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Abstract

In families raising a child with an autism spectrum disorder (ASD), infant siblings are at elevated
risk for ASD and other developmental concerns, including elements of the broader autism
phenotype (BAP). Typically, the BAP is indexed using standardized developmental assessments;
however, these measures do not capture a number of social difficulties commonly associated with
the BAP. The present study aims to expand our developmental understanding of the BAP by
comparing children exhibiting the BAP to their typically developing peers on, (1) standardized
measures of development, and (2) social behaviors exhibited during dyadic play interactions.

As part of a prospective study, dyads were recruited from families with at least one older child
with ASD (high-risk, 7= 36), and families with no history of ASD (low-risk, 7= 38). During
laboratory visits at 12, 15, 18, and 24 months of age, infants completed a series of standardized
assessments and a mother-child play interaction. Dyadic play interactions were micro-analytically
coded for gaze, positive affect, and vocalizations to create theory-driven composites to index
dyadic synchrony and responsiveness. Videos were also coded with an existing rating scheme for
joint engagement and child responsiveness.

Multilevel models revealed significant group differences on select constructs within the first two
years. Language and cognitive differences emerged by 24 months of age, whereas dyadic
differences were evident as early as 15 months. Recognizing the increasing demand for elevated-
risk interventions, these findings highlight several social constructs through which interventions
may identify risk and promote optimal development.

LAY SUMMARY

In families raising children with an autism spectrum disorder (ASD), younger siblings are at an
increased risk for social and developmental difficulties that characterize a “broader autism
phenotype”. The present study explored the emergence of social, language, and cognitive
differences in the first two years of life. Social differences were evident as early as 15 months of
age for several play-based measures, and language and cognitive differences emerged by 24
months of age. For infant siblings of children with ASD, some of the earliest behavioral marks for
subclinical features of ASD are evident within the first two years of life.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kellerman et al. Page 2

Keywords

broader autism phenotype; infant sibling; autism spectrum disorder; mother-child interactions;
responsiveness; joint engagement

Introduction

In families raising children with autism spectrum disorder (ASD), subclinical features of
ASD, often called the broader autism phenotype (BAP), are common (Constantino et al.,
2010; Georgiades et al., 2013; Messinger et al., 2013). Studies of infant siblings of children
with ASD document elevated rates of BAP features with standardized developmental
assessments (Georgiades et al., 2013; Ozonoff et al., 2014). However, clinically and within
research studies, it can be difficult to distinguish individuals with the BAP from those with
ASD or typical development (TYP), especially early in development. To inform this
differential risk/diagnosis gap, the goals of the current study were two-fold. First, we aimed
to replicate previous research that distinguish BAP and TYP groups using standardized
developmental assessments. Second, we aimed to expand our understanding of how dyadic
interactions in early childhood may capture social difficulties associated with the BAP, in
order to inform current developmental monitoring and early intervention efforts.

Defining the BAP

Multiple definitions of the BAP are currently used in research which build on self-report
questionnaires, spousal reports, parent concerns, and clinical best estimates. However, due to
the range of functioning levels within observed differences and countless possible
combinations of risk factors, there is no current standardized criteria for the BAP (see review
by Pisula & Ziegart-Sadowska, 2015). Initial measurement techniques for capturing BAP
involved clinical interviews; however, now a variety of questionnaires exist for quickly
measuring BAP characteristics in adults and/or children aged 3 and older (e.g., Autism
Spectrum Quotient, Baron-Cohen et al., 2001; Broader Autism Phenotype Questionnaire,
Hurley et al., 2007; Social Responsiveness Scale, Constantino, 2002). The self- or parent-
reported questionnaires listed above have been used in numerous studies to either
characterize BAP or distinguish between BAP and ASD in individuals beyond early
childhood (e.g., Ruzich et al., 2015; Sasson et al., 2014; Maxwell et al., 2013; Wheelwright
et al., 2010). However, for children under 3 years, clinical judgments and standardized
developmental assessments typically inform impressions of the BAP (e.g., Ozonoff et al.,
2014).

