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Abstract

Social skills are critical for academic, social, and psychological success of children with both
typical and atypical development. Boys with fragile X syndrome (FXS) are at high risk for social
skill impairments given intellectual impairments and secondary conditions. The present study
examines the impact of adaptive behavior, autism symptoms and anxiety symptoms to social skills
at the composite and subdomain level in boys with FXS across age. This cross-sectional study
included boys with FXS (3 — 14 years) contrasted to age matched typical control boys. Results
revealed that social skills are generally within developmental expectations with adaptive behavior
as the primary predictor. Anxiety and autism symptoms emerged as additive risk factors,
particularly in the areas of responsibility and self-control.
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Social skills are learned, socially accepted behaviors involving initiations and responses
across a variety of interactive and specific situations (Frey, Elliot, & Gresham, 2011; Merrell
& Gimpel, 2014). Although social skills fall under the broad social behavior umbrella, they
are considered a specific class of social behaviors exhibited by an individual to successfully
complete a social task (Gresham, 2016). Social skills allow children to develop meaningful
social relationships and have been shown to play a key role in children’s academic, social,
and psychological outcomes (Frey, Elliot, & Gresham, 2011; Gillis, Callahan, &
Romanczyk, 2011). They rely on the interplay of a variety of psychological constructs and
basic human traits including: personality, intelligence, language, perception, appraisal,
attitude, and behavior-environment interactions (Merrell & Gimpel, 2014). In early
childhood, core social skills include: listening to others, following rules, taking turns, asking
for help, cooperating with peers, and controlling emotions at times of conflict (Elliot, Roach,
& Beddow, 2008). However, social skills vary and evolve across development with the
acquisition of specific social skills typically emerging and improving across early childhood,
middle childhood, and adolescence (Merrell & Gimpel, 2014).
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Social skill deficits are present across the spectrum of impairment including those without a
formal diagnosis to those with one or more specific diagnoses or conditions. In individuals
with intellectual disabilities (ID), limitations in social skills are a central characteristic with
negative effects on their overall adaptive behavior (De Bildt et al, 2005). Difficulties have
also been shown in children with learning disabilities, language impairment, anxiety
disorders, and autism spectrum disorders (Griswold & Townsend, 2015; Merrell & Gimpel,
2014; Schalock et al., 2010). Specific social patterns have been identified as characteristic of
certain disorders within the literature. For example, individuals with non-specific ID tend to
display significant deficits or limitations in their social skills across all ages (Merrell &
Gimpel, 2014), whereas individuals with Down syndrome show relative strengths in their
socialization skills despite their intellectual functioning (Fidler, Hepburn, & Rogers, 2006).
Similarly, research in other disorders such as Williams syndrome, who are found to be
hypersocial, and chromosome 22g11.2 deletion syndrome, who have significant social
deficits, has suggested that social functioning is not and should not be solely related to
cognitive functioning (Doyle, Bellugi, Korenberg, & Graham, 2004; Shashi et al., 2012). A
common assumption is to assume social deficits are related to cognitive deficits, or
diagnostic overshadowing (Feinstein & Singh, 2007). In individuals with high anxiety, both
clinical and non-clinical samples have shown poorer social skills (Coplan, Prakash, O'Neil,
& Armer, 2004; Schneider, 2009; Spinrad et al., 2004) with longitudinal studies suggesting
anxiety predicts future social skill deficits (Thorell, Bohlin, & Rydell, 2004). For individuals
with autism spectrum disorder (ASD), social skill deficits are one of the core features
represented by impairments in social communication present across the range of cognitive
and language abilities (Carter, Davis, Klin, & Volkmar, 2005).

Fragile X Syndrome

Fragile X syndrome (FXS) is caused by a trinucleotide (CCG) repeat expansion on the
fragile X mental retardation 1 (FMR1) gene associated with reductions in FMR1 protein
resulting in physical, cognitive, and behavioral deficits (Hagerman & Hagerman, 2002; Hall
et al., 2009). FXS is the leading known heritable cause of ID occurring in 1 in 4,000 males
and is associated with a variety of co-occurring conditions including social impairments,
autism and anxiety (Cordeiro et al., 2011; Hall, Lightbody, Huffman, Lazzeroni, & Reiss,
2009; Kau et al., 2004). One of the most frequent and disabling behavioral abnormalities is
social avoidance in young boys with FXS that is associated with social anxiety and
hyperarousal (Kau et al, 2004; Kaufmann et al, 2004; Roberts et al., 2009; Roberts,
Weisenfield, Hatton, Heath, Kaufmann, 2007). Reports of adaptive socialization, friendships
and interpersonal skills indicate deficits across all these domains with the degree to which
males with FXS are able to interact with others cited as one of the most critical factors
predicting adult outcomes (Bailey, Raspa, Holiday, Bishop, & Olmsted, 2008; Hartley et al.,
2011; Klaiman et al., 2014).

