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Abstract: Siblings play an important role in the behavioral trajectories of individuals with autism
spectrum disorder (ASD). While having siblings has been associated with positive outcomes in
ASD, including stronger adaptive functioning, social and non-verbal communication, and theory of
mind, little is known about the impact of siblings on more negative outcomes, such as maladaptive
behaviors. To address this gap, the present longitudinal study tested sibling predictors of trajectories
of maladaptive behaviors (e.g., teacher- and parent-reported hyperactivity, irritability, and social with-
drawal) from childhood through early adulthood among individuals with ASD and non-spectrum
delays. Multilevel models revealed that, while the mere presence of a sibling did not impact mal-
adaptive behavior trajectories apart from teacher-reported hyperactivity, the diagnostic profile of
the sibling (e.g., emotional/behavioral disorder, ASD, medical condition) emerged as an important
predictor. Specifically, although findings varied across teacher and parent reports, more hyperactivity
and irritability across time was identified when the sibling had diagnoses of an emotional/behavioral
disorder, ASD, and/or a medical condition. Overall, this study provides novel insight into the
broader family-level factors that influence the presentation of maladaptive behaviors across time and

across contexts.
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1. Introduction

Siblings serve as models of behavior and have the potential to shape the developmental
trajectories of people with autism spectrum disorder (ASD) due to frequent shared experiences
and contact across the lifespan [1-5]. The sibling relationship may be particularly important
for individuals with ASD, for whom challenges in peer interactions may necessitate greater
reliance on sibling interactions to foster skill development [4-6]. In ASD, having siblings has
been associated with better parent-reported adaptive functioning over time [7], social and
non-verbal communication skills [8,9], and theory of mind abilities [10-12]. It is unknown,
however, whether siblings impact maladaptive behaviors in ASD.

Behavioral modeling has been identified as an important learning mechanism within
sibling relationships [1,13], particularly for neurodiverse sibling pairs [4-6]. Siblings can
shape each other’s positive and negative behaviors through observation, imitation, and
reinforcement [13,14]. That is, while these mechanisms of learning in sibling relationships
provide the foundation for developing positive behaviors that build social and adaptive
competencies, they also have the potential to breed aggression, hostility, and other maladap-
tive behaviors [1,13]. The presence of maladaptive behaviors in the sibling relationship has
also been systematically linked to problems with peer interactions and relationships [14].
Moreover, maladaptive behaviors, including hyperactivity, irritability, social withdrawal,
aggression, and other socially-inappropriate behaviors, can affect everyday functioning
within multiple social environments, including at home and at school [15,16]. Maladap-
tive behaviors are particularly common in ASD—affecting over half of individuals with
ASD [17-20]—and have been shown to significantly impact a range of short- and long-
term outcomes, including academic achievement, social competence, and adult psychiatric
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functioning [16,21]. Therefore, it is important to understand factors that may exacerbate or
ameliorate such maladaptive behaviors in ASD across multiple social contexts (i.e., home
and school via parent and teacher reports); the presence of a sibling, serving as a behavioral
model, may be one such factor.

While it might be that merely having a sibling affects the presentation and development of
maladaptive behaviors in ASD, it may also be that the diagnostic characteristics of that sibling
play a key role. Siblings of individuals with ASD are genetically at heightened risk for having
ASD, subclinical ASD, maladaptive behaviors, and other psychiatric conditions themselves.
Current estimates suggest that 10-20% of siblings of individuals with ASD will also have
ASD themselves [22,23] compared to the 2.2% national US prevalence [24]. Of the remaining
siblings of individuals with ASD who do not themselves meet the criteria for ASD, an
additional 20-30% may, at some point, demonstrate other developmental atypicalities [25,26].
These diagnostic profiles may set the stage for social and emotional difficulties, aggression,
and overall adjustment problems [6,27,28], leading to the modeling and reinforcement of
maladaptive behaviors for the target individual with ASD [1,13,14].

In addition to modeling mechanisms of behavior, family processes may also play a
role in shaping trajectories of maladaptive behaviors in ASD, especially when more than
one child in the family experiences emotional, behavioral, and/or social challenges. Within
families containing multiple children, caregiver attention and resources are necessarily
divided amongst children. It may be that, when siblings experience maladaptive behaviors
or other conditions, they not only require greater caregiver time (e.g., to manage such be-
haviors, identify and provide necessary supports/services, and carry out general parenting
tasks) but may also be more affected by a lack of parental attention than children without
such challenges [29,30]. Thus, heightened sibling-related stress and decreased availability
of parents for everyday support and attention may exacerbate maladaptive behaviors in
the sibling pair, especially in the home environment [31]. Given this potential family stress
mechanism, caregivers may be even more sensitive to these processes and behaviors than
reporters from other contexts (e.g., school).

