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Abstract

Background—Little research in fragile X syndrome (FXS) has prospectively examined early
social communication.

Aims—To compare early social communication in infants with FXS, infant siblings of children
with autism spectrum disorder (ASIBs), and typically developing (TD) infants.

Methods and Procedures—~Participants were 18 infants with FXS, 21 ASIBs, and 22 TD
infants between 7.5-14.5 months. Social communication was coded using the Communication
Complexity Scale during the administration of Autism Observation Scale for Infants.

Outcomes and Results—Descriptively different patterns were seen across the three groups.
Overall infants with FXS had lower social communication than ASIBs or TD infants when
controlling for nonverbal cognitive abilities. However, infants with FXS had similar levels of
social communication as ASIBs or TD infants during peek-a-boo. No differences were observed
between ASIBs and TD infants. For all infants, higher social communication was related to lower
ASD risk.

Conclusions and Implications—Findings provide insight into the developmental course of
social communication in FXS. The dynamic nature of social games may help to stimulate
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communication in infants with FXS. Language interventions with a strong social component may
be particularly effective for promoting language development in FXS.

Keywords

fragile X syndrome; autism spectrum disorders; social communication development;
communication complexity; behavioral phenotype

1. Introduction

Communication begins during social interactions between an infant and their caregiver
(Trevarthen & Aitken, 2001). Through the use of eye gaze, gestures, and vocalizations,
infants communicate their needs, wants, and interests (Bates, Benigni, Bretherton, Camaioni,
& Volterra, 1979; Volterra, Caselli, Capirci, & Pizzuto, 2005). As these skills are integrated
and used with increasing ease, infants and young children begin to engage in reciprocal
communication interactions with others (Gros-Louis, West, & King, 2014; Iverson & Thal,
1998). Impairments in early social communication may lead to subsequent deficits in
language and social development, such as those often seen in children with fragile X
syndrome (FXS; Abbeduto, McDuffie, Brady, & Kover, 2012). However, little research in
FXS has examined the development of social communication. Deficits in social
communication have also been reported in infants later diagnosed with autism spectrum
disorders (ASD; Zwaigenbaum, Bryson, & Garon, 2013). In this paper, we compare the
complexity of social communication in two groups who are at a high risk for being
diagnosed with ASD—infants with FXS and infant siblings of children with ASD (ASIBs)
—to the complexity of social communication in typically developing (TD) infants.
Approximately 25-74% of individuals with FXS meet diagnostic criteria for ASD (Kaufman
et al., 2004; Harris et al., 2008) and approximately 20% of ASIBs are later diagnosed with
ASD (Ozonoff, et al., 2011). Our goal was to identify common and unique aspects of early
social communication across these three groups.

1.1. Early Social Communication in ASD

Social communication deficits are a core feature of idiopathic ASD (APA, 2013) and are the
most common developmental disruption reported in studies of ASIBs, regardless of a later
diagnosis of ASD (Ozonoff et al., 2014). Prospective longitudinal studies of ASIBs indicate
that individuals who receive a diagnosis of ASD show similar social communication levels
as TD infants at 6 months, but then show declining trajectories with impairments emerging
by 12 to 18 months (Ozonoff et al., 2010; Zwaigenbaum et al., 2013). Also, impairments in
specific skills related to social communication, such as reduced social engagement, shared
enjoyment, and social orienting have been detected in the first year of life (Bhat, Galloway,
& Landa, 2010; Tager-Flusberg, 2010). While reduced gesture use has also been reported in
the first year (Talbot, Nelson, & Tager-Flusberg, 2015), a recent study of ASIBs suggests a
similar pattern of gesture use for those later diagnosed with ASD and those later diagnosed
with language delays without ASD (Lebarton & Iverson, 2016). Thus, it is possible that
specific aspects of early social communication deficits may represent symptoms of ASD or
may signal a language disorder or other global developmental delays (Landa, Gross, Stuart,
& Bauman, 2012; Lebarton & lverson, 2016).
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The subtle overlaps and variable onsets of symptoms presents challenges for early
identification of ASD. Some symptoms, including social communication impairments, may
not be pronounced and hence undetectable until 12 months or older (Sacrey, Bennett &
Zwaigenbuam, 2015; Szatmari et al., 2016). Alternatively, screening and diagnostic
measures may not be available to allow detection of these symptoms at earlier ages.
Nonetheless, closer examination of early social communication in two high-risk groups for
ASD may facilitate the identification of social communication deficits before 12 months of
age. In the current study, we contrast early social communication impairments of infants at
high-risk due to a family history of ASD—ASIBs—to another population also at high-risk
for ASD—FXS.

