was divided into three categories based on current functional abilities:
. Category 1—No functional delay (ability at or above age, V= 3,044).
. Category 2—Some functional delay (ability slightly below age, V= 6,566).

. Category 3—Significant functional delay (ability significantly below peers, V=
3,839).

Four hundred and thirty-eight children (3.2%) with missing data were excluded.
In order to categorize the sample based on SCQ and RBS-R scores, the score mean (i) and
standard deviation (8) were used to divide the entire sample into following ranges: < -6

(very low), p-8 to p (low), pto g + & (high), p + & to g + 26 (very high), and > p + 26
(extremely high impairment). Using the sample SCQ score mean (u = 23.4) and standard
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deviation (6 = 6.1), the entire sample was divided into the following five categories of Social
Communication Impairment (SCI):

. Category 1—Very low SCI (SCQ score range = 0 to <17, N=2,705).

. Category 2—Low SCI (SCQ score range = 18 to <23, N'=4,276).

. Category 3—High SCI (SCQ score range = 24 to <29, N= 4,448).

. Category 4—\WVery high SCI (SCQ score range = 30 to <35, /= 2,188).
. Category 5—Extremely high SCI (SCQ score > 35, V= 259).

No children were excluded from the grouping based on SCI as all data were available.

Based on sample RBS-R score mean (4 = 36.1) and standard deviation (& = 20.2), the entire
sample was divided into the following five categories of repetitive behavior severity (RBS):

. Category 1—Very low RBS (RBS-R score range = 0 to <15, /= 1,833).
. Category 2—Low RBS (RBS-R score range = 16 to <36, V= 6,169).

. Category 3—High RBS (RBS-R score range = 37 to <56, NV = 3,682).

. Category 4—\Very high RBS (RBS-R score = 57 to <76, //=1,505).

. Category 5—Extremely high RBS (RBS-R score > 76, N=614).

Eighty-four children (0.6%) with missing data were excluded.

Statistical Analysis

Relative risk ratios were used to calculate the risk for motor impairment using overall, fine-
motor, gross-motor, and general coordination scores from the DCD-Q data. Relative risk
ratio is a measure of association used to assess the risk of developing a better or worse
outcome in relation to certain factors and is often used for large-sized samples [Di Lorenzo,
2014]. For control group comparisons, the reported risk for motor impairment/DCD
prevalence rate of ~4% in school-age children from a general population using the DCD-Q
measure was used [Rivard, Missiuna, McCauley, & Cairney, 2012]. The relative risk ratio for
a risk of motor impairment in each sub-category of children with ASD based on their SCQ/
RBS-R scores and language, cognitive, functional impairments was obtained by comparing
the proportion of risk for motor impairment in children with ASD compared to the
proportion in the general population (~4%). The 95% confidence intervals (CIs) are also
calculated for each relative risk ratio. Risk difference is also reported based on how the
proportion of motor impairment differs compared to the general population. Pearson or
Spearman rank correlations have been reported across SCQ, RBS-R scores and language,
cognitive, and functional ability categories. One-way Analysis of Variances (ANOVAS) of
DCD-Q including total and subscale (i.e., fine-motor, gross-motor, and general coordination)
scores were carried out with impairment categories as a factor for SCQ and RBS-R
categories as well as language, cognitive, and functional impairments. Statistically
significant differences are being reported based on significant Tukey post hoc testing along
with confidence intervals that do not include a zero value. The magnitude of between-group
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differences is being reported using effect size estimates such as Cohen’s d (small: <0.45,
medium: >0.45 but <0.8, large: >0.8).

Results

Risk for Motor Impairment as a Function of Social
Communication Impairment

Using Pearson’s correlation, DCD-Q total, and SCQ total scores had a small correlation of
-0.31 (P<0.0001, Table 3). The overall relative risk for motor impairment in all children
with ASD compared to the general population is 22.2 and overall proportion of children with
ASD with a risk for motor impairment (i.e., those who failed on DCD-Q) is 88.2% (Table 4).
With increasing SCI, the relative risk increased from 19.2 to 24.8 (i.e., a further increase by
5.6 with more SCI, Table 4). The proportion of children with ASD that are at a risk for
motor impairment increased from 76.1 to 98.5 as the severity of SCI increases (Fig. 1 and
Table 4). Further analysis using a one-way ANOVA on DCD-Q total and sub-scale scores
and subsequent post hoc t-tests revealed that the DCD-Q total and sub-scale scores
significantly differed across all SCI categories (Fig. S1, Table 5, and Tables S1-S3 in the
Supporting Information, A < 0.0074) with one exception. The C4-C5 category pair did not
differ for fine motor handwriting (£ > 0.1). The effect sizes for all comparisons of DCD-Q
total scores ranged from 0.21 to 1.15 (6 out of 10 medium to large effects), for fine-motor
(FM) scores ranged from 0.07 to 0.79 (4 out of 10 medium to large effects), for gross-motor/
control during movement (CDM) scores ranged from 0.20 to 1.07 (6 out of 10 medium to
large effects), and for general coordination (GC) scores ranged from 0.16 to 0.95 (4 out of
10 medium to large effects, Table S4 in the Supporting Information).

