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Abstract Repetitive and stereotyped movements (RSMs)

in infancy are associated with later diagnoses of autism

spectrum disorder (ASD), yet this relationship has not been

fully explored in high-risk populations. The current study

investigated how RSMs involving object and body use are

related to diagnostic outcomes in infant siblings of children

with ASD (Sibs-ASD) and typically developing children

(Sibs-TD). The rate and number of different types of RSMs

were measured at an average of 15 months with follow-up

diagnostic evaluations approximately 18 months later.

While Sibs-ASD displayed higher rates of RSMs relative

to Sibs-TD, rates did not differ according to diagnostic

outcome in Sibs-ASD. However preliminary evidence

suggests that qualitative differences in RSM type warrant

further investigation as early diagnostic markers.
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Introduction

Along with impairments in social and communicative

functioning, restricted interests and repetitive behaviors are

defining features of autism spectrum disorders (ASD)

(APA 2000). Yet there is a striking lack of research focused

on this symptom domain when compared to the social and

communication impairments associated with ASD.

Although previous research suggests that repetitive and

stereotyped movements (RSMs) are relatively common in

young children with ASD (Richler et al. 2007) and can be

observed over the course of a relatively brief behavioral

sample (Ozonoff et al. 2008), the relation between different

types of RSMs and later ASD outcomes in high-risk infant

sibling samples has received relatively little attention.

Retrospective studies have compared the early motor

behaviors of children with and without ASD by analyzing

home videotapes (Baranek 1999; Osterling et al. 2002;

Watson et al. 2007; Werner and Dawson 2005) and

obtaining parental reports of behavior (Cox et al. 1999;

Watson et al. 2007; Werner et al. 2005; Werner et al.

2000). While several studies have found more frequent

RSMs in infants later diagnosed with ASD relative to those

with a developmental delay (DD) or typical development

(TD) (Cox et al. 1999; Osterling et al. 2002), others have

failed to find differences between the ASD and DD infants
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(Baranek 1999; Watson et al. 2007; Werner et al. 2005) or

even between the ASD and TD infants (Werner et al.

2000).

Prospective studies of infants at elevated risk for ASD,

using varying methods to identify their samples, have also

obtained mixed results regarding the association between

RSMs in infancy and a later ASD diagnosis. Wetherby and

colleagues used a population-based parent-report screening

tool, the Communication and Symbolic Behavior Scales

(CSBS) Infant-Toddler Checklist (Wetherby and Prizant

2002) to identify children under 24 months at risk for

communication disorders. Children scoring in the lower

10th percentile received subsequent face-to-face evalua-

tions using the CSBS Behavior Sample (Wetherby and

Prizant 2002; Wetherby et al. 2002). RSMs were then

coded from the Behavior Sample when children were

18–24 months old using the Repetitive and Stereotyped

Movement Scales (RSMS) (Wetherby and Morgan 2007),

which provides specific coding definitions for RSMs

involving body actions (e.g., flapping, rubbing, posturing)

and RSMs involving objects (e.g., spinning, rolling, col-

lecting). Watt et al. (2008) found that the rate and duration

of RSMs with body and RSMs with objects differentiated

children diagnosed with ASD from those identified as DD

or TD at three to four years of age. Using a simplified and

revised version of the RSMS to code the rate and inventory

(i.e., number of different types) of RSMs, Morgan et al.

(2008) found that the inventory (but not the rate) of RSMs

with body, and the rate and inventory of RSMs with

objects, differentiated those diagnosed with ASD from

those identified as DD or TD at three to four years of age.

These results together suggest that some early RSMs may

be associated with later diagnostic outcomes of ASD.

The association between RSMs and ASD has also been

studied prospectively by comparing later-born siblings of

children with ASD (Sibs-ASD) to typically developing

infants or to later-born infant siblings of typically devel-

oping children (Sibs-TD). Compared to Sibs-TD, Sibs-

ASD are known to be at increased risk for developing ASD

or behaviors associated with ASD (Folstein and Piven

1991; Veenstra-VanderWeele et al. 2004; Zwaigenbaum

et al. 2007); in fact, a recent large-scale study suggests that

the recurrence risk for an ASD diagnosis in later-born

siblings is 18.7 % (Ozonoff et al. 2011). Accordingly, there

has been great interest in the longitudinal study of Sibs-

ASD because they offer a window into the earliest pro-

dromal behavioral and neurocognitive features associated

with a later ASD diagnosis. In addition, even the Sibs-ASD

not later diagnosed with ASD may demonstrate subtle

impairments related to ASD symptomatology or more

general developmental delay (Folstein and Rutter 1988;

Piven et al. 1997; Pickles et al. 2000). Longitudinal studies

of high-risk siblings thus have the potential to identify

early risk markers for ASD as well as developmental pat-

terns characterizing those siblings with non-ASD

outcomes.