Given the lifelong relationship between siblings, the impact of siblings on maladaptive
behaviors may emerge and fluctuate across development, leading to differential trajectories
of these behaviors over time. A growing body of literature indicates that maladaptive
behaviors are not stagnant; rather, Rosen and colleagues [32] identified significant improve-
ments in teacher- and parent-reported maladaptive behavior trajectories in ASD from ages
9 to 18, specifically in hyperactivity and irritability, and a slight worsening or plateauing of
social withdrawal symptom trajectories. Consistent with the broader literature [15,33,34],
individual differences in verbal intelligence quotient (VIQ) and ASD features in this sample
were related to differential trajectories of maladaptive behaviors (e.g., greater cognitive
impairment and ASD symptom severity are associated with more maladaptive behaviors
and variable patterns of change over time) [32]. Apart from Rosen and colleagues [32],
the majority of longitudinal research in this area relies solely on parent report; therefore,
there is a need for continued investigation using multi-informant approaches (e.g., parent
and teacher reports) to understand sibling effects across both time and context [32,35,36].
As such, while our understanding of the impact of various individual-level factors (e.g.,
cognitive ability, ASD symptom severity) on maladaptive behavior trajectories in ASD is
expanding, little research has assessed broader family-level factors, such as siblings, and no
research, to our knowledge, has assessed these factors from a multi-informant perspective.

Although autism research demonstrates that siblings can promote positive outcomes
across various domains of functioning, it is also important to determine whether having a
sibling, and the diagnostic profile of that sibling, may negatively impact outcomes, such as
the presence and development of maladaptive behaviors over time in ASD, using a multi-
informant approach (e.g., teacher and parent report). In light of this need, the present study
aimed to (1) examine the impact of the presence of a sibling on developmental trajectories
of teacher- and parent-reported maladaptive behaviors (i.e., hyperactivity, irritability, and
social withdrawal), and (2) assess the influence of the sibling diagnostic profile (i.e., sibling
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emotional/behavioral disorder, sibling ASD, sibling medical condition) on these trajectories
among individuals with ASD or non-spectrum delays from ages 9 to 18.

2. Materials and Methods
2.1. Participants

The sample for the present study was selected from an ongoing longitudinal study
that originally recruited participants from the following sources: (1) children under age
3 years referred for possible ASD or other developmental delays to autism programs in
North Carolina and Illinois (n = 213), and (2) children with ASD or other developmental
delays diagnosed at early ages in Michigan who joined the study at approximately age 9
(n = 40) (see Anderson et al., 2014 for recruitment details [37]).

The sample in the current study is identical to the sample used in the Rosen et al.
study [32] that established the baseline trajectory models upon which this study builds.
Of the original 253 participants enrolled in the longitudinal study, 165 were selected for
the present study based on the availability of teacher- and parent-reported data between
ages 9 to 18. A majority had more than one timepoint of teacher-reported data (77.6%
completed two or more, 70.9% completed three or more, 63.6% completed four or more)
and parent-reported data (86.1% completed two or more, 83% completed three or more,
80% completed four or more), with over five teacher-reported timepoints and over ten
parent-reported timepoints available on average per participant. Compared to the current
sample, participants not included in analyses due to missing data (either due to attrition or
data collection issues) had lower autism symptom severity (p = 0.04) and more advanced
caregiver education (p < 0.01) but did not differ on gender, recruitment site, diagnostic
history (ever/never ASD), race, or VIQ. The sample was predominantly male (79.4%) and
White (75.2%), and the majority of the sample was recruited from North Carolina.

Among the 165 participants in this study, 138 (83.6%) reported having at least one
sibling (including full biological, half, step, and adopted siblings) with whom they lived
during childhood. The age difference from their closest-age sibling was less than 9 years
for nearly all participants with at least one sibling (98%); many were even closer in age
(84.8% were within 5 years, 45.7% were within 3 years, and 39.1% were within 2 years).
Thus, the current study utilized data beginning at age 9 given that approximately all (98%)
participants with siblings were living with their closest-age sibling by this age. Related
to birth order, 54.3% of participants were youngest children, 22.5% were middle children,
and 23.2% were oldest children. Among participants with siblings, the number of siblings
reported per participant included the following breakdown: 73 (52.9%) had one sibling,
35 (25.4%) had two siblings, 22 (15.9%) had three siblings, 3 (2.2%) had four siblings,
and 5 (3.6%) had five siblings. Of the 138 closest-age siblings, half of whom were male,
70 (50.7%) had at least one parent-reported diagnosis — 62 (44.9%) had an emotional or
behavioral disorder, 22 (15.9%) had ASD, and 16 (11.6%) had a medical condition. The
138 participants with at least one sibling did not differ from the 27 participants without
siblings in gender, diagnostic history (ever/never ASD), autism symptom severity, or
VIQ. However, samples differed in race (more Black than White participants did not have
siblings; p = 0.01), caregiver education (caregivers of participants without siblings had more
education; p < 0.01), and recruitment site (participants without siblings were more likely to
be recruited from North Carolina; p < 0.01).

