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ARTICLE INFO ABSTRACT

Keywords: Background: Sleep is crucial for child development, especially for children with ASD. While it is
Sleep known that children with ASD experience more severe sleep problems and that these problems
ASD

tend to persist compared to their typically developing counterparts, these findings tend to come
X . from only Western countries. A cross-cultural study is important to understand if the prevailing
Saudi Arabia . . . . .
United Kingdom understanding of sleep in children with ASD can be extended to different cultural backgrounds.
CSHO Aim: A cross-cultural study is conducted, involving typically developing children and children
Cross-culture with ASD aged 5-12 across two countries: Saudi Arabia and the United Kingdom.
Methods and procedures: Using a combination of questionnaires measuring ASD severity (CARS-2),
sleep quality (CSHQ), sociodemographic and lifestyle variables and sleep diaries, 244 children
were sampled using a mixture of snowball and convenience sampling methods.
Outcomes and results: Children with ASD experience more sleep problems compared to typically
developing children in Saudi Arabia, and these problems similarly persist across time. Specif-
ically, it was found that children with ASD in Saudi Arabia experience greater sleep onset latency
and a greater number of night awakenings. Additionally, across the ASD groups, it was found that
children from Saudi Arabia generally experienced poorer sleep than children in the United
Kingdom in terms of shorter sleep duration, although children in the United Kingdom tended to
report more instances of sleep anxiety and parasomnias.
Conclusions and implications: Several reasons such as parental education about sleep hygiene,
cultural influences and social hours were put forward as potential explanations for cross-cultural
differences. Findings served to emphasise the importance of culturally-appropriate interventions
and public education regarding child sleep.

Autism

1. Introduction

The prevailing theoretical proposition that sleep serves an important role in child development has been around for many decades
(e.g., Karmiloff-Smith, 2017). In fact, the National Sleep Foundation states that young children should spend more than half a day
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sleeping (Hirshkowitz et al., 2015). If sleep problems begin and persist from a young age, then these negative effects may compound
over time to worsen neuropsychological and behavioural functioning. Insufficient sleep leads to multiple problems with cognition,
behaviour, physical and mental health (Ashworth et al., 2014; Paiva et al., 2015; Pawl et al., 2013; Pulopulos et al., 2020; Shattuck
et al., 2018), especially for children with neurodevelopmental conditions (Cotton & Richdale, 2010; Esbensen & Schwichtenberg,
2016). Children with neurodevelopmental conditions such as Autism Spectrum Disorder (ASD) also tend to face more complex and
long lasting sleep problems. In a review by Cohen et al. (2014), it was found that sleep problems were present in 80% of children with
ASD, regardless of ASD severity. Children with ASD who experience sleep problems have more affective problems and poorer social
interactions (Malow et al., 2006; Veatch et al., 2017), indicating poorer outcomes when compared to other children with ASD who do
not experience sleep problems. Furthermore, unlike typically developing children whose sleep problems decrease as they grow older
(McVeigh et al., 2021; Sivertsen et al., 2017; Wang et al., 2016; Gregory & O’Connor, 2002), the same cannot be concluded about
children with ASD. Indeed, a meta-analysis conducted by Elrod and Hood (2015) found consistent differences in sleep trajectories
between typically developing children and children with ASD.

Despite the association established between ASD and sleep problems, current literature has room for development. This is because a
majority of sleep-related studies were carried out in Western countries (Henrich et al., 2010) and only a few in Asian countries (e.g.,
Hong Kong, Japan, Singapore). It is pivotal to understand sleep across different cultures and populations, because cultural and societal
norms have a strong influence in dictating appropriate sleep behaviour. For example, previous findings showed that typically
developing Singaporean children slept an average of 6.5 h per night, whereas typically developing children in Hong Kong and Turkey
had much longer sleep duration averaging approximately 9 h (Li et al., 2010; Sahin et al., 2009). In recent years, cross-cultural studies
have indicated that cultural factors play a role in sleep; however, this relationship is still poorly understood since methodologies used
across studies are inconsistent (Jeon et al., 2021). In Jeon et al., (2021) systematic review, studies focusing on child, parent and
environmental factors associated with sleep were examined. They concluded that several factors are country-specific and should be
considered as cultural factors associated with sleep. These factors included paternal education level, family composition, maternal
employment status and sleeping arrangement. Thus, more culturally-specific studies are required to investigate sleep and particularly
sleep in the context of ASD.

Middle Eastern countries such as Saudi Arabia (SA), when compared to Western countries, have several factors that make it difficult
to achieve sufficient sleep. Factors that are associated with later sleep times in the Middle East include religious ceremonies
(Bahammam, 2006), hot climates, and late opening times of social venues. However, to date, only one study in Riyadh, SA has
examined sleep duration in a large cohort (N = 1012) of typically developing school-aged children (BaHammam & AlFaris, 2006;
BaHammam, Al-Faris et al., 2006; BaHammam et al., 2006). Authors of this study designed a questionnaire on bedtimes, wake times,
night-time sleep duration, and daytime nap duration on weekdays and weekends. They reported a mean sleep time of 8 h and 40 min
during weekdays, which extended to a mean of 9 h and 50 min during weekends. However, when age was included as a covariate, sleep
duration decreased in older age groups. From this study, bedtime resistance, sleep onset delay, and screen time had been raised as
potential factors affecting sleep. While this seminal study allowed an insight into sleep behaviours of children in the Middle East, the
main limitation of this study was the use of an author-developed sleep questionnaire that omitted a validation process, in addition to a
lack of procedural details in the article. Moreover, only typically developing children were investigated in this study, and a lack of data
from other countries prevented a quantitative cross-cultural comparison between populations.

