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Background: Behavioural sleep problems are common in children with autism spectrum disorder (ASD); however,
evidence for the efficacy of behavioural sleep interventions is limited. This study examined the efficacy of a brief
behavioural sleep intervention in autistic children. It was hypothesised that the intervention would reduce overall
child sleep problems (primary outcome), in addition to improvements in children’s social, emotional, cognitive,
academic functioning, and quality of life, and parent/caregivers’ stress, quality of life, and mental health (secondary
outcomes). Methods: A randomised controlled trial was conducted with participants randomised via a computer-
generated sequence to the sleeping sound intervention (n = 123) or treatment as usual (n = 122) group. Participants
comprised 245 children with an ASD diagnosis. Inclusion criteria were as follows: confirmation of DSM IV or DSM-5
diagnosis of ASD, participants aged between 5 and 13 years and parent/caregiver report of moderate–severe sleep
problems. Exclusion criteria were as follows: parent/caregiver intellectual disability or lacking sufficient English to
complete questionnaires; and child participant with co-occurring medical conditions known to impact sleep. The
intervention group received the sleeping sound intervention (2 9 50-min face-to-face sessions plus follow-up phone
call) by a trained clinician. Results: Change in children’s sleep problems was measured by the Children’s Sleep
Habits Questionnaire (CSHQ) at 3 months post randomisation. Parents/caregivers of children in the intervention
group reported a reduction in child sleep problems at 3 months post randomisation (effect size: E.S �0.7). There were
also small effects in a number of child (internalising symptoms, emotional behavioural disturbance and quality of life)
and parent/caregiver (mental health, parenting stress and quality of life) outcomes; however, these did not remain
significant when controlling for multiple comparisons. Conclusions: The sleeping sound ASD intervention is an
efficacious and practical way to reduce sleep problems for autistic children. This brief behavioural intervention has
the potential to be embedded easily into the Australian healthcare system. Keywords: Autism spectrum disorders;
sleep; treatment trial; RCT design; intervention.

Introduction
Autism spectrum disorder (hereafter ‘autism’1) is
estimated to affect at least 1% of people worldwide
(Fombonne, 2018). Core symptoms include social
communication disturbance and restricted and
repetitive behaviours (American Psychiatric Associ-
ation, 2013). Autism is also associated with many
other psychological (e.g., anxiety disorder and atten-
tion deficit/hyperactivity disorder [ADHD]), neuro-
logical, and medical conditions (Matson, Matson, &
Beighley, 2011; Simonoff et al., 2008). Approxi-
mately 40–80% of children with autism experience
behavioural sleep difficulties (Malow & McGrew,

2008; Souders et al., 2009), the most common being
difficulties with sleep onset (e.g., settling and falling
asleep), sleep maintenance (e.g., frequent night
wakings), and reduced sleep duration (Richdale &
Schreck, 2009). Although the aetiology of sleep
problems is unclear, biopsychosocial factors are
indicated (Richdale & Schreck, 2009).
While pharmacological interventions such as mel-

atonin are commonly prescribed to assist families in
reducing sleep problems, the National Institute for
Health and Care Excellence (NICE) guidelines rec-
ommend behaviourally based sleep interventions as
a first-line treatment (NICE, 2013). Nevertheless,
empirical evidence for the efficacy of behavioural
sleep interventions in autistic children is limited.
Systematic reviews highlight inconclusive findings,Conflict of interest statement: No conflicts declared.
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attributed to methodological heterogeneity across
studies (e.g., differences in length of intervention,
outcome measures, and assessment of sleep prob-
lems), lack of rigorous randomised controlled trials
(RCTs), and inconsistency in the evaluation of
secondary child and family outcomes (Beresford et
al., 2018; Pattison, Papadopoulos, Marks, McGilliv-
ray, & Rinehart, 2020; Rigney et al., 2018; Scantle-
bury et al., 2018).

Three randomised controlled trials have explored
behavioural interventions for sleep problems in
children with autism. Adkins et al., (2012) found
no effect on children’s sleep problems using a brief
psychoeducational intervention (n = 18) delivered
via a pamphlet on insomnia compared to a control
group (n = 18) 2 weeks postintervention. Johnson et
al. (2013), using an individualised behavioural sleep
programme (n = 15), found significant improvements
in sleep problems with small-to-medium effects
compared to a comparison group (n = 18) receiving
psychoeducational material over an 8-week period.
Malow et al. (2014) reported large and significant
effects in improving sleep problems as well as
improvements in child (behavioural functioning and
quality of life) and parenting (sense of competence)
outcomes for both an individualised (n = 41) and
group-based (n = 39) behavioural sleep intervention
1-month postintervention, although this study did
not include a control group. These mixed findings
indicate the need for larger and more rigorous
studies.