1.2. Early Social Communication in FXS

FXS is caused by a mutation of the FMR1 gene on the X chromosome that leads to
expansion of CGG repeats to greater than 200 (Santoro, Bray, & Warren, 2012). Because
FXS is an X-linked disorder, more males than females are affected. This expansion results in
a wide range of intellectual functioning—Ilearning disabilities to severe cognitive impairment
—that emerges in infancy (Roberts, McCary, Shinkareva, & Bailey, 2016; Van der Molen et
al., 2010). In addition to being the leading inherited genetic cause of intellectual disability,
FXS is the most common known single-gene cause of ASD (Auerbach, Osterweil, & Bear,
2011; Darnell et al., 2011). However, controversy exists regarding whether ASD features are
common or unique in FXS contrasted to idiopathic ASD (Abbeduto, McDuffie, & Thurman,
2014).

Similar to the research on ASD, early social communication may be an early indicator of
ASD in infants with FXS. In children and adults with FXS, social communication (i.e.,
pragmatics) is impaired, and these impairments are greater for individuals with comorbid
ASD (Klusek, Martin, & Losh, 2014; Martin, Losh, Estigarribia, Sideris, & Roberts, 2013).
However, the early social communication profile of infants and young children with FXS is
largely unknown with few studies examining social communication at this age period
(Flenthrope & Brady, 2010; Marschik et al., 2014; Roberts, Mirrett, Anderson, Burchinal, &
Neebe, 2002). Marschik and colleagues (2014) investigated children with FXS 12 months
and younger and found that most communication consisted of prelinguistic vocalizations
with restricted gesture use. In slightly older children (21-77 months), deficits in reciprocity
and gestures have also been reported (Roberts et al., 2002). Within gesture use it appears that
children with FXS (15-41 months) use more contact gestures (i.e., giving, pushing away,
touching an adults hand, etc.) and have yet to transition to more advanced gestures (i.e.,
representational gestures and distal pointing; Flenthrope & Brady, 2010). Interestingly, using
eye gaze shifts—eye gaze to a person’s face that alternates between the person and an object
—for the purposes of behavior requests, joint attention, and responding to communication
has been reported as relatively intact in infants and young children with FXS (Marschik et
al., 2014; Roberts et al., 2002). These findings contrast with research on older children,
adolescents, and adults that has identified difficulties using eye gaze for initiating and
maintaining social interactions (Hall et al., 2015; Williams, Porter, & Langdon, 2013) and
gaze avoidance, (Cohen et al., 1988; Murphy, Abbeduto, Schroeder, & Serlin, 2007) as core
aspects of the FXS phenotype. However, these studies have primarily focused on eye gaze in
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FXS outside of a communication context. Further study in infants during social
communication is warranted.

1.3. Communication Complexity

The present study describes the pattern of social communication as measured by the
Communication Complexity Scale (CCS; Brady et al., 2012), which was developed to
describe levels of social communication on a developmental continuum from prelinguistic to
emerging linguistic communication (Bates et al., 1979; Bates & Dick, 2002; Tomasello,
1988). Hence the CCS uniquely reflects differences in the complexity of different
communication acts. It is important to use a measure that reflects differences in prelinguistic
complexity because it may be this very complexity that differentially predicts outcomes. For
example, children with ASD not only gesture less than children with other types of
intellectual disability or TD, they point less and communicate less often for joint attention or
commenting (Dawson et al., 2004; Watson, Crais, Baranek, Dykstra, & Wilson, 2013).
Similarly, children with FXS without ASD use more gestures for joint attention whereas
children with FXS and co-morbid ASD use relatively more giving gestures (Esplund, 2015).

1.4. Purpose of the Present Study

This study compares early social communication as measured with the CCS across three
groups—infants with FXS, ASIBs, and TD infants. TD infants were included because the
CCS has not yet been normed with TD infants. Characterizing social communication
features in infants with FXS contrasted to ASIBs may lead to better identification of relative
strengths and weaknesses in early social communication within and across these groups. The
following research questions were proposed:

1. What is the descriptive pattern of early social communication complexity in
infants with FXS contrasted to ASIBs and TD infants?

2. Is there a difference in early social communication complexity in infants with
FXS contrasted to ASIBs and TD infants?

3. Are there differences in early social communication complexity across sampling
contexts within and between each group?

