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Abstract

This study examined the relationship between repetitive behaviors and sensory processing issues
in school-aged children with high functioning autism (HFA). Children with HFA (N = 61) were
compared to healthy, typical controls (N = 64) to determine the relationship between these
behavioral classes and to examine whether executive dysfunction explained any relationship
between the variables. Particular types of repetitive behavior (i.e., stereotypy and compulsions)
were related to sensory features in autism; however, executive deficits were only correlated with

repetitive behavior. This finding suggests that executive dysfunction is not the shared
neurocognitive mechanism that accounts for the relationship between restricted, repetitive
behaviors and aberrant sensory features in HFA. Group status, younger chronological age,
presence of sensory processing issues, and difficulties with behavior regulation predicted the
presence of repetitive behaviors in the HFA group.
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Repetitive behaviors comprise one faction of the triad of clinical symptoms that characterize
autism spectrum disorder (ASD), presenting concomitantly with social and communication
deficits. Restricted, repetitive behaviors (RRBs) in autism refer to an assemblage of
behaviors defined by their topographical similarity across contexts, inappropriateness, and
repetition. These behaviors have been conceptualized as part of a continuum that ranges
from lower order (stereotypy, self-injury) to higher order (compulsions, rituals /sameness,
restricted interests) (Carcani-Rathwell, Rabe-Hasketh, & Santosh, 2006; Cucarro et al.,
2003; Hus, Pickles, Cook, Risi, & Lord, 2006; Turner, 1999). Higher order behaviors,
specifically the presence of restricted/narrow interests, odd object attachments or unusual
object preoccupations (e.g., fascination with ceiling fans), are thought to be more unique to
autism in comparison to other types of repetitive behaviors (e.g., self-injury) (Lam, Bodfish,
& Piven, 2008).

In contrast to repetitive behaviors, sensory features in autism are considered secondary or
associated symptoms of the disorder. Sensory processing issues may manifest behaviorally
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through hyporesponsiveness (under-reactivity to environmental stimuli),
hyperresponsiveness (over-reactivity to stimuli), or sensory seeking (craving/fascination
with sensory stimuli) (Ben-Sasson et al., 2009; Liss, Sauliner, Fein, & Kinsbourne, 2006).
Aberrant sensory features are presumed to be less specific and universal in autism than the
triad of core features, although there is some evidence that hyporesponsiveness is more
associated with autism (Baranek, David, Poe, Stone, & Watson, 2006). In a recent study,
Gabriel et al (2008) reported a relationship between high rates of RRBs and abnormal
sensory responses in a subgroup of 70 school-aged children with ASD, and this relationship
was not affected by the child's chronological age or 1Q level. It is possible that the
relationship between sensory features and repetitive behaviors in autism can be explained by
shared neurocognitive mechanisms.

The clinical presentation of repetitive behaviors in autism has been linked to deficits in
executive functioning (Turner, 1999). Executive function is an umbrella term for a set of
subfunctions that are integrated throughout cortical and subcortical areas of the brain and
used to carry out higher order cognitive tasks (O'Hearn, Asato, Ordaz, & Luna, 2008;
Zelazo, Carter, Reznick, & Frye, 1997). Turner (1999) implicated deficits in the executive
subfunctions of response inhibition, cognitive flexibility /set shifting and generativity in the
expression of repetitive behaviors in autism. More recently, Lopez, Lincolon, Ozonoff, and
Lai (2005) found that poor cognitive flexibility best predicted the occurrence of repetitive
behaviors in a sample of adults with autism. Overall the evidence is mixed about the
relationship between RRBs and executive deficits in autism, and it is unlikely that executive
dysfunction is the primary explanatory model of these behaviors (Lopez et al., 2005; Zandt,
Prior, & Kyrios, 2009). Still it is important to examine if executive deficits also could
account for the presence of sensory issues in autism. This will allow researchers to
determine whether executive dysfunction is a shared mechanism that explains the
relationship between these behavioral classes.

