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Abstract: Caregivers of children with autism spectrum disorder (ASD) experience poorer sleep,
but studies have not yet used objective measures to investigate how child and caregiver sleep affect
each other. In this study, 29 mothers and their child with ASD aged between 6 and 16 years were
recruited. Questionnaires measuring child autism, maternal depression, and maternal and child
sleep quality were administered. Cortisol salivary samples were also obtained from the mothers over
the course of a day. Results revealed that maternal depression is significantly correlated with their
subjective sleep quality, sleep latency and daytime dysfunction. Child sleep quality was also found
to be significantly correlated with ASD severity. In terms of maternal cortisol profiles, a significant
number of mothers showed a flattened diurnal cortisol expression, and children of mothers with a
flattened cortisol profile had significantly more sleep problems. Overall, results suggest that maternal
and child sleep are affected by the child’s disability but also are mutually related. Future studies
may consider employing measures such as actigraphy or somnography to quantify sleep quality
and establish causal pathways between sleep, cortisol expression and caregiver and child outcomes.
The present study has clinical implications in examining family sleep when considering treatment
for ASD.

Keywords: autism; ASD; sleep; maternal sleep; child sleep; cortisol

1. Introduction

Developmental disabilities are defined as lifelong conditions that affect an individual’s
physical, learning, or behavioural functioning from the early stages of life [1,2]. The category
of developmental disabilities is wide-ranging, including neurodevelopmental disorders
as well as sensory disabilities, such as hearing loss and blindness [3,4]. Of the neurodevel-
opmental disorders, Autism Spectrum Disorder (ASD) has received much attention from
the scientific community due to the past misattribution of ASD being due to poor parental
care [5,6]. However, due to the bi-directional interactions between caregiver and child [7],
the truth is more complex. For children with ASD, the added disability of the child often
contributes to a vicious cycle of poorer parenting and worse outcomes for both caregiver
and child in the long-term [8]. In fact, the negative physical and psychological effects of
caring for a child with developmental disabilities and indeed ASD is widely document-
ed [9–12]. For example, the correlation between parenting stress and problematic child be-
havior among children with ASD has been established [13]. Additionally, these caregivers
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are more susceptible to common illnesses such as coughs and colds, as well as mild aches
and pains that drive them to visit doctors more frequently [14–17]. On a physiological level,
it appears that slight changes in endocrine and immune processes may be a mediator of
poorer physical health among caregivers of children with ASD [15,18–21].

One area of daily life where the psychological burden of caregiving for a child with
developmental disabilities may manifest is in sleep difficulties. Sleep disturbances are also
a key marker of endocrine and immune function, and are predictive of increased risk of
health issues [22–25], which may be a potential mediation pathway between caring for a
child with ASD and subsequent physical health problems. A commonly used self-report
questionnaire used to study sleep in caregivers of children with ASD is the Pittsburgh Sleep
Quality Index (PSQI). Findings using the PSQI revealed that caregivers of children with
various developmental disabilities (of which ASD comprised more than half of the sample)
faced more problems along all sleep parameters, such as sleep latency (i.e., take longer to
fall asleep), efficiency, duration and quality, when compared to age-matched controls [21].
These caregivers were also more likely to be categorized as poor sleepers using clinical
cut-off scores [21]. In another study using PSQI by [26], caregivers of children with devel-
opmental disabilities (including ASD) were found to have longer sleep latency but shorter
sleep duration. This finding was also corroborated by studies comparing sleep patterns
of caregivers of children with developmental disabilities with population normative data
and recommended sleep guidelines [27,28]. Finally, in addition to comparative studies,
qualitative interviews have also revealed that caregivers found sleep issues to be one of the
most demanding problems when caring for a child with ASD [14,29,30].

Problems with sleep are also common among children with ASD. A review by [31]
found that up to 80% of children with ASD, regardless of severity, face some form of
sleep problem, and may contribute to worse behavioural problems in the daytime. In fact,
a multidimensional study employing polysomnographs, sleep diaries and questionnaire
measures similarly revealed that ‘good’ sleepers with ASD have better social interactions
and fewer affective issues than ‘poor’ sleepers with ASD [32]. This finding is corroborated
by similar studies employing questionnaire-only data [33]. The prevalence of sleep issues
among children with ASD warrants treatment guidelines for sleep [34]; however, literature
on its clinical implications is still sparse. School-going children aged 6 to 16 years old were
of particular interest in this study due to the marked difference in their lifestyle and daily
schedules as compared to younger (preschool-aged) children. During this stage in life,
children’s schedules are largely dictated by national education policies and their time spent
in schools, which typically begin between 8:20 a.m. and 9:00 a.m. in the UK. Schooling
therefore necessitates more regular sleep schedules, which tends to diminish the prevalence
of sleep problems among typically developing children in this age group [35]. It is then
imperative to investigate if these changes are similarly present in the population of children
with ASD, or if sleep problems are in fact exacerbated for this group of children.