4. What is the relationship between early social communication complexity and
ASD risk within each group?

2. Materials and Methods

2.1. Participants

Participants were 61 infants between 7.5 and 14.5 months: 18 infants with FXS, 21 ASIBs,
and 22 TD infants (see Table 1 for demographic information). There were four female
infants in each group. Diagnosis of FXS was confirmed by genetic report and status as an
ASIB was established by documentation of an ASD diagnosis for an older full sibling.
Participants were recruited as part of a longitudinal study on the emergence and stability of
ASD in FXS from across the United States. Infants with FXS and ASIBs were recruited
through a research registry, networking with parent support groups, postings on a parent
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listservs, and postings at a national conference. TD infants were recruited from local parent
groups and postings at early childhood centers.

Participants were matched on chronological age because our focus was on early markers of
social communication in FXS; therefore, we wanted the comparison group to be infants of
the same age, but with different risk levels (i.e., ASIBs = high-risk; TD infants = low-risk).
Mental age matching was not used because participants were very young and a
chronological younger group of TD infants would not have the motor skills necessary to
produce communicative gestures scored by the CCS. One-way ANOVAs indicated no
significant differences between groups on chronological age, but infants with FXS had a
significantly lower mental age and overall cognitive ability, measured by the Mullen Scales
of Early Learning (Mullen, 1995), than the other two groups. No significant group
differences were observed between family income, race, or maternal education level (see
Table 1 for pvalues).

2.2. Procedure

Data were collected during either a home assessment around 9 months or an assessment at
our lab at the fwithheld for review] around 12 months. Two trained lab members conducted
these assessments.

2.3. Measures

2.3.1. Mullen Scales of Early Learning—The Mullen Scales of Early Leaning (MSEL;
Mullen, 1995) assesses development in the domains of expressive language, receptive
language, visual reception, and fine motor skills from birth to 68 months. These domains are
combined to create an estimate of overall development (i.e., Early Learning Composite). As
a standardized observational assessment, the MSEL has well-established validity and
reliability (Mullen, 1995). We examined nonverbal cognitive abilities by using the average
of the visual reception and fine motor T-scores. Nonverbal abilities, instead of overall
cognitive abilities, were used in analyses to control for the influence of language abilities on
the Early Learning Composite, which may confound our examination of social
communication because there is overlap in items (e.g., receptive language questions about
gesture use and eye gaze). One infant with FXS had a nonverbal score that met the floor (T-
score of 20 on both domains).

2.3.2. Autism Observation Scale for Infants—The Autism Observation Scale for
Infants (AOSI; Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 2008) is a 15 to 20
minute semi-structured, play-based measure to identify early signs of ASD from 6 to 18
months. The 19-item version of the AOSI was used (Brian et al., 2008), which involves four
main presses: free play 1, peek-a-boo, imitation, and free play 2. The examiner rates the
infant’s behavior during administration from 0 to 3. A rating of 0 indicates normal behavior
and ratings of 1, 2, and 3 indicate increasing levels of abnormal behavior. Ratings are
summed to create a Total Score, with a score of 9 or higher indicating ASD risk
(Zwaigenbaum et al., 2005). Test-retest reliability at 12 months is .61 for the Total Score
(Bryson et al., 2008). Research-reliable examiners administered the AOSI. Interrater
reliability was established for 20% of videos with 89% reliability at the item level.

Res Dev Disabil. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hahn et al.

Page 6

2.3.3. Communication Complexity Scale—The CCS (Brady et al., 2012) was
developed to describe levels of social communication between an individual and a
communication partner. The CCS has been validated with individuals with intellectual and
developmental disabilities (Brady et al., 2012), children with ASD (Brady et al. in press),
and TD infants (Salley & Brady, 2015). Excellent inter-observer reliability has been reported
(Brady et al., 2012; in press). Construct validity was established by showing high
correlations between the CCS and the Communication Matrix (Rowland & Fried-Oken,
2010) and the expressive and receptive communication subscales of the Vineland Il Adaptive
Behavior Scales (Sparrow, Cicchetti, & Balla, 2005; Brady et al., in press).

2.3.3.1 Scoring and Coding of the CCS: The CCS was scored by coders from the four
main presses of the AOSI: free play 1, peek-a-boo, imitation, and free play 2. These presses
were selected because they provide opportunities for social communication between the
infant and the examiner. Scoring is based on an ordinal scale with 12 different levels that are
categorized as pre-intentional, intentional nonsymbolic, and intentional symbolic based on
the behaviors—eye-gaze, gestures, vocalizations, and speech—observed during a
communicative interaction (see Table 2 for definitions of CCS levels). The child’s highest
communication level during each task or press of a scripted protocol was coded. For
example, if a child produced a triadic eye gaze (score 7) and a triadic eye gaze with a give
gesture (score 9) during peek-a-boo, only the 9 was used to compute the summary score.
The CCS has been revised since this study was conducted and scanning between objects is
no longer scored as communicative, but was coded in the present study. CCS/AOSI
summary scores were determined by taking the average of the infant’s four CCS scores from
the four presses of the AOSI. This provided an overall summary of the child’s best social
communication performance consistent with the approach used in Brady and colleagues
(2012).