In contrast to the population screening research descri-

bed above, findings from studies of Sibs-ASD are less

consistent regarding the extent to which RSMs are present

in infants with and without later ASD diagnoses. Ozonoff

et al. (2008) found significantly higher rates of repetitive

and stereotyped object use in 12-month-old infants later

diagnosed with ASD (8 out of 9 of whom were Sibs-ASD),

relative to infants whose outcomes were other delays or

typical development. However, they did not explicitly

compare these behaviors between the Sibs-ASD and Sibs-

TD groups. A study by Loh et al. (2007) examined the

frequency of occurrence for nine RSMs during videotaped

administrations of the Autism Observation Scale for Infants

(AOSI) (Bryson et al. 2008), comparing (a) Sibs-ASD with

later diagnoses of ASD to Sibs-ASD without later diag-

noses of ASD, and (b) Sibs-ASD with later diagnoses of

ASD to Sibs-TD. Of the nine RSM items, Sibs-ASD who

were later diagnosed with ASD showed more frequent arm

waving at 12 months relative to Sibs-TD, and more fre-

quent arm waving at 18 months relative to both Sibs-TD

and Sibs-ASD not diagnosed with ASD. In addition, both

subgroups of Sibs-ASD (with and without ASD outcomes)

showed more ‘‘hands to ears’’ posturing at 18 months when

compared to Sibs-TD, yet no differences were found

between the two Sibs-ASD subgroups. However, interpre-

tation of these findings is complicated by a significantly

lower mean mental age in the Sibs-ASD group relative to

Sibs-TD. These group differences in mental age may be

important to consider, as previous research has suggested a

link between mental age and both object and body RSMs

(Bartak and Rutter 1976; Bishop et al. 2006; Campbell

et al. 1990; Evans et al. 2004).

The relation between mental age and early RSMs was

highlighted in a recent study of repetitive play in Sibs-

ASD by Christensen et al. (2010), who found that con-

trolling for mental age considerably influenced the main

findings of the study. During an unstructured play

assessment, differences in non-functional repetitive play

were examined in 18-month-old Sibs-ASD and TD chil-

dren (comprising both first-born TD children and Sibs-

TD). Three Sibs-ASD outcome groups were identified

following a diagnostic assessment at 36 months: ASD,

Other Delays, and No Delays. Results revealed that Sibs-

ASD in all three outcome groups demonstrated signifi-

cantly more non-functional repetitive play than did the TD

group. However, after controlling for group differences in

verbal mental age at 18 months, the only group differ-

ences in repetitive play that remained were between the

No Delays Sibs-ASD group and the TD group (i.e., only

the subgroup of Sibs-ASD with no delays had more
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repetitive play than the TD group). These results point not

only to the importance of considering developmental level

in interpreting group differences in RSMs, but also to the

intriguing possibility that increased RSMs with objects in

infancy may be associated with better outcomes (i.e., no

signs of developmental delay in toddlerhood) for some

subgroups of Sibs-ASD. However, the extent to which

these findings would generalize to RSMs with body, to

nonverbal measures of mental age, or to other samples,

remains to be seen. In particular, due to previous evidence

for a negative relationship between mental age and RSMs

with body (Bartak and Rutter 1976; Bishop et al. 2006;

Campbell et al. 1990), additional research examining the

relation of RSMs with body and mental age in Sibs-ASD

samples appears warranted.

The purpose of the present study was to provide further

clarification regarding the presence and potential diagnos-

tic implications of body and object RSMs in infant siblings

of children with ASD. Our primary objective was to

determine the extent to which RSMs are elevated in Sibs-

ASD with and without later diagnoses of ASD, relative to

Sibs-TD, after matching on mental age. The answer to this

question ultimately has important implications not only for

early identification of ASD, but also for understanding the

developmental trajectories of high-risk siblings with and

without ASD outcomes. We were also interested in shed-

ding some light on the inconsistent results that have been

obtained between prospective population-based studies and

infant sibling studies. Toward this end, we utilized the

same observational coding system employed by previous

population-based studies (i.e., the RSMS; Morgan et al.

2008; Wetherby and Morgan 2007) with an infant sibling

sample.

Method

Participant Characteristics

This study included 20 Sibs-ASD and 20 Sibs-TD who

were drawn from a database of participants who had pre-

viously participated in longitudinal research comparing

high-risk and low-risk infant siblings. Informed consent

was obtained from all parents. Exclusionary criteria for the

Sibs-ASD and Sibs-TD groups were severe sensory or

motor impairments and identified genetic or metabolic

disorders. Proband diagnoses for the Sibs-ASD group were

verified using the Autism Diagnostic Observation Schedule

(ADOS) (Lord et al. 2000), the Autism Diagnostic Inter-

view-Revised (ADI-R) (Lord et al. 1994), and DSM-

informed clinical judgment from a licensed psychologist.

