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Abstract

Children with autism spectrum disorders (ASD) are often reported to have more sleep deficits and
poorer sleep quality compared with children with typical development (TD). However, most
previous studies have serious methodological limitations, such as varying sample sizes in the
comparison groups, wide age range of participants, and body mass index (BMI) not matched
between participants. This study investigated whether sleep patterns differed between children with
ASD and those with TD using a carefully matched case-control design and incorporating both
actigraphy and sleep log assessments. A total of 78 children diagnosed with ASD were matched
with 78 TD controls in this study. The matched variables included age, gender, and BMI. The results
showed that children with ASD had shorter sleep duration, reduced sleep efficiency, longer sleep
onset latency, and longer wake after sleep onset than children with TD (ps < .05). Further studies
are needed to explore the mechanisms underlying these sleep deficits in children with ASD.
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Introduction

Autism spectrum disorder (ASD) is defined as a group of complex neurodevelopmental disorders
that often present at a young age (World Health Organization, 2016). The prevalence of ASD has
increased rapidly in recent years. In Hong Kong, the prevalence of ASD is reported at 14.6 per
1,000 children, and the trend of increasing prevalence is expected to continue (Centers for Disease
Control and Prevention, 2012). Children with ASD are characterized by significant impairments
in social interaction and communication (in varying degrees), accompanied by restricted and
repetitive patterns of behavior (American Psychiatric Association, 2016). Apart from these core
symptoms, sleep problems are also commonly reported among this population. The most
frequently reported sleep problems include sleep onset delays, night waking after sleep onset,
decreased total sleep duration, and decreased sleep efficiency (Elrod & Hood, 2015). Because
adequate sleep is critical for children’s brain development, concerns have been voiced about the
detrimental effect of sleep disturbance for children with ASD. EXxisting literature suggests that poor
sleep is associated with core ASD symptoms such as stereotypic behaviors (Park et al., 2012),
social and communication impairments (Richdale & Schreck, 2009; Taylor, Schreck, & Mulick,
2012), and other maladaptive behaviors (see Cohen, Conduit, Lockley, Rajaratnam, & Cornish,
2014 for a review). In addition, sleep problems in children with ASD have also been related to
poor sleep hygiene in their parents (Levin & Scher, 2016), which imposed a heavy overall family
burden .

When compared with children with typical development (TD), children with ASD tend to
have more sleep problems (Cortesi, Giannotti, Ivanenko, & Johnson, 2010). For example, the
prevalence of insomnia in children with ASD ranged from 60% to 80% (Goldman, Richdale,
Clemons, & Malow, 2012), which was two- to three-times greater than rates of insomnia in
children with TD (Calhoun, Fernandez-Mendoza, VVgontzas, Liao, & Bixler, 2014). In addition to
studies in Western countries, several studies have been conducted in Asian regions, where the
social culture and living environment differ from those in Western countries (Jose & Bellamy,
2012). For example, Hirata et al. (2016) noted that in Japan, children with ASD experienced
significantly more sleep problems (e.g., sleep apnea and parasomnias) compared with children
with TD; similar findings were also reported in studies from Taiwan (Chou et al., 2012), Korea
(Park et al., 2012), and China (Wang et al., 2016; Wang et al., 2013).



However, these previous studies had several methodological limitations that might affect
their conclusions. First, Wang et al. (2016) used retrospective parental reports, where the data for
ASD and TD children were collected in different years (2016 vs. 2013). Second, sample sizes
between children with ASD and children with TD in previous studies differed (e.g., Wang et al.,
2016, ASD:TD = 80:917; Hirata et al., 2016, ASD:TD = 193:965). Third, the wide age range of
participants in previous studies (e.g., Park et al., 2012, 3—15 years) may also be a confounder for
interpreting sleep patterns, as there may be age-related changes in sleep patterns throughout
childhood and adolescence (McLaughlin Crabtree & Williams, 2009). Moreover, most previous
studies used subjective measures, such as parent-reported questionnaires and scales (e.g., Hirata et
al., 2016; Park et al., 2012; Wang et al., 2013), and few studies used objective assessment (e.g.,
actigraphy, as in Surtees et al., 2019) to compare the sleep problems between ASD and TD groups.
Finally, none of the previous matched control studies matched participants’ body mass index (BMI)
between the two groups. This is a potential problem as BMI is a major contributor to sleep apnea,
which can decrease sleep efficiency (Zuckerman et al., 2014). In the present study, we addressed
these issues with a carefully matched case-control study design using both objective and subjective
sleep measurements (i.e., actigraphy and sleep log assessments) among children with ASD and TD

in Hong Kong.

