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Abstract
Impaired affective expression, including social smiling, is common in children with autism
spectrum disorder (ASD), and may represent an early marker for ASD in their infant siblings
(Sibs-ASD). Social smiling and its component behaviors (eye contact and non-social smiling)
were examined at 15 months in Sibs-ASD who demonstrated later ASD symptomatology (Sibs-
ASD/AS), those who did not (Sibs-ASD/NS), and low-risk controls (Sibs-TD). Both Sibs-ASD
subgroups demonstrated lower levels of social smiling than Sibs-TD, suggesting that early social
smiling may reflect elevated genetic vulnerability rather than a specific marker for ASD. Only the
Sibs-ASD/AS demonstrated less eye contact and non-social smiling than Sibs-TD, suggesting that
different processes, threshold effects, or protective factors may underlie social smiling
development in the two Sibs-ASD subgroups.
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Early social interactions between infants and adults are thought to underlie advances in
social cognition that lead to the development of later, more complex social interactions
(Bakeman & Adamson, 1984; Bruner, 1975; Striano & Rochat, 1999; Tronick, 1982;
Vygotsky, 1978). In typical development, smiling is one of the most commonly observed
social behaviors during the first 6 months of life (Kaye & Fogel, 1980; Weinberg & Tronick,
1994; Yale, Messinger, Cobo-Lewis, & Delgado, 2003). Social smiling emerges between 2
and 3 months of age (Adamson & Bakeman, 1985; Messinger & Fogel, 2007) and becomes
increasingly intentional, referential, and communicative in the latter half of the first year
(Carpenter, Nagell, & Tomasello, 1998; Venezia, Messinger, Thorp, & Mundy, 2004). As
infants’ social understanding increases, their intentional coordination of smiling with gaze
directed to a social partner becomes more prominent (Messinger & Fogel, 2007).
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At a behavioral level, social smiling involves the temporal integration of two components:
the facial expression of positive affect and the orientation of eye gaze toward another
person. Impairments in both the affective and attentional components of social smiling have
been found in children with autism spectrum disorders (ASD; Dawson, Hill, Spencer,
Galpert, & Watson, 1990; Kasari, Sigman, & Yirmiya, 1993; Swettenham et al., 1998).
However, there is evidence that impairments in the integration of eye gaze and positive
affect (i.e., social smiling) may be particularly salient in children with ASD relative to those
with other developmental disorders or typical development (TD; Dawson et al., 1990;
Joseph & Tager-Flusberg, 1997; Kasari, Sigman, Mundy, & Yirmiya, 1990). For example,
Dawson et al. (1990) found comparable rates of eye contact and positive affect in children
with ASD and those with TD, but children with ASD were less likely to integrate the two
behaviors during social bids. In addition, lower levels of social smiling have also been found
in infants who later develop ASD, using both retrospective (e.g., Adrien et al., 1993) and
prospective approaches (Barbaro & Dissanayake, 2012). Thus, deficits in social smiling
have been identified as a possible early marker of later emergence of the ASD phenotype.

Many recent prospective studies searching for early behavioral markers of ASD have
focused on infant siblings of children with ASD (Sibs-ASD), due to their elevated genetic
risk for ASD (i.e., 18.7%; Ozonoff et al., 2011), and for ASD-related behaviors associated
with the broader autism phenotype (BAP; Piven, Palmer, Jacobi, Childress, & Arndt, 1997;
Zwaigenbaum et al., 2007). In general, studies comparing groups of infant Sibs-ASD to
infant siblings of children with typical development (Sibs-TD) tend to find a broad range of
behavioral differences (for review, see Rogers, 2009); however, the meaning of these group
differences is difficult to interpret. Specifically, before infants’ diagnostic outcomes are
clear, it cannot be said whether differences observed in infant Sibs-ASD are characteristic of
that group as a whole, or are driven instead by the subset of yet-unidentified infants who
themselves will eventually receive an ASD diagnosis. To date, research has focused
primarily on detecting early behaviors that characterize the subset of infant Sibs-ASD who
will later receive ASD diagnosis or display BAP symptoms, while less attention has been
paid to the early social communication profiles of infant Sibs-ASD who ultimately have
typical outcomes.