An additional exclusionary criterion for Sibs-TD was any

history of ASD in first-degree relatives.

A multi-step process was employed to identify partici-

pants eligible for the current study. First, to be considered

for inclusion, all children were required to have: (a) a

videotaped administration of the Screening Tool for Aut-

ism in Two-Year-Olds (STAT) (Stone et al. 2000; Stone

et al. 2004; Stone et al. 2008) between the ages of 12 and

24 months (Time 1); (b) scores from the Mullen Scales of

Early Learning (MSEL) (Mullen 1995) at Time 1; and (c) a

follow-up diagnostic assessment approximately one year

later (Time 2) from a licensed psychologist that included

the ADOS, the ADI-R and the MSEL. These inclusion

requirements yielded a possible sample of 48 Sibs-ASD (3

with an outcome diagnosis of Autistic Disorder, 5 with

PDD-NOS, and 40 with no ASD diagnosis) and 30 Sibs-TD

(none with an outcome diagnosis of ASD). Second, Sibs-

ASD without ASD outcomes (Sibs-ASD/-) were matched

to the eight Sibs-ASD with ASD outcomes (Sibs-ASD/?)

on Time 1 chronological age (CA) and Time 1 mental age

(MA) (within 3 months). Twelve Sibs-ASD/- meeting

these criteria were included, yielding a Sibs-ASD group of

20. Third, the Sibs-TD sample was matched on Time 1 CA

and MA to the Sibs-ASD group. The only information

available to research staff during the matching of Sibs-

ASD/? to Sibs-ASD/- was ID number, diagnostic out-

come, Time 1 CA, and Time 1 MA. When matching Sibs-

ASD to Sibs-TD, the only information available was ID

number, risk group (Sibs-ASD vs. Sibs-TD), Time 1 CA,

and Time 1 MA.

Participant characteristics are reported in Table 1. The

Sibs-ASD probands had diagnoses of Autistic Disorder

(n = 15), PDD-NOS (n = 4), and Asperger’s Disorder

(n = 1). The Sibs-ASD group was 65 % male and 90 %

Caucasian, and the Sibs-TD group was 70 % male and

95 % Caucasian. At Time 1, no group differences were

found between the Sibs-ASD and Sibs-TD for CA, MA,

gender, or gestational age (ps [ .07). However, significant

group differences were found for maternal educational

level, v2 = 10.06, p = .02, with higher levels in the Sibs-

TD group. In the Sibs-ASD group, 5 % of mothers had

high school degrees, 30 % had partial college attendance,

60 % had college degrees, and 5 % had graduate degrees.

In the Sibs-TD group, 5 % of mothers had partial college

attendance, 55 % had college degrees, and 40 % had

graduate degrees.

Of the 12 Sibs-ASD without ASD diagnoses at Time 2,

two were identified as having a language impairment, two

were identified as having a general developmental delay

(see below for definitions), and eight were identified as

typically developing. Of the 20 Sibs-TD, two were iden-

tified as having a language impairment at Time 2, and 18

were identified as typically developing. Despite the com-

parability of Time 1 MAs across groups, the mean MA at

Time 2 was significantly lower for Sibs-ASD than Sibs-TD,
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t(38) = -2.81, p = .008, suggesting a slower rate of

cognitive development between the ages of approximately

15 and 33 months in the Sibs-ASD group compared to the

Sibs-TD group. Follow-up analyses revealed significant

differences in Time 2 MA between the Sibs-ASD/? and

Sibs-ASD/- groups, t(18) = -3.15, p = .006, and

between the Sibs-ASD/? and Sibs-TD groups, t(26) =

4.23, p \ .001, but not between the Sibs-ASD/- and Sibs-

TD groups, t(30) = -1.19, p = .24. This pattern of results

suggests that the differences in Time 2 MA between the

Sibs-TD and Sibs-ASD groups were driven by the lower

Time 2 MAs in the subgroup that received a later diagnosis

of ASD (i.e., the Sibs-ASD/? group).

Measures

Screening Tool for Autism in Two-Year-Olds (STAT) (Stone

et al. 2000; 2004)

Repetitive behaviors were coded from videotapes of chil-

dren participating in Time 1 STAT assessments. The STAT

is an interactive, play-based measure that is designed to

elicit a range of social-communication behaviors. It takes

about 20 min to administer and consists of 12 activities in

four domains: play, requesting, directing attention, and

motor imitation. Strong screening properties have been

reported for children from 24 to 36 months of age (Stone

et al. 2004), and its utility has also been demonstrated for

children as young as 14 months (Stone et al. 2008).

Although originally designed as a screening measure, the

STAT has also been used successfully as a structured context

within which children’s social-communicative behaviors

can be coded (McDuffie et al. 2005; Yoder et al. 2009).