Methodology

Participants

In total, 156 children (mean age = 10.05 years; standard deviation = 1.08 years) were recruited for
this matched case-control study. This group comprised 78 ASD cases and an equal number of TD
controls matched by age (8-12 years), gender, and BMI (£5%). Cases were defined as those
diagnosed with ASD by a psychiatrist based on the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (American Psychiatric Association, 2016), and recruited from five local
special schools for children with mild intellectual disability in Hong Kong. We excluded children
with one or more comorbid psychiatric disorders, complex neurological disorders (e.g., epilepsy,
phenylketonuria, fragile X syndrome, and tuberous sclerosis), or that took medication that may
affect sleep (e.g., melatonin supplements and anti-depressants). Information on the nonverbal 1Q
of each child with ASD was collected from their school records, based on assessment by

educational psychologists using the Wechsler Intelligence Scale for Children (Chinese revised)



(for more information see Gong & Cai, 1993). Children’s autism severity was determined with the
Social Responsiveness Scale, Second Edition (Constantino & Gruber, 2012).

Controls were defined as children with TD who did not have a previous medical history of ASD
(based on parental report), were healthy, and did not take any medicine during the study period. A
control child was selected for each ASD subject by matching their age, gender, and BMI. Control
children were recruited from 10 mainstream primary schools in Hong Kong. All participants were
living with their parents at home. This study was announced to all primary schools and special
schools for mild intellectual disability in Hong Kong through mass email. Written consent was
obtained from children’s parents or guardians. This study was approved by the relevant ethics

committee. Demographic data for the two groups are shown in Table 1.

<Table 1 is inserted here>

Procedure

Each child participated in a 1-week assessment, during which their habitual sleeping patterns were
assessed with an actigraphy accelerometer (ActiGraph Model GT3X) and a sleep log. Participants
were requested to wear a GT3X accelerometer on their non-dominant wrist for seven consecutive
days (from Monday to Sunday), and take it off only during bathing or water activity. Four sleep
parameters were measured: sleep efficiency (SE, actual sleep time divided by time in bed,
expressed as a percentage), sleep onset latency (SOL, length of time to fall asleep, expressed in
minutes), sleep duration (SD, expressed in hours), and wake after sleep onset (WASO, length of
time awake after initially falling asleep, expressed in minutes). The Sadeh algorithm was
implemented to identify sleep onset and sleep offset, where actigraphy data were translated into 1-
min sleep-wake epochs (Sadeh, Sharkey, & Carsksadon, 1994). For the sleep log assessment,
participants were assisted by their parents to recall specific sleep patterns (e.g., bedtime, sleep start,
sleep end, wake-up time, and sleep duration), and record them in a sleep log the next morning each

day for the duration of the assessment.

Data analysis
Actigraphy assessment parameters were averaged across the weekdays (Monday to Friday) and

the weekend (Saturday and Sunday) for each participant. Appropriate descriptive statistics were



used to summarize all study variables. Mann-Whitney and Wilcoxon signed-rank tests were used
for pair-wise between- and within-group comparisons. Spearman’s correlations were used to
determine the relationship between actigraphy assessments and sleep log for two sleep parameters
(SE and SD) to check the validity of the sleep log. All statistical analyses were conducted using
SPSS (version 23.0) for Windows (SPSS Inc., Chicago, IL, USA). P-values less than 0.05 were

considered statistically significant. The results are presented as mean (standard deviation).

Results

Actigraphy assessment: The Mann-Whitney tests indicated there were significant group
differences in SE, WASO, and SD during the weekday and weekend periods (all ps <.05). Children
with ASD had lower SE (ps < .05), longer WASO (ps < .001), and shorter SD (ps < .05) than
children with TD during the weekdays and weekend. For within-group comparisons, the Wilcoxon
signed-rank tests revealed there were significant differences in both WASO and SD between
weekdays and the weekend in each group (all ps < .05). Both the ASD and control groups had
shorter WASO (ps <.001) and longer SD during the weekend than during the weekdays (ps < .05).
However, there was no significant difference between weekdays and weekend in SE in either group

(ps > .05) (refer to Table 2 for more information).