2.2. Procedures

This research received institutional review board (IRB) approvals at various institu-
tions across the duration of the study. Informed consent was obtained from all participating
caregivers, teachers, and individuals themselves whenever possible. Caregivers, teach-
ers, and participants (if able) completed various questionnaire packets via mail or during
in-person visits multiple times throughout the study (a maximum of 16 times spaced on
average 6 months apart between ages 9-18). Rates of measure completion at the different
timepoints were primarily affected by (1) whether the measures were completed as part of
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an in-person assessment visit or as part of a mailed packet (greater completion for in-person
visits), and (2) the proximity (in time) of the measure timepoint to an in-person assessment
visit (greater completion during timepoints immediately before and after in-person vis-
its). Additionally, as is common in longitudinal studies, attrition due to families moving
or changing contact information has affected the sample, resulting in fewer completed
measures at age 18 than at age 9. Additional measures, including diagnostic and cognitive
assessments, were completed during in-person assessments (except teachers) at two time-
points during this study’s duration (9-18 years of age). Most participants had completed
at least one in-person assessment by age 9 (mean (M) years = 9.98, standard deviation
(SD) = 0.89), with additional in-person assessments at approximately ages 18 (M = 19.04,
SD =1.2) and 26 (M = 25.97, SD =1.4). All visits and assessments were provided free of
charge, and feedback on the testing results was provided. Diagnostic decisions during
in-person visits were made by the research team, all of whom were research reliable on the
relevant measures, and confirmed by an expert clinician panel. Teachers were mailed a
small gift as compensation upon completing the questionnaires.

2.3. Measures

Autism Features. Participants” Autism Diagnostic Observation Schedule-Calibrated
Severity Scores (ADOS-CSS; [38—40]) at age 9 (if unavailable, then from later years) were
used to describe autism symptom severity. At each in-person assessment at approximately
ages 9, 18, and 26 years old, participants were administered the ADOS. The ADOS-CSS can
be used to compare ASD features across individuals of different developmental levels, with
scores ranging from 1 to 10, with higher scores indicating higher levels of autism-spectrum-
related features observed during the ADOS.

Cognitive Abilities. Cognitive assessments were administered based on the following stan-
dard hierarchy: Wechsler Abbreviated Scale of Intelligence (WASI; [41]), Wechsler Intelligence
Scale for Children (WISC-IIL; [42]), and Differential Abilities Scale (DAS; [43,44]); age 9 assess-
ment results (if unavailable, from later years) were used in the present study. VIQ was selected
to be consistent with existing literature.

Sibling Information. Parents reported information about the participants’ siblings, in-
cluding the number of siblings in the family and other standard demographic information
(e.g., age, gender, race, caregiver education, etc.) about the closest-age sibling. Additionally,
parents provided information about the closest-age sibling’s diagnostic profile by respond-
ing to the question “Has the sibling EVER been diagnosed with a medical or psychiatric
condition? If YES, please write the condition” on the demographic form. Diagnoses were
then grouped into three categories: (1) emotional /behavioral conditions broadly, including
attention-deficit/hyperactivity disorder, depression, anxiety, oppositional defiant disorder,
bipolar disorder, ASD, obsessive-compulsive disorder, and Tourette’s disorder; (2) ASD
specifically; and (3) medical conditions, including epilepsy, cerebral palsy, cancer, juve-
nile rheumatoid arthritis, sensory impairments (e.g., hearing and vision), cardiovascular
conditions, blood disorders, traumatic brain injury, and autoimmune diseases.

Maladaptive Behaviors. Maladaptive behaviors were assessed via the Aberrant Behavior
Checklist (ABC; [45]), a questionnaire designed to assess Hyperactivity, Irritability, Social
Withdrawal/Lethargy, Stereotypic Behavior, and Inappropriate Speech in people with devel-
opmental disabilities. Teachers and parents completed the ABC yearly from ages 9 to 18 (see
Table S1 for sample sizes at each age grouping). A total of 58 items are scored on a four-point
Likert scale ranging from (0) “not at all a problem” to (3) “the problem is severe in degree”.
The Stereotypic Behavior and Inappropriate Speech subscales were excluded from the present
analyses due to the significant overlap of these items with core ASD features [33,46]. The ABC
is commonly used in ASD research due to its psychometric strengths, including moderate-
to-high reliability [47], good validity [45,48], and strong psychometric performance among
individuals with ASD [49-51]. ABC teacher and parent reports in the current sample show
moderate interrater agreement for hyperactivity (r = 0.38-0.48) and irritability (r = 0.40-0.45),
and low interrater agreement for social withdrawal (r = 0.10-0.25).