Studies that have followed infant Sibs-ASD to diagnostic outcome have revealed that social
smiling differentiates the subset of Sibs-ASD who develop ASD from low-risk controls as
young as 12 months of age (Brian et al., 2008; Ozonoff et al. 2010; Zwaigenbaum et al.,
2005). However, one study also found lower levels of social smiling in infant Sibs-ASD
who did not receive a later ASD diagnosis, again compared with low-risk controls (Brian et
al., 2008). Though this study suggests that reduced social smiling may be associated more
with elevated genetic risk than with an ASD outcome specifically, Sibs-ASD with BAP
outcomes were not excluded from the non-ASD outcome group. The one infant sibling study
to examine social smiling in separate BAP and non-ASD outcome subgroups (Landa,
Holman, & Garrett-Mayer, 2007) did not directly compare the performance of these
subgroups to that of the low-risk controls. Thus, the early expression of social smiling in
high-risk infant siblings with symptom-free outcomes is not yet known.

The purpose of the present study was to extend our understanding of the construct of social
smiling and its relation to outcomes in infant Sibs-ASD in two ways. First, our primary
focus was to examine social smiling in infant Sibs-ASD without ASD symptomatology at
outcome. The early development of infant Sibs-ASD without ASD symptoms remains
relatively unknown, and may provide valuable information about the range of outcomes and
potential protective factors for children at elevated genetic risk. Specifically, it is not yet
known whether infant Sibs-ASD who demonstrate no ASD symptoms at outcome (i.e.,
neither ASD diagnoses nor BAP profiles) have early levels of social smiling that are
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comparable to those of low-risk infants, or whether, like the subset of Sibs-ASD who do
later display ASD symptoms, they too exhibit less social smiling relative to low-risk peers.
The answer to this question may have implications for the interpretation of early behavioral
differences, the mutability of early challenges, and the significance of early affective
expression in this subgroup of Sibs-ASD with optimal outcomes. Toward this end, we
excluded Sibs-ASD with BAP outcomes from the non-ASD outcome group.

Our second goal was to measure social smiling and its component behaviors (i.e., social
attention [eye contact] and positive affect [non-social smiling]) simultaneously, and as
mutually exclusive categories. To our knowledge, no previous study has examined these
behaviors concurrently, using the same behavior sample and metrics, to identify the extent to
which eye contact and/or non-social smiling might individually limit (or facilitate) the
expression of social smiling in infant Sibs-ASD. In the current study, we sought to
determine whether particular components of social smiling differentiate Sibs-ASD with
optimal outcomes from those who later express ASD symptoms, and to assess the extent to
which affected and/or unaffected Sibs-ASD are distinguishable from low-risk peers with
regard to these behaviors. A better understanding of the early social behaviors of Sibs-ASD
who go on to have typical outcomes will be helpful in interpreting differences observed in
infancy, and in making important clinical decisions with regard to when, and for whom,
prevention and intervention strategies for high-risk infants are warranted.

Method
Participants

Participants were part of a larger sample of infant siblings in a prospective, longitudinal
study examining the early development of ASD. The sample comprised two groups: (1)
younger siblings of children with autism spectrum disorders (Sibs-ASD), and (2) younger
siblings of children with typical development (Sibs-TD). Informed consent was obtained
from parents prior to initiation of research procedures. Children were enrolled between 12
and 23 months of age, and participated in a total of five clinic visits across an 18-month
period (see [reference deleted for blind review] for a description of eligibility and
recruitment procedures). For the current study, inclusion requirements were: (1) available
data from the initial visit and final (diagnostic) visit in the original study (hereafter referred
to as Time 1 and Time 2, respectively); and (2) codeable videos of the Screening Tool for
Autism in Toddlers (STAT; Stone, Coonrod, Turner, & Pozdol, 2004) at Time 1. From the
original sample reported in [reference deleted for blind review], 24 Sibs-ASD and 17 Sibs-
TD were excluded from the current study based on these criteria.