Therefore, the present study aims to profile sleep in both typically developing children and children with ASD in SA and to provide a
cross-cultural perspective between the Middle East and the West. To achieve this, the present study extends upon the methodology of
BaHammam and colleagues (2006a, b, c) by including two elements: (1) recruiting both typically developing children and children
with ASD, and (2) recruiting participants (both typically developing and with ASD) from both SA and the United Kingdom (UK) for a
final cross-cultural comparative analysis. It is hypothesised that due to the cultural differences between SA and UK, there will be
significant differences in sleep duration and other sleep parameters, where children from SA will experience poorer sleep as compared
to children from UK. Additionally, it is hypothesised that children with ASD will experience poorer sleep than typically developing
children, in alignment with existing literature.

2. Methodology

This study was approved by the University College London Institute of Education Research Ethics Committee (16682/001). All
participants gave written informed consent. Prior to their participation, the research team met with the participants to inform them of
their rights in relation to confidentiality, anonymity and withdrawal. Participants were also encouraged to ask questions prior to
providing consent. These steps were taken to ensure that caregivers and their children were aware of all procedural elements of the
study.

2.1. Participants

Participants from two countries, SA and UK, were recruited. A total of 244 parents of children aged between 5 and 12 years were
included (M = 8.74 years, range = 5.8-11.9 years), of which 157 children were male (i.e., 64.34% of the sample) and 116 children had
a diagnosis of ASD (i.e., 47.54% of the sample). The participant characteristics of each country are reported in the subsequent sections
below. Inclusion criteria were children and parents who were habitually living in SA or the UK for at least 5 years. Children should also
be aged between 5 and 12 years. This age range was selected as regular sleep habits should have been established by the age of 5 due to
the introduction of regular schooling. Exclusion criteria: children who had comorbid medical or psychiatric disorders (e.g., epilepsy,
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poorly controlled asthma or eczema, cyanotic heart disease, severe respiratory disease), or if they were taking hypnotics or medication
which were likely to interfere with their natural sleep architecture.

2.1.1. Participants from Saudi Arabia

As there were constraints regarding logistics, prevailing research practices and policy guidelines of SA, a majority of participants
recruited from SA were from the city of Riyadh, the capital of the country. This is because participants generally preferred not to
provide their responses online or via post due to privacy and data breach concerns. Therefore, the location of data collection was
restricted based on where the female researcher (W.B.E.) was able to travel without an escort.

ASD diagnosis of the child was verified in SA by a healthcare professional and is required for enrollment into ASD centres or schools,
typically using the Childhood Autism Rating Scale (CARS-2; Schopler et al., 2010). Parents of children with ASD were identified from
the contact lists provided by one large school and two ASD centres. At the time of the study, Saudi Arabia was undergoing a number of
major changes to develop centralised professional organisations linked to governmental bodies and create national health guidelines
similar to the NICE guidelines in the UK. Before these changes were realised, however, each ASD educational setting could only be
identified by the authors either through in-house websites or through word-of-mouth. Therefore, recruitment relied on search engines
and personal enquiries to find these educational settings. W.B.E. then contacted each institution individually over phone to obtain
permission to recruit participants for study from these institutions, but only the three organisations as mentioned above agreed to
participate in the study. Meetings and calls were conducted with the organisations to clarify any questions related to the studies before
recruitment was launched. Of the 92 parents who were identified and invited, 81 completed and returned all questionnaires, yielding
an overall response rate of 88.04%. Reasons for non-participation included participants who could not be contacted despite multiple
attempts to reach them (n = 8) and participants who declined participation (n = 3).

Parents of typically developing (TD) children were identified from the contact lists of mainstream schools and the Ministry of
Education. These schools were geographically located within a close proximity to the ASD schools and centres. Of the 89 parents who
expressed their initial interest in the study, 78 completed and returned all questionnaires, yielding an overall response rate of 86.67%.
Reasons for non-participation included participants who did not complete all questionnaire measures and were therefore excluded
from the final sample (n = 7) and participants who declined participation (n = 2). The remaining participants (n = 2) did not provide
any reason for study withdrawal.

The final sample from the SA population consisted of 81 children with ASD (mean age = 8.18, SD = 1.56 years; 67 males and 14
females) and 78 TD children (mean age = 9.09, SD = 1.78 years; 36 males and 41 females). Among the children with ASD, 50 (i.e.,
61.73%) had severe symptoms while 31 (i.e., 38.27%) had mild to moderate symptoms according to their CARS-2 scores. The full
demographic details are reported in Supplementary Information (Table S1). Parents of one child from the TD group failed to return a
completed medical history section of the questionnaire, and thus the data were available for 77 children out of 78 involved in this part
of the study (98.72%).

2.1.2. Participants from the United Kingdom

The recruitment of participants in the UK was carried out via online advertisements and snowball sampling methods (Jupp, 2006),
as well as through ASD-related social events organised by the Sleep Education and Research Laboratory (SERL). The data collection
took place only during the school term period from October 2018 to December 2019.

The final sample from the UK population consisted of 35 children with ASD (mean age = 9.21, SD = 1.97 years; 26 males and 9
females) and 50 TD children (mean age = 8.75, SD = 1.80 years; 28 males and 22 females). Among the children with ASD, 18 had
severe symptoms (i.e., 51%) while 17 (i.e., 49%) had mild to moderate symptoms according to their CARS-2 scores.

2.2. Materials

2.2.1. Demographic questionnaire

A demographic questionnaire was developed in-house by the SERL team to record information about the child, parental and
environmental factors based on frameworks described in Ashworth and colleagues (2015) and Mughal and colleagues (2020). The
questions included information about the child’s age, sex, child-related lifestyle variables such as number of snacks in a day, the
number of meals in a day, frequency and duration of screen time, and if any of the screen time activities occurred within 30 min before
the child’s bedtime. Also, information on parental education status and family composition (e.g., number of older or younger siblings)
were collected.