In early childhood, recent studies have explored criteria for capturing the BAP in high-risk
infant siblings including clinical judgments, scores below average on standardized
developmental assessments, and/or elevated scores on the Autism Diagnostic Observation
Schedule (ADOS; e.g., Landa et al., 2012; Ozonoff et al., 2014; Messinger et al., 2013). For
example, Messinger et al. (2013) used the Mullen Scales of Early Learning (MSEL)
developmental quotients and ADOS severity scores to characterize non-ASD infants that
may have features consistent with the BAP. In Messinger et al. (2013), five BAP trajectories/
patterns were identified, two of which were statistically distinguishable from typically
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developing peers. In another BAP-specific study, Ozonoff and colleagues (2014) defined
BAP outcome criteria as: (1) being a high-risk infant sibling, (2) not meeting clinical best
estimate criteria for an ASD, and (3) having lower scores on the MSEL and/or elevated
ADOS severity scores (i.e., severity scores of < 3). To ground the current study within these
frameworks, we used Ozonoff and colleagues’ (2014) explicit criteria for BAP outcome
classifications and interpreted our findings, while considering Messinger et al.’s (2013) five
BAP trajectories/patterns.

It is important to note that elements of the BAP may be present in any family - they are not
restricted to families raising children with ASD. Several studies have addressed the BAP
within general populations (e.g., Klusek et al., 2014; Swanson et al., 2013). Given our
sampling constraints (data utilized from an existing infant sibling study), addressing the
BAP in first-born children or more general populations (e.g., as discussed in Landry &
Chouinard, 2016) was beyond the scope of the current study.

BAP Development

Prospective studies interested in atypical development have compared groups of infants with
non-ASD and/or non-TYP outcomes (e.g., Chawarska et al., 2014; Clifford et al., 2013,
Cornew et al., 2012; Rozga et al., 2011; Sullivan, et al., 2007; Yirmiya et al., 2006). Studies
like Rozga et al. (2011) do provide evidence of emerging differences in social
communication, though it is often unclear if all of these infants have features consistent with
the BAP. In one of the few studies to explicitly focus on the BAP, Ozonoff and colleagues
(2014) tracked high-risk infant siblings from 6 to 36 months and noted that by 12 months,
infants exhibit features consistent with the BAP. Specifically, the BAP group (35% of the
high-risk sample) displayed significantly slower growth in language and visual reception
skills when compared to typically developing infants, as indexed by the MSEL.

When considering dyadic/social difficulties, the following infant sibling studies can inform
our understanding of BAP development. Yirmiya et al.’s (2006) study included a parent-
child interaction at 4 months of age and reported that five high-risk non-ASD infants with
language delays were slightly less synchronous with their mothers than high-risk non-
language delayed and typically developing peers. Sullivan and colleagues (2007) examined
response to joint attention bids in high-risk infants with clearly defined outcomes of ASD,
BAP, and non-BAP, and descriptively noted that infants with the BAP at 14 months looked
less to target cues. Specific to social referencing, Cornew and colleagues (2012) found that
18 month old high-risk infants with non-ASD and non-typical outcomes only showed
slightly lower frequencies of information seeking when playing with novel toys (than their
typically developing peers). Overall, these findings highlight that distinct behavioral
differences linked to later ASD and Non-TYP outcomes are present in early childhood.
However, to date few studies evaluate distinct developmental patterns in the BAP, especially
within a social context.

Importance of exploring BAP in early childhood

To fully understand ASD, it is necessary to understand similarities and differences in
developmental trajectories and/or pathways in subclinical and typical populations. We do not
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yet completely understand what is contributing to the full manifestations of ASD; therefore,
systematic longitudinal examination of children’s development allows researchers to track
possible underpinnings that may lead to adaptive or maladaptive outcomes (Cicchetti, 2014).
This approach allows developmental trajectories to be observed while considering
equifinality and multifinality. Equifinality posits that a given outcome may result from
multiple pathways and multifinality recognizes that multiple outcomes are possible from a
common starting point. As a complement to studies of children with ASD, studies of
children with the BAP can specifically inform the intermediate pathways (those that are
often the most difficult to discern from typical and pathological pathways).