In 2018, we conducted a pilot study that involved
reanalysis of our sleeping sound with ADHD trial
data (Hiscock et al., 2015) of a brief behavioural
sleep intervention in a sample of 61 children aged 5–
13 years with a co-occurring diagnosis of autism and
ADHD (Papadopoulos, Sciberras, Hiscock, Mulra-
ney, et al., 2019). The purpose of the reanalysis was
to examine whether the intervention was also
effective in treating sleep problems in a subgroup of
children with co-occurring ADHD and ASD. The
sleeping sound intervention (Hiscock et al., 2015),
initially designed for typically developing children
(Quach, Hiscock, Okoumunne, & Wake, 2011),
tailors behavioural sleep strategies to the family over
two face-to-face sessions and a follow-up phone call
with a clinician. Children (n = 28) who received the
sleeping sound intervention showed sleep improve-
ments at 3 (moderate-to-large effect size; �0.7) and 6
(moderate effect size; �0.5) months postrandomisa-
tion compared with treatment as usual (TAU)
controls (n = 33). Families in the intervention group
also reported improvements in psychosocial func-
tioning at 3 and 6 months postrandomisation with
small-to-moderate effect sizes reported across all
psychosocial measures.

The present study aimed to investigate the efficacy
of the sleeping sound intervention in reducing sleep
problems in a RCT of children with a primary
diagnosis of autism (aged 5–13 years) compared

with TAU controls receiving standard clinical or
community care. Secondary aims included investi-
gating the impact of the intervention on children’s
social, emotional, cognitive and academic function-
ing, and quality of life, and parent/caregivers’ stress,
quality of life, and mental health. We hypothesised
that children receiving the sleeping sound interven-
tion would show reduced overall sleep problems at
3 months (primary outcome), as well as improve-
ments in secondary outcomes measuring child and
parent/caregiver outcomes (see Table 1), compared
with the TAU group.

Methods
The study protocol is published (Papadopoulos, Sciberras,
Hiscock, Williams, et al., 2019) and the trial is registered with
the International Trial Registry (ISRCTN14077107). Human
Research Ethics Committees from the Royal Children’s Hospi-
tal Melbourne (36154), Deakin University (2017-130), Victo-
rian Department of Education and Early Childhood
Development (2016_003134) and the Catholic Education
Office Melbourne (0501) approved this study.

Study design and criteria

This RCT was conducted at Deakin University and The Royal
Children’s Hospital, Melbourne, Australia. Children aged 5
through 13 years were recruited from referrals from Victorian
paediatric clinics (50%, n = 122) and by advertising in clinical,
research, and community networks (50%, n = 123). Inclusion
criteria were as follows: (i) written evidence of a clinically
confirmed, DSM IV or DSM-5 multidisciplinary diagnosis of
ASD or confirmation by the treating paediatrician; (ii) clinical
cut-off score ≥ 11 for ASD symptom severity on the Social
Communication Questionnaire–Lifetime form (Rutter, Bailey,
& Lord, 2003); (iii) a parent/caregiver-reported moderate-to-
severe behavioural sleep problem persisting for ≥ 4 weeks; and
(iv) at least one parent/caregiver-reported child sleep problem
for chronic insomnia and/or delayed sleep–wake phase as
defined by the International Classification of Sleep Disorders–
Third-Edition diagnostic criteria (American Academy of Sleep
Medicine, 2014).