In this study, coders also indicated for each press the type of potential communicative
behaviors (PCBs; Sigafoos et al., 2000) observed (e.g., vocalization or type of gesture) and
the communicative function (i.e., behavior regulation or joint attention), if appropriate.
Behavior regulation was defined as any time a child’s behavior elicited supportive action or
aid from the examiner to obtain an object or event. Joint attention was defined as any time a
child’s behavior directed the examiner’s attention to an object or event with the goal of
sharing attention or the experience with the examiner. Social interaction functions were not
coded separately because these types of communications can be assumed under either joint
attention or behavior regulation (Wetherby & Prizant, 2003). For example, if a child requests
more peek-a-boo, this would be coded as behavior regulation because they are asking for
more of this social game. Communicative function was only coded when the social
communication level the infant used involved the presence of intentional communication
(i.e., triadic orientation [score 7] or higher; Table 2).

Three coders (two undergraduate research assistants and one research associate—the fourth
author) who were naive to the research questions were trained in CCS scoring and coding by
the first author. Once trained, they coded two randomly selected videos with the first author,
discussing each scoring/coding decision. Next, they independently coded six randomly
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selected videos until there was an 80% agreement between them and the first author. After
training, each coder was randomly assigned videos to code as the primary coder.

2.3.3.2. Reliability: Inter-rater reliability was calculated for 20% of the videos, which were
randomly assigned to the coder who had not served as the primary coder. Intraclass
correlation coefficients (ICC; Shrout & Fleiss, 1979) using absolute values for single
measures were: CCS score .89, type of PCB .90, and communicative function .73. Because
communicative function was only coded when the CCS score included intentional
communication (i.e., triadic orientation or higher) there were less opportunities for these
codes, which may explain the lower ICC.

2.4. Data Analysis

3. Results

Descriptive statistics were used to examine our first research question about the pattern of
social communication (i.e., CCS scores, PCB use, and communicative function) on each of
the four presses of the AOSI. A one-way ANCOVA was used to examine our second
research question on whether there are differences in social communication between groups.
We controlled for nonverbal abilities to account for effects due to cognitive deficits typically
observed in FXS. CCS/AOSI summary scores were used in these analyses. The assumption
of homogeneity-of-slopes was not violated (i.e., the relationship between nonverbal abilities
[covariate] and the CCS/AQSI summary score did not differ significantly as a function of
group). Follow-up pairwise comparisons using the LSD procedure were conducted to
examine differences in the adjusted means between groups. Multilevel modeling using SAS
PROC MIXED with REML estimation was used to examine our third research question on
whether there was a difference in CCS scores on the four presses of the AOSI within and
between groups. The random intercept model included fixed effects for group, AOSI press,
and their interaction. Secondarily, a model with nonverbal abilities as a covariate was used to
examine differences in CCS scores between groups. Effect sizes were calculated using the
adjusted Least Squared Means (LSM) from the model and the observed standard deviations
for each group. We did not include maternal education in these analyses because a
significant relationship between maternal education and CCS scores was not observed (all p
values greater than .25). Lastly, partial correlations controlling for nonverbal abilities were
used to examine our fourth question on the relationship between the CCS/AQOSI summary
score, and ASD risk, as measured by the AOSI total score, within each group. Due to the
low number of females in each group, we were unable to examine sex differences in our
analyses. Thus, we performed secondary analyses for all research questions using males
only.

3.1. Descriptive Pattern of Social Communication

3.1.1. Social communication use—Infants used a variety of social communication
during the four presses of the AOSI, but the pattern varied by group (Figure 1). Based on the
four CCS scores coded during the four presses of the AOSI, the most frequently used form
of social communication for infants with FXS was dual orientation with a PCB (count = 18)
or without a PCB (count = 18), while TD infants most frequently used triadic orientation
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with a PCB (count = 22). For ASIBs, both triadic orientation with a PCB (count = 22) and
without a PCB (count = 22) were the most common type of social communication. No
infants with FXS used triadic orientation with multiple PCBs. Also, no infants with FXS or
TD infants used any form of symbolic communication. A similar pattern was observed for
males within each group. Males with FXS used dual orientation with or without a PCB most,
ASIB males used triadic orientation with a PCB most, and TD males used triadic orientation
most.