Furthermore, even though there is extensive literature detailing the effect of caregiving
of a child with ASD, to date, studies exploring these sleep disturbances in caregivers of
children with ASD have relied largely on subjective measures (e.g., sleep diaries, self-
report questionnaires). As subjective measures are prone to biases and lapses in reporting,
there is a need for more objective measures of caregiver wellbeing and sleep quality.
Together with the findings relating caregivers’ physical and psychological health with
physiological changes in endocrine processes [15,18–21], a potential method of investigation
is by using cortisol as biomarker of caregiver stress and sleep. Cortisol secretion follows a
diurnal pattern that is negatively affected by sleep problems such as short sleep duration.
Cortisol disruption is found to correlate with poorer cognitive functioning [36,37]. Normal
cortisol expression on the other hand is found to correlate with improved working memory,
processing speed and executive functioning [38].

In autism research, cortisol has been commonly studied in relation to caregiving
stress. One such longitudinal study investigating cortisol and stress among caregivers
of children with ASD is by [20]. In this study, mothers’ salivary cortisol levels were
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analyzed together with their children’s behaviour problems as measured by the Scales
of Independent Behaviour-Revised (SIB-R). Ref. [20] suggested that mothers caring for a
child with ASD are under chronic stress and experience hypoactivity in the hypothalamus
pituitary adrenal (HPA) axis, resulting in lower morning cortisol secretion and a blunted
cortisol profile compared to mothers caring for a child without a disability. However,
few studies have investigated the relationship of sleep and cortisol profiles of caregivers of
children with ASD.

Overall, there is a need to understand how we may protect the vulnerable population
of children with ASD [39] by also empowering the main stakeholders in caring for these
children. Within the context of sleep, given that both the child and caregiver commonly
reside in the same household, it is pertinent to study sleep in both child and caregiver as
they relate to each other. To our knowledge, there have been no studies to date that aim to
study both parent and child sleep simultaneously within the context of ASD. The aim of
this study therefore is to assess sleep problems, using both subjective (i.e., self-reported
questionnaire) and objective (i.e., cortisol) measures, in mothers as the main caregivers of
children with ASD and the children themselves. Additionally, the study aims to evaluate if
sleep problems faced by these mothers are related to their mental health outcomes in terms
of depressive symptoms, as well as whether the sleep quality of their child has an effect on
maternal diurnal cortisol patterns. It is hypothesised that maternal mental wellbeing will
be negatively related to the prevalence and severity of their sleep problems.

2. Results
2.1. Participant Characteristics

Twenty-nine mothers were recruited and eligible for the analysis from the community
in London. The mean age of the mothers was 42 years (SD = 7.72, range = 26–61 years-old).
The mean age of their children was 10 years (SD = 3.41, range= 6–18 years-old, 5 female
and 24 male). There were 21 school aged children (mean age = 9.29, SD = 2.26, range =
6–13 years-old) and 8 adolescent children (mean age = 15.25, SD = 1.58, range = 14–18 years-
old). The heritage distribution included 67% White, 28% Asian and 5% Black. All mothers
identified themselves as middle class, with 14% working full-time (n = 4), 35% working
part-time (n = 10) but the majority identified themselves as stay-at-home mums (n = 15).
According to mothers’ Major Depression Inventory (MDI; Ref. [40]) scores, almost half
of the mothers experienced depressive symptoms, with 35% of respondents falling into
the moderate to severe depression categories (mean = 18.72; SD = 13.79). Children had a
clinical diagnosis of ASD carried out by the UK healthcare professionals. In the current
study, their mean Childhood Autism Rating Scale second edition (CARS-2 [41]) score was
39 (SD = 5.23; range = 30 to 51.50).

2.2. Subjective Sleep Profiles of Mothers

Mothers’ subjective sleep was assessed using the Pittsburgh Sleep Quality Index
(PSQI; Ref. [42]). The mean score is 8.14 (SD = 4, range = 2–16). The majority (55.2%)
reported experiencing bad sleep quality, with 69% having sleep disturbances, 58.6% taking
longer to fall asleep and 41.3% feeling that they do not sleep enough at night (Table 1).
Interestingly, 82.8% experienced little to no daytime dysfunction. Daytime sleepiness,
as assessed with the Epworth Sleepiness Scale (ESS, Ref. [43]), showed that 24.1% (n = 7) of
mothers felt moderate to severe excessive daytime sleepiness. After controlling for maternal
age and their child’s CARS-2 and Child’s Sleep Habits Questionnaire (CSHQ; Ref. [44])
score, significant correlations were observed for mothers’ MDI with PSQI overall score
(r(24) = 0.53, p = 0.005), PSQI subjective sleep quality (r(24) = 0.48, p = 0.014), PSQI sleep
latency (r(24) = 0.49, p = 0.011), and PSQI daytime dysfunction (r(24) = 0.59, p = 0.001).
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Table 1. Pittsburgh Sleep Quality Index Scores by Subscale Use of Sleeping Medication subscale
should instead be interpreted along the categories (0) Not during past month, (1) Less than once a
week, (2) Once or twice a week, (3) Three or more times a week.