Sleep log assessment: The Mann-Whitney tests revealed there were significant group differences
in SE (weekend), SOL (weekday and weekend), and SD (weekday) (all ps < .05). Compared with
the TD group, the ASD group had lower SE during the weekend (p = .02), longer SOL during both
weekdays and the weekend (ps < .001), and shorter SD during weekdays (p = .008). For within-
group comparisons, the Wilcoxon signed-rank tests showed there were significant differences in
SOL between weekdays and the weekend in both groups (all ps < .05). Both the ASD and control
groups had shorter SOL during the weekend than during weekdays (ps < .05). No significant
differences between weekdays and the weekend were found in SE and SD in either group (ps > .05)

(refer to Table 2 for more information).

Correlations between actigraphy assessment and sleep log: To check the validity of the sleep log
for children with ASD, the average values of the sleep parameters (i.e., sleep efficiency and sleep

duration) over the assessment period were determined. The correlation between the two



assessments on sleep efficiency and sleep duration were 0.24 (p = .04) and 0.60 (p = .001),
respectively.

<Table 2 is inserted here>

Discussion

The present study compared sleep quality profiles of children with ASD with carefully matched
(age, gender, and BMI) control children with TD drawn from normal mainstream schools.
Consistent with previous studies (Souders et al., 2017), children with ASD had lower sleep
efficiency, longer sleep onset latency, longer awake time after sleep onset, and shorter sleep
duration (by nearly an hour) than children with TD, regardless of whether it was a weekday or the
weekend. These findings confirmed that children with ASD had poorer sleep quality than children
with TD.

As shown in Table 2, the SD in children with ASD and children with TD was significantly
longer during weekend. A possible explanation for this is that children were free from schooling
during weekend, and therefore could sleep for a longer duration. This weekend catch-up sleep
phenomenon was also observed in a recent local territory-wide study (Huang et al., 2019), where
children had sufficient sleep on weekends and holidays but not weekdays. Nevertheless, the
amount of sleep in children with ASD was still considered inadequate, even on the weekend.
According to a recent evidence-informed guideline on the recommended amount of sleep for
pediatric populations (Paruthi et al., 2016), children aged 6-12 years should have at least 9 hours
of sleep. In the present study, the average sleep duration of children with ASD on both weekdays
and the weekend (measured by different assessments) was less than 9 hours per night.

For the WASO and SOL sleep parameters, the present study revealed there were major
significant differences between weekdays and the weekend in both groups. Both groups showed
significant drops in WASO and SOL from weekdays to the weekend. This was particularly evident
in the control children with TD, where the WASO during weekdays dropped to almost half that
during the weekend. We suspected that academic stress may contribute to such differences. It is
generally believed that academic stress during weekdays would be higher than that during the
weekend. In Hong Kong, academic stress is regarded as a prominent source of stress for primary
school children (Leung, 2006), and studies have shown that it could negatively impact the
circadian rhythm (Van Reeth et al., 2000). Akerstedt, Kecklund, and Axelsson (2007) also



discovered that bedtime stress and worries could impair sleep with lower sleep efficiency and
increased WASO and SOL.. Because our participants were free from schooling during the weekend,
it is reasonable to believe that their academic stress and bedtime worries were lower and therefore
their WASO and SOL dropped significantly from the weekday values. Other conditions, such as
the potential increased physical activity level and natural sunlight exposure during the weekend,
may also play in arole in the significant drop of WASO and SOL over the weekend. Further studies
that investigate the influence of these factors are warranted.

We found moderate to strong correlations for sleep efficiency (0.24, p = .04) and sleep
duration (0.60, p =.001) measured by actigraphy assessment and sleep logs, respectively. Similar
to our previous study (Tse et al., 2019), these results suggested that both assessment methods could
be used interchangeably to measure the habitual sleep patterns of children with ASD. However,
compared with actigraphy assessment, parents’ reports tended to underestimate the sleep duration
of their children. This may be attributable to a general bias among parents. In Hong Kong, it is
common for parents to complain that their children did not have sufficient sleep because of
increased homework and extracurricular activities. We suspect that this general belief meant that
parents tended to be conservative in estimating the sleep duration of their children.

Despite the strengths of this study, several limitations require attention when interpreting
the results. First, we did not measure the 1Q of all participants in the present study, and therefore
could not determine whether any difference was due to intellectual disability. Future studies should
consider incorporating such measurement for all participants. Second, we did not collect any
information about after-school group therapy (e.g., occupational therapy, speech therapy, and
behavioral therapy) from the parents of children with ASD. Without this information, we did not
know if these activities could have affected our findings. Third, there was no comprehensive ASD
diagnosis for the ASD severity of participants; subsequent studies should consider using diagnostic
characterization (such as ADI-R and ADOS) to provide more comprehensive data on ASD severity.
Finally, there was no measurement to assure that none of the children with TD were on the ASD
spectrum, although oral reports were collected from their parents that none of these children were
diagnosed with ASD before this study.

