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Abstract
Matt Brock: Distinguishing Features of Autism in Boys with Fiegi Syndrome
(Under the direction of Deborah Hatton)

Children with fragile X syndrome (FXS) have a much higher prevalehautism than
typical children in the general population. Children with comorbid FXS amshautpresent a
distinct subgroup of children with FXS that is at risk for markedly poarsmomes. Evidence
shows that early identification and intervention can improve outcomes. therfefforts to create
a specialized autism screener for young males with FXS that coudtliassarly identification,
this study explores the association of selected parent-reporiogquedte items with autism
symptoms in a sample of 60 boys with FXS, ages 4-18 years old. Findings detadhatrboth
social and repetitive behaviors distinguish children with comorbid FXS distnafiuiom children
with only FXS, with repetitive behaviors playing a much more promindatinan previously
documented in the literature. The results of this study provide evitieatce well designed
parent-report questionnaire that focuses on specific distinguishing behanght serve as an

effective tool for early identification of autism in the FXS population.
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Chapter 1: Introduction

Children with fragile X syndrome (FXS) are at higher risk forssmtcompared to
typically developing children in the general population (Clifford et2l07; Demark et al., 2003;
Hagerman et al., 2006; Hatton et al., 2006; Lewis et al., 2006; Rogers et al.agé@hjildren
with other developmental disabilities (Collacott, Cooper, & McGmth@92; Kent, Evans, Paul,
& Sharp, 1999). Children with comorbid FXS and autism are likely to have poorenmgdhan
children with only FXS or only autism (Bailey et al., 2000; Bailey et al., 20@aftpH et al.,
2002; Hatton et al., 2006; Kau et al., 2004; Lewis et al., 2006; Rogers et al., 20@L)jsdec
research demonstrates that early intervention techniques improve estfmrgoung children
with autism (National Research Council, 2001), it is imperative that youltyerhivith
comorbid FXS and autism be identified as early as possible.

Based on a literature review describing specific behavioaifes that may distinguish
children with comorbid FXS and autism from children with only FXS, speitifins from
behavioral questionnaires were selected. Then regression amedgsused to identify which
guestionnaire items were the most predictive of autism statusample of children with FXS.
Findings from this analysis provide insight into how to best identify yousdgsmwith FXS who

have autism.



Chapter 2: Literature Review
Fragile X and Autism

Diagnoses

Diagnosing fragile x syndromé&ragile X syndrome, the most common inheritable
genetic cause of intellectual disability, affects approximatety2,500 males and 1 in 8,000
females (Crawford, 2001). Fragile X syndrome (FXS) is caused by an undeggnetic disorder
at Xg27.3 on the X chromosome, also called the fragile X mental retardatienayd=MR1.
While the general population has between 6 and 55 repeats of a CGG tridaadedhis gene,
persons with full mutation FXS have over 200 repeats. This high number tfioegampairs
the gene’s ability to code for the fragile X mental retardation proftRP). This protein plays
an important role in brain and tissue development, and its absence inrchiitdiré&XS leads to
significantly impaired outcomes. Physical characteristics in nmaggsinclude intellectual
disability, unusually high foreheads, unbalanced faces, large jaws, longdirgtears, and large
testicles after puberty. Males, having only one X chromosome, are morerftigcaffected by
FXS and tend to have more severe impairments (Crawford). Females aeadue for FMRP
with a second X chromosome, typically resulting in milder impairmentsgban in males.
Common symptoms in females with FXS include social anxiety, mild cognitipairments, and
learning disabilities (Hagerman et al., 1992; Hatton et al., 2009). Beshitis&nown genetic
underpinnings, FXS can be detected through blood testing, or prenatally througichvillus
sampling or amniocentesis (Crawford).

Diagnosing autismUnlike FXS, which has a known single genetic cause, a definitive

genetic marker for autism has not been identified. In fact, developmentseéntaasearch



suggest that autism most likely does not have a single geneti¢iagi®e, Ronald, & Plomin,
2006). Without a known etiology, autism is defined behaviorally by impairments & soci
interaction and communication, and by restricted interests and/ditivepleehaviors. While a
single cause of autism is unlikely to be discovered, specific neskdbidtors have been
identified. For example, the presence of autism has been found to be assotmsdmharmal
levels of specific neurotransmitters (Belmonte & Bourgeron, 2006).

Comorbidity of Developmental Disabilities and Autism

One type of these neurotransmitters, metabotropic glutamateaeszépinormally
regulated by FMRP. In FXS, diminished levels of FMRP impede normal ititaragth these
receptors, resulting in abnormal development of dendritic spines.nt@&iastion suggests that
FXS is a neural risk factor for autism (Belmonte & Bourgeron, 2006; Gataril., 2007). This
link is supported by studies that document an association between autistiotsehiad levels of
FMRP in individuals with FXS (Hatton et al., 2006; Loecsh et al., 2007). Theectian between
the two disorders is also strongly supported by a high prevalence of autiimthe FXS
population. Reported rates of prevalence of autism in males with F¢8 filom 18-47%,
depending on the diagnostic tool and sample size (Clifford et al., 2007; Detrark2003;
Hagerman et al., 2006; Hatton et al., 2006; Lewis et al., 2006; Rogers et al., 2001thé/he
category is broadened to include both autism and autism spectrum disordemsydlenpe for
males with FXS has been reported as high as 67% (Clifford et al.).

Ninety percent of males with FXS display at least one behavioistbhairacteristic of
autism (Hagerman, 2002), suggesting that most boys with FXS, even those who dathot mee
criteria for autism, display some autistic behaviors such asayazsion (Cohen et al., 1989). As
a group, boys with FXS have significantly more echolalia, repetitivecep@nd hand flapping

than boys with idiopathic intellectual disabilities or Down syndromel(&Graham, 1997).



Some researchers have even suggested that FXS should be categaizabitgpe of autism
(Gillberg, Persson & Wahlstrom, 1986).

Other developmental disabilities do not have such high rates of contpshbiidi autism.
For instance, only an estimated 2-7% of children with Down syndrome hasmaptctrum
disorders (Collacott et al., 1992; Kent et al., 1999). In fact, the grouitepsbthildren with
Down syndrome is markedly different from that of children with autismd@m with Down
syndrome tend to have relative strengths in initiating joint attensimcial motivation, and
imaginary play (Sigman et al., 1999), areas of relative weaknessilfireahwith autism. Low
comorbidity with autism is not unique to Down syndrome. In a comparison group driechil
with heterogeneous developmental disabilities other than Down syndromd, 3#tljhad autism
spectrum disorders (Collacott et al.). FXS is not the only syndrome tisathpldren at increased
risk for being diagnosed with autism; there are also a few rare gdrsetiders that are suspected
risk factors for autism. However, none of these syndromes is more commorXthaane more
children with autism spectrum disorders have FXS than any other autisnd sslatgome
(Abrahams & Geschwind, 2008). FXS accounts for 2-3% of all children withma(#brahams
& Geschwind; Bailey, Phillips, & Rutter, 1996).