Risk for Motor Impairment as a Function of Repetitive Behavior Severity

Using Pearson’s correlation, DCD-Q total and RBS-R total —0.26 (P < 0.0001, Table 3). The
overall relative risk for motor impairment in all children with ASD compared to the general
population is 22.2. With increasing repetitive behavior severity, this relative risk increased
from 19.0 to 24.0 (i.e., a further increase of 5.0 with more repetitive behavior severity, Table
4). The proportion of children with ASD that are at a risk for motor impairment increased
from 75.4 to 95.3 as repetitive behavior severity increased (Fig. 2 and Table 4). Further
analysis using a one-way ANOVA on DCD-Q total and sub-scale scores and subsequent post
hoc t-tests revealed that DCD-Q total and sub-scale scores significantly differed across all
RBS-R categories (Supporting Information Fig. S1, Table 5, and Tables S1-S3, /A < 0.0007)
with some exceptions. The C4-C5 category pair showed a trend for lowering of fine motor
handwriting scores with more RB severity (= 0.05) and did not differ for general
coordination (P> 0.1). The C3-C4 category pair showed a trend for lowering of “control
during movement” scores with more repetitive behavior severity (P= 0.02). The effect sizes
for all comparisons of DCD-Q total scores ranged from 0.14 to 1.08 (5 out of 10 medium to
large effects), for fine-motor (FM) scores ranged from 0.12 to 0.92 (4 out of 10 medium to
large effects), for gross-motor/control during movement (CDM) scores ranged from 0.10 to
0.85 (4 out of 10 medium to large effects), and for general coordination (GC) scores ranged
from 0.11 to 0.92 (5 out of 10 medium to large effects, Supporting Information Table S4).
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Risk for Motor Impairment as a Function of Cognitive Abilities

Using Spearman’s rank correlation, DCD-Q total and functional ability categories had a
small correlation of —0.34 (P < 0.0001, Table 3). The overall relative risk for motor
impairment in all children with ASD compared to the general population is 22.2. With
increasing cognitive impairment, this relative risk increased from 20.6 to 24.4 (i.e., a further
increase of 3.8 with more cognitive impairment, Table 4). The proportion of children with
ASD at risk for motor impairment increased from 81.8 to 96.9 as cognitive impairment
increased (Fig. 3 and Table 4). Further analysis using a one-way ANOVA on DCD-Q total
and sub-scale scores and subsequent post hoc t-tests revealed that DCD-Q total and sub-
scale scores significantly differed across the three cognitive impairment categories
(Supporting Information Fig. S1, Table 5 and Tables S1-S3, A < 0.0001) with no
exceptions. The effect sizes for all comparisons of DCD-Q total scores ranged from 0.34 to
0.90 (2 out of 3 medium to large effects), for fine-motor (FM) scores ranged from 0.45 to
0.99 (3 out of 3 medium to large effects), for gross-motor/control during movement (CDM)
scores ranged from 0.27 to 0.75 (2 out of 3 medium to large effects), and for general
coordination (GC) scores ranged from 0.14 to 0.46 (1 out of 3 had medium to large effects,
Supporting Information Table S4).

Risk for Motor Impairment as a Function of Language Abilities

Using Spearman’s rank correlation, DCD-Q total and language ability categories had a small
correlation of —0.25 (P < 0.0001, Table 3). The relative risk for motor impairment in all
children with ASD compared to the general population is 22.2. With increasing language
impairment, this relative risk increased from 21.6 to 23.2 (i.e., a further increase of 1.6 with
more language impairment, Table 4). The proportion of children with ASD that are at a risk
for motor impairment did not change much from 85.9 to 92.1 as language impairments
increased (Fig. 4 and Table 4). Further analysis using a one-way ANOVA on DCD-Q total
and sub-scale scores and subsequent post hoc t-tests revealed that DCD-Q total and sub-
scale scores significantly differed across the three language impairment categories (Fig. S1,
Table 5, and Tables S1-S3, A < 0.0001) with one exception. The C1-C2 category pair did
not differ for general coordination (P> 0.1). The effect sizes for all comparisons of DCD-Q
total scores ranged from 0.18 to 0.60 (1 out of 3 small to medium effects), for fine-motor
(FM) scores ranged from 0.26 to 0.80 (2 out of 3 medium to large effects), for gross-motor/
control during movement (CDM) scores ranged from 0.19 to 0.54 (1 out of 3 having a
medium effect), and for general coordination (GC) scores ranged from 0.03 to 0.17 (no
medium to large effects, Supporting Information Table S4).

Risk for Motor Impairment as a Function of Functional Abilities

Using Spearman’s rank correlation, DCD-Q total and functional ability categories had a
moderate correlation of —0.44 (P< 0.0001, Table 3). The relative risk for motor impairment
in all children with ASD compared to the general population is 22.2. With increasing
functional impairment, this relative risk increased from 18.3 to 24.5 (i.e., a further increase
of 6.2 with more functional impairment, Table 4). The proportion of children with ASD that
are at a risk for motor impairment increased from 72.9 to 97.3 as functional impairment
increased (Fig. 5 and Table 4). Further analysis using a one-way ANOVA on DCD-Q total
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and sub-scale scores and subsequent post hoc #tests revealed that DCD-Q total and sub-
scale scores significantly differed across the three functional impairment categories (Fig. S1,
Table 5, and Tables S1-S3, A < 0.0001) with no exceptions. The effect sizes for all
comparisons of DCD-Q total scores ranged from 0.66 to 1.36 (3 out of 3 medium to large
effects), for fine-motor (FM) scores ranged from 0.59 to 1.20 (3 out of 3 medium to large
effects), for gross-motor/control during movement (CDM) scores ranged from 0.53 to 1.09
(3 out of 3 medium to large effects), and for general coordination (GC) scores ranged from
0.42 to0 1.01 (2 out of 3 had medium to large effects, Supporting Information Table S4).