One of the most prominent features associated with impaired socialization in FXS is the
presence of autism symptoms. ASD is one of the most highly recognized behavioral
abnormalities occurring in males with FXS with 60-70% of males with FXS meeting
diagnostic criteria for ASD in comparison to 30-60% of all children with FXS meeting
diagnostic criteria for ASD (Klusek et al., 2014; Talisa, Boyle, Crafa, & Kaufmann, 2014;
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Thurman et al., 2014). There is controversy in the literature about the overlap between ASD
and FXS. Some purport that FXS is a subtype of the spectrum of ASD, whereas others
believe they represent two distinct conditions with fundamental differences including more
mild social and communication impairments in FXS coupled with more impaired general
cognitive abilities (Abbeduto, McDuffie, & Thurman, 2014; Bailey, Hatton, Mesibov,
Ament, & Skinner, 2000; Kau et al., 2004; Kaufmann et al., 2004). Overall, males with FXS
who meet diagnostic criteria for ASD are at risk for markedly poorer outcomes compared to
those with only FXS (Abbeduto, McDfufie & Thurman, 2014; Hartley et al., 2011).

The presence of anxiety disorders has also been listed as one of the primary predictors of
impaired socialization in FXS with approximately 70-83% of individuals with FXS
diagnosed with one or more anxiety disorders (Cordeiro et al., 2011; Kaufmann et al., 2004;
Tonnsen et al., 2013). Anxiety symptoms within FXS have been associated with a range of
behavioral problems including: poor eye contact, gaze aversion, excessive shyness, hand
flapping, hand biting, aggression, and autism symptoms (Boyle & Kaufmann, 2010;
Tranfaglia, 2011). Research has shown that poor social behaviors are related to social
anxiety within ASD and FXS (Hall et al., 2009).

To date, research has primarily focused on examining broad socialization indices in FXS
rather than focus on important social skills that contribute to social success and are central
for later academic and social outcomes. Despite the importance of social skills to outcomes
in both typical and atypical conditions, no study has reported on age effects or variables that
relate to social skills in FXS. This work is complex given the overlapping features across ID,
ASD and anxiety and the measurement challenges associated with limited insight and
impaired communication problems in FXS (Cordeiro et al., 2011). Although challenging, the
present study aims to develop a better understanding of the potential relationships of anxiety
and ASD symptoms on social skills within young boys with FXS to add to the literature on
the social behavioral phenotype of FXS. The current study examines social skills at the
composite and subdomain level in young boys with FXS in contrast to typically developing
(TD) boys and in relation to age, adaptive behavior, anxiety symptoms and autism
symptomology. The research questions and hypotheses are as follows:

1 What is the relationship between social skills and age in young boys with FXS
compared to chronological age-matched TD boys controlling for adaptive
behavior? We hypothesized that boys with FXS would display significant deficits
in social skills compared to TD boys across chronological age with strong
adaptive skills as a significant predictor of greater social skills.

2. How are features of autism and anxiety in boys with FXS related to their social
skill development controlling for adaptive behavior? We hypothesized that
elevated features of anxiety and autism spectrum disorders would be associated
with decreased social skill competency.
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Method

Participants

Data were drawn from a series of three longitudinal studies examining development and
achievement in males with FXS. Each of the longitudinal studies were complementary;
however, they each had independent specific aims and methodology as evidenced by some
currently published literature (Baker et al., 2011; Hooper et al., 2008; Klusek et al., 2015).
Participants were recruited across the United States through FXS parent list serves, FXS
parent support groups, genetic clinics, developmental evaluation centers, early intervention
programs, and ongoing research studies. Control participants were recruited locally through
flyers and word of mouth. All males with FXS had the FMR1 full mutation based on
standard DNA testing. Participants were excluded from the study if they had any preexisting
sensory conditions (e.g., hearing or vision impairment). The typically developing boys had
no reported or suspected developmental concerns and fell within the average range (e.g.,
between 80 and 120) of functioning on developmental measures completed through the
longitudinal studies. Developmental measures varied across the three longitudinal studies
with some participants being administered the Mullen Scales of Early Learning (MSEL;
Mullen, 1995) or the Leiter International Performance Scale-Revised (Leiter-R; Roid &
Miller, 1997).

