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Abstract

We examined whether clinically distinct subgroups can be derived from a sample of toddlers 

(N=186) who failed the Modified Checklist for Autism in Toddlers, received a comprehensive 

clinical evaluation, and were diagnosed with an autism spectrum disorder (ASD). Three subgroups 

emerged from cluster analysis distinguished by (a) social, communication, and intellectual skills 

and (b) the rate and intensity of repetitive behaviors and abnormal sensory response. 

Preoccupations, compulsions, and rituals did not distinguish resultant subgroups. These results 

support a dimensional view of ASD symptoms in toddlers since subgroup differences were based 

on symptom severity rather than different symptom profiles. Results also identify specific types 

and levels of behavioral deficit relevant to toddler populations. Implications for early diagnosis are 

discussed.
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Children with autism spectrum disorders (ASDs) comprise a heterogeneous group that 

shows diverse levels of social, communication, behavioral, and intellectual development. 

Consequently, attempts to discover common features of ASDs essential for categorical 

classification have faced many challenges. Current diagnostic schemes typically recognize 

three distinct diagnoses within the class of ASDs: a) Autistic Disorder, b) Asperger’s 

Disorder, and c) Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS; 

American Psychiatric Association, 1994); although a more dimensional classification system 

is being considered in revised diagnostic manuals (American Psychiatric Association, 2009). 

Yet it is unclear whether a categorical or dimensional view of ASDs is more appropriate in 

toddler populations and, if clinically distinct categories can be derived; whether these 

categories can delineate etiology, trajectory, and treatment options for the young child (Fein 
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et al., 1999). If clinically distinct categories of ASDs do exist, identification of symptoms 

that differentiate categories in the first few years of life can inform diagnostic practices and 

enhance knowledge of early manifestations of the disorders and factors that influence 

developmental course.

Past research suggests that as many as four categories of ASDs can be empirically derived, 

but that level of symptom severity is primarily responsible for distinguishing resultant 

subgroups (see Table 1 for select cluster analytic studies). Specifically, the degree of 

impairment in social, communication, and intellectual abilities and the presence of 

stereotyped interests and behaviors (SIB) have been found to be important factors that define 

ASD subgroups (Eaves, Ho, & Eaves, 1994; Fein et al., 1999; Sevin, Matson, Coe, Love, 

Matese, & Benavidez, 1995; Siegel, Anders, Ciaranello, Bienenstock, & Kramer, 1986; 

Stevens et al., 2000). Cluster analysis, which relies on the partitioning of data into 

homogeneous groups, has been used to identify subgroups of ASDs in older populations. 

One of the earliest cluster analytic studies of ASDs found four clinically distinct subgroups 

defined by classic autism, severe intellectual disability, schizotypal personality traits, and 

anxious/negativistic behaviors (Siegel et al., 1986). A 4-cluster solution was also found by 

Eaves and colleagues (1994) and Sevin and colleagues (1995); both studies found subgroups 

of children who had low-functioning autism, high-functioning autism, moderate or typical 

autism, and mild or hard-to-diagnose autism. But only two ASD subgroups of low-

functioning autism and high-functioning autism were found when Fein and colleagues 

(1999) limited their cluster analysis to 633 preschool children with delayed or deviant 

communication. The significance of this latter study is that fewer subgroups of children with 

ASDs were found when the focus was narrowed to a preschool population. This finding 

suggests that the course of ASDs may become more heterogeneous as children age and that 

distinct variables may predict level of severity of ASDs in young children.

Yet all of the aforementioned studies focused on older children and adults who present with 

distinctly different symptom sets than toddlers with ASDs. For instance, some researchers 

propose a 2-factor model of SIB that consists of “lower-order” sensorimotor behaviors and 

“higher-order” cognitive rigidity; lower-order sensorimotor behaviors may occur more often 

in younger samples than older samples and higher-order cognitive rigidity may occur more 

often in older samples than younger samples (Szatmari et al., 2006; Richler, Bishop, 