Repetitive and Stereotyped Movement Scales (RSMS)

(Morgan et al. 2008; Watt et al. 2008; Wetherby

and Morgan 2007)

The RSMS was used to code RSMs from previously

recorded videotapes of the Time 1 STAT assessment, using

media files that employed ProcoderDV software (Tapp

2003). The RSMS manual provides precise definitions for

coding four categories of RSMs with body (i.e., flapping,

stiffening, rubbing, patting) and nine categories of RSMs

with objects (i.e., spinning, rocking, rolling, collecting,

swiping, rubbing, moving, lining, and clutching). Because

the RSMS was originally developed for use with the CSBS

(Wetherby et al. 2002), slight modifications were made to

the original coding definitions to reflect presses and

materials that are present in the STAT but not the CSBS.

These coding definitions were then used to derive four

separate scores measuring rate and inventory of RSMs with

objects and with body. The Object Rate and the Body Rate

scores were each calculated by dividing the number of

behaviors observed by the duration of the assessment. The

Object Inventory and Body Inventory scores represented

the number of different categories of RSMs demonstrated

during the assessment. Because the number of possible

RSM categories differed for the Object Inventory and Body

Inventory domains, their scores had different ranges (0–9

for Object and 0–4 for Body). Therefore, the score for each

domain was divided by the total possible number of cate-

gories for that domain, which resulted in a proportion score

that could be compared across domains.

RSM coding was conducted independently by three

trained members of the research staff who had no

involvement with the previous longitudinal studies and

were blind to the risk status and diagnostic outcomes of the

sample. Staff were trained using STAT videos of

12–23 month old children who were not participants in the

present study. For the initial training period, two members

of the research staff independently coded the practice

videos and discussed discrepancies, revising the coding

manual as needed for clarification in the context of the

Table 1 Sample characteristics

Sibs-TD

(n = 20)

Sibs-ASD

(n = 20)

Sibs-ASD/

? (n = 8)

Sibs-ASD/

- (n = 12)

Gestational age (weeks)

Mean

(SD)

39.06 (0.97) 38.21 (1.68) 38.38 (1.83) 38.09 (1.64)

Range 37–40 35–41 35–41 36–40

Time 1 CA (month)

Mean

(SD)

14.70 (2.41) 15.4 (3.50) 15.00 (3.85) 15.67 (3.39)

Range 12–20 12–23 12–23 12–23

Time 1 MA (month)

Mean

(SD)

15.40 (2.16) 14.76 (3.12) 14.06 (3.70) 15.23 (2.73)

Range 11.50–20.25 10.50–22.25 10.5–22.25 11.5–19.75

Time 2 CA (month)

Mean

(SD)

32.85 (2.74) 32.95 (3.38) 32.25 (2.87) 33.42 (3.73)

Range 29–38 27–42 28–37 27–42

Time 2 MA (month)*

Mean

(SD)

35.18 (5.80) 29.26 (7.44) 23.97 (7.59) 32.79 (4.99)

Range 28.3–44 12.5–26.8 12.5–35.5 29.3–46.8

Months between T1 and T2

Mean

(SD)

18.15 (1.14) 17.55 (3.50) 17.25 (3.49) 17.75 (3.65)

Range 16–21 11–25 12–22 11–25

* Significant differences were detected in comparisons between the

Sibs-ASD and Sibs-TD, between Sibs-ASD/? and Sibs-ASD/- , and

between Sibs-ASD/? and Sibs-TD

Italic values indicate standard deviations
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STAT. Coding of the study videos began after coders

demonstrated agreement on scoring, as defined by the

average intraclass correlation coefficients (ICCs) above .80

for RSMs with body and object across five consecutive

videos. A third coder was then trained to this same level of

agreement with the other two coders, using the same

standards and the same practice videos.

Mullen Scales of Early Learning (MSEL) (Mullen 1995)

Time 1 and Time 2 MSEL data were obtained from the

research database described above. The MSEL is a cog-

nitive assessment comprising four cognitive subscales:

Visual Reception, Fine Motor, Receptive Language, and

Expressive Language. Each subscale yields a t-score

(M = 50, SD = 10) that is used to calculate an Early

Learning Composite (ELC; M = 100, SD = 15). The

MSEL has strong test–retest reliability, interrater reliabil-

ity, and concurrent validity with other cognitive and lan-

guage measures. The Time 1 age equivalents for the four

subscales were averaged to derive a MA score for the

purpose of matching the groups. In addition, MSEL per-

formance at Time 2 was used to classify outcomes of

language impairment (i.e., Receptive or Expressive Lan-

guage subscale scores more than 1.5 standard deviations

below the mean) and developmental delay (ELC more than

1.5 standard deviations below the mean with at least one

nonverbal subscale more than 1.5 standard deviations

below the mean).

