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Abstract

Objective—As compared to the utility of early emerging social communicative risk markers for
predicting a later diagnosis of autism spectrum disorder (ASD), less is known about the relevance
of early patterns of restricted and repetitive behaviors. We examined patterns of stereotyped motor
mannerisms and repetitive manipulation of objects in 12-month-olds at high and low risk for
developing ASD, all of whom were assessed for ASD at 24 months.

Method—Observational coding of repetitive object manipulation and stereotyped motor
behaviors in digital recordings of the Communication and Symbolic Behavior Scales was
conducted using the Repetitive and Stereotyped Movement Scales for three groups of 12-month-
olds: 1) low-risk infants (LR, n = 53); 2) high-familial-risk infants who did not meet diagnostic
criteria for ASD at 24-months (HR-negative, n = 75); and 3) high-familial-risk infants who met
diagnostic criteria for ASD at 24 months (HR-ASD, n = 30).
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Results—The HR-ASD group showed significantly more stereotyped motor mannerisms than
both the HR-negative group (p = .025) and the LR group (p = .001). The HR-ASD and HR-
negative groups demonstrated statistically equivalent repetitive object manipulation scores (p =.
431), and both groups showed significantly more repetitive object manipulation than the LR group
(p’s < 0.040). Combining the motor and object stereotypy scores into an RSMS composite yielded
a disorder-continuum effect such that each group was significantly different from one another (LR
< HR-negative < HR-ASD).

Conclusion—These results suggest that targeted assessment of repetitive behavior during

infancy may augment early identification efforts.
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Introduction

Accumulating evidence suggests that a number of social communicative risk markers
observed as early as 12 months of age distinguish infants who will later meet diagnostic
criteria for autism spectrum disorder (ASD)12. Comparatively less is known about whether
restricted and repetitive behaviors (RRBs) represent similar levels of risk for a later
diagnosis. Comprehensive characterization of restricted and repetitive behavior at 12 months
has important diagnostic implications® and is also relevant for developmental models of
pathogenesis.

In a cohort of 18- to 24-month-old toddlers, ascertained via a general population screening
of healthcare and childcare agencies, Wetherby and colleagues’ observed that repetitive
object manipulation and stereotyped motor behaviors differentiate toddlers with ASD from
typically developing toddlers and toddlers with developmental delays. These data
complement and extend evidence based on parent-report and observational diagnostic tools
that highlight the importance of repetitive behaviors for distinguishing toddlers and
preschool-aged children with ASD from comparison groups®-14, Lower-order repetitive
behaviors!® observed in clinically ascertained samples and repetitive use of objects in
particular represent early emerging and persistent features of ASD present from 2 to 9 years
of agel4, and the severity of these behaviors at 2 years of age predicts prognosis seven years
later1,

Comparing children with developmental delays to children with ASD has elucidated aspects
of RRBs that are specific to the ASD phenotype. However, additional comparison groups
are needed to determine whether detailed characterization of RRBs might inform the
underlying biological architecture of ASD. For example, Wolff and colleagues!’ observed
differences in repetitive behavior profiles between preschool-aged boys with idiopathic
autism and boys with fragile X syndrome who also met diagnostic criteria for ASD.
Evidence from family studies of affected sibling pairs suggests that higher-order repetitive
behaviors tend to aggregate in families!8-19. Further evidence from a dense, extended
pedigree study suggests unique linkage signals for RRBs20. Another family study examining
a dimensional index of motor functioning found striking similarities in the degree of motor
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impairment among affected sibling pairs, 83% of whom had scores of at least one standard
deviation below the general population mean?L. However, only 6% of unaffected siblings of
probands with ASD performed below one standard deviation of the population mean.

