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Abstract

The chronicity of sleep disturbance and its relation to co-occurring symptoms in children with autism spectrum disorder
(ASD) are not well understood. The current study examined longitudinal relations among sleep and co-occurring symptoms
in a large well-characterized sample of 437 children with ASD assessed at baseline and follow-up (M =3.8 years later).
Twenty-three percent experienced worsening sleep problems over time, while 31.5% showed improvement. Path analysis
indicated that sleep problems at baseline predicted later development of ADHD symptoms in younger children and somatic
complaints in older children. For younger children, sensory over-responsivity predicted future sleep problems. Findings
suggest that sensory over-reactivity may contribute to sleep problems in some children with ASD, and that sleep problems

may result in poor daytime functioning.

Keywords Autism spectrum disorder - Sleep disturbance - Sleep problems - Anxiety - Behavior problems - Sensory

problems

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized primarily by impairments in social
communication and by repetitive or restricted patterns of
behavior or interests (American Psychiatric Association
2013). However, these diagnostic features are frequently
accompanied by a myriad of additional co-occurring symp-
toms and conditions, ranging from medical to psychiatric
problems (Bauman 2010; Kielinen et al. 2004; Leyfer et al.
2006; Simonoff et al. 2008). Sleep disturbance is among
the most common and detrimental of these co-occurring
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problems, affecting between 50 and 80% of children with
ASD (Couturier et al. 2005; Krakowiak et al. 2012; Richdale
and Schreck 2009; Souders et al. 2009). Problems falling
asleep, decreased total sleep time, and frequent night awak-
enings appear to be the most common types of sleep distur-
bance among children with ASD (Elrod and Hood 2015;
Malow and McGrew 2008; Richdale and Schreck 2009) and
these problems can have a negative impact on quality of life
and well-being for both children and their families (Delahaye
et al. 2014; Hodge et al. 2013; Hoffman et al. 2008).

Given the prevalence of sleep problems in this population
(Couturier et al. 2005; Krakowiak et al. 2012; Richdale and
Schreck 2009; Souders et al. 2009), understanding the per-
sistence and chronicity of sleep disturbance in children with
ASD is important for both clinicians and researchers. Hum-
phreys et al. (2014) examined differences in parent-reported
sleep duration between children with ASD and typically
developing (TD) children using a prospective longitudinal
design. Data from the Avon Longitudinal Study of Parents
and Children were used to compare children with ASD to
TD children across 8 time points, from 6 months through
11 years of age. The results indicated that by 30 months of
age, children with ASD demonstrated less sleep duration and
greater night-time awakenings than TD children, and this
difference persisted across time (Humphreys et al. 2014).
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Other prior studies have varied quite a bit in terms of
the time frame included and in participant age range. This
is an important consideration, given normative changes in
sleep from early childhood through adolescence (Iglow-
stein et al. 2003; Ohayon et al. 2004). Some studies have
focused primarily on young children. For example, in a
short-term longitudinal study, Anders et al. (2012) exam-
ined various indicators of sleep and daytime functioning
over 6 months in a sample of 68 children with autism com-
pared to children with intellectual disability (ID) and TD
(between the ages of 24 and 66 months at baseline). Sleep
patterns remained relatively stable across the 6-month
period, with children with autism receiving less total sleep
than children with ID or TD across time points.

Others have included samples that spanned early child-
hood through late adolescence, without specific considera-
tion of potential developmental shifts. For example, earlier
work by Richdale and Prior (1995) examined this issue in
a sample of 39 children and adolescents with autism who
were between 32 months and 19 years of age. Parents com-
pleted sleep diaries and were also asked about “past sleep
behavior;” however, the time frame for these questions
was not described. The results suggested that 72% had a
history of parent-reported sleep problems, but the total
percentage reporting current problems was not reported
across groups. In a different study of 56 children with ASD
(ages 3—16 years), sleep problems were present for 78.6%
of the sample at baseline and persisted at 2-year follow-
up for 91% of that group. Additionally, sleep problems
developed in 22% of those with no problems at baseline
(Mannion and Leader 2016). However, differences across
age or developmental level were not specifically examined
within these broad samples.

Several groups have focused primarily on school-age
children and early adolescents. For example, Allik et al.
(2008) examined sleep patterns using actigraphy at base-
line and 2-3 years later in a small sample of 16 school-age
(8-13 years) children with Asperger syndrome and 16 TD
children. Sleep duration and sleep efficiency decreased in
both groups. In a study of 46 high-functioning children
with ASD (between the ages of 7 and 12 years at base-
line), overall improvement in sleep was found at 1-year
follow-up for the ASD group. Specifically, 78% scored
above clinical cutoff for sleep disturbance on the CSHQ at
baseline, dropping to 65% at follow-up (May et al. 2015).
In a more recent study of 23 children with ASD and 32 TD
children (ages 6—12 years), Fletcher and colleagues exam-
ined changes in sleep from baseline to 1-year follow-up.
The results indicated that persistent parent-reported sleep
problems were more common in the ASD group (76%)
than the TD group (30%); however, the percentage experi-
encing sleep problems at each time point was not reported.
The two groups had similar trajectories in overall sleep
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profile, with a decrease in overall sleep duration for both
(Fletcher et al. 2017).

These prior studies provide some insights into the course
of sleep problems in autism. Most notably, children with
ASD have more trouble sleeping than TD children and these
problems appear to persist over time. However, these prior
study samples were small and not fully representative of
the larger ASD population. Additionally, age-related issues
were not specifically addressed. Most did not include chil-
dren with low IQ scores (Allik et al. 2008; Fletcher et al.
2017; May et al. 2015), included convenience samples, and
consisted of restricted age ranges. Therefore, future research
is needed to explore the chronicity of sleep disturbance in a
larger and more representative sample.

