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Abstract

The heterogeneous nature of children with symptoms of autism spectrum disorder (ASD) makes it
difficult to identify risk factors and effective treatment options. We sought to identify behavioral
and developmental features that best define the heterogeneity and homogeneity in 2-5-year-old
children classified with ASD and subthreshold ASD characteristics. Children were enrolled

in a multisite case—control study of ASD. Detailed behavioral and developmental data were
gathered by maternal telephone interview, parent-administered questionnaires, child cognitive
evaluation, and ASD diagnostic measures. Participants with a positive ASD screen score or
prior ASD diagnosis were referred for comprehensive evaluation. Children in the ASD group
met study criteria based on this evaluation; children who did not meet study criteria were
categorized as having subthreshold ASD characteristics. There were 1480 children classified

as ASD (81.6% boys) and 594 children classified as having subthreshold ASD characteristics
(70.2% boys) in the sample. Factors associated with dysregulation (e.g., aggression, anxiety/

This article has been contributed to by US Government employees and their work is in the public domain in the USA.

Correspondence: Lisa D. Wiggins, CDC/NCBDDD MS E-86, 4770 Buford Highway, Atlanta, GA 30341, USA. lwiggins@cdc.gov.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version of the article at the publisher’s website.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wiggins et al. Page 2

depression, sleep problems) followed by developmental abilities (e.g., expressive and receptive
language skills) most contributed to heterogeneity in both groups of children. Atypical sensory
response contributed to homogeneity in children classified as ASD but not those with subthreshold
characteristics. These findings suggest that dysregulation and developmental abilities are clinical
features that can impact functioning in children with ASD and other DD, and that documenting
these features in pediatric records may help meet the needs of the individual child. Sensory
dysfunction could be considered a core feature of ASD and thus used to inform more targeted
screening, evaluation, treatment, and research efforts.

Lay summary

The diverse nature of autism spectrum disorder (ASD) makes it difficult to find risk factors and
treatment options. We identified the most dissimilar and most similar symptom(s) in children
classified as ASD and as having subthreshold ASD characteristics. Factors associated with
dysregulation and developmental abilities contributed to diversity in both groups of children.
Sensory dysfunction was the most common symptom in children with ASD but not those with
subthreshold characteristics. Findings can inform clinical practice and research.
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INTRODUCTION

Autism spectrum disorder (ASD) is a developmental disability characterized by persistent
deficits in social interaction and communication and the presence of restricted interests and
repetitive behaviors (RRB). The Centers for Disease Control and Prevention report that
ASD is recognized in about 1 in 44 children in the United States (Maenner et al., 2020),
although prevalence estimates vary according to methodology and geographic locale. ASD
often co-occurs with other behavioral, developmental, medical, and psychiatric conditions
(Hyman et al., 2020; Levy et al., 2010). The developmental trajectory of ASD can vary
widely with some individuals improving in one or both diagnostic domains while others
remain stable or worsen over time (Fountain et al., 2012). The complex nature of ASD
suggests that it is likely associated with multiple biological and environmental risk factors
that interact to influence presentation and course (Chaste & Leboyer, 2012). This type of
phenotypic heterogeneity complicates the search for risk factors and effective treatment
options.

Some researchers have attempted to simplify ASD phenotypes to guide screening, diagnosis,
and treatment efforts and inform etiologic research. Most of these analyses have utilized data
reducing and/or data portioning techniques (e.g., cluster analysis, latent class analysis, factor
analysis) at a time when ASD symptoms are first recognized and/or diagnosed (Frazier

et al., 2008, 2012; Georgiades et al., 2013; Hu & Steinberg, 2009; Kim et al., 2016;

Munson et al., 2008; Sacco et al., 2012; Stevens et al., 2000; Zheng et al., 2020). These
techniques assume that ASD represents discrete underlying conditions that emerge based

on patterns of observed characteristics. The consensus from available studies is that there
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are between two and four subgroups of preschool-age children with ASD defined by a
severity gradient (i.e., subgroups are ordered according to scaled aggregate performance
across different measures). Components of this severity gradient depend on which variables
were included in the study, but often represent measures of developmental functioning (e.g.,
cognitive abilities) and dysregulation (aggression, anxiety/depression, sleep problems) (Hu
& Steinberg, 2009; Sacco et al., 2012; Stevens et al., 2000). Conversely, some studies report
that subgroups do not differ on measures of sensory dysfunction (Sacco et al., 2012; Zheng
etal., 2020).

