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In addition to the core symptoms that define autism spectrum disorder (ASD), many 
individuals experience broader problem behavior at a level significant enough for families 
to seek further clinical assessment and intervention. We define “problem behavior” as any 
significant emotional or behavioral issue captured by the Child Behavior Checklist (CBCL) 
including anxiety, depression, withdrawal, somatic complaints, problems with socialization, 
thought or attention, rule-breaking, and aggression. While greater ASD symptom severity and 
accompanying sleep disturbance have each been linked with more severe problem behavior, 
there is little understanding about how these two key factors interact; that is, it is unclear 
whether the severity and type of sleep disturbance an individual experiences differentially 
influences the relationship between ASD symptom severity and problem behavior. The aim 
of the current study was, thus, to explore whether the link between greater ASD symptom 
severity and clinically elevated problem behavior is moderated by the presence/degree of 
accompanying sleep disturbance. Forty males with ASD, aged 5–12, participated in the study. 
The Social Responsiveness Scale, CBCL, and Children’s Sleep Habits Questionnaire were 
administered to obtain information about ASD symptom severity, problem behavior, and sleep 
habits, respectively. Results indicated that the relationship between ASD symptom severity 
and problem behavior differed among individuals with ASD depending on the degree of sleep 
disturbance they experienced. Specifically, there was a significant positive relationship between 
ASD symptom severity and problem behavior for individuals with no sleep disturbance or milder 
sleep disturbance (i.e., in these cases, individuals with severe ASD symptoms experienced 
clinically elevated problem behavior, while those with milder ASD symptoms experienced 
milder problem behavior). In contrast, there was no significant relationship between ASD 
symptom severity and problem behavior for individuals with moderate-to-severe sleep 
disturbance; rather, clinically significant problem behavior was apparent across all individuals 
irrespective of ASD symptom severity. Follow-up analyses indicated that disturbances in sleep 
duration, disordered breathing, and daytime sleepiness were related to clinically elevated 
problem behavior even among those with milder ASD symptoms. These findings emphasize 
the importance of routinely assessing for accompanying sleep disturbance in this population 
regardless of whether individuals present with mild, moderate, or severe ASD.
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INTRODUCTION

Autism spectrum disorder (ASD) is a heterogenous 
neurodevelopmental disorder characterized by social deficits 
and restricted, repetitive patterns of behavior (1). Core symptoms 
typically manifest as poor social-emotional reciprocity, abnormal 
non-verbal communication, difficulty developing and maintaining 
social relationships, repetitive movements, intense fixations/
interests, and atypical sensory sensitivity. In addition, a significant 
proportion of individuals with ASD exhibit a broader range of 
problem behaviors that extend beyond the core symptoms that 
define the disorder (2). For example, there is existing research 
to suggest that many individuals with ASD experience clinically 
significant internalizing and externalizing problems including 
anxiety, depression, somatization, rule-breaking, aggression, 
self-harm, inattention, hyperactivity, impulsivity, and abnormal 
thought (3–9). In this paper, the term “problem behavior” 
encompasses any significant emotional or behavioral issue captured 
by the Child Behavior Checklist (CBCL) including problems 
with anxiety, depression, withdrawal, somatization, socialization, 
thought, attention, rule-breaking, and aggression. As is common 
in ASD research, the nature and severity of these broader problem 
behaviors vary considerably among individuals on the spectrum; 
there are some individuals who experience relatively few of 
these problem behaviors, while many others exhibit one or more 
problem behaviors that are significant enough to warrant clinical 
concern (3, 10, 11) and may even result in comorbid diagnoses 
such as anxiety, depression, conduct disorder, oppositional 
defiant disorder (ODD), and/or attention deficit hyperactivity 
disorder (ADHD). Being able to predict who on the spectrum 
(i.e., individuals of which severities and clinical presentations) is 
more likely to exhibit clinically significant problem behavior is 
particularly important, as those with persistent difficulties in this 
area are at greater risk of long-term mental health issues, poor 
academic achievement, and future crime and violence (12, 13).

Researchers have, thus, become increasingly interested in studying 
the factors related to clinically elevated problem behavior in different 
individuals with ASD. While a range of factors have been examined 
in the literature, the relevance and contribution of accompanying 
sleep disturbance have emerged as an area of particular interest 
(14, 15). Sleep plays an important role in memory consolidation 
(16) and, more generally, brain plasticity, which in turn supports 
typical cognitive, emotional, and behavioral development (17). 
Sleep problems are prevalent in ASD and reportedly affect 40% 
to 80% of children; these estimates are significantly greater than 
that of the typically developing population and place those who 
are already developmentally vulnerable at a greater disadvantage 
(18, 19). In ASD, the exact etiology of accompanying sleep 
disturbance is unclear; however, researchers commonly argue that 
sleep problems are contributed to by a complex combination of 
biological, psychological, and social/environmental factors (18). 
While neurophysiological and neurochemical abnormalities can 
promote chronic sleep–wake disturbance and abnormal timing 
of melatonin secretion in this population, comorbid medical 
conditions and current medications also need to be considered, as 
do other potential factors such as core ASD symptoms, child-rearing 
practices, and family stress (14, 18, 20). In ASD, common types 

of sleep disturbance include delayed sleep latency, reduced sleep 
efficiency, decreased total sleep duration, poor sleep maintenance/
night waking, bedtime resistance, and daytime sleepiness (14, 21). 
Improving our understanding of how the nature and severity of 
these common sleep problems vary among individuals with ASD 
may help us conceptualize the possible consequences they can 
have on the behavior and broader functioning of these individuals. 
Given that sleep disturbance has been found to be amenable to 
intervention, there are also tangible benefits to focusing our efforts 
on sleep in ASD.