PSQI Subscale Very Good/No.
(%)

Fairly Good/No.
(%)

Fairly Bad/No.
(%)

Very Bad/No.
(%)

Subjective Sleep
Quality 6 (20.7) 7 (24.1) 12 (41.4) 4 (13.8)

Sleep Onset
Latency 5 (17.2) 7 (24.1) 11 (37.9) 6 (20.7)

Sleep Duration 7 (24.1) 10 (34.5) 7 (24.1) 5 (17.2)
Habitual Sleep

Efficiency 16 (55.2) 3 (10.3) 7 (24.1) 3 (10.3)

Sleep
Disturbance 0 (0.0) 9 (31.0) 20 (69.0) 0 (0.0)

Use of Sleeping
Medication 11 (37.9) 5 (17.2) 1 (3.4) 2 (6.8)

Daytime
Dysfunction 16 (55.2) 8 (27.6) 4 (13.8) 1 (3.4)

2.3. Subjective Sleep Profiles of Children with ASD

Subjective sleep of children with ASD was assessed using the CSHQ [44] as a gold
standard measure. CHSQ data were categorised as per guideline scores. The CSHQ mean
score was 52.48 (SD = 10.03, range = 35–73). Accordingly, most children experienced a
paediatric sleep disorder when comparing this sample to the clinical norms for CSHQ
subscales (86.2% or CSHQ score > 41), with only 13.8% having no or little problems sleeping
(n = 4). The most prevalent were sleep onset difficulties (72.4%, n = 21), sleep duration
(65.5%, n = 19), daytime sleepiness (65.5%, n = 19) and signs of sleep disordered breathing
(58.6%, n = 17). Moreover, children experienced sleep anxiety (48.2%, n = 14), bedtime
resistance (44.8%, n = 13), night awakenings (37.9%, n = 11) and 6.8% (n = 2) showed
clinical signs of parasomnias. Table 2 reports the precise mean, standard deviation and
95% confidence interval of data from each CSHQ subscale with relation to the possible
maximum and minimum scores of each subscale.

Table 2. Child’s sleep habits questionnaire scores by subscale.

CSHQ Subscale (Theoretical Range) Mean (SD) 95% Confidence Interval

Bedtime Resistance (6–18) 9.66 (3.35) [8.38, 10.93]
Daytime Sleepiness (7–24) 13.79 (4.48) [12.09, 15.50]

Night Wakings (3–9) 4.69 (1.97) [3.94, 5.44]
Sleep Anxiety (4–12) 6.93 (2.70) [5.90, 7.96]

Sleep Disordered Breathing (3–14) 7 (3.72) [5.88, 8.42]
Sleep Duration (4–9) 6.03 (2.03) [5.26, 6.81]

Sleep Onset (1–3) 2.10 (0.82) [1.79, 2.42]
Parasomnias (3–11) 5.14 (1.88) [4.42, 5.85]

Significant positive correlation, after controlling for child gender and age, was ob-
served for CARS-2 score and CSHQ night awakening (r(25) = 0.39, p = 0.046).

2.4. Mothers’ Cortisol Profiles

Cortisol samples were collected from all mothers participating in the study; how-
ever, one mother showed unusually high levels of cortisol, and this sample was taken
out from eventual group analysis. Mothers’ average morning cortisol was 5.43 ng/mL
(SD = 5.25, range = 0.57–22.82), with an average diurnal cortisol ratio of 0.54 (SD = 0.51,
range = 0.03–2.21). Precise mean values, standard deviations, ranges and 95% confidence
intervals of each time point and overall average daily cortisol levels are reported in Table 3.
Normalised cortisol values refer to the percentage of the afternoon or bedtime value with
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respect to the morning value. AUCi refers to cortisol change (i.e., increase or decrease)
while AUCg refers to the area under the cortisol change curve with respect to ground.

Table 3. Group cortisol patterns of mothers.

Cortisol Measure Mean (SD) Range 95% Confidence
Interval

Average Cortisol/nM 2.93 (2.02) 0.65–8.37 [2.14, 3.72]
Morning (within 30 min of

waking)/nM 5.60 (5.26) 0.6–22.82 [3.56, 7.64]

Afternoon (4 p.m.)/nM 1.63 (1.08) 0.5–5.2 [1.21, 2.05]
Before Habitual Sleep/nM 1.56 (1.43) 0.4–7.85 [1.00, 2.12]
Normalised Afternoon/% 59.62 (83.35) 6.62–451.52 [27.30, 91.95]
Normalised Bedtime/% 52.84 (51.30) 3.42–221.57 [32.95, 72.73]

AUCi 15.63 (10.04) 3.93–36.00 [11.74, 19.53]
AUCg −17.97 (23.26) −96.99–10.74 [−26.99, −8.95]

It is observed here that there is large variability in cortisol expression across individu-
als, although it should also be noted that there is no standard reporting of cortisol as well
as age related values. Diurnal cortisol profiles are shown in Figure 1.

Figure 1. Individual cortisol levels using three data points from morning to evening. Typically, a ‘U’
shape is expected to be seen in healthy cortisol expression. There should be a decrease in cortisol in
the evening with an increase in the morning.
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A significant correlation was observed for MDI (r(29) = 0.46, p = 0.011) and morning
cortisol. However, this correlation reached non-significance after controlling for age.