To answer the first research question comparing social skills between FXS and TD boys, 64
males with FXS (ages 3-7 years, 6 months, mean age = 4.38 years) and 65 TD males (ages
3-6 years, 6 months, mean age = 4.53 years) from the longitudinal studies were included.
Although several participants had multiple data points available, we selected each
participant’s first data point and matched all scores from the same data point for both sets of
data to identify emerging relationships on social skills. Groups were matched on
chronological age (&= 0.692, p=0.50) according to the criteria outlined by Mervis and
Robinson (2003). First, we compared the TD and FXS boys matched on chronological age
for the full sample independent of adaptive behavior or developmental level. Due to the
series of longitudinal studies measuring developmental level with different measures (MSEL
or Leiter-R), we utilized the Vineland Adaptive Behavior Scales (VABS; Sparrow, Balla, &
Cicchetti, 1984) to obtain a measure of current developmental functioning across all
participants to maximize the power of the analyses. Next, we compared a subset of 21 TD
(ages 3-4 years, 2 months, mean age = 3.47) and 44 FXS (ages 3-4 years, 7 months, mean
age = 3.55) boys matched on chronological age (£=0.68, p=0.50) utilizing the same above
mentioned criteria that had complete social skills data and adaptive behavior data, which
was used as a proxy for developmental level. Due to the potential confound with adaptive
behavior and social skills (e.g., socialization is one of the domains on the adaptive measure),
we supplemented analyses utilizing a similar subsample (three of the participants within the
larger sample had either adaptive behavior or developmental level, but not both) of 21 TD
(ages 3-4 years, 2 months, mean age = 3.47) and 45 FXS (ages 3-4 years, 7 months, mean
age = 3.54) boys and included developmental level in the model using the Early Learning
Composite (ELC) from the MSEL to verify the results found utilizing adaptive behavior.
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Measures

To answer the second research question examining predictors of social skills within the
group of males with FXS, we expanded our dataset to 102 males with FXS (ages 3-14 years,
3 months, mean age = 6.34 years) who had social skills data available. This FXS dataset was
able to be expanded given we did not have to match to the typical controls. All of the
participants had either autism severity data or anxiety data available; however, 4 boys with
FXS did not have CARS data and 13 FXS boys did not have anxiety data available. Table 1
and Table 2 summarize the descriptive statistics for the samples and subsamples.

Social Skills.—Parent report of children’s social skills was obtained using the preschool
version (for ages 3 years to 4 years, 11 months) and elementary version (for grades K-6) of
the Social Skills Rating System (SSRS; Gresham & Elliot, 1990; Frey, Elliot, & Gresham,
2011). The SSRS is a standardized questionnaire that measures the perceived frequency with
which social skills are displayed in the home and the community, problem behaviors that
might interfere with the acquisition of these important social skills, and academic
competence. The SSRS is a norm referenced 3-point rating scale (never, often, very often)
including 55 questions. The SSRS is a well-established measure of social skills with young,
school age children with an internal reliability ranging from 0.73 — 0.93 across forms and
subscales (Matson & Wilkins, 2009) and strong internal consistencies with high alpha
coefficients for the parent version of 0.89 (S. Van der Oord et al., 2005). Data from our study
also indicate high internal consistency with a Cronbach’s alpha of 0.92 for both measures.
Total social skills standard scores were used in our analyses.

There are four core subdomains of social skills in the SSRS: cooperation, assertion,
responsibility and self-control (Gresham & Elliot, 1990). Cooperation includes behaviors
such as helping others, sharing materials, and complying with rules and directions. Assertion
includes initiating behaviors, asking for information, introducing oneself, and responding to
the action of others, such as peer pressure or insults. Responsibility behaviors include
demonstrating the ability to communicate with adults properly, such as questioning
household rules and asking for permission. Self-control behaviors emerge in situations of
conflict, including responding appropriately to teasing, and in non-conflict situations such as
taking turns and compromising. The SSRS does not provide scaled scores for the prosocial
domains; however, for these analyses, participant’s raw scores were used for the prosocial
subscales. Raw scores represent the rating of how often a child is displaying a certain
behavior of a rating from 0 (“never”), 1 (“sometimes™), and 2 (“often”). The range of raw
scores for each subscale is 0-20 across both the preschool and early elementary form.

Adaptive Behavior.—The Vineland Adaptive Behavior Scales, Survey Form (VABS) was
used to assess the development of adaptive functioning (Sparrow, Balla, & Cicchetti, 1984).
The VABS is a semi-structured interview that was administered to the participant’s parents
to obtain their overall adaptive functioning from four subdomains (communication, daily
living skills, socialization, and motor skills). The VABS provides an adaptive behavior
composite score (mean of 100 and standard deviation of 15) that was used in the current
study to control for adaptive functioning across groups. The VABS was used due to
inconsistent measures of cognitive functioning across participants as a consistent measure of
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development/intelligence was not available across the participants. The VABS has been
reported to have good test-retest reliability with ranges from 0.76 to 0.93 (Rosenbaum,
Saigal, Szatmari, & Hoult, 1995). Additionally, the VABS has shown adequate concurrent
validity ranging from 0.40-0.70 (Harrison, 1987).