Presently, there is a paucity of research on potential shared mechanisms that underlie
repetitive and sensory behaviors; in addition, less is known about how these behaviors
manifest in high functioning children with autism. Using a cross-sectional study design,
Esbensen, Seltzer, Lam, and Bodfish (2009) found that repetitive behaviors typically abate
over the lifespan of an individual with autism, although some types of repetitive behavior
(e.g. stereotypy) show less of a decrease when there are co-morbid intellectual impairments.
Previous researchers have reported an association between lower 1Q levels and repetitive
behaviors in autism (Bodfish, Symons, Parker, & Lewis, 2000; Bishop, Reichler, & Lord,
2006). However, the repetitive behavior of restricted/narrow interests are thought to be more
prevalent in HFA or Asperger's Syndrome, which are both characterized by average to
above average intelligence (South, Ozonoff, & McMahon, 2005).

Sensory symptoms in autism also are impacted by cognitive maturation, at least in
preschool-aged children. Researchers have found that lower mental ages are predictive of
aberrant sensory features in young children with autism or other developmental disabilities
(Baranek et al., 2006; Baranek, Boyd, Poe, David, & Watson, 2007). Few research studies
have been conducted on the clinical expression of sensory features in older children with
HFA. Smith-Myles et al. (2004) found that school-aged children diagnosed with Asperger's
Syndrome had more sensory processing problems than children with ASD based on
caregiver report; however, this study did not control for differences in 1Q between the
groups. Further, Ashburner, Ziviani, and Rodger (2008) found that aberrant sensory
processing (under-responsiveness, sensory seeking, and auditory filtering difficulties)
problems were a predictor of poorer academic performance in a sample of children with
HFA, whereas only 1Q predicted academic performance for typical peers. Additional studies
are needed to determine if aberrant sensory features and repetitive behaviors present
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differently in HFA than in typical comparisons, and to determine the underlying
mechanisms that could account for any relationship between these behaviors. The purpose of
this study was to examine (1) the relationship between sensory features and repetitive
behaviors in high functioning school-aged children with autism, (2) whether executive
deficits are correlated with both classes of behaviors, and (3) the variables that predict the
presence of repetitive behaviors in HFA.

Study participants included 61 children diagnosed with ASD and 64 children who were
typically developing (TYP). The ASD group was comprised of individuals diagnosed with
Autistic disorder (N = 31), Asperger's Syndrome (N = 22), Pervasive Developmental
Disorder-Not Otherwise Specified (PDD-NOS; N = 5), and ASD (unspecified; N = 3). All
ASD and TYP participants met the following general inclusion criteria: (a) between 6 and
17 years of age, (b) 1Q greater than 70, (c) absence of a seizure disorder, (d) no acute
medical or genetic condition, and (e) absence of an uncorrected visual impairment.
Participants with ASD were recruited through the University of North Carolina (UNC)
Autism Research Registry in conjunction with regional TEACCH (Treatment and Education
of Autistic and related Communication-handicapped Children) diagnostic clinics. Inclusion
in the research registry required a previous DSM-1V diagnosis of ASD made by an
independent, licensed clinician experienced in the assessment and diagnosis of autism. In
addition, participants had to meet ASD diagnostic criteria on validated autism diagnostic
assessments. Following referral from the registry, all ASD participants were evaluated again
by trained research personnel to confirm the participants met study inclusion criteria using
the Autism Diagnostic Interview-Revised (ADI-R; LeCouteur, Lord, & Rutter, 2003) to
examine lifetime criteria for ASD, the Social Communication Questionnaire (SCQ; Rutter,
Bailey & Lord, 2003) to examine current severity of autism symptoms, and the Leiter
International Performance Scale-Revised (Leiter-R; Roid & Miller, 1997) to examine
general cognitive ability. Typically developing children were recruited via a mass e-mail
sent to UNC faculty and staff. Study investigators excluded TYP children for the following
reasons: (a) history of any psychiatric or developmental disorder, (b) currently taking
psychotropic medication, (c) immediate family member with an ASD diagnosis, or (d) child
received a score above the ASD cutoff on the SCQ.