Children of mothers with a flattened cortisol profile had significantly higher scores
on the CSHQ (mean = 55.67, SD = 10.30) compared to children of mothers with a normal
cortisol profile (mean = 47.27, SD = 7.31; p = 0.017, d = 0.90). Differences remained after
controlling for the child’s sex, age and CARS-2 score (F(1,24) = 4.86, p = 0.037).

3. Discussion

To reiterate the aims of this study, we have assessed sleep problems among mothers
and their children with ASD using a combination of questionnaire and cortisol measures.
Additionally, this study aimed to evaluate if maternal sleep problems are related to their
psychological wellbeing, operationalised in this study as MDI scores. It was hypothesised
that maternal MDI is related to maternal sleep problems. Finally, this study evaluated if the
child’s quality of sleep had an effect on maternal diurnal cortisol expression.

Firstly, by briefly examining the sleep profiles of mothers in the current study, more than
half of the maternal sample reported suffering from poor sleep quality, with 69% experi-
encing sleep disturbances and 58.6% experiencing long sleep onset. These findings are in
line with the previous studies showing high PSQI scores in mothers caring for children
with developmental disabilities [21,27–29]. From the ESS questionnaire, it was revealed
that 24.1% of mothers reported moderate to severe excessive daytime sleepiness. It is well
established that daytime sleepiness can be classified as a sleep disorder; however, it is not
known if the mothers in this study would have been diagnosed clinically with daytime
sleepiness. In fact, previous studies have already established that daytime sleepiness is a
consequence of sleep deprivation, which also alters sleep architecture. Due to the chronic
nature of ASD and long-term caregiving, mothers participating in this study most likely
experience prolonged and chronic sleep deprivation. Clinicians and family support work-
ers may pay attention to the needs of caregivers in terms of their sleep quality in an effort
to provide more comprehensive care. It is thus possible that their sleep stages have been
negatively impacted by having shorter periods of N2 stage [45], which resulted in excessive
daytime sleepiness, although this claim could be further demonstrated in future studies
using neuroimaging methods such as electroencephalogram (EEG).

Secondly, from the sleep profiles of children with ASD in this study, our data appear
to be in line with previous studies. From this sample, a very high prevalence rate of sleep
problems was observed, with 86.2% of children scoring within the range of paediatric
sleep disorder, and only four children had little or no sleep problems. In comparison
to previous studies, the current findings stand at the higher end of prevalence of sleep
problems. For example, in [46], sleep problems were recorded in 73% of children with
ASD. In another study by [47], of 303 children with ASD aged 2–5 (averaging 3.5-year-
olds), only 53% scored high on sleep problems such as sleep onset delay and frequent
night wakings. As the aforementioned study had a younger group of children, it is thus
plausible to suggest that sleep problems persist and worsen with age in children with ASD.
This is also in line with a study of adults with ASD who recorded a high rate of sleep
problems and disorders [48]. However, this is one of few studies to report high prevalence
of sleep disordered breathing (58.6%), which is previously under-detected in other related
studies. From past literature, the most commonly reported the following sleep problems
are: bedtime related resistance (e.g., [49,50], sleep onset delay (e.g., [49–53]), frequent
wakings and parasomnias such as nightmares (e.g., [50–54]), reduced sleep duration and
early morning waking (e.g., [53,55–57]). Only one other paper specifically mentioned sleep
disordered breathing, revealing that sleep disordered breathing in a sample of 80 children
with ASD, aged between 4 and 15 years, was predictive of their stereotyped behavior, social
interaction problems, and overall ASD symptoms [58]. Future studies may wish to validate
this finding and expand on current understanding of ASD and sleep disordered breathing.

Additionally, it was found that ASD severity was significantly positively correlated
with more frequent night awakenings, and that this effect persisted after controlling for
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child gender and age. This finding aligns with several other studies that also found similar
problems of night wakings [47,52,57,59], demonstrating quantitatively and qualitatively
different sleep from typically developing children [53]. The reasons for this phenomenon
are still debated, with [57] pointing to potential arousal and anxiety factors, with the
later [59,60] integrating these factors into a biopsychosocial approach. Symptoms of sensi-
tivity and hyperarousal from these co-morbidities may make it harder for children with
ASD to maintain good quality sleep [61,62]. Unfortunately, it is unknown if the present
sample of children had other, perhaps undiagnosed, co-morbidities in addition to ASD.
As suggested by [59], physiological studies that can provide causal data would be helpful in
contributing to the biopsychosocial perspective. Taken together, the relationships between
ASD, sleep disordered breathing and night awakenings may point towards a need for more
specific ASD treatments and interventions that target nighttime routines, sleep hygiene
and sleep habits.

Regarding the relationship between maternal sleep and psychological wellness, find-
ings have supported the hypothesis that more frequent sleep problems are significantly
positively correlated to a greater severity of depressive symptoms, particularly in the
areas of overall sleep, subjective sleep quality, sleep latency and daytime dysfunction.
These effects persisted even after controlling for maternal age, the child’s ASD severity
measured by CARS-2 and the child’s sleep quality measured by CSHQ. These findings
add more evidence in support of several previous studies that suggested that mothers
of children with ASD are chronically sleep deprived and have higher rates of poor psy-
chological function [63,64], as well as depression [65]. The mothers in this sample appear
to have undiagnosed sleep onset insomnia, when considering this data within the sleep
disorders criteria, although this claim is yet to be verified by professional health practi-
tioners. Nonetheless, the present findings have elucidated the relationship between sleep
and mental health within the context of caring for a child with ASD, which gives renewed
impetus for healthcare professionals to consider more comprehensive support to caregivers
in terms of their psychological needs and to screen for potential mental health issues among
parents of children with ASD.