Improving Outcomes for Children with Comorbid FXS and Autism

Although most children with FXS display some level of autistic behdiagerman,
2002), evidence suggests that those who meet diagnostic criteria for eegigsent a distinct
subgroup that is at risk for markedly poorer outcomes (Bailey et al., 2008y Bgaal., 2001;
Hatton et al., 2002; Hatton et al., 2006; Kau et al., 2004; Lewis et al., 2006; Rbger001).
When compared to groups of children with only FXS or autism, children with bdshalRX
autism had poorer social and communication skills and greater cognipfe&rinent (Bailey et
al., 2000). Children with comorbid FXS and autism also have significantly |alegtise

behavior scores (Bailey et al., 2001; Kau et al.) and significamthg problem behaviors (Hatton



et al., 2002) than children with FXS alone. In sum, children with comorbid FXSuéistha
consistently score lower on developmental measures than childreandytFXS or autism, and
display a unique profile distinct from children with only FXS or otheretijymental disabilities
(Rogers et al., 2001).

So what can be done to improve the outcomes of children who have comorbid FXS and
autism? There is consensus that early identification and interverdaitoénproved outcomes
for children with autism (National Research Council, 2001). Even though FXS is a kis&wn r
factor for autism, there is no simple screening instrument specifiX$ that can be used to
efficiently aid in the early identification process. The imperativescreening all young children
with FXS for autism is clear, but the problem is developing a senaitigeaccurate screener for
this population.

Identification of Autism in Young Children with FXS

Unfortunately, differentiating young children with FXS who will later be diagdegéh
autism from those who will not be diagnosed with autism can be problematic. BO6&tisé
children with FXS display at least one autistic behavior (Hagerman, 20@2$,/& eventually
meet criteria for an autistic spectrum disorder (Clifford et28l07), those who will later display
the most severe autistic behavior and meet criteria for autism disoagenot appear
significantly different from other children with FXS at a young ades Was demonstrated when
Baranek and her colleagues (2005) examined retrospective vidémbéguge of infants with FXS
between 9 and 12 months old who were later diagnosed with autism. They found that these
infants more closely resembled infants with developmental delays thatsinfith idiopathic
autism.

However, there is evidence that a screener could be effective firechids young as 21

months old (Rogers et al., 2001). Rogers and colleagues studied slightlgtoldesn, ages 21-



48 months, and found that children with comorbid FXS and autism could be differefrbated
children with only FXS based on adaptive and developmental measures.

To date, only one published study has used an autism screener with a grolgrerf chi
with FXS (Scambler, Hepburn, Hagerman, & Rogers, 2007). In this study, the Chiecklist
Autism in Toddlers (CHAT; Baron-Cohen, Allen, & Gillberg, 1993) was used. H&TC
composed of 14 yes or no questions, is intended to be used by general prextitisoeeen for
autism during 18-month developmental check-ups. The first nine items areraddyy the
parent, while the other five are answered by the doctor or health worgagh observation
(Baron-Cohen et al.). When used as a screener with children with FXS, Ke @ty correctly
flagged 50% of children who met DSM-IV autism criteria (Scamblaf.gtAlthough sensitivity
was poor, the CHAT was highly specific (100%). Adding additional speciatier(the Denver
Criteria) to the screener did increase the number of children tgrtagged, but also equally
increased the number of children incorrectly flagged (Scambler .t ahpuld be noted that
Scambler and his colleagues used a relatively small sample oechilath FXS N = 17), so
generalization of their findings may be limited. However, if studiesutitic children without
FXS are any indication, 50% sensitivity may actually be an inflatechatsti When the CHAT
was initially developed for young children with idiopathic autism, a aityihigh level of
specificity (98%) and an even lower level of sensitivity (38%)eweported (Baron-Cohen et
al.). While these levels of specificity and sensitivity may klfuldor detecting children at risk
for autism in the general population, the CHAT does not provide an adequteflsgnsitivity
for screening children who already have a known risk factor for autism, s&etBas
Identification of Autism in Non-FXS Samples

While no other research groups appear to have investigated autiemess with a
sample of children with FXS, some commonly used autism screeners havesbes it

similar populations. For instance, the Social Communication Question8&ifg) @nd the Social



Responsiveness Scale (SRS) have been used with subgroups of children withribiwec
functioning and high levels of problem behavior (Charman et al., 2007). Low cognitive
functioning (Bailey et al., 2001) and high levels of problem behavior (Hatton 208R) are
common in the FXS population, and how these characteristics affect tlaeefiicscreeners is
relevant to how the screeners might perform with children who have FXi$tigo8CQ (Rutter,
Bailey, & Lord, 2003) and SRS (Constantino & Gruber, 2005) are parent-report quaiséenn
The SCQ (Rutter et al.) is composed of 40 items to which the parent respondsigeand one
of its intended uses is to approximate the severity of autism spectrum disgrgeomology.
The SRS (Constantino & Gruber) is composed of 60 items on a five-point Likiestacd one of
its intended uses is to aid in the clinical diagnoses of autissrdeis Aspergers, PDD-NOS, and
schizoid personality disorder of childhood. Both screeners suggest catad§ $or flagging
children for formal autism testing.

In a validation study, both the SCQ and the SRS performed impressively ipla dm
119 children ages 9-13 with special educational needs (Charman et al., 2@03CQ® was
highly sensitive (86%) and specific (78%) in correctly flagging céildvho had been diagnosed
with autism spectrum disorders. The SRS performed similarly well, with @&%ftisity and
67% specificity. However, when screening subgroups of children with low aaghihctioning,
the SCQ was markedly less sensitive (73%) and in a subgroup of childrenghitevels of
behavior problems, the SRS was markedly less specific (41%; Charaign Ehese findings
suggest that screeners that perform well in heterogeneous samplexnfaesither sensitivity
or specificity in samples characterized by low cognitive functioning agtdlbiels of problem
behavior, two common traits in the FXS population (Bailey et al., 2001; Hattbn20@2).

In sum, there is a body of evidence demonstrating that children with como®idriel
autism are at risk for markedly poorer outcomes than children withalfot®, and there is reason

to believe that early identification and intervention would improve thesemes: However,



accurately screening children with FXS at an early age for antisrains a challenge, as current
screening tools may not be optimal. To better identify young children wighvito will be later
diagnosed with autism, the specific behaviors and risk factors thertediffate this group must be
closely examined. These behaviors fall primarily into one of thread categories:
communication, social behavior, and problem/aberrant behaviors. The evstgpcgting each
of these categories will be explored.
Selecting Screening Iltems: Features Unique to Children with CombXsd

A systematic review of the literature was conducted to explate estegory of behavior.
The selection of literature was guided by several criteria. First, onhtitateve studies with
samples of fifteen or more young children with FXS were selected. Hovtheanost frequently
cited studies included considerably larger sample sizes; many hptésares larger than 50,
and several studies included more than 100 participants. Also, whileasiteken to select
studies with younger participants (ages 2-5), several of theestundiluded broader age groups.
Second, the studies had to directly compare a group of children with FXS vistin digorder or
autism spectrum disorders with a group of children with FXS who did not mgebdiic criteria
for autism. Most studies also included other groups of children for compariskoialjigcgroups
characterized by idiopathic autism, developmental delays, or typicabgeweht. Third, studies
had to demonstrate significant differences between groups using accejgédagtatethods.
And finally, because the aim of this review was to synthesize therewasit evidence, only
studies published after the year 2000 were included. Because mal@sasiggioutnumber
females with FXS, are typically more severely impaired by FXS, hawghar rate of FXS and
autism comorbidity, and are more often the subjects of FXS studies, tbeee\iterature deals
almost exclusively with young boys. Most of the studies reviewed compatiedluals with
FXS with and without autistic disorder, although some use the broadeficdies of autism

spectrum disorder (Budimirovic et al., 2007), and others have one subgroup withdistisiers



and another with autism spectrum disorders (Kaufmann et al., 2004). Hoimes@me cases this
distinction is not relevant, as a number of the findings resulted frolysasausing associated
features to predict continuous scores on autism diagnostic tools (such-RsoAlCARS total
scores) rather than to predict group membership. When studies are disbassamlve
prediction of group membership, studies that used the broader classifafetioism spectrum
disorder (ASD) are explicitly noted.
Communication