Diagnostic Measures

Diagnostic outcomes at Time 2 were also obtained from the

research database. Diagnostic determinations were made

by licensed psychologists with autism expertise who were

blind with respect to sibling group, based on the ADOS

(Lord et al. 2000), ADI-R (Lord et al. 1994), and DSM-IV

(APA 2000). The ADOS is a semi-structured observational

measure designed to assess communication, social inter-

action, and play skills. The ADI-R is a structured caregiver

interview designed to elicit detailed descriptions of early

development and behaviors consistent with ASD.

Analytic Approach

Repeated measures ANOVAs were used to examine the

extent to which the four RSM variables at Time 1 differed

between the Sibs-TD and all Sibs-ASD (i.e., those with and

without later diagnoses of ASD). A follow-up analysis was

then conducted to compare Sibs-TD to the subgroup of

Sibs-ASD without later ASD diagnoses (Sibs-ASD/-), to

determine whether differences were influenced by the

subsample of Sibs-ASD with later diagnoses of ASD (i.e.,

Sibs-ASD/?). Separate ANOVAs were performed for the

Rate variables and Inventory variables, with the ANOVA

for Inventory variables conducted as an additional explor-

atory analysis. Exploratory analyses were also conducted to

compare the Sibs-ASD/? to the Sibs-ASD/- on the four

RSM variables. In addition, because MA and CA have

been previously associated with RSMs in children with and

without autism (Bartak and Rutter 1976; Bishop et al.

2006; Campbell et al. 1990; Evans et al. 2004; Thelen

1979), we examined correlations between the four RSM

variables and MA and CA at Time 1 and Time 2.

Results

Preliminary Analyses

Interobserver agreement for the coded RSM variables was

calculated for 35 % (14/40) of the videos using intraclass

correlation coefficients (ICCs). ICCs for Body Rate and

Object Rate were .76 and .95, respectively, which reflect

‘excellent’ levels of interobserver agreement (Cicchetti and

Sparrow 1981; Fleiss 1986). ICCs for Body Inventory and

Object Inventory were .75 and .55, respectively, which are

within the range of ‘fair’ to ‘good’ levels of reliability. The

relatively low interobserver reliability for Object Inventory

suggests that results for this variable should be interpreted

with caution.

Because maternal education differed between the Sibs-

ASD and Sibs-TD groups, it was considered as a possible

covariate for analyses, and correlations between maternal

education and the four RSM variables were examined. The

only significant correlation was found between maternal

education and Object Inventory, for the Sibs-TD group

only, r(20) = -.55, p = .01. However, the inclusion of

maternal education as a covariate for this analysis did not

change the pattern or significance of the results below, thus

it was not included in any of the reported analyses.

Correlations between the four RSM variables (which

were coded only for Time 1) and Time 1 MA and CA did

not attain statistical significance for either the Sibs-ASD or

Sibs-TD groups, all ps [ .09 (rs ranged from .08 to .39).

For the Sibs-TD group, no significant correlations were

found between the RSM variables and Time 2 MA and CA,

all ps [ .06 (rs ranged from -.42 to .24). However, for the

Sibs-ASD group, a significant negative correlation was

found between Body Inventory and Time 2 MA, r(20) =

-.64, p = .002, indicating that a greater variety of Body

RSMs at Time 1 was associated with lower MA at Time 2.

No other significant correlations were found between the

other RSM variables and Time 2 MA or CA for Sibs-ASD,

all ps [ .63 (rs ranged from -.06 to .11).
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RSMs Associated with Sibling Risk Status (Sibs-ASD

vs. Sibs-TD)

Rate of RSMs

To examine group differences in the rate of RSMs, a 2 9 2

repeated measures ANOVA with the between-subjects fac-

tor of Sibling Group (Sibs-ASD vs. Sibs-TD) and the within-

subjects factor of RSM Type (Object Rate vs. Body Rate)

was conducted. Significant main effects were obtained for

both Sibling Group, F(1,38) = 11.76, p = .001, gp
2 = .24,

and RSM Type, F(1,38) = 36.74, p \ .001, gp
2 = .49. The

interaction between Sibling Group and RSM Type was not

significant, F(1,38) = 1.61, p = .21, gp
2 = .04. Sibs-ASD

showed significantly higher rates of RSMs than did Sibs-TD,

and the overall rate of Object RSMs was higher than the rate

of Body RSMs (see Table 2).

When these analyses were repeated with the siblings

later diagnosed with ASD (Sibs-ASD/?) removed from the

Sibs-ASD group, the same pattern of results was obtained.

Significant main effects were found for Sibling Group,

F(1,30) = 9.90, p \ .001, gp
2 = .25, and RSM Type,

F(1,30) = 37.17, p \ .001, gp
2 = .55, with Sibs-ASD/-

showing higher rates of RSMs than Sibs-TD. These find-

ings suggest that the increased rates of RSMs in Sibs-ASD

relative to Sibs-TD were not attributable to the subgroup of

Sibs-ASD/? . Again, the interaction between Sibling

Group and RSM Type was not significant, F(1,30) = 1.96,

p = .17, gp
2 = .06.