Outcome classifications—The final sample comprised 42 Sibs-ASD and 25 Sibs-TD.
The presence or absence of ASD symptomatology at Time 2 was based on diagnostic
evaluations conducted through the original study by licensed psychologists experienced in
the diagnosis of young children with ASD, using the Autism Diagnostic Observation
Schedule (ADOS; Lord et al., 2000) and a DSM-IV-based parent interview (American
Psychiatric Association, 2000). The ASD classification was used for children with diagnoses
of Autistic Disorder, Pervasive Developmental Disorder-Not Otherwise Specified (PDD-
NOS), or Asperger’s Disorder. The BAP classification was used when three conditions were
met: (1) the child did not meet clinical criteria for an ASD diagnosis at T2; (2) the
psychologist at T2 had clinical concerns about the child’s social functioning; and (3) the
child either obtained an ADOS Reciprocal Social Interaction algorithm score above the
ASD cutoff at T2, or had received a previous ASD diagnosis through the research project
but no longer met full criteria. None of the 25 Sibs-TD met criteria for either ASD or BAP.
Among Sibs-ASD, children meeting criteria for either ASD or BAP at Time 2 were
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considered to have ASD symptomatology (Sibs-ASD/AS). Children not classified as ASD
or BAP were considered to have no ASD symptomatology (Sibs-ASD/NS), reflecting
optimal outcome at an age at which diagnosis has been shown to become stable (i.e., after 30
months of age; Turner & Stone, 2007; Wiggins et al., 2012).

Fifteen children (all from the Sibs-ASD group) comprised the Sibs-ASD/AS group: 6 had an
outcome classification of ASD and 9 had an outcome classification of BAP. The remaining
27 Sibs-ASD comprised the Sibs-ASD/NS group. Demographic information for the sample
at both time points is provided in Table 1. One-way ANOVAs revealed no significant
differences between Sibs-ASD/AS, Sibs-ASD/NS, and Sibs-TD for Time 1 chronological
age (CA), Time 2 CA, or number of months between Time 1 and Time 2 visits, all ps >.34.
Significant differences were found for Time 1 mental age (MA), F(2, 64)=3.48, p < .05, and
Time 2 MA, F(2, 63)=9.37, p < .001. Post-hoc tests for Time 1 MA revealed significantly
lower MA scores for Sibs-ASD/AS than Sibs-TD, p < .05, but no significant differences
between the other groups, ps >.12. Post-hoc tests for Time 2 MA revealed significantly
lower MA scores for Sibs-ASD/AS compared with both Sibs-ASD/NS, p < .01, and Sibs-
TD, p < .01, but no significant differences between the latter two groups, p = 1.00. Chi-
square tests revealed no group differences for race or maternal education, ps > .15, but a
significant difference for gender, χ2(2)= 6.59, p < .05. There was a 4:1 ratio of males to
females in the Sibs-ASD/AS group and more equal distributions of males and females in the
Sibs-ASD/NS and Sibs-TD groups.

Measures
Mullen Scales of Early Learning (MSEL; Mullen, 1995)—The MSEL is a measure of
cognitive functioning for children from birth through 68 months of age. Subscales measure
Visual Reception (nonverbal problem solving), Fine Motor, Receptive Language, and
Expressive Language skills. For this study, subscale age equivalents were averaged and used
descriptively to estimate MA.

Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000)—The ADOS
is a diagnostic assessment for ASD involving semi-structured observations of play, social
interaction, and communication skills. All Sibs-ASD received either Module 1 or 2 of the
ADOS at Time 2. Sibs-TD were to receive the ADOS only if they scored above 25 on the
Childhood Autism Rating Scale (CARS; Schopler, Reichler, & Renner, 1986); however,
none exceeded this cutoff.

Screening Tool for Autism in Toddlers (STAT; Stone, Coonrod, & Ousley,
2000; Stone et al., 2004)—The STAT was administered at Time 1 and provided the
context within which social smiling and component behaviors were coded. The STAT is a
20-minute interactive assessment comprising 12 items in the domains of play, requesting,
directing attention, and motor imitation. Originally developed for 24–36 month olds, its
utility as a screener has been demonstrated in children as young as 14 months (Stone,
McMahon, & Henderson, 2008), and it has been used successfully as a context for coding
social and communication behaviors (e.g., McDuffie, Yoder, & Stone, 2005).