The groups did not differ on gender, 2 (1), = .01, p = .94, or race ¥? (4), = 3.26, p = .515.
The TYP group (M age in months = 141.02) was significantly older than the ASD group (M
=122.64,t(123) = 2.78, p = .006), and the TYP group (M = 111.16) had a significantly
higher 1Q score than the ASD group (M = 99.97, t(123) = 3.87, p < .001). Within the ASD
group, participants on medication (N = 25) (M = 25.32) had significantly higher RBS-R total
scores than those not on medication (N = 36) (M = 18.56, t(59), p = .048). However, both the
ASD medication group and ASD non-medication group had significantly higher RBS-R
scores than the TYP group (M = 1.22, p <.0001); thus, we left the data for the two ASD
groups combined for comparison purposes. For the ASD medication group, the types of
medications were categorized as CNS stimulants (N = 9), typical antipsychotics (N = 1),
atypical antipsychotics (N = 5), SSRI antidepressants (N = 15), Non-SSRI antidepressants (N
= 3), Antiepileptics (N = 2), Alpha-2 agonists (N = 6), and Norephinephrine agonists (N =
9); these categories are not mutually exclusive as participants may have been taking more
than one type of medication. Sensory Questionnaire scores did not differ significantly by
medication status, t(45) = -0.57, p = 0.574.

See Table 1 for further description of the sample. Prior to participating in the study, all
individuals and their legal guardians supplied written informed consent and assent. The
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UNC-Chapel Hill School of Medicine Biomedical Institutional Review Board approved the
protocol for this study. For the purposes of this study, the primary caregiver of the child with
autism completed the informant-based measures.

Repetitive behaviors—The Repetitive Behavior Scale-Revised (RBS-R; Bodfish et al.,
1999; Lam & Aman, 2007) is an informant-based questionnaire that assesses 43 discrete
types of repetitive behaviors across 6 subscales (Stereotypy, Self-injurious Behavior,
Compulsions, Rituals, Sameness, Restricted Interests). Scores for each item on the measure
range from 0 (behavior does not occur) to 3 (behavior occurs and is severe). Lam and Aman
(2007) conducted a factor analysis (based on N = 320 caregivers of individuals with autism)
that generated a five factor solution with Rituals and Sameness loading on the same factor.
Factor loadings ranged from 0.51 - 0.66, accounting for 47.5% of the variance; internal
consistency of the scales ranged from 0.78 - 0.91 and inter-rater reliability ranged from 0.57
- 0.73 (see Lam and Aman, 2007). The factor scores were used for data analysis.

Sensory features—The Sensory Questionnaire (SQ; Boyd & Baranek, 2005) is an
informant-based questionnaire designed to capture sensory processing issues specific to
children with autism. A total of N = 103 (N = 47 for ASD, N = 56 for TYP) caregivers
completed the SQ; fewer participants completed this measure because it was added to the
study protocol later in the project. The six item questionnaire measures whether the child
currently (within the last 3 months) or ever (not demonstrated within the last 3 months but
demonstrated in the past) displayed sensory processing issues. Using the study sample, a
confirmatory factor analysis was conducted to examine the psychometric properties of the
SQ and to determine the most appropriate scoring method. The best scoring approach
appears to be summing the “current” and “ever” scores yielding a zero to two score for each
item. Item 6 on the SQ (question related to synesthesia) did not load on the same factor as
the other items, and was not included in subsequent data analysis. Factor loadings for items
one to five ranged from 0.71 - 0.89. The confirmatory factor analysis indicated that a single
factor model for items one through five fit well, 2 (5) = 4.33, p = .503, CFI = 1.00, RMSEA
<.001. There were no overlapping items between the RBS-R and SQ.

Executive functioning—The Behavior Rating Inventory of Executive Function (BRIEF;
Gioia, Isquith, Guy, & Kentworthy, 2000) is an informant-based rating scale (teacher and
parent versions) used to assess executive deficits in children between 5 - 18 years of age.
The BRIEF yields a composite score and two indices: Behavioral Regulation (3 subscales:
Inhibition, Shifting Attention, Emotional Control) and Metacognition (5 subscales:
Initiating, Working Memory, Planning/Organizing, Organization of Materials, Monitoring).
The BRIEF has high internal consistency (alphas = .80-.98) and test-retest reliability (r = .82
for parents and .88 for teachers). Normative data were based on child ratings from a diverse
group of 1,419 parents and 720 teachers; in addition, children with HFA were included in
the clinical sample.