Exclusion criteria were as follows: parent/caregiver-
reported child intellectual disability, co-occurring medical
condition known to impair sleep (e.g., epilepsy, blindness,
traumatic brain injury, and neuropsychiatric disorders such
as Tourette’s syndrome), genetic conditions related to intellec-
tual impairment (e.g., Down Syndrome, Tuberous Sclerosis,
Fragile X, and rare genetic abnormalities affecting brain
development), or suspected obstructive sleep apnoea (OSA).
Children presenting with other chronic conditions that had the
potential to affect sleep were screened by a study paediatrician
and excluded if appropriate. Parents/caregivers of children
with suspected OSA (as indicated by parent endorsement of
three Sleep Disordered Breathing items on the Children’s Sleep
Habits Questionnaire) were asked to complete further assess-
ment with a study paediatrician over the phone to ascertain
eligibility. In a clinical interview, children with current
symptoms of OSA such as snoring, apnoea, daytime tiredness,
and a history of recurrent upper airways disease were excluded
from the study and referred to their community paediatrician
for further clinical investigation and treatment. After approx-
imately 6 months, families were followed up by a study
paediatrician to ascertain if they were eligible to participate
(i.e., if OSA symptoms have resolved and the child continues to
have ongoing sleep problems). Parents/caregivers lacking
sufficient English to complete the study questionnaires were
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also excluded. Children taking melatonin and other medica-
tions remained in the trial if they met all other inclusion
criteria. Participants in the TAU group received standard
services and support currently available in the community.
There are currently no ‘standard’ services/interventions avail-
able in Australia for children with ASD who have sleep
disorders. Web-based ‘tip sheets’ are available on the topic of
ASD sleep management, but these are currently of varying
quality and are based on psychoeducation related to promoting
healthy sleep practices.

Procedure

Parents/caregivers who registered interest in the study
completed a screening questionnaire with a member of the
research team via telephone to confirm eligibility. Eligible and
interested parents/caregivers were then asked to complete a
consent form, provide confirmation of ASD diagnosis from their
paediatrician where applicable, and complete a baseline

survey. Surveys were completed on REDCap, a secure research
database, or hardcopy at baseline and 3 and 6 months
postrandomisation. Researchers contacted the child’s nomi-
nated school teacher to collect teacher-reported data if the
parent/caregiver consented (n = 228 parent/caregiver consent
for teacher contact; n = 158 teacher data collected) (See
CONSORT flow diagram, Figure 1). Cognitive testing was
completed at 6 months postrandomisation during a face-to-
face assessment with the child. Assessments took approxi-
mately 60 min to complete, and took place across several
locations in Victoria (The Royal Children’s Hospital in Mel-
bourne, Deakin University campuses in Burwood and Geelong,
or a home visit if preferred by parents/caregivers).

Measures

Outcomemeasures are summarised in Table 1. Measures were
administered at baseline, 3 and 6 months postrandomisation.
The primary outcome measure was children’s sleep problems

Table 1 Study outcome measures, measured at baseline, 3 months, and 6 months

Primary Outcome: Child
Overall child sleep problems
Children’s Sleep Habits Questionnaire (CSHQ). Thirty-three-item parent report validated measure of sleep that can distinguish
clinical from community samples. Provides a measure of total sleep problems and eight subscale scores reflecting major
behavioural sleep disorders (bedtime resistance, sleep onset delay, sleep duration, sleep anxiety, night waking, parasomnias,
sleep disordered breathing, and daytime sleepiness).

Secondary Outcomes: Child
Sleep Hygiene
Sleep Hygiene Scale. Six-item study developed parent report measure adapted from the Bedroom Routines Scale (see Sciberras,
Song, Mulraney, Schuster, & Hiscock, 2017) and considers existence of set routines before bed and regular bed time, where the
child falls asleep, and whether potentially distracting or stimulating items are present in the child’s bedroom. Each item is
dichotomised and scored to give a composite score. Higher scores indicate poorer sleep hygiene.

Daytime Sleepiness
Teacher Daytime Sleepiness Questionnaire. 10-item validated teacher report scale of daytime sleepiness at school.
Emotional and behavioural problems
Developmental Behavioural Checklist (DBC).a Ninety-six-item parent report measure of emotional and behavioural disturbance in
children. Provides a rating of overall behavioural disturbance and five subscales: disruptive/antisocial behaviour, self-absorbed,
communication disturbance, anxiety, and ASD social relating.

Strengths and Difficulties Questionnaire (SDQ), parent and teacher versions. Twenty-five items assessing the following subscales:
hyperactivity/inattention, conduct problems, emotional symptoms, peer relationship problems, and prosocial behaviour.

Social communicative symptoms
Social Communication Questionnaire (SCQ) Current. Forty-item parent report measure of ASD symptoms in past 3 months to
measure change in ASD social communication symptoms over time.

Cognitive performanceb

NIH Toolbox. Cognitive Domain Tasks to assess cognitive functioning. iPad administered assessment of executive function,
attention, episodic/working memory, processing speed, language abilities, new learning, and reading.

Academic achievementb

Two subtests from the Wide Range Achievement Test (WRAT) assessing spelling and math computation skills.
School attendance
Parent report of whether or not their child had missed school over the preceding 3 months, and the number of days missed school
during that period.