Klienke, & Lord, 2007; Richler, Huerta, Bishop, & Lord, 2010). However, there are only a 

few published studies on these factors of SIB in very young children with ASDs. In one 

report, Moore and Goodson (2003) found that parents of toddlers with ASDs reported more 

impairment in lower-order SIB than higher-order SIB. These results were further supported 

by Richler and colleagues (2007; 2010) who found that parents of toddlers with ASDs 

reported more lower-order behaviors than parents of children with other delays or typical 

development; higher-order SIB did not distinguish study groups. A decreased frequency of 

higher-order SIB in toddlers is not surprising given they are positively correlated with 

nonverbal abilities (Bishop, Richler, & Lord, 2006; Lord et al., 2006) and most children with 

ASDs identified in the first few years of life have below average nonverbal skills.

It is not clear from previous research whether lower-order SIB occur at the rate or intensity 

in toddlers to meet diagnostic classification that requires clinically significant impairment in 
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social, communication, and behavioral domains. Moreover, there are other limitations of 

previous analyses that deserve consideration. First, the youngest mean age of children 

studied in past subgroup reports was almost five years (Fein et al., 1999); there are no 

published studies on categories of ASDs in children younger than five years of age. Second, 

many studies used unstandardized or unpublished measures designed solely for the purpose 

of cluster analysis or measures that are not routinely used in clinical or research practice 

(Eaves, Ho, & Eaves, 1994; Fein et al., 1999; Prior et al., 1998; Siegel et al. 1986; Stevens et 

al., 2000); using items on the “gold standard” measures as cluster and validation variables 

may lend more credence to resultant subgroups. Third, there are no published studies that 

examine subgroup differences in lower-order versus higher-order SIB to determine whether 

some groups of toddlers with ASDs would be missed by classification systems that require 

impairment in all three diagnostic domains. Finally, there are no published studies that 

examine characteristics of early ASD subgroups that can predict later ASD diagnosis.

Given the aforementioned limitations, the primary purpose of our study was to examine 

whether empirically derived subgroups could be derived from a sample of toddlers with 

ASDs and whether resultant subgroups would be based on level of ASD severity or different 

symptom profiles. Based on past research, it was hypothesized that we would find 2–3 ASD 

subgroups distinguished by level of impairment in social, verbal, and nonverbal abilities and 

the presence of SIB. We thought lower-order SIB would distinguish ASD subgroups in our 

sample of toddlers whereas higher-order SIB would not, suggesting that a 2-factor model of 

SIB may not emerge until after the toddler years. We also thought many of the toddlers with 

ASD in our sample would show clinically significant social and communication deficit but 

not clinically significant SIB and that this group of children would be more likely to lose 

their ASD diagnoses two years later.

Methods

Participants

Participants were retrospectively identified from two early screening studies at the 

University of Connecticut (UConn) and Georgia State University (GSU). Specifically, 

families of participants who provided written informed consent were administered the 

Modified Checklist for Autism in Toddlers (M-CHAT; Robins et al., 1999a) during a routine 

18- or 24-month well child visit or a visit to a state-wide early intervention program that 

serves children from birth to 36 months of age. The M-CHAT (Robins et al., 2001) is a short 

parent-report checklist designed to detect risk for ASDs in very young children. Failure of 

the instrument is defined as any three of 23 items failed, or any two of six critical items 

failed. Critical items were identified by empirical methods using discriminant function 

analyses. The most current estimate of M-CHAT sensitivity suggests an upper bound of .91; 

which corroborates the original validation study (Kleinman et al., 2008; Robins et al., 2001).

If M-CHAT results indicated risk for an ASD, a member of the study team called the family 

to administer the M-CHAT Follow-Up Interview (Robins et al. 1999b) to clarify responses 

and elicit examples of target behaviors. If risk for ASDs was still indicated after the M-

CHAT Follow-Up Interview, the family was invited for a free, comprehensive clinical 

evaluation. Three hundred children screened positive on the M-CHAT and Interview and 
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received a comprehensive clinical evaluation. Our sample consisted of 186 toddlers who 

failed the M-CHAT and follow-up interview and were diagnosed with an ASD after the 

clinical evaluation at an average age of 26 months (range = 13–37 months; SD = 5 months). 