Yet more than 20 years of subtyping analyses have yielded little evidence of their clinical
utility or predictive validity. Most have not been replicated and the number of distinct ASD
subgroups is variable across analyses. It is unclear whether subgroups are stable over time
and how they relate to etiological underpinnings. Other limitations of previous subgroup
analyses are the wide ranges of participant ages (Frazier et al., 2008, 2012; Hu & Steinberg,
2009), restricted regional variability (Kim et al., 2016; Sacco et al., 2012), and inclusion
of data from only one parent interview (Frazier et al., 2008; Georgiades et al., 2013; Hu &
Steinberg, 2009). Consequently, more fruitful research endeavors could define the clinical
value of identifying specific features that contribute to heterogeneity in diverse samples of
children with ASD, and how features that contribute to homogeneity can help prioritize
screening, evaluation, treatment, and risk factor research.

An alternate approach to identifying constellations of ASD symptoms is to quantify the
most distinguishing and common features of preschool children with ASD versus those
with subthreshold characteristics, or how specific features explain variance from the

most common ASD profile. Quantifying the most discriminating features would highlight
associated clinical symptoms that can impact functioning and therefore be documented in
pediatric records to best meet the unique needs of the individual child. Quantifying the most
common features—especially those most common in children with only well-defined ASD
—could promote more informed and targeted screening, evaluation, treatment, and research
efforts that focus on those common features. An enumeration approach may also facilitate
data replication, and encourage future longitudinal analyses on the stability and predicative
validity of identified features over time.

The Study to Explore Early Development (SEED) is a multisite, case—control study of
preschool children designed to investigate the behavioral manifestation and risk factors of
ASD. At the time of this study, the SEED sample was comprised of almost 1500 children
classified as ASD and almost 600 children classified as having subthreshold characteristics
after a comprehensive child evaluation. A previous latent class analysis on a sample of

those children revealed four subgroups that diverged on measures of dysregulation and
developmental functioning and converged on measures of sensory dysfunction (Wiggins et
al., 2017). However, like other subgroup attempts, the number of classes was not replicated
even though the pattern of data was similar in multiple analyses (unpublished data). The
same data has not yet been used to quantify the most distinguishing and common features of
preschool children with ASD versus those with subthreshold characteristics and determine if
these findings can be replicated.
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The objectives of our study were to use SEED data to: (1) define behavioral and
developmental features that explain the most variance in preschool-age children classified
as ASD versus those with subthreshold ASD characteristics, (2) define behavioral and
developmental features most common among these two groups of children, and (3) explore
whether results can be replicated across independent samples of children. Based on previous
research, we hypothesized that heterogeneity would be defined by developmental abilities
and dysregulation in both study groups, and homogeneity would be defined by sensory
dysfunction only within the ASD group.

Participants were children classified as having ASD or subthreshold characteristics in SEED.
This analysis includes children enrolled between 2007 and 2011 (SEED1) or 2012-2016
(SEED2) in communities in California, Colorado, Georgia, Maryland, North Carolina, and
Pennsylvania. To be eligible for the study, a child had to be 2-5 years of age at enroliment,
born and residing in one of the study catchment areas, and living with a caregiver who was
competent to communicate in English or, in California and Colorado, English, or Spanish.
The SEED protocol was approved by Institutional Review Boards at each study site.