Measuring Dyadic Interactions

The present study sought to build on previous studies of the BAP by examining social
behaviors in the context of dyadic social interactions, which we conceptualize using two
complementary approaches. Given the complexity of dyadic interactions, no one
measurement tool can capture all elements of an exchange. Therefore, dyadic data is heavily
influenced by coding and quantification procedures. Varied measurement techniques likely
reflect the types of research questions, as well as the age of the participants. For example,
constructs requiring more context to the behavior, such as joint engagement, maternal
sensitivity, or directedness, often use global rating scales that enable the rater to incorporate
context when assigning a general impression (e.g., see Adamson et al., 2012, 2014;
Campbell et al., 2015, Freeman & Kasari, 2013; Wan et al., 2012, 2013). Alternatively, when
answering questions related to temporal order or process (e.g., synchrony), discrete micro-
level codes — which capture directly observable, objective core social behaviors — allow
researchers to document subtle behaviors that may not be easily captured at a broader level
(e.g., Lambert-Brown et al., 2015; Leezenbaum et al., 2014, Ozonoff et al., 2010;
Warlaumont et al., 2014). These diverse coding techniques, may be contributing to the
reported mixed representations of observed behavioral differences across outcome groups
(particularly within the first year), as well as an inability to directly compare results with
similar samples across studies.

Most recently, Green and colleagues (2017) incorporated both global rating scales and
discrete micro-level codes when examining mother-child interactions in a pre- and post-
treatment study. They reported that global measures better captured between-person
variability in select play behaviors (e.g., child attentiveness); however, micro-level codes
were more successful at capturing shifts in social behavior that occurred in response to
treatment. The current study builds upon two existing paradigms (i.e., discrete micro-level
and global rating approaches) to provide a more complete representation of dyadic
interactions. This two-pronged approach was used because (1) the BAP is not clearly defined
and characterized in the field, and (2) it is unknown if a more micro-analytic or global/
gestalt approach will better capture meaningful dyadic characteristics in individuals with the
BAP over time.

Current Study

The goals of the current study are two-fold. Aim 1: to replicate previous research that
distinguishes between BAP and TYP groups using standardized developmental assessments
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(e.g., Ozonoff et al., 2014; Landa et al., 2012). Specifically, we expect infants within the
BAP group (compared to the TYP group) to perform lower on visual reception, language,
communication, and socialization measures. Aim 2: to explore how dyadic interactions in
early childhood may capture social difficulties associated with the BAP. Based on previous
research, we expect children within the BAP group to exhibit less dyadic synchrony,
responsiveness, and joint engagement (than children in the TYP group). We also expect
dyadic differences in the BAP to be evident within the second year of life. The current
study’s unique contribution includes a longitudinal examination of social/communication
characteristics within the BAP during a naturalistic social task designed to capture dyadic
exchanges.

Method

Participants

Ninety-nine mother-child dyads were recruited from the greater Lafayette area of Indiana to
participate in a prospective infant-siblings study, which included high-risk (HR, n7 = 45) and
low-risk (LR, /7= 54) groups. The HR group included younger infant siblings from a family
raising at least one child with a confirmed ASD diagnosis, and the LR group were of any
birth order and had no familial history of ASD in 15t, 2"d, or 3™ degree relatives. Infants
completed a series of developmental monitoring assessments at 12, 15, 18, 24, 30, and 36
months of age.