2.2.2. The childhood autism rating scale - second edition (CARS-2)

CARS-2 (Schopler et al., 2010) is a 15-item screening questionnaire that determines the severity of ASD symptoms using a
seven-point Likert scale, ranging from typical to atypical behaviour. Items include the following domains: relating to people, imitation,
emotional and intellectual responsiveness, body or object use, adaptation to change, sensory responses, verbal and non-verbal
communication, activity levels, and general observations. Scores range from 15 to 60 with 30 being the cut-off rate for a diagnosis
of mild autism. CARS-2 demonstrated moderate to good sensitivity and specificity (.81 and.79 respectively) and good internal con-
sistency (Cronbach’s alpha =.79). CARS-2 score higher or equals to 33 indicates possible ASD.

2.2.3. Children’s sleep habits questionnaire (CSHQ)
CSHQ (Owens et al., 2000) is a 33-item retrospective parent report which screens for common sleep problems in school-aged
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children. Parents indicate the frequency of various sleep related characteristics, using a Likert Scale with three options: ‘rarely/never’
for an event that occurs 0-1 times per week; ‘sometimes’ for an event that occurs 2-4 times per week; ‘usually’ for an event that occurs
between 5 and 7 times per week. Questions include occurrences of problems around bedtime routines, indications that the child is not
sleeping a normal amount, or indications that the child is waking during the night. Scores are added to yield scores on eight subscales:
bedtime resistance, sleep onset delay, sleep duration, sleep anxiety, night waking, parasomnias, sleep disordered breathing and
daytime sleepiness, as well as a total sleep disturbance score. The CSHQ is a widely used assessment tool in paediatric sleep, with high
internal validity and Cronbach’s alpha of.83. Owens and colleagues (2000) found that a cut-off score of 41 yielded the best diagnostic
confidence by correctly identifying 80% of the clinical sample. Within populations with ASD specifically, CSHQ has been used pre-
viously on children in the same age range (Johnson et al., 2012; Giannotti et al., 2011; Cortesi et al., 2010; Reed et al., 2009; Souders
etal., 2009; Malow et al., 2006; Couturier et al., 2005) with acceptable internal reliability within these samples (e.g., Cronbach’s alpha
=.68 in Johnson and colleagues’ (2012) study).

2.2.4. Sleep diary

As a means of supplemental data, caregivers completed a sleep diary for their child’s sleep for a period of one week (five
consecutive days of a school week). Further details, analysis and results from the sleep diary are presented in Supplementary Infor-
mation (Table S2).

2.2.5. Material translation from english to arabic

To our knowledge, at the time of the study, there were no studies that validated Arabic translations of the questionnaires. The
research team thus conducted the translation process of the above questionnaires and materials in line with the guidelines for cross-
cultural adaptation of self-report measures (Beaton et al., 2000). Firstly, all materials, including ethical documents, were translated
into Arabic by a certified translator with a degree in Arabic-English translation. Due to complexities related to Arabic grammar and the
style of Arabic writing, two other Arabic native speakers with PhD-level education were consulted to provide their expertise in
reviewing the translated versions of the documents. The Arabic translation of the materials was then back translated to English by a
different certified translator with a degree in Arabic-English translation. Once the back translation was completed, W. B. E. reviewed
all translated materials to determine if there were any discrepancies between the back translation and the original document. In the
instances where changes were required, further edits were carried out following the same procedure until the English and Arabic
versions were deemed equivalent. Finally, all original and translated questionnaires were piloted with four PhD students, two of whom
are Arabic native speakers and two English native speakers. Cronbach’s alphas for reliability were calculated and deemed satisfactory
(.73).

2.3. Procedure

Following participant recruitment as described above, caregivers were provided with a study information sheet and their fulfilment
of inclusion and exclusion criteria was verified. Then, participants gave written informed consent for their child to take part in the
study. Then, parents were provided with the questionnaires and sleep diary along with instructions for their completion. The total time
to complete all the questionnaires ranged from 20 to 25 min. The sleep diary was then brought home for completion. After a week, the
research team contacted the participants again to arrange for the sleep diary to be submitted.

2.4. Analytic plan

In cases where items were left blank or had arbitrary numbers (e.g., all “1”’s), it may not be possible to calculate subscale scores and
total scores for all variables for every participant. If one or more item response on a subscale was missing, then the subscale was not
calculated, and the participant was excluded from subsequent analysis.

Data were analysed using IBM SPSS version 26. Skewness and Kurtosis, Shapiro-Wilk tests of normality and a visual inspection of
histograms suggested that the data followed a non-normal distribution for the majority of variables in ASD samples. Cook’s distances
were used to identify outliers. Outliers are commonly observed in cases when data are gathered from or about children with devel-
opmental disorders. These outliers were then treated in one of two ways: (1) outliers were first removed to see if this changes the p-
value and effect sizes. If there was no change in results, then (2) outliers were included to provide a full picture of group variability.
This approach takes into account that data gathered from clinical groups is seldom normally distributed and transforming and/or
removing data points would not provide a true picture of the clinical group.

To investigate age-related effects on the questionnaire scores, Pearson’s product moment correlations were first used to establish
whether a relationship with age was present for the variable in question. If a relationship existed, age-related changes in performance
were investigated using the developmental trajectory approach described by Thomas and colleagues (2009). Specifically, ANCOVA or
MANCOVA models, where appropriate, with age as a covariate were created and group by age interactions were analysed. Variables
were treated as continuous where possible. Trajectories of the ASD group were then plotted and compared to the typically developing
trajectory to see whether or not the performance of these groups are similar (Annaz et al., 2008; Karmiloff-Smith et al., 2004; Thomas
etal., 2009). Effect sizes are displayed as partial eta squared (npz) and interpreted as small (.10 < np2 <.30), medium (.30 < np2 <.50),
or large (>.50), according to Cohen (2013).
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3. Results
3.1. Descriptive demographic statistics of saudi arabian participants

Table 1 provides detailed characteristics of data drawn from questions on the child’s lifestyle. There was no difference in the
distribution of meals consumed between the two groups (%(2) = 1.19, p = .82). However, it is important to note that 13.58% of
children with ASD and 16.67% of TD children were reported not to have regular meals. Also, a large majority of children in both groups
snack during the day, although they have similar distributions in the total number of snacks consumed in a day (y*(2) = 1.19, p = .75).