Children with a diagnosis of ASD or non-ASD developmental delay or disorder (DD) were
identified from multiple educational and health providers or family or physician referral.
Children with a DD diagnosis other than ASD were recruited to serve as a comparison group
and to detect children with ASD symptoms who were not yet identified as having ASD.
Schendel et al. (2012) provided a detailed description of eligibility criteria, ascertainment
methods, enrollment methods, and data collection procedures in SEED.

Data collection included a maternal telephone interview and self-administered forms
described below. Children were screened for ASD symptoms to determine procedures for an
in-person assessment. All children included in this analysis received a cognitive evaluation
and a standardized ASD observation, and their mothers completed a standardized ASD
diagnostic interview.

Variable selection

For this study, we chose behavioral and developmental variables previously used in a latent
class analysis conducted on some children with ASD in the current sample (Wiggins et al.,
2017). Each of the variables used in analyses represented a construct that emerged as a
significant predictor of ASD subgroup membership in previous studies (Table 1), suggesting
their potential to explain variance from the most common ASD phenotype. Once a construct
was identified (e.g., expressive language abilities) authors searched the SEED dataset to
identify measurement sources. Continuous variables used in the SEED1 latent class analysis
were dichotomized for this study to plot each datapoint among multiple axes. Cut points
used to dichotomize variables were based on expert opinion (e.g., late walking), norm-based
data (e.g., delays found on a standardized assessment), parent endorsement of a condition or
problem (e.g., presence of sensory dysfunction), or ASD symptoms beyond the median of
the ASD sample (i.e., social communication problems noted on an ASD screen). Dependent
variables and cut-off scores are provided in Table 1.
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Measurement sources

Social Communication Questionnaire—The Social Communication Questionnaire
(SCQ) (Rutter et al., 2003) is a 40-item standardized screen for ASD. In SEED, children
with a cut-off score of =11 received a comprehensive developmental evaluation since this
cut-off score maximizes sensitivity and specificity in preschool-age children (Allen et al.,
2007). A SCQ score of less than 17 was used to determine social communication deficits
relative to other children in the ASD sample (i.e., the mean and median SCQ scores among
children with ASD were 17.4 and 17.0, respectively).

The SEED maternal interview—Responses on a comprehensive interview determined
maternal age, education, and race/ethnicity. Mothers comprised 99% of respondents.
Mothers were also asked if their child was ever diagnosed by a healthcare professional
with epilepsy or seizure disorder. Positive endorsement determined the presence of seizure
disorder in the child.

Child Behavior Checklist/1¥2-5 years—Mothers completed the Child Behavior
Checklist (CBCL) (Achenbach, 2013) to assess child behavior problems. The CBCL is

a widely used standardized instrument that measures symptoms of aggression, anxiety/
depression, attention problems, emaotional reactivity, somatic complaints, and sleep problems
in the child. CBCL #scores of 65 or higher indicate borderline to clinically significant
problems and were used to define the presence of behavior problems in this study.

Mullen Scales of Early Learning—The Mullen Scales of Early Learning (MSEL)
(Mullen, 1995) is a standardized in-person evaluation of the early learning abilities of young
children in four areas of functioning: expressive language, receptive language, fine motor,
and visual reception skills. The MSEL yields domain #scores that have a mean of 50 and SD
of 10. Children with a MSEL domain ¢score of 40 or below were classified as having below
average functioning in that domain. Children with an overall standard score (mean 100 and
SD 15) below 70 were classified as having intellectual disability (ID).

Autism Diagnostic Interview—Revised—The Autism Diagnostic Interview (ADI-R)
(Lord et al., 1994) is a comprehensive semi-structured interview used to classify children
as ASD or non-ASD. Mothers reported age at verbal language development (i.e., first
meaningful word[s]) and age the child “first walked independently without holding on.”
Mothers also reported the presence or absence of each of the following: history of
regression, insistence on sameness (i.e., compulsions/rituals, difficulties with minor changes
in routines, and resistance to trivial changes in the environment), repetitive behavior

with objects, repetitive motor mannerisms (i.e., finger mannerisms and other complex
mannerisms), restricted interests (i.e., unusual preoccupations, circumscribed interests, and
unusual attachment to objects), self-injurious behavior, and unusual sensory response (i.e.,
unusual sensory interests, undue sensitivity to noise, and negative response to specific
sensory stimuli).