Developmental Level.—The MSEL is a standardized assessment of cognitive and motor
abilities yielding a norm-referenced full-scale cognitive functioning in infants and young
children. Four (visual reception, receptive language, expressive language, and fine motor)
domains on the MSEL comprise the ELC. The ELC standard score was utilized in the
present study for a subset of participants due to the potential confound of socialization being
measured in the VABS and to verify that any found results remain after controlling for
developmental level. Adequate reliability and concurrent validity for the MSEL have been
reported with the Bailey Scales of Infant Development (Mullen, 1995).

Anxiety Symptomology.—Anxiety symptoms were measured through parent report
using the Child Behavior Checklist (CBCL/ 1.5-5, 6-18; Achenbach, 1991; Achenbach &
Rescorla, 2001). The CBCL has two separate forms for children, ages 1.5-5 and 6-18 years,
containing syndrome specific scales, broad composite scales, and DSM IV-based symptoms
scales. Raters score the items on a scale of 0 (not true), 1 (somewhat or sometimes true), and
2 (very true or often true), based on their child’s behavioral, emotional, and social
functioning. The current study uses the DSM IV-Anxiety subscale T -score, consisting of six
of the eight CBCL anxiety/depression syndrome scale items, which have been shown to be
consistent with the DSM-1V anxiety disorder criteria and are present on both forms
(Achenbach, Dumenci, & Rescorla, 2003). A T-score 70 or above is considered clinically
significant with 17% (N=15) of the present study’s data meeting this criteria. For the DSM-
IV anxiety scale, previous research has shown adequate reliability with a Cronbach’s alpha
of 0.77 and adequate concurrent validity of 0.59 (Nakamura, Ebesutani, Bernstein, &
Chorpita, 2009).

Autism Symptomology.—Autism symptoms were assessed with the Childhood Autism
Rating Scale (CARS; Schopler et al., 1988). The CARS is an examiner rating scale of
behavioral symptoms and characteristics of autism symptom severity in children that has
been used in several laboratories (Brock & Hatton, 2010; Roberts et al., 2007). The CARS
consists of 15 areas rated on a scale of 1 (typical development) to 4 (severely abnormal) that
cover a range of behaviors including body use, activity level, and communication (verbal
and nonverbal). A total score of 30 or above is considered to have mild to severe autism
symptoms, whereas a score of less than 30 is considered to have minimal to no symptoms. In
the present study, the total score was utilized with 32% of the FXS sample meeting criteria,
which is consistent with previous reports (Bailey et al., 1998; Hatton et al., 2006).
Examiners were trained to complete the CARS using videotaped training materials, review
of cases and achievement of at least 80% reliability. Examiners rated the CARS through
consensus scoring based on direct observation, parent interviews, and parent rating scales.
The CARS has been shown to be a reliable measure with ratings of 0.73-0.90 (Magyar &
Pandolfi, 2007). Data from our study indicates a high level of internal consistency with a
Cronbach’s alpha of 0.96. Several studies have attested to the CARS validity and its ability
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Procedures

to discriminate between autism and non-autism samples (Bailey et al., 2000; Hatton et al.,
2006) and across other developmental disorders (Chlebowski, Green, Barton, & Fein, 2010;
Rellini et al., 2004).

Participants were primarily assessed in their home with trained examiners administering the
MSEL and the participant’s parent completing the SSRS and CBCL within a 2-week
window of the direct assessment. A trained examiner administered the VABS to the
participant’s parent. Trained examiners completed the CARS upon the completion of each
assessment based on their observation of the child during the assessment. Some of the
typically developing sample did not have VABS or MSEL scores due to it not being
administered across all studies for which data were pulled. Some of the FXS participants did
not have CARS or CBCL data due to data collection errors or participant non-compliance.

Data Analysis

Results

Preliminary analyses were conducted to examine outliers, nonnormality, linearity, and
homogeneity of residuals. A Pearson correlation analysis revealed that there was little
relationship between autism symptomology (CARS) and anxiety symptoms (CBCL), r(98)
=0.10, p< .05, two-tailed. All data were converted to z-scores to standardize measures on
the same scale. Regression analyses were used to examine the relationship between social
skills and chronological age while including adaptive behavior and developmental level in
the models, respectively, between FXS and TD boys. Next, regression analyses were
completed to examine the relationship of autism symptomology and chronological age in
predicting social skills in boys with FXS. Finally, regression analyses were utilized to
examine the relationship of anxiety severity and chronological age on social skills in boys
with FXS. The final two models included adaptive behavior to examine the relationships of
anxiety and autism symptom severity on social skills above and beyond the effects of
developmental level in boy with FXS.