Questions related to screentime (i.e., amount of time spent watching TV/playing on the computer each school day and during the
weekends) revealed some interesting outcomes. Surprisingly, 8.64% of children with ASD had no screen time at all, in comparison to
5.13% of typically developing children. In the ASD group, 48.15% of children spent up to 2 h exposed to the screen, which was
significantly higher than the typically developing group (30.77%). In contrast, 29.49% of TD children had a screen time between 2 and
4 h, which was significantly higher than children with ASD (17.28%).

The next factor was related to exposure to screen time before bed (i.e., watching TV and/or videos 30 min before falling asleep).
Parents answered on a four-point scale as depicted in Table 2. It was noted that 30.86% of children with ASD did not watch TV in
30 min before bedtime, while 19.75% watched TV on a daily basis before bedtime. For typically developing children, these numbers
are significantly higher, with 25.64% of the children watching TV every night and only 19.75% who did were not exposed to screen
time before sleep at all.

A number of one-way ANOVA were also run on parental and familial factors (Table 2). Some interesting differences were observed
in the paternal education status where fathers of children with ASD had a significantly higher educational status at the top end. There
were also significant differences in maternal education across all educational levels, with mothers of children with ASD having lower
educational attainment than mothers of typically developing children.

3.2. Descriptive CSHQ statistics of Saudi Arabian participants

According to the clinical cut-off criterion (Owens et al., 2000), all TD children (mean = 68.90) and children with ASD (mean =
69.86) in the SA sample scored higher than the clinical cut-off and thus may be classified as having sleep problems.

Overall, tests of between-subject effects on CSHQ total scores showed that there were no significant differences between TD and
ASD groups (F(2157) = .317, p = .571), and a similar outcome was observed when considering the interaction of group and chro-
nological age (F(2157) = 2.217, p = .211). There were no significant differences on the other variables, nor were there sex differences
in CSHQ total scores and subscale scores across groups. However, when considering groups separately, there was a significant effect of
age, showing that CSHQ total score changed with age for the TD group, with older children scoring significantly lower in sleep
problems than younger children (R% =.19, p = .03; Fig. 1a). This developmental change on sleep improvement with age was not found
in children with ASD (R? =.004, p > .05; Fig. 1b).

Analyses of CSHQ subscales showed that children with ASD scored significantly higher than the typically developing group on four
subscales, namely sleep onset latency (i.e., time taken to fall asleep), sleep anxiety, parasomnias and number of nocturnal wakings.

Table 1

Comparison of lifestyle factors between children with ASD and typically developing children in SA.
Lifestyle factors ASD/No. (%) TD/No. (%) p-value
No. snacks/day Allps > .05
0 6 (7.41%) 2 (2.56%)
1-2 60 (74.07%) 66 (84.62%)
34 12 (14.81%) 8 (10.26%)
>5 3 (3.70%) 2 (2.56%)
No. meals/day Allps > .05
<2 12 (14.81) 16 (20.51%)
3 42 (51.85%) 37 (47.44%)
4 11 (13.58%) 10 (12.82%)
>5 5 (6.17%) 3 (3.85%)
Irregular 11 (13.58%) 12 (15.38%)
Screen time hours/day
0 7 (8.64%) 4 (5.13%) < 0.001
Between 0 and 2 39 (48.15%) 24 (30.77%) < 0.001
Between 2 and 4 14 (17.28%) 23 (29.49%) < 0.001
Between 4 and 6 12 (14.81) 23 (29.49%) < 0.001
Between 6 and 8 9 (11.11%) 4 (5.13%) < 0.001
Frequency of screen time before bed/week
Every night 16 (19.75%) 20 (25.64%) < 0.005
5-6 nights 9 (11.11%) 26 (33.33%) < 0.001
3-4 nights 14 (17.28%) 10 (12.82%) < 0.001
1-2 nights 17 (20.99%) 6 (7.69%) < 0.001
Not at all 25 (30.86%) 16 (19.75%) < 0.001

Note: As a number of comparisons were done and as equal variances were assumed, the Bonferroni correction was used.
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Table 2

Comparison of parental factors between children with ASD and TD children.
Parental Factors ASD TD p-value
Mean maternal age (SD) 37 (6.4) 36 (6.8)
Mean paternal age (SD) 42 (7.2) 41 (6.1)
Mother’s education level/% < 0.001
No qualification 6 (7.41%) 5 (6.41%)
GCSE O-Levels, vocational level 2 or equivalent 13 (16.05%) 9 (11.54%) < 0.001
GCSE A-Levels, vocational level 3 or equivalent 19 (23.46%) 13 (16.67%) < 0.001
Undergraduate Degree 43 (53.01%) 46 (58.97%)
Postgraduate Degree 0 (0.00%) 5 (6.41%) < 0.001
Father’s education level/%
No qualification 6 (7.41%) 5 (6.41%)
GCSE O-Levels, vocational level 2 or equivalent 10 (12.35%) 8 (10.26%)
GCSE A-Levels, vocational level 3 or equivalent 15 (18.52%) 16 (20.51%)
Undergraduate Degree 32 (39.51%) 37 (47.44%) < 0.001
Postgraduate Degree 18 (22.22%) 12 (15.38%) < 0.001

Note: As a number of comparisons were conducted and as equal variances were assumed, the Bonferroni correction was used.
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Fig. 1. Developmental trajectory scatter plot showing CSHQ total score against chronological age in the (A) typically developing group and (B)
group with ASD. The typically developing group shows a significant change in scores with chronological age, but the same trend was not found in
the group with ASD. Note that many of the individual points overlay each other; however, all data points were used for the analysis and the graph.