In terms of existing research, there is evidence to suggest that 
sleep disturbance in ASD may exacerbate problem behavior. For 
example, poor sleep has been linked to increased internalizing 
and externalizing problems, including tantrums, oppositional 
behavior, physical aggression, irritability, self-injury, depression, 
anxiety, mood variability, inattention, and hyperactivity (15, 
22–30). Recently, Cohen et al. (31) found direct evidence that 
greater variation in sleep timing and duration can predict 
subsequent problematic daytime behavior (e.g., aggression, self-
injury, tantrums, and property destruction), and there is also 
longitudinal evidence to suggest that sleep problems may predict 
later anxiety (32). Sleep researchers frequently acknowledge 
that, although highly prevalent, sleep problems do not affect 
all individuals with ASD. As such, a number of studies have 
categorized ASD participants as “poor” sleepers and “good” 
sleepers, based on actigraphy, polysomnography, and parent-
report measures, to examine behavioral differences among those 
with and without significant sleep problems. A large-scale study 
conducted by Goldman et al. (25) indicated that poor sleepers 
with ASD exhibited a significantly higher percentage of problem 
behavior than did good sleepers with ASD. Researchers relying 
on parent-report measures have revealed that individuals with 
ASD and accompanying sleep disturbance demonstrate greater 
externalizing and internalizing problem behaviors than do those 
without accompanying sleep disturbance (27, 29). Others who 
have taken advantage of objective measures have demonstrated 
similar relationships; for example, Malow et al. (33) reported more 
significant affective and social problems in individuals identified 
as poor sleepers, while Goldman et al. (23) noted greater levels 
of inattention, hyperactivity, and restricted, repetitive behavior.

The severity of sleep disturbance in ASD and the particular 
type of sleep disturbance that individuals experience have also 
been identified as important considerations. In terms of severity, 
Adam et al. (29) revealed different behavioral profiles in those 
with mild versus severe sleep problems, whereby individuals 
with more severe sleep problems exhibited significantly greater 
externalizing and overall problem behavior; surprisingly, 
internalizing behaviors were not sensitive to sleep severity in 
this study. This is somewhat in contrast to other researchers 
who have found both significantly greater internalizing and 
externalizing problems in individuals with moderate-to-severe 
sleep disturbance relative to those with milder sleep disturbance 
(28). In terms of identifying particularly relevant types of sleep 
disturbance, Hirata et al. (19) reported that insomnia was 
strongly associated with problem behavior; Mazurek and Sohl 
(15) identified night wakings as having the most consistent link 
with behavior problems, and Fadini et al. (34) noted relationships 
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between behavioral problems and disorders of arousal (e.g., 
sleepwalking, sleep terrors, and nightmares) and excessive 
somnolence (e.g., difficulties rising and daytime sleepiness). 
These studies highlight the importance of considering the severity 
and type of accompanying sleep disturbance when attempting to 
understand problem behavior in ASD.

While the above research outlines that both the presence and 
severity of sleep problems may be importantly linked to problem 
behavior in ASD, there is broader research to suggest that ASD 
symptom severity is another key factor to consider. Notably, there 
is accumulating research to suggest a strong positive association 
between ASD symptom severity and problem behavior. Researchers 
have indicated that those with more severe ASD symptoms are 
likely to experience significantly more problem behaviors that 
are also of greater severity than those with moderate or mild 
ASD symptoms (24, 35–37). There is also longitudinal evidence 
to suggest that ASD symptom severity is a key predictor of later 
emotional and behavioral problems in children and adolescents 
with high-functioning ASD (38). Studies such as these emphasize 
that ASD severity itself is related to increased problem behavior. 
Complicating the picture, there is also evidence to suggest that more 
severe ASD symptoms are associated with more significant sleep 
disturbance (23, 39–41). While the research in this area is sound 
and it is often the case that sleep problems are more pronounced in 
individuals with severe ASD presentations, it is important to note 
that sleep problems do not exclusively present in this subgroup and 
can affect individuals across the full spectrum (14).