The racial make-up of the sample was 88% White, 4% Black, 4% Hispanic (including 

Puerto Rican), 2% Asian, and 2% “other” (N = 112). The sample was 80% male and 20% 

female. The average cognitive standard score yielded at the clinical evaluation was 61 (N = 

173; range = 49–127; SD = 16), reflecting mild intellectual disability.

After the clinical evaluation, 113 children were diagnosed with Autistic Disorder, 72 were 

diagnosed with PDD-NOS, and one was diagnosed with Asperger’s Disorder. One hundred 

twenty of the 186 children in the sample were evaluated again around four years of age 

(mean = 53 months; range = 41–79 months; SD = 7 months). The same measures used in 

toddler evaluations were repeated in 4-year evaluations. After the clinical evaluation around 

four years of age, 72 children were diagnosed with Autistic Disorder, 26 were diagnosed 

with PDD-NOS, and 22 were not diagnosed with an ASD. See Table 2 for a crosstab of 2-

year and 4-year diagnoses.

Measures

The Autism Diagnostic Interview-Revised (Lord, Rutter, & Le Couteur, 1994) is a semi-

structured, parent interview used to classify children with a mental age of ≥ 24 months as 

autism or no autism; the ADI-R does not classify children with other ASDs. The ADI-R 

gathers comprehensive information about the child from a parent in three domains of 

development: social, communication, and SIB. Individual items are scored as 0, 1, or 2 on 

the diagnostic algorithm. It is important to note that the ADI-R is often used in clinical and 

research practice with very young children because of lack of other appropriate measures. In 

response to this dilemma, the authors of the ADI-R have created a toddler version that is 

currently being field tested and was used in a portion of the current sample. The diagnostic 

algorithm for the toddler version is an exact replica of the diagnostic algorithm of the ADI-R 

(although different items are included in the broader interview). Furthermore, criteria for 

scoring and determining autism classification are the same. Therefore, both versions of the 

instrument will be called the ADI-R throughout this report.

The Autism Diagnostic Observation Schedule (Lord et al., 1999) is a standardized 

observation of a child that tries to elicit social interaction and communication using 

structured play activities. The examiner implements the module that best corresponds to the 

child’s expressive language level in order to prevent language aptitude from impeding 

accurate classification. Most children in this study were administered Module 1, designed 

for children who are not regularly using phrase speech. ASD classification, subsequently 

referred to as the ADOS total score, is determined by scores on a subset of items from the 

social and communication domains. The algorithm page also includes SIB and play items, 

although they are not considered for ASD classification. Individual items are scored as 0, 1, 

or 2 on the algorithm page.

New ADOS algorithms have been proposed and are currently being validated in different 

samples of children (Gotham, Risi, Pickels, & Lord, 2007; Oosterling et al., 2010). The new 

ADOS algorithms combine items from the former social and communication domains to 
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derive a social affect total score and combine items from the former social and behavioral 

domains to derive a restricted and repetitive behavior total score. ASD classification is based 

on resultant scores from both the social affect and restricted and repetitive behavior 

domains. Results from both the former ADOS algorithms and newer ADOS algorithms will 

be presented in this analysis.

The Childhood Autism Rating Scale (Schopler, Reichler, & Renner, 1988) is a standardized 

observation instrument used to help diagnose ASDs in young children; parent report can also 

be considered during scoring. The CARS rates children suspected of having an ASD on 15 

items that include social and communication skills and SIB. Individual items are scored on a 

7-point Likert scale rated from one to four in half-point increments. The final diagnostic 

algorithm represents a sum of item scores and classifies the child as having severe autism, 

mild-moderate autism, or no autism indicated; a cut-off score of 30 is needed to be classified 

as having an ASD. Previous analyses on a subsample of children included in this study 

found that inter-rater reliability for the CARS total score was .94 (Chelbowski, Green, 

Barton, & Fein, 2010).

The Mullen Scales of Early Learning (MSEL, Mullen, 1995) is a standardized measure of 

cognition appropriate for children from birth to 68 months of age. The examiner presents a 

series of tasks created to measure gross motor, fine motor, expressive language, receptive 

language, and visual reception skills. Raw scores can be converted to t-scores, percentile 

ranks, and age equivalents. An early learning composite, created from all domains except 

gross motor, is also provided.