Quality of life
Child Health Utility 9D (CHU9D). Nine-item parent proxy measure of child quality of life.
Secondary Outcomes: Parent
Stress
Parenting Stress Index 4SF (PSI-4SF). Thirty-six-item measure of parenting stress. Provides a measure of total parenting stress
and three subscales reflecting the major sources of parenting stress (parental distress, difficult child, and parent–child
dysfunctional interaction).

Mental Health
Kessler 10 (K10). A 10-item validated measure of adult psychological distress.
Quality of Life
Assessment of Quality of Life (AQoL4D). Twelve-item measure of parent quality of life.
Work attendance
Parent report of whether or not they had missed paid work over the preceding 3 months in order to care for their child, and the
number of hours of missed from paid work during that period.

aMeasured only at baseline and 6 months postrandomisation.
bMeasured only at 6 months postrandomisation.
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as measured by the CSHQ at 3 months postrandomisation.
Secondary outcome measures included parent and child
quality of life; child social, emotional, cognitive, and academic
functioning; child sleep hygiene and daytime sleepiness; child
school attendance; parent work attendance; and parent stress
and mental health.

Randomisation and masking

After completion of the baseline survey, 247 participants were
cluster randomised (according to family unit) to the interven-
tion (INT) group or the TAU control group. Two participants
were excluded postrandomisation as they were found to not
meet diagnostic inclusion criteria postenrolment. An indepen-
dent researcher allocated participants using a computer-

generated randomisation sequence with 1:1 ratio between
groups and blocks of randomly varying size (4, 6, and 8).
Randomisation was stratified by parent-reported child gender.
Families with siblings enrolled in the study were randomised in
sequence based on the return of the primary caregiver baseline
surveys, with all subsequent siblings allocated to the same
treatment group arm (INT = 10 pairs, TAU = 9 pairs). Selected
members of the research team, the statistician, and chief
investigators were blinded to group allocation.

Intervention description

The sleeping sound intervention involved children and par-
ents/caregivers attending two consecutive 50-minute face-to-
face sessions and a follow-up phone call after the second face-

* Includes 428 participants who registered interest via opt in recruitment approach, and 67 participants who
were contacted via the opt out recruitment method. See protocol paper Papadopoulos et al. BMJ Open 2019
for further details.

Paediatricians recruited (n = 31)

Letter sent to eligible families
(n = 1689)

Families registered interest in study 
(n = 487)

Families informed of study by 
online and traditional advertising 

(n = x)

Assessed for eligibility (n = 495)*

Not eligible (n = 218)
- ASD diagnositic criteria n=35
- SCQ n=24
- Sleep diagnostic criteria n=5
- Sleep problem severity n=101
- Age n=19
- Intellectual disability n=17
- Obstructive sleep apnoea n=8
- Medical condition n=4
- English proficiency n=3
- Not in Victoria n=1
- Identical twin of participant n=1

Declined (n = 59)

Sent consent and baseline survey  
(n = 277)

Did not return consent or 
baseline survey (n = 30)

Randomised (n = 247)

Allocated to Intervention (n = 123) Allocated to Treatment As Usual (TAU) 
(n = 124)

Complete 1 session (n = 116)
Complete 2 sessions session (n = 110)

Complete follow-up call (n = 102)
Fail to complete intervention (n = 21)

3 months (post-intervention)
Complete (n = 98)
Withdrew (n = 2)

Lost to follow-up (n = 23)

6 months
Complete (n = 90)
Withdrew (n = 3)

Lost to follow-up (n = 32)

3 months 
Complete (n = 105)
Withdrew (n = 0)

Lost to follow-up (n = 17)

6 months
Complete (n = 89)
Withdrew (n = 3)