Although there is a large body of evidence indicating that ASD 
severity and accompanying sleep disturbance are important factors 
each associated with more severe problem behavior in ASD, it 
remains unclear whether the presence/severity of an accompanying 
sleep disturbance differentially influences the relationship between 
ASD severity and problem behavior. In other words, more research 
is required to understand whether the positive relationship between 
ASD symptom severity and problem behavior (which suggests 
that those with greater ASD symptoms exhibit clinically elevated 
problem behavior while those with milder ASD symptoms exhibit 
significantly milder problem behavior) changes depending on the 
degree and type of sleep disturbance an individual experiences. 
The current study, therefore, aimed to examine whether the 
presence/degree of accompanying sleep disturbance moderates the 
relationship between ASD severity and problem behavior and to 
further explore the relevance of different types of sleep disturbance. 
While we expected ASD severity and degree of sleep disturbance to 
each show an association with problem behavior, there was limited 
literature available on which to base a hypothesis on how these two 
key factors would interact. Although somewhat exploratory from 
this perspective, the findings from this study were expected to 
improve our ability to identify those on the spectrum who may be 
more likely to experience clinically significant problem behavior.

MATERIALS AND METHODS

Participants
We recruited 40 children with ASD to the study via a range of 
methods. Advertisement flyers were distributed to community 

institutions, networking websites, and social media (e.g., Autism 
Victoria, Deakin Child Study Centre Facebook, early intervention 
services, and private pediatric clinics). There were also a number 
of primary schools and special development schools who 
expressed interest in supporting the study and agreed to send 
letters of invitation to families in their community containing 
advertising information about the study. Because this particular 
study was contained within a broader longitudinal project that 
aimed to promote the inclusion of children of all abilities into 
physical activity, the NAB AFL Auskick database was also used as 
an avenue of recruitment.

For inclusion in the study, participants were required to have a 
pre-existing formal diagnosis of ASD. To meet formal diagnosis in 
Victoria, Australia, an individual must satisfy DSM criteria, have 
undergone assessment by a multidisciplinary panel (e.g., medical, 
psychology, and speech clinicians), and had the diagnosis confirmed 
by a pediatrician or child psychiatrist. Participants were required to 
be aged between 5 and 12 and attend primary school (or equivalent 
special education). The intention was to capture a broad range of 
functioning levels; as such, no specific requirement was enforced 
around level of functioning or comorbidities. Testing locations 
were offered throughout metropolitan and regional Melbourne, 
which permitted a broad, representative community sample.

Measures
Demographics and Level of Functioning
Basic demographic information including age, gender, and 
handedness was obtained through parent report. Level of adaptive 
functioning was measured using the Vineland Adaptive Behavior 
Scale—Third Edition (VABS-3) (42). The domain-level parent/
caregiver form was selected for use in this study; it is appropriate 
for ages 3 to 90+ and consists of three core domains (i.e., 
communication, daily living, and social skills and relationships), 
each of which contains 40 items. An overall adaptive behavior 
composite score was calculated from the 120 core items (M = 100, 
SD = 15). Scores between 86 and 114 reflect “adequate” adaptive 
level. Scores between 115 and 129 can be considered “moderately 
high,” and those above 130 as “high.” In comparison, scores from 
71 to 85 can be considered “moderately low” and those at or below 
70 as “low.” In terms of psychometric properties, this form has 
an internal consistency coefficient of .97 and test–retest reliability 
of .87. Validity has previously been established and is further 
supported by intercorrelation data, assessment against other 
measure of adaptive functioning, and specific standardization for 
clinical samples [see Ref. (42)].

The Social Responsiveness Scale—Second Edition 
(SRS-2) School Age Form
The SRS-2 was administered to measure ASD symptom severity 
(43). The school age form consists of 65 items relevant to children 
aged 4 to 18, which measures five core areas of functioning: 
social awareness, social cognition, social communication, social 
motivation, and restricted interests and repetitive behavior. 
Using a four-point Likert scale (i.e., 1 = not true, 2 = sometimes 
true, 3 = often true, and 4 = almost always true), parents were 
required to select the degree to which each of the items applied to 
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their child in the past 6 months. Parent ratings were summed to 
obtain an SRS-2 total score (M = 50, SD = 10). Total scores at or 
below 59 are considered to be within normal limits; total scores 
placed between 60 and 65 indicate mild deficiencies in reciprocal 
social behavior; scores between 66 and 75 suggest moderate 
deficiencies; and those at 76 or above reflect severe deficiencies 
in reciprocal social behavior.

The Children’s Sleep Habits Questionnaire (CSHQ)
The CSHQ was administered to measure a range of behaviorally 
based and medically based sleep problems (44). It consists of 33 
core items that relate to eight sleep domains: bedtime resistance, 
sleep onset delay, sleep duration, sleep anxiety, night waking, 
parasomnias, sleep-disordered breathing, and daytime sleepiness. 
Parents were required to rate each of the items on the basis of a 
typical week using a three-point Likert scale (i.e., 1 = usually, defined 
as occurring five to seven times per week; 2 = sometimes, defined 
as occurring two to four times per week; and 1 = rarely, defined as 
occurring zero to one time per week). Normative data (i.e., means 
and standard deviations) are available for each of the domains, 
from which T-scores can be calculated for ease of interpretation. 
Generally, T-scores between 60 and 64 are considered higher than 
average and may indicate slightly more concerns than is typical; 
those between 65 and 69 are notably elevated and border clinical 
significance, while those above 70 warrant clinical concern. For 
total sleep problems, a cutoff point of 41 has been established; scores 
over 41 indicate clinically significant sleep problems, while scores 
below 41 reflect sleep behavior within normal limits (44). With the 
use of this cutoff point, psychometric properties are acceptable, 
with a sensitivity estimate of .80 and a specificity estimate of .72. 
Assigning severity to total sleep problems has been inconsistently 
performed across studies. Of note, however, a previous large-scale 
study (i.e., N > 1,000) described scores from 41 up to 55 as mild to 
moderate and scores above 56 as moderate to severe, which were 
obtained by calculating the 75th percentile/fourth quartile (28). 
While all variables in this study were analyzed in continuous form, 
these descriptive categories were adopted to describe variability 
among individuals where significant interactions were revealed 
(i.e., to interpret the “pick a point” output from simple slopes 
analyses and zones of significance produced by the Johnson–
Neyman technique at a clinically meaningful level; see Data 
Analysis section for further details).