Development of Overall Social Skills in FXS and TD Boys

Chronological Age.—A regression model analyzed the effects of chronological age
between groups (i.e., TD and FXS) on total social skills and the prosocial subscales with an
interaction indicated (8=0.30, S£=0.17, £=2.36) on total social skills, A3, 125)=57.12,
p<0.001, R%=0.58 (Table 3). As shown in Figure 4, both TD and FXS boys show an incline
in total social skills with older age; however, boys with FXS show lower total social skills
compared to their TD peers. When examining the prosocial subscales, a significant
interaction of chronological age and group was observed on the assertion subscale (5=0.36,
SE=0.14, t=2.54; A3, 125)=37.99, p<0.001, R%=0.47) and responsibility subscale (8=0.37,
SE=0.11, =3.36; A3, 125)=89.93, p<0.001, R?=0.68). Conversely, no significant interaction
of chronological age and group was observed on the cooperation (8=0.20, S£=0.15, =1.32;
A3, 125)=29.57, p<0.001, R?=0.41) and self-control (B=0.07, S£=0.15, £=0.50; A3,
125)=25.19, p<0.001, R?=0.37) subscales.
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Adaptive Behavior.—A regression model examined the effects of chronological age and
group on total social skills and the prosocial subscales while including adaptive behavior in
the model to determine the effect of adaptive behavior on social skill development. No
significant interaction or main effects were found while controlling for adaptive behavior,
FA4,60)=18.43, p<0.001, RZ=0.55 (Table 3). Within the prosocial subscales, no significant
interactions or main effects were observed for the cooperation subscale, A4, 60)=8.97,
p<0.001, R%=0.37. For assertion, a significant main effect was found for adaptive behavior
(B=0.53, SE=0.19, £=2.82), A4, 60)=11.35, p<0.001, R?=0.43. Within the self-control
subscale, the main effect of group was approaching significance (8=0.91, SE=0.46, £=1.97),
F4, 64)=6.96, p<0.001, £2=0.26. Lastly, for responsibility, a significant main effect was
found for group (B8=0.83, SE=0.32, £=2.62) and adaptive behavior (8=0.48, S£=0.15,
=3.20), A4, 60)=29.85, p<0.001, R2=0.67. Overall, these results suggest that adaptive
behavior, not chronological age, largely accounts for the group differences in social skills
and the prosocial subscales in boys with FXS compared to TD boys (Figure 1).

Developmental L evel.: Due to our measure of adaptive behavior including a socialization
component, supplemental regression models were used to verify that these results remain
when including developmental level in the model for the subset of participants who were
administered the MSEL. A regression model was used to examine the effects of
chronological age and group on total social skills and the prosocial subscales while
including developmental level in the model on a similar subset of participants who had such
data available. No interaction or main effects were found when including developmental
level, A4, 61)=15.49, p<0.001, R?=0.50 (Table 3). Within the prosocial subscales, no
significant interactions or main effects were observed for the cooperation (A4, 61)=7.61,
p<0.001, R%=0.33) or self-control (A4, 61)=7.23, p<0.001, R%=0.32) subscales. For the
assertion subscale, developmental level was approaching significance (8=0.02, S£=0.01,
=1.87), A4, 61)=9.85, p<0.001, R2=0.39. For responsibility, group was approaching
significance (B=-1.29, S£=0.65, 1=-1.97), A4, 64)=18.91, p<0.001, R?=0.54. These results
support our earlier findings suggesting that adaptive behavior and/or developmental level,
not chronological age, accounts for the group differences in social skills across age in boys
with FXS compared to TD boys.