Conclusions



The present study was the first large-scale matched case-control study comparing sleep patterns
between populations of children with ASD and TD in the Asian region using both objective and
subjective sleep assessments. The differences in sleep parameters between children with ASD and
children with TD shown in this study provide more evidence of sleep deficits in children with ASD.
It is therefore important to address this issue by investigating the underlying mechanisms of sleep
deficits in children with ASD, which may lead to development of effective treatments for these

problems.

Acknowledgments

The author would like to express his gratitude to Mr. Wesley Hui, and to the children who
participated in this study, along with participants’ teachers and parents for their support. The author
also thanks Audrey Holmes, MA, from Edanz Group (www.edanzediting.com/ac) for editing this

manuscript.

Conflicts of Interest
The author declares no potential conflicts of interest with respect to the research, authorship, and/or

publication of this article.

Funding
This project was financially supported by RGC’s Early Carecer Scheme (Ref no.: 28602517).


http://www.edanzediting.com/ac

References

Akerstedt, T., Kecklund, G., & Axelsson, J. (2007). Impaired sleep after bedtime stress and worries.
Biological Psychology, 76, 170-173.

American Psychiatric Association. (2016). Diagnostic and statistical manual of mental disorders:
DSM-5. Washington, DC: American Psychiatric Association.

Calhoun, S. L., Fernandez-Mendoza, J., Vgontzas, A. N., Liao, D., & Bixler, E. O. (2014).
Prevalence of insomnia symptoms in a general population sample of young children and
preadolescents: gender effects. Sleep Medicine, 15, 91-95.

Centers for Disease Control and Prevention, HKSAR (2012). Identified prevalence of autism
spectrum disorder. Retrieved from https://www.cdc.gov/ncbddd/autism/data.html

Chou, M.-C., Chou, W.-J., Chiang, H.-L., Wu, Y.-Y., Lee, J.-C., Wong, C.-C., & Gau, S. S.-F.
(2012). Sleep problems among Taiwanese children with autism, their siblings and typically

developing children. Research in Autism Spectrum Disorders, 6, 665-672.

Cohen, S., Conduit, R., Lockley, S. W., Rajaratnam, S. M. W., & Cornish, K. M. (2014). The
relationship between sleep and behavior in autism spectrum disorder (ASD): a review.
Journal of Neurodevelopmental Disorders, 6, 44.

Constantino, J., & Gruber, C. (2012). Social Responsiveness Scale (SRS-2). Toerrance, CA:
Western Psychological Services.

Cortesi, F., Giannotti, F., lvanenko, A., & Johnson, K. (2010). Sleep in children with autistic
spectrum disorder. Sleep Medicine, 11, 659-664.

Elrod, M. G., & Hood, B. S. (2015). Sleep differences among children with autism spectrum
disorders and typically developing peers: A meta-analysis. Journal of Developmental &
Behavioral Pediatrics, 36, 166-177.

Goldman, S. E., Richdale, A. L., Clemons, T., & Malow, B. A. (2012). Parental sleep concerns in
autism spectrum disorders: variations from childhood to adolescence. Journal of Autism
Developmental Disorders, 42, 531-538.

Gong, Y. X., & Cai, T. S. (1993). The Wechsler Intelligence Scale for Children revised in China
(C-WISC). Hunan: Hunan Maps Press.

Hirata, 1., Mohri, 1., Kato-Nishimura, K., Tachibana, M., Kuwada, A., Kagitani-Shimono, K, . . .

Taniike, M. (2016). Sleep problems are more frequent and associated with problematic


https://www.cdc.gov/ncbddd/autism/data.html

behaviors in preschoolers with autism spectrum disorder. Research in Developmental
Disability, 49, 86-99

Huang, W. Y., Wong, S. H. S, Sit, C. H. P., Wong, M. C. S,, Sum, R. K. W., Wong, S. W. S, &
Yu, J. J. (2019). Results from the Hong Kong’s 2018 report card on physical activity for
children and youth. Journal of Exercise Science & Fitness, 17, 14-19.