Unexpectedly, children in the typically developing group scored significantly higher on the sleep disordered breathing subscale than
children with ASD. Results are summarised in Fig. 2 and Table 3.

As there were significantly different developmental trends between groups in sleep problems, separate analyses were carried out for
each group using MANCOVA with CSHQ subscales and chronological age as a covariate. In the ASD group, there were no interactions
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Fig. 2. Comparison of scores by group for CSHQ subscales. Error bars show standard deviation. Higher scores correspond to more severe
sleep problems.
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between chronological age and scores on the CSHQ subscales, thus revealing that chronological age of these children had no bearing on
their sleep patterns as recorded by CSHQ. For the typically developing group, chronological age appeared to play a role, where older
children appeared to have lower scores on sleep disordered breathing than their younger counterparts (F(1,76) = 4.70, p = .042, R?
=.12). In-depth analyses based on medical data showed no correlation with the outcomes on these scores.

To provide a finer granularity of sleep patterns between groups, and to establish whether group differences were apparent for
specific sleep characteristics, individual items in CSHQ were also analysed (Supplementary Information, Table S3).

3.3. Comparison between Saudi Arabian and United Kingdom participants

Participants’ age and gender were compared across four groups (SA typically developing and ASD; UK typically developing and
ASD) using one-way ANOVA for ages and x? test for gender. A one-way ANOVA indicated no significant age difference between the
four groups (F(3160) = 1.787, p = .152). However, as predicted, Chi-square test indicated significant gender differences between the
four groups (x3(3) = 9.58, p = .019) driven by ASD groups having a larger proportion of male children.

Comparisons between SA and UK children on lifestyle data can be seen in Table 4, where a number of significant differences were
found. Some of the most striking differences in a number of snacks reported by parents of UK children with ASD, where these children
tended to snack more frequently than their counterparts in SA. Parental reports on dietary habits also showed that all children in the
UK eat fewer but more regular meals throughout the day, whereas this was not the case for the SA sample. The data suggest that a
significant proportion of children in SA did not have regular mealtimes.

Analysis by amount of screen time revealed some interesting outcomes. Children with ASD in SA are exposed to more screen time
than any other group. The next question related to screen time just before bed (i.e., 30 min before falling asleep) revealed that up to
62% of typically developing children in the UK were not exposed to screen time before bed. This was in direct contrast to SA children
where only 20.51% of typically developing children did not have any screen time before bed. For ASD groups, differences were
similarly significant in the same direction, albeit not as striking as in the typically developing groups.

Sleep-related analyses were conducted separately based on developmental status (i.e., children with ASD in SA and UK; typically
developing children in SA and UK). Comparisons of CSHQ scores between children with ASD in SA and UK can be seen in Table 5. Data
analysis revealed that there were group differences reported by UK parents on sleep duration, sleep anxiety, parasomnias, sleep
disordered breathing, whereas overall sleep disturbances score was higher in the SA population (all p < .001).

Comparing CSHQ scores between typically developing children in SA and the UK found significantly higher scores in UK children
on bedtime resistance and sleep disordered breathing problems, but higher total CSHQ scores in SA children (all p < .001; Table 6). A
combination of comparisons in CSHQ subscales across all four groups is represented in Fig. 3.

4. Discussion

The primary aims of this study were to characterise sleep patterns of children with ASD and typically developing children in SA and
to compare their sleep patterns with the same groups of children in the same age range in the UK. In terms of comparative analysis, two
hypotheses were formulated: (1) It is hypothesised that due to the cultural differences between SA and UK, there will be significant
differences in sleep duration and other sleep parameters, where children from SA will experience poorer sleep as compared to children
from the UK. Additionally, (2) it is hypothesised that children with ASD will experience poorer sleep than typically developing
children, in alignment with existing literature.

4.1. Profiling sleep in ASD and typically developing populations in Saudi Arabia

In terms of the sleep profiles of children with ASD in SA, all children with ASD were within the clinically classified range of sleep
problems, which is higher than past estimated prevalence of approximately 40-80% (Liu et al., 2006; Maskey et al., 2013). Addi-
tionally, when age was added as a covariate, these sleep problems did not attenuate as the children aged, which may mean that sleep
problems faced by children with ASD tend to be more chronic and persistent than those faced by typically developing children.
However, this particular finding derived from the present cross-sectional study should be verified with a longitudinal study design.

Table 3

Mean, standard deviation and tests of group differences using MANOVA for CSHQ subscales.
CSHQ Subscales ASD TD F p m
(theoretical range) Mean (SD) Mean (SD)
Bedtime resistance (6-18) 10.35 (1.95) 10.17 (2.48) 1.79 .39 .07
Sleep onset delay (1—3) 2.10 (.70) 1.70 (.76) 4.55 .02 * .19
Sleep duration (3-9) 4.11 (1.55) 4.10 (1.81) 1.57 .22 .04
Sleep anxiety (4-12) 6.90 (1.26) 5.78 (1.10) 18.06 <.001 * ** .28
Night wakings (3-9) 5.40 (.95) 4.13 (1.09) 31.56 <.001 * ** .46
Parasomnias (7-21) 9.40 (1.93) 8.60 (1.62) 3.60 .041 * A1
Sleep disordered breathing (3-9) 3.37 (.99 5.45 (1.64) 20.94 <.001 * ** .36
Daytime sleepiness (8-24) 13.11 (2.86) 12.55 (2.48) .31 .73 .01

Note: Significant differences are denoted by “* ”.
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Table 4
Comparison of lifestyle factors between TD children and children with ASD in SA and UK.
Lifestyle factors ASD-SA/No. (%) ASD-UK/No. (%) TD-SA/No. (%) TD-UK/No. (%) p-value
35 78 50

No. snacks/day

None 6 (7.41) 1(2.86) 2 (2.56) 0 (0.00)