Several prospective studies of infants at high familial risk for developing ASD have
examined RRBs. In these studies, high risk is defined as having an older sibling diagnosed
with ASD, and low risk is defined as having a typically developing older sibling and no
first- or second-degree relatives with autism. Results from a micro-behavioral coding
analysis in which four objects were briefly presented to high- and low-risk infants suggested
that those who later developed ASD (n=9) showed specific patterns of unusual visual and
manual exploration of objects at 12 months of age22. The comparison groups in this study
included an ‘other delays’ group (n=10) and a ‘no concerns’ group (n=47). In another study,
high-risk 18-month-olds later diagnosed with ASD (n=17), high-risk siblings who showed
other delays (n =12), and high-risk siblings who showed no developmental delays (n = 19)
demonstrated more nonfunctional repetitive play acts with objects than low-risk toddlers?3.
Although comparisons were not conducted between the high-risk subgroups, this analysis
suggests that nonfunctional repetitive play may be a familial marker of ASD. Atypical motor
mannerisms (e.g., arm waving) have differentiated 18-month-olds who later developed ASD
(n = 8) from low-risk infants and high-risk infants who did not develop ASD; however, this
pattern was not observed at 12 months of age?4. An additional preliminary study examining
the rate and inventory of object and motor stereotypies in 15-month-olds points to the
possibility that high-risk infants who do not develop ASD (n = 12) show higher rates of
these behaviors than low-risk infants2°. In sum, findings to date suggest that some features
of repetitive behavior may emerge as early as 12 or 18 months of age in children who
develop ASD. However, small sample sizes, investigations of isolated features (i.e., either
repetitive object manipulation or stereotyped motor behaviors), and decisions to merge high-
risk and low-risk groups have limited the impact of findings to date.

In the current study, we employed a standardized behavioral coding scheme? to examine
patterns of motor stereotypies and repetitive object manipulation across 3 groups of 12-
month-olds that maintains the integrity of the family design: 1) high-risk infants later
diagnosed with ASD; 2) high-risk infants who do not meet diagnostic criteria for ASD; and
3) low-risk infants. The primary objective was to characterize patterns of RRBs
representative of either a disorder-specific deficit or a pattern representing familial liability
for ASD in a large sample of 12-month-olds (N=159).

This study took place in the context of an ongoing Autism Center of Excellence Network
study (the Infant Brain Imaging Study; IBIS) prospectively investigating longitudinal brain
and behavioral trajectories in high- and low-risk infants. The institutional review boards at
all sites approved the research protocol, and parents provided informed consent for their
infants to participate. For additional information on the study design, see Elison et al.
(2013)%6 and Wolff et al. (2012)?7.
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All infants were assessed at one of four clinical sites: the University of North Carolina at
Chapel Hill, the University of Washington, the Children’s Hospital of Philadelphia, and
Washington University in St. Louis. The study sample included children with a digital video
recording of the Communication and Symbolic Behavior Scales-Developmental Profile
(CSBS-DP)28 collected at the 12-month visit, and clinical outcome data at the 24-month
visit. Exclusion criteria for both high-risk and low-risk infants included the following: 1)
history of known genetic conditions or syndromes associated with ASD; 2) significant
medical conditions affecting growth, development or cognition or sensory impairments such
as significant vision or hearing loss; 3) birth weight < 2,000 grams and/or gestational age <
36 weeks; 4) history of significant perinatal adversity, or exposure in-utero to neurotoxins;
5) contraindication for magnetic resonance imaging (MRI); 6) predominant home language
other than English; 7) having been adopted; and 8) family history of a first-degree relative
with psychosis, schizophrenia, or bipolar disorder. Low-risk infants were excluded for a
family history of a first- or second-degree relative with autism, intellectual disability, or
older sibling (proband) with ASD symptoms measured with the Social Communication
Questionnaire2?. Clinical diagnosis of ASD was corroborated in the probands of high-risk
infants with the Autism Diagnostic Interview — Revised30. The present study included 158
infants who were classified into three outcome groups: low-risk (hereafter LR, n = 53), high-
risk ASD-negative (hereafter HR-neg, n=75), and high-risk ASD-positive (hereafter HR-
ASD, n=30), based on risk status and diagnostic outcome. To be included in the HR-ASD
group, children met cut-off criteria for autism or ASD on the Autism Diagnostic
Observation Schedule (ADOS),3! and diagnostic criteria for autism according to DSM-I1V
criteria as determined by clinical-best-estimate made by experienced, licensed clinicians.
One LR infant met criteria for an ASD and was excluded from the current study to maintain
the structure of the familial-high-risk design. See Table 1 for sample characteristics.

Experimental Procedure

The behavioral sample of the CSBS-DP?’ is a standardized procedure designed to elicit
social and communicative behaviors in infants between 12 and 24 months of age. The
interaction between examiner and infant is divided into 6 sampling opportunities: 1) wind-
up toy; 2) balloon; 3) bubbles; 4) jar; 5) books; and 6) play, generally lasting 15-30 minutes.
The interaction during the CSBS-DP Behavioral Sample was digitally recorded (video) for
subsequent coding with the RSMS (see below).