The current study reports maternal cortisol data to examine sleep quality in mothers
and how it may be affected by their children’s sleep, which may serve as an initial example
and validation of using cortisol as an objective measure of sleep quality in the context
of caregiving and ASD, in addition to its more common function of assessing parenting
stress. As seen from the large standard deviations and ranges in cortisol data (Table 3),
maternal cortisol secretion showed large variations across individuals. However, whether
such variability is normal or non-normal for this sample cannot be determined, as norms
for cortisol levels are not yet established. Hence, the more relevant indicator of pattern
of healthy diurnal cortisol secretion—following a circadian variation of a ‘U’ shape from
morning to night—was examined. From this perspective, the current data showed a
worrying flattened profile of cortisol in a significant number of mothers. Alterations in
cortisol patterns in this manner may be due to chronic sleep deprivation, depression,
and other medical conditions. However, the presence of medical conditions here is unlikely
as none of the mothers reported any medical conditions, and instead points to the potential
effects of sleep problems and poor mental health on cortisol expression. From regression
analysis, flattened levels of morning cortisol is correlated with depression, even though the
result was not significant after controlling for maternal age. Therefore, it is still inconclusive
if cortisol expression in mothers has a definitive impact on maternal mental health. On the
other hand, a flattened cortisol profile from mothers was correlated with worse child sleep
habits as measured by CSHQ, and this effect persisted even after controlling for the child’s
sex, age, and child ASD severity. This finding is supported by numerous studies that found
caregivers of children with ASD suffer from worse sleep [14,26,28,60]. The present finding
adds to current knowledge by pinpointing that it is the child’s sleep quality that directly
correlates with maternal sleep, as the severity of ASD symptoms has been statistically
controlled. This suggests that, while maternal sleep quality is influenced by the demands
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of caregiving, parent and child sleep patterns are also mutually related, independently of
the child’s health conditions. In fact, mothers of typically developing children who have
sleep problems have poor sleep quality themselves [65]. A child’s sleep problems have an
impact not only on maternal sleep health, but also overall family functioning and sleep
quality of other family members [66], parenting quality and even marital relationship [50].
Therefore, it is of importance that sleep is investigated in relation to other members of a
household. Of course, as previously mentioned, it is also important to make use of these
findings when considering interventions that would be appropriate for the family, taking
into account the bidirectional influence of sleep quality and overall health and functioning
of the household caring for a child with ASD.

Limitations and Future Studies

In addition to the suggested study expansions described in the discussion above,
this study is not without its limitations. While this study has methodological strengths such
as the use of objective assessments of cortisol analyses and simultaneous sleep measures for
both mother and child, this study was limited by its small sample size and cross-sectional
design. It remains to be seen if the findings can be generalised to other caregivers in
different countries and social support systems, or if the present findings are sufficiently
specific, given that the age group of children included in this study is rather large (i.e., ages 6
to 16). Related studies have found developmental trajectories in sleep among children aged
7 to 19 and 5 to 14, respectively, with a general decrease in sleep problems for typically
developing children as they progress to adolescence [67,68]. Similarly, Ref. [69] also found
that a large proportion of children had declining sleep problems as they grew from ages 5
to 17 (i.e., only 8% experienced persistent sleep problems). It remains to be seen if similar
trajectories are observed for children with ASD. Therefore, to provide a more developmental
perspective within the context of ASD, future studies may consider further segmenting
the age group into two categories: school-going children (aged 6 to 13; approximately
Years 7, 8, 9 in the UK education system) and adolescents (aged 14 to 16; approximately
Years 10 and 11 reflecting preparation for the national GCSE examinations). Nonetheless,
the methodology used here may be sufficiently rigorous that future studies could use
a similar experimental design to replicate the current findings with a larger sample of
participants. However, additional factors such as lifestyle factors and family structure
(e.g., presence of father, other prominent caregivers, siblings) ought to be considered
as potential covariates. It may also be interesting to consider child mental health and
wellbeing together with mother’s depression to obtain a more comprehensive perspective
of mother-child functioning. Finally, despite the addition of cortisol as an objective measure,
self-reported questionnaires are still subject to a range of biases. Particularly in this context,
child measures on the CSHQ and CARS-2 that were answered by their mothers may be
susceptible to social desirability bias, particularly if they are caregivers who show high
levels of defensiveness to minimize instances of problems of stress between themselves and
their children [70]. To address this issue, the Marlowe–Crowne Social Desirability Scale
(SDS; Ref. [71]) or its shortened version [72] could be implemented alongside the other
questionnaire measures. The problem of self-report biases in questionnaires could also be
addressed in future studies by implementing other objective measures of sleep, such as
somnography or actigraphy, as well as portable neuroimaging methods to detect changes
in brain activation during rapid eye movement (REM) and non-REM sleep. Based on the
latest methodological advancements such as hyperscanning in neuroimaging [73,74] and
initial findings of mother-child synchronicity and sleep [75], these objective measures can
be used in future studies to investigate interpersonal phenomena and the co-regulation
of neurological, physiological, behavioral processes in naturalistic settings between the
mother and child during sleep.