Autism Diagnostic Observation Schedule—The Autism Diagnostic Observation
Schedule (ADOS) (Lord et al., 1999) is a standardized diagnostic observation used to
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classify children as ASD or non-ASD. During an ADOS administration, the clinician

tries to elicit communication and social interaction using structured play activities. ADOS
classification is determined by the total score, which is converted into a calibrated severity
score to compare children of different ages and developmental stages. The ADOS calibrated
severity score ranges from 1 to 10 with scores of 1-7 indicating low to moderate symptoms
and 8-10 indicating a high level of ASD symptoms.

Study classification

SEED ASD case status was based on the results of the ADOS and ADI-R, scored without
consideration of previous clinical diagnoses. Briefly, children classified as having ASD were
those who met ASD criteria on both the ADI-R and ADOS, or who met ASD criteria

on the ADOS and one of three alternate criteria on the ADI-R (i.e., met criteria on the

social domain and was within two points on the communication domain, met criteria

on the communication domain and was within two points on the social domain, or met
criteria on the social domain and had two or more points noted on the behavioral domain).
Using standardized diagnostic instruments to classify children with ASD in SEED offered

a uniform method of characterizing ASD symptoms that can be replicated in other studies
(Wiggins, Levy, et al., 2015).

Children classified as having subthreshold characteristics were those who received a
comprehensive developmental evaluation due to a previous ASD diagnosis or SCQ score
of =11 points but did not meet SEED ASD criteria. The most common diagnoses given

by a healthcare provider for children with subthreshold characteristics were language
delay, sensory integration disorder, motor delay, and attention deficit hyperactivity disorder
(ADHD) (Wiggins, Levy, et al., 2015). They differed from children with ASD in that they
had fewer ASD symptoms and behavior problems and more advanced cognitive abilities
(Wiggins, Levy, et al., 2015). Children in this group had significantly more diagnoses

of ADHD and significantly fewer diagnoses of sensory integration disorder and vision
problems than children with ASD (Wiggins, Reynolds, et al., 2015).

SEED clinicians rated their degree of certainty the child had ASD after the in-person
developmental evaluation. Ratings of 1-3 were categorized as “not certain” and ratings of
4-5 were categorized as “certain.” This measure was used as a proxy for clinical judgment.
Clinicians were certain of ASD in 88.9% of children classified as ASD compared to 14.6%
of those classified as having subthreshold characteristics (;(2 p<0.01). The correlation
between ASD case status and clinician certainty was 0.71 (r p < 0.01). Details on the SEED
final classification algorithm can be found in Wiggins, Reynolds, et al. (2015).

Data analyses

We used multiple correspondence analysis (MCA) to address the research objectives. MCA
is a statistical technique that summarizes response profiles among numerous categorical
variables to reveal patterns in complex datasets (Abdi & Valentin, 2007; Beh, 2004; Clausen,
1998; Greenacre, 1994, 2007; Higgs, 1991; Sourial et al., 2010). Each data point is plotted
in multi-dimensional space to determine its proximity to an origin defined by chi square
distance measures. Datapoints farthest from the origin support the hypothesis of dependence
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(i.e., considerable variation from the most common profile). Datapoints closest to the origin
support the hypothesis of independence (i.e., little variation from the most common pattern).

MCA is different from other techniques in that dimensions that produce the most variance
in a sample are quantified according to their relative importance in explaining heterogeneity.
Specific characteristics are also quantified according to their relative importance in
explaining variance withina dimension. Numeric values of the characteristics that define
heterogeneity are then used to calculate values to define homogeneity. SEED1 and SEED?2
samples were analyzed separately for purposes of cross-validation of results. Five steps of
MCA were followed in this study and are outlined below.