Lost to follow-up (n = 32)
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Figure 1 Flow of participants. * Includes 428 participants who registered interest via opt-in recruitment approach, and 67 participants
who were contacted via the opt-out recruitment method. See protocol paper Papadopoulos et al. BMJ Open 2019 for further details
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to face session, all at 2-week intervals, delivered by a clinician
(e.g., paediatrician or psychologist) experienced in working
with children with autism. Prior to delivery of the intervention,
all clinicians received training on paediatric sleep management
over two 3-hr interactive sessions. To ensure the fidelity of the
programme, clinicians followed a standardised manual and
met fortnightly to discuss any clinical issues. The first
intervention session focused on assessing the type and likely
cause of the child’s specific sleep difficulties through parent
and child report and setting goals in relation to these.
Clinicians provided families with psychoeducation about
normal sleep patterns, their child’s specific sleep problem(s),
and developing healthy sleep practices. Parents and children
were then invited to choose from a suite of behavioural sleep
strategies to develop an individualised sleep management plan
that was tailored to the child’s needs and the family’s capacity
for implementation. Clinicians recommended strategies for
particular behavioural sleep disturbances, such as bedtime
fading for delayed sleep phase and prolonged night waking,
graduated extinction (e.g., camping out or parental checking)
for children needing parental presence at sleep time, and the
use of a ‘bedtime pass’ for bedtime resistance. Individually
tailored strategies were based on interventions used in the
previous sleeping sound with ADHD trial (Hiscock et al., 2015).
Adaptations to the intervention materials were made to
facilitate delivery of the intervention for children with autism.
These included the development of a range of visual tools (e.g.,
visual sleep schedules and social scripts) to reinforce learning.
Parents were given written information sheets to support the
discussion and sleep diaries to monitor their child’s progress.
The second session was used to reinforce sleep strategies,
monitor sleep patterns (by reviewing a sleep diary), and to
address any implementation difficulties reported by parents/
caregivers. Parents and children were given the option to try
other strategies from the recommended list if they encountered
difficulties with implementation. A follow-up phone call
2 weeks later provided further support and an opportunity to
reinforce strategies. The face-to-face sessions took approxi-
mately 50 min to complete, while the follow-up phone call was
completed in approximately 30 min. Compliance with the
intervention was assessed by documenting if participants
attended all three intervention sessions (See Papadopoulos,
Sciberras, Hiscock, Williams, et al., 2019).

Sample size

Required sample size was powered for a 0.5 standardised mean
difference at 3 and 6 months postrandomisation for the
primary outcome (a more conservative estimate than found in
our pilot study), with alpha set at .05 (two tailed), power = .80,
and allowances of 20% attrition due to loss of participants to
follow-up and corrections in effective sample size attributable
to clustering effects of individual and paediatrician (Papado-
poulos, Sciberras, Hiscock, Williams, et al., 2019). On this
basis, we aimed for 117 participants per group at baseline (234
children in total).

Statistical analysis

Analyses were undertaken using Stata version 16 and
conducted on an intention-to-treat basis, with participant data
included as per initial treatment group allocation. Linear
mixed models were used for continuous outcomes; count-
based outcomes (days off work and time missed from school)
were modelled using mixed-effects negative binomial models to
account for positive skew in these variables. Changes over time
in outcome variables were modelled in the same model by
regressing outcome scores onto dummy variables reflecting
baseline versus 3-month follow-up and baseline versus 6-
month follow-up time points. The interaction between these

dummy variables and group thus tested group differences in
change in variables over time. Although our protocol proposed
that the repeated time points of data (Level 1) may exhibit
clustering effects by individual (Level 2) and also by family
and/or treating paediatrician (Level 3), in most instances the
random effects for family unit and paediatrician did not
significantly deviate from 0 based on comparison of log
likelihood values for models with and without random
intercepts at Level 3. Thus, with the exception of outcomes
that had a significant random intercept for family unit or
paediatrician, outcomes were tested with two-level mixed
models, where data at each time point were clustered by
individual for within-participant effects.

Models are reported in unadjusted form, as well as adjusting
for covariates identified a priori: parent-reported child gender,
age, ASD symptom severity, medication use, and socioeco-
nomic status (SES). Analyses for primary and secondary
outcomes were rerun per protocol, excluding intervention
participants who failed to complete all treatment modules.
Consistent with our protocol, primary outcomes were tested
with unadjusted p values, whereas p values reported for
secondary outcomes were corrected for risk of Type I error
inflation using the Benjamini–Hochberg approach (Benjamini
& Hochberg, 1995).

In these models, missing data were handled using condi-
tional maximum likelihood estimation. However, as this
approach makes an untestable assumption that missingness
is ignorable, sensitivity analyses were conducted to evaluate
robustness of attained results to possible presence of non-
ignorable patterns of missingness (i.e., not missing at random;
NMAR). Pattern mixture models via the Mimix package (Cro,
Morris, Kenward, & Carpenter, 2016) were used for sensitivity
analysis. Several plausible NMAR patterns were tested with
Mimix: (a) last mean carried forward, which imputes the mean
at the previous time point from one’s assigned group; (b) jump
to reference, in which an individual’s missing data are imputed
with the mean value from the control group at that time point;
and (c) copy increments in reference, in which an individual’s
missing data are imputed with the mean increment from the
previous time point for the control group regardless of
treatment assignment at baseline. Interim missingness (i.e.,
when a participant misses a time point but returns for a later
wave) was treated as MAR, which is a reasonable assumption
for intermittent response rather than complete dropout (Cro et
al., 2016). Fifty imputations were undertaken per model.