Outcome groups for infant siblings were assessed at their final laboratory visit at 24, 30, or
36 months of age. If a child attended more than one of these visits, the last visit was used for
outcome determination. Outcome assessment age was based on time of enrollment, such that
children enrolled earlier in the study could be followed to an older age. Based on outcome
criteria developed by the Baby Siblings Research Consortium (BSRC; see Ozonoff et al.,
2014), infants were classified into one of three defined groups: Typical Development (TYP;
n=52), Non-Typical Development (Non-TYP; n= 34), or Autism Spectrum Disorder (ASD;
n=6). Seven children did not complete a visit between 24 and 36 months and therefore did
not receive an outcome classification (and were thus excluded). Non-TYP outcomes
included children with language delays, clinically relevant behavioral challenges, global
developmental delay, and children exhibiting sub-threshold autism characteristics.

Out of the 34 children within the Non-TYP group, 22 demonstrated features consistent with
BAP based on Ozonoff et al.’s (2014) criteria, which include being an infant sibling of ASD,
MSEL raw scores (i.e., subscale scores 1.5 to 2 standard deviations below the mean), and
ADOS severity scores below the cutoff for an ASD (< 3). Within the current study, the 12
children not meeting Ozonoff et al.’s (2014) BAP criteria included children enrolled as low-
risk siblings that demonstrated language difficulties, or other non-typical concerns by their
outcome visit. These children were excluded from analyses. Thus, the final sample size for
the current study included 74 families (BAP n=22; TYP n=52; see Figure 1). The majority
of these families completed an outcome visit at 30 or 36 months (/7= 67). Seven families
completed their outcome visit at 24 months (BAP = 2, TYP = 5). Family demographic
details are provided in Table 1. Families included in the present study did not differ from
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those in the larger study with respect to infant sex, maternal age, and education (all ps
>.05).

Measures and Procedure

All procedures and measures were approved by Purdue University’s Institutional Review
Board. As a part of a larger developmental behavioral battery, infants/toddlers participated in
a videotaped parent-child play task and completed developmental assessments at 12, 15, 18,
and 24 months of age. At 24, 30, and 36 months of age, infants/toddlers completed a similar
battery with the addition of the ADOS-2 to aid in their outcome classification.

Mother-child interactions.—During the mother-child play task a standardized set of age-
appropriate toys were utilized, including: a baby-doll, blanket, ball, shape sorter, car, rattle,
and a pair of toy phones. Mothers were asked to play with their children as they typically
would at home for 5-10 minutes. Video recordings of the dyadic interactions were coded in
Mangold INTERACT’s behavioral coding program, Version 15. Coders (N = 20) were
unaware of risk and outcome status and were assigned to only one coding scheme (micro-
analytic or global, detailed below) to avoid any bias from one code to another.

Micro-analytic coding.: Child and mother gaze, positive affect, and vocalizations were
independently coded using a discrete micro-analytic approach for the first three minutes of
the interaction following coding criteria established in Ozonoff et al. (2010). Research
assistants were trained to watch the digital records to capture within-second changes in each
target behavior using the slow-motion feature in Mangold INTERACT. Consistent with
Ozonoff et al. (2010), behaviors lasting 0.5 seconds or more were counted towards
respective frequency counts. In addition for brief behaviors, (e.g., look face to look object)
the shift must have occurred for at least 0.5 seconds to be counted as a separate behavior.
With these base codes, frequency estimates for each behavior (gaze, positive affect,
vocalizations) for mother and child, respectively, were exported from Mangold INTERACT
and post-processed using a Python script (Version 2.7).

To index dyadic synchrony (DS), infant responsiveness (IR), and maternal responsiveness
(MR), theory driven composites were adapted from Feldman (2007). Specific to DS, the
frequency composite included instances of mutual synchrony for shared gaze and positive
affect, respectively, and responsiveness to each play partner. The responsiveness composites
(detailed note in Table 2) included frequency counts for social responses within 0.5 seconds
of partner initiations (e.g., infant-led positive affect followed by a maternal vocalization).