1-2 60 (74.07) 22 (62.86) 66 (84.62) 31 (62.00) < 0.001°

3-4 12 (14.81) 7 (20.00) 8 (10.26) 16 (32.00) < 0.0017

>5 3(3.70) 5(14.29) 2 (2.56) 3(6.00) < 0.0017

No. meals/day

<2 12 (14.81) 7 (20.00) 16 (20.51) 3 (6.00) < 0.001*

3 42 (51.85) 22 (62.86) 37 (47.44) 42 (84.00) <.0.001%P

4 11 (13.58) 5(14.28) 10 (12.82) 5(10.00)

>5 5(6.17) 1(2.86) 3(3.85) 0 (0.00)

Irregular 11 (13.58) 0 (0.00) 12 (15.38) 0 (0.00) <.0.001%P

Screen time hours/day

0 7 (8.64) 3(8.57) 4 (5.13) 2 (4.00)

Between 0 and 2 39 (48.15) 23 (65.71) 24 (30.77) 42 (84.00) <.0.001%P

Between 2 and 4 14 (17.28) 5(14.29) 23 (29.49) 1 (2.00) <.0.001°

Between 4 and 6 12 (14.81) 4 (11.43) 23 (29.49) 5(10.00) <.0.001°

Between 6 and 8 9(11.11) 0 (0.00) 4(5.13) 0 (0.00) <.0.001%P

Frequency of screen time before bed/week

Not at all 25 (30.86) 17 (48.57) 16 (20.51) 31 (62.00) <.0.001®P
1-2 nights 17 (20.99) 7 (20.00) 6 (7.69) 4 (8.00) <.0.001?
3-4 nights 14 (17.28) 7 (20.00) 10 (12.82) 7 (14.00) <.0.001°
5-6 nights 9(11.11) 4(11.43) 26 (33.33) 5(10.00) <.0.001®P
Every night 16 (19.75) 0 (0.00) 20 (25.64) 3 (6.00)

Note: “* ” indicate significant differences using one-way ANOVA. As there were a number of comparisons and as equal variances were assumed, the
Bonferroni Correction was used. Post-hoc t-tests were conducted for significant values and indicated as such: “a” = Significant difference between
ASD groups in SA and UK; “b” = Significant difference between typically developing groups in SA and UK.

Table 5

Comparison of ASD groups in the UK and SA for CSHQ variables.
CSHQ Subscale (range) Mean UK (SD) (n = 62) Mean SA (SD) (n = 81) F p-value nf,
Bedtime resistance (60-18) 10.20 (2.50) 10.35 (1.95) .006 .938 .001
Sleep onset latency (1-3) 2.20 (.72) 2.10 (.70) .007 .923 .002
Sleep duration (3-6) 5.66 (1.12) 4.11 (1.55) 18.67 <.001 * ** .187
Sleep anxiety (4-12) 7.61 (1.90) 6.90 (1.26) 27.57 <.001 * ** 212
Night waking (3-9) 5.28 (1.80) 5.40 (.95) .004 971 .001
Parasomnias (7-21) 10.37 (2.75) 9.40 (1.93) 18.98 <.001 * ** .251
Sleep Disordered Breathing (3-9) 4.32 (1.08) 3.37 (.94) 16.86 <.001 * ** .219
Daytime sleepiness (8-24) 13.66 (4.02) 13.11 (2.86) 710 .367 .008
Total (33-96) 58.19 (10.0) 69.86 (5.44) 29.45 <.001 * ** .021

Note: As there were a number of comparisons and as equal variances were assumed, the Bonferroni Correction was used.

Table 6

Comparison of TD groups in the UK and SA for CSHQ variables.
CSHQ Subscale (range) Mean UK (SD) (n = 80) Mean SA (SD) (n = 78) F p-value ng
Bedtime resistance (60-18) 7.70 (2.50) 10.17 (2.48) 31.47 <.001 * ** .283
Sleep onset latency (1-3) 1.48 (.72) 1.70 (.76) 772 .398 .008
Sleep duration (3-6) 4.23 (1.12) 4.10 (1.81) .056 .822 .001
Sleep anxiety (4-12) 4.81 (1.20) 5.78 (1.10) 1.547 .068 .007
Night waking (3-9) 4.18 (1.40) 4.13 (1.09) 934 811 .007
Parasomnias (7-21) 8.92 (2.05) 8.60 (1.62) .109 .937 .001
Sleep Disordered Breathing (3-9) 3.82 (1.08) 5.45 (1.64) 21.006 <.001 * ** .189
Daytime sleepiness (8-24) 12.28 (3.42) 12.55 (2.48) 210 732 .004
Total (33-96) 43.69 (7.07) 68.90 (7.57) 29.415 <.001 * ** .195

Note: As there were a number of comparisons and as equal variances were assumed, the Bonferroni Correction was used.

Nonetheless, the persistence of sleep problems among individuals with ASD has previously been found to be common and lasting till
adulthood, with up to 83% of individuals affected (Halstead et al., 2021). In fact, based on the findings of a cohort study, Verhoeff and
colleagues (2018) suggest that these sleep problems should be considered as part of the construct of ASD. Preliminary findings have
also surfaced indicating that more severe symptoms of ASD are predictive of sleep problems (Adams et al., 2014; Hollway & Aman,
2011; Mayes & Calhoun, 2009) and vice versa (Tudor et al., 2012), highlighting the indisputable relationship between ASD and sleep.
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Fig. 3. Histogram of CSHQ subscale scores by groups. Bars indicate standard deviation. Higher scores correspond with greater sleep disturbances. P-
values indicate significant differences between the UK and SA groups for typically developing or children with ASD (“a” denotes significant dif-
ferences between the typically developing groups while “b” denotes significant differences between the ASD groups).