Results
Baseline characteristics

Table 2 describes baseline characteristics postran-
domisation for the two groups. Overall, most chil-
dren were male; were using prescription sleep
medication (e.g., melatonin); and most primary
caregivers identified as female. Many participants
had at least one parent/caregiver-reported co-
occurring diagnosis. Between-group differences were
nonsignificant, except that participants in the inter-
vention group were younger (t = 2.73, p = .01).

Primary outcomes: Child sleep problems

As shown in Table 3, at 3 months postrandomisa-
tion, the unadjusted and adjusted mean group
differences in severity of child sleep problems were
significant for the majority of the CSHQ subscales
with most p values ≤.001 and E.S moderate to large.
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Effect sizes for CSHQ subscale scores were as
follows: bedtime resistance (E.S �0.50), sleep onset
delay (E.S �0.87), sleep duration (E.S �0.55), and
total CSHQ score (E.S �0.70). Smaller, but still
significant effects were found for sleep anxiety (E.S
�0.41), night waking (E.S �0.32) and parasomnias
(E.S �0.48).

All effects remained significant at 6 months
postrandomisation, with the exception of daytime
sleepiness (p = .69). These effects remained signifi-
cant after adjusting for covariates, with the excep-
tion of daytime sleepiness at 3 months (p = .09).
Furthermore, results that were significant in
adjusted analyses tended to remain significant in
sensitivity analyses, with two exceptions: (a) the
significant effect of sleep onset delay at 6 months
was nonsignificant in one of the three NMAR
analyses (p = .07); and (b) the significant effect of
parasomnias at 6 months was nonsignificant in one
of the three NMAR analyses (p = .08). Thus, conclu-
sions based on significance tests remain largely
consistent following adjustment for covariates and

possibility of plausible nonignorable missing data
patterns.

Secondary outcomes

Child outcomes. Table S1 shows effects of treat-
ment on secondary outcomes, with Table S2 provid-
ing subscale scores. In the adjusted analysis, none of
the effects were significant. This is not only a
function of correcting for multiple comparisons but
also small effect sizes. When we did not adjust for
multiple comparisons, the following child secondary
outcomes were significant at 3 months (SDQ sub-
scale: emotional problems and child quality of life)
and 6 months (DBC total; DBC subscales; disrup-
tive/antisocial behaviours; self-absorbed; and anxi-
ety and SDQ: emotional problems)
postrandomisation. Significant parent/caregiver
outcomes at 3 months postrandomisation included:
psychological distress (K10), parental distress (PSI
total score); PSI subscales: parenting distress (PD);
difficult child (DC); parent–child dysfunctional

Table 2 Sample characteristics of participants. Values are numbers (percentages) unless stated otherwise

Characteristic
Intervention group

(n = 123) Control group (n = 122) Comparison

Children
Age in years, M (SD), range 8.45 (2.10), 5.09-13.01 9.18 (2.10), 5.28-13.18 t = 2.73, p = .003
Parent-reported gender (F:M) 43 (35%):80 (65%) 41 (34%):81 (66%) v2(1) = 0.05, p =

.823
ASD symptom severity, M (SD), range (SCQ–Lifetime
Score)

14.11 (5.82), 3-29 14.65 (5.69), 3-29 t = 0.73, p = .233
20.27 (5.83), 11-34 20.01 (5.12), 11-33 t = �0.36, p = .642

Prescription medication useb

Sleep medication 66 (57%) 51 (47%) v2(1) = 2.10, p =
.147

Stimulant medication 11 (10%) 18 (15%) v2(1) = 1.48, p =
.223

Parent-reported comorbidities:
Anxiety disorder 53 (43%) 63 (52%) v2(1) = 1.80, p =

.180
Attention deficit/hyperactivity disorder 44 (36%) 52 (43%) v2(1) = 1.21, p =

.272
Oppositional defiant disorder 10 (8%) 14 (11%) v2(1) = 0.78, p =

.378
Depressive disorder 2 (2%) 2 (2%) v2(1) = 0.00, p =

.993
Primary Caregiver
Age in years, M (SD), range 41.02 (4.80), 29.32,

54.08
41.87 (5.52), 26.15-
52.42

t = 1.28, p = .101

Female 119 (97%) 115 (94%) v2(1) = 0.88, p =
.348

Education v2(1) = 0.85, p =
.653

Did not complete high school 11 (9%) 15 (12%)
Completed high school only 29 (24%) 30 (25%)
Completed tertiary study 83 (67%) 77 (63%)

Single parent household 23 (19%) 34 (28%) v2(1) = 2.88, p =
.089

Family socioeconomic disadvantagea, M (SD), range 1029.80 (55.08), 795-
1116

1036.83 (54.85), 795-
1117

t = 1.00, p = .159

aParticipants only reported prescription medication use.
bSEIFA (postcode) data.