Coded Variables—STAT videotapes were coded by research staff who were independent
from the original study and blind to participant group and outcome diagnosis. Procoder, a
coding system for behavioral research using videotape (Tapp & Walden, 1993), was used to
code mutually exclusive instances of social smiling, eye contact, and non-social smiling.
Because the duration of the STAT varied somewhat across participants, the frequencies of
the coded variables were converted to rates per minute.
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Social smiling was coded when the child laughed or smiled within 1/10 of a second (either
before or after) a look to the examiner’s face. Thus, social smiling was coded when smiling
and eye contact were temporally coordinated, and the social smiling code took precedence
over the eye contact and non-social smiling codes. Social smiling was coded only if: (1) the
“smile” could be distinguished from the child’s overall expressions surrounding the act in
question, and (2) the child’s expression was judged to reflect positive feelings (e.g., as
distinguished from upturned lips while chewing). Non-social smiling was coded when
smiling (as described above) occurred in the absence of coordinated eye contact to the
examiner. Eye contact was coded when the child directed his or her face and/or eye gaze
toward the examiner’s face (i.e., such that some part of the examiner’s face was in the
child’s direct line of vision) but did not display a smile within 1/10 of a second. A detailed
coding manual is available from the first author.

Twenty-five STAT videos (37%) were selected randomly for reliability coding. Intraclass
correlation coefficients indicated high interrater reliability for all coded variables: Social
Smiling=.94, Non-Social Smiling=.82, Eye Contact=.94.

Results
Preliminary Analyses

Descriptive statistics were run for each of the dependent variables (social smiling, non-social
smiling, and eye contact) to assess for violations of assumptions (e.g., non-normal
distribution). The social smiling variable violated the assumption of a normal distribution,
and was corrected to a normal distribution using a square root transformation. Accordingly,
eye contact and non-social smiling were transformed in the same manner and all analyses
used the transformed variables.

Correlations between Time 1 demographic variables and the dependent variables (social
smiling, non-social smiling, and eye contact) were conducted in the full sample to determine
whether any participant characteristics might affect the dependent variables and need to be
included in later analyses as covariates. CA, MA, and race were not correlated with any
dependent variables, and thus were not included as covariates in subsequent analyses.
Gender was correlated with non-social smiling, r = .25, p < .05, with males exhibiting higher
rates of non-social smiling. Maternal education was negatively correlated with social
smiling, r = −.25, p < .05, and non-social smiling, r = −.24, p < .05; lower levels of maternal
education were associated with higher rates of both social and non-social smiling. Based on
these analyses, gender and maternal education were included as covariates in subsequent
analyses examining group differences as appropriate. Table 2 provides the raw means and
standard deviations for the coded variables.

Group comparisons
Two ANCOVAs and one ANOVA were used to examine whether rates of social smiling,
non-social smiling, and eye contact differed between Sibs-ASD/AS, Sibs-ASD/NS, and
Sibs-TD. Analyses were conducted separately for each dependent variable due to inclusion
of different demographic covariates, as described above. Post-hoc analyses used
Bonferroni’s adjustment to account for the multiple comparisons between groups. Means
and standard deviations are reported in Table 2 and estimated marginal means and standard
errors are displayed in Figure 1. Notably, within the Sibs-ASD/AS group, means did not
differ between those children with ASD diagnoses and those with BAP on any of the
dependent variables, ps > .36, supporting our decision to combine these children into a
single “symptomatic” outcome group.
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Social Smiling—Results revealed a significant main effect for group, F(2, 63) = 5.95, p
< .01, ηp

2= .16. Post-hoc analyses indicated that both Sibs-ASD/AS and Sibs-ASD/NS
demonstrated significantly lower rates of social smiling than Sibs-TD (p < .01 and p < .05,
respectively). No significant differences were found between the Sibs-ASD/AS and the
Sibs-ASD/NS groups, p = 1.00.

Non-Social Smiling—Results revealed a significant main effect for group, F(2, 62) =
4.21, p < .05, ηp

2= .12. Post-hoc analyses indicated that Sibs-ASD/AS showed a
significantly lower rate of non-social smiling than Sibs-TD, p < .05, but no significant
differences between the other groups were found, ps >.13.