The Vineland Adaptive Behavior Scales (VABS, Sparrow, Balla, & Cichetti, 1984; Sparrow, 

Balla, & Cichetti, 2005) is a semi-structured parent interview that assesses personal and 

social sufficiency in individuals from birth to 18 years. The VABS assesses four domains of 

adaptive behavior: communication, daily living skills, socialization, and motor abilities. 

Raw scores can be converted to standard scores, percentile ranks, and age equivalents. An 

adaptive behavior composite, created from all domains, is also provided. It is important to 

note that 4% of the sample received the VABS-II (revised edition; Sparrow, Balla, & 

Cichetti, 2005). The VABS-II is similar to the VABS but offers updated norms, an expanded 

age range, updated item content, and revised interview format. Correlations between the 

VABS and VABS-II range from .65 to .91 for children 0–2 years of age.

Procedures

Families of children who screened positive on the M-CHAT and subsequent M-CHAT 

Follow-Up Interview and agreed to participate in the study were scheduled for a clinical 

evaluation. The clinical evaluation took place at the UConn psychology clinic, GSU 

psychology clinic, child’s home, or early intervention provider’s site. Evaluations consisted 

of the ADI-R, ADOS, CARS, MSEL, and VABS. All clinicians had prior experience with 

the diagnostic measures before study administration and clinicians who administered the 

ADI-R and ADOS had established research reliability. After the evaluation was complete, 

clinicians immediately scored the instruments, discussed evaluation results, and provided 

feedback to the family. A licensed clinical psychologist or developmental pediatrician 

provided ASD diagnoses after careful review of all available data and completion of a DSM-
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IV checklist that supported an ASD diagnosis. Scores on each of the autism diagnostic 

instruments informed clinical diagnosis although ASD cut-off criteria on the ADI-R, ADOS, 

and CARS were not required for a clinical diagnosis (so four children with sub-threshold 

scores were diagnosed with ASD and included in the sample; review of participant data 

confirms these children met criteria for PDDNOS at the time of evaluation and two of these 

three children who were re-evaluated around 4 years of age still met criteria for PDD-NOS). 

A comprehensive evaluation report was mailed within six weeks of the clinical evaluation. 

All families were invited to receive another comprehensive evaluation using the same 

measures around the child’s fourth birthday.

Data analyses

Ward’s cluster analysis was used to identify empirically derived subgroups of toddlers with 

an ASD. We chose cluster analysis as our analytic method since we wanted to generate 

empirically derived and homogeneous groups of toddlers with ASD, and cluster analysis 

identifies children with similar behavioral profiles given performance on clinical evaluation 

measures. The standardized instrument chosen for cluster analysis was the CARS. Individual 

items from the CARS were chosen as cluster variables because the CARS was associated 

with the highest agreement with clinical judgment when used in a sub-set of toddlers from 

this sample (Ventola et al., 2006; Wiggins & Robins, 2008). Further, the CARS has a broad 

range of items that may be important in defining subgroups of toddlers with ASDs and 

CARS items are rated on a 7-point scale, which provides a broader range of scores than 

other diagnostic instruments (such as the typical 3-point range found on the ADOS and 

ADI-R). Items from other diagnostic, cognitive, or adaptive measures were not used as 

cluster variables since these items were used to validate the cluster solution and were used as 

dependent variables in subsequent analyses.

Discriminant function analysis (DFA) of CARS items was used to identify CARS functions 

that best defined resultant subgroups and the amount of variance in cluster membership 

accounted for by each of these functions. Clusters were then validated by assessing mean 

differences between subgroups on MSEL domain scores, VABS domain scores, and ADI-R 

domain scores; the Bonferroni correction was applied to adjust for multiple comparisons. 