© 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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interaction (PCDI); and difficult child (DC) subscale
of the PSI at 6 months postrandomisation. It should
be noted that effect sizes reported for the secondary
outcomes mentioned above were typically small (as
defined by a Cohens d > 0.2) (Please see Tables S3
and S4 for secondary outcome results not adjusted
for Type 1 error inflation).

Per-protocol analyses

Analyses for primary and secondary outcomes were
rerun, excluding individuals in the intervention
group who failed to complete all components of the
treatment. As compliance levels were high, this
resulted in 102 (83%) individuals from the interven-
tion arm retained for per-protocol analyses.

Some results that were significant for the sample
overall were nonsignificant for the reduced sample:
(a) intervention effects at 3 months were nonsignif-
icant for parent/caregiver-rated SDQ internalising
subscale (unadjusted model), K10 (adjusted and
unadjusted model), PSI PD subscale (unadjusted
and adjusted models), and parent/caregiver’s qual-
ity of life (unadjusted model); and (b) intervention
effects at 6 months were nonsignificant for CSHQ
onset delay (covariate adjusted model) (See Table S2
for full set of results for per-protocol analyses).

Discussion
This brief behavioural sleep intervention, tailored to
the child’s needs, effectively reduced sleep problems
at 3 and 6 months postrandomisation in a sample of
primary school-aged autistic children. We also found
small effects in improvements in several child
(internalising symptoms, emotional behavioural dis-
turbance, and quality of life) and parent/caregiver
(mental health, parenting stress, and quality of life)
outcomes, although when adjusting for multiple
comparisons these secondary effects did not remain
significant.

The large effect sizes related to improved sleep
problems in this study are comparable to the results
of previous trials of behavioural and melatonin-
based treatments for sleep problems in autism
(Malow et al., 2014; Papadopoulos, Sciberras, His-
cock, Mulraney, et al., 2019). Consistent with our
previous work evaluating sleeping sound (Papado-
poulos, Sciberras, Hiscock, Williams, et al., 2019),
we observed a reduction in effect sizes at 6 months
postrandomisation. This drop off in effect warrants
consideration of a booster session at 6 months
follow-up to reinforce behavioural strategies and
maintain initial treatment gains.

Our study was not designed to compare melatonin
to a behavioural intervention or to assess whether
there is a combination effect of the two interventions.
As such, evidence for the optimal sequence or
combination of melatonin and behavioural interven-
tion is not available. However, children were not

excluded from our study if they were taking melato-
nin. As such, if melatonin therapy is used as first-
line therapy, sleep improvements should be moni-
tored, and behavioural therapy advised if sleep
problems persist. Ideally, behavioural therapies
should be offered first or as an adjunct therapy from
the commencement of melatonin. We adjusted a
priori based on variables that may hold prognostic
value, but these had negligible impact in the current
study, including ASD symptom severity. The lack of
effect of adjustment for ASD symptom severity in
particular is noteworthy, and may suggest that ASD
severity does not have a strong influence on change
in sleep behaviours over time. Furthermore, our
results indicated that children who participated in
our study already had good sleep hygiene prior to
taking part in the intervention, emphasising the
need for behavioural sleep interventions to address
sleep problems when healthy sleep habits have
already been implemented by families.

We found small effects for a number of secondary
child and parent outcome measures for children who
received the sleeping sound intervention. These
findings are consistent with previous sleep interven-
tions (both behavioural and pharmacological) that
show improvement in child and parent functioning
(Malow et al., 2012; Reed et al., 2009). Given our
results did not remain significant when adjusting for
multiple comparisons, further research in larger
adequately powered samples is needed to confirm
the stability of these findings and to better under-
stand the exact mechanisms that may underlie the
differential impact of behavioural sleep interventions
on child and parent outcomes for autistic children.