J. Clin. Med. 2022, 11, 5349

50f15

2.4. Statistical Analyses

ABC-Hyperactivity, -Irritability, and -Social Withdrawal variables were screened for
normal distributions and extreme values and were determined to be within normal limits.
The current analyses are built on the multilevel models established in Rosen et al. [32]. As
described in Rosen et al. [32], we utilized multilevel modeling and maximum likelihood
estimation with robust standard errors (MLR) in Mplus v. 8.1 [52] to examine changes
in teacher- and parent-reported ABC-Hyperactivity, -Irritability, and -Social Withdrawal
from ages 9 to 18. These initial trajectory models (for results of each step of these analyses,
see Rosen et al. [32]) were built by (1) testing the appropriateness of capturing between-
participant and between-recruitment site effects (i.e., assessing the structure of the data with
respect to age/time (level 1), individual (level 2), and site (level 3) [53,54]), (2) assessing
the rate of change of maladaptive behavior outcomes (i.e., hyperactivity, irritability, and
social withdrawal) as a function of participant age (first as a fixed effect and then adding
the random effect), and (3) examining multiple demographic factors (e.g., gender, race,
and caregiver education), individual characteristics (e.g., ADOS-CSS and VIQ), and other
potential covariates (e.g., consistency in reporter) in relation to the intercept and slope
of all models. Therefore, relevant covariates available for both teacher and parent report
were selected based on empirical evidence (see Table 1) and were included in all sibling
analyses described in this paper; relevant covariates were all mean-centered for ease of
interpretability (i.e., all graphs and analyses presented here are interpreted at the mean of
the relevant covariates).

Table 1. Significant covariates for teacher- and parent-reported ABC-Hyperactivity, -Irritability, and
-Social Withdrawal.

Hyperactivity Irritability Social Withdrawal

VIQ, ADOS-CSS,
Reporter Consistency
Parent Report VIQ VIQ VIQ, ADOS-CSS

Note: please see Rosen et al. [32] for further information related to covariate selection; VIQ = verbal intelligence
quotient; ADOS-CSS = Autism Diagnostic Observation Schedule-Calibrated Severity Score

Teacher Report VIQ, ADOS-CSS VIQ, ADOS-CSS

Building on the model described above, we first estimated intercept and slope of
hyperactivity, irritability, and social withdrawal from ages 9 to 18 while controlling for
relevant covariates that were empirically identified in our previous study (see Table 1) [32].
Next, in order to examine the effect of siblings above and beyond relevant individual-level
factors, binary sibling variables were individually added to the models, including the
presence of a sibling (yes/no) and, for those with siblings, whether the sibling has an
emotional or behavioral disorder (yes/no), ASD (yes/no), and/or a medical condition
(ves/no). Each sibling variable was tested individually as a predictor of the intercept
or slope (i.e., cross-level interactions with age) in the teacher- and parent-reported ABC-
Hyperactivity, ABC-Irritability, and ABC-Social Withdrawal models. Significant effects
were plotted for visualization purposes; the marginal effects of sibling variables are plotted
at the mean of relevant covariates for that particular model (see Table 1).

To orient the reader to the organizational structure of our results, we first present
teacher report followed by parent report within each set of analyses. Generally, we discuss
our outcomes in the following order: Hyperactivity, then Irritability, and Social Withdrawal
last. First, we present results of the ABC-Hyperactivity, -Irritability, and -Social Withdrawal
trajectory models, controlling for relevant covariates (i.e., at the mean of the covariates; see
Table 1). Next, significant findings from the presence of a sibling analyses are described,
followed by a summary of nonsignificant findings. Lastly, sibling diagnostic predictor
analyses are reported for each diagnosis (i.e., sibling emotional /behavioral disorder, sibling
ASD, and sibling medical condition); significant findings are presented first, followed by a
summary of nonsignificant findings.
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3. Results
3.1. ABC Trajectory Models

Hyperactivity. After controlling for the effects of VIQ, ADOS-CSS, and reporter consistency
(see Table 1) on intercept and slope (i.e., at the mean of these variables), the teacher-reported
ABC-Hyperactivity model revealed an intercept of 13.35 (p < 0.01) and a significant decline
in participant hyperactivity from ages 9 to 18 (B = —0.52, p < 0.01). Similarly, in the parent-
reported ABC-Hyperactivity model, after controlling for the effects of VIQ (see Table 1) on
intercept and slope, the model revealed an intercept of 14.24 (p < 0.01) and a significant decline
in participant hyperactivity from ages 9 to 18 (B = —0.67, p < 0.01).