Inventory of RSMs

To examine group differences in Inventory of RSMs, a

2 9 2 repeated measures ANOVA was conducted with the

between-subjects factor of Sibling Group (Sibs-ASD vs.

Sibs-TD) and the within-subjects factor of RSM Type

(Object Inventory vs. Body Inventory). Significant main

effects were found for both Sibling Group, F(1,38) = 5.71,

p = .02, gp
2 = .13, and RSM Type, F(1,30) = 9.90, p =

.002, gp
2 = .22. Sibs-ASD demonstrated a higher inventory

of RSMs categories than did Sibs-TD, and the inventory of

Object RSMs was higher than the inventory of Body RSMs

(see Table 3). The interaction between Sibling Group and

RSM Type was not significant, F(1,38) = 0.42, p = .52,

gp
2 = .01.

When these analyses were repeated with Sibs-ASD/

? subgroup removed, the main effect for Sibling Group

was no longer significant, F(1,30) = 2.53, p = .12, gp
2 =

.08. The main effect for RSM Type remained significant,

F(1,30) = 20.40, p \ .001, gp
2 = .41, and the interaction

between Sibling Group and RSM Type remained non-sig-

nificant, F(1,30) = 0.50, p = .48, gp
2 = .02.

Exploratory Analyses: RSMs Associated with a Later

ASD Diagnosis (Sibs-ASD/? vs. Sibs-ASD/-)

Rate of RSMs

To examine group differences in Rate of RSMs, a 2 9 2

repeated measures ANOVA with the between-subjects fac-

tor of Outcome Diagnosis (Sibs-ASD/? vs. Sibs-ASD/-)

and the within-subjects factor of RSM Type (Object Rate vs.

Body Rate) was used. A significant main effect was obtained

for RSM Type, F(1,18) = 13.84, p = .002, gp
2 = .44, indi-

cating a higher rate of Object RSMs than Body RSMs (see

Table 2). However, neither the main effect for Outcome

Diagnosis, F(1,18) = 0.14 p = .71, gp
2 = .008, nor the

interaction between Outcome Diagnosis and RSM Type,

F(1,18) = 0.40, p = .84, gp
2 = .002, were significant.

Inventory of RSMs

To examine group differences in Inventory of RSMs, a

2 9 2 repeated measures ANOVA with the between-sub-

jects factor of Outcome Diagnosis (Sibs-ASD/? vs. Sibs-

ASD/-) and the within-subjects factor of RSM Type

(Object Inventory vs. Body Inventory) was conducted.

No main effects were found for Outcome Diagnosis,

F(1,18) = 0.96, p = .34, gp
2 = .05, or RSM Type

F(1,18) = 1.62, p = .22, gp
2 = .08. However, this analysis

revealed a significant interaction between Outcome Diag-

nosis and RSM Type, F(1,18) = 5.07, p = .04, gp
2 = .22

(see Fig. 1). Post hoc analyses examining the simple main

effects using Bonferroni’s correction to compare estimated

marginal means did not yield statistically significant dif-

ferences between the Sibs-ASD/? and Sibs-ASD/- groups

for Body Inventory, F(1,18) = 2.84, p = .11, gp
2 = .14, or

Object Inventory, F(1,18) = 1.85, p = .19, gp
2 = .09.

However, dependent t- tests comparing RSM Type within

each group revealed significant differences between Body

Table 2 Rate per minute of RSMs observed

Sibs-TD

(n = 20)

Sibs-ASD

(n = 20)

Sibs-ASD/

? (n = 8)

Sibs-ASD/

- (n = 12)

Body

Mean (SD) 0.02 (.04) 0.09 (.14) 0.08 (.17) 0.09 (.13)

Range 0–0.14 0–0.48 0–0.48 0–0.38

Object

Mean (SD) 0.22 (.16) 0.40 (.28) 0.38 (.27) 0.41 (.29)

Range 0.06–0.65 0.05–1.09 0.05–0.77 0.08–1.09

The ANOVA comparing Sibs-TD to Sibs-ASD revealed significant

main effects for Sibling Group and RSM Type but no interaction. The

ANOVA comparing Sibs-TD to Sibs-ASD/- also revealed significant

main effects for Sibling Group and RSM Type but no interaction

Italic values indicate standard deviations
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Inventory and Object Inventory for the Sibs-ASD/- group,

t(11) = -2.89, p = .02, but not the Sibs-ASD/? group,

t(7) = 0.60, p = .57.