3.1.2. Use of potentially communicative behaviors—Infants with FXS used PCBs
less frequently than ASIBs and TD infants based on the four CCS scores from the four
presses of the AOSI (Figure 2). The most common PCB used by infants with FXS was
reaching (count = 24). ASIBs used a wider variety of PCBs than the other two groups, but
like infants with FXS, the most common type of PCB used was reaching (count = 26). TD
infants used both vocalizing (count = 19) and reaching (count = 17) frequently. Males in all
three groups used reaching most often.

3.1.3. Communicative functions—Infants with FXS had fewer opportunities for
communicative functions to be coded because most of their social communication during the
four presses of the AOSI was below triadic orientation (i.e., preintentional). In total,
communicative functions were coded 40 times for infants with FXS during the four presses
of the AOSI, while they were coded 64 times for TD infants and 66 times for ASIBs.
Because of this, we examined the mean proportion of communicative functions used across
the four presses of the AOSI. While infants with FXS showed similar levels of joint attention
and behavior regulation, ASIBs and TD infants used joint attention more than behavior
requests (see Figure 3). Infants with FXS had a lower mean proportion of joint attention than
the other two groups, but behavior regulation was similar across groups. The same pattern
was observed for ASIB and TD males. Males with FXS used slightly more behavior
regulation (M= .30, SD = .24) than joint attention (M= .23, SD = .15).

3.2. Differences in Social Communication between Groups

The ANCOVA for the CCS/AQOSI summary score controlling for nonverbal abilities was
significant, A2, 57) = 3.25, MSE = 2.66, p=.046, n2 = .10 (Figure 4). Follow-up pairwise
comparisons indicated infants with FXS had significantly lower CCS/AOSI summary scores
(adjusted M= 6.79) than ASIBs (adjusted M= 7.80, p =.015). There was a trend for infants
with FXS to also have lower CCS/AOSI summary scores than TD infants (adjusted M=
7.39, p=.062). There were no significant differences between ASIBs and TD infants. The
male only ANCOVA model was not statistically significant (A2, 45] = 1.35, MSE=1.13, p
=.269, 2 = .06). The follow-up comparison showed trends like the full model.

3.3. Differences in Social Communication Scores Across the Sampling Context Within and
Between Groups

Multilevel model indicated significant differences in intercepts across groups. The variance
of the intercept was .42, SE= .16, p=.005. Residual variance was 1.725, SE=.185, p<.
0001. Type 3 Tests of Fixed Effects indicated a significant group by AOSI press interaction,
H6,174) = 2.61, p=.019, and a significant main effect for group, A2,58) = 6.37, p=.003.
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The main effect for press was not significant, A3,174) = 1.33, p=.27. Follow-up tests
indicated that the effect of AOSI press on CCS score was significant for infants with FXS,
A3,174) = 4.99, p=.002, but the effect of AOSI press was not significant for ASIBs
(A3,174] = 0.16, p=.925) or TD infants (A3,174] = 1.11, p= .348). Infants with FXS used
a higher level of social communication during the peek-a-boo press (LSM=7.67, SE = .35)
than during the other three presses (free play 1: LSM=6.33, SE = .35; imitation: LSM =
6.17, SE = .35; free play 2: LSM=6.39, SE = .35; Figure 4). Effect sizes between peek-a-
boo and the other three presses were large (Cohen, 1988; free play 1: ¢= .88, imitation; d=.
85, free play 2: d=.56).

Follow-up tests were conducted to examine of the effect of group on CCS score within each
AQSI press. Results indicated a significant effect of group for free play 1 (A2,208] =5.28, p
=.006), imitation (A2,208] = 4.97, p=.008), and free play 2 (F2,208] = 5.47, p=.005).
However, a significant group effect was not observed for peek-a-boo, A2,208) = .70, p=.
499, Effect sizes for free play 1 were large for FXS vs. ASIB and FXS vs. TD (d=.92; d=.
72) and small for ASIB vs. TD (d=.27; Cohen, 1988). For imitation, effect sizes were
medium to large for FXS vs. ASIB and FXS vs. TD (d=.75; d= .56) and small for ASIB
vs. TD (d'=.17). For free play 2, effect sizes were medium to large for FXS vs. ASIB and
FXSvs. TD (d=.58; d=.72) and small for ASIB vs. TD (d=.21). For peek-a-boo, effect
sizes were medium for FXS vs. TD and ASIB vs. TD (d=.53; d= .45) and small for FXS
vs. ASIB (d=.26).