Overall, the flattened cortisol expression patterns reported here have clear implications
for mothers’ quality of health. Chronic flattened cortisol secretion may be indicative of
physical symptoms such as weakness, fatigue, and low blood pressure, with the possibility
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of developing more serious medical conditions such as Addison’s disease in the future.
Taken together, future studies ought to examine sleep architecture and cortisol to establish
a clear causal pathway, such that potential treatments, interventions or appropriate support
for both mother and child can be formulated.

4. Materials and Methods

The study was conducted in accordance with the Declaration of Helsinki and approved
by the UCL Research Ethics Committee (approval number 16682/001). Data are not publicly
accessible but can be made available on request to D.D.

4.1. Participants

A total of 29 mothers of children diagnosed with ASD, together with their child
(N = 58) were recruited. All parents were recruited from the London area through online
advertisement and autism-related social events and workshops held by the SERL lab using
snowball sampling methods [76]. Inclusion criteria included mothers who are aged above
18 years and who are currently caring for a child aged between 6 and 16 years who is
clinically diagnosed with ASD (i.e., diagnosed by a general practitioner, paediatrician or
other health professional). The child must be living habitually with their mother at home.
Exclusion criteria included mothers who are also caring for another person (e.g., child,
parent, partner, other relative, or friend) with a chronic illness or other children with
other developmental disorders. Additionally, mothers who were experiencing chronic
stressors such as divorce or bereavement within the last 12 months were also excluded
from the study.

4.2. Questionnaires

In addition to the CARS-2 [41], MDI [40], PSQI [42], ESS [43] and CSHQ [44] described
below, demographic information on participants’ heritage, age and sex were also collected
from both mother and child. Mothers were also asked to report their current employment
position and social class (e.g., lower-class, middle-class, upper-class) as a measure of
socioeconomic status.

4.2.1. Childhood Autism Rating Scale-Second Edition (CARS-2)

Consisting of 15 items rated on a 4 point scale (ranging from 1 = age-appropriate
behaviour to 4 = atypical behaviour), CARS-2 [41] is a behavioural rating scale that measures
ASD severity. Questions in CARS-2 focus on interpersonal relations, the use of body
and objects, affective response, imitation, adjustment to change, and visual and listening
response. Total scores range from 15 to 60, where the lowest score range (15–30) indicate no
or minimal signs of autistic behaviour. The categories are followed by mild-to-moderate
signs of autistic behaviour (30–36) with the highest range (37–60) indicating strong signs of
autistic behaviour.

4.2.2. Major Depression Inventory (MDI)

As one of the most widely used questionnaires measuring severity of depressive
symptoms, MDI [40] is a 10-item self-rated scale ranging from 0 (at no time) to 5 (all
of the time), reflecting how much of the time during the last two weeks individuals
have experienced various depressive symptoms. For example, items include feeling in
low spirits or sad, or losing interest in day-to-day activities. Scores are then summed
to yield a score of depression, where a higher total score indicates greater depressive
symptoms. The categories are: no or doubtful depression (0–20), mild depression (21–25),
moderate depression (26–30) and severe depression (31–59). A clinical cut-off score of 26
was recommended to distinguish between depressed and non-depressed individuals with
a sensitivity of 0.86 and specificity of 0.82 [40].
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4.2.3. Pittsburgh Sleep Quality Index (PSQI)

PSQI [42] is a 24-item self-rated questionnaire assessing sleep quality and sleep dis-
turbances over the previous month. Items such as “have to get up to use the bathroom”,
“cannot breathe comfortably” and “had bad dreams” are rated on a four-point scale, de-
pending on the frequency of occurrence (0 = not during the past month, 1 = less than once
a week, 2 = once or twice a week, 3 = three or more times a week). PSQI can be scored
according to seven subscales: subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction.
Additionally, a global score from the sum of the subscales can be derived, ranging from 0 to
21. Higher scores indicate increased sleep problems. Cronbach’s alphas for each subscale
range from 0.35 for sleep disturbances to 0.76 for habitual sleep efficiency and subjective
sleep quality, while the Cronbach’s alpha for the global score is 0.83. A clinical cut-off total
score of 5 was able to correctly distinguish between 88.5% of patients with sleep disorders
and controls.

4.2.4. Epworth Sleepiness Scale (ESS)

ESS [43] is a questionnaire measuring general daytime sleepiness on a scale of 0 (would
never doze) to 3 (high chance of dozing). Items measured the likelihood of respondents
either dozing or falling asleep in eight different everyday situations such as sitting and
reading, watching TV, and sitting quietly after a lunch without alcohol. ESS total score
can reliably distinguish between individuals with no sleep disorders from a range of
sleep-related diagnostic groups including obstructive sleep apnoea syndrome, narcolepsy
and idiopathic hypersomnia, but not from primary snoring, insomnia or periodic limb
movement disorder [43].