Irritability. After controlling for the effects of VIQ and ADOS-CSS (see Table 1) on intercept
and slope, the teacher-reported ABC-Irritability model revealed an intercept of 9.20 (p < 0.01)
and a nonsignificant decline in participant irritability from ages 9 to 18 (B = —0.21, p = 0.14). In
the parent-reported ABC-Irritability model, after controlling for the effects of VIQ (see Table 1)
on intercept and slope, the model revealed an intercept of 9.44 (p < 0.01) and a significant
decline in participant irritability from ages 9 to 18 (B = —0.27, p < 0.01).

Social Withdrawal. After controlling for the effects of VIQ and ADOS-CSS (see Table 1) on
intercept and slope, the teacher-reported ABC-Social Withdrawal model revealed an intercept
of 9.63 (p < 0.01) and a nonsignificant slope of social withdrawal from ages 9 to 18 (B = 0.10,
p = 0.54). Similarly, the parent-reported ABC-Social Withdrawal model revealed an intercept
of 7.60 (p < 0.01) and a nonsignificant slope (B = 0.06, p = 0.44) after controlling for the effects
of VIQ and ADOS-CSS (see Table 1) on participant social withdrawal across time.

3.2. Presence of a Sibling Analyses

The presence of a sibling had a nonsignificant effect on the teacher-reported ABC-
Hyperactivity intercept (B = —3.75, p = 0.18) and a marginal effect on slope (B = 0.94,
p = 0.09) after controlling for relevant covariates (see Table 1), such that participants had
similar levels of teacher-reported hyperactivity at age 9 but participants with siblings
improved marginally less over time in hyperactivity than participants without siblings
(see Figure 1). The presence of a sibling did not have a significant effect on the intercept
or slope of ABC-Irritability or ABC-Social Withdrawal as reported by teachers or parents
after controlling for relevant covariates (see Table 1), nor on the intercept or slope of
ABC-Hyperactivity as reported by parents (see Table 2). This suggests that, according to
both teacher and parent reports, participants with and without siblings had similar levels
of hyperactivity (only parent-reported), irritability, and social withdrawal at age 9 and
experienced similar changes in symptoms over time from ages 9 to 18.

Has Sibling(s)

VY No Sibling

ABC Hyperactivity - Teacher Report

T T T T T T T ) T
9 10 11 12 13 14 15 16 17 18

Figure 1. Presence of a sibling on maladaptive behavior trajectories.
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Table 2. Sibling effects on ABC trajectories.

Hyperactivity Irritability Social Withdrawal

Teacher Parent Teacher Parent Teacher Parent

Predictors

Bon

Intercept

Bon Bon Bon Bon Bon Bon Bon Bon Bon Bon Bon
Slope Intercept Slope Intercept Slope Intercept Slope Intercept Slope Intercept Slope

Presence of a Sibling

3.75

0.94" —0.08 0.00 -1.01 0.37 0.15 0.23 —1.58 0.25 -3.03 0.32

Emotional /Behavioral

Sibling Dx:

Disorder

—4.34

0.86 * 0.12 —0.05 —1.34 0.68 " 1.01 0.04 —0.86 0.30 —0.26 —0.10

Sibling Dx: ASD

3.80

0.62 —0.26 0.01 -3.77 0.76 " 0.69 0.09 0.96 -0.17 -1.30 -0.21

Sibling Dx: Medical

Condition

-3.52

1.02* 5.74% -0.27 0.68 0.32 498" -0.26 —2.01 0.56 0.80 0.01

ABC Hyperactivity - Teacher Report

Note. * significant effect at alpha of 0.05; " marginal effect at alpha of 0.10; Dx = diagnosis

3.3. Sibling Diagnostic Predictors Analyses

Sibling Emotional/Behavioral Disorder. Among participants with siblings, controlling for
relevant covariates (see Table 1), having a sibling with an emotional or behavioral disorder
had a significant and marginal effect, respectively, on participants’ slope of teacher-reported
hyperactivity (B = 0.86, p = 0.03; see Figure 2a) and irritability (B = 0.68, p = 0.06; see Figure 2b);
however, no significant effects on the intercepts (hyperactivity: B = —4.34, p = 0.10; irritability:
B = —1.34, p = 0.55) were found (see Table 2). Thus, according to teacher reports, participants
with siblings with an emotional or behavioral disorder experienced significantly less improve-
ment in hyperactivity over time and marginally less improvement in irritability over time, even
a slight worsening of symptoms, than participants with siblings who did not have an emotional
or behavioral disorder, although their initial levels of hyperactivity and irritability did not differ.
Having a sibling with an emotional or behavioral disorder did not significantly impact the
teacher-reported social withdrawal intercept or slope after controlling for relevant covariates
(see Tables 1 and 2). According to parent reports, controlling for relevant covariates (see Table 1),
having a sibling with an emotional or behavioral disorder did not have significant effects on the
intercepts or slopes for hyperactivity, irritability, or social withdrawal (see Table 2).