Several research groups have explored how impaired communication, riteséyncfor
autism diagnosis, may relate to autism in FXS (Lewis et al., 2006; Loeath2907; Philofsky
et al., 2004; Price, Roberts, Vandergrift, & Martin, 2007; Roberts, Mi&dgirchinal, 2001).
Several researchers found that children with comorbid FXS and autienahanguage profile
distinct from other children with FXS. Philofsky et al. found that althogmung children with
FXS (ages 2-5) have significantly impaired communication as measurkd Mutlen Scales of
Early Learning (Mullen, 1995), receptive language was a relative gtremgn compared to
expressive language. Children with both FXS and autism, however, had lowel overal
communication skills, and receptive language skills were similaxpressive language skills,
resulting in a flat language profile. Lewis and colleagues corated significant differences in
receptive language between those who do and do not have autism, even aftdingdiatrdgvel
of cognitive functioning. However, other researchers using the sasmmilar measures of
receptive language did not find significant differences in recepdivguage skills (Price et al.,
2007; Roberts et al.).

Two research groups (Kaufmann et al., 2004; Loesch et al., 2007) administaradya
of test batteries to children with FXS, then analyzed communicationaalscores for
correlations with the two most highly regarded autism diagnostic tbel#gutism Diagnostic

Observation Schedule-Generic (ADOS-G; Lord et al., 2000) and Autisnm@¥tg Interview-



Revised (ADI-R; Lord, Rutter &, Le Couteur, 1994). Loesch and colleagues fountdehat t
Controlled Oral Word Association Test (COWAT), a measure of V@dsncy, was a significant
predictor of ADOS-G scores. However, other research groups did notdiniticsint differences
in expressive language (Lewis et al., 2006, Philofsky et al., 2004). Kaufmann lzadjges
found that the adaptive communication subscale of the Vineland Adaptivei@eBeales, when
covaried with the adaptive socialization subscale, predicted ADbRRScHowever, when the
adaptive communication and socialization subscales were analyzed asesepaables, only the
socialization subscale was a significant predictor of autism.

There are not any factors relating to communication that are conlsigisedictive of
autism status in males with FXS across studies. Even if signifdifferences found in individual
studies were not contradicted elsewhere in the literature, epostsent broad findings detected
only after administering entire diagnostic batteries; closer exaion of subscales and
individual items did not reveal any specific features that were syrgngtlictive of autism. As
Kaufmann and his colleagues (2004) suggest, perhaps social behavesrthath
communication, is the domain that best discriminates between childlte FXS who do and do
not have autism.

Social behavior

A number of researchers suggest that social behavior maytpratigim status in males
with FXS (Budimirovic et al., 2006; Kau et al., 2004; Kaufman et al., 2004; BolhEeisenfeld,
Hatton, & Heath, 2001). Budimirovic and his colleagues examined how wellispsmsfal items
from rating scales predicted ASD status in young boys, 3-8 years thdi-¥&6. They found that
adaptive socialization and social withdrawal were independent pedaftASD in FXS, with
adaptive socialization being the stronger predictor. As a composite, thbssdrscales from the
Vineland Adaptive Behavior Scale (VABS) and the Aberrant Behaviecklist (ABC; Aman,

Stewart, & Field, 1985) were highly sensitive and specific prediofaaigtism. Seventy-seven
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percent of subjects were correctly classified as having ASD, @b%e of those without ASD
were also correctly classified. The VABS social subscale igagisantly correlated with ASD
classification, replicating a finding in an earlier study by Kaufmann alhelgues. Within the
VABS subscale, six specific items were tested as informatinesitds a composite, these items
were highly predictive of ASD status (they correctly clasdi8&% of subjects with ASD, and
82% without) and three of the individual items were each independegnificantly related to
ASD status. These three items included itemli&de( happiness, sadness, fear and anger in
oneself, item 31 fespond verbally and positively to good fortune in othesd item 38
(respond appropriately when introduced to others

Social avoidance was not found to be as strong of a predictor as adaptiliestan,
and its correlation with ASD status was only significant with older stdbj@udimirovic et al.,
2006). When applied to a subgroup of subjects five years old or older, a groupiofdimative
items from the Aberrant Behavior Checklist (ABC) was highly prediatif ASD status
(correctly classifying 75% of subjects with ASD, and 93% without). ©@nkyindividual item had
a statistically significant association with ASD status: itEhfwithdrawn, prefers solitary
activity, socially isolativie The authors conclude that unlike children with idiopathic autism,
“true social avoidance, but not social indifference, appears fokelto ASD in FXS
particularly in older boys” (Budimirovic et al., p. 1823).

This distinction supports the argument made by Roberts et al. (2007)itdedrc with
FXS have high levels of social anxiety, and that those who also have aatisbe distinguished
by their inability to modulate their social behavior over time. The asithiothis study theorize
that most children with FXS are socially anxious and withdraw in novel sihgatout that their
social interactions improve in more familiar contexts. Childreh WKS and autism, however,
display social withdrawal regardless of whether the situation is nov@tdliar. This idea is

supported by the study’s reported observations using the Social ApproacliS2@jewhich
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includes measurements of physical movement, facial expression, and eat. (@AE scores
taken at the beginning and end of observation days indicated that for chilthmemlyiFXS,
social approach improved as they spent more time with the examiner. ChilthdiX®8 and
autism, however, showed poorer initial approach and less improvement withiexfmthe
examiner. The SAS scores were correlated with Childhood Autismdratiale scores (CARS;
Schopler, Reichler, DeVellis, & Daly, 1980), and physical movement, fagia¢gsion, and eye
contact were all statistically significant predictors of diatisehavior. Of these predictors,
modulated eye contact was the best predictor of autism status cklad iacrease in eye contact
after spending time with an examiner most clearly distinguished hitty$XS and autism from
children with FXS alone (Roberts et al.). Much like the aforementioned studyn@Bovic et al.,
2006), differences in social avoidance in boys with FXS and autism weeepmmrounced in
older boys (Roberts et al.). This mirrors a similar finding that SABores for children with FXS
may increase slightly with age (Hatton et al., 2006), rebutting previeosi¢s that young
children with FXS are more likely to exhibit autistic behavior than oldddrem with FXS.
Kaufman and his colleagues (2004) also found that young children with FXS &md aut
showed significant social deficits. In fact, social interaction scetesrito a continuum that
corresponded with autism disorder and autism spectrum disorder diagnakken@th FXS
alone showed the mildest social deficits, while children who also hadsh8®ed moderate
deficits, and children with FXS and autism disorder displayed the mwstesdeficits. There
were significant differences between social interaction scoreshfidren with FXS and ASD
from children with only FXS. When ADI-R (Autism Diagnostic Interview-Red) items were
analyzed to find which specific test items were most predictivetsm diagnosis, items

reflecting imaginative play and peer interaction emerged (Kaufmarj.et al
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Problem/aberrant behavior

Poorer communication and social skills in children with autism aes o&lated to
increased levels of behavior problems (Mancil, Conroy, Nakao, & Alter, 2086)efore,
although differences in problem behavior make a unique contribution to distinggiautism in
FXS, it is not surprising that there may be some overlap with preyidisglussed social and
communication factors.