Researchers and clinicians have also been interested in
understanding potential predictors and consequences of
sleep disturbance in children with ASD (e.g., Hoshino et al.
1984; Richdale and Prior 1995; Wiggs and Stores 2004).
Identifying factors that contribute to the development or
worsening of sleep difficulties may provide targets for early
intervention or prevention. By the same token, understanding
the consequences of sleep disturbance may have implications
for treatment of common co-occurring challenges. To that
end, several cross-sectional studies have been conducted to
identify correlates of sleep disturbance in this population, as
described in recent reviews (Cohen et al. 2014; Hollway and
Aman 2011; Mannion and Leader 2014). Studies have con-
sistently found significant correlations between sleep distur-
bance and behavioral problems (Goldman et al. 2009, 2011;
Hollway et al. 2013; Mayes and Calhoun 2009; Mazurek and
Sohl 2016; Patzold et al. 1998), stereotyped and repetitive
behavior (Gabriels et al. 2005; Hundley et al. 2016; Schreck
et al. 2004), sensory over-responsivity (Mazurek and Pet-
roski 2015; Reynolds et al. 2012), and anxiety (DeVincent
et al. 2007; Hollway et al. 2013; Mazurek and Petroski 2015;
Wiggs and Stores 2004) among children with ASD. Addi-
tionally, some medical problems have been correlated with
sleep disturbance in children with ASD, including epilepsy
(Accardo and Malow 2015; Malow 2006) and gastrointesti-
nal problems (Klukowski et al. 2015; Mannion et al. 2013).
In one of the largest studies to examine potential correlates
of sleep disturbance in children with ASD, Hollway et al.
(2013) tested components of their theoretical bidirectional
framework (Hollway and Aman 2011). In a large sample
of 1583 children (ages 2—17) enrolled in the Autism Treat-
ment Network, 45 potential predictors were examined using
hierarchical regression modeling (including demographic
factors, IQ, emotional/behavioral functioning, and medical
comorbidities). The results revealed that anxiety was the
strongest cross-sectional predictor of sleep disturbance, and
that higher 1Q, autism symptom severity, sensory sensitivi-
ties, and GI problems were also associated with sleep dis-
turbance (Hollway et al. 2013). Although all of these studies
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provide important insights into correlates of sleep problems
in children with ASD, they were all cross-sectional, mean-
ing that it is not clear whether sleep problems contribute to
later development of co-occurring symptoms, whether the
reverse is true, or whether there are bidirectional relation-
ships between certain sets of symptoms.

Two previously cited longitudinal studies offer prelimi-
nary findings on the role of co-occurring symptoms. In
their 2015 study, May and colleagues conducted a series of
hierarchical linear regression analyses to examine whether
baseline sleep problems predicted future behavioral prob-
lems (and vice versa). They found that for the entire sample
(ASD and TD), baseline sleep disturbance predicted anxiety,
but not behavioral problems, at 1-year follow-up. However,
these analyses were conducted on the combined sample,
and comprehensive models accounting for change in both
behavioral and sleep variables were not conducted. As a
result, directional relationships among sleep and behavioral
factors in children with ASD could not be determined from
the reported results. In their 1-year follow-up study of 23
children with ASD and 32 TD children, Fletcher et al. (2017)
found that change in anxiety over time was associated with
changes in severity of sleep disturbance.

While these studies offer emerging evidence about the
course of sleep disturbance and its association with co-
occurring symptoms, research to date has been limited by
small sample sizes and an inability to account for complex
relationships among both sleep and multiple co-occurring
problems over time. Based on prior research, several co-
occurring symptoms have particular relevance to sleep,
including behavior problems (e.g., aggression, hyperactivity
and inattention), repetitive behavior, internalizing symptoms
(anxiety and somatic complaints), and sensory over-reactiv-
ity. However, the timing of their occurrence in relation to
sleep disturbance in children with ASD is unknown.

Current Study

The chronicity of sleep disturbance and its relation to co-
occurring symptoms in children with ASD are thus not well
understood. Longitudinal analysis would provide important
insights into the nature, course, and development of these
potentially interrelated symptoms, offering new directions
for targeted treatments. A large sample, robust approach to
analysis, and comprehensive assessment of key co-occurring
challenges is necessary to elucidate the timing and direc-
tionality of these relationships. The purpose of the current
study was to examine the chronicity of sleep disturbance and
to examine the complex longitudinal relations among sleep
problems and co-occurring symptoms in a large and well-
characterized sample of children and adolescents with ASD.

Methods
Participants and Procedures

The sample included 437 children who were initially
enrolled in the Autism Treatment Network (ATN) Registry
study when they were between 2 and 10 years of age and
were subsequently recruited to participate in a longitudinal
ATN Call-Back study an average of 3.8 years after initial
enrollment.

The ATN is a multi-site network of autism centers
across the US and Canada specializing in best-practice
approaches for diagnosis and treatment of children with
ASD. The ATN Registry database contains a common
set of measures collected across all sites. At enrollment,
all participants were assessed by ATN clinicians using a
standard battery, which included clinical assessment and
interview based on the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-IV) (American Psychiat-
ric Association 2000), behavioral observation using the
Autism Diagnostic Observation Schedule (ADOS) (Lord
et al. 2000), cognitive and adaptive assessment, and a
range of measures assessing medical and behavioral char-
acteristics. Eligibility criteria included meeting DSM-IV
criteria for ASD (American Psychiatric Association 2000)
and parental fluency in English.

The ATN Call-Back Study was initiated in 2015 to
examine longitudinal changes in key symptom domains
among children who were initially enrolled in the ATN
Registry at one of 12 ATN sites between the target years
of 2011 and 2013. Each site was provided with a ran-
domly selected list of potentially eligible participants,
with an initial target enrollment of 50 participants per site.
The AS-ATN Registry and Call-Back studies were both
approved by the Institutional Review Board at each site,
informed written consent was obtained from all parents,
and children provided assent when applicable and appro-
priate. The final sample for the current study included 437
children with ASD who completed measures at enrollment
and follow-up.