When nonverbal ability was added to the model, the interaction between group and AOSI
press (p=.019) and the effect of group (o = .046) remained significant. Nonverbal ability
(A1,57] = 3.35, p=.073) and AOSI press (p = .266) were not significant. The significance
of the follow-up tests of the simple effects were unchanged.

Taken together, the results of the multilevel modeling indicate that infants with FXS used a
significantly higher level of social communication during peek-a-boo than the other three
AQSI presses. Further, while there were significant differences between the three groups on
the social communicative level used during free play 1, imitation, free play 2, there were no
significant differences between groups on the social communication level used during peek-
a-boo.

3.3.1. Male only model—The male only multilevel model showed similar effects to the
full model. The group by AOSI press and group effects on CCS score remained significant
(p=.028 and .013, respectively), while the main effect of press on CCS score was not (p=.
24). Infants with FXS differed in CCS score across the four presses of the AOSI (p=.009)
while ASIBs (p=.40) and TD infants (p = .45) did not. One change from the full model was
the effect of group on CCS score within each AOSI press. In the male only analysis,
significant differences across groups were observed in free play 1 (o= .005) and free play 2
(p=.022), but not in imitation (p = .051) or peek-a-boo (p = .31). When nonverbal ability
was included in the model the effect was significant, A1,44) = 5.70, p= .02, and the group
by AOSI press effect remained significant (o =.028), but the effect of group was no longer
significant, A2,44) = 1.56, p=.223. In terms of the simple effects, the difference between
groups on free play 2 was no longer significant (p =.22), all other effects remained the same.
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3.4. Relationship between Early Social Communication and ASD Risk within Each Group

Results indicated that higher levels of social communication were related to lower ASD risk
scores on the AOSI when controlling for nonverbal abilities, but this association was only
statistically significant for TD infants (r=-.74, p= < .001), and the effect size was large
(Cohen, 1988). For ASIBs and infants with FXS, the direction of effects were the same, with
medium to large effects for ASIBs (r=-.42, p=.067) and a small to medium effect for
infants with FXS (r=-.25, p=.325; Cohen, 1988). The male only correlations showed the
same pattern of associations (TD: r=-.70, p=.003; ASIBs: r=-.48, p=.059; FXS: r=-.
42, p=.151).

4. Discussion

Early social communication supports language acquisition and social development.
Characterizing social communication in infants with FXS may further understanding of the
language and social impairments that have been noted later in development in this
population. Also, describing social communication features in infants with FXS contrasted
to ASIBs contributes to improved understanding of core ASD deficits. Thus, the present
study sought to describe early social communication in infants with FXS compared to
ASIBs and TD infants. To our knowledge this is the first prospective study of social
communication in infants with FXS, and the first to contrast social communication in two
etiologically distinct groups that are at high-risk for ASD.

Our results indicate that infants with FXS used lower levels of social communication than
ASIBs and TD infants. Infants with FXS demonstrated emerging skills in the use of
intentional communication based on their frequent use of dual orientation without and with a
PCB (Bates et al., 1979, Volterra et al., 2005), while TD infants and ASIBs had already
entered this stage by using triadic orientation with and without PCB’s. Considering the
cognitive impairments associated with FXS (Van der Molen et al., 2010; Roberts et al.,
2016), it is not surprising that infants with FXS have lower levels of social communication
than ASIBs and TD infants. However, the fact that these impairments are evident even when
controlling for nonverbal cognitive abilities and are observed within the first year of life
highlights the importance of early identification of FXS and early intervention for this
population. These findings provide additional insight into the developmental course of social
communication in FXS starting in infancy.

Interestingly, infants with FXS showed higher levels of social communication during peek-a-
boo than the other three presses and this was similar to the level of social communication
used by TD infants and ASIBs during peek-a-boo. This is particularly interesting
considering that the developmental level for infants with FXS was significantly lower. It is
possible that the dynamic nature of social games, like peek-a-boo, may help to encourage
communication in infants with FXS to a greater degree than a more passive or less intense
interaction context such as free play. Research on language development has highlighted the
importance of context for language learning, supporting that some contexts, especially social
contexts, elicit greater communication both within and across groups (Bruner, 198; Hoff,
2006). Therefore, it is not surprising that a playful, social game would elicit the types of
early social communication that leads to later language development. It is possible that
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infants with FXS “require” the level of intensity associated with dynamic social games to
more fully activate their social communication skills than what is needed for the other two
groups. Taken together, it is possible that using “high intensity” social games may be a good
starting point for language intervention in FXS.