Validation analyses were conducted to assess whether resultant subgroups differed in terms 

of symptom profiles or level of severity on measures that were not used to generate the 

cluster solution but still had relevance to the presentation of ASDs in toddlers. Validation 

analyses will primarily focus on MSEL, VABS, and ADI-R comparisons. Validation results 

from the ADOS will only be mentioned briefly in text (and excluded from tables) since the 

ADOS was based on the same behavioral sample as the CARS. MSEL age equivalents were 

analyzed instead of t-scores because of common floor effects produced on this measure.

Separate ANOVAs were also performed to determine subgroup differences on individual 

SIB item scores included on the ADI-R and ADOS diagnostic algorithms in order to 

determine if resultant subgroups differed on additional SIB than those included as cluster 

variables (i.e., CARS items); the Bonferroni correction was again applied to adjust for 

multiple comparisons. Multinomial logistic regression was conducted to examine how ASD 

subtype membership around two years predicted ASD diagnosis around four years. 
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Specifically, clinical diagnosis around four years of age was coded into three categories: 

nonASD, PDD-NOS, and Autistic Disorder. These categories were entered as the dependent 

variable and ASD cluster membership was entered as the independent variable. The 

reference category for four year diagnoses was Autistic Disorder. (B) coefficients were 

interpreted as odds-ratios, which are differences in the odds likelihood of membership in 

various diagnostic groups.

Results

Subgroups of Toddlers with ASD

Ward’s cluster analysis revealed three clusters of toddlers with ASDs: Cluster 1 consisted of 

47 children, Cluster 2 consisted of 44 children, and Cluster 3 consisted of 95 children. Of the 

47 children in Cluster 1, 35 (74%) were diagnosed with PDD-NOS or Asperger’s Disorder 

(ASP) and 12 (26%) were diagnosed with Autistic Disorder; of the 44 children in Cluster 2, 

22 (50%) were diagnosed with PDD-NOS and 22 (50%) were diagnosed with Autistic 

Disorder; and of the 95 children in Cluster 3, 16 (17%) were diagnosed with PDD-NOS and 

79 (83%) were diagnosed with Autistic Disorder. There were no significant age or sex 

differences between cluster subgroups. There was a significant difference between cluster 

subgroups in total MSEL standard scores in that Cluster 1 (M = 71) performed better than 

Cluster 2 (M = 61) or Cluster 3 (M = 56), F (2, 171) = 17.20, p < .01.

A DFA of CARS items was performed to identify functions that best defined cluster 

subgroups and the amount of variance in cluster membership accounted for by each 

function. The DFA found that two discriminant functions were significant in distinguishing 

subgroups, Wilks’ lambda = .15, χ2 (30, N = 186) = 331.91, p < .00 for the first function and 

Wilks’ lambda = .55, χ2 (14, N = 186) = 105.06, p < .00 for the second function. The first 

function accounted for 76% of the variance and the second function accounted for 24% of 

the variance. The first function was labeled by the authors as “social and communication 

skills” and the second function was labeled by the authors as “SIB.” CARS items included 

in the first function were verbal communication, emotional response, imitation, nonverbal 

communication, and relating to people; CARS items included in the second function were 

object use, body use, and sensory response (see Table 3 for a list of all CARS items as they 

pertain to each function).

Differences Between Subgroups of Toddlers with ASD

The three subgroups derived from cluster analysis were next compared on MSEL, VABS, 

and ADI-R domain scores to determine how these subgroups differed in cognitive, adaptive, 

and autism-specific domains. ASD subgroups differed on all MSEL, VABS, and ADI-R 

domains, except the MSEL motor domain, VABS motor domain, and ADI-R SIB domain 

(see Table 4). Table 4 shows the first cluster had more communication abilities than the 

second or third cluster; the first cluster performed significantly better than both the second 

and third cluster on the VABS and ADI-R communication domains. The first cluster also 

had more social abilities than the second or third cluster; although group differences only 

reached statistical significance between the first and third clusters on the VABS and ADI-R 

social domains. ADOS analyses supports these results in that the first and second cluster 
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showed significantly less impairment on the old social, F (2, 137) = 34.03, p < .01; 

communication, F (2, 137) = 25.38, p < .01; and SIB domains, F (2, 137) = 12.69, p < .01. 