Jose, P. E., & Bellamy, M. A. (2012). Relationships of parents’ theories of intelligence with
children’s persistence/learned helplessness: A cross-cultural comparison. Journal of
Cross-Cultural Psychology, 43, 999-1018.

Leung, P. W., Kwong, S. L., Tang, C. P., Ho, T. P., Hung, S. F., Lee, C. C, ... Liu, W. S. (2006).
Test-retest reliability and criterion validity of the Chinese version of CBCL, TRF, and YSR.
Journal of Child Psychology and Psychiatry, 47, 970-973.

Levin, A., & Scher, A. (2016). Sleep problems in young children with autism spectrum disorders:
A study of parenting stress, mothers’ sleep-related cognitions, and bedtime behaviors. CNS
Neuroscience & Therapeutics, 22, 921-927.

McLaughlin Crabtree, V., Williams, N. A. (2009). Normal sleep in children and adolescents. Child
and Adolescent Psychiatric Clinics of North America. 18, 799-811.

Park, S., Cho, S.-C., Cho, I. H., Kim, B.-N., Kim, J.-W., Shin, M.-S, . .. Yoo, H. J. (2012). Sleep
problems and their correlates and comorbid psychopathology of children with autism
spectrum disorders. Research in Autism Spectrum Disorders, 6, 1068-1072.

Paruthi, S., Brooks, L. J., D’Ambrosio, C., Hall, W. A., Kotagal, S., Lloyd, R. M, ... Wise, M.
S. (2016). Recommended amount of sleep for pediatric populations: A consensus
statement of the American Academy of Sleep Medicine. Journal of Clincial Sleep
Medicine, 12, 785-786.

Richdale, A. L., & Schreck, K. A. (2009). Sleep problems in autism spectrum disorders:
Prevalence, nature, & possible biopsychosocial aetiologies. Sleep Medicine Review, 13,
403-411.

Sadeh, A., Sharkey, K. M., & Carskadon, M. A. (1994). Activity-based sleep-wake identification:
An empirical test of methodological issues. Sleep, 17.

Souders, M. C., Zavodny, S., Eriksen, W., Sinko, R., Connell, J., Kerns, C, . . . Pinto-Martin, J.
(2017). Sleep in children with autism spectrum disorder. Current Psychiatry Reports, 19.



Surtees, A. D. R., Richards, C., Clarkson, E. L., Heald, M., Trickett, J., Denyer, H, . .. Oliver, C.
(2019). Sleep problems in autism spectrum disorders: A comparison to sleep in typically
developing children using actigraphy, diaries and questionnaires. Research in Autism
Spectrum Disorders, 67, 101439.

Taylor, M. A., Schreck, K. A., & Mulick, J. A. (2012). Sleep disruption as a correlate to cognitive
and adaptive behavior problems in autism spectrum disorders. Research in Developmental
Disability, 33, 1408-1417.

Tse, C. Y. A, Lee, H. P., Chan, K. S. K., Edgar, V. B., Wilkinson-Smith, A., & Lai, W. H. E.
(2019). Examining the impact of physical activity on sleep quality and executive functions
in children with autism spectrum disorder: A randomized controlled trial. Autism, 23,
1699-1710.

Van Reeth, O., Weibel, L., Spiegel, K., Leproult, R., Dugovic, C., Maccaria, S. (2000) Interactions
between stress and sleep: from basic research to clinical situations. Sleep Medicine Reviews,
4,201-2109.

Wang, G., Liu, Z., Xu, G., Jiang, F., Lu, N., Baylor, A., & Owens, J. (2016). Sleep disturbances
and associated factors in Chinese children with autism spectrum disorder: A Retrospective
and Cross-Sectional Study. Child Psychiatry & Human Developement, 47, 248-258.

Wang, G., Xu, G., Liu, Z,, Lu, N., Ma, R., & Zhang, E. (2013). Sleep patterns and sleep
disturbances among Chinese school-aged children: Prevalence and associated factors.
Sleep Medicine, 14, 45-52.

World Health Organization. (March 2016). Questions and answers about autism spectrum
disorders (ASD). Retrieved from http://www.who.int/features/qa/85/en/

Zuckerman, K. E., Hill, A. P., Guion, K., Voltolina, L., Fombonne, E. (2014). Overweight and

obesity: Prevalence and correlates in a large clinical sample of children with autism

spectrum disorder. Journal of Autism and Developmental Disorders, 44, 1708-1719.


http://www.who.int/features/qa/85/en/

	Andy - Title page_Autism
	1