Risk for Motor Impairment as a Function of Comorbid Diagnoses

The relative risk for motor impairment in children with ASD with and without various
comorbid diagnoses were compared. It increased by a magnitude of 1 or more for children
with additional diagnoses of ADHD, Learning Disability, Anxiety Disorder, Intellectual
Disability, Developmental Coordination Disorder, and Depression but not in children with
comorbid Language disorder, Social anxiety/phobia, Obsessive Compulsive Disorder, and
Oppositional Defiant Disorder (Table 6). The proportion of children with ASD with a risk
for motor impairment increased (i.e., risk difference) due to various comorbid diagnoses.
Specifically, the risk difference was 4.4% for comorbid ADHD, 7.7% for comorbid Learning
Disability, 4.3% for comorbid Anxiety Disorder, 8.6% for comorbid Intellectual Disability,
9.4% for comorbid DCD, and 4.6% for comorbid Depression.

Discussion

In the past SPARK study report, 87% of school-age children with ASD were at-risk for a
motor impairment [Bhat, 2020], whereas in the current study, the prevalence was 88.2%
upon including children with ASD with cognitive impairments. There was an association
between risk for motor impairment using the DCD-Q and severity of social communication
impairment using the SCQ, repetitive behavior severity using the RBS-R, and parent-report
of cognitive, language, and functional abilities. The associations with SCQ and RBS-R
highlight the domain-specific nature of motor impairments. The associations with cognition,
language, and functional impairments highlight the domain-general nature of motor
impairments and support a multisystem view of ASD. The associations with comorbid
diagnoses highlight the transdiagnostic nature of motor impairments and how motor
impairments may cross diagnostic boundaries and could be explained by shared neural
mechanisms and may benefit from shared assessments and treatments across disorders.
Together, these findings highlight the pervasive nature of motor impairment in ASD as well
as how ASD is multisystem in nature and affects various developing systems. There were
small to moderate correlations between the various aforementioned measures given the high
variability of this large sample; hence, a regression approach was not pursued and instead
relative risk ratios for risk of motor impairment were calculated in relation to ASD
symptoms, cognitive, functional, and language impairments, as well as comorbid diagnoses;
an approach often used to study large-sized samples [Di Lorenzo, 2014]. Second, the risk for
motor impairment was 22 times greater in children with ASD compared to the general
population. Third, the risk for motor impairment increased across all impairment types (i.e.,
social communication, repetitive behavior severity, cognitive, language, and functional
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impairments). Specifically, the risk for motor impairment increased the most with functional
impairments (change in risk ratio = 6.2), then social communication impairments (5.7), then
repetitive behavior severity (5.0), then cognitive impairments (3.8), and lastly, language
impairments (1.6). Moreover, the change in magnitude of motor impairment for all motor
scores (overall, fine-motor, gross-motor, and general coordination) had /arge effects for the
extreme category comparisons (C1 v. C5 or C1 v. C3) across all impairment types—
functional impairments (11 out of 12 medium to large effects), cognitive impairments (8 out
of 12 medium to large effects), social communication impairments (20 out of 40 medium to
large effects), repetitive behavior severity (18 out of 40 medium to large effects), and
language impairments (4 out of 12 medium to large effects). Below these findings are placed
within the context of the current literature and clinical implications for assessment and
treatment of children and adolescents with ASD are discussed.

Motor Impairment is Associated With ASD Severity

The risk for motor impairment is 22 times greater in children and adolescents with ASD than
the general population and further increased 5.7 times more as the severity of social
communication impairment increased from very low to extremely high and 5 times more as
repetitive behavior severity increased from very low to extremely high. The magnitude of all
DCD-Q scores including overall, fine-motor, gross-motor, and general coordination scores
worsened with increasing social communication impairment and repetitive behavior severity
and both fine and gross-motor subdomains were equally impaired across both impairment
types. These SPARK study findings confirm that the risk for motor impairment in children
with ASD is associated with their ASD severity and hence, meets the standard for what the
field considers ASD specific. These findings fit with the literature reporting the pervasive
nature of motor impairments in children and adolescents with ASD [Green et al., 2009;
Fournier et al., 2010; Bhat et al., 2011; Hilton, Zhang, Whilte, Klohr, & Constantino, 2011;
Bhat, 2020]. Gross- and fine-motor delays are one of the earliest markers of ASD; however,
early delays are milder in nature and may not reliably predict an ASD outcome [lverson,
2018]. There is more recent contrasting evidence on how early gross and fine-motor motor
delays were predictive of a 3-year ASD outcome in young children with ASD [Choi et al.,
2018; LeBarton & Landa, 2019]. Furthermore, certain subdomains of motor performance in
school-age children and adolescents with ASD are considered more ASD-specific than
others, specifically, visuomotor skills, fine-motor skills, and/or motor planning/praxis skills
[Nebel et al., 2016; Whyatt & Craig, 2011; Macneil & Mostofsky, 2012; Dziuk et al., 2007;
Choi et al., 2018]. The present study encompassed a much larger sample of children with
ASD with widely ranging social communication, cognitive, and language abilities and the
overall risk for motor impairment/incoordination including gross-motor and fine-motor
impairment worsened equally with increasing social communication impairment and
repetitive behavior severity. Using the large SPARK study sample, broader population trends
in a highly variable sample of children with ASD were evaluated. These findings join other
recent studies supporting the ASD-specific nature of motor impairments in children and
adolescents with ASD and call for motor incoordination to be recognized within the
diagnostic criteria for ASD [Hilton et al., 2011; Licari et al., 2019; Bhat, 2020]. The
variation in motor impairment across children with ASD is more likely a reflection of the
severity of ASD neuropathology as well as movement experiences received to outgrow
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motor impairments throughout childhood. However, based on the current and past findings
from the SPARK study, majority of the adolescents with ASD have not outgrown their motor
coordination/planning difficulties by 15 years of age [Bhat, 2020].