4.2.5. Child’s Sleep Habits Questionnaire (CSHQ)

Consisting of 45 items in the past week, CSHQ [44] is a subjective measure of child
sleep problems (e.g., sleep anxiety and night wakings) and sleep behaviour (e.g., sleep du-
ration, bedtime and sleep onset behaviour). Items on CHSQ are rated on a 3-point scale:
1 = Rarely (i.e., never or 1 time within the past week), 2 = Sometimes (i.e., 2–4 times within
the past week) and 3 = Usually (i.e., 5–7 times within the past week). CSHQ scores can
range from 33 to 99 points, and a score above 41 indicates a paediatric sleep disorder.

4.3. Cortisol Salivary Samples

Mothers were asked to take three samples of their saliva using salivary collectors
labelled with unique ID numbers. The tubes were colour coded for each time point and
had the time of expected collection written on the paper: AM- Yellow; PM- Blue; Evening-
Green. The first sample was taken no later than 30 min after awakening, followed by
one in the afternoon at 4:00 p.m. and finally before habitual sleep. We used an oral fluid
collector (OFC) from Soma Bioscience Ltd. (Wallingford, UK) to collect the saliva samples
individually. It consists of a synthetic polymer swab designed and mixed with an OFC
buffer. The collected sample is unaffected by recent food and drink ingestion and can be
stored at room temperature for several weeks. An enzyme immunoassay (EIA) test kit was
used (Soma Bioscience Ltd., Wallingford, UK) to determine the salivary assay range for
cortisol (0.25–32.0 ng/mL). Cortisol profiles were assessed using all 3 samples, compared
to the individual group mean. Values are reported for raw morning cortisol and diurnal
ratio (DCR) (PM/AM).

4.4. Procedure

Informed consent was obtained from the child and their parent or legal guardian.
Upon obtaining informed consent, mothers filled in the questionnaires as listed above
and provided their salivary samples at three different time points over the course of a
day. Questionnaires and cortisol samples were both collected within a week of obtaining
informed consent.



Healthcare 2022, 10, 666 11 of 14

4.5. Analytic Plan

Statistical analysis was performed using SPSS® version 26 (IBM Corporation, Armonk,
NY, USA) for Mac®, while correlational analyses were performed using Python (v. 3.5.8)
on Linux (Kernel 5.4.0-73-generic). All results are shown in Mean and SD unless oth-
erwise stated. Data were assessed for normality and homogeneity of variance, using a
Shapiro–Wilk test. Parametric or non-parametric tests were then chosen for comparison,
where most appropriate. Normative clinical data developed by [44] were used to determine
a clinically significant cut-off score for the CSHQ subscales. Any score above the clinical
sample mean were defined as having difficulties with their sleep in the following cate-
gories: bedtime resistance (>9.43), sleep onset (>1.80), sleep duration (>4.94), sleep anxiety
(>7.09), night wakings (>5.69), sleep disordered breathing (>4.71), parasomnias (>11.22)
and daytime sleepiness (>11.99).

5. Conclusions

In conclusion, this study served as an initial examination into the mutual effects of
sleep between mothers and children with ASD, by making use of a combination of subjec-
tive and objective measurements. While it is well-established that caregivers of children
with developmental disabilities such as ASD often face worse outcomes, this study showed
that, beyond simply considering the disability by itself, it is also the bi-directional interac-
tions between mother and child that can contribute to and mutually affect the quality of life
between the dyad, particularly in the domain of sleep and mental health. Future research
may choose to expand upon the present study by including a more diverse and larger
sample size, segmenting the children into finer developmental stages, and also considering
the simultaneous application of other modes of measurement such as actigraphy and EEG.

Author Contributions: Conceptualization, W.B.E. and D.D.; Methodology, W.B.E., D.D. and M.K.;
Software, W.B.E., G.G. and G.E.; Formal analysis, G.E., M.K. and G.G.; Investigation, W.B.E. and D.D.;
Writing—original draft preparation, W.B.E., M.L., G.E., G.G. and D.D.; Writing—review and editing,
M.L., G.E. and D.D.; Visualization, G.G.; Supervision, D.D. and E.H.; Funding acquisition, W.B.E. and
D.D. All authors have read and agreed to the published version of the manuscript.

Funding: W.B.E. was funded by the Ministry of Education in Saudi Arabia. D.D. was funded by John
and Lorna Wing Foundation, UK.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the UCL Research Ethics Committee (approval number 16682/001).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are not publicly accessible but can be made available on request
to D.D.

Acknowledgments: We would like to thank all parents and their children for participation in
this study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript,
or in the decision to publish the results.

References
1. Olusanya, B.O.; Davis, A.C.; Wertlieb, D.; Boo, N.Y.; Nair, M.; Halpern, R.; Kuper, H.; Breinbauer, C.; De Vries, P.J.; Gladstone,

M.; et al. Developmental disabilities among children younger than 5 years in 195 countries and territories, 1990–2016: A systematic
analysis for the Global Burden of Disease Study 2016. Lancet Glob. Health 2018, 6, e1100–e1121. [CrossRef]

2. Scherer, N.; Verhey, I.; Kuper, H. Depression and anxiety in parents of children with intellectual and developmental disabilities:
A systematic review and meta-analysis. PLoS ONE 2019, 14, e0219888. [CrossRef] [PubMed]

3. Solarsh, G.; Hofman, K.J. Developmental Disabilities. In Disease and Mortality in Sub-Saharan Africa, 2nd ed.; The World Bank:
Washington, DC, USA, 2011; Chapter 10.