Coder training included reading the manual, co-coding with a master coder (1-3
interactions), completion of a practice set followed by feedback, and independent
competition of a reliability set of ten interactions. Interactions in the reliability sets were
coded by a master coder. All reliable coders achieved our a priori intra-class correlation
coefficients (ICC) threshold of > .70 (Range: .77 to .99, M= .93). Periodic unannounced
reliability checks were conducted and documented consistent ICCs above .70 (Range: .73
t0.99, M= .94).
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Global ratings.: Separate coders rated parent-child play interactions for joint engagement
and child responsiveness on a 7-point Likert scale using a subset of Adamson, Bakeman, and
Suma’s Joint Engagement Rating Inventory (JERI, 2016). The joint engagement ratings (i.e.,
total joint (TJE), supported joint (SJE), and coordinated joint (CJE)) are categorical
variables with values ranging from 1 to 7 to index time spent and the quality of the
engagement. Child responsiveness was also captured from the rating scheme (ranging from,
1 - almost always declining bids, to 7 - complying and anticipating most all bids).
Henceforth we will refer to this rating as child responsiveness pattern (CRP) to avoid
confusion with the micro-analytic IR code. CRP captures the global nature of the child’s
responsiveness pattern (and the micro-analytic codes only capture if and how often an infant
responded to a bid). The global rating training process paralleled the one described above
(ICCs range: .80 to .90, M= .87). Coders also received periodic unannounced reliability
checks which documented consistent ICCs above .70 (Range: .83 to 1.00, M= .94).

Autism Diagnostic Observation Scales, Second Edition (ADOS-2).—The
ADOS-2 is a semi-structured standardized diagnostic tool to measure symptoms of autism in
the social communication and restricted and repetitive behavior domains (Lord et al., 2000).
At each child’s outcome visit, a graduate student (trained by an ADOS-2 certified trainer
and supervised by a research-reliable ADOS-2 investigator) administered and scored the
ADOS-2. For the current study, ADOS-2 severity scores were included to determine
children’s outcome classification, using criteria established in Ozonoff et al. (2014).

Mullen Scales of Early Learning (MSEL).—The MSEL measures cognitive ability in
children from birth to 68 months across five scales: gross motor (GM), fine motor (FM),
visual reception (VR), receptive language (EL), and expressive language (EL; Mullen,
1995). Raw scores on the VR, RL, and EL subscales were used to determine whether
children met BAP criteria, as presented in Ozonoff et al. (2014).

Vineland Adaptive Behavior Scales (VABS).—The VABS is a parent report measure
that assesses children’s skills on four main domains: motor, communication, daily living
skills, and socialization (Sparrow et al., 1984). In this study, the socialization (Soc) and
communication (Com) domain scores were used to index developmental functioning over
time.

Data Analysis

All data were checked for analytic assumptions (i.e., homoscedasity and normality) and
cleaned using IBM Statistical Package for the Social Sciences (SPSS) Version 24.
Descriptive statistics for each variable of interest are provided in Table 2. Multilevel models
were conducted in SAS Version 9.4 to account for the small sample size and missing data
patterns. Additionally, to limit the possibility of making a Type I error, the Benjamini-
Hochberg Procedure (1995) was applied to control for false discovery rates without
invalidating the overall results for each aim, respectively.

Aim 1: To replicate previous studies describing the BAP using standardized developmental
assessments, we first examined developmental functioning using the MSEL and VABS to
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determine if the BAP group is distinguishable across the selected domains/subscales. The
final set of models included fixed effects for group membership, visit, the interaction
between group and visit, and two covariates: infant sex and years of maternal education. We
also included random effects for the intercept (see Supplement 1 for model fit details). To
aid in interpretation, a series of post-hoc ANOVAs and multilevel models were also
conducted. Post-hoc analyses for Aim 1 also included a series of models wherein children
with 24-month outcomes ratings were removed. These models explored if partially
tautological predictor-outcome determinations generated systematic differences (i.e., using
language scores to determine outcome and then testing the difference in language scores
across outcome groups).