Motor Impairments are Pervasive in Children With ASD Across Various Categories of
Cognitive, Functional, and Language Impairments

The risk for motor impairment increased 6 times between children with ASD with none to
significant functional impairments, 4 times between children with none to significant
cognitive impairments, and 1.6 times between children with ASD with none to significant
language impairments. The magnitude of risk for overall motor impairment as well as fine-
motor or gross-motor performance equally worsened with growing functional, cognitive, or
language impairments suggesting that not one specific motor subdomain was more affected
than the other. The association between risk for motor impairment and functional
impairments in children with ASD are a reasonable finding because a range of daily living
skills require motor coordination and planning and incoordination/dyspraxia may contribute
to functional impairments and poor physical fitness in children with ASD [Bremer &
Cairney, 2019]. Fine and gross motor skill performance of young children with ASD
between 1 and 3 years of age predicted daily living skills performance on the Vineland
Adaptive Behavioral Scales [Macdonald et al., 2013a]. Recently, Licari et al. [2019] found
that motor performance in a larger sample of ~2000 children with ASD below 6 years of age
correlated with daily living skills the most (7= 0.6) then social skills (r= 0.5) and lastly
communication skills (= 0.3). The proportion of children with motor impairment was
significantly greater in children with ASD with a cognitive impairment compared to those
without a cognitive impairment, even though both subgroups had a substantial prevalence of
motor impairment. The relationships between cognitive and motor impairments have been
well studied over the last two decades and the aforementioned recent findings confirm that
children with ASD with varying levels of cognition present with motor impairments and the
magnitude/severity of motor impairment increases with greater cognitive impairment. There
was an increasing risk for motor impairment in children with ASD with greater language
impairments although this finding is slightly weaker compared to other associations with
function, cognition, social communication abilities, and repetitive behavior severity.
Nevertheless, there is considerable evidence on how early gross- and fine-motor motor
delays in young children with ASD predict language outcomes as well as rate of language
development at later ages between 2 and 9 years [Gernsbacher, Sauer, Geye, Schweigert, &
Hill Goldsmith, 2008; Lloyd, MacDonald, & Lord, 2011; Bedford et al., 2015; Leonard et
al., 2015; Choi et al., 2018; LeBarton & Landa, 2019]. In the past, associations between
motor and cognition/language performance have been considered evidence for domain-
generality and evidence against domain-specificity; however, findings reported in this article
show the pervasive nature of motor impairments across the autism spectrum including those
with less severe cognitive, functional, and language impairments. In fact, the increasing
severity of motor impairment as a function of cognitive, language, and functional
impairments in children with ASD shows that motor impairment could be an indicator of
how severe the original neuropathology is.
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Motor Impairment Increases With Comorbid Diagnoses and Crosses Diagnostic

Boundaries

The risk for motor impairment in children with ASD increased with certain comorbid
developmental disorders with risk difference increasing by 4.4% for comorbid ADHD, 7.7%
for comorbid Learning Disability, 4.3% for comorbid Anxiety Disorder, 8.6% for comorbid
Intellectual Disability, 9.4% for comorbid DCD, and 4.6% for comorbid Depression in
comparison to children with ASD without the aforementioned diagnoses. These findings
show the transdiagnostic nature of motor impairments across various neurodevelopmental/
psychiatric disorders (i.e., ASD, ADHD, AD, ID, DCD, and Depression) and add to the
current literature reporting more severe motor impairments in children with ASD compared
to that of other disorders such as ADHD, DCD, SLI, and Learning disabilities [Miyahara et
al., 1997; Jansiewicz et al., 2006; Dewey et al., 2007; Ament et al., 2014; Macneil &
Mostofsky, 2012; McPhillips et al., 2014]. Our findings suggest an additive effect of
comorbid diagnoses in children with ASD with potentially more substantial motor
impairments in children with dual diagnoses. NIMH’s research domain criteria (RDoC)
framework recently added the sensori-motor domain to its matrix of criteria to better
understand the sensorimotor symptoms occurring from shared pathophysiology across
various neurodevelopmental disorders [Hirjak et al., 2018; Anttila et al., 2018]. Clinicians
and scientists must consider using a transdiagnostic approach to investigate shared neural/
pathophysiological frameworks to explain motor impairments and implement common
motor assessment and treatment approaches that can be shared across developmental
disorders.

The Multisystem Nature of ASD

The current analysis of the SPARK dataset confirmed that ASD is a complex, multisystem,
disorder leading to varying levels of social communication, sensori-mator, and cognitive-
behavioral symptoms. Motor symptoms present in children and adolescents with ASD were
specific to their social communication impairments and repetitive behavior severity.
Furthermore, motor symptoms were associated with co-occurring cognitive, functional, and
language impairments of children with ASD. These domain-specific and domain-general
patterns of motor impairment are best explained by the neural connectivity theory of ASD
[Courchesne et al., 2007; Just, Keller, Malave, Kana, & Varma, 2012]. Studies in children
and adults with ASD report reduced long-range connectivity between cortices (e.g., reduced
fronto-temporal or frontoparietal connectivity) as well as excessive/reduced short-range
connectivity within the frontal, parietal, temporal, and visual cortices [Vasa, Mostofsky, &
Ewen, 2016; Turner, Frost, Linsenbardt, Mcllroy, & Muller, 2006; Nair, Treiber, Shukla,
Shih, & Miiller, 2013; Frazier, Keshavan, Minshew, & Hardan, 2012; Hanaie et al., 2018;
Chen et al., 2018; Li et al., 2019]. Additionally, disordered or poor long-range connectivity
has been reported in cortico-subcortical networks such as cortical-cerebellar [Macneil &
Mostofsky, 2012; Vasa et al., 2016], corticostriatal [Turner et al., 2006] cortico-thalamic
[Nair et al., 2013] connections as well as inter-hemispheric, callosal connectivity [Frazier et
al., 2012]. These widespread abnormalities encompass multiple brain structures important
for sensori-motor, social communication, and cognitive-behavioral functions and hence,
explain the multisystem impairments of children with ASD. In fact, abnormal callosal,
cortico-cortical and cortico-subcortical connectivity are known to correlate with motor,
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social communication skills, and executive functions of children and adolescents with ASD
[Carper, Solders, Treiber, Fishman, & Miller, 2015; Chen et al., 2018; Hanaie et al., 2018].
Findings from the SPARK study, specifically, the associations between motor and social
communication impairments as well as repetitive behavior severity indicate that motor
impairments could be considered a fundamental feature of ASD.