Total problem behavior scores from the Child Behavior Checklis€{GCB.chenbach &
Rescorla, 2001) have been found to be significantly correlated with@bgsavior in children
with FXS, and stable over a three year period for boys 4-12 years oldr(ldatil., 2002). Other
researchers concur that children with FXS and autism have higher CBCprtablem behavior
scores than children with FXS alone (Kau et al., 2004). While total probleavibe scores are
related to autistic behavior, the most useful information from the OB&} come from
inspection of individual subscales and test items within thesesdOverall scores are unlikely
to distinguish children who have autism from other children with FXS, as ab6of caildren
with FXS score within the borderline or clinical range for total probbehavior (Hatton et al.,
2002; Hessl et al., 2001).

Closer examination of CBCL scores revealed significant differanaagernalizing, but
not externalizing, behaviors (Kau et al., 2004). Specifically, childrenasithorbid FXS and
autism had significantly higher scores for ‘withdrawn’ (Budimirovic et2006; Kau et al.;
Kaufman et al., 2004) and ‘attention problem’ (Kau et al.) subscalesntatt colleagues
(2002) did not find significant differences for attention, but suggest thatitidant medications
being prescribed to a large number of their subjects may have maskeibke @dtect. When the
‘withdrawn’ subscale was analyzed, it was found that a disproportionatiean of items related
to social avoidance behaviors (Budimirovic et al.). These include7ggshy or timid) item 88

(sulks a lot)jtem 111(withdrawn, does not get involved with otheit®m 42(would rather be
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alone than with othersjpnd item 65refuses to talk)Although boys with FXS and autism scored
higher on the withdrawn subscale than children with idiopathic autismGB€lL total scores
were otherwise comparable to children with idiopathic autism @€al).

The Aberrant Behavior Checklist-Community (ABC-C) has also been usedhte far
differences in individuals with FXS with and without autism. Significaffieinces have been
found for the stereotypic behaviors subscale (Kau et al., 2004) andjiétioaial withdrawal
subscale (Budimirovic et al., 2006; Kau et al.). The only individual ABC-C itgmf&antly
correlated with autism diagnosis was item whdrawn, prefer solitary activity, socially
isolative. Although the total ABC-C and CBCL scores were similarly predictivaitém (the
CBCL had slightly improved sensitivity while the ABC-C had better spégifithe ABC-C
lethargy/social withdrawal subscale was more predictive of autisd$ntfran the CBCL
withdrawn subscale (Budimirovic et al.).

It should be noted that problem behaviors in children with FXS have been tearreith
environmental factors. Hessl and colleagues (2001) found that CBClsc¢otals were correlated
with the quality of education and therapy services as reported by parentfolihgyhat these
environmental quality scores, not IQ or FMRP level, were the best predigiaidem
behaviors. In view of this finding, perhaps problem behaviors alone may not be thesbégor
of autism in FXS, as they may reflect environmental differences.

Other behaviors

While some studies did not meet the criteria for this literatwiew, they do identify
findings that may be related to autism status in the FXS populationx&opke, although
Baranek and colleagues (2005) did not compare subgroups of children with tx&hdiwithout
autism, their comparison of very young children with FXS, idiopathic autisthoter
developmental disabilities yielded some unique distinguishing featusing retrospective video

analysis, they found that children 9-12 months old with FXS were best distingjflishe
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children with other developmental disabilities by unusual object plal¢img spinning objects)

and unusual motor patterns (including repetitive leg movements). Bettase features relate to

repetitive behaviors and restricted interests, a defining categowfisti@behavior, it is possible

that they might distinguish children with comorbid FXS and autism from chilgitbronly FXS.
Summary and Research Aims

If educational services for children with FXS and autism are to be imgrearly
identification and intervention are paramount. Current autism screengxeuing children are not
sensitive enough to identify the majority of children with FXS who ikt be diagnosed with
autism (Scambler et al., 2007) and a more specialized screener forShEpplation is needed.
A review of the literature demonstrates that a number of researgbsdrauve identified specific
behavioral traits that distinguish children with comorbid FXS and autism ¢hildren with FXS
alone. The present study aims to explore how well questionnaire itemd teltese
distinguishing traits predict overall autism symptom severitjildien with FXS.

Based on the most promising findings in the literature that identifyfgplbehaviors that
may distinguish children with comorbid FXS and autism from other children i) three
major categories of behavior were identified. These categodkesle (a) social anxiety,
withdrawal, and avoidance (Budimirovic et al., 2006; Kau et al., 2004; Kauétnal, 2004,
Roberts et al., 2001); (b) play, specifically imagination, peerdaoten, and object play (Baranek
et al., 2005; Kaufman et al., 2004); and (c) adaptive socialization, spégifiecognizing
emotions in self and othgBudimirovic et al., 2006; Kau et al., 2004; Kaufmann, 2004).

The present study tests the hypothesis that questionnaire itemd telageh of these
three respective categories will predict autistic behawichildren with FXS. Furthermore, an
optimal combination of items from these categories will be idedtifibe ability of this
combination of items to predict autistic behavior in children with FXSheiltlirectly compared

to the performance of two traditional autism screeners with pleashboys who have FXS.
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Chapter 3: Methods

Participants

The participants for this study were a subgroup of subjects from thén@dfaagile X
Project who recently participated in a pilot study of the genetics BfiAS$nales with FXS, for
which informed consent had been obtained. De-identified data were useid &iudly.
Participants included 60 boys with full mutation FXS who were batwieand 18 years olii(=
11.9;SD= 4.4). To be included in this study, three behavioral measures must have bexacdolle
for participants, including the Social Responsiveness Scale (SRSa@timsi& Gruber, 2005),
the Social Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003), aRepleditive
Behavior Scale (RBS; Bodfish, Symons, & Lewis, 1999). In addition, scores froGhtlihood
Autism Rating Scale (CARS; Schopler, Reichler, DeVellis, & D&B88) were used to describe
autism symptom severity.
Measures

The SRS (Constantino & Gruber, 2005) is a 65-item parent-report questéodesigned
to be used as a screener for autism, Aspergers, PDD-NOS, and sphizsoidality disorder of
childhood. Items are answered on a five-point Likert scale and summeddtéiweetubscale
scores (social awareness, social cognition, social communication, sotiiation, and autistic
mannerisms) and a total score. The scoring algorithm for the SRSdavelerse scoring some
items so that higher scores represent greater autism symptomtys&Vben referenced in the
analysis, items that have been reverse scored are undeHoreaichild in a clinical or

educational setting already suspected of having social development woalatal score of 85



or greater suggests that the child may have an autism spectrum disutdieat further
evaluation is warranted (Constantino & Gruber).