14

Sibéng with Emotional Behavioral Disorder
12

Sibing without Emotional Behatioral Disorder

g 104 e —————

ABC Irritability - Teacl

Sibiing with Emotional Beharvioral Disorder

Sibiing without Emotional Behavioral Disorder

T T T ! T T T T T T
14 15 16 17 18 9 10 1 12 13 14 15 16 17 18

(a) (b)

Figure 2. Sibling emotional/behavioral disorder on maladaptive behavior trajectories. (a) Sibling emo-
tional /behavioral disorder on teacher-reported ABC-Hyperactivity. (b) Sibling emotional/behavioral
disorder on teacher-reported ABC-Irritability.

Sibling ASD. Controlling for the effects of relevant covariates (see Table 1), having
a sibling with an ASD diagnosis had a marginal effect on participants’ teacher-reported
irritability slope (B = 0.76, p = 0.08; see Figure 3) but a nonsignificant effect on the irritability
intercept (B = —3.77, p = 0.18). While participants had similar levels of irritability at age 9,
participants with siblings with an ASD diagnosis experienced marginally less improvement
over time in irritability than participants with siblings who did not have an ASD diagnosis.
However, for parent-reported ABC-Irritability and for both teacher- and parent-reported
ABC-Hyperactivity and ABC-Social Withdrawal, having a sibling with ASD did not sig-
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nificantly predict intercept or slope after controlling for relevant covariates (see Table 1).
This indicates that participants with siblings with and without ASD had similar levels of
hyperactivity, irritability, and social withdrawal at age 9 and experienced similar changes,
apart from teacher-reported irritability, in these symptoms over time.

ABC Irritability - Teacher Report

Sibling with ASD

Sibling without ASD

T T T T T T T T T
9 10 11 12 13 14 15 16 17 18

Figure 3. Sibling ASD diagnosis on maladaptive behavior trajectories.

Sibling Medical Condition. Having a sibling with a medical condition had a significant
effect on the participants’ teacher-reported hyperactivity slope (B = 1.02, p < 0.01; see Figure 4a)
but a nonsignificant effect on the intercept (B = —3.52, p = 0.22) after controlling for relevant
covariates (see Table 1). While participants had similar levels of teacher-reported hyperactivity
at age 9, participants with siblings who had a medical condition experienced increasing teacher-
reported hyperactivity over time compared to declining teacher-reported hyperactivity among
participants with siblings who did not have a medical condition. Unlike teacher-reported
hyperactivity trajectories, having a sibling with a medical condition had a significant effect
on participants’ parent-reported hyperactivity intercept (B = 5.74, p = 0.03; see Figure 4b) but
a nonsignificant effect on slope (B = —0.27, p = 0.33), controlling for relevant covariates (see
Table 1). Thus, while participants with siblings with a medical condition had significantly higher
levels of parent-reported hyperactivity at age 9 than participants with siblings who did not
have a medical condition, both participant groups experienced similar rates of improvement in
parent-reported hyperactivity over time.

Having a sibling with a medical condition had a nonsignificant effect on the partici-
pants’ teacher-reported ABC-Irritability intercept and slope after controlling for relevant
covariates (see Table 1). In contrast, for parent-reported ABC-Irritability trajectories, having
a sibling with a medical condition had a marginal effect on the participants’ intercept
(B =4.98, p = 0.07; see Figure 4c) and a nonsignificant effect on slope (B = —0.26, p = 0.40),
controlling for relevant covariates (see Table 1). Thus, while participants with siblings
with a medical condition had greater parent-reported irritability at age 9 than participants
with siblings without a medical condition, the groups did not differ in their rates of im-
provement in irritability from ages 9 to 18. Lastly, for social withdrawal, after controlling
for the effects of covariates (see Table 1), having a sibling with a medical condition had
nonsignificant effects on participants’ teacher-reported and parent-reported ABC-Social
Withdrawal intercepts and slopes.
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ABC Hyperactivity - Teacher Report

ABC Irritability - Parent Report

ABC Hyperactivity - Parent Report

Sibling with Medical Condition

‘Sibling without Medical Condition

(a) (b)

T T T T T
14 15 16 17 18

(©)

Figure 4. Sibling medical condition on maladaptive behavior trajectories. (a) Sibling medical con-
dition on teacher-reported ABC-Hyperactivity. (b) Sibling medical condition on parent-reported
ABC-Hyperactivity. (c) Sibling medical condition on parent-reported ABC-Irritability.