First, we identified the number of dimensions that represent the most important deviations
among 23 variables (46 categories) chosen for the study (Abdi & Valentin, 2007; Beh,

2004; Clausen, 1998; Greenacre, 1994, 2007). The first dimension identifies variables that
contribute to the greatest amount of variance within the data set; subsequent dimensions
identify variables that explain the greatest proportion of remaining variance. The percent and
cumulative percent of the inertia decomposition represent how much variance is explained
by each dimension, and the total amount of variance explained considering all previous
dimensions. We used a threshold of 70% of the cumulative inertia decomposition to
determine the number of dimensions to retain in the analysis (Higgs, 1991).

Second, we examined coordinates that revealed the farthest distance from the origin along
the first dimension. We considered the top 10% of variables (n7=5) with the /argest absolute
values in SEED1 that were replicated in SEED2 to define factors that most contributed to
heterogeneity in the first dimension.

Third, we examined coordinates that revealed the farthest distance from the origin along

any remaining dimension until 70% of the cumulative inertia decomposition or variance was
explained. We considered the top 10% of variables (7= 5) with the /argestabsolute values
in SEED1 that were replicated in SEED2 to define secondary factors that contributed to
heterogeneity in subsequent dimensions.

Fourth, we named dimensions according to similarities among variables that contributed to
heterogeneity in each of the retained dimensions.

Finally, we summed the absolute values of column coordinates in each dimension to
determine the least amount of distance along the retained dimensions. We considered the

top 10% of variables (n7=5) with the smallest absolute values along each dimension to
define homogeneity, with interest in those variables that met this criterion in both the SEED1
and SEED2 datasets.

All analyses were conducted using SAS 9.4.

There were 707 children classified with ASD in SEED1 and 773 children classified with
ASD in SEED2. There were 306 children classified with subthreshold ASD characteristics
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in SEED1 and 288 children classified with subthreshold ASD characteristics in SEED2.
There were more boys in the SEED1 and SEED2 ASD samples compared to those with
subthreshold characteristics (;(2 p<0.01). The presence of ID was also more prevalent
among children classified with ASD than those with subthreshold characteristics ()(2 p<
0.01). These and other characteristics of the study samples are provided in Table 2.

Among children classified with ASD, the 70% threshold of cumulative inertia was achieved
with two dimensions. Similarly, among children classified with subthreshold characteristics,
the 70% threshold of cumulative inertia was achieved with two dimensions. These results
indicate that two dimensions explained at least 70% of the variance in symptoms among
children classified with ASD and in those with subthreshold characteristics, and the addition
of other dimensions did not significantly contribute to explaining heterogeneity in ASD
phenotypes. We therefore retained two dimensions for subsequent analyses (Table 3).

Dimension 1 explained between 49% and 65% of the variance in ASD symptoms (Table 3).
Factors that most contributed to phenotypic heterogeneity in Dimension 1 for both SEED
phases and for both study groups were anxiety/depression, aggression, and sleep problems.
For children classified with ASD, the absence of sensory dysfunction also contributed

to heterogeneity in Dimension 1 (Tables 4 and S1 and Figure 1). For children classified
with subthreshold characteristics, emotional reactivity also contributed to heterogeneity in
Dimension 1 (Tables 4 and S1). We therefore refer to Dimension 1 as “dysregulation.”

Dimension 2 explained between 15% and 30% of the variance in ASD symptoms (Table 3).
Factors that most contributed to phenotypic heterogeneity in Dimension 2 for both SEED
phases and for both study groups were expressive and receptive language skills. For children
classified with ASD, the fine motor skills and visual reception skills also contributed to
heterogeneity in Dimension 2 (Tables 4 and S2 and Figure 1). For children classified with
subthreshold ASD characteristics, visual reception delays also contributed to heterogeneity
in Dimension 2 (Tables 4 and S2). We therefore refer to Dimension 2 as “developmental
abilities.”