The first and second cluster also showed significantly less impairment on the new social 

affect, F (2, 137) = 14.10, p < .01 and restricted and repetitive behavior domains, F (2, 171) 

= 17.20, p < .01, indicating consistent findings across the old and new ADOS algorithms. 

Therefore, given results of the DFA and ANOVA analyses, cluster subgroups were 

distinguished by level of social, communication, and intellectual abilities and the rate and 

intensity of SIB. Consequently, the first cluster subgroup, which was characterized by 

relatively few social and communication deficits, few SIB, and low-average intellectual 

abilities, was labeled “ASD, mild impairment.” The second cluster subgroup, which was 

characterized by many social and communication deficits, few SIB, and mild intellectual 

disability, was labeled “ASD, moderate impairment.” The third cluster subgroup, which was 

characterized by many social and communication deficits, many SIB, and mild-moderate 

intellectual disability, was labeled “ASD, severe impairment.”

Cluster subgroups were next compared on ADOS and ADI-R SIB algorithm items 

appropriate for toddlers (i.e., all algorithm items except ADI-R “circumscribed interests,” 

which is only appropriate for children 36 months and older) to further classify subgroups 

and offer additional validation of cluster labels. There were no significant group differences 

in unusual preoccupations, verbal rituals, compulsions and rituals, and repetitive interests; 

the majority of these higher-order SIB were found in the ADI-R behavioral domain and few 

children exhibited such behaviors (Table 5). There were also no significant group 

differences in hand and finger or other complex body mannerisms on either diagnostic 

instrument (Table 5). There were, however, significant group differences in repetitive 

behaviors and abnormal sensory response on both the ADI-R and the ADOS (Table 5). In 

these analyses, the subgroup labeled “ASD, severe impairment” had significantly more 

repetitive behaviors and abnormal sensory response than other cluster subgroups.

Diagnostic Prediction

The percent of children in ASD clusters diagnosed with nonASD, PDD-NOS, and Autistic 

Disorder at their re-evaluation are summarized in Table 2 for clarity. One hundred twenty of 

the 186 children diagnosed with an ASD as a toddler were assessed again around four years 

of age. There were no differences in 2-year ADI-R, ADOS, MSEL, or VABS scores 

between the 136 children re-evaluated around 4-years and the 50 children not re-evaluated 

around 4-years. Twenty three of these 136 children no longer met criteria for an ASD when 

evaluated around 4 years of age; instead these children were defined as having intellectual 

disability (n=7), language delay (n=3), motor delay (n=1), and typical development (n=12). 

Results found that children in the “ASD, mild impairment” subgroup were four times as 

likely than children in the “ASD, severe impairment” subgroup to receive a nonASD 

diagnosis as compared to a diagnosis of Autistic Disorder, Wald = 7.94, p = .01. There were 

no significant differences between children in the “ASD, moderate impairment” and “ASD, 

severe impairment” subgroups in terms of likelihood of receiving a diagnosis of nonASD 

compared to a diagnosis of Autistic Disorder. Furthermore, children in the “ASD, mild 

impairment” subgroup were eight times as likely than children in the “ASD, severe 

impairment” subgroup to receive a diagnosis of PDD-NOS as compared to a diagnosis of 
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Autistic Disorder, Wald = 14.85, p = .00, and children in the “ASD, moderate impairment” 

subgroup were six times as likely than children in the “ASD, severe impairment” subgroup 

to receive a diagnosis of PDD-NOS as compared to a diagnosis of Autistic Disorder, Wald = 

8.56, p = .00. It is also important to note that 12 out of 14 children (86%) who did not have 

SIB noted on the ADOS at 2-years and were re-evaluated at 4-years retained an ASD 

diagnosis and 11 out of 13 children (85%) who did not have SIB noted on the ADI-R at 2-

years and were re-evaluated at 4-years retained an ASD diagnosis.