Measures
Child and Family Characteristics

Demographic data were collected at enrollment, includ-
ing age, sex, race and ethnicity, household income, and
caregiver education level. The primary caregiver’s educa-
tion level at baseline was an ordinal variable: less than
8th grade, some high school, finished high school, some
college, bachelor’s degree, or post-graduate degree. Since
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education level and household income were moderately
correlated (r=.446, p <.001), and household income had
more missing data (18.8% missing) than caregiver educa-
tion (2.3% missing), we used only education level as a
proxy for the family’s socioeconomic status. Intelligence
(IQ) was assessed at enrollment using one of a range of
different tests. The specific tests, percentage of the sample
receiving each test, and scores used as a proxy for overall
1Q are as follows: Bayley Scales of Infant and Toddler
Development—Third Edition (Bayley 2006) (1.8%, Cogni-
tive Composite score), Differential Ability Scales—Second
Edition (Elliot 2007) (5.0%, General Conceptual Ability
score), Wechsler Abbreviated Scale of Intelligence—Sec-
ond Edition (Wechsler 2011) (1.2%, Full Scale 1Q score),
Wechsler Intelligence Scale for Children—Fourth Edition
(Wechsler 2003) (3.0%, Full Scale IQ score), Wechsler
Preschool and Primary Scale of Intelligence—Third Edi-
tion (Wechsler 2002) (6.1%, Full Scale 1Q score), Stanford
Binet Scales of Intelligence—Fifth Edition (Roid 2003)
(37.8%, Full Scale 1Q score), and the Mullen Scales of
Early Learning (Mullen 1995) (25.2%, Early Learning
Composite score). Intellectual testing could not be com-
pleted for some participants (19.9%) due to difficulties
participating or understanding task demands.

Sleep Medications

Medications and their primary indications were recorded by
ATN clinicians at each assessment. Medications for which
“sleep” was checked as a primary indication were of interest
in the current study.

Children’s Sleep Habits Questionnaire (CSHQ)

The Children’s Sleep Habits Questionnaire (CSHQ) (Owens
et al. 2000) was used to assess overall sleep problems. The
CSHQ is a 45-item scale that includes parent-reported
items assessing key sleep domains. Most items are rated on
a 3-point scale (ranging from 1 =rarely to 3 =usually). The
Total Sleep Disturbance score (sum of 33 items) was exam-
ined in the current study as an index of overall sleep prob-
lems. Cronbach’s alpha for the CSHQ was .626 at baseline
and .697 at follow-up. The original development sample for
the CSHQ included children between 4 and 10 years of age
(Owens et al. 2000). However, the CSHQ has demonstrated
good psychometric properties when used with toddlers as
young as 2 years of age, including convergent validity, as
evidenced by significant correlations between CSHQ scores
and actigraphy and parent diary (Goodlin-Jones et al. 2008).
A total CSHQ score of 41 is considered to be the clinical
cut-off for identification of probable sleep problems (Owens
et al. 2000).
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Child Behavior Checklist

The Child Behavior Checklist (CBCL) (Achenbach and
Rescorla 2001) was used as a measure of several specific
co-occurring symptoms. The CBCL is a widely-used parent-
report questionnaire assessing both internalizing and exter-
nalizing symptoms. Items are rated on a 3-point scale, and
are used to generate scores on both empirically derived Syn-
drome Scales and DSM-Oriented Scales. For the purposes
of the current study, T-scores from select subscales that are
common across both the Preschool (for ages 1.5-5 years)
and School-Age (for ages 6—18 years) versions were used
to assess key co-occurring symptoms. Aggression was
assessed using the Aggressive Behavior Syndrome Scale,
which includes items assessing both physical aggression and
oppositional and defiant behaviors. Inattention and Hyper-
activity were assessed by the Attention Deficit/Hyperactivity
DSM-Oriented Scale, which includes items assessing prob-
lems with attention, hyperactivity, and impulsivity. Anxiety
was assessed by the Anxiety Problems DSM-Oriented Scale.
The DSM-Oriented scale was chosen for the current study
because it includes only items specific to anxiety, while
the Anxious/Depressed Syndrome Scale includes affective
symptoms. Finally, somatic complaints were assessed by the
Somatic Complaints Syndrome Scale, which is a measure of
general somatic symptoms, including gastrointestinal symp-
toms, headaches, and general aches, for example.

Aberrant Behavior Checklist

Repetitive behavior was assessed using the Stereotypic
Behavior subscale of the Aberrant Behavior Checklist
(ABC) (Aman and Singh 1986). The ABC is a 58-item rat-
ing scale assessing problem behavior in individuals with
developmental disabilities. Parent-reported items are rated
on a 4-point scale, comprising five separate subscales. The
Stereotypic Behavior subscale includes 7 parent-reported
items focusing on repetitive behaviors and stereotyped
movements. Although originally developed for use among
adults with developmental disabilities, the psychometric
properties of the ABC have been established for use with
toddlers (Karabekiroglu and Aman 2009; Sigafoos et al.
1997), school-aged children, and adolescents in subsequent
research (Brown et al. 2002; Kaat et al. 2014).

Short Sensory Profile

Sensory over-responsivity (SOR) was assessed using a sub-
set of items from the Short Sensory Profile (SSP) (Mcl-
ntosh et al. 1999). The SSP assesses atypical sensory
response and includes 38 parent-reported items rated on a
5-point scale ranging from 1 (Always) to 5 (Never). Cron-
bach’s alpha for the SSP was .765 at baseline, and .753 at
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follow-up. Consistent with prior research (Mazurek et al.
2013; Mazurek and Petroski 2015), an SOR score was cal-
culated as a sum of item scores on the following scales:
Tactile Sensitivity, Taste/Smell Sensitivity, Movement Sen-
sitivity, and Visual/Auditory Sensitivity. Note that lower
total SOR scores indicate greater difficulties with sensory
over-responsivity.

Statistical Analyses

To examine the chronicity of sleep problems, we ran three
groups of analyses using SPSS. We executed (1) a simple
correlation between total sleep problems at baseline and
follow-up, (2) a linear regression model with total sleep at
baseline and IQ, age, gender, and caregiver education pre-
dicting total sleep at follow-up, controlling for time between
assessments, and (3) descriptive statistics on the indices of
changes in sleep.