The Child Behavior Checklist (CBCL)
The CBCL was administered to measure problem behavior. 
Given that primary-school-aged children were recruited to 
the study, two forms were required to capture the age ranges, 
the 1.5–5-year-old form (45) and the 6–18-year-old form (46). 
The 1.5–5-year-old form consists of 100 age-relevant items, 
whereas the 6–18-year-old form consists of 113 age-relevant 
items. Parents were required to rate the degree to which each 
of the items applied to their child over the past 6 months using 
a three-point Likert scale (i.e., 0 = not true, 1 = somewhat/
sometimes true, and 2 = very/often true). Each of these forms 
summarizes child emotional and behavioral problems into 
measures of internalizing problems, externalizing problems, 
and total problems. The total problem T-score was used for the 

purposes of this study with T-scores at or above 70 taken to 
reflect “clinically significant” problem behavior. Given the broad 
range of emotional and behavioral problems captured by the 
CBCL, it should be noted that individuals with problems at this 
level may meet criteria for comorbid diagnoses such as anxiety, 
depression, conduct disorder, ODD, and/or ADHD. In terms of 
psychometrics, the CBCL is a widely used well-validated measure 
that has been adequately shown to discriminate between clinical 
and non-clinical behavioral problems (87% accuracy for school-
aged forms; 84% accuracy for pre-school form).

Procedure
Ethics approval was obtained through Deakin University Human 
Research Ethics Committee and the Victorian Department of 
Education and Training. In accordance with the Declaration of 
Helsinki, parents formally provided informed consent, while 
children gave verbal assent. Following the consent process, parents 
were asked to complete a brief survey consisting of demographic 
questions (e.g., date of birth) and medical history (e.g., details of 
diagnoses and health services attended). They then completed the 
VABS-3 to provide information on their child’s level of functioning. 
Given that the data for this study were collected as part of a larger 
longitudinal project involving direct child measures, parents and 
children physically attended testing sessions. In most cases, parents 
completed the SRS-2, CSHQ, and CBCL during the session, while 
their child engaged in motor and cognitive tasks relevant to the 
broader project. If this was not possible (e.g., school-based testing 
sessions or insufficient time to complete measures), parents were 
permitted to complete the questionnaires in their own time and 
return them to the researchers, either at the initial session or after 
the session by reply-paid envelope. In cases where parents were 
unable to complete the questionnaires prior to or at the session, 
they were encouraged to complete the questionnaires and return 
by post at their earliest convenience.

Data Analysis
To characterize the sample, descriptive statistics were conducted 
for 1) level of adaptive functioning (VABS-3), 2) ASD severity 
(SRS-2), 3) problem behavior (CBCL), and 4) sleep disturbance 
(CSHQ). Correlations among these variables were also conducted. 
A moderation analysis was then run to examine whether the 
relationship between ASD symptom severity and problem behavior 
varied as a function of the participants’ level of accompanying 
sleep disturbance. Follow-up moderation analyses were conducted 
to explore the most relevant types of sleep disturbance. All data 
were analyzed using IBM SPSS Statistics Version 21, with the 
assistance of the PROCESS macro (47). All variables were mean  
centered for analysis, and the HC3 (Davidson–MacKinnon) 
heteroscedasticity-consistent inference applied. Where 
moderation was found, the main analysis was followed by simple 
slopes analysis and then the Johnson–Neyman technique to 
identify the true zone of significance. Given the relatively small 
sample, a power analysis was conducted to ensure our approach 
for the main moderation analysis. Assuming the following 
parameters - large effect size, α error probability of .05, and power 
of .80 - a total sample size of 36 was required.
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RESULTS

Sample Characteristics and Correlations
The sample was exclusively male, and ages ranged from 5.02 to 
12.87, with an M of 8.23 and SD of 2.12. Table 1 includes detailed 
information on participant characteristics, including level of 
functioning (VABS-2), ASD severity (SRS-2), problem behavior 
(CBCL), and sleep (CSHQ). Table 2 further displays correlations 
among these variables.