Discussion

The objective of this study was to examine RSMs in infant

siblings of children with ASD relative to infant siblings of

typically developing children functioning at comparable

mental ages. Body and Object RSMs were measured in two

ways: (1) as rate of occurrence across the STAT assess-

ment, and (2) as the number of different categories

(i.e., inventory) of RSMs observed across the assessment

(expressed as the proportion of possible categories). Dif-

ferent patterns of results were found for the rate and

inventory measures.

With respect to the rate of Object and Body RSMs, results

revealed that: (1) Sibs-ASD demonstrated a significantly

higher rate of RSMs than Sibs-TD, a finding that cannot be

attributed to mental age differences between the groups; and

(2) the group differences remained significant even when the

children with later ASD diagnoses (Sibs-ASD/?) were

removed from the analysis. These results suggest that ele-

vated rates of RSMs in Sibs-ASD (in this sample, up to four

times as high as those seen in Sibs-TD) are not unique to the

Sibs-ASD who later develop ASD, but may represent a

broader behavioral phenotype that is common in high-risk

populations but does not portend a later ASD diagnosis.

Exploratory analyses further revealed no significant differ-

ences in the rate of RSMs between subgroups of Sibs-ASD

with and without later ASD diagnoses. These results are

consistent with previous infant sibling studies of RSMs,

which have also found elevated levels of RSMs in Sibs-ASD

irrespective of outcome diagnoses (Christensen et al. 2010;

Loh et al. 2007). Similarly, research involving older, non-

affected relatives of individuals with ASD has found evi-

dence of RSMs in the absence of an ASD diagnosis (Bolton

et al. 1994; Folstein et al. 1999; Le Couteur et al. 1996; Piven

et al. 1997; Spiker et al. 1994).

With respect to the inventory of Object and Body RSMs,

preliminary results suggest that: (1) Sibs-ASD as a group

demonstrated a significantly higher inventory of RSMs

(i.e., a higher proportion of different types of RSMs) than

Sibs-TD; but (2) these differences were no longer signifi-

cant when the subgroup with later ASD diagnoses was

excluded from the analysis. In addition, exploratory anal-

yses comparing the Sibs-ASD with later ASD diagnoses to

those without revealed a significant interaction between

outcome diagnosis and RSM Type (Body vs. Object),

suggesting different patterns for Object versus Body RSM

inventory for the high-risk groups with different diagnostic

outcomes. While these analyses were exploratory, the

results are consistent with those of Morgan et al. (2008),

who found that inventory of Body RSMs, but not rate, was

predictive of ASD outcomes in a population-based sample.

Complicating this interpretation is the finding of a sig-

nificant correlation between inventory of Body RSMs

(measured at Time 1) and Time 2 mental age in Sibs-ASD

with later ASD diagnoses. Although the groups were

matched on mental age at Time 1, the Sibs-ASD/? had

significantly lower mental ages than the Sibs-ASD/- and

Sibs-TD at Time 2, suggesting the possibility that a larger

inventory of Body RSMs may be associated more generally

with atypical developmental trajectories (i.e., slower cog-

nitive growth). The small sample of children with ASD

Table 3 Inventory (proportion of behavioral categories) of RSMs

observed

Sibs-TD

(n = 20)

Sibs-ASD

(n = 20)

Sibs-ASD/

? (n = 8)

Sibs-ASD/

- (n = 12)

Body

Mean (SD) 0.35 (0.59) 0.75 (0.85) 1.13 (0.83) 0.50 (0.80)

Range 0–2 0–2 0–2 0–2

Object

Mean (SD) 1.85 (0.82) 2.40 (0.75) 2.13 (0.83) 2.58 (0.81)

Range 1–3 1–4 1–3 2–4

The ANOVA comparing Sibs-TD to Sibs-ASD revealed significant

main effects for Sibling Group and RSM Type but no interaction. The

ANOVA comparing Sibs-TD to Sibs-ASD/- revealed a significant

main effect for RSM Type but no main effect of Sibling Group and no

interaction

Italic values indicate standard deviations

Fig. 1 Inventory of body and object RSMs for each group, expressed

as the proportion of total possible behavior categories observed. Sibs-

ASD/? and Sibs-ASD/- refer to subgroups of Sibs-ASD who either

receive a later ASD diagnosis, or do not receive a later ASD

diagnosis, respectively. Sibs-TD data included as a reference point

only. Error bars represent standard error of the mean
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outcomes in the present study precludes definitive con-

clusions; however, the relation between mental age, Body

RSMs, and diagnostic outcome in high risk siblings would

seem to be an important area for future investigation.