The SCQ (Rutter et al., 2003) is a 40-item parent-report questionnairaatbsig
provide a dimensional measure of autism symptomology, compare overalldeaatssm
symptomology across samples, and to approximate severity of autism syiggpnParents
respond yes or no to each item, and items are summed to yield three subsealéeaciprocal
social interaction; communication; and restricted, repetitivé, stereotyped patterns of behavior)
and a total score. The scoring algorithm for the SCQ involves resepsiag some items so that
higher scores represent greater autism symptom severity. Whesnoefgin the analysis, items
that have been reverse scored_are underliveatal score of 15 or greater suggests that a formal
autism evaluation may be warranted. The SCQ was designed as a companion fecréhene
Autism Diagnostic Inventory-Revised (ADI-R; Lord, Rutter, & Le Coutdi®94) and SCQ
subscale scores match and agree well with ADI-R domain scores (Ruatt¢r e

The RBS (Bodfish, Symons, & Lewis, 1999) is designed to assess the pramnce a
severity of abnormal repetitive behaviors and restricted ingeassbciated with disorders such as
autism spectrum disorders and mental retardation. Items are rateiyeipaifiit Likert scale and
summed to yield five subscale scores (stereotypic behavior, jselbus behavior, compulsive
behavior, ritualistic/sameness behavior, and restricted interesta)tatad score using a revised
scoring algorithm. The RBS is an experimental instrument, and its psyclopneperties have
been assessed in an independent validation study (Lam & Aman, 2007).

The CARS (Schopler, Reichler, DeVellis, & Daly, 1988) is a 15-item ratistgs on
which professionals rate items on a scale from 1 (within normal litoié)severely abnormal).
The total score from the CARS represents a measure of autism systerity. Individuals
scoring 30 or above are considered autistic, while those scoring 37 and abowesatered

severely autistic (Schopler, Reichler, DeVellis, & Daly). Ohthe advantages of the CARS is
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that it yields a single score that is a continuous measure sfi@abghavior (Bailey et al., 2001;
Hatton et al., 2009). Multiple research groups have used the CARSwveffees a measure of
autism symptom severity in subjects with FXS (Bailey et al., 2001; Beetal., 2003; Hatton et
al., 2009; Levitas et al., 1983). Because the participants participatezl@atolina Fragile X
Project, a longitudinal study, many had been administered the CARS on nadtpkions. For
this analysis, CARS scores were averaged to yield a single sce@cfoparticipant. Each
subject had been assessed with the CARS between one and eeghftim3.5;SD = 1.5), with
scores ranging from 17.5 to 50.5 (n = 20B= 27.2;SD= 5.7). Other research groups have also
used average CARS scores for the purpose of statistical an8imie & Caro-Martinez, 1990).
Analysis

Variables.Analysis involved determining how well specific questionnaire itdrased
on previous research, may potentially distinguish the subgroup of childte FXS who have
autism by predicting autism symptom severity as measured by the.JARS: selected
guestionnaire items (the independent variables) come from three ntagoress: items relating
to social anxiety, withdrawal, and avoidance; items relating to pieecifecally imagination, peer
interaction, and object play); and items relating to adaptive socializ@pecifically recognizing
emotions in self and others). Candidate items that fall into these thegemas are summarized
in Tables 1, 2, and 3. It should be noted that considerable heterogeneity ekistsheitategory
of play (see Table 2). Items in this category relate to repetitivevimeb@and restricted interests,
such as object play, as well as social impairment, such as impairedtpesction.

Statistical analysisExploratory analysis identified how well each of the candidatast
(independent variables) correlated with the CARS total score (fendent variable). Bivariate
correlations witthp-values less than .05 were considered statistically signifidastrrelation
matrix was generated for all variables to examine how the independeiiesicorrelated with

each other and with the dependent variable. Next, the group of independenesadablified in
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Table 1 was entered into a regression model with the CARS total scibve dependent variable.
Items with significant unique contributions were identified usingWacd regression. ltems with
p-values greater than .10 were eliminated from the model. This processpeated for the
independent variables in Table 2, and then again for those in TabkuBing in three groups of
variables from each of the three respective categories.

These three groups of variables were entered into a regression amatledckward
regression was used to find the combination of predictor items that best xpéairariance of
the dependent variable (the CARS scores). Again, itemswitthues greater than .10 were
eliminated from the model. AR statistic was generated that represents the percentage of
variance explained by this optimal combination of predictor variables.

Then regression models were generated for each of the screening qa@sta(tine
SCQ and SRS), with the total screener score the sole predictor, and tBet@alRscore the
dependent variable. AR’ statistic was generated for each regression equation, refmgsenw
well each screener’s total score predicts the variance BARS. Then the prediction ability of
the selected combination of candidate items was compared to tihaipredbilities of the SCQ
and SRS total screener scores, as the goal is for a specilizeder to outperform existing
screening instruments. After all regression analyses were deahpdefactor analysis was used to
examine the optimal combination of predictor variables identified in tiad iackward

regression model.
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Table 1

ltems that Relate to Social Anxietyithdrawaf, and Avoidance®*

Test/ltem

Number ftem

SRS1 Seems much more fidgety in social situations than when alone

SRS3 Seems self-confident when interacting with others

SRS6 Would rather be alone than with others

SRS16 Avoids eye contact or has unusual eye contact

SRS23 Does not join group activities unless told to do so

SRS27 Avoids starting social interactions with peers or adults

SRS34 Avoids people who want to be emotionally close to him or her

SRS45  Focuses his or her attention to where others are looking or listening

SRS64 Is too tense in social settings

SCQ19 Does she/he have any particular friends or best friend?

SC020 Yggﬁ?osggi%:/nvgtsh?ng?, did she/he ever talk with you just to be friendly (rather
SC026 \é\(/)rllr(]ag tz?;g/}f;ew\/i\{ﬂsyguog r5t a?lll?nsgh\?v/i?lfyuosuu'?“y look at you directly in the face when
SCo28 :/c\)/r:;\1rg1J ;gglcguvrvz?t :n's[ci)oi,?did she/he ever show you things that interested her/him
SCO36 When s_he/he was 4 to 5, did she/he seem in_terested in other children of

approximately the same age whom she/he did not know?
SC037 When she/he was 4 to 5, did she/he respond positively when another child

approached him/her?

Note: Underlined item$ave been reverse scaled so that higher scorieat@dreater autism symptom severity.
'Roberts et al., 200Budimirovic et al., 2006°Kau et al., 2004'Kaufman et al., 2004
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Table 2

Items Relating to Play (Specifically Imaginatioh Peer Interactioh and Object Pla)

Test/ltem

Number ftem
SRS20 Shows unusual sensory interests or strange ways of playing with toys
SRS22  Plays appropriately with children his or her own age
SRS40 Is imaginative, good at pretending
SCO12 Has she/he ever seemed more interested in parts of a toy or an object (e
spinning the wheels of a car), rather than using the object as it wadent
SC0O29 %ﬁiﬂ she/he was 4 to 5, did she/he ever offer to share things other than food with
When she/he was 4 to 5, did she/he ever spontaneously join in and try to copy the
SCQ34  actions of social games, such as The Mulberry Bush or London Bridge Is Falling
Down?
SCQ35 When she/he was 4 to 5, did she/he play pretend or make-believe games?
SCO39 When she/he was 4 to 5, did she/he ever play imaginative games with andther chi
SCR3 in a way that you could tell that they each understood what the other wa® doing
SCO40 When she/he was 4 to 5, did she/he play cooperatively in games that required
SCRA joining in with a group of other children such as hide-and-seek or ball @ames
RBS5 Object usage (spins or twirls objects, twiddles or slaps or thobjests, lets
objects fall out of hands)
RBS42 Preoccupation with part(s) of object rather than the whole object
RBS43 Fascination, preoccupation with movement/things that move éng. cfocks)

Note: Underlined item$ave been reverse scaled so that higher sconeat@dgreater autism symptom severity.
Kaufman et al., 2004Baranek et al., 2005
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Table 3

Items Relating to Adaptive Socializatidri(Specifically Recognizing Emotions in Self and Others

Test/ltem ltem
Number
SRS7 Is aware of what others are thinking or feeling
SRS12 Is able to communicate his or her feelings to others
SRS15 Is able to understand the meaning of other people’s tone of voice and facial
E— expressions
SRS26  Offers comfort to others when they are sad
SRS38 Responds appropriately to mood changes in others
SRS60 Is emotionally distant, doesn’t show his or her feelings
SCQ27 When she/he was 4 to 5, did she/he smile back if someone smiled at him/her?
scos1 When she/he was 4 to 5, did she/he ever try to comfort you when you were sad or

hurt?