Regarding indices of change in sleep, participants first
were categorized into one of three groups, based on the mag-
nitude of individual change in total sleep problems relative
to the standard deviation of the baseline mean. Participants
whose total sleep problems did not change more than one-
half of a standard deviation in either direction from baseline
to follow-up were categorized as “relatively stable.” Those
whose total sleep problems changed more than one-half a
standard deviation from their baseline score were classified
as “improved” or “worsened,” depending on the direction of
change (see Norman et al. 2003). The percentages of chil-
dren falling at or above the clinical cut-off on the CSHQ at
baseline and follow-up were also examined (Owens et al.
2000).

To examine the relations among sleep problems and par-
ticipant characteristics, we first conducted simple correla-
tions. We then conducted an analysis of variance, with the
factor variable being whether sleep improved, worsened, or
remained stable.

To test the relations among sleep problems and co-
occurring symptoms, we ran two sets of analyses. First, we
examined the simple correlations between sleep problems
and aggression, attention problems, anxiety, somatic com-
plaints, repetitive behavior, hyperactivity, and SOR. Second,
we ran separate path analyses for each co-occurring symp-
tom (using SPSS AMOS 24; Arbuckle 2016) to compare
fit statistics across four models: unconditional (independ-
ent observed variables with error terms correlated within
time points), unidirectional (sleep problems predicting co-
occurring symptoms), unidirectional (co-occurring symp-
toms predicting sleep problems), and a cross-lagged bidi-
rectional model. In each model, sleep problems at baseline
was assumed to predict sleep problems at follow-up, and
co-occurring symptoms at baseline were assumed to predict
co-occurring symptoms at follow-up. All of these models

included gender, age at baseline, IQ, caregiver education,
and time between assessments as exogenous, correlated,
covariates.

Since there were only two time points, only a linear
trend could be estimated with confidence. The individual
path models were evaluated for relative fit using Xz com-
parisons, wherein each model is compared to the current
best-fitting model, and the best-fitting model for each co-
occurring symptom is determined by the p-value of the
respective change in X2 for the accompanying degree of
freedom gained or lost.

Results
Missing Data

Data from the CSHQ were missing for 44 participants
(10%) at baseline, and 18 participants (4.1%) at follow-up.
Incomplete cases did not differ from complete cases on IQ
[£(348) = —.996, p =.320], gender [ (1)=.080, p=.777],
ethnicity [y* (1)=.139, p=.710], or caregiver education [
(5)=7.603, p=.180]. Younger children were more likely
to have incomplete sleep data at baseline [#(435)=—4.062,
p <.001] and follow-up [#(435)=—-3.952, p <.001].

Participant Characteristics

Regarding sample characteristics, participants ranged
in age from 2 to 10 years at enrollment (M =5.07,
SD =2.14). The majority of the sample was male (82.6%)
and Caucasian (86.0%). Household income ranged from
0-$24,999 to $100,000 or above, with a median range of
$50,000-$74,999. The majority of respondents were biolog-
ical parents (88%), and the majority of primary caregivers
had attended some college (29.3%) or attained a bachelor’s
degree (31.1%). The time between assessments ranged from
1.9 to 5.5 years across the sample (M =3.83, SD=0.63). Full
Scale IQ ranged from 40 to 132 (M =76.24, SD =22.23).
Medications used for sleep included clonidine (2.5% of par-
ticipants at baseline, 12.4% at follow-up), risperidone (2.7%
at baseline, 9.2% at follow-up), guanfacine (2.5% at baseline,
15.8% at follow-up), melatonin (12.1% at baseline, 35.2% at
follow-up), and other unspecified medications used for sleep
(9.8% at baseline, 12.0% at follow-up). Descriptive statistics
for participant characteristics are shown in Table 1.

Age Groups
Younger and older age groups (2—3-year-olds and 4—10-year-
olds) did not differ in gender [;(2 (1)=.557, p=.456],

caregiver education [;(2 (5)=3.759, p=.585], ethnic-
ity [;(2 (1)=.170, p=.680], or time between assessments
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Table 1 Descriptive statistics of participant and family characteristics by age group

Variables Age group
Overall 2-3-year-olds 4-10-year-olds
(n=437)
Mean (SD) Mean (SD) Mean (SD)
Age at baseline 5.07 (2.14) 2.98 (.58) 6.35 (1.70)
Age at follow-up 8.90 (2.23) 6.78 (.84) 10.20 (1.78)
1Q 76.24 (22.23) 66.76 (17.59) 81.64 (22.82)
n (%) n (%) n (%)
Males 361 (82.6) 140 (84.3) 221 (81.5)
Caregiver education
Less than 8th grade 4(.9) 1(.6) 3(L.D)
Some high school 8 (1.8) 3(1.8) 5(1.8)
High school diploma 63 (14.4) 27 (16.3) 36 (13.3)
Some college 125 (28.6) 46 (27.7) 79 (29.2)
Bachelor’s degree 133 (30.4) 57 (34.3) 76 (28.0)
Post-graduate 94 (21.5) 30 (18.1) 64 (23.6)
Missing 10 (2.3) 2(1.2) 8(3.0)
Household income
$0-$24,999 66 (15.1) 33 (19.9) 33 (12.2)
$25,000-$49,999 94 (21.5) 34 (20.5) 60 (22.1)
$50,000-$74,999 66 (15.1) 22 (13.3) 44 (16.2)
$75,000-$99,999 45 (10.3) 14 (8.4) 31(11.4)
$100,000 + 84 (19.2) 38 (22.9) 46 (17.0)
Missing 82 (18.8) 25 (15.1) 57 (21.0)

[#(435)=—.749, p=.454, d=.07]. Younger children
did have significantly lower 1Qs [#(317.67)=—6.814,
p<.001, g=.71] and took less sleep medication at base-
line [#(422.156)=—4.694, p <.001, g=.42] and follow-up
[#(398.546)=—2.612, p=.009, g=.25]. In terms of our
variables of interest, age groups did not differ in baseline
sleep problems [#(391)=.134, p=.894, d=— .01], follow-
up sleep problems [#(417)=1.426, p=.155, d=—.14], or
total change in sleep problems [#(214.033)=.260, p=.795,
g=—.03]. The relative proportions of sleep change catego-
ries (i.e., improved, worsened, or relatively stable over time)
did not differ across age groups [y* (2)=2.762, p=.251].