Total Sleep Problems as a Moderator
The overall linear model revealed that ASD symptom severity 
(SRS-2 total score), total sleep problems (CHSQ total score), 
and their interaction significantly predicted level of problem 
behavior (CBCL total score), F(3, 36) = 10.90, p < .001, R2 = .55. 
Individually, ASD symptom severity predicted level of problem 
behavior, b = .36, t = 2.90, p = .006 [.11, .62], as did total sleep 
problems, b = .48, t = 4.45, p = .001 [.26, .69]. Most importantly, 
the interaction between ASD symptom severity and total sleep 
problems bordered significance, b = −.02, t = −2.00, p = .05 [−.04, 
−.0003], indicating that the relationship between ASD symptom 
severity and problem behavior differs depending on the degree of 
accompanying sleep disturbance present.

A follow-up simple slopes analysis revealed that the 
relationship between ASD symptom severity and problem 

behavior was only significant for those in the sample with no 
sleep problems (i.e., estimated at a score of 38.50), b = .57, t = 
3.04 p = .004 [.19, .95], or mild sleep problems (i.e., estimated at a 
score of 48.18), b = .36, t = 2.90, p = .006 [.11, .62]. For individuals 
with moderate-to-severe sleep problems (i.e., estimated at a score 
of 57.86), the relationship between ASD symptom severity and 
problem behavior was not significant, b = .16, t = 1.20, p = .24 
[−.11, .43]; rather, the degree of problem behavior was high at all 
severities of ASD. See Figure 1. The Johnson–Neyman technique 
further clarified the zone of significance was from a total sleep 
score of 36.00 (lower bound of data) to 53.92. The relationship 
between ASD severity and problem behavior was no longer 
significant for individuals in the sample with total sleep scores 
above 53.92.

Contribution of Specific Sleep Problems
Table 3 summarizes the linear models examining the relationship 
between ASD symptom severity and problem behavior as moderated 
by each of the specific sleep domains: 1) bedtime resistance, 2) sleep 
onset delay, 3) sleep duration, 4) sleep anxiety, 5) night waking, 
6) parasomnias, 7) disordered breathing, and 8) daytime sleepiness.

As is evident from Table 3, sleep duration, disordered breathing, 
and daytime sleepiness were found to significantly moderate the 
relationship between ASD symptom severity and problem behavior. 
To detail the nature of these interactions, the sections below outline 
the simple slopes analyses and Johnson–Neyman results.

Moderating Effect of Sleep Duration
Simple slopes analysis revealed that the relationship between ASD 
symptom severity and problem behavior was only significant for 
those who had no problems with sleep duration (i.e., estimated 
at a T-score of 46.00), b = .55, t = 3.21 p = .003 [.20, .89], or few 
problems with sleep duration (i.e., estimated at a T-score of 
59.53), b = .35, t = 2.62, p = .01 [.08, .62]. For individuals who 
had clinically significant problems with sleep duration (i.e., 
estimated at a T-score of 78.86), the relationship between ASD 
symptom severity and problem behavior was not significant, 
b = .07, t = .43, p = .67 [−.27, .41]; rather, the degree of problem 
behavior was high at all severities of ASD. The Johnson–Neyman 
technique further clarified the zone of significance was from a 
T-score of 46.00 (lower bound of data) to a T-score of 65.15. 
The relationship between ASD symptom severity and problem 
behavior was no longer significant for individuals in the sample 
with a T-score above 65.15.

TABLE 1 | Participant characteristics.

M SD Range

Age
Adaptive functioning
 ABC composite
 Communication
 Daily living
 Social skills
ASD severity
 SRS-2 total
 Social awareness
 Social cognition
 Social communication
 Social motivation
 RRB index
 SCI index
Problem behavior
 Internalizing
 Externalizing
 Total CBCL problems
Sleep disturbance
 Bedtime resistance
 Sleep onset delay
 Sleep duration
 Sleep anxiety
 Night wakings
 Parasomnias
 Sleep-disordered breathing
 Daytime sleepiness
 Total CSHQ

8.23

72.98
75.85
74.75
72.35

76.93
73.40
73.53
75.18
68.75
77.70
75.55

63.93
61.78
66.75

57.65
62.58
59.53
60.88
62.75
67.60
53.98
56.90
48.18

2.12

8.85
12.02
11.95
10.17

9.30
10.41
10.77
10.51
10.71
8.68
9.56

9.89
11.43
9.38

15.41
16.88
19.33
16.38
18.97
19.38
17.99
10.08
9.68

5.02–12.87

54–89
46–105
52–95
49–91

56–90
48–90
53–90
51–90
48–90
53–90
54–90

41–82
33–83
46–83

44–97
45–83

46–110
44–99

44–100
41–113
46–141
44–91
36–72

All of the above, with the exception of age and total CSHQ, have been calculated based on 
T-scores. Total CSHQ is based on raw data with a clinical cutoff point of 41 (see Measures 
section for further information).

TABLE 2 | Correlations.