A further examination of CSHQ subscales showed that SA children with ASD had significantly higher scores than TD children in four
subscales, namely sleep onset latency, sleep anxiety, parasomnias and higher number of nocturnal wakings. Therefore, the hypothesis
that children with ASD have poorer sleep than TD children has been fulfilled. A number of reasons have been made to explain the
longer sleep onset delay and more nocturnal wakings experienced by children with ASD. These include the inability to self-soothe or
relax due to hyperarousal (Hundley et al., 2016; Richdale & Schreck, 2009; Schreck & Richdale, 2020), lack of understanding bedtime
expectations (Meltzer & Mindell, 2006), sensory hypersensitivity (Tzischinsky et al., 2018) as well as high anxiety before bedtime
(Ashworth et al., 2014; Richdale & Prior, 1995). In contrast to the previous studies (Giannotti et al., 2008; Paavonen et al., 2008; Park
et al., 2012), daytime sleepiness, sleep disordered breathing and bedtime resistance were reported to be of less concern to the parents
of children with ASD in this study. In fact, sleep disordered breathing was a significantly higher concern for TD children in SA. This
finding is rather curious as a closer examination of medical history data (please see Supplementary Information Table S1) showed that
children with ASD had a significantly higher percentage of respiratory issues, although these issues could have been well-managed by
the time of study recruitment (as outlined in the inclusion criteria). To explain the higher prevalence of sleep disordered breathing
among TD children, we may look to recent studies that investigated environmental factors such as air pollution. SA and in particular
Riyadh where recruitment was carried out has been classified to have “unsafe” air quality due to high emissions and frequent dust
storms (International Association for Medical Assistance to Travellers, 2020). Unfortunately, while schools where participants were
recruited from were in close geographical proximity, the location of participants’ residences were not taken into account. Another
potential factor which was not taken into consideration in the current study is body mass, as obesity tends to be correlated with a
higher likelihood of sleep disordered breathing (Beebe et al., 2007; Young et al., 2005). Although a related study conducted in Turkey
has found that the body mass index of children with ASD are higher than that of TD children (Bicer & Alsaffar, 2013), the same remains
to be verified with the SA sample.

In terms of the sleep profiles of TD children in SA, all children were similarly within the clinically classified range of sleep problems.
This finding was also supported by sleep diary data, showing that TD children sleep an average of 6 h a night (see Supplementary
Information), which is well below the recommended 9-11 h by the National Sleep Foundation for school-going children (Hirshkowitz
et al., 2015). To find all CSHQ scores above the clinical cut off was unexpected, as it is in contrast with previous studies which found a
much lower prevalence of approximately 20% (Ipsiroglu et al., 2001; Liu et al., 2005; Owens et al., 2000). However, some more recent
findings trending towards the present ones were reported in a similar study among adolescents in SA where approximately half of all
adolescents surveyed experienced sleep deprivation (Nasim et al., 2019). Another study in the UK by Holley and colleagues (2010) also
showed that over half of their sample of school-aged typically developing children scored above the cut-off, and points towards the
common trend of insufficient sleep even among typically developing children. While it is established that adolescents and older
children tend to be sleep deprived (Roberts & Duong, 2014; Roberts et al., 2009), this pattern might have its roots much earlier in the
developmental stages. When taking age into consideration, TD children showed fewer sleep problems with older age in alignment with
past studies (McVeigh et al., 2021; Sivertsen et al., 2017; Wang et al., 2016; Gregory & O’connor, 2002).

Nonetheless, taking into account that all participants in Saudi Arabia, including both ASD and typically developing samples, fall
within the clinical range when measured with CSHQ is surprising. Given that there were a large number of studies adapting and
translating the CSHQ into various languages and cultural settings (e.g., Dutch, German, Indonesian, Italian, Portuguese, Spanish) with
success, acceptable psychometric properties (Borrelli et al., 2021; Hartini et al., 2017; Schlarb et al., 2010; Silva et al., 2014; Waumans
et al., 2010) and significant correlation with objective sleep measures (Lucas-de la Cruz et al., 2016), the CSHQ should be similarly
applicable in the Middle East. However, the present findings instead warrant a deeper investigation into the applicability of the CSHQ
in this particular region of the world. The CSHQ translation in this study followed the guidelines suggested by Beaton and colleagues
(2000) and yielded acceptable internal reliability, but it should be noted that its factor structure had not previously been validated in a
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Middle Eastern sample. Future studies may wish to validate the use of CSHQ in the Middle East. More specific translation and
adaptation guidelines for paediatric sleep questionnaires (e.g., Sagheri et al., 2010) may also be used to provide a more targeted
framework for translation in the future.

4.2. Cross-culture comparative analysis

Comparison of ASD groups between countries showed stark differences in the subscales of sleep duration, sleep anxiety, para-
somnias with children with ASD in the UK scoring significantly higher on these scales, which is an outcome in the opposite direction
from the initially formulated hypothesis. However, general CSHQ scores are still significantly higher among the SA sample as
compared to the UK sample, indicating that the first hypothesis is partially supported. This may point to cultural differences in self-
reporting patterns between countries, which may have led to over- or under-reporting of specific sleep behaviours in various pop-
ulations. Research using objective sleep measures is needed to confirm this conjecture.

Additionally, differences in sleep may be driven in part by environmental and lifestyle factors, as well as parental expectation of
sleep routines. For example, there are significant differences in the distribution of screen time hours across UK and SA, particularly for
typically developing subgroups. Specifically, children in SA are more likely to be exposed to more screen time as compared to their
counterparts in the UK. Unsurprisingly, a systematic review has found that there are consistent associations between screen time and
poor sleep (Hale & Guan, 2015), although exact mechanisms and causality are not yet established. Moreover, a cohort study conducted
by Przybylski (2019) showed only modest correlation between the two, suggesting that a combination of other environmental factors
may be needed to influence child sleep. Future studies are needed to ascertain if this difference is culturally-driven, or if there may be
significant differences in parenting styles and attitudes towards sleep across countries that contribute to this finding.