Chronicity of Sleep Problems

Seventy percent of the total sample scored at or above
clinical cut-off for sleep problems at baseline, and 65.4% at
follow-up. When examining age groups separately, 68.4%
of younger children scored within the clinical range at base-
line and 67.9% at follow-up. Among the older group, 70.8%
scored within the clinical range at baseline and 63.8% at
follow-up. Descriptive statistics for the individual subscales
of the CSHQ are shown in Table 2.
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A simple correlation between total sleep problems at
baseline and follow-up showed a moderate positive rela-
tionship (younger group: r=.523, p <.001; older group:
r=.620, p<.001). A linear regression model found total
sleep problems at baseline was a significant predictor of
total sleep problems at follow-up, even after accounting for
the effects of additional relevant variables (younger group:
R? change = .266, p <.001; older group: R? change =.359,
p<.001). When examining the change in CSHQ Total Sleep
Disturbance among children with complete data at both
baseline and follow-up (using change categories previously
described, which were based on the magnitude of individual
change in total sleep problems relative to the standard devia-
tion of the baseline mean), 22.9% of children showed wors-
ening of sleep problems over time, 45.6% of children had
relatively stable sleep scores from baseline to follow-up, and
31.5% of children showed improvement in sleep problems. A
Chi square goodness of fit test found that the distribution of
sleep change categories was similar in younger children [
(2)=3.476, p=.176], but was significantly different in older
children [)(2 (2)=29.012, p <.001], with more individuals in
the “stable” group.

The relationship between previous sleep problems and
future sleep problems was strong and positive, regardless
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Tab!e 2 Means, standar.d Subscale Age group

deviations, and correlations for

the subscales of the Children’s 2-3-year-olds 4-10-year-olds

Sleep Habits Questionnaire by - -

age group Baseline Follow-up r Baseline Follow-up r
Bedtime resistance 9.64 (3.81) 9.30(3.17) .368%** 8.83(2.92) 798 (2.73) .519%*
Sleep onset delay 1.80 (.798) 1.60 (.722) .397** 1.63 ((774) 1.66 (.753) .299%**
Sleep duration 433 (1.71)  422(1.60) .318**  427(1.69) 4.33(1.63) .416**
Sleep anxiety 599 (1.96)  6.33(1.96) .454%%* 6.30 (2.21)  6.00 (2.14) .475%*
Night wakings 476 (1.74)  4.69 (1.72) .264**  453(1.70) 4.19(1.40) .372%*
Parasomnias 9.89 (2.05) 9.44 (2.16) .324%* 9.50 (2.06)  9.20 (1.96) .461%**
Sleep disordered breathing ~ 3.47 (934)  3.37 (.871) .441%* 341 (751)  3.43(.800) .332%*
Daytime sleepiness 9.97 (2.83) 10.33 (3.40) .429** 10.62 (3.46) 10.92(3.68) .491%*
Total CSHQ 46.01 (9.09) 4593 (9.12) .523**% 4589 (8.66) 44.67 (8.55) .620%*
** p<.01

of whether individuals’ sleep problems improved over time
(r=.846, p<.001), worsened over time (r=.847, p<.001),
or remained relatively stable over time (r=.950, p <.001).
In other words, those with few sleep problems tended to
have few sleep problems in the future, even if they worsened
slightly, and those with more sleep problems tended to have
more sleep problems in the future, even if they improved
slightly. This shows moderate stability in the change in sleep
problems over time.

Relations Among Sleep and Participant
Characteristics

Age, 1Q, gender, and time between assessments were unre-
lated to total sleep problems at baseline or follow-up for both
younger and older children (#’s and #>.05). However, car-
egiver education was significantly related to sleep problems
for younger children at follow-up (r,=—.251, p=.001) and
older children at baseline (r,=—.131, p=.038) and follow-
up (ry=—.169, p=.007), wherein lower levels of education
were associated with greater sleep problems.

Whether a child met clinical cut-off for sleep problems
was unrelated to age, gender, ethnicity, race, caregiver edu-
cation, 1Q, or sleep medications at baseline for the younger
group (p’s>.05). At baseline, older children who met the
clinical cut-off for sleep problems took significantly more
sleep medications [#(181.356)=—2.213, p=.028, g=.27].

Whether a younger child met clinical cut-off for sleep
problems at follow-up was unrelated to gender, ethnicity,
race, 1Q, or time between assessments (p’s>.05). How-
ever, children in the younger age group with clinically sig-
nificant levels of sleep problems were significantly older
[t(157)=—-2.029, p=.044, d=.35] and took significantly
more sleep medications [#(126.854)=—2.933, p=.004,
g=.44] at follow-up than children who did not meet the
clinical cut-off. In addition, the distribution of caregiver