4. Discussion

The present study extends the field’s understanding of predictors of maladaptive
behavior development in ASD, building from individual-level predictors, such as VIQ and
ASD features [15,32,33,55], to broader family-level factors. In particular, these findings
provide novel insight, from both teacher and parent perspectives, into the influence of
siblings and the sibling diagnostic profile on maladaptive behavior trajectories among
individuals with ASD and non-ASD developmental delays from ages 9 to 18. Overall, while
effects of sibling diagnosis on hyperactivity and irritability in ASD emerged, particularly
according to teacher reports, the results indicate a less clear impact of the mere presence of
siblings on maladaptive behaviors.

In contrast to previous research examining “positive” outcomes, the presence of a
sibling did not have a robust influence on maladaptive behavior trajectories in the present
study. More specifically, prior studies have reported that the presence of a sibling is linked
with better adaptive functioning, communication, and perspective taking in ASD [7-9,11].
In contrast, in the current study, the presence of a sibling only had a marginal effect on the
slope of one teacher-reported outcome (hyperactivity). Perhaps, the sibling relationship
lends itself well to learning and promoting skills that are likely to be practiced and modeled
frequently (e.g., engaging in social communication, doing tasks independently), but not
behaviors that may be less likely to occur (especially for siblings without diagnoses). The
lack of a robust effect of the presence of a sibling on maladaptive behaviors is welcomed
as it suggests that having a sibling may be more important for promoting “positive” than
exacerbating “negative” behaviors and skills, even if no buffering effect was found (i.e.,
having a sibling was not protective against maladaptive behaviors in ASD).

Although having a sibling had little effect on maladaptive behaviors in ASD, the
siblings” diagnostic characteristics emerged as important factors. Less improvement was
observed in teacher-reported hyperactivity and irritability from ages 9 to 18 for participants
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with ASD or non-spectrum delays whose siblings also had diagnoses themselves (i.e.,
with an emotional/behavioral disorder, ASD, and/or a medical condition) compared
to participants whose siblings did not. This pattern is consistent with the principles of
behavioral modeling [56-58]. Since self-regulatory capacity is often fostered through
environmental supports, such as observing adults and peers (including siblings) engaging
in their own self-regulatory strategies [15,59-61], inappropriate behavioral modeling may
have reinforced maladaptive behaviors in participants over time [55], especially during
formative periods (i.e., childhood and adolescence) [62,63].

It is important to note that sibling effects may be bidirectional within the dyad. Further-
more, siblings with diagnoses may not have coping skills to effectively diffuse maladaptive
situations, thereby resulting in heightened dysregulated behaviors across development [64—66].
These challenges within the sibling dyad may also be exacerbated by family stress mecha-
nisms such that families parenting multiple children with behavioral difficulties or requiring
significant support may set the stage for worsening (or less improvement) in problems over
time due to depleted parental resources [31,67,68].

Across the different sibling diagnoses, while the presence of an emotional or behavioral
disorder and/or ASD in the sibling had a more consistent effect on teacher-reported mal-
adaptive behaviors (i.e., hyperactivity and irritability), the presence of a medical condition
in siblings was a more consistent factor impacting parent-reported maladaptive behaviors.
These differing patterns may suggest that family-stress mechanisms could operate more for
medical conditions, while behavioral modeling mechanisms could operate more for emo-
tional/behavioral conditions or ASD. Existing research also supports this theory given that
parents of children with medical conditions report lower overall quality of life, greater per-
ceived burden, and increased stress than parents of children with emotional or behavioral
conditions [69,70]; teachers report the greatest levels of stress when teaching students with
emotional or behavioral problems [71]. Alternatively, the differing pattern of sibling diagnos-
tic effects based on parent and teacher reports may be due to differential manifestations of
behaviors across contexts (e.g., in school versus at home) or differing sensitivity of reporters to
these particular behaviors (e.g., teachers have many comparison children without difficulties,
while parents may be influenced by raising multiple children with behavioral challenges),
thus highlighting the importance of the multi-informant approach to better understand the
full behavioral profile of individuals with ASD.