The means and standard deviations for the RBS-R, SQ, and BRIEF are included in Table 2.
The ASD group scored significantly higher than typical comparisons on all subscales and
the total/composite scores of these measures. An independent samples t-test was used to
examine group differences between the ASD and TYP groups for repetitive behavior,
sensory features, and executive functioning. In all analyses, the t-test assumed unequal
variances resulting in a significant difference (p < .0001).
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Group Differences in Repetitive Behaviors

The mean group difference (i.e., difference in the mean value between the two groups) is
reported for the 5 factor-derived RBS-R subscale scores and the total score. The mean
values per group can be found in Table 2. For Stereotypy, the mean group difference was
-5.09 with 95% confidence interval [-6.12, -4.06]. For Self-injury, the mean group
difference was -2.37 with 95% confidence interval [-3.03, -1.70]. For Compulsions, the
mean group difference was -2.76 with 95% confidence interval [-3.52, -2.01]. For Sameness
behaviors, the mean group difference was -7.06 with 95% confidence interval [-8.48, -5.64].
For Restricted Interests, the mean group difference was -2.83 with 95% confidence interval
[-3.38, -2.29]. For the RBS-R total score, the mean group difference was -20.11 with 95%
confidence interval [-23.41, -16.80].

Group Differences in Sensory Issues

Based on the SQ composite score, the mean group difference was -5.18 with 95%
confidence interval [-5.92, -4.45].

Group Differences in Executive Functioning

For the BRIEF Behavior Regulation Index, the mean group difference was -24.22 with 95%
confidence interval [-27.37, -21.08]. For the Metacognition Index, the mean group
difference was -22.75 with 95% confidence interval [-25.74, -19.77]. For the BRIEF
composite score, the mean group difference was -25.46 with 95% confidence interval
[-28.39, -22.53].

Relationship between RBS-R, SQ, and BRIEF

Pearson correlation coefficients were used to examine relationships between the three
measures within the ASD group. The SQ composite score was moderately correlated with
the Stereotypy (r = 0.41, p =.004) and Compulsions (r = 0.34, p = .020) subscales of the
RBS-R and the total score (r = 0.35, p =.017). Only the Behavioral Regulation Index of the
BRIEF was moderately correlated with the RBS-R subscales of Self-injury (r=0.38, p =.
003), Compulsions (r = 0.39, p = .002), Rituals/Sameness (r = 0.40, p = 0.002) and the RBS-
R total score (r = 0.43, p =.001). No significant correlations were found between the BRIEF
and the SQ composite score. See Table 3 for correlations between the three measures.

Regression Analysis

A regression analysis was used to predict the RBS-R total score. The outcome variable was
log-transformed prior to analysis to produce residuals that were approximately normal.
Because the natural log of zero is undefined, and many individuals in the TYP group had
scores of zero on the RBS-R, an offset of 0.50 was added to the scores prior to
transformation. The residuals obtained after transformation were approximately normal but
exhibited slight heteroskedastisticity. Robust standard errors were utilized to correct for any
resulting underestimation of the standard errors that could lead to an inflated risk of Type I
error. All predictor variables were centered to their values in the typical group. The variables
that best predicted the clinical expression of repetitive behaviors using the RBS-R total score
were group (TYP vs. ASD; b = 1. 706, p < 0.001), chronological age in months (b = -0.004,
p = 0.031), SQ composite score (b = 0.097, p = 0.026), and the BRIEF Behavioral
Regulation Index (b = 0.033, p = 0.003). A diagnosis of ASD, lower chronological age, and
higher scores on the SQ and the BRIEF Behavioral Regulation Index were predictive of
more repetitive behaviors. The combination of these variables resulted in r2 = 0.86, thus
these variables accounted for 86% of the variance in the total RBS-R score. Mothers' (p =
0.092) or fathers' education levels (p = 0.469), Leiter-R 1Q scores (p = 0.577), and BRIEF
Metacognition scores (p = 0.200) were not predictive of RBS-R scores.
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Discussion

In the present study, school-aged children with HFA had significantly higher scores than
their typical peers on all caregiver-report measures of symptomatology. Caregivers reported
that children with HFA had more restricted repetitive behaviors, sensory processing issues,
and executive functioning impairments. These findings are consistent with previous studies
that have reported differences in the frequency, severity and/or developmental trajectory of
these behaviors in individuals with ASD in comparison to typical controls (see Honey,
Leekam, Turner, & McConachie, 2007 for RRB differences; see Luna, Doll, Hegedus,
Minshew, & Sweeney, 2007 for EF differences; see Baranek et al., 2006; Rogers, Hepburn,
& Wehner, 2003; Talay-Ongan & Wood, 2000 for sensory differences).