The transdiagnostic nature of motor symptoms with additive motor impairments occurring in
children with ASD with comorbid DCD, ADHD, Anxiety, and Depression confirm that ASD
shares abnormal brain networks with other neurodevelopmental disorders. Few studies have
compared connectivity patterns between children with ASD and other developmental
disorders, namely ADHD and DCD [Kern, Geier, Sykes, Geier, & Deth, 2012;
Caeyenberghs et al., 2016]. Specifically, the pattern of long-range underconnectivity and
short-range overconnectivity has been reported in all three diagnoses—children with ASD,
ADHD, and DCD; however, brain abnormalities were much more widespread in children
with ASD [Kern et al., 2012; Caeyenberghs et al., 2016]. The associations between motor
and other systems found in this study as well as the increased risk for motor impairment
with comorbid diagnoses in children with ASD support the possibility of a more severe and
widespread neuropathology leading to a range of impairments in children with ASD that are
shared across multiple neurodevelopmental disorders.

Clinical Implications

Findings from the SPARK study confirm that motor impairments are associated with ASD
severity/diagnostic criteria as well as ASD specifiers (i.e., cognitive and language abilities)
as defined in the DSM-V. These findings support a multisystem view of ASD and how it
impacts various systems including social communication, sensorimotor, and cognitive-
behavioral systems. This evidence also supports the inclusion of motor impairment/
incoordination as part of the diagnostic criteria or as a specifiers for ASD. Future studies
must differentiate whether certain aspects of motor performance such as motor
incoordination/dyspraxia and visuo-motor incoordination are better placed within diagnostic
criteria whereas general motor issues such as slowed movement could be part of ASD
specifiers.

Recognizing motor impairment within ASD criteria or specifiers will bring it within the
radar of diagnostic clinicians (i.e., pediatricians, neurologists, and psychologists) who need
to screen for motor impairments and refer to movement clinicians (i.e., OTs and PTs) for
further evaluation of fine- and gross-motor impairments. The original paper on the SPARK
DCD-Q dataset reported that only 15% of children with ASD are diagnosed with DCD
indicating a lack of recognition for motor impairments among diagnostic clinicians. While
80% of children with ASD were receiving occupational therapy (OT) services to address
their fine-motor and sensory integration problems, only 32% were receiving physical therapy
(PT) services to address gross-motor issues. Overall, there is an urgent need to recommend
motor screening for all children with ASD in early intervention and school settings with
further evaluations by OTs and PTs to address fine- and gross-motor impairments.

In terms of motor interventions, movement clinicians such as OTs, PTs, and adaptive
physical educators should be advocates for motor problems of children with ASD beyond
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fundamental skills of reaching and walking. Older children with ASD appear to have an
enormous motor gap created throughout development that is not being closed by 15 years of
age. There is a dearth of evidence-based motor interventions to promote a variety of motor
and daily functions in young and older children with ASD. Motor interventions for ASD
cannot be limited to fundamental motor skills and should encompass complex motor skills
requiring bilateral, multilimb, and whole-body coordination as well as physical activity
through play, sport, martial arts, or creative movement such as musical, yoga, and dance
activities conducted in community or home settings within appropriately sized social groups
[Srinivasan & Bhat, 2013; Srinivasan, Pescatello, & Bhat, 2014]. Recent studies assessing
the effects of creative movement approaches using music and movement, and yoga have
reported cascading effects of socially embedded motor interventions on the affective,
communication, and behavioral skills of children with ASD [Srinivasan et al., 2016,b;
Srinivasan et al., 2015,b; Kaur & Bhat, 2019].

In addition to sensori-motor goals, ASD interventions must meet the needs of the family and
encompass functional, social communication, and cognitive-behavioral goals [Lobo et al.,
2013]. Trainer—child interactions during movement interventions are embodied, that is,
social communication and cognitive needs are naturally addressed while learning a variety
of movement patterns. By providing motor interventions across multiple studies, it is clear
that motor learning is inextricably linked to natural social interactions and communication
between the child and the trainer [Srinivasan et al., 2016,b; Srinivasan et al., 2015,b; Kaur &
Bhat, 2019]. Performing complex limb and body movements inherently require planning and
executive functioning. It would be ideal to move away from seated play to promoting social
communication and cognitive skills during motor learning tasks. Real-world interactions
require us to move through space as we look around, speak, think, and learn, for example,
playing a sport, shopping, cleaning, cooking, organizing things in your house, and so on.
Hence, ASD interventions also need to be embodied and inclusive of movement while
promoting a variety of social communication and cognitive-behavioral skills.