Aim 2: For this aim, a series of multilevel models were conducted to examine: 1) if the BAP
group is distinguishable from the TYP group within a social context, and 2) if differences
exist, when do they emerge. Separate linear models were conducted for each variable. The
final set of models included fixed effects for group membership, visit, the interaction
between group and visit, and two covariates: infant sex and years of maternal education
(ranging from 12 to 20 years). We also included random effects for the intercept. To aid in
interpretation, a series of post-hoc ANOVAs and additional multilevel models were also
conducted.

By 24 months of age, average group differences were evident for the five tested domains/
subscales: VR, RL, EL, Soc, and Com (Table 3). Regardless of outcome group classification,
developmental growth from 12 to 24 months was apparent for the MSEL VR, RL, and EL
subscales, as well as for the VABS Com and Soc subscales (Figure 2). When considering
group membership, although children in the BAP group demonstrated growth, children
within the TYP group had significantly more growth on the RL and EL subscales, from 12
to 24 months of age. To isolate the age at which these trajectories diverged, estimated
marginal means were analyzed by including visit as a categorical variable, revealing only a
significant difference at 24 months of age across the five subscales. Infant sex was a
significant covariate for VR and EL, with boys scoring higher than girls. Maternal education
was only a significant covariate for RL.

Aim 1 Post-hoc Analyses

To address any potential tautological predictor-outcome determination concerns for the
seven children with 24 month outcome classifications and the MSEL results in Aim 1,
models for VR, RL, and EL were conducted both with and without these seven participants.
The exclusion of these participants impacted an initially trending RL difference by group at
18 months (p = .07) to being significant (p = .03). In addition, maternal education was no
longer a significant covariate for RL.
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Children within the BAP group did exhibit significantly different scores on the micro-
analytic composites for IR and MR (Figures 3b and c; Table 4) and global ratings for TJE,
SJE, CJE, and CRP (Figures 4a-d; Table 5). Regardless of outcome classification, mothers
were more responsive to child bids as children matured (see MR column, Table 4). Children
also demonstrated significant growth from 12 to 24 months in SJE, regardless of outcome
classification (Table 5). To examine when social-based differences emerged, estimated
marginal means were examined and revealed that the TYP group demonstrated more social
competence than the BAP group on the IR, MR, TJE, SJE, CJE (15 months), CRP (18
months), and TJE, SJE (24 months; Tables 4-5).

Aim 2 Post-hoc Analyses

To aid in our interpretation of the results a series of post-hoc analyses were conducted. First,
given the distinct 15 month differences in our dyadic measures, a series of ANOVA’s were
conducted to examine if within group differences in the BAP group at 15 months were
distinct. Children in the BAP group at 15 months (n7= 11) did not differ from the larger BAP
group with respect to infant sex, maternal age, maternal education, ADOS-2 severity scores,
nonverbal DQs, or verbal DQs (all gs > .05).

Additionally, multilevel models with splines at 15 months were conducted to further
examine the slopes from 15 to 24 months of age, recognizing the descriptive differences in
the majority of the dyadic variables occurred at 15 months. Spline models included fixed
effects for group membership, visit (centered at 12 months), splines set at 15 months, the
interaction between group and visit, the interaction between group and visit with spline at 15
months, and two covariates: infant sex and years of maternal education. No significant
effects for these models were observed for the micro-analytic composites but several notable
patterns emerged for the joint engagement ratings:

Developmental growth was apparent for TJE, SJE, and CJE. From 12 to 24 months, more
growth was observed overall; however, with the spline at 15 months, less growth was
observed from 15 to 24 months for TJE, SJE, and CJE (Table 6). When including group
membership, the BAP group demonstrated less overall growth from 12 to 24 months of age,
and from 15 to 24 months of age the TYP group demonstrated significantly more growth
compared to BAP.