Age ABC 
composite

SRS-2 
Total

Total 
CBCL

Total 
CSHQ

Age 1
ABC Composite −.32* 1
SRS-2 total .04 −.54** 1
Total CBCL .06 −.12 .57** 1
Total CSHQ .01 −.19 .43** .62** 1

**p < .01, *p < .05.
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Moderating Effect of Disordered Breathing
A similar pattern of findings was evident for disordered breathing. 
Simple slopes analysis revealed that the relationship between ASD 
symptom severity and problem behavior was only significant 
for those who had no problems with disordered breathing (i.e., 
estimated at a T-score of 46.00), b = .68, t = 4.45, p <.001 [.37, .99], 
or very few problems with disordered breathing (i.e., estimated at a 
T-score of 53.97), b = .51, t = 3.89, p <.001 [.24, .77]. For individuals 
who had clinically significant problems with disordered breathing 
(i.e., estimated at a T-score of 71.96), the relationship between ASD 
symptom severity and problem behavior was not significant, b = .12, 
t = .77, p = .45 [−.20, .44]; again, the degree of problem behavior 
was high at all severities of ASD. The Johnson–Neyman technique 
further clarified that the zone of significance was from a T-score of 
46.00 (lower bound of data) to a T-score of 64.90. The relationship 
between ASD symptom severity and problem behavior was not 
significant for individuals in the sample with a T-score above 64.90. 
It was, however, noted that the relationship became significant 
again for those with very high T-scores above 117.26.

Moderating Effect of Daytime Sleepiness
As per sleep duration and disordered breathing, simple slopes 
analysis revealed that the relationship between ASD symptom 
severity and problem behavior was only significant for those 
who had no problems with daytime sleepiness (i.e., estimated 

at a T-score of 46.82), b = .75, t = 4.59, p < .001 [.42, 1.08], or 
few problems with daytime sleepiness (i.e., estimated at a T-score 
of 56.90), b = .45, t = 3.59, p = .001 [.20, .71]. For individuals 
who had borderline clinically significant daytime sleepiness (i.e., 
estimated at a T-score of 66.98), the relationship between ASD 
severity and problem behavior was not significant, b = .16, t = .86, 
p = .40 [−.22, .53]; rather, the degree of problem behavior was 
high at all severities of ASD. The Johnson–Neyman technique 
revealed a zone of significance from a T-score of 44.00 (lower 
bound of data) to a T-score of 62.15. The relationship between 
ASD severity and problem behavior was no longer significant for 
individuals in the sample with a T-score above 62.15.

DISCUSSION

This study aimed to examine the influence of accompanying 
sleep disturbance on the established relationship between ASD 
symptom severity and problem behavior in ASD. Although a 
significant literature exists on the relationships between ASD 
severity, sleep disturbance, and problem behavior, relatively 
little is known about whether ASD severity is related to problem 
behavior comparably across individuals with varying degrees of 
accompanying sleep disturbance (i.e., none, mild, and moderate 
to severe). The current study employed a series of moderation 

FIGURE 1 | Relationship between ASD symptom severity (i.e., SRS-2 score) and problem behavior (i.e., total CBCL score) as moderated by degree of sleep 
disturbance (i.e., total CSHQ score).
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analyses to explore this and revealed that the relationship 
between ASD severity and problem behavior varied significantly 
depending on the degree of accompanying sleep disturbance 
present. For individuals with no sleep disturbance or mild sleep 
disturbance, ASD symptom severity and problem behavior 
were positively related. For these individuals, having milder 
ASD symptoms was associated with significantly fewer problem 
behaviors; it was only those with the most severe ASD symptoms 
who experienced problem behavior that reached clinical levels. In 
contrast, ASD symptom severity and problem behavior were not 
related in individuals with moderate-to-severe sleep disturbance; 
rather, these individuals exhibited clinically significant problem 
behavior regardless of whether they had mild, moderate, or severe 
ASD symptoms. This suggests that individuals with moderate-to-
severe sleep disturbance in addition to an ASD, of any severity, 
are likely to experience problem behavior at levels high enough 
to warrant clinical attention. This is in contrast to those with 

milder sleep disturbance or no sleep disturbance who appear 
incrementally more likely to experience clinically significant 
problem behavior as ASD symptom severity increases.

These findings complement the broader literature in this area 
and, importantly, offer novel information regarding the complex 
interaction between ASD symptom severity and accompanying 
sleep disturbance. Many researchers have previously acknowledged 
that there is a relationship between ASD symptom severity and 
problem behavior (24, 35–38), and while our results mirror this 
argument in individuals with no significant sleep disturbance 
and milder sleep disturbance, we did not find evidence of this 
relationship for those with moderate-to-severe sleep disturbance. 
This revelation is novel and emphasizes that the relationship 
between ASD symptom severity and problem behavior may be 
more nuanced than previously described.

To extend our findings and gain further insight into whether 
specific types of sleep problems influence the relationship between 

TABLE 3 | Linear models summarizing the relationship between ASD symptom severity and problem behavior as moderated specific sleep disturbances.