Eye Contact—Results revealed a significant main effect for group, F(2, 64) = 4.04, p <.
05, ηp

2= .11. Post-hoc analyses indicated that Sibs-ASD/AS showed a significantly lower
rate of eye contact than Sibs-TD, p < .05. Sibs-ASD/NS did not differ significantly from
Sibs-TD, p = 1.00, but tended to have a higher rate of eye contact than Sibs-ASD/NS, p =.
054.

Discussion
This study compared the early expression of social smiling and its behavioral components
(i.e., eye contact and non-social smiling) in three groups of infant siblings: infants at
elevated risk for ASD who showed later ASD symptomatology (Sibs-ASD/AS); infants at
elevated risk for ASD who did not show later ASD symptomatology (Sibs-ASD/NS); and
infant siblings of typically developing children (Sibs-TD). The primary aim of this study
was to characterize early behavioral features of Sibs-ASD with optimal outcomes, and to
determine the extent to which their early social behaviors compared and contrasted with the
social behaviors of Sibs-ASD who developed later ASD symptoms, and with those of low-
risk Sibs-TD. Thus, unlike most previous studies, the Sibs-ASD/NS group in this study
excluded those high-risk siblings who met criteria for the broader autism phenotype (BAP),
in addition to those who received formal ASD diagnoses, providing a relatively “clean”
sample of unaffected siblings whose early development could be examined. Results revealed
that, similar to Sibs-ASD with ASD symptoms at outcome, Sibs-ASD with no autism
symptoms at outcome showed lower rates of social smiling in infancy relative to Sibs-TD.
However, only Sibs-ASD/AS exhibited lower rates of eye contact and non-social smiling
than Sibs-TD. Sibs-ASD/NS did not differ from Sibs-TD in these component behaviors.

These results replicate previous findings of lower rates of social smiling for Sibs-ASD with
ASD outcomes compared with Sibs-TD (Brian et al., 2008; Landa et al., 2007; Ozonoff et
al., 2010), and extend them by suggesting that this finding holds true even when the ASD
outcome group is defined more broadly to include children with BAP symptoms. In fact,
despite different contexts and coding systems, the mean rates of social smiling and eye
contact for the Sibs-ASD/AS and Sibs-TD in the present study were remarkably similar to
those reported by Ozonoff et al. (2010) for their samples at comparable ages. However, no
previous studies have examined social smiling in an unimpaired Sibs-ASD outcome group
(i.e., excluding children with BAP); thus, ours may be the first to identify a relative deficit in
social smiling in symptom-free Sibs-ASD. The lack of group differences in social smiling
between the Sibs-ASD/NS and the Sibs-ASD/AS in the current study replicates the results of
Brian et al. (2008), providing further evidence that lower levels of social smiling may be
associated more generally with elevated genetic risk for ASD than with an ASD outcome
per se.

To our knowledge, this study is the first to examine social smiling and its two component
behaviors, non-social smiling and eye contact, as non-overlapping categories within the
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same behavior sample, to determine the extent to which component behaviors might be
contributing to group differences in social smiling. Despite comparable levels of social
smiling for the Sibs-ASD/NS and Sibs-ASD/AS, different patterns for the component skills
relative to Sibs-TD emerged: (1) Sibs-ASD/NS had lower rates of social smiling, but
average rates of non-social smiling and eye contact compared to Sibs-TD; and (2) Sibs-
ASD/AS had lower rates of social smiling, non-social smiling, and eye contact compared to
Sibs-TD. Thus, even though Sibs-ASD/NS were less likely to integrate smiles and eye
contact to produce social smiling, they did not smile less frequently in response to their own
activities or make less eye contact with the examiner relative to Sibs-TD. In contrast,
relative to Sibs-TD, Sibs-ASD/AS were less likely to both smile and make eye contact,
either integrated or in isolation. Thus, results of the present study suggest that lower rates of
social smiling alone do not represent a specific risk factor for later ASD symptoms, whereas
lower rates of social smiling as well as reduced eye contact and non-social smiling may
confer increased risk.