Autism Symptomology in FXS on Social Skills

Regression analyses were used to analyze the hypothesis that increased autism
symptomology is associated with decreased social skills in boys with FXS on chronological
age. As shown in Table 4, a significant interaction of chronological age (8=0.56, S£=0.17,
£=3.31) and autism symptomology (8=0.11, S£=0.53, £0.83) on total social skills
(H4,93)=15.65, p<0.001, R2=0.38) was found while including adaptive behavior in the
model. When examining the effect of autism symptomology and chronological age on the
prosocial subscales, an interaction was only found for the responsibility (8=-0.21, SE=0.81,
=—2.55) subscale (A4, 93)=31.41, p<0.001, R%=0.57). For the cooperation, assertion, and
self-control subscales, no interactions were observed (ps>0.05). To probe the interactions,
CARS scores were used to create three equal groups (e.g., low [NM=32, range=18-25],
medium [A=33, range=25-29], and high [A=33, range=30-48]) and graphed. As shown in
Figure 2, boys with FXS who have low autism symptomology show a significant increase in
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their total social skills as they get older compared to the other two groups. Those with mid-
level autism symptomology have higher total social skills at younger ages with minimal
increases in their social skills as they get older; however, those with high autism
symptomology have very low total social skills at young ages with minimal increases in
social skills at older ages. For responsibility, all three groups show an increase in their
responsibility skills as they get older; however, the medium and high autism symptomology
groups do not show similar increases in their social skills as the low autism symptomology
group. Overall, the high autism symptomology group shows minimal increases in their
responsibility skills as they get older.

Anxiety Symptoms in FXS on Social Skills

Regression analyses were used to analyze the hypothesis that anxiety symptoms will be a
predictor of social skill deficits in boys with FXS. As shown in Table 5, an interaction of age
(B=0.76, SE=0.26, =2.96) and anxiety symptoms (5=0.38, S£=0.36, £=1.04) on social skills
(H4,84)=8.75, p<0.001, R2=0.26) was found controlling for adaptive behavior. Results
suggest that the effects of anxiety symptoms on social skills varies with age in boys with
FXS. To probe this interaction, anxiety scores were used to create three equal groups (e.g.,
low, medium, and high) and graphed. As shown in Figure 2, both the low and medium
groups of anxiety symptoms show a significant increase of social skills with age. However,
the group with high scores of anxiety symptoms shows very little progression in social skills
as they get older. When examining the prosocial subscales, a significant interaction of
chronological age and anxiety (8=-0.21, S£=0.10, £=-2.16) was observed only for the self-
control subscale (A4, 84)=7.83, p<0.001, R?=0.27). Similar to the above, anxiety scores
were used to create three groups (e.g., low, medium, and high) and graphed. Children with
FXS with high anxiety showed a decrease in their self-control skills as they get older. The
medium and low anxiety groups show an increase in their social skills as they get older. No
significant interactions were found for the cooperation, assertion, or responsibility subscales.

Discussion

Social skills are socially acceptable learned behaviors that rely on a range of cognitive and
affective processes that support positive social interactions across a variety of settings (Frey,
Elliot, & Gresham, 2011; Gresham & Elliot, 1990). Specific social skills that emerge and
develop in early childhood include: getting along with others, listening to others, following
rules, taking turns, maintaining eye contact, and controlling emotions at times of conflict
(Elliot, Roach, & Beddow, 2008). Understanding social skills and the factors that predict and
support effective social skills is critical to optimize academic, social, and psychological
outcomes and for guiding diagnostic and treatment efforts. The developmental trajectory of
social skills typically reflects the emergence and refinement of social skills with increasing
age across childhood and into adolescence and adulthood (Merrell & Gimpel, 2014).
Cognitive skills impact social skills with individuals diagnosed with ID typically presenting
with social skill deficits (Merrell & Gimpel, 2014). However, cognitive deficits do not solely
account for social skill deficits as shown in several genetic disorders including Down
syndrome and Williams syndrome in which socialization was a strength above reported
cognitive ability (Doyle et al., 2004; Fidler, Hepburn, & Rogers, 2006) and in 22911.2 in
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which no relationship of cognitive ability and social skills are reported (Shashi et al., 2012).
Given the importance of social skills for functional outcomes across a number of domains,
the present study examined early social skills and its relationship with autism symptomology
and anxiety severity within boys with FXS, a genetic disorder associated with ID and at high
risk for poor social skill development. To date, this is the only study to examine specific
social skills in FXS, and we do so by contrasting their profile to TD boys and by examining
the relationship of adaptive behavior, anxiety and autism symptoms on social skills.

Overall, our results suggest that boys with FXS showed significant social skill deficits in
global and across prosocial subdomains due to a complex set of predictors and interactions
between adaptive behavior, anxiety severity, autism symptoms, and chronological age. In
support of our first hypothesis, boys with FXS displayed social skill impairments across both
global and subdomain levels in comparison to same-aged typically developing peers. These
deficits, however, were largely accounted for by lower adaptive behavior and developmental
level indicating that better social skills of young boys with FXS are associated with older
age and are within developmental expectations. They are not an area of relative weakness
overall. Given the etiological variability in social skills across genetic disorders with
cognitive impairments indicating a lack of correspondence between developmental level and
social skills (Doyle et al., 2004; Fidler, Hepburn, & Rogers, 2006; Shashi et al., 2012), our
findings indicate that developmental level does play a role in the social skill development of
males with FXS with lower developmental skills associated with lower social skills.
However, two domains of social skills, Responsibility and Self-Control, appear to represent
significant relative weaknesses as these domains appear more significantly impaired even
when developmental level is considered.