Model b SE t p CI

1 Constant
ASD severity
Bedtime resistance
ASD severity × bedtime resistance
Note. F(3,36) = 12.60, p < .001, R2 = .51

66.94
.50
.24

−.01

1.10
.13
.06
.01

61.08
3.83
3.82
−.90

<.001
<.001
<.001

.37

[64.72, 69.16]
[.23, .76]
[.11, .37]

[−.02, .01]

2 Constant
ASD severity
Sleep onset delay
ASD severity × sleep onset delay
Note. F(3,36) = 7.89, p < .001, R2 = .36

67.06
.63

−.09
−.01

1.41
.13
.09
.01

47.58
4.73

−1.04
−.48

<.001
<.001

.31

.63

[64.20, 69.92]
[.36, .90]

[−.26, .09]
[−.03, .02]

3 Constant
ASD severity
Sleep duration
ASD severity × sleep duration
Note. F(3,36) = 9.32, p < .001, R2 = .42

68.00
.35
.22

−.01

1.22
.13
.08
.01

55.66
2.62
2.90

−2.26

<.001
.01
.006
.03

[65.52, 70.48]
[.08, .62]
[.07, .38]

[−.03, −.002]

4 Constant
ASD severity
Sleep anxiety
ASD severity × sleep anxiety
Note. F(3,36) = 8.54, p < .001, R2 = .45

66.84
.54
.18

−.01

1.19
.13
.06
.01

56.40
4.10
2.86

−1.50

<.001
<.001
.007
.14

[64.43, 69.24]
[.27, .81]
[.05, .30]

[−.02, .004]

5 Constant
ASD severity
Night waking
ASD severity × night waking
Note. F(3,36) = 11.44, p < .001, R2 = .54

66.81
.50
.23

−.002

1.13
.16
.05
.01

59.22
3.21
4.42
−.28

<.001
.003

<.001
.78

[64.52, 69.10]
[.18, .82]
[.12, .34]

[−.02, .01]

6 Constant
ASD severity
Parasomnias
ASD severity × parasomnias
Note. F(3,36) = 7.62, p < .001, R2 = .48

67.27
.45
.20

−.01

1.25
.14
.08
.01

53.86
3.08
2.38

−1.12

<.001
.004
.02
.27

[64.74, 69.81]
[.15, .74]
[.03, .37]

[−.03, .01]

7 Constant
ASD severity
Disordered breathing
ASD severity × disordered breathing
Note. F(3,36) = 9.32, p < .001, R2 = .42

67.88
.51
.24

−.02

1.22
.13
.09
.01

55.48
3.89
2.69

−3.16

<.001
<.001

.01
.003

[65.39, 70.36]
[.24, .77]
[.06, .41]

[−.04, −.01]

8 Constant
ASD severity
Daytime sleepiness
ASD severity × daytime sleepiness
Note. F(3,36) = 9.66, p < .001, R2 = .43

67.60
.45
.31

−.03

1.28
.13
.15
.01

52.61
3.59
2.12

−2.46

<.001
.001
.04
.02

[65.00, 70.21]
[.20, .71]
[.01, .60]

[−.05, −.005]
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ASD symptom severity and problem behavior, we conducted a 
series of follow-up moderation analyses, considering each sleep 
domain in turn: bedtime resistance, sleep onset delay, sleep 
duration, sleep anxiety, night waking, parasomnias, disordered 
breathing, and daytime sleepiness. Some sleep domains revealed 
a similar pattern of results to the overall sleep model, whereby 
the relationship between ASD symptom severity and problem 
behavior was only apparent for those with no sleep problems 
or milder sleep problems, whereas other domains revealed that 
the relationship between ASD symptom severity and problem 
behavior was similar across all levels of sleep disturbance (i.e., 
none, mild, and moderate to severe). More specifically, there 
was evidence that ASD symptom severity and degree of sleep 
disturbance in each of the following areas—bedtime resistance, 
sleep anxiety, night waking, and parasomnias—individually 
predicted level of problem behavior. The relationships were all 
positive and indicated that individuals with more severe ASD 
symptoms or a higher degree of sleep disturbance in these specific 
domains were likely to experience greater problem behaviors. 
There was no evidence of moderation in these domains, which 
suggests that having milder ASD may be of some benefit when 
sleep problems manifest as bedtime resistance, sleep anxiety, 
night waking, and parasomnias.

Sleep onset delay showed a similar pattern to domains 
described above; however, for this domain, only ASD symptom 
severity predicted problem behavior. The severity of sleep onset 
delay itself did not reach significance, nor was there any evidence 
of moderation. One consideration here is that delayed sleep 
can occur for a variety of reasons, which may affect the overall 
quantity and quality of sleep to different degrees. Sleep latency 
may be extended as a consequence of other problems such as 
bedtime resistance, sleep anxiety, or sleep associations (18), and 
when evaluating how problematic delayed sleep may be for an 
individual, it is important to consider not only the cause but also 
whether sleep is adequately maintained after onset and whether 
overall duration is sufficient.