Next, children in the UK are significantly more likely to have regular mealtimes compared to children in SA regardless of devel-
opmental status. This is in line with some adult studies examining sleep deprivation, where it was found that energy expenditure of
sleep-deprived individuals is much higher due to a lack of energy conservation obtained from an optimal sleep duration (Spaeth et al.,
2013). As a result, sleep-deprived individuals tend to eat at different times and more snacks (Spaeth et al., 2013). This is a very relevant
finding for children in SA with 28.96% of the sample reporting irregular meals, as well as for children with ASD in the UK who showed
significantly more snacking than other groups. Similar to the adult study conducted by Spaeth and colleagues (2013), sleep-deprived
children may experience more food cravings to obtain more energy and make up for the lack of sleep, thereby eating a significantly
higher number of snacks and more irregular meals in a day.

4.3. Limitations and future research

The first limitation of the present study is its cross-sectional design. Ideally, a longitudinal approach should be used to study
developmental domains strongly related to age and physiological changes across time, such as sleep. However, materials, procedure
and findings of the present study have provided an initial research platform to enhance the current understanding on sleep. Hopefully,
future studies can extend upon these findings by using a longitudinal approach. Another potential extension of the current findings lies
in their translation to public health domains to provide parents and caregivers with culturally-sensitive information and recom-
mendations on improving sleep for both typically developing children and children with neurodevelopmental disabilities. As noted in
this study and many preceding studies, maintaining good quality sleep is important for health, learning and functional behaviour
(Ashworth et al., 2014; Karmiloff-Smith, 2017; Paiva et al., 2015; Pawl et al., 2013; Pulopulos et al., 2020; Shattuck et al., 2018).
Future research may develop tools and guidelines to enhance parental understanding and management of sleep in children.

Additionally, an important limitation of this study lies in the recruitment methods. Recruitment of children with ASD in Saudi
Arabia was limited due to practical limitations described above, and the sample of UK participants was obtained through convenience
sampling. A lack of random sampling may lead to the presence of self-selection bias or other hidden biases (Etikan et al., 2016; Farrokhi
& Mahmoudi-Hamidabad, 2012), but it may also be argued that non-probabilistic sampling is most realistic when dealing with large
samples (i.e., children with ASD in large countries). Nonetheless, with centralisation in the management of ASD organisations in Saudi
Arabia, it may be possible for future studies to conduct random sampling based on the databases that would be created as a result of
these changes. Additionally, the exclusion of children currently taking hypnotics or medications that affect sleep may lead to the
omission of data representing the most severe sleep issues, as individuals who are greatly affected by sleep problems would corre-
spondingly be the most likely to be seeking medical help for these issues. While this exclusion criteria was introduced because it is
beyond the scope of the present paper to consider the interaction of medication and sleep, it must be acknowledged that the current
sample of participants may not be representative of those who have sought medical interventions for the most severe sleep problems.

Relatedly, it should also be noted in the current study’s data that there are different proportions of males and females in the ASD
and typically developing samples, as it is well-established that ASD is more commonly diagnosed among males (Duvekot et al., 2017;
Wood-Downie et al., 2021). However, findings have been mixed on whether sex is significantly related to different prevalences and
types of sleep difficulties faced by both children with ASD and typically developing children. Studies by Mayes and Calhoun (2009) and
Liu and colleagues (2006) found no significant differences in sleep disturbance between children with ASD of different genders.
Additionally, a population cohort study by Verhoeff and colleagues (2018) have found no interaction between gender and sleep
problems among children with ASD. On the other hand, other studies (e.g., Saré & Smith, 2020; Mazurek & Sohl, 2016) have un-
covered sex-based differences in sleep problems, even though it is unclear if these differences may be due to an interaction between sex
and other behavioural or lifestyle factors (Uebergang et al., 2017), or if it is due to underlying differences in ASD severity and therefore
associated sleep difficulties between genders among those diagnosed with ASD (Lai & Szatmari, 2020; Mussey et al., 2017). Before
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more definitive findings emerge, future studies may consider conducting participant gender matching across samples to eliminate the
potentially confounding effect of gender on sleep.

Next, the assessment of sleep and other lifestyle factors in the current study was conducted with subjective self-report measures,
which may be prone to various biases and do not allow for insight into participants’ actual sleep patterns and sleep quality. Future
studies may include objective measures of sleep such as actigraphy. Finally, Halstead and colleagues (2021) discussed the role of
parental sleep knowledge in the moderation of the child’s sleep duration and sleep behaviours. This factor was not considered in our
study, but may be an important factor for inclusion in future studies as it may be a moderator of several sleep behaviours observed in
children. In the current study, it appears that parents in SA may not yet appreciate the importance of sleep hygiene, as seen in the
allowance of late bedtimes, unstructured meals and exposure to screen time before sleep. Therefore, future studies may consider
measuring parental attitudes and knowledge towards sleep to provide firmer evidence which could be used in eventual translation of
sleep education.

Finally, other culture-specific factors beyond screen time and eating patterns may also be investigated. For example, other variables
that may be measured include the frequency and intensity of physical activity or play time, as well as timings, duration and frequency
of social meetings, family gatherings and religious, work- or school-related obligations. A meta-analysis conducted by Kredlow et al.
(2015) found that acute and regular physical activity has small to moderate benefits on sleep duration, sleep onset latency, sleep
efficiency, sleep quality and wake time. Related factors of physical activity, namely body weight and body mass index (BMI), may also
be included due to their simultaneous relevance to sleep disordered breathing (Beebe et al., 2007; Young et al., 2005). Similarly, due to
the late opening times of social venues in Saudi Arabia and the presence of religious duties such as fasting during Ramadan previously
described (i.e., Muslims can only break their fast early before dawn or after the sun sets), it becomes much more likely for people in
Saudi Arabia to have more fragmented or shorter sleep.

What this paper adds

The paper investigates the first cross-cultural comparison of sleep habits between the Middle East and the West, involving two
distinct child populations (typically developing and with ASD). By incorporating both questionnaires and sleep diaries, findings
highlight the role of sociodemographic, medical and lifestyle factors in influencing sleep quality.
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