In an attempt to sort out the discrepant findings between

previous population-based screening studies and infant

sibling studies regarding RSMs, the same measure used in

previous population-based studies (i.e., the RSMS; Morgan

et al. 2008; Watt et al. 2008) was employed in the present

study. Using the RSMS, previous population-based studies

found increased rate and inventory of RSMs with objects

and increased inventory of RSMs with body in infants later

diagnosed with ASD relative to DD and TD controls

(Morgan et al. 2008). In contrast to these prior results, an

increased rate and inventory of RSMs in the present study

appeared to be more consistent with high-risk status than

with diagnostic outcome, suggesting that some behaviors

coded with the RSMS may not be as sensitive measures of

later ASD diagnosis when used in a high risk sibling

sample. That is, the early presence of more frequent RSMs

with objects may have different implications for siblings of

children with ASD relative to children with no known

family history of ASD. For example, it may be the case that

infants with a family history of ASD follow a different

developmental trajectory than infants without this family

history. Indeed, previous research suggests that individuals

with ASD from multiplex families (i.e., having more than

one child with ASD) can exhibit different behavioral and

neurological symptoms compared with those from simplex

families (i.e., having only one child with ASD) (Sch-

wichtenberg et al. 2010). Thus the higher rate of RSMs in

Sibs-ASD may represent a relatively common, yet tran-

sient, phenomenon associated with a familial risk for ASD,

whereas a higher rate of RSMs in population-based sam-

ples may have longer-term implications for diagnosis.

Alternatively, the different pattern of results between the

current study and previous population-based studies may

be attributable to the different ages of the samples. The

younger ages of the children in the present study (i.e.,

12–23 months vs. 18–24 months) may have contributed to

the different patterns of results, as previous research has

described changes in features of RSMs over time (Bishop

et al. 2006; Evans et al. 2004; Thelen 1979). As such, the

association of early RSMs with an eventual ASD diagnosis

may be stronger when measured at somewhat older ages

than those examined in the present study. A final possible

explanation for the inconsistent findings across studies may

be the nature of the assessment context used (i.e., the

STAT vs. the CSBS). For example, the CSBS involves a

seated assessment, while the STAT can be conducted on

the floor or at a table, allowing more freedom of move-

ment. Although the camera follows the child throughout

the assessment, it is possible that there were more instances

in the STAT relative to the CSBS in which RSMs were

difficult to observe (e.g., when the child turned his/her back

to the camera). This factor may also have contributed to the

relatively low reliability of the Object Inventory, as it may

have been more difficult to reliably identify specific RSMs

with objects in such instances. Further research comparing

RSMs in Sibs-ASD to high risk samples identified through

population screening may serve to clarify the extent to

which discrepant findings are attributable to differences

between samples, ages, and/or methodologies.

A clear limitation of the current study is the small

sample size, particularly for the group of Sibs-ASD infants

later diagnosed with ASD. Because the three groups in this

study were matched on chronological and mental ages at

Time 1 (when the RSM data were collected), the sample

sizes of the Sibs-ASD and Sibs-TD groups were reduced,

which may have limited the power of the analyses com-

paring these two groups. However, it was our judgment

that the careful matching groups on these variables was

necessary in order to draw conclusions about the results,

given the potential influence of chronological and mental

age on the expression of RSMs in individuals with and

without ASD (e.g., Bartak and Rutter 1976; Bishop et al.

2006; Campbell et al. 1990; Evans et al. 2004; Thelen

1979). Although the sample sizes were comparable to (or

larger than) previous infant sibling studies of RSMs, rep-

lication with larger samples will be critical to substantiate

the present findings. In particular, interpretation of the

results of comparisons between Sibs-ASD with later ASD

diagnoses and Sibs-ASD without later diagnoses should be

made cautiously. Another limitation of this study is that

RSMs were only measured at Time 1, which prevented us

from examining the full relationship between the trajecto-

ries of cognitive development (as indexed by mental age)

relative to the trajectories of RSMs from Time 1 to Time 2.

Finally, the lower reliability of the Object Inventory mea-

sure suggests that results of analyses on this measure

should be interpreted with caution.

In contrast, strengths of this study include the procedure

of matching Sibs-ASD and Sibs-TD on mental age at the

time that repetitive behaviors were measured; the use of the

same measure of RSMs employed previously to detect

group differences in a population-based study; and the

examination of both early risk group differences (i.e. sibling

diagnostic status) and later diagnostic outcomes in the same

sample. There are several important implications of the

present results. First, the finding that rate of RSMs may be

up to four times higher in Sibs-ASD (including those

without a later diagnosis of ASD) relative to Sibs-TD sug-

gests the possibility that the rate of early RSMs may not be

associated with later ASD outcomes in the Sibs-ASD pop-

ulation. If supported by future research, this finding may be

informative in understanding the early development and
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outcomes of children at elevated risk for ASD. Second,

these results highlight the importance of measuring both

rate and inventory of RSMs with body and objects, as these

metrics appear to provide different types of information.

Third, the results of this study point to the need for con-

tinued research on RSMs, using well defined behavioral

categories that tap multiple domains, to examine their

relation to other symptoms of ASD and the extent to which

they are associated with later diagnostic outcomes.
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