Although the nature of the data collected through this study is not sufficient to draw
conclusions about the specific developmental mechanisms underlying these findings, it may
be of heuristic value to speculate about potential explanations. One possibility may be that
different underlying processes account for the lower rates of social smiling and lead to the
differences in outcome seen in Sibs-ASD/NS versus Sibs-ASD/AS. For example, for Sibs-
ASD/NS, lower rates of social smiling in the presence of average rates of non-social smiling
and eye contact may reflect challenges in the temporal integration of the different behaviors,
as have been described previously for children with ASD (Joseph & Tager-Flusberg, 1997;
Kasari et al., 1990). In contrast, the lower level of social smiling and component behaviors
demonstrated by the Sibs-ASD/AS, but not the Sibs-ASD/NS, may reflect alterations in
more basic developmental mechanisms – such as impairments in social reward systems
(Schultz, 2005; Schumann, Barnes, Lord, & Courchesne, 2009) and/or higher levels of
arousal in social contexts (Watson, Roberts, Baranek, Mandulak, & Dalton, 2012) – that
ultimately contribute to less optimal outcomes for this subgroup. Another possible
interpretation of these findings is that the expression of ASD symptoms may reflect the
cumulative effects of multiple developmental perturbations in infancy. Thus, ASD
symptoms may develop only when the number of affected developmental domains, or the
severity of suboptimal skill development, surpasses a critical threshold. This interpretation is
consistent with previous research reporting a continuous distribution of ASD-related social
deficits in sibling samples (Constantino & Todd, 2003).

To date, among studies of infant siblings of children with ASD, considerable emphasis has
been placed on identifying specific early features that indicate risk for a later diagnosis of
ASD, so that intervention or preventative strategies can be implemented as needed.
However, the role of potential protective factors should also be considered and studied. For
example, higher rates of eye contact may serve a protective role for high-risk siblings who
do not develop later ASD symptoms, as eye contact levels in Sibs-ASD/NS were more
comparable to those of Sibs-TD than were those of Sibs-ASD/AS. Eye contact with others
provides opportunities not only for interpersonal engagement, but also for the social,
emotional, and language inputs and feedback (i.e., learning) it engenders (Mundy, Sullivan,
& Mastergeorge, 2009). As such, increased eye contact may result in more optimal short-
and long-term outcomes for a subset of Sibs-ASD. Just as future neurobiological and genetic
research can help identify the specific mechanisms underlying behavior differences in social
smiling in individuals with ASD and those at elevated genetic risk, a better understanding of
both risk and protective factors associated with outcomes in high-risk infant sibling samples
will enhance our ability to identify the type, timing, and necessity of intervention (or
prevention) strategies.
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There are several limitations of this study, many of which have been noted in previous
research on high-risk siblings. The first relates to sample size. Out of the 42 infants in the
high-risk group, only 15 had ASD symptoms at outcome, and only six received formal ASD
diagnoses. The small size of the group of children with ASD symptoms calls for cautious
interpretation of these findings, and emphasizes the need for further examination in larger
samples. Second, the sample was primarily Caucasian and of relatively high socio-economic
status, which may limit the generalizability of the findings. Finally, our “optimal outcome”
determination for the Sibs-ASD was based on diagnostic evaluations between the ages of 30
and 42 months; their development beyond this age is not yet known. Although 30 months
has been identified as an age at which ASD diagnoses become stable (Turner & Stone, 2007;
Wiggins et al., 2012), a longer follow-up period would be preferable. Previous research has
demonstrated that siblings and other biological relatives of individuals with ASD who do not
themselves meet clinical diagnostic criteria for ASD remain at risk for other features of the
broader autism phenotype (BAP), such as executive functioning or language-related deficits
(for review, see Bailey, Palferman, Heavey, and Le Couteur, 1998). While our study
removed individuals identified with BAP from the sample of “unaffected” siblings (Sibs-
ASD/NS), we defined BAP in terms of ASD-specific features, with an emphasis on social
symptoms. However, it is unknown whether Sibs-ASD/NS are at increased risk for other
behavioral or neurocognitive differences that may set them apart from their low-risk peers
longer term, or whether early deficits in social smiling in Sibs-ASD/NS might presage such
risks.