To identify relationships and potential mechanistic factors, we examined the relationship of
autism symptom severity and anxiety symptomology on early social skills in boys with FXS.
Our results suggest that elevated autism features were, in fact, associated in a complex
nuanced manner. Specifically, more severe autism symptoms were associated with lower
social skills at older ages. This divergence in social skills appears to emerge around 5 years
of age at which time boys with FXS who have low autism symptom severity display better
social skills with older age. In contrast, those with a moderate and high degree of autism
symptom severity display little to no change in social skills as they get older and start off
with significantly lower social skills around the age of three. Overall, these findings suggest
that boys with FXS who have relatively moderate levels of ASD display deficits in their
social skills and could potentially benefit from intervention.

When examining the core prosocial subscales and autism symptom severity, only the
Responsibility subscale was significantly affected by age and autism symptom severity.
Similar to their overall social skills, boys with FXS responsibility skills were significantly
hindered, with moderate and high levels of autism symptomology playing a role in
comparison to boys with FXS and low autism symptoms . Items on the Responsibility
subscale appear to focus on the child’s independence and communication skills (e.g.,
questioning household rules, politely refusing requests, asking for permission). Thus, given
that one of the core features of ASD is impaired social communication, there is coherence
regarding elevated ASD features and impaired social skills in the Responsibility domain.
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Limitations.

These findings suggest that ASD comorbidity contributes to social skill deficits, specifically
their responsibility skills, in boys with FXS, but does not account for these deficits entirely.
These results are consistent with previous literature suggesting that lower socialization skills
are associated with higher autism risk and that individuals with high autism symptoms are at
risk for markedly poorer outcomes compared to those with FXS and low autism symptoms,
but not across all domains of social skills (Brock & Hatton, 2010; Kau et al., 2004;
Kaufmann et al., 2004). Overall, social skill deficits are an area of concern for boys with
FXS and even more so for boys with FXS with high autism symptom severity.

Given the association of elevated anxiety to reduced social competence in the general
population (Costello et al., 2003) and the high co-morbidity of anxiety disorders in FXS
(Cordeiro et al., 2011; Tonnsen et al., 2013), we examined these associations within our
sample. Results indicated a somewhat complex effect on early social skills and older age, but
only for those with low to mid-level anxiety severity, whereas those with a high degree of
anxiety symptoms demonstrated a flat profile of social skills as they get older similar to
those with high autism symptomology. Even though the overall sample had low anxiety
symptoms (17% were above the clinical cutoff), effects were still found for those with high
anxiety symptoms. When teasing apart the prosocial subscales, only the Self-Control
subscale was affected by age and anxiety, which differed compared to those with high
autism symptomology. Items on the Self-Control subscale include skills reflecting following
instructions, avoiding problematic situations, controlling emotions, and exercising self-
regulation. Previous research has reported that individuals with FXS have poor self-
regulation skills which can increase the risk for the development of anxiety disorders or
exacerbate self-control impairments in the presence of elevated anxiety symptoms (Roberts
et al., 2014; Tonnsen et al., 2013). Our results are consistent with the previous literature
suggesting that poor social behaviors are related to elevated anxiety severity within FXS
(Boyle & Kaufmann, 2010; Hall et al., 2009; Tonnsen et al., 2013).

The results of the present study should be considered with caution due to limitations. First,
the sample size for the TD group with adaptive behavior scores was relatively small, but still
powerful enough to find effects. Next, anxiety and autism symptom ratings relied on parent
or examiner report, which could be underestimated in comparison to other physiological,
experimental, or observational measures of anxiety and ASD. Additionally, the present study
utilized adaptive behavior as a proxy for developmental level. Finally, the analyses were
limited to using a cross-sectional design.

Summary and Future Directions.