education was significantly different for young children
with and without clinical sleep problems at follow-up [»>
(5)=14.968, p=.011]. Specifically, parents of young chil-
dren with clinically significant sleep problems at follow-up
had a wider distribution and less education (less than 8th
grade: 0.9%; some high school: 0.9%; finished high school:
22.6%; some college or an associate’s degree: 29.2%; bach-
elor’s degree: 29.2%, post-graduate degree: 17%) than par-
ents of young children without clinically significant sleep
problems at follow-up (less than 8th grade: 0%; some high
school: 2%; finished high school: 2%; some college or asso-
ciate’s degree: 23.5%; bachelor’s degree: 49%; post-gradu-
ate degree: 23.5%). At follow-up, older children with and
without clinically significant sleep problems were similar
in age, IQ, time between assessments, gender, caregiver
education, ethnicity, and race (p’s > .05). However, older
children with clinically significant sleep problems at follow-
up took significantly more sleep medication at follow-up
[1(255.591)=—3.550, p<.001, g=.40] than older children
who did not reach the clinical cutoff for sleep problems.
The change in sleep problems over time was unrelated
to a child’s age [F(2, 372)=.464, p=.629, n*=.002], IQ
[F(2,302)=.460, p=.632, n*=.003], gender [x* (2)=.095,
p=.954], caregiver education [X2 (10)=6.788, p=.745],
ethnicity [x* (2)=.730, p=.694], race [x* (2)=3.782,
p=.151], or the time between assessments [F(2, 373)=.250,
p=.779, »*>=.001]. Children whose sleep problems
improved over time took significantly more sleep medica-
tions at baseline, and children whose sleep problems wors-
ened over time took significantly fewer sleep medications at
baseline [F(2, 372)=4.310, p=.014, 172= .023]. Addition-
ally, children whose sleep problems improved over time had
significantly greater sleep problems at baseline (M =51.26,
SD =8.49) than children whose sleep problems worsened
(M=42.31, SD=7.12) or remained stable (M =44.0,
SD=17.92) [F(2, 372)=40.702, p <.001, *=.180].
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Relations Among Sleep and Co-occurring Symptoms

Sleep problems were significantly related to most co-occur-
ring symptoms at baseline and follow-up for both younger
and older children. Table 3 shows descriptive statistics and
a correlation matrix of these variables.

As described above, four separate path analysis models
were examined for each type of co-occurring symptom,
controlling for covariates. Fit statistics across all models
are shown in Tables 4 and 5. For younger children, sen-
sory over-responsivity predicted future sleep problems, and
sleep problems predicted future inattention/hyperactivity.
For older children, sleep problems predicted future somatic
complaints.

Discussion

The current study offers the first large-scale exploration of
the longitudinal relationships between sleep and a range of
co-occurring symptoms in children with ASD. These find-
ings provide important clinical implications and offer new
insights into the development and consequences of symp-
toms over time. Regarding the course and persistence of
sleep disturbance in the current sample, 23.9% of the sam-
ple experienced worsening of sleep problems over time,
while 31.5% showed improvement in symptoms. Those
with more severe initial sleep problems were more likely
to improve over time. Although previous studies of smaller

and less-representative samples found that sleep problems
persist (at a group level) for a majority of children with ASD
(e.g., May et al. 2015; Mannion and Leader 2016), this was
the first study to report on clinically significant indices of
change in sleep among children with ASD. Given norma-
tive changes in sleep across early childhood (Iglowstein
et al. 2003), we examined sleep patterns among younger
(2-3-year-old) and older (4—10-year-old) children separately.
As the first study to examine potential developmental dif-
ferences in sleep patterns among children with ASD, these
results add to our understanding of sleep in children with
ASD across childhood. There were no differences between
younger and older children in sleep problems at either base-
line or follow-up, or in sleep change category. Additionally,
change in sleep problems over time was not related to child
age. These findings suggest that children with ASD may not
experience the same age-related changes in sleep that other
children typically experience (Iglowstein et al. 2003; Ohayon
et al. 2004), which adds new information to previous reports
of poor overall sleep in children with ASD compared to TD
children (e.g., Anders et al. 2012; Humphreys et al. 2014).
However, further longitudinal research is needed to better
characterize sleep duration and disturbance at regular inter-
vals from early childhood through late adolescence in indi-
viduals with ASD. In the current study, older children with
ASD who met clinical cut-off for sleep problems took more
sleep medications at both baseline and follow-up, while this
was only true at follow-up among younger children. This
suggests that sleep medications may be more commonly

Table 3 Descriptive statistics and bivariate correlations among primary measures at baseline and follow-up

Overall M (SD) ) ?2) 3) @) 5) (6) ™
Baseline variable
(1) Sleep problems 45.9 (8.8) 374 420%* .164* 4467+ —.261 388
(2) Aggression 61.6 (10.9) 431 S16%* .139% 459%* — 497%* 379%*
(3) ADHD symptoms 61.8 (8.5) 338 687 207 361 —.289 314
(4) Repetitive behavior 5.5(4.8) .326%* A44%* 394 % 157%* —.627 .057
(5) Anxiety 60.9 (10.7) 582 5576%* 4267 356%* —.235 441
(6) SOR? 65.5 (15.86) —.6027%* — 604 —.507* —.737* —.615%* —.331
(7) Somatic complaints 59.8 (8.6) 435%* 373 347 .245%* 472 —.435%
Follow-up variable
(1) Sleep problems 443 (8.4) 384 354 153% .390%* — 447 4457
(2) Aggression 60.1 (9.7) 3525 .540%* .168%* 384 —.368%* 357
(3) ADHD symptoms 65.5 (9.6) 353 563%* 173%* 307 — 237%* 172%*
(4) Repetitive behavior 15.8 (10.3) .310%* 353 4137 118 — 213%* .072
(5) Anxiety 60.63 (9.8) 174 416%* 284 .244% —.383%%* A460%*
(6) SOR* 61.5 (10.1) — 3797k —.4007%* —.367** —.404°%* —.316%* —.325%*
(7) Somatic complaints 69.2 (13.8) 328 486%* .390%* 328 46T — 475%*

Cells below the diagonal represent 2—3-year-olds and cells above the diagonal represent 4—10-year-olds

p<.05; **p< .01

4SOR sensory over-responsivity score derived from the Short Sensory Profile, lower SOR scores indicate greater difficulty
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Table 4 Path model relative fit statistics across co-occurring symptom domains for 2—3-year-olds

Models 7 df Ay Adf p
Independent® 15.966 9

Sleep — aggression 14.401 8 1.565 1 211
Aggression — sleep 15.466 8 5 1 450
Sleep <> aggression 14.035 7 1.931 1 .165
Models 7 df Ay Adf p
Independent® 17.720 9