DISCUSSION

The present study aimed to examine if children exhibiting the BAP are distinguishable from
their typically developing peers, to inform current early developmental monitoring and
intervention efforts. On select measures, the present study identified significant social/dyadic
differences within the first two years for children exhibiting elements of the BAP (when
compared to their typically developing peers). Though the present study did not find robust
differences for each proposed measure, Figures 2 and 3 illustrate a consistent pattern for the
BAP group to perform lower than the TYP group by 15 months of age on social indices.
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Our results add to a growing literature base on the social development of children with the
BAP. For example, Yirmiya et al. (2006) examined social constructs in high-risk infant
siblings loosely characterized with the BAP and identified instances of social difficulty (e.g.,
more neutral affect; fewer higher-order behavioral requests; less infant-led synchrony);
however, the majority of their measures did not identify significant group differences (e.qg.,
joint attention bids; child responsiveness). Whereas, Sullivan et al. (2007) found significant
differences for their BAP group on select joint attention indices (i.e., “look-only”) at 14
months. The inconsistency in identifying significant differences across studies highlights the
complexity of capturing elements of the BAP in early childhood.

To address social/dyadic complexity, the present study included two distinct behavioral
coding techniques (i.e., micro-analytic and global ratings) to examine social difficulties that
may be present in the BAP. As speculated in Yirmiya and Ozonoff (2007), BAP
demonstrated relatively similar core competencies as indexed by the micro-analytic results
in the current study, whereas the global ratings better captured dyadic differences between
BAP and TYP. This may reflect that a micro-analytic approach is not as informative as
global ratings; however, disentangling the /ntricate dance at a minute level, may be
especially salient when determining treatment effects, as it best represents the process for
dyadic exchanges (e.g., child initiations, Green et al., 2017).

In addition, understanding social difficulties associated with BAP in early childhood may
identify mechanisms that inform later developmental outcomes. For example, in typical
development, early joint attention skills predict later language and cognitive development
(Mundy et al., 2007; Kristen et al., 2011). And in families raising children with an ASD,
copious research highlights difficulties in core social competencies (e.g., eye contact) that
inform difficulties in more complex social interactions (e.g., joint engagement, theory of
mind), which further inform developmental functioning in later childhood (Granat et al.,
2016; Poon et al., 2012; Siller & Sigman, 2002). However, few studies to date have
examined the BAP beyond early childhood, and to our knowledge have only reported on
observed difficulties on standardized measures. For example, in high-risk infant siblings
with non-ASD developmental concerns in early childhood (e.g., language delays, BAP,
global developmental delays), school age concerns have been documented (e.g., language
development, clinical concerns, social cognition, executive functioning; Gamliel et al., 2009;
Miller et al., 2016; Shephard et al., 2016; Warren et al., 2011). Specific to BAP outcomes,
Gamliel et al. (2009) followed children from 4 months to 7 years and identified significant
group differences in language trajectories between BAP and TYP groups - on average the
BAP group’s receptive, expressive, and total language scores were lower than the TYP group
from 14 to 54 months. In addition, Shephard et al. (2016) conducted a follow-up visit of
infant siblings at 7 years of age and found significant group differences between their
loosely defined BAP group (i.e., HR-Non-ASD) and TYP group, with lower adaptive
functioning and evidence of restricted and repetitive behaviors as indexed by the ADOS in
the BAP group. The school-age difficulties faced by children with the BAP parallels those
highlighted by early joint attention deficits/difficulties.

In sum, the present study moves the field forward by longitudinally examining dyadic social
constructs in the BAP. By examining BAP and TYP group differences across four time
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points, the current study demonstrated that distinct patterns exist between BAP and TYP
groups, such that the BAP group performs lower across standardized measures and select
dyadic constructs, as early as 15 months. In addition, recognizing traditional associations
between early social difficulties and later developmental psychopathologies within the larger
ASD literature base, the current study highlights the importance of continuing to investigate
the BAP in early childhood. It is also important to consider the practical implications of
characterizing subclinical populations, like the BAP. At its core, ASD encompasses social
difficulties with known cascading developmental effects if left untreated. Though elements
of social difficulties may be observed in the BAP, it is important for us to limit creating
unnecessary distress on families by overpathologizing symptoms, while also advocating for
opportunities that may promote optimal development (e.g., elevated-risk interventions).