The presence of a sibling and the diagnostic profile of the sibling did not impact
social withdrawal trajectories. Consistent with previous research [32,33], the present
study seems to support a relatively unchanging pattern of social withdrawal across time,
perhaps even in the face of different family/environmental conditions (i.e., lack of sibling
effects). The lack of a sibling effect on social withdrawal may be explained, in part, by
potential differential effects of the behavioral modeling processes involving externalizing
(e.g., hyperactivity, irritability) versus internalizing (e.g., social withdrawal) symptoms.
Symptoms that are more visible (e.g., externalizing) may be more sensitive to the effects
of behavioral modeling than behaviors that are more difficult to readily identify (e.g.,
internalizing) [65,66]. Externalizing behaviors are also found to be more closely tied
with family functioning (e.g., fewer family social activities and outings, weaker sibling
relationships, fewer opportunities for play, and overall greater stress within the family
unit) [30,72] than internalizing symptoms, which aligns with the family factors examined in
our study (i.e., sibling diagnosis) having more of an impact on hyperactivity and irritability
than on social withdrawal.

The present study has important implications for clinical practice. Given the significant
impact of sibling diagnoses on hyperactivity and irritability trajectories in ASD, providing
intervention services to both siblings in a dyad may be helpful to maximize opportunities for
appropriate behavioral modeling. This is particularly relevant for people with ASD given
their sometimes limited opportunities to engage with peers and learn social-behavioral
skills [8]; as such, the accessibility of siblings [73,74] makes them an important source of
modeling to supplement skill development [8]. Relatedly, providing support to siblings
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regarding strategies to improve their interactions (e.g., conflict resolution, coping skills,
play skills, etc.) may also be a critical intervention target during this developmental
period given the intertwined nature of behavior and development of siblings. Overall,
the results from this study suggest that the impact of the broader family unit on the
behavioral functioning of individuals with ASD and non-ASD developmental delays should
be considered, in addition to previously identified individual-level factors [15,32,33,55],
when conceptualizing an individual’s service plan and goals.

In addition to the strengths of this study, including the novel use of sibling diagnoses
in ASD behavioral trajectory analyses, the multi-informant approach, and the longitudinal
design, there are limitations that provide directions for future research. Sibling diagnoses
were reported by parents, while participant diagnoses were comprehensively assessed and
given by the research team; thus, future studies may wish to conduct diagnostic testing for
both participants and their siblings to ensure consistency in diagnostic practices. As de-
scribed previously [37,75], given that most participants in the present study were recruited
and diagnosed with ASD or non-ASD developmental delays before age 3, the findings may
not be representative of children first diagnosed at later ages. Additionally, as is common in
longitudinal studies, attrition has affected the sample, resulting in fewer participants from
marginalized communities. Furthermore, as is also common in longitudinal research, the
present analyses should be considered within the context of variable participant engage-
ment observed across the duration of the decades-long study (i.e., participating at certain
timepoints, disengaging from the study for a few years, and re-engaging with the study a
few years later). The sample size is also relatively small, which not only tempers our confi-
dence in these parameter estimates but also limits our ability to assess gender or cultural
differences. The existing literature on sibling gender effects is mixed, such that having a
male closest-age sibling has been associated with stronger adaptive skill growth over time
for individuals with ASD [7], although female siblings have been noted to show greater
caregiving, companionship, and positive affect in sibling relationships [76]; thus, future
research with larger samples is needed to explore the role of sibling gender on maladaptive
behavior trajectories. Additionally, the current study only examined sibling-related family
effects; other studies are needed to test whether other family factors (e.g., parenting stress,
family cohesion, etc.) may also impact trajectories of maladaptive behaviors in ASD. Lastly,
given the limitations of the ABC as an informant-report measure, future studies may ben-
efit from replication of the present study with an in-depth clinical interview to evaluate
consistency in these findings across multiple methodologies.

5. Conclusions

The present longitudinal study examined sibling predictors of trajectories of teacher-
and parent-reported maladaptive behaviors from childhood through early adulthood among
individuals with ASD and non-spectrum delays. The findings suggest that, while the mere
presence of a sibling did not impact maladaptive behavior trajectories apart from teacher-
reported hyperactivity, the diagnostic profile of the sibling emerged as an important predictor
of hyperactivity and irritability from ages 9 to 18. While the findings varied across teacher and
parent reports, individuals with ASD or non-ASD delays with siblings who themselves had
diagnoses of an emotional /behavioral disorder, ASD, and/or a medical condition experienced
higher levels of and/or slower improvement in hyperactivity and irritability across time.
Overall, this study provides novel insight into the broader family-level factors that influence
the presentation of maladaptive behaviors across time and across contexts.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11185349/s1, Table S1: Teacher- and parent-reported ABC
sample sizes across age groupings.
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