In examining the relationship between these symptom domains, we found that sensory
processing issues, as measured by the SQ, were correlated with the presence of stereotypies,
compulsions, and the total score on the RBS-R. This is consistent with the findings of
Gabriels and colleagues (2008), who reported a relationship between abnormal sensory
responses and repetitive behaviors in children with ASD, irrespective of the child's 1Q level
or chronological age. The findings from the regression analysis suggest that repetitive
behaviors were more prevalent in younger children in our sample; however, 1Q was not a
predictor of the expression of these behaviors in the ASD group. This may be due to the
exclusion of participants with an 1Q below 70.

To our knowledge, there has not been any previous research on the relationship between
executive dysfunction and sensory features of ASD. The current study did not find a
relationship between executive deficits and sensory processing issues. There is mixed
evidence on the relationship between executive dysfunction and repetitive behaviors in
autism (Lopez et al., 2005; Zandt et al., 2009). In the current study, only the Behavioral
Regulation Index of the BRIEF was correlated with repetitive behaviors and predictive of
the clinical expression of these behaviors in ASD. This suggests that executive dysfunction
is not the shared mechanism that underlies the relationship between sensory processing
issues and repetitive behaviors in high functioning autism. Other studies would need to
replicate this finding to further substantiate this claim. It is possible that neurobiological
instead of neurocognitive mechanisms better explain the relationship between these
behavioral classes.

This study is novel in its attempt to investigate executive dysfunction as a potential shared
mechanism that explains the relationship between sensory processing issues and repetitive
behaviors in high functioning autism. However there are limitations to the study design.
First, only caregiver report measures were used to investigate the relationship between the
behaviors. Observational measures of sensory and repetitive behaviors and executive
functioning are needed to validate caregiver report, and to obtain a better understanding of
these clinical phenomena. Second, there is a need to examine the range of functioning levels
in autism to determine if this relationship is found for children with more significant
cognitive impairments. It is important to point out that even though the TYP group had
significantly higher 1Q scores than the ASD group, we did not find that 1Q predicted the
expression of repetitive behaviors. Finally, we did not explore the relationship between
sensory features and repetitive behaviors in the typical comparison group because they
displayed low frequencies of these abnormal behaviors; however, it may be important to
examine if the relationship holds for other clinical groups who display these behaviors (e.qg.,
Fragile-X syndrome). Future studies should investigate if the relationship between sensory
symptoms and repetitive behaviors differs as a function of type of sensory issue (i.e.,
hyperresponsive, hyporesponsive, or sensory seeking) or type of repetitive behavior (i.e.,
higher order or lower order).
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Table 1

Demographic and Clinical Features of Participants

Variable ASD Group Mean (SD) TYP Group Mean (SD)
Chronological Age (months)  122.64 (33.38) 141.02 (40.03)

Leiter-R (Brief 1Q) 99.67 (17.30) 111.16 (15.85)

Gender (% male) 93.44% 93.75%

Ethnicity (% Caucasian) 81.97% 76.56%

Medications (% on meds) 40.98% 0%
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Table 2
Means and Standard Deviations for RBS-R, SQ, and BRIEF

Variable N  ASD Group Mean (SD) N  TYP Group Mean (SD)
RBS-R Total 61 24.71 (13.19) 64 1.22 (2.13)
RBS-R Stereotypy 61 5.25 (4.13) 64 0.16 (0.54)
RBS-R Self-injury 64 2.46 (2.65) 64 0.09 (0.35)
RBS-R Compulsions 61 2.93 (3.01) 64 0.17 (0.52)
RBS-R Sameness 61 7.56 (5.62) 64 0.50 (1.11)
RBS-R Restricted Interests 61 3.13(2.10) 64 0.30 (0.66)
SQ Composite 47 6.02 (2.43) 56 0.84 (1.22)
BRIEF Behavior Regulation 60 67.57 (11.29) 64 43.34 (5.66)
BRIEF Metacognition 57 67.25 (9.64) 63 44.49 (8.14)
BRIEF Composite 57 69.02 (9.71) 63 43.56 (6.23)

Note: RBS-R = Repetitive Behavior Scales-Revised, SQ = Sensory Questionnaire, BRIEF = Behavior Rating Inventory of Executive Function. All
t-tests resulted in a significant difference, p < .001. Higher scores indicate more impairment.
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