Discussion

We found three subgroups of toddlers with ASDs distinguished by level of social, 

communication, and intellectual abilities and the rate and intensity of repetitive behaviors 

and abnormal sensory response. These results support past research in that 76% of the 

variance in distinguishing ASD cluster subgroups was accounted for by social and 

communication skills, suggesting that social and communication impairments are 

particularly relevant for the definition and classification of young children with ASDs. It is 

important to note that, on average, the subgroup with a clear social and communication 

advantage still performed below average in these domains and still met ASD criteria on 

standardized diagnostic instruments. Therefore, even the subgroup with more social and 

communicative abilities showed clinically significant social and communication 

impairments. These results are not surprising given that social and communication 

impairments are defining feature of ASDs, which are a heterogeneous group of disorders 

(American Psychiatric Association, 1994).

These findings bring into question whether a dimensional or categorical view of ASDs is 

more appropriate for toddler populations. Currently, diagnostic classification systems adopt 

a categorical perception of ASDs; clinically distinct subtypes are thought to delineate 

symptom profiles and possibly influence developmental course. The diagnosis of Autistic 

Disorder is reserved for individuals who show social, communication, and behavioral 

deficits and the diagnosis of PDD-NOS is reserved for individuals who have symptoms of 

Autistic Disorder but do not meet full diagnostic criteria or have an atypical symptom 

presentation. Thus, the diagnostic category of PDD-NOS includes a broad range of 

symptoms and may not represent a clinically distinct subtype of toddlers. A dimensional 

view of ASDs in toddlers would support a single spectrum of behaviors, rather than distinct 

diagnoses of Autistic Disorder, PDD-NOS, and Asperger’s Disorder, with a range of 

symptoms and associated pathology (American Psychiatric Association, 2009). This 

dimensional view could represent two domains of deficit (i.e., social affect and restricted 

and repetitive behaviors) instead of three domains of deficit (i.e., social, communication, and 

behavioral; American Psychiatric Association, 2009).

The results of our study support a dimensional view of ASDs in toddlers since subgroups 

were distinguished by level of social, communication, and intellectual abilities and the rate 

and intensity of SIB rather than distinct symptom profiles. The most important implication 

of these findings is that toddlers in one subgroup showed more impairments in repetitive 

behaviors and abnormal sensory response than toddlers in the other two subgroups; many 

toddlers in the other two subgroups had few (or sub-clinical) behavioral deficits. Therefore, 
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dimensional classification systems that require clinically significant deficits in SIB using the 

current DSM definitions may miss many young children with ASDs who show social and 

communication deficits only (with clinically significant SIB that may not develop until after 

the toddler years). Dimensional classification systems will thus need to consider the types of 

SIB appropriate for ASD classification in toddlers (i.e., repetitive behaviors and abnormal 

sensory response) as well as the rate and intensity at which they occur.

As just mentioned, it was not the presence of repetitive behaviors and abnormal sensory 

response that distinguished toddler ASD subgroups, but the rate and intensity at which these 

SIB occurred. For instance, even though repetitive body use was more frequently observed 

in children labeled “ASD, severe impairment,” children with an ASD placed in other 

subgroups still showed “mildly abnormal body use” associated with “minor peculiarities” 

(Schopler, Reichler, & Renner, 1988). These findings support the hypothesis that SIB 

represent a continuum of behaviors that may or may not reach clinical significance in 

toddlers (Richler et al., 2007; Richler et al., 2010). Again, these findings caution that a 

diagnostic requirement of clinically significant impairments in SIB, especially higher-order 

SIB, may exclude many toddlers who retain their diagnosis into the pre-school years and 

delay early intervention referrals.

The subgroup that consistently had higher rates of repetitive behaviors and abnormal 

sensory response also had mild-moderate intellectual disability, which begs the question of 

how this subgroup differed from the other subgroup with mild intellectual disability. Results 

found that the “ASD, severe impairment” subgroup differed from the “ASD, moderate 

impairment” subgroup in that the former had lower visual reception scores and more autistic 

deficit than the latter, despite similar expressive and receptive language skills. It may be, 

then, that developmental level is responsible for the initial appearance of certain SIB and 

higher rates of these SIB further disrupts social development which leads to more impaired 

functioning (Bishop et al., 2006). This hypothesis was partially supported in that toddlers 

with severe ASD and many lower-order SIB were much more likely than toddlers with mild 

and moderate ASD and few SIB to receive a diagnosis of Autistic Disorder, compared to a 

diagnosis of nonASD or PDD-NOS, around four years of age.