Our study has several strengths. It is the largest
RCT examining a brief behavioural sleep treatment
in primary school-aged children with autism with
moderate-to-severe sleep problems. Participants
were from a community sample and, thus, unlike
some other studies, we did not exclude children with
common co-occurring conditions (e.g., ADHD) or
those taking commonly prescribed psychotropic
medications, including melatonin and stimulants.
Clinically, the sleeping sound protocol is easy to
learn and to deliver. The clinicians delivering the
intervention had general skills in using behavioural
strategies, but no experience in sleep interventions
prior to the 6-hour training provided. Engagement of
both caregivers and children fostered persistence
with the programme and the involvement of children
in the selection and implementation of sleep strate-
gies helped mitigate the natural tendency of autistic
children to resist change. Finally, the relatively short
time frame of the protocol (4 weeks from first session
to follow-up phone call) had the advantage of
requiring less commitment from families to take part
in the programme.

Study limitations include the lack of an objective
sleep measure (e.g., actigraphy), although the CSHQ
has been found to be highly correlated with objective

© 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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measures (Souders et al., 2009). Reliance on an
unblinded, parent report-based primary outcome
measure may also have biased the results. Our
findings on child cognitive functioning and academic
achievement may be limited by the small number of
participants who completed a face-to-face assess-
ment at 6-month follow-up. This was largely attrib-
uted to participants being uncontactable to arrange
an appointment time, or declining to participate due
to reasons such as unavailability. The different
assessment settings (for cognitive testing) and dif-
ferent ways in which questionnaire data were
captured (online vs. in person or hardcopy) may
have also impacted our results. The short time frame
of the intervention also meant any family disruptions
had a greater impact on implementation of the
intervention. Lastly, only a small number of families
were able to take part in this study, emphasising the
need for the development of ASD interventions that
enable increased reach and accessibility for ASD
children and families.

Future research investigating the administration
of the sleeping sound intervention online (via
telehealth) will improve accessibility of the inter-
vention to all families, especially those living in
rural and remote communities where access to
treatment is limited (Antezana, Scarpa, Valdespino,
Albright, & Richey, 2017), and in times of pan-
demics where families with autistic children may
experience an exacerbation of sleep problems
(Becker & Gregory, 2020; Panda et al., 2021).
Telehealth intervention delivery has grown expo-
nentially in Australia as a result of the current
pandemic (Taylor et al., 2021) and holds promise
for research and care in the autistic community
longer term (Ameis, Lai, Mulsant, & Szatmari,
2020), with research providing preliminary support
for this mode of intervention delivery (Ellison,
Guidry, Picou, Adenuga, & Davis, 2021). Large-
scale translation studies of the implementation of
the sleeping sound programme for autistic children
by health professionals are also needed. Follow-up
on this sample will also allow for an investigation of
the long-term benefits of the intervention, including
potential mediators and moderators of treatment

outcomes. Lastly, a planned health economic eval-
uation will make it possible to determine its cost
effectiveness.

It is increasingly recognised that behavioural sleep
problems are highly prevalent in autism and are
associated with poor child and family functioning.
Brief tailored behavioural sleep interventions such
as the sleeping sound intervention offer families safe,
nonstigmatised assistance in the treatment of sleep
problems, which can easily be embedded in the
Australian healthcare system.

Supporting information
Additional supporting information may be found online
in the Supporting Information section at the end of the
article:

Table S1. Secondary outcomes.

Table S2. Secondary subscale scores.

Table S3. Secondary outcomes not adjusted for multi-
ple comparisons.

Table S4. Secondary outcome subscale scores not
adjusted for multiple comparisons.
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Key points

� Behavioural sleep problems are common in children with autism, and behaviourally based sleep interventions
are recommended as a first-line treatment. However, evidence for the efficacy of behavioural sleep
interventions is limited.

� This large RCT (n = 245) found significant reductions in parent/caregiver-reported child sleep problems in the
intervention group at 3 months postrandomisation (effect size: �0.7). Additional improvements in child
outcomes (internalising symptoms, emotional behavioural disturbance, and quality of life) and parent/
caregiver outcomes (mental health, parenting stress, and quality of life) were found; however, these did not
remain significant when controlling for multiple comparisons.

� This brief behavioural intervention is an efficacious and practical way to reduce sleep problems, with the
potential to be embedded easily into the Australian healthcare system.
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Note

1Throughout this document “autism” is used as a
shorthand term for Autism Spectrum Disorder. To
reflect differing views on terminology among autistic
people and their families (Kenny et al., 2016), we use
both person first (“child/ren with autism”) and
identity first (autistic child/”) throughout this
document.
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