Homogeneity was defined by identifying coordinates closest to the origin of all data

points when plotted together (i.e., those with the smallest absolute values along each
dimension). Interestingly, the absence of certain features was most prevalent in both
groups of children: absence of walking later than 15 months and absence of epilepsy/
seizure disorder for children classified with ASD and absence of developmental regression,
epilepsy/seizure disorder, and moderate—severe ASD symptoms for children classified with
subthreshold characteristics. The presence of sensory dysfunction was the only symptom
that contributed to homogeneity in children classified with ASD—but not those with
subthreshold characteristics—in both SEED phases (Tables 4 and S3 and Figure 1).

DISCUSSION

Ours is the first study to identify and replicate specific behavioral and developmental
features that best define the heterogeneity and homogeneity among a large regionally diverse
sample of preschool children classified with ASD and with subthreshold characteristics.

Autism Res. Author manuscript; available in PMC 2022 April 28.
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Factors associated with dysregulation (i.e., anxiety/depression, aggression, and sleep
problems) were responsible for 49%-65% of the variance and factors associated with
developmental abilities (i.e., expressive and receptive language skills) were responsible for
an additional 15%-30% of the variance in both groups of children. The presence of sensory
dysfunction was the only symptom that defined homogeneity among children classified

with ASD in both SEED phases; this finding did not apply to children with subthreshold
characteristics. These results support previous analyses and suggest that dysregulation and
developmental abilities are associated clinical features that can impact functioning among
children with ASD and other DD and sensory dysfunction could be considered a core feature
of ASD (Bitsika et al., 2018).

Importantly, factors associated with dysregulation and factors associated with developmental
abilities clustered within dimensions in this analysis and previous subgroup analyses
(Frazier et al., 2012; Kim et al., 2016; Munson et al., 2008; Stevens et al., 2000). Our
findings enhance previous research in several ways. First, we were able to demonstrate
independence of these dimensions by quantifying their relative importance in dissecting
heterogeneity in early childhood phenotypes. Second, we were able to quantify specific
factors within each dimension that best define this heterogeneity. Third, we were able to
confirm that similar factors contributed to heterogeneity among children who meet stringent
ASD criteria and those with subthreshold characteristics. These findings are valuable when
promoting systematic documentation of characteristics that highlight the unique needs of
preschool children with atypical development.

Signs of dysregulation are particularly important to evaluate and document in clinical
records given these symptoms contribute to at least 49% of the variance in early childhood
phenotypes. Anxiety/depression, aggression, and sleep problems are much more prevalent in
children with ASD symptoms than other children and can emerge early in life (Reynolds

et al., 2019; Wiggins, Levy, et al., 2015). However, they may not be systematically

recorded without consensus recommendations and diagnostic specifiers. Adding specifiers
related to dysregulation to diagnostic criteria for childhood disorders—Iike those for
intellectual impairment; language impairment; catatonia; and cooccurring, medical, mental,
or behavioral disorders for ASD—could encourage clinical monitoring and tailor treatments
that warrant specialized care. Distinguishing sleep problems from other medical conditions
and basing specifiers on symptoms rather than diagnosed disorders are especially relevant to
preschool-age children. This approach would retain “lumping” diagnostic categories similar
to current taxonomies but “splitting” diagnostic specifiers and measures of levels of support
needed by the child (Abu-Akel et al., 2019).

Unusual sensory response was the most common deficit among preschool children classified
with ASD but not children classified with subthreshold characteristics in SEED. This finding
is reinforced in several other studies and self-reports of individuals with ASD and supports
the addition of sensory dysfunction to ASD diagnostic criteria. More importantly, this
finding highlights the need to screen, evaluate, and treat sensory concerns early in life to
avert potential developmental debilities that may be caused by sensory deficits. The Sensory
Processing Measure (SPM) (Parham et al., 2007), Sensory Processing Measure—Preschool
(SPM-P (Parham & Ecker, 2010), and Sensory Profile—2nd edition (SP-2) (Dunn, 2010)
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are brief parent-report screens appropriate for children 2-12 years (SPM and SPM-P) and
birth through 14 years (SP-2). An occupational therapist trained in sensory evaluation and
treatment can provide a thorough assessment and develop an individualized treatment plan
for the child (Schaaf et al., 2014). Therapies designed to address sensory dysfunction can
improve individualized treatment goal attainment for young children with ASD (Pfeiffer et
al., 2011; Schaaf et al., 2014).