The Repetitive and Stereotyped Movement Scales (RSMS)’ is a clinical coding scheme
designed as a companion to the CSBS Behavioral Sample. Directly informed by previous
findings®2 32, the RSMS was developed to assess the rate and inventory of stereotyped
motor behaviors and repetitive object manipulation in real time. The stereotyped motor
behaviors coded in the RSMS include 1) flapping arms and hands; 2) pats, taps, or presses
body part; 3) rubs body part; and 4) stiffens fingers, hands, or arms. The behaviors captured
under the repetitive object manipulation category include 1) swipes object; 2) rubs or
squeezes object; 3) rolls or knocks over object; 4) rocks, flips, turns over, or flicks object; 5)
spins or wobbles object; 6) collects objects; 7) moves or places objects to one location; 8)
lines up or stacks objects; and 9) clutches object. Many of the coding parameters were
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derived from seminal work by Thelen33, The coding scheme yields two subdomain scores
(body and object clusters) and a total RSM composite score.

All coding was conducted blind to risk and outcome status. The first author coded each
digital file, and 25% of files were randomly selected for coding by a second rater to assess
reliability. Intraclass correlation coefficients (ICC) indicated excellent inter-rater reliability
for the body cluster (ICC = 0.90), the object cluster (ICC = 0.93), and the RSM composite
(ICC =0.92).

Cognitive and Clinical Assessment

The Mullen Scales of Early Learning (MSEL)34 is a standardized measure of cognitive and
motor development for children from birth to 68 months that assesses skills and abilities in
five domains: gross motor, visual reception, fine motor, receptive language, and expressive
language. This measure yields a composite standard score (Early Learning Composite or
ELC), reflecting overall cognitive ability as well as subdomain T and age-equivalent scores.
Following precedent32, a nonverbal developmental quotient (NVDQ) and verbal
developmental quotient (VDQ) were derived from the raw MSEL data. The NVDQ was
derived from the average age equivalent scores from the fine motor and visual reception
domains divided by the chronological age at assessment multiplied by 100 (i.e., mental age/
chronological agex100). A similar formula was used to derive the VDQ from the receptive
and expressive language subscales.

The ADOS30 is a semi-structured assessment of communication, social interaction, play
skills, and restricted and repetitive behavior administered by trained examiners to all
participants at the 24-month visit. The ADOS was conducted and scored by experienced,
research-reliable examiners. The ADOS shows better sensitivity than specificity when used
with young children3®; therefore we expected some children to exceed ASD threshold on the
ADOS but not receive a clinical-best-estimate diagnosis.

Analytic Strategy

Results

We performed a Multivariate Analysis of Covariance (MANCOVA) to test for differences
between groups while controlling for cognitive level (i.e., Mullen ELC) and simultaneously
accounting for covariance between dependent measures. The omnibus test statistic was
decomposed with univariate analyses (Type 11l sum of squares), and planned pairwise
comparisons were reported for significant group differences per each dependent variable.
We then explored the associations between the three primary RSMS variables with cognitive
and clinical characteristics among the groups, as determined by the pattern of results in
planned pairwise comparisons.

No statistically significant differences were observed between the three groups in
chronological age at the 12-month assessment (p = .709), weeks gestation (p = .296), race/
ethnicity (p = .140), maternal education level (p =.200), family income (p = .653), or
chronological age at the 24-month visit (p = .413). The sex ratio of the groups differed
significantly (p = .036), with a higher proportion of males in the ASD group, as would be
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expected. A MANCOVA with the body cluster subscale, object cluster subscale, and RSMS
composite scores included as dependent variables, group status included as a fixed factor,
and the ELC from the Mullen entered as a covariate revealed a significant main effect of
group status (Pillai’s Trace V = 0.101, F(3 153) = 2.708, p = .014, npz =0.050) and no effect
of ELC (p = .320). Univariate ANOVAs confirmed the unique effects of group status on the
body cluster (F(2,154) = 5.614, p = .004, npz = 0.068), the object cluster (F(,154) = 3.141, p
=.046, 1,2 = 0.039), and the RSMS composite score (F(2,154) = 6.935, p = .001, ng? =
0.083).