Sleep — anxiety 17.473 8 247 1 .619
Anxiety — sleep 14.519 8 3.201 .074
Sleep <> anxiety 14.235 7 3.485 2 175
Models 7 df Ay Adf p
Independent® 14.337 9

Sleep — repetitive behavior 14.309 8 .028 1 .867
Repetitive behavior — sleep 14.335 8 .002 .964
Sleep <> repetitive behavior 14.307 7 .03 2 985
Models 7 df Ay Adf p
Independent 19.218 9

Sleep— SOR 19.014 8 204 1 .652
SOR — sleep® 14.242 8 4.976 1 .026
Sleep <> SOR 14.236 7 .006 1 .938
Models 7 df Ay Adf p
Independent 20.326 9

Sleep — ADHD symptoms® 15.196 8 5.13 1 .024
ADHD symptoms — sleep 19.738 8 - - -
Sleep <> ADHD symptoms 14.789 7 407 1 523
Models 7 df Ay Adf p
Independent® 15.083 9

Sleep — somatic complaints 13.412 8 1.671 1 .196
Somatic complaints — sleep 14.878 8 205 .651
Sleep <> somatic complaints 13.306 7 1.777 2 411

All models also included age, gender, 1Q, caregiver education, and time between assessments

“Denotes best fitting model

utilized among older children and those with more severe
sleep disturbance.

In terms of longitudinal predictors of sleep disturbance,
the current study found that demographic factors were
largely unrelated to the persistence of sleep problems over
time; with the exception of caregiver education (considered a
proxy for socioeconomic status, SES), wherein higher levels
were associated with fewer sleep problems. This is consist-
ent with research from the general population, which has
found that children from families with lower SES demon-
strate greater sleep problems than those with higher SES
(El-Sheikh et al. 2010; Simonds and Parraga 1982; Stein
et al. 2001). Low SES may affect child sleep for a num-
ber of reasons, including decreased parental resources for

facilitating sleep or bedtime routines, lack of space for bed-
ding or separate sleeping arrangements, poor temperature
control, or noisy or crowded sleep environments (Doane
et al. 2018).

Overall, the results revealed that many co-occurring
symptoms were related to sleep changes. Consistent with
prior research indicating a relationship between sensory
problems and sleep in children with ASD (Mazurek and
Petroski 2015; Reynolds et al. 2012), the current study
also found significant cross-sectional correlations between
sleep problems and sensory over-responsivity (SOR) in
both younger and older children. Interestingly, the results
revealed a significant longitudinal relationship between SOR
and sleep after accounting for covariates among younger
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Table 5 Path model relative fit statistics across co-occurring symptom domains for 4-10-year-olds

Models 7 df Ay Adf p
Independent® 6.215 9

Sleep — aggression 4.903 8 1.312 1 252
Aggression — sleep 5.755 8 46 1 498
Sleep <> aggression 4.620 7 1.595 2 450
Models 7 df Ay Adf p
Independent® 6.966 9

Sleep — anxiety 6.726 8 24 1 .624
Anxiety — sleep 4.589 8 2371 123
Sleep <> anxiety 4.524 7 2.442 2 295
Models 7 df Ay Adf p
Independent® 6.269 9

Sleep — repetitive behavior 4.906 8 1.363 1 243
Repetitive behavior — sleep 6.012 8 257 .612
Sleep <> repetitive behavior 4.709 7 1.56 2 458
Models 7 df Ay Adf p
Independent® 5.445 9

Sleep— SOR 4.725 8 72 1 .396
SOR — sleep 5.165 8 28 1 597
Sleep <> SOR 4.617 7 .828 2 .661
Models 7 df Ay Adf p
Independent® 8.616 9

Sleep— ADHD symptoms 5.576 8 3.04 1 .081
ADHD symptoms — sleep 7.381 8 1.235 .266
Sleep <> ADHD symptoms 4.726 7 3.89 2 143
Models 7 df Ay Adf p
Independent 14.206 9

Sleep — somatic complaints® 7.468 8 6.738 1 .009
Somatic complaints — sleep 10.025 8 - - -
Sleep <> somatic complaints 4.574 7 2.894 1 .089

All models also included age, gender, 1Q, caregiver education, and time between assessments

“Denotes best fitting model

children. Specifically, the results indicated that SOR was
a longitudinal predictor of sleep problems in very young
children; however, these variables were not significantly
associated in the longitudinal models for older children.
These results suggest that the relations among co-occurring
symptoms and sleep disturbance may change over time,
and that consideration of sensory reactivity may be par-
ticularly important for understanding sleep among young
children. This is consistent with other findings indicating a
stronger relationship between sensory reactivity and sleep
onset, sleep duration, and night awakenings in younger ver-
sus older children with ASD (Mazurek and Petroski 2015).
Together, these results suggest that very young children with
ASD with high levels of SOR may be especially sensitive

@ Springer

to sensory-related aspects of the sleep environment. These
environmental stimuli (such as background noise, light,
room temperature, bedding, or sleepwear) may interfere with
onset or maintenance of sleep.

The current findings also offer new information about
the effects of sleep disturbance upon daytime behavior in
children with ASD. Specifically, the results indicate that
sleep disturbance is a longitudinal predictor of the develop-
ment of hyperactivity and attention problems in very young
children. This extends previous findings of cross-sectional
associations between these variables (Goldman et al. 2009;
Mazurek and Sohl 2016) by providing information about
timing and directionality. The best-fitting models showed
that sleep disturbance had negative longitudinal effects on
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attention and hyperactivity in children with ASD, above and
beyond the effects of other relevant variables. Again, this is
highly consistent with evidence from the general popula-
tion. For example, sleep restriction and sleep disruption have
resulted in daytime problems with both attention and impul-
sivity in prior studies (Anders et al. 1978; Dahl et al. 1991,
Fallone et al. 2001; Weinberg and Brumback 1990), and
longitudinal research has shown that shorter sleep duration
before age three predicts hyperactivity, impulsivity, and poor
cognitive performance at age six (Touchette et al. 2009).
These findings are particularly relevant for children with
ASD, who are known to be at increased risk for significant
inattention and hyperactivity (Frazier et al. 2001; Gadow
et al. 2005; Mayes et al. 2012). Given that sleep disturbance
may cause or exacerbate neurocognitive functioning, it is
possible that treating sleep problems in this population may
have a positive impact on attention and behavioral regula-
tion, leading to improved functioning and engagement with
learning and other daily tasks. Further research is needed
to test this hypothesis within the context of well-designed
treatment studies. Interestingly, although sleep problems
were correlated with ADHD symptoms for both age groups,
longitudinal models did not show significant relationships
between these variables in older children after accounting
for covariates. Future longitudinal research assessing these
variables across multiple time points would be helpful to
examine changes in trajectories and relations among symp-
toms over time.