Our findings also emphasize the need to better characterize sensory problems in young
children with ASD and risk factors for their development. Previous studies have found

a range of pre-, peri-, and neo-natal factors associated with sensory dysfunction: assisted
delivery, breech presentation, low birthweight, infections during pregnancy, lead exposure,
maternal stress during pregnancy, prenatal alcohol exposure, placental abruptions, and
premature birth (Cai et al., 2019; Crepeau-Hobson, 2009; Crozier et al., 2016; Fieldsted
& Xue, 2019; Jirikowic et al., 2020; May-Benson et al., 2009; Ryckman et al., 2017;
Szczepara-Fabian et al., 2018; Wickremasinghe et al., 2013). There is a dose—response
relationship in terms of the number of exposures and the presence of sensory dysfunction
in the child. Prenatal alcohol exposure and maternal stress during pregnancy have also
been shown to increase sensory processing deficits in non-human primates (Schneider et
al., 2008). Future research is needed to determine risk factors for sensory dysfunction
most relevant to preschool children and how to prevent or diminish their developmental
consequences.

Epilepsy/seizure disorder is more common among individuals with ASD (Lukmaniji et

al., 2019). Our analyses found that absence of epilepsy/seizure disorder contributed to
homogeneity in the ASD sample. Yet most individuals with ASD who develop epilepsy start
having seizures after 10 years of age (Bolton et al., 2011), and our sample was restricted

to preschool age children. Age of walking at 15 months or younger also contributed to
homogeneity in the ASD sample. This finding could suggest that evaluation of gross motor
abilities, albeit important in general pediatric examination, is less useful than evaluation of
other developmental abilities in detecting and characterizing ASD in preschool-age samples.

MCA is a unique analytic approach that utilizes categorical data. There are benefits of
using MCA over other analytic techniques to explore the research questions posed in this
study. Examining relationships between categories of variables can help identify monotonic
or nonmonotonic relationships. Other techniques such as factor analysis or principal
components analysis are appreciative of only uniform relationships (monotonic positive

or negative relationship) across continuous variables. Individual categories of variables on
extracted MCA dimensions can be displayed in a two-dimensional plot, which facilitates
interpretation of independent relationships between dimensions and weighs schemes of
categories along those dimensions. Consequently, MCA quantifies factors that contribute
to variance in ASD phenotypes based on chi square distance measures from the most
common ASD profile. However, we recognize individual variation within each of the
factors dichotomized for this study. We also recognize that variables used in this analysis
represent broad constructs that lack developmental specificity. Our approach to dissecting
ASD phenotypes can therefore be considered a first step in explaining heterogeneity and
homogeneity in ASD and identifying specific characteristics that warrant for further study.
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It is important to remember that any study of ASD phenotypes relies on the measures

used to operationalize features of the disorder, as well as the statistical application. The
measures used in this study are common in ASD research and clinical practice but are

not without limitations. Most of the variables used in our MCA analysis were from the
ADI-R, CBCL, and MSEL. ADI-R items were used to define features of restricted interests
and repetitive behaviors; however, internal consistency of the ADI-R behavioral domain is
weaker than the social or communication domains (de Bildt et al., 2013). One study found
more measurement invariance in the CBCL among samples of children with ASD and ID
than ASD alone (Dovgan et al., 2019). Another study noted that most young children with
ASD show general developmental delays on the MSEL and therefore questioned its clinical
sensitivity (Burns et al., 2013). Improvements in measurement sources are needed to better
define the developmental constructs measured in diverse ASD samples.