Limitations

Reliance on parent-reported questionnaires is a clear limitation of this study. Parent reports
of their child’s abilities could be influenced by a reporting bias such as the Horn effect, that
is, parents of children with greater impairments may have rated their child worse across all
measures. However, parent reports as opposed to clinical evaluations are the best way to
obtain information from a large sample to help elucidate the broader population patterns of a
disorder. Fine-motor and gross-motor subdomains were broadly assessed without
differentiating subdomains such as visuomotor or bilateral coordination, or balance skills as
is often done using standard assessments with multiple subscales. Parent questionnaires
provide limited information, hence, standardized and functional motor assessments using
large-sized samples are important to further confirm whether certain motor behaviors are
associated with the core features of ASD (e.g., multilimb/visuo-motor incoordination or
dyspraxia, etc.) vs. motor behaviors that are more generalized (e.g., slow movement speeds)
and better used as specifiers. Lastly, in spite of the large sized-sample, there could still be an
ascertainment bias for urban/higher household income families due to the online nature of
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the study and inclusion of participants from autism centers within large cities in the United
States.

Conclusions

Motor impairments in ASD were clearly associated with its core symptoms and are present
in children with ASD with varying cognitive, language, and functional abilities. These
findings support a multisystem view of ASD wherein motor impairments are a manifestation
of a broader pattern of connectivity impairments involving multiple brain networks. Motor
impairments should be included within the future DSM criteria or specifiers for ASD.
Diagnostic clinicians must conduct motor screening and evaluations in children with ASD as
well as recommend complete evaluations by movement clinicians to better address
children’s motor problems. Movement clinicians must evaluate and offer appropriate
interventions that address not only motor impairments but also social communication and
cognitive-behavioral impairments to provide wholistic interventions for a multisystem
disorder such as ASD. Clinical teams must utilize an interdisciplinary approach wherein co-
treatment and role release is often practiced by a team of special educators, OTs, PTs,
speech therapists to address the various needs of children with ASD. Movement clinicians
such as OTs, PTs, and adaptive physical educators will need to look beyond basic motor
delays/impairments to truly address the gap in motor performance, functions, play behaviors,
and physical activity in children and adolescents with ASD.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Proportion of children with ASD with risk for motor impairment (M, i.e., who failed on the

DCD-Q) across the various SCI categories.
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Figure 2.
Proportion of children with ASD with risk for motor impairment (Ml, i.e., who failed on the

DCD-Q) across the various RBS-R categories.
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Figure 3.
Proportion of children with ASD with risk for motor impairment (Ml, i.e., who failed on the

DCD-Q) across the three categories of cognitive abilities.
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Figure 4.
Proportion of children with ASD with risk for motor impairment (Ml, i.e., who failed on the

DCD-Q) across the three categories of language abilities.
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Proportion of children with ASD with risk for motor impairment (i.e., who failed on the
DCD-Q) across the three categories of functional abilities.
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Table 1.

Type of Data Used From the SPARK Study Database

Demographic data/birth/developmental history

Age in months and years

Gender

Male/Female

Race

Ethnicity

Socio-economic status (SES)

Birth/developmental history

Parent questionnaires
DCD-Q

SCQ

RBS-R
Parent-reported curren
Language

Cognition

Function

* White

« African American

« Asian

« Native American

« Native Hawaiian

« Other

« Multi-racial

« Not reported

Hispanic/Not Hispanic/Not reported
« Hollingshead variables: Parent’s occupations and level of education
« Household income ranges

« CNS malformations in the brain and spinal cord

« Prenatal alcohol or drug exposure

« Bleed in the brain

* Preterm birth

« Perinatal infection

« Insufficient oxygen at birth with NICU stay

« Cognitive delays due to brain injury, stroke, lead poisoning, Fetal Alcohol Syndrome, HIV, radiation,
hydrocephalus, brain tumor, drug effects, and so on

Item (15), sub-scale (3), and total scores
Yes/No DCD

Item (40) and total scores

Item (43), sub-scale (6), total scores

Total number of items endorsed

Scores summed into Repetitive Sensory Motor

(RSM, sum of subscales | + V1), Insistence on Sameness (IS, sum of subscales Il + IV + V), and Self-Injury
subscales (I1)

IS is related to ASD symptoms and RSM is related to intellectual disability

t abilities

Above/at/slightly below/significantly below age level

Above/at/slightly below/significantly below age level
Above/at/slightly below/significantly below age level
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Filters Used to Remove Samples Based on DCDQ, SCQ, and Birth Injury Criteria. The Final Dataset Includes

Samples for Which Valid DCDQ and SCQ Scores Are Available

Criterion for removing samples samNplfgs]t;Z;gved Numbrt(e;;ac;fn:gmples
Original dataset 16,705a
DCDQ final score was not assigned due to missing items 364 16,341
Age at DCDQ evaluation was <60 months and >191 months 3 16,338
No professional diagnosis of ASD 0 16,338
Diagnosis age < 18 months and no IEP 51 16,287
Inclusion criteria
Assigned as invalid using SCQ validity column 4 16,283
SCQ test was not completed 171 16,112
SCQ final score was not assigned due to missing items 224 15,888
SCQ final score < 12 1143 14,745
Exclusion criteria
CNS malformations (brain, spinal cord) 75 14,670
Prenatal alcohol or drug exposure 118 14,552
Intraventricular hemorrhage 120 14,432
Delays or impairment due to brain injury, stroke, lead poisoning, FAS, HIV, radiation,
hydrocephalus, brain tumor, drug effects, and so on 545 13,887
Final dataset 13,887

a, . . .
This corresponds to the number of completed DCDQ questionnaires.

Autism Res. Author manuscript; available in PMC 2021 June 04.