The results from the remaining three sleep domains revealed 
sleep duration, disordered breathing, and daytime sleepiness 
as significant moderators of the relationship between ASD 
symptom severity and problem behavior. Unlike the total sleep 
score on the CSHQ, means and standard deviations are available 
for the individual domains, and thus conversion to T-scores was 
performed for ease of interpretation (see Measures section for 
further details). For sleep duration, disordered breathing, and 
daytime sleepiness, the relationships between ASD severity and 
problem behavior were positive and significant up to a T-score 
of 65, 64, and 62 on the sleep scales, respectively.1 When the 
degree of sleep disturbance in these domains exceeded these 
T-scores, the relationship between ASD severity and problem 
behavior was no longer significant. Notably, each of these values 
is above normative limits and approaching clinical significance. 
These findings suggest that when problems with sleep duration, 

1As previously indicated, generally, T-scores between 60 and 64 are considered 
higher than average and may indicate slightly more concerns than is typical; those 
between 65 and 69 are notably elevated and border clinical significance, while 
those above 70 warrant clinical concern.

disordered breathing, and daytime sleepiness reach more 
significant levels, ASD symptom severity appears less relevant. 
While there was also some evidence of significance at very high 
levels of disordered breathing (T-scores exceeding 117), further 
investigation is required to examine the nature of this relationship 
given that relatively few participants scored in this range in the 
current cohort.

As per the broader results, the domain analyses both 
complement and extend the existing literature in this area. In 
particular, the bedtime resistance, sleep anxiety, night waking, 
and parasomnias results align closely with studies that have 
presented ASD severity (24, 35–38) or accompanying sleep 
disturbance (23, 25, 27, 29, 33) as key factors influencing problem 
behavior. They also align closely with studies that have indicated 
a relationship between severity of sleep disturbance and degree 
of problem behavior [e.g., Refs. (28, 29)]. As for sleep duration, 
disordered breathing, and daytime sleepiness, the results do not 
necessarily contradict the existing literature, but they do clarify 
that the association typically observed between ASD symptom 
severity and problem behavior varies as a function of how severe 
an individual’s difficulties are with sleep duration, disordered 
breathing, or daytime sleepiness. They further clarify that 
high levels of these specific sleep problems are associated with 
clinically significant problem behavior even in individuals with 
milder ASD. Research into the types of sleep disturbance that 
may be most important to consider in the context of problem 
behavior is still being investigated. While some connection can be 
drawn between the domains that emerged in this study and those 
of existing studies [e.g., Refs. (15, 19, 34)], direct comparison 
and further progress are limited by the way in which researchers 
conceptualize and measure sleep disturbance. There appears to 
be little consensus among methods of determining severity and 
significant overlap in the breakdown of sleep domains captured 
both within and between different measures.

While the results and implications of this study are novel and 
clinically relevant, they do need to be interpreted with some 
degree of caution until they are able to be replicated. The study 
is limited by its relatively small sample size and large age span. 
Due to recruitment methods, and the nature of the broader study, 
the sample was exclusively male, which, on the one hand, may be 
considered a strength given the frequent differences in abilities and 
behaviors observed between males and females with ASD but, on 
the other hand, limits generalizability. This factor also limited how 
much information we were able obtain around medications and 
interventions that may have been prescribed to help manage sleep 
disturbance in the sample. The potential influence of these factors 
is important to consider and should be examined in future related 
research wherever feasible. It is also important to note that while 
ASD symptom severity and accompanying sleep disturbance are 
important factors that appear to explain a very significant portion 
of variance, they are not the only factors that have the potential 
to influence problem behavior. Another broad consideration to 
keep in mind with research of this nature is that the relationships 
between these variables are complex and unlikely to be 
unidirectional. While the rhetoric developed in this paper focused 
on the effect that ASD symptom severity and sleep disturbance 
may have on problem behavior, there is also literature to indicate 
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that sleep disturbance may elevate ASD symptom severity (23, 
39–41) and a possibility that problem behavior may exacerbate 
difficulties with sleep. Future research aimed at capturing the 
broad range of (dis)abilities across the spectrum will enable us to 
further our understanding of how core factors and comorbidities 
affect different individuals and may improve our ability to predict 
outcomes and long-term functioning. We suggest sleep as a key 
avenue to continue this endeavor, particularly given that problems 
are potentially treatable with behavioral sleep interventions, light 
therapy, and/or pharmacological options, and when identified 
for treatment can have reaching, positive consequences for an 
individual’s functioning [e.g., Ref. (48)].

In sum, key findings from this study indicated a positive 
relationship between ASD severity and problem behavior for 
individuals with no sleep disturbance or milder sleep disturbance, 
yet no significant relationship between ASD symptom severity 
and problem behavior for those with moderate-to-severe sleep 
disturbance. Clinically significant problem behavior was apparent 
across all individuals with moderate-to-severe sleep disturbance 
regardless of their ASD symptom severity, and this pattern was 
particularly apparent for sleep duration, disordered breathing, 
and daytime sleepiness. Overall, the findings highlight the 
variability among individuals with ASD and demonstrate that 
profiling individuals on the basis of their sleep habits may help 
to identify those who are most likely to experience clinically 
significant problem behavior. More broadly, the findings also 
seem to suggest that those with one clinically significant issue 
(i.e., sleep disturbance) may be more vulnerable to other clinically 
significant issues or comorbid conditions (e.g., psychopathologies 
such as anxiety and depression) and reinforce the need for careful 
assessment and early intervention.
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