There are several limitations of our study. Data were collected at a specific point in time
and cannot be generalized to other stages of development. Many of the variables included in
analyses were based on parent-report and not direct examination of the child. Some variables
were taken from instruments used to select the ASD sample, although children varied on
individual characteristics despite ASD versus subthreshold status. Most children with ASD
in our sample (63.4%) were classified with ID, although measures of cognitive performance
become more reliable after 6 years of age. Results may therefore be less applicable to
children without cognitive delays measured in preschool and identified with ASD later in
life. Finally, our study focused on ASD phenotypes based on behavioral and developmental
data without consideration of their biological foundations. Future studies could examine
whether the disparate dimensions and features within those dimensions found in this study
are related to different biological mechanisms and how those mechanisms are predictive of
ASD variability over time and at the individual level (Wolfers et al., 2019).

Regardless of these limitations, our findings are the first to identify specific factors that best
define heterogeneity and homogeneity in children with ASD and those with subthreshold
characteristics that can be replicated across independent samples of children. These findings
can be used to inform clinical practice on features relevant to both children with ASD and
other DD that impact functioning (i.e., dysregulation and developmental abilities) and guide
research on features most shared among children with ASD (i.e., sensory dysfunction).

We used data from a large multisite case—control study that classified children with

ASD according to standardized diagnostic instruments and collected detailed phenotypic
information on each child. These strengths support the robustness of our results and their
implications for clinical practice and future research.

In conclusion, the phenotypic diversity in preschool children with ASD symptoms extends
beyond diagnostic boundaries and is best defined by factors associated with dysregulation
followed by developmental abilities. Atypical sensory response seems to be more relevant
to those who meet stringent ASD criteria versus those with subthreshold characteristics
and may therefore represent a core feature of ASD. Our findings support systematic
documentation of factors that contribute to diversity of early childhood phenotypes and
highlight the need to promote early evaluation and treatment of sensory concerns. These
findings could also guide future research on risk factors that lead to sensory dysfunction.

Autism Res. Author manuscript; available in PMC 2022 April 28.
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DIMENSION 1:
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Variables used in multiple correspondence analysis among preschool-aged children with autism spectrum
disorder and those with subthreshold characteristics and associated references to support their inclusion in the

analysis

Multiple correspondence variables

Categorical scores used in analysis

Autism Diagnostic abcdef

Observation Schedule (ADOS) Autism symptom severity

Autism Diagnostic .
Interview—Revised (ADI-R)

Age at language developmentc’g’h

: Age at walkingg

History of regressionc

. i
Insistence on sameness

) Repetitive behavior with objectsg'/7

: Repetitive motor mannerismsdg

Restricted interestsdl

) Self-injurious behaviorsb’gl

. hi
Unusual sensory response?

Maternal interview : Early recognition of epilepsy/seizure disorderb‘c'h

Child Behavior . A ive behavi f
Checklist (CBCL) ggressive behaviors

: Anxiety/depressiong

: Attention problemsﬁ]

: Emotional reactivityg

: Sleep problemsg

) Somatic complaintsg

' Withdrawn behaviors?
Mullen Scales of Early . E el ill bdehij
Learning (MSEL) xpressive language skills

: Fine motor skills a

: Receptive language skillsd'l'/

. arfij

Visual reception skills

Social . i o i
Communication Social communication abilities

Questionnaire (SCQ)

0 = Low to moderate symptoms
1 = High level of symptoms

0 = 15 months or younger
1 =16 months or older

0 = Not reported
1 = Reported

0 = Not reported
1 = Reported

0 = ¢scores of 64 or lower
1 = tscores of 65 or higher

0 = ¢scores of 40 or higher
1 = ¢scores of 39 or lower

0 = Scores lower than 17
1 = Scores of 17 or higher

Note: In general, scores of 1 represent a delay or deficit in the child.

Associated references represented as superscript numbers.
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Abu-Akel et al. (2019).
bBaghdadIi etal. (2012).
cCohen etal. (2016).

a .

Georgiades et al. (2013).
61Hu and Steinberg (2009).
f .

Visser et al. (2018).

g Sacco et al. (2012).
h

Cuccaro et al. (2012).

IZheng etal. (2020).

kim et al. (2016).
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