Finally, the longitudinal relationship between sleep prob-
lems and development of somatic symptoms in older chil-
dren with ASD is also consistent with prior research in the
general population. Sleep is important for overall health,
and sleep deprivation has detrimental effects on immune
function and regulation of the endocrine systems (see for
review, Bryant et al. 2004). Longitudinal and experimental
studies have also found that sleep disturbance leads to the
development and exacerbation of pain in both the general
population and a range of other clinical populations (see for
review, Finan et al. 2013). Sleep problems are also common
among children with a range of different medical conditions,
including those that frequently co-occur with ASD, such
as gastrointestinal problems and seizure disorders (Lewan-
dowski et al. 2011). This result is also somewhat consistent
with cross-sectional associations between sleep problems
and somatic aspects of anxiety reported in a small sample
of children (ages 8—12) with ASD (Richdale and Baglin
2015), although the somatic symptoms assessed in that
study were specifically related to the experience of fear or
anxiety. Future studies involving comprehensive assessment
of specific types of somatic symptoms would be helpful to
more fully examine the relationship between sleep and pain
in children with ASD.

The current findings are consistent with prior research
documenting significant associations between sleep prob-
lems and anxiety in children with ASD (Fletcher et al. 2017,
Hollway et al. 2013; Mazurek and Petroski 2015; Richdale
and Baglin 2015). The current results also indicted signifi-
cant cross-sectional correlations between anxiety and sleep
problems for both age groups at baseline. However, regard-
ing longitudinal relationships, the results did not indicate a
significant predictive relationship between anxiety and sleep
problems in either age group after accounting for covariates.
This is somewhat surprising, given prior results from the
general population. Studies of TD adolescents and adults
have found that anxiety is a longitudinal predictor of insom-
nia, occurring prior to the onset of insomnia in the majority
of cases (Jansson and Linton 2006; Johnson et al. 2006). By
contrast, a large-scale population-based longitudinal study
found that sleep problems in infancy and toddlerhood pre-
dicted the development of anxiety symptoms at age three,
with little evidence of bidirectional associations (Jansen
et al. 2011). Additional research using more comprehensive
measures of anxiety and physiological arousal in children
with ASD may be helpful to more fully explore the relations
among these variables over time. It will also be informative
to examine the potential relations among specific types of
sleep disturbance and anxiety, as it is possible that certain
types of sleep problems may be more likely to predict or be
predicted by anxiety than others.

Limitations and Future Directions

Although the current study benefitted from a very large sam-
ple of well-characterized children with ASD, there are some
limitations that should be noted. All measures of our pri-
mary variables of interest were parent-report. Although par-
ents are able to rely on extensive experience and observation
of the child’s functioning and behavior across a wide range
of real-world settings and environments, it may be challeng-
ing for parents to accurately report on internally experienced
symptoms, such as anxiety or somatic symptoms. However,
given that many children with ASD have trouble report-
ing on their own emotional experiences, parent-report of
these symptoms is generally recommended in children with
ASD (Lopata et al. 2010; Mazefsky et al. 2011). Recent
efforts have also focused on developing more appropriate
and autism-specific measures of core and co-occurring
symptoms, including anxiety and restricted and repetitive
behaviors (see for example, Honey et al. 2012; Rodgers
et al. 2016; Scahill et al. 2015; Scahill 2017). Future stud-
ies would benefit from further examination of the relations
among sleep disturbance and co-occurring symptoms using
these autism-specific tools, as they may provide a more valid
measurement of core constructs in this population.
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It is also important to consider potential limitations of
the CSHQ for assessment of sleep, given that parents of
children who are older or more independent may be less
accurate reporters of their children’s sleep quality or night
awakenings (Markovich et al. 2015). The current study
assessed cognitive functioning and autism symptoms at
baseline but not at follow-up. Examining how sleep prob-
lems relate to autism severity and cognitive functioning
over time would provide additional insights into the course
and consequences of these difficulties in children with
ASD. Additionally, the primary variables in the current
study represented symptoms (as assessed by parent-report
rating scales) rather than clinically diagnosed disorders. It
is important to note that the course and correlates of clini-
cally diagnosed co-morbid disorders may be different from
the current findings.

Future studies should seek to include multi-method
assessments of variables of interest, including both parent-
report and objective measures of sleep and behavior such as
actigraphy, polysomnography, direct behavioral observation,
and measures of physiological arousal. Longitudinal studies
using repeated measurements across multiple time points
would also provide a much more nuanced understanding
of trajectories of various types of sleep and co-occurring
symptoms across time from early childhood to adolescence.

Although this study was the first large-scale longitudi-
nal study of sleep problems in children with ASD, future
work is needed to examine the effects of specific treat-
ments and interventions on sleep outcomes over time. For
example, treatment-outcome research would be helpful to
determine whether treatment of sleep problems prevents or
reduces inattention and hyperactivity in early childhood.
Additionally, future research should consider the relative
effectiveness of various treatments for sleep disturbance
(e.g., medication, behavioral treatment, or cognitive-
behavioral therapy) across childhood or at different stages
of development. All of these issues will require additional
study in order to guide the development of clinical treat-
ment guidelines.
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