Page 30

Bhat

‘sojdwes pazis-abie| 10} pariodal usyo si se ajdwes siy) 104 palpnls Bulag ate Sones st aAIe[al

‘80UsH 'suolie]ali09 ybiy moys Jou op sasAjeue euoiie]aliod ajdwis pue snowous si ajdwes M YwdS a8y 40 Buidnoibgns/Aiigerien ayl 1ey) 10N "a|gel iy} Ul pauiodal suoIle|a.109 [[e 10} T000'0 > S 910N

Author Manuscript

T Aupige reuonoung
S€°0 T Anjige abenfue]
LE0 Sv'0 T Anjige annubod
20 0T'0 ST'0 T 9100S Y-S9y
62°0 20 20 6€0 T 21025 ODOS
v0- G2'0- E0- 9¢°0- T€0- T 1005 OA0A

Aupge jeuonound  Aujige abenbue  Aujige aaliubo)  8400s Y-Sy 8403s ODS 84038 OADA

sISAJeuy SIYL Ul pas Sainses|y Usamiag suole|ailo) Muey uewesds

‘€ 9l1qeL

Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2021 June 04.



Page 31

Bhat

€'¢6 29 [te6z'90clsve L2 €16 asy ‘Aejap Jeuonouny Juediubis
1'98 a7 lozz'Te6tlLzz 66 106 asv ‘Aejsp euonouny awos
6'89 00 6Tz ‘vatlest Tl 62L asv ‘Aejsp euonouny oN
Annige jeuonouny
1'88 91 [0z 'g6tleez 6L 126 asv ‘Aejsp afenbuej jueoyiubis
628 €0 o9z v81l6T2  TET 6'98 asy ‘Aejap sfenfue| swos
618 00 [1sz'z8tloTe T¥T 6'G8 asy ‘Aejap sbenbue| oN
Aujige abenbue]
6'26 8'c o6z 'sozl vve T€ 6'96 asy ‘Aejap uoniubod Jueaiubis
9'98 ze [Tz'z6Tl8ze v6 9'06 asy ‘Aejap uoniubod swos
8'LL 00 [svz 'estl90z 28T 818 asv ‘“Aejsp uoniufios oN
Annge annubod
€16 0§ [osz'ToCclove LY €66  (L0T '6'88) ASV ‘ay ubiy Ajpwanx3
'68 SY losz ‘L6tlSez 99 7'e6 (55 ‘1°59) asV ‘ay yby A1sp
9'88 ey [L2z'96Tle€ V'L 9'¢6 (9'G 'e'sv) @SV ‘ad ubiH
v'€8 0€ [coz'setlozz 9t v'.8 (6'S '92) ASV ‘gy Mo
V1L 00 [ocz 'esTlo6r  9ve v'sL (2 'g°01) @sv ‘gy moj Aan
8102S [10 JO UOIBIASD plepuelS pue ‘ues|A ‘(gy) sloineyaq annnaday
(60
§'76 9G [s6z ‘g0cl 8t ST 586 ‘£°9€) @SV ‘10S ybiy Ajswanx3a
8'16 67 [28z'cozlTve 2¥ 8'66 (9’7 '6'7€) @SV ‘108 ubiy Aisp
8'88 124 [sz'96Tlece 2L 8'¢6 (9’7 '¥'92) @sV '10S ubIH
z'es 9C [6sz 'c8tlgte  veT 9'08 (L'T'9°02) @sV ‘10s Mo
TeL 00 [szz'T9Tlz6T 6€C T'9L (L'1'6'vT) @SV '10S Mo Atap
8102S |10} JO UOIIRIASD pJepu pue ueal ‘(DS) uawwredw UOITeIIUNWIWOD [RID0S
T8 — [roz '98tleez 811 7'88  19sEIEP MUVS 34} Ul SV YHM UIp[IyD
- — — 096 oY [2102 “Ie 18 pseary] uonejndod [essuss

(%) 9ouBJalIP MSIY  S8110B3YLI BAIINDASUOD UBAMISQ OI1ed SLI Ul 80ualald 1D pue oned sty (%) 1A IN0YUAN (%) 1IN UNAA

A1IBNsS Jo1AeYag aAIlladay
SV |19M SV 1uawiuredw| [euonaund pue ‘aaniubo) ‘ebenbue ‘uonealunwwo) Je190s Buiseasou] Yy (1) uswredw| J010IA 104 o11ey YSIY aAlR|oY

‘v al|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2021 June 04.



Page 32

Bhat

‘R111aAss 101ARYaq aAIINadal se [jam se Alljige [euonouny pue ‘afenfue] ‘aAnIuBbod ‘UOIIEDIUNWILLOD [2100S JO S811068180 9AIL 0] 88.U) 8} SSOIIE Z'9
0} dn JuswredLUl J0JOW JO 3SII SAITRISA BU} Ul 3S88.0UI UB SBM 819U | "[RIIUBISONS PaJapISU0d SI 310w 10 T J0 apniubew si ul 3sealoul Uy *a1qel Siy} ul paniodal solrel st aAIle|al |[e 10y T000'0 > & 9ION

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2021 June 04.