Note: Underlined item$ave been reverse scaled so that higher scorieat@dreater autism symptom severity.
Budimirovic et al., 2006°Kau et al., 2004°Kaufmann et al., 2004
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Chapter 4: Results

The analysis answered two primary research questions. First, dmgoaise items
related to each of the three identified categories predict auiistiavior in children with FXS?
This question was addressed in the first phase of analysis. Secondnagesnal combination
of items from the three categories outperform traditional autiseesers in a sample of children
with FXS? This question was addressed in the second phase ofsaanalysi
Phase I: Regression Analysis within Categories

First, items were analyzed that relate to social anxiety, veithal, and avoidance (see
Table 1). Of the candidate items, over half (53%) had signtfigen .05) bivariate correlations
with CARS scores (see Table 11 in Appendix A). Three items wilth non-significant negative
correlations with CARS scores (most likely due to error) were mditad from further analysis,
as they could potentially confound the backward regression andlgsigy backward regression,
an optimal combination of predictors was identified (see Table 43.cbmbination of three
items was moderately predictive of CARS scoRés=(.44).

Table 4

Items Identified in Phase | Backward Regression from Table 1 thaeRel8bcial Anxiety,
Withdrawal, and Avoidance

Item Description

SRS23 Does not join group activities unless told to do so
SRS45 Focuses his or her attention to where others are looking or listening

SCQ 19 Does she/he have any particular friends or best friend?

Note: Underlined item$iave been reverse scaled so that higher sconeat@dgreater autism symptom severity.



Next, items were analyzed that relate to play (see Table 2). Chtitidate items, the
majority (92%) had significanp(< .05) bivariate correlations with CARS. In fact, most
correlations (75%) were highly significamt € .01). Two individual items from this category had
markedly higher correlations with CARS scores than any other quest®iteais in this
analysis. SRS20 and RBS5, which both relate to object play, had Pearstationreeefficients
of .57 and .56, respectively (see Table 12 in Appendix A). Using backegession, an optimal
combination of predictors was identified (see Table 5). This cortnamef three items was
moderately predictive of CARS scoré¥ & .48).

Table 5
Items Identified in Phase | Backward Regression from Table 2 thaeRelRlay

Item Description

When she/he was 4 to 5, did she/he ever spontaneously join in and try to copy the
SCQ34 actions of social games, such as The Mulberry Bush or London Bridge Is Falling
Down?

Object usage (spins or twirls objects, twiddles or slaps or throjstsplets objects

RBSS  fall out of hands)

SRS20 Shows unusual sensory interests or strange ways of playing with toy

Note: Underlined item$iave been reverse scaled so that higher sconeat@greater autism symptom severity.

Finally, items were analyzed that relate to adaptive sociaizésiee Table 3). Of the
candidate items, most (63%) had significan& (05) bivariate correlations with CARS scores
(see Table 13 in Appendix A). Using backward regression, an optimal atmoini of predictors
was identified (see Table 6). This combination of two items wadenately predictive of CARS

scores I = .28).
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Table 6

Items Identified in Phase | Backward Regression from Table 3 thaeReladaptive
Socialization

Item Description

SRS12 Is able to communicate his or her feeling to others

SRS26 Offers comfort to others when they are sad

Note: Underlined item$ave been reverse scaled so that higher scorieat@dreater autism symptom severity.

Phase Il: Regression Analysis among Categories

The eight items identified from the three categories (suraetin Tables 4, 5, and 6)
were all entered into a backward regression model with CARS scdtes dependent variable.
Four items were identified as an optimal combination of predictorslédgle 7). The statistics
generated in the Phase Il backward regression are summarized in AppentiithE:eA
categories of items were represented. This combination of variabtelkighly predictive of
CARS scoresF = .59), outperforming traditional autism screeners for thigpaof children
with FXS (see Table 9).

Table 7
Items Identified in Phase Il Backward Regression Analysis

Item Description Category
Table 1: Social anxiety,
SRS23 Does not join group activities unless told to do so withdrawal, and
avoidance

Focuses his or her attention to where others are Iookinérable 1: Social anxiety,

SRS45 ; X withdrawal, and

=—— orlistening ;
avoidance

RBS5 Object usage (spins or twirls objects, twiddles or slaps or Table 2: Play

throws objects, lets objects fall out of hands)

Table 3: Adaptive

SRS26 Offers comfort to others when they are sad L
Socialization

Note: Underlined item$iave been reverse scaled so that higher scoreat@dreater autism symptom severity.
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Factor Analysis

After all regression analyses were completed, a factor asalgs used to examine the
optimal combination of predictor variables identified in the final bacdwegression model.
However, due to the small sample sike=(60) and the high intercorrelations of the predictor
variables identified in the final backward regression model (abB), the factor analysis did

not yield useful results. All items loaded onto a single factor.

Table 8 Table 9
Intercorrelations Between Items Identified in Prediction of CARS Scores
Phase Il Analysis

ltem SRS23 SRS45 RBS5 SRS26 Predictor R
SRS23 — 104 252 145 SCQ Total Score 24
SRS45 — 357" 205 SRS Total Score .27
RBS5 _ 443 Identified Items 59

(SRS23, SRS4RBS5, SRS26

SRS26 . — Note: Underlined item$iave been reverse

scaled so that higher scores indicate greater

Note: p<0.05 p<0.01 _Underlined itentsave been autism symptom severity.

reverse scaled so that higher scores indicateggraatism
symptom severity.

Sensitivity and Specificity

When the analysis was originally planned, computing composite scores ayrirgnal
sensitivity and specificity were not included, as differencesdlirgcbetween the SCQ (2-point
yes/no scale) and the SRS and RBS (5-points Likert scales) posed metluadipiadilems.
However, the final backward regression analysis resultedns iteom only the SRS and RBS
guestionnaires, eliminating the problem with scaling. Items on both & tests are scaled
similarly on a Likert scale and coded into values of 0, 1, 2, 3, or 4. Because gfiitvadent
scaling, it is reasonable to sum the scores from these items (summafizdda 7) to compute a

composite score for the identified items. Composite scores could rangé to 16.
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Composite scores were calculated for all subjects. Then, subgetshassified into two
groups (Autism and No Autism) based on CARS scores. Subjects with CARS sc8fesr of
greater were classified into the ‘Autism’ group, while subjecth ®ARS scores less than 30
were classified into the ‘No Autism’ group. This resulted in 17 stbhj@8%) in the ‘Autism’
group, and 43 subjects (72%) in the ‘No Autism’ group. The proportion of boysfieldssto the
‘Autism’ group (28%) is consistent with other estimates of autisuglence in boys with FXS
(Clifford et al., 2007; Hagerman et al., 2006; Hatton et al., 2006; Lewis 20@6; Rogers et al.,
2001).