Planned pairwise comparisons revealed that the three groups significantly differed from one
another on the RSMS composite index. The HR-ASD group showed significantly higher
scores than both the HR-neg (p = .046) and the LR (p < .001) groups. Furthermore, the HR-
neg group significantly differed from the LR group (p = .015). Considering the object cluster
score, the LR group scored significantly lower than the HR-ASD group (p = .027) and the
HR-neg group (p = .040). The two HR groups showed statistically equivalent object cluster
scores (p = .431). Finally, the HR-ASD group significantly differed from both the HR-neg (p
=.025) and the LR (p = .001) groups on the body cluster index. The HR-neg and LR groups
were not statistically different on the body cluster score (p = .082). See Figure 1 and Table 2
for additional information.

Exploratory Analyses: Associations between the RSMS and Developmental Level

We explored associations between RSMS subscales and developmental level (i.e., NVDQ,
VDQ, gross motor t score) according to the patterns of group differences that emerged from
the planned comparisons above. As the HR-ASD group differed from both the LR and HR-
neg group on the body cluster index, separate correlation coefficients were examined for the
HR-ASD and the combined LR+HR-neg groups. Within the HR-ASD group (n=30),
standardized scores on the gross motor subscale of the MSEL were significantly associated
with the body cluster score (rg=-0.465, p = .010). Within the combined LR and HR-neg
group (n=128), the body cluster score was significantly associated with VDQ (rg=-0.198, p
=.025).

Because the LR group differed from the HR-neg and HR-ASD groups on the object cluster
index, separate correlation coefficients were examined for the LR and the combined HR-neg
+ HR-ASD groups in relation to this variable. We observed no significant associations
between the object cluster scores and developmental level in the LR group. In the combined
HR-neg and HR-ASD group (n= 105), we observed a significant association, albeit small,
between the object cluster score and VDQ (rg= —0.194, p = .048).

Considering the above associations with VDQ among the distinct subgroups, we examined
the association between VDQ and RSMS subscales in the entire group (N=158). VDQ was
associated with the body cluster (rg=-0.186, p =.019), the object cluster (r¢=-0.257, p=.
001), and the RSMS composite score (rg= —0.305, p < .001). The alpha value for the
correlational analyses was not corrected for multiple comparisons, as these were deemed to
be exploratory, hypothesis-generating analyses.
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Discussion

We used a standardized behavioral coding scheme to characterize repetitive object and
motor stereotypies in infants at low- and high-familial risk for developing ASD, a subset of
whom met diagnostic criteria for ASD at 24 months of age. RSMS composite scores
significantly differentiated the three groups from one another (LR < HR-neg < HR-ASD).
Decomposing this finding revealed that the HR-ASD and the HR-neg groups did not differ
on the object cluster subscale, but that both groups differed from the LR group (LR < HR-
neg = HR-ASD), suggesting that repetitive object manipulation at 12 months relates
primarily to genetic liability for ASD rather than representing a specific precursor to the
development of ASD. However, the body cluster subscale yielded a pattern of results
suggesting a disorder specific deficit (LR = HR-neg < HR-ASD). Accumulating evidence
suggests that the restricted and repetitive behavior domain does not represent a unitary
construct!® 17-19 and the current findings suggest that this empirical observation may hold
for 12-month-olds.

The current findings suggest that clinical characterization of atypical motor stereotypies may
augment early identification of ASD in 12-month-olds, a finding that supplements recent
evidence that parent report of restricted and repetitive behavior at 12 months differentiates
infants who will later develop ASD36. The body cluster score is derived from 1) the rate of
stereotyped motor mannerisms and 2) the inventory or variety of stereotyped motor
mannerisms observed within the given sampling period. Examining these components of the
body cluster index as summarized in Table 2 (i.e., variety/inventory of the behaviors
observed and the rate at which they were observed) suggests that the rate of stereotyped
motor behaviors distinguishes the HR-ASD group from the LR and the HR-neg groups in
the same manner as the overall body cluster index. However, the variety or inventory of
repetitive motor stereotypies did not significantly differ between the HR-ASD and the HR-
neg groups. Thelen33 reported that the rate of motor stereotypies significantly decreases
between 8 and 12 months of age in typically developing infants, but that the inventory or
number of different stereotypies remains statistically equivalent during this period. Twelve-
month-old infants later diagnosed with ASD may not proceed through a developmental
reduction in the rate of motor stereotypies during the typical timeframe, thus exhibiting rates
of behaviors equivalent to that of typically developing infants between 6 and 10 months of
age. A similar phenomenon, characterized by an atypical sequence of repetitive motor
behavior that is both later to arrive and longer to resolve relative to typically developing
peers, has been recorded among young children with either Down syndrome or motor
impairment3’. An alternative explanation would be warranted if infants later classified with
ASD exhibited significantly higher rates of motor stereotypies compared to LR and HR-neg
infants throughout the first year of life. More frequent, longitudinal assessment across a
broader age range is required to test this hypothesis.