These limitations notwithstanding, the results of this study have added to our knowledge
about early social development in siblings of children with ASD in several ways. First,
lower rates of social smiling were found even in those high-risk siblings who did not show
later ASD symptomatology, which: (1) suggests that this early behavior does not represent a
specific risk factor for ASD; and (2) provides additional evidence that early behavioral
differences between high-risk and low-risk infants do not necessarily translate into later
impairments (cf., Malesa et al., 2012; Warren et al., 2012; Young, Merin, Rogers, &
Ozonoff, 2009). Second, the different patterns found for high-risk siblings with and without
later ASD symptoms, with respect to the component behaviors of social smiling (i.e., eye
contact and non-social smiling), suggest the possibility that different developmental
processes, or threshold effects, may be contributing to lower rates of social smiling and
differential outcome in the two Sib-ASD groups. Continued investigation of the
development of social smiling, the neurocognitive processes underlying social smiling and
its component behaviors, and the long-term implications of early differences in social
smiling will be critical for furthering our knowledge about the early social development of
children at elevated risk for ASD and our ability to design targeted, individualized
prevention and intervention strategies for optimizing their outcomes.
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Fig 1.
Estimated marginal means of transformed Social Smiling, Non-Social Smiling, and Eye
Contact variables by outcome group. Sibs-ASD/AS = infant siblings of children with ASD
who later demonstrated ASD symptomatology. Sibs-ASD/NS = infant siblings of children
with ASD who later demonstrated no ASD symptomatology. Sibs-TD = infant siblings of
typically children with typical development (none with later ASD symptomatology).
Standard error bars depict +/− 1 SE.
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Table 1

Participant Demographics

Demographic Sibs-ASD/AS (n = 15) Sibs-ASD/NS (n = 27) Sibs-TD (n = 25)

Time 1 CA

 M (SD) 14.40 (3.18) 15.52 (3.07) 15.44 (3.34)

 Range 12–21 12–23 12–23

Time 2 CA

 M (SD) 32.80 (3.21) 34.48 (3.31) 34.08 (4.12)

 Range 30–41 30–42 29–44

# Months between Time 1 and Time 2

 M (SD) 18.40 (1.68) 18.96 (1.58) 18.64 (1.60)

 Range 14–22 18–25 16–23

Time 1 MA

 M (SD) 13.78 (3.37) 16.16 (3.19) 16.75 (3.94)

 Range 10.5–24.0 11.5–25.75 11.5–27.0

Time 2 MA

 M (SD) 28.60 (7.44) 37.05 (5.50)a 36.90 (7.07)

 Range 12.50–41.25 29.75–48.25 28.25–55.25

# (%) Male 12 (80%) 11 (41%) 16 (64%)

# (%) Caucasian 14 (93%) 24 (89%) 22 (88%)

# (%) Mothers with College Degrees or Higher 12 (80%) 20 (74%) 23 (92%)

Notes. Sibs-ASD/AS = Sibs-ASD with later ASD symptomatology. Sibs-ASD/NS = Sibs-ASD without later ASD symptomatology.

a
Cognitive score unavailable for one child.
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Table 2

Raw Means for Dependent Variables (Rate/Minute)

Variable Sibs-ASD/AS (n = 15) Sibs-ASD/NS (n = 27) Sibs-TD (n = 25)

Social Smiling

 M (SD) .25 (.28)a .36 (.39)a .53 (.47)b

 Range .00–.83 .00–1.74 .00–1.76

Non-Social Smiling

 M (SD) .81 (.81)a .81 (.69)a,b 1.13 (.73)b

 Range .00–2.43 .00–2.37 .00–2.43

Eye Contact

 M (SD) 1.67 (.99)a 2.84 (1.71)a,b 2.88 (1.41)b

 Range .58–3.31 .56–6.48 .72–5.71

Notes. Means with different superscripts were significantly different from each other; means with both superscripts were not statistically significant
from any other mean.

Sibs-ASD/AS = Sibs-ASD with later ASD symptomatology. Sibs-ASD/NS = Sibs-ASD without later ASD symptomatology.
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