Page 33

"(T000°0 > ) J8y10 8y} wouy Butiayip Apuedubis

A10Bayed yaea yum ‘Ajige jeuonouny Buisealoap pue ‘Aujige abenbuel Buiseasdap ‘Aljiqe aaniubos Buiseasdap ‘Alianas gy Buiseasoul quawiredwi DS Buisealoul Yiim pauasiom $a1ods [euly O-aoda dioN

Bhat

Author Manuscript

00¢
TLE
61y

8'¢ce
8'LE
8'6¢

¥'0e
L'9€
9'0or

'€
€'¢e
L'vE
8'LE
L'y

§'0€
v'ee
9ve
¥'8¢
6°¢y

€62
§'9¢
444

Tee
TLE
¢'6E

9'6¢
0'9¢
oor

§'6¢
(a4
0ve
¢'Le
9y

9'Le
v'1e
6'¢E
L'LE
0cy

810
170
0¢0

LT°0
6T°0
91’0

0¢0
670
ST0

JAA]
0€0
6T°0
ST°0
120

96  6£8'€  ASV ‘Aejap [euonouny Juediubls
89¢  995'9
oYy ¥v0'S

A)JIge [euonouny Jo uonauny e se 8109s O-AQd [euld

asy ‘Aejap [euonouny awos
asy ‘Aejap |euonouny oN

v'Z€  v9§'v  ASV ‘Aejep sfenbuey ueoyiubis
v'le  9TL'E asy ‘Aejap abenbue| swos
G6E  EVT'S asy ‘Aejap abenbue| oN

Anjige abenbue| Jo uonouny e se a103s O-AOd [euld
00 T9€'€  ASV “Aejdp uoniubod yueanubls
7’9 9SL'E
€0y 0809

Aujige aAnuBo9 Jo uonouny e se 8103s O-aoad [euld

asy ‘Aejap uoniubos swos
asy ‘Aejap uoniubos oN

v0E  ¥19 gy yby Alpwanxg
L€ S0S'T ay uby Asan
€ve 89 a4 ybIH
G'le 6919 a4 Mo
TEr  €E8'T ay moj Asep

A1anss (gy) Jo1Aeyaq aAnniadal Jo uonouny e se a103s O-goQd |euld

¢L0
S¢0
LT0
810
[440]

162  65C 105 uby Ajpwanx3
6T 88T 105 yby Assp
eve 8w’y 10S YBIH
08 9z 105 Mo
ey 91L'T 108 Moj Asop

Juswredw! (DS) UOHEIIUNWILIOD [BI90S JO UONOUNY B Se 8109s O-JDQd [euld

966 19ddn

%056 19M07]

40113 'pIs

ues|n| N saLi0bare)

‘S 9|qeL

Author Manuscript

Author Manuscript

dSV UNA ualpjiyd ui sauobsle) juswredu |
[euonnoun4 pue ‘abenbue ‘anniubo) ‘H-sgy ‘OIS $S0IIY $2109S 2101 O-ADd J0) S[eAISIU| 92UBPILUOYD pue ‘10413 prepuels ‘ues|A ‘azIS ajdwes

Author Manuscript

Autism Res. Author manuscript; available in PMC 2021 June 04.



Page 34

"ASV YIM UsIp[Iyd Ui sisouBelp o1eIyoAsd/eiuswdolansp pIgIowod e BUIMO||o) T LBy} J81ealB JO o1l Ysu Ul 8sealoul ue sajeolpul,

1344
€2
544
€z
344
0€z
344
62
81z
KA
81C
072
02z
R
81z
L€
812
672
612
2L

h4

4

4

4>

¥'6

9'8

54

L'L

144

(44

6'/8 G'¢6
6'/8
¢'16
6'/8
¢'16
6'/8
116
9'98
6'56
9'98
¢'S6
€18
9'16
G'98
V6
7’98
8'06
8'98
768

8'¢6
L9

TT6
S8

016
S8
€06
€6
028
§'.T
718
§'8T
9'8L
6'0¢
0L
§ce
¢'89
Vv

1'8E
19

S0

>z >z >z >Z

>z >z >z >z

>z >Z

uoissaida@

JapJosip enap jeuonisoddo
J1apiosip aAIs|ndwiod aAISsasqO
e1qoyd/AlaIxue [e100S

19p.0SIp UoIRUIPI009 [eJuBWdojanag

Aungesip [enos|jajul

J1apJosip AgIxuy

Aunqesip buiues

JapJosip AlAnoeiadAy 119138p UoUANY

JapJosip abenbue]

uonewJoyul Buissi

[zT0Z ““1e 10 preary] uone|ndod [essuss

onea sty [ON - s8A] @D@ 4oy sousIBYIP s

(9%) a1ed aousenasd d0a (%) ajdwes jo uoniodoad

[N ON/SSA SV UM UaJp|iyd Ul sesouBelp pigowod [euonippy

Bhat

Author Manuscript

dSV YN UaIp[1yD Ul sasoufielq pigiowo) snolieA Buisealou] ynaa (1IA) Juswiredw| JOJO 10} 01y YsIY aAle[aY

‘9 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Autism Res. Author manuscript; available in PMC 2021 June 04.



	Abstract
	Introduction
	Methods
	SPARK Study Procedures and Data Access
	SPARK Forms and Measures
	DCD-Q
	SCQ
	RBS-R
	Inclusion/Exclusion Criteria
	Categories of Language, Cognition, and Functional Abilities
	Statistical Analysis

	Results
	Risk for Motor Impairment as a Function of Social
	Communication Impairment
	Risk for Motor Impairment as a Function of Repetitive Behavior Severity
	Risk for Motor Impairment as a Function of Cognitive Abilities
	Risk for Motor Impairment as a Function of Language Abilities
	Risk for Motor Impairment as a Function of Functional Abilities
	Risk for Motor Impairment as a Function of Comorbid Diagnoses

	Discussion
	Motor Impairment is Associated With ASD Severity
	Motor Impairments are Pervasive in Children With ASD Across Various Categories of Cognitive, Functional, and Language Impairments
	Motor Impairment Increases With Comorbid Diagnoses and Crosses Diagnostic Boundaries
	The Multisystem Nature of ASD
	Clinical Implications

	Limitations
	Conclusions
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.
	Table 6.