In the HR-ASD infants, the body cluster score was associated with individual differences in
gross motor ability at 12 months such that higher gross motor scores were associated with
lower body cluster scores. We did not observe group differences in gross motor ability at 12
months in this sample; however, gross motor development in the latter half of the first year
of life may be related to the atypical rate of stereotyped motor mannerisms observed in the
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current study. Additionally, the observation of a small but significant correlation between
verbal developmental level and the body cluster score in infants who do not develop autism
may contribute to enduring efforts to understand the dynamic association between vocal-
motor and speech-gesture system development during infancy38.

Repetitive object manipulation at 12 months does not appear to distinguish HR infants who
later develop ASD from those who do not but rather appears to index familial liability for
ASD. The current pattern of results motivates several intriguing conjectures including 1) the
possibility that different underlying mechanisms may contribute to the same observable
behavior (i.e., related to the concept of the phenocopy) in the HR infants as a whole; 2) the
potential for shared environmental and/or genetic factors to contribute to atypical object
manipulation in HR infants; and 3) the potential that diagnostic classification at 24 months,
and the inclusion of a small percentage of children in the HR-negative group who will later
meet diagnostic criteria for ASD, may mask true differences in repetitive object
manipulation. Morgan and colleagues’ posited that object manipulation at this age might
function as a developmental precursor to higher-order repetitive behaviors, such as
insistence on sameness and restricted interests, whereas stereotyped motor mannerisms
observed during the RSMS represent behaviors consistent with lower-order repetitive
behaviors. We observed associations between verbal developmental level and both object
and motor stereotypies, which suggests that a common mechanism captured by VDQ may
be contributing to both domains. More research on the discriminant validity of these
domains is needed to refute the hypothesis suggested by Morgan and colleagues’.

Object manipulation/exploration during infancy is thought to play an important role in
cognitive development38-42, Research has demonstrated that repetitive use of objects and
atypical motor mannerisms tend to load together on factor analytic studies of ASD13. 18-19,
and that this factor is commonly associated with cognitive level in children, adolescents, and
adults18: 43, Future research is needed to determine the developmental association between
object manipulation/exploration during infancy and repetitive object use in the preschool
years. The factors that mediate this transition may be particularly meaningful for
understanding the pathogenesis of autism and/or the protective factors for HR infants who
do not develop ASD. Family studies that characterize phenomena related to developmental
timing optimize the potential for discovering biological markers associated with
developmentally and genetically informative alternative phenotypes not yet obfuscated by
abnormal developmental trajectories. Consistent with previous findings?3, the current data
suggest that abnormal repetitive manipulation of objects may be a developmentally
meaningful alternative phenotype®?.

Several limitations of the current study warrant mention. Although diagnostic stability
remains high in clinically ascertained samples of 2-year-olds#>-46 and diagnosis at 2 years is
a well-established benchmark in both research and clinical practice”48, it is unknown what
percentage of the infant-siblings classified as high-risk-negative at 24 months of age will
actually meet diagnostic criteria for ASD at a later age. Comprehensive characterization at a
later age would support a more definitive classification and potentially allow subgrouping of
the HR-negative group. This group is exceptionally heterogeneous, and there is evidence
that a substantial proportion of these children will not develop on a typical trajectory*3-50,

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Elison et al.

Page 9

Lastly, the RSMS is constrained by the semi-structured assessment in which it is conducted
and consequently may only capture a subset of possible RRBs operating during this
developmental period.

When considered in conjunction with findings from parent report3® and in the context of the
broader literature delineating observable social communication deficits at 12 months of age,
the current data suggest that restricted and repetitive behaviors are observed as early as
social communication deficits in infants who later meet diagnostic criteria for ASD. Future
investigations into the underlying neural circuitry (e.g., sensory-motor pathways) associated
with these atypical behaviors during the first year of life promises to elucidate mechanisms
of pathogenesis of ASD.
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Figure 1.

Group differences in Repetitive and Stereotyped Movement Scales (RSMS) subscale and
composite scores. Note: Error bars represent 2 standard errors; ASD = autism spectrum
disorder. * p < 0.05.
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