Like past studies on social communication in older children with FXS than those in the
present study (Roberts et al., 2002), our results indicate that infants with FXS used less
PCBs than their peers. Past studies have also suggested that young children with FXS have
restricted gestural repertoires (Flenthrope & Brady, 2010; Marschik et al., 2014; Roberts et
al., 2002), which has also been observed in other populations at risk for language delays
(Luyster et al., 2011; Suttora, & Salerni, 2012). Thus, it is not surprising that infants with
FXS in the present study only used one type of gesture, reaching. However, all infants in this
study frequently used reaching gestures. This may be due in part to coding social
communication in the context of play interactions, as the examiner may have manipulated
the toys the infant liked or wanted, causing the infant to reach. It was also common for
infants to reach for the blanket during peek-a-boo to “find” the examiner to share and
continue in the social interaction. Furthermore, our study included infants as young as 7.5
months, which likely impacts the available repertoire of gestures due to their young age and
motor ability.

We also found that infants with FXS used joint attention and behavior regulation less than
ASIBs and TD infants. It has been suggested that infants with FXS have limited
communicative functions (Marschik et al., 2014), but one study of older children suggested
that communicative functions were used with proficiency (Roberts et al., 2002). It is possible
that the use of communicative functions is slow to emerge or delayed in FXS. While ASIBs
and TD infants used joint attention more than behavior regulation, infants with FXS used
similar levels of joint attention and behavior regulation. This is somewhat surprising,
considering many children with intellectual and developmental disabilities, including those
with ASD, tend to use behavior regulation more than joint attention. Our results of higher
joint attention in ASIBs and similar levels in FXS may be because the types of interactions
we coded from the AOSI were designed to promote social interaction and not press for
behavior regulation (e.g., activities that require the child to request or try to get the social
partner to do something, such as giving the child a wind-up toy that does not work).
Therefore, while it is clear from our study that infants with FXS communicate intentionally
less often, more research is needed to examine differences in communication functions at
these early ages.

Impairments in social communication are one of the core features of ASD (APA, 2013);
consequently, it is not surprising that infants in our study who used higher levels of social
communication had lower ASD risk. These findings are in line with previous studies
examining the relationship between social communication and ASD (Landa et al., 2012;
Ozonoff et al., 2010; 2011). The strongest relationship between ASD symptoms and social
communication was evident for the TD infants, with a moderate relationship for ASIBs and
a marginal to weak relationship for infants with FXS. Thus, deficits in social communication
may be specific indicators of ASD risk in TD infants and ASIBs (ASD risk for ASIBs in our
sample was 42.9% and 22.7% for TD infants as measured by the AOSI), but may be an
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indicator of more general language or social communication deficits in FXS. Given that we
controlled for nonverbal cognitive abilities in these analyses, we cannot attribute the lack of
a relationship solely to the lower developmental level in FXS. It may be that the relationship
between social communication complexity and early ASD features differs across these
etiologically distinct groups, or it could reflect a developmental issue, with the relationship
between social communication complexity and ASD features strengthening over time in
FXS and emerging later. Further empirical study that includes ASD diagnostic outcome data
is needed to answer this question.

4.1. Limitations and Future Directions

There are several limitations and future directions for the present study. We coded the
highest social communication act the infant performed during the four presses of the AOSI,
which provides a snapshot of their behavior. Also, social communication was only examined
at one time point in this study. Thus, longitudinal prospective studies are needed to examine
the trajectory of social communication in FXS. Similarly, ASIBs in our study showed
similar patterns of social communication to TD infants. Considering the wide variability that
has been noted within ASIBs (Landa et al., 2012), it is possible that our cross-sectional
approach was not able to detect this within group variability that may be better detected
through a longitudinal study. Another possibility is that a more exhaustive examination (i.e.,
second by second basis) of social communication for ASIBs would identify nuanced
differences in social communication behaviors that would align with different trajectories
noted by Landa and colleages (2012). Future studies may also consider using standardized
administrations of social communication contexts, like the Communication and Symbolic
Behavior Scales (Wetherby & Prizant, 2003), that specifically press for both joint attention
and behavior regulation.

While the purpose of the larger study was to examine the emergence and stability of ASD in
FXS, our study materials focused on early development in neurodevelopmental to reduce
bias. However, it is possible that this may have introduced some bias by leading families
who were concerned about their child’s development or diagnosis to enroll in the study.
Finally, there were few females in the present study, preventing comparisons of social
communication between males and females within and between groups. However, some
differences were observed in our analyses when only males were examined, therefore,
examining early social communication in females with FXS may provide additional insight
into the social profile of females with FXS. Therefore, in future studies with larger samples,
it would be beneficial to stratify samples by sex, chronological age, and mental age to
identify delays in social communication, especially if there is a true deficit in gesture use in
FXS.