Higher-order SIB, such as unusual preoccupations and compulsions and rituals, did not 

distinguish ASD subgroups in this analysis. This lack of difference can be explained by low 

frequency of higher-order SIB for all ASD subgroups; thus suggesting that higher-order SIB 

are not particularly relevant to younger cohorts and are not useful in classifying and 

diagnosing toddlers with ASDs. This perspective is shared among others who also failed to 

find significant group differences based on higher-order SIB in younger cohorts (e.g., group 

differences between toddlers with various forms of ASDs as well as toddlers with ASD and 

DD; Moore & Goodson, 2003; Richler et al., 2007; Richler et al., 2010). Yet higher-order 

SIB are consistently found in older cohorts and do distinguish older children and adults with 

ASDs. Therefore, higher-order SIB may not develop until after the toddler years or may be 

related to skills not typically found in toddler populations (e.g., typical or advanced mental 

age).
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One limitation of our study was that ADOS and CARS scores were based on an overlapping 

behavioral sample and ADOS analyses were used to offer additional support for the cluster 

solution. However, validation of the cluster solution primarily involved MSEL, VABS, and 

ADI-R analyses; validation of the cluster solution using old and new ADOS algorithms were 

only offered as additional support for these results. In addition, although clinical diagnosis 

was partially based on CARS ratings, previous analyses on some of the participants in this 

sample suggest that inter-rater reliability for the CARS total score was .94 (Chelbowski, 

Green, Barton, & Fein, 2010), reflecting standardized scoring for cluster variables. It is also 

important to note that 27% of the sample was not re-evaluated around 4-years of age; thus 

some participant characteristics could have influenced study results. However, additional 

analyses showed no significant differences in 2-year ADI-R, ADOS, MSEL, or VABS 

scores between the 136 children re-evaluated around 4-years and the 50 children not re-

evaluated around 4-years. Therefore, we believe the limitations of the study do not negate 

the importance of our results

In conclusion, our study is the first to explore empirically derived subgroups of toddlers with 

ASDs using a standardized instrument that represents behaviors commonly found in the first 

few years of life. These types of analyses are useful in generating hypotheses on the 

development and course of ASDs in childhood and to inform diagnostic practices. We found 

three subgroups of toddlers with ASDs primarily distinguished by social, communication, 

and intellectual skills and the rate and intensity of repetitive behaviors and abnormal sensory 

response, which supports a dimensional view of ASDs in toddlers focused on these specific 

developmental domains. We encourage replication of these analyses with different cluster 

variables and more diverse samples of children in order to support the external validity of 

our findings. We also encourage diagnostic systems to consider the type and level of 

behavioral deficit needed for ASD classification in toddlers so all children with ASDs can 

be identified as soon as possible and referred to appropriate interventions.
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Table 2

Crosstabs between 4-year diagnoses and 2-year diagnoses and 2-year cluster membership

4-Year diagnoses

NonASD PDD-NOS Autistic disorder

2-Year diagnoses

 Asperger’s disorder 0 1 0

 PDD-NOS 14 18 13

 Autistic disorder 9 15 66

 Totals (n) 23 34 79

2-Year cluster membership

 Cluster 1 10 16 14

 Cluster 2 6 11 15

 Cluster 3 7 7 50

 Totals (n) 23 34 79
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Table 3

Structure coefficient (SC) and discriminant function coefficients (DFC) for cluster variables

Function 1
Social communication SC (DFC)

Function 2 SIB
SC (DFC)

Imitation .62 (.36)

General impressions .52 (.55)

Relating to people .45 (.30)

Nonverbal communication .41 (.35)

Verbal communication .41 (.53)

Listening response .35 (.07)

Intellectual response .29 (.26)

Emotional response .29 (.40)

Visual response .26 (.14)

Activity level .50 (.51)

Object use .41 (.35)

Fear .40 (.52)

Resistance to change .37 (.08)

Body use .26 (.13)

Sensory response .21 (.09)
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