The present study aimed to expand our understanding of the FXS social behavioral
phenotype by increased knowledge of early social skills and factors related to social skill
competence. Our results indicate a general pattern of social skill impairments that are below
chronological age expectations, however, in line with developmental expectations. Boys with
FXS who have high and moderate autism symptomology displayed significantly worse
social skills, especially in the area of responsibility. Furthermore, boys with FXS who
presented with high anxiety showed significant deficits in the area of self-control (emotion
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control, self-regulation). Thus, these two areas might represent targets for the development
of interventions for boys with FXS who display either elevated ASD or anxiety features.
Furthermore, in contrast to the social profiles of other genetic disorders, social deficits in
FXS appear to be related to their developmental functioning. In summary, these results point
to developmental levels in FXS as playing a significant role in young boys’ social skill
deficits, with high levels of anxiety and autism symptomology as additive risk factors.
Reduced social skills in the Responsibility domain are largely driven by elevated autism
symptoms while impaired Self-Control social skills are closely aligned with more severe
anxiety symptoms. Thus, discrete social skill impairments emerged in association with well-
documented aspects of the FXS behavioral phenotype. Therefore, boys with FXS displayed
a unique social profile distinct from those with FXS with comorbid diagnoses; however,
those with comorbid ASD or anxiety symptoms also demonstrate a specific social profile
that is distinct from boys with only FXS. These distinct social profiles further differentiate
ASD and anxiety within FXS.

Future directions could include obtaining a larger sample across a variety of ages to examine
how social skill deficits change over time to add strength to the current findings. Also, using
biobehavioral markers, experimental and observational measures to obtain a more accurate
representation of anxiety, autism symptoms, and social skills within FXS rather than relying
on examiner and parental report is recommended. In addition, further examining how ASD
and anxiety play different roles in their effects on social skills within boys with FXS is
important. Future research could also examine social skill deficits in females with FXS to
see if they are similar or different compared to boys with FXS. Lastly, results from this study
could be utilized to design interventions for these individuals to increase their potential adult
outcomes and success within their environment.
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In the left pane, social skills are graphed against chronological age for boys with FXS and
TD controls. In the right pane, social skills are graphed against adaptive behavior as
measured by the VABS for a subsample of boys with FXS and TD controls.
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chronological age. In the right pane, varying levels of anxiety severity are graphed on social

skills and chronological age.
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Descriptive Statistics for Within FXS Analyses

Variable FXS
n Mean SD
Chronological Age (years) 102  6.59 3.12
VABS Adaptive Behavior Composite 102 5150 14.53
SSRS Total standard score 102 71.06 15.72
SSRS Cooperation raw score 102 7.83 4.00
SSRS Assertion raw score 102 891 3.65
SSRS Responsibility raw score 102 4.18 391
SSRS Self-control raw score 102 855 3.83
CARS Total score 98 2819 6.36
CBCL DSM Anxiety T-score 89 5756 884

Table 2

Page 20

Note. FXS is fragile X syndrome; VABS is the Vineland Adaptive Behavior Scales; SSRS is the social skills rating system; CARS is the Childhood
Autism Rating Scale; CBCL is the Child Behavior Checklist
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Table 3

Summary of Regression Analyses for Age, Group, and Adaptive Behavior to Predicting Total Social Skills
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Variables df B SEg t p
Intercept 125 2.04 017 11.54 <0.001*
Chronological Age 125 0.08 0.07 1.07 0.29
Group 125 -140 011 -12.44 <0.001*
Chronological Age*Group 125 0.30 0.13 2.36 0.02*

Including Adaptive Behavior
Intercept 65 -0.23 014 -1.63 0.10
Adaptive Behavior 65 047 0.18 2.69 0.09
Chronological Age 65 0.15 0.12 1.26 0.90
Group 65 070 037 1.89 0.06
Chronological Age*Group 65 0.27 0.27 1.01 0.31

Including Developmental Level
Intercept 66 123 182 0.67 0.50
Developmental Level 66 0.01 0.01 0.62 0.54
Chronological Age 66 0.11 0.22 0.50 0.62
Group 66 -1.12 0.74 -1.52 0.14
Chronological Age*Group 66 0.30 0.51 0.58 0.57
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Table 4

Page 22

Summary of Regression Analyses for Autism Symptomology on Predicting Social Skills in Boys with FXS

Variables df B SEg t p
Intercept 93 38.01 18.09 2.10 0.04*
Adaptive Behavior 93 0.28 0.14 2.07 0.04*
Chronological Age 93 056  0.17 3.31 0.001*
Autism Symptomology 93 0.11 0.53 0.21 0.83
Autism Symptomology*Age 93 -0.01 0.01 -2.08 0.04*
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Summary of Regression Analyses for Anxiety on Predicting Social Skills in Boys with FXS

Table 5

Variables df B SEg t p
Intercept 84 -2.30 23.75 -0.10 0.92
Adaptive Behavior 84 0.60 0.13 4.66* <0.001*
Chronological Age 84 0.76  0.26 2.96* 0.004*
Anxiety 84 0.38 0.36 1.04 0.30
Chronological Age*Anxiety 84 -0.001 0.01 -2.00* 0.049*
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