5. Conclusions

This study adds to the growing literature of identifying profiles of early communication in
FXS. In addition to further characterizing the infant behavioral phenotype associated with
FXS, these efforts may help to differentiate infants with FXS from infants with other
intellectual and developmental disabilities, or from infants at risk for ASD. Specifically,

Res Dev Disabil. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hahn et al. Page 13

infants with FXS in our study showed a pattern of pre-intentional communication that
included high use of reaches, low vocalizations, and similar use of joint attention and
behavior regulation. ASIBs showed a pattern of intentional nonsymbolic communication that
included high use of reaches, moderate use of vocalizations, and high uses of joint attention.
TD infants showed a pattern of intentional nonsymbolic communication with high use of
reaches, vocalizations, and joint attention. Also, social communication may not serve as an
early indicator of ASD in FXS and instead represent a more general area of impairment in
FXS, regardless of later ASD outcome. Thus, there appears to be some early differences in
social communication in these etiologically distinct groups, which has implications for early
identification and intervention. Infants with FXS in our study were already showing lower
levels of social communication in the first year; therefore, these skills are a prime target for
early intervention, regardless of ASD diagnostic outcome. Additionally, our study suggests
that language interventions that include a strong social play component may be particularly
effective for promoting language development in FXS.
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What this paper adds?

Early social communication supports language acquisition and social development in
typically developing infants as well as infants with neurodevelopmental disorders.
Characterizing social communication in infants with fragile X syndrome (FXS) may
improve understanding of the language and social impairments associated with FXS and
autism spectrum disorder (ASD). The present study investigated the pattern of early
social communication in two groups who are at a high risk for being diagnosed with ASD
—infants with FXS and infant siblings of children with ASD—as compared to typically
developing infants. To our knowledge this is the first prospective study of social
communication in infants with FXS, and the first to contrast social communication in two
etiologically distinct groups that are at high risk for ASD.
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Highlights

. Overall infants with FXS had lower social communication than ASIBs or TD
infants.

. Infants with FXS had similar levels of social communication during peek-a-
boo.

. No differences in social communication were observed between ASIBs and
TD infants.

. Etiologically different patterns of social communication were seen across
groups.

. For all infants, higher social communication was related to lower ASD risk.
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Figure 1.

Note. Based on each infant’s social communication during the four presses of the AOSI
coded using the CCS. "Combines single orientation with one PCB and single orientation
with more than one PCB.
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Figure 2.
Note. Based on each infant’s PCB use during the four presses of the AOSI coded using the

CCS. "Includes gestures other than pointing (i.e., reach, show, give, hand on hand).
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Figure 3.
Note. Mean proportion of communicative functions during the four presses of the AOSI

coded using the CCS
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Mean CCS Score for each AOSI Press by Group
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Note. CCS/AOSI Summary is the average of all four AOSI presses. *Indicates signifcant
differences.
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Communication Complexity Scale Levels

Table 2

Page 24

Code | Level Definition Example
0 No response Not attending/orienting to objects/examiner Toy is presented, child looks away.
Pre-intentional Communication
. : After the onset of a communication . : :
1 Altering Behaviors opportunity, there is a change in behavior Wind-up toy stops, child smiles.
- - : Orients to object but does not look up or R~ :
2 Single Orientation orient body to the examiner Child picks up toy and stares at it.
3 Single Orientation with one PCBZ Includes a gesture or vocalization Child picks up toy and vocalizes.
4 ﬁggle Orientation with more than one Includes multiple gestures or vocalizations Child reaches for toy and vocalizes.
5 Scanning with or without a PCB Looking from one object to another object g;/'sld looks back and forth between two
6 Dual Orientation Shift in focus/orientation between objectand - iy o0k from toy to examiner
examiner
Intentional Nonsymbolic
7 Triadic Orientation gg}gé?t shift in gaze from object-examiner- Child looks from toy to examiner to toy.
8 Dual Orientation with one or more PCBs Includes a gesture or vocalization \(/::CIL?iL((J;S)kS from toy to examiner and
- . . . - Child looks from toy to examiner to toy
9 Triadic Orientation with one PCB Includes a gesture or vocalization while vocalizing.
Triadic Orientation with more than one : N Child looks from toy to examiner to toy
10 PCB Includes multiple gestures or vocalizations while reaching and vocalizing.
Intentional Symbolic
N~ . . Child says, “more” to request starting
11 One Word Verbalization Using a word/sign wind-up toy again.
. - . . Child says, “more toy” to request
12 Multiple Word Verbalization Using multiple words starting wind-up toy again.
Note.

aPCB = Potentially communicative behavior
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