Then, the composite scores were analyzed as predictors of autisificeltisn. Different
cut-off scores were considered by calculating how many subjects woutdrbetly sorted into
each group (Autism or No Autism) as a function of the cut-off scoreT@ele 10). The optimal

cut-off score, 6, is both highly sensitive (83%) and specific (79%).

Table 10
Sensitivity and Specificity of Summed Score of Identified Items (N = 60)

Subjects Correctly  Subjects Correctly
Cut-off Identified in Identified in Sensitivity Specificity
‘Autism’ Group ‘No Autism’ Group

11 1 43 6% 100%
10 5 43 29% 100%
9 6 43 35% 100%
8 9 40 53% 93%
7 11 38 65% 88%
6* 14 34 82% 79%
5 17 24 100% 56%

*optimal cut-off score
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Chapter 5: Discussion
Phase | Analysis

As hypothesized, questionnaire items related to each of the three idertiéigdries
(social anxiety, withdrawal, and avoidance; play; adaptive socialigatere highly predictive of
autistic behavior in children with FXS. This was anticipated, ag tb@®gories of items were
constructed based on findings in previous research (Baranek et al., 200%irBudiet al.,

2006; Kau et al., 2004; Kaufman et al, 2004; Roberts et al., 2001). However, the indiginsa
that emerged as the best single predictors of autism severityameeg/bat surprising.

While many researchers suggest that social behaviors besgdish children with
comorbid autism and FXS from other children with FXS (Budimirovic et al., 2006,eKal.,
2004; Kaufman et al, 2004; Roberts et al., 2001), in this study, play itemegetatestricted
interests and repetitive behaviors emerged as the best singjleigneof autism symptom
severity. Two items relating to unusual and repetitive object(@B520 and RBS5) each had
markedly higher bivariate correlations with CARS scores than any t¢hes.iAlthough one
research group (Baranek et al., 2005) found that early object play rfergulifate infants with
FXS from infants with other developmental disabilities, their agighid not include subgroups
of FXS subjects with and without autism. A thorough literature vedie not reveal any research
that used substantive quantitative data to suggest that olggcophny other specific repetitive
behavior, may distinguish children with comorbid FXS and autism from other childile FXS.
This may be the first study to support specific repetitive behaas a key determinant of autism

in FXS.



While items relating to repetitive behavior were surprisimpgiwerful predictors, a
number of items relating to social behaviors were surprisingly poor presiadftautistic
behavior. For example, almost half (47%) of items relating to sociattgnxiithdrawal, and
avoidance did not have significapt£ .05) bivariate correlations with CARS scores (see Table
11 in Appendix A). The two poorest single predictors (SRS16 and SCQ26) wereytie@nl
selected items that target eye contact as a determinant of aiisi®.this may seem to
contradict previous research that suggests eye contact may be sézsedyautism in FXS
(Roberts et al., 2001), this is not the case. Roberts and colleagueshaatbly observation
data to support modulated eye contact as a correlate of autism status.resdaech, all FXS
subjects tended to show similarly poor initial eye contact with a naaehieer, but subjects
without autism demonstrated improved eye contact after being exposed to tieeexaer
time, while subjects with autism did not demonstrate marked improvemeunirast, the
present study uses data collected via parent report. These parentatipgs captured a general
impression of eye contact, which was poor among most subjects regafiesism status.
Therefore, these two studies do not contradict each other, but insteast $bhggalthough
modulated eye contact may be a determinant of autism status in arstidaboratory setting
with multiple observations, this prediction ability is simply not captumnea parent-report
guestionnaire.

Other poor predictor items were somewhat qualitatively similéieystended to be more
subjective and less directly observable than other items tappinga fiehavior. For example,
item SRS1His able to understand the meaning of other people’s tone of voice and facial
expressionswas a poor single predictor, as it is rather subjective andresghie parent to infer
what the child does or does not understand. However, S@826 comfort to others when they
are sad proved to be a more powerful predictor as it is more objective andiylivbservable.

Consequently, a screening instrument for autism in the FXS populationl giiobhbly focus on
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specific, observable behaviors rather than general statemenisghia¢ parent respondents to
make subjective judgments.
Phase Il Analysis

The second phase of analysis confirmed the hypothesis that an optimal ¢mmlziha
items from the three categories would outperform traditional autiseesers in this sample of
children with FXS (see Table 9). As summarized in Table 7, theldawkward regression
analysis yielded a combination of four items that optimally predict £a€bres. Notably, each
of the three categories devised in the hypothesis (social anxidtgrawital, and avoidance; play;
adaptive socialization) were represented.

Three major implications can be drawn from this combination of fousitéirst, these
items are four of the most observable and objective, reiterating édeméocus on clear,
observable behaviors when creating parent-report questionnaires. Secdodt, iieens represent
two of the three major impairments that define autism: socialiimpat and repetitive behavior.
The item representing repetitive behavior (RBS5) is the stronggt predictor of the four
items. This item focuses on stereotyped object play. The other mee(ERS26S5RS45and
SRS23) target social impairments. Specific types of socialifmpat include lack of empathy
(SRS26, lack of joint attention (SRS45and social avoidance (SRS23). Finally, the four items
are highly correlated with each other (see Table 8), suggesting tblaitdren with FXS display
increased repetitive behaviors (as observed in object play),ghéyd display similarly elevated
levels of social impairment. In other words, a pattern of interrelateavims distinguishes
children who have comorbid autism and FXS from other children with only FXS.

Notably, the only significanip(< .05) intercorrelations both involved the item
representing stereotypical object play (RBS5). This item vggéfisiantly correlated with items
describing lack of joint attention (SRS4&nd lack of empathy (SRSP@ he association between

object play and joint attention may stem from impairments in iioitagkills. The imitation skills
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of children with FXS have been found to be impacted by autism symptom seapdtymitation
skills have been associated with object play and joint attention (Rddepburn, Stackhouse, &
Wehner, 2003). However, not all studies have found significant differémamgtation ability
between children with comorbid FXS and autism and children with only F>Xé8dgdbni-Luksic,
Greiss-Hess, Gosar, Chitwood, & Hagerman, 2006).

The association between object play and lack of empathy may stem fpainnmants in
theory of mind. Impairments in theory of mind, or “the ability to impute mestédés to oneself
and to others” (Baron-Cohen, Leslie, & Frith, 1985, p. 39), have been found to distemi
children with FXS who do and do not have autism, even after controlling for eegniti
functioning (Lewis et al., 2006). Clearly, empathy, which requires understamalingeacting to
someone else’s mental state, is closely tied to theory of mind. Themipdimay be indirectly
tied to unusual object play; children without theory of mind are undesistied by social stimuli,
and may compensate by engaging in self-stimulating repetitive play.

Sensitivity and Specificity

The items identified through backward regression were selectedskeacacombination
they optimally predict CARS scores. While the statistic from thed fiegression analysiB{(=
.59) describes how well the four predictor items explain CARS scorkses not describe how
well these four predictors would correctly flag children with FXS whotroeteria for autism.
An exploratory analysis compared the summed total of the four identiims to autism
diagnosis as measured by the CARS. For the purpose of this analysistsswlife CARS scores
of 30 or greater were classified as having autism. Notably, when an optitvaf score is
selected, these four items function as a screener with high sep$8R46) and specificity (79%,
as shown in Table 9). While this analysis would be most telling in aaéplicstudy with a
different sample of children with FXS, it does suggest that thesitdentified in the regression

analysis may be useful as part of a screening tool.