These data provide preliminary support for examining BAP as a separate outcome category
in elevated-risk research. However, these results are not without limitations. In most
prospective infant sibling designs, robust sample sizes across outcome classifications are
difficult to achieve. In the current study, 22 children were identified as exhibiting the BAP;
however, at any given visit, data were only available for a subset of children in the BAP
group (e.g., 7=11) due to various reasons (e.g., no visit, child distress, equipment
malfunction). In addition, a more rigorous test of the clinically meaningful differences in
dyadic exchanges observed for children with BAP would be to include a subset of children
diagnosed with ASD; however, only six children received an ASD diagnosis in the current
study, with a max of four of these children having valid data at a given visit age.

Implications for Future Research

The relatively small number of individuals with ASD and BAP within this study is a
common problem in research, which can limit analytic approaches and generalizability.
Recent considerations to account for small sample sizes and unbalanced groups include
Bayesian approaches (as discussed in van de Schoot et al., 2014), as well as increased
sampling opportunities (e.g., Burst designs; Stawski et al., 2015). However, trajectory
information, as presented in the current study, particularly with rich dyadic or social indices
can expand our understanding of development as it unfolds in quasi-quantitative ways.
Documenting distinct trajectory differences in these social behaviors can provide clinicians,
interventionists, and parents with a social marker of risk and an intervention target. With
increasing interest in the feasibility and efficacy of early social communication interventions
for infants at elevated risk for an ASD (e.g., Green et al., 2017; Jones et al., 2017; Rogers et
al., 2014; see review Landa, 2018), the current study provides support for targeting joint
engagement and child/infant responsiveness. Additionally, within this study, 15 months
proved to be a trajectory diverging point and with replication can inform intervention timing
and when socially-based risk assessments may be most fruitful.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flowchart of prospective developmental monitoring risk statusto assigned outcomes by
24 to 36 months of age.

1 Of the 54 low-risk infants, 38 infants were later characterized as typically developing.
2 Seven children did not complete a final visit in order to be assigned an outcome
classification.

3 The 12 “other” children refer to low-risk siblings that demonstrated language delays or
other concerns by outcome.
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Sample demographic information stratified by outcome status.

Table 1

BAP TYP
N 22 52
Infant sex, /(%)
Male  15(68%) 29(56%)
Infant race, (%)
African American  1(5%) 1(1%)
Caucasian  20(91%) 46(92%)
Multiracial ~ 2(5%) 3(4%)
Other  0(0%) 2(1%)
Unreported ~ ((0%) 1(1%)
Outcome Characteristics
Age in months, M(SD)  31.83(4.3) 31.56(4.4)
ADOS symptom severity, M(SD)  2.41(1.5) 1.24(0.7)
MSEL verbal DQ, M(SD)  85.26(18.4) 106.80(16.0)
MSEL nonverbal DQ, M(SD)  89.28(11.3)  108.06(15.6)
Meaternal Characteristics
Maternal age in years, M(SD) 30.174.2) 31.6714.1)
Maternal education, 72(%)
High school or GED  1(5%) 2A4%)
Trade or vocational ~ 2A9%) A0%)
Associates or 2 year degree  7{32%) 2A4%)
Some college  A9%) 4(8%)
College degree  836%) 32(62%)
Master’s degree  1(5%) A17%)
Professional degree  2(5%) 3(6%)

Page 20

Note: ADOS = Autism Diagnostic Observation Schedule. MSEL = Mullen Scales of Early Learning. DQ = developmental quotient. GED =

General Educational Development.
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