31



Limitations and Directions for Future Research

Several limitations should be considered before generalizingnthiads of this study.
First, candidate questionnaire items were chosen based on distirighfaators identified in the
literature. Ideally, a factor analysis of all the questionnainesterould have been conducted to
aid in this process, but the relatively small sample $ize §0) did not permit this type of
analysis. Next, when exploring sensitivity and specificity, CARS saifré8 or greater were
used to assign autism status, rather than a confirmed formal diagnosislucatiomal setting or
from a physician. In addition, the CARS is not considered a gold standard td@doosing
autism; it is better established as a continuous measure of aytigptom severity (Bailey et al.,
2001; Hatton et al., 2009). Also, while the combination of identified questionreine is highly
predictive of both autism status and symptom severity in this partisaimple of 60 boys with
FXS, these findings should be replicated with a different sample dfehilvith FXS before
being generalized to the entire FXS population.
Conclusion

There are several conclusions that can be drawn from this study. Firstp&ath s
behavior and repetitive behaviors distinguish children with comorbid RY¥%uatism from other
children with FXS. The results from this study suggest that repetitivaevioeh related to
stereotyped object play may be the best single predictor of autismdrechilith FXS. This has
powerful implications for clinical settings; health care woskand early interventionists may be
able to interview parents about a few key behaviors to gauge wioethet a young child with
FXS should be formally evaluated for autism. Second, parent-repatiaqueires should focus
on objective questions that target observable behaviors. Finally stiiesref this study provide
evidence that a well designed parent-report questionnaire that facuspscific distinguishing

behaviors might serve as an effective tool for early identiinadf autism in boys with FXS.
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Table 11
Intercorrelations Between ltems in Table 1: Itehnat Relate to Social Anxiety, Withdrawal, and Aaaicke

Appendix A: Intercorrelations Between ltems Witldategories

_.\_H.Mw;ﬁ SRS1 _SRS3 SRS6 SRS16 SRS23 SRS27 SRS34_SRS4SRS64 SCQ19 _SCQ20 SCQ26 SCO28 SCQ36 SCQ37 CARS
SRSl _ 205 436 129 224 475 323 079 338 151 144 031  .237 331 1284 259
SRS3 — 311 151 .203 330 384 228 .311 .148 -026 -.003 -247 117 217 .187
SRS6 — 227 4786 525" 480" 200 367 297 331" 178  .230 393 333 430"
SRS16 — 475 430" 228 -040 238 .090 -040 479 .206 .30 .30  -.039
SRS23 — 516" 079 104 .269  .230 194 228 220 48B4 196 468
SRS27 — 508 121 507 173 044 215 .067 479 343 319
SRS34 — .201 482 249 045 230 136 .368 452" 233
SRS45 — 088 254 287 -.067 -095 .282 258 461
SRS64 — .065  .053  -.027 .031 234  .232 177
SCQ19 — 202 .33 124 303 381 415
SCQ20 — 76 289 278  .190 254
SCQr6 — 373 175 123 -182
SCQ28 — 33 134  -003
SCQ36 — 532 387"
SCQa7 — 301
CARS —

Note: 'p< 0.05 “p<0.01 Underlined items have been reverse scaldldat higher scores indicate greater autism symgeverity.
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Table 12

Intercorrelations Between ltems in Table 2: Itetvest Relate to Play

Testltem SRS20 _SRS22 SRS40 SCQ12 _SCQ29 SCO34 SCO35 SCQ39 SCO40 RBS5 RBS42 RBS43 CARS
SRS20 — 460° 315 537 432" .195 295 322 336" .603° 451" 362 567
SRS22 .166 514 .259 .071 092 320 447" 326 206 .176 379
SRS40 — 141 .225 .253 642 379 177 235 255 142 340
SCQ12 — .242 .154 159 194 312 409" .347 .380" 426
SCQ29 — 309 .346" 429 480" 286 .328 279 .254
SCQ34 — 450 334 397 232 211 .061 376
SCQ35 — 658 .289 277 216 .108 311
SCQ39 — 533 220 175 .135 311
SCQ40 — 314 198 .107 396

RBS5 — .583 517" 556
RBS42 — 706 429
RBS43 — 364
CARS —

Note: "p < 0.05

*

“p < 0.01 _Underlined itemkave been reverse scaled so that higher scorieaiagreater autism symptom severity.
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Table 13

Intercorrelations Between ltems in Table 3: Iteimat tRelate to Adaptive Socialization

_WM SRS7 SRS12 SRS15 SRS26 SRS38 SRS60 _SCQ27 SCQ31 CARS
SRSY — 431" 368" 345" 406 129 057 170 -.026
SRS12 — 257 219 294 .270 224 273 .336
SRS15 — 513" .355 .259 171 174 .183
SRS26 . — 415 .300 .257 471 472
SRS38 — 184 115 220 .340
SRS60 — 344 251 286
ScQ27 — 463 218
SCQ31 — 305
CARS —

Note: “p<0.05 "p <0.01 Underlined itemBave been reverse scaled so that higher scorieaiad

greater autism symptom severity.
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Appendix B: Phase Il Backward Regression Statistics

Table 14
Phase Il Backward Regression Statistics
Model ltem B SE t
1 SRS23 1.308 489 2677  .010
SRS45 1.435 588 2441 018
SCQ19 1.449 991 1.463  .150
CARS ~ SRS23 + SRS45SCQ19 + SRS20 SRS20 744 559 1.332  .189
*+ SRS34 RBS5 + SRS12+ SRS26 SRS34 -433 566 -765 448
RBS5 1.260 685 1.838  .072
SRS12 -114 648  -177  .860
SRS26 1.466 525 2795  .007
2 SRS23 1.293 476 2714 .009
SRS45 1.423 578 2460  .017
SCQ19 1.458 980 1.488  .143
AR O i poot s oase (020 SRS20 720 547 1334 188
SRS34 -.459 542 -848  .400
RBS5 1.251 677 1.848  .070
SRS26 1.464 519 2.819  .007
3 SRS23 1.334 473 2.823  .007
SRS45 1.422 577 2465 017
CARS ~ SRS23 + SRS45SCQ19 + SRS20 SCQ19 1.345 968 1389  .171
+ RBS5 + SRS26 SRS20 586 519 1131  .263
RBS5 1.288 674 1911  .062
SRS26 1.342 498  2.696  .009
4 SRS23 1.453 462 3.146  .003
SRS45 1.542 569 2713 .009
CARS = i&ZSRS%SCng +RBSS SCQ19 1.536 956 1.606  .114
RBS5 1.638 601 2727 .009
SRS26 1.364 499 2734 008
5 SRS23 1.572 462  3.400  .001
CARS - SRS23 + SRS46RBSS + SRS26 SRS45 1.717 566 3.033  .004
RBS5 1.719 607 2.832  .006
SRS26 1.455 503 2.895  .005

Note:underlined item$iave been reverse scaled so that higher sconeatedreater autism symptom severity

*least significant predictor in model lvip > .10; removed from subsequent models
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