4. Liddle, M.; Birkett, K.; Bonjour, A.; Risma, K. A collaborative approach to improving health care for children with developmental
disabilities. Pediatrics 2018, 142, e20181136. [CrossRef] [PubMed]

http://doi.org/10.1016/S2214-109X(18)30309-7
http://dx.doi.org/10.1371/journal.pone.0219888
http://www.ncbi.nlm.nih.gov/pubmed/31361768
http://dx.doi.org/10.1542/peds.2018-1136
http://www.ncbi.nlm.nih.gov/pubmed/30385639


Healthcare 2022, 10, 666 12 of 14

5. Sousa, A.C. From refrigerator mothers to warrior-heroes: The cultural identity transformation of mothers raising children with
intellectual disabilities. Symb. Interact. 2011, 34, 220–243. [CrossRef]

6. Bettelheim, B. Empty Fortress; Simon and Schuster: New York, NY, USA, 1972.
7. Lansford, J.E.; Rothenberg, W.A.; Jensen, T.M.; Lippold, M.A.; Bacchini, D.; Bornstein, M.H.; Chang, L.; Deater-Deckard, K.;

Di Giunta, L.; Dodge, K.A.; et al. Bidirectional relations between parenting and behavior problems from age 8 to 13 in nine
countries. J. Res. Adolesc. 2018, 28, 571–590. [CrossRef]

8. Hendricks, C.; Lansford, J.E.; Deater-Deckard, K.; Bornstein, M.H. Associations between child disabilities and caregiver discipline
and violence in low-and middle-income countries. Child Dev. 2014, 85, 513–531. [CrossRef]

9. Al-Farsi, O.A.; Al-Farsi, Y.M.; Al-Sharbati, M.M.; Al-Adawi, S. Stress, anxiety, and depression among parents of children with
autism spectrum disorder in Oman: A case–control study. Neuropsychiatr. Dis. Treat. 2016, 12, 1943. [CrossRef]

10. Kennan, M.D.; Brady, B.; Forkan, C. Children’s Participation A Systematic Literature Review Exploring the Effectiveness of Structures
and Procedures Intended to Support Children’s Participation in Child Welfare, Child Protection; UNESCO Child and Family Research
Centre (UCFRC), The National University of Ireland: Galway, Ireland, 2016.

11. Lovell, B.; Elliot, H.; Liu, C.C.S.; Wetherell, M.A. Memory failures for everyday tasks in caregivers of children with autism. Res.
Dev. Disabil. 2014, 35, 3057–3061. [CrossRef]

12. Gallagher, S.; Phillips, A.C.; Oliver, C.; Carroll, D. Predictors of psychological morbidity in parents of children with intellectual
disabilities. J. Pediatr. Psychol. 2008, 33, 1129–1136. [CrossRef]

13. Osborne, L.A.; Reed, P. The relationship between parenting stress and behavior problems of children with autistic spectrum
disorders. Except. Child. 2009, 76, 54–73. [CrossRef]

14. Lovell, B.; Elder, G.J.; Wetherell, M.A. Sleep disturbances and physical health problems in caregivers of children with ASD. Res.
Dev. Disabil. 2021, 113, 103932. [CrossRef] [PubMed]

15. Ruiz-Robledillo, N.; Moya-Albiol, L. Self-reported health and cortisol awakening response in parents of people with Asperger
syndrome: The role of trait anger and anxiety, coping and burden. Psychol. Health 2013, 28, 1246–1264. [CrossRef] [PubMed]

16. Gallagher, S.; Whiteley, J. Social support is associated with blood pressure responses in parents caring for children with
developmental disabilities. Res. Dev. Disabil. 2012, 33, 2099–2105. [CrossRef]

17. Bella, G.P.; Garcia, M.C.; Spadari-Bratfisch, R.C. Salivary cortisol, stress, and health in primary caregivers (mothers) of children
with cerebral palsy. Psychoneuroendocrinology 2011, 36, 834–842. [CrossRef]

18. Whittaker, A.C.; Gallagher, S. Caregiving alters immunity and stress hormones: A review of recent research. Curr. Opin. Behav.
Sci. 2019, 28, 93–97. [CrossRef]

19. Lovell, B.; Moss, M.; Wetherell, M.A. With a little help from my friends: Psychological, endocrine and health corollaries of social
support in parental caregivers of children with autism or ADHD. Res. Dev. Disabil. 2012, 33, 682–687. [CrossRef]

20. Seltzer, M.M.; Greenberg, J.S.; Hong, J.; Smith, L.E.; Almeida, D.M.; Coe, C.; Stawski, R.S. Maternal cortisol levels and behavior
problems in adolescents and adults with ASD. J. Autism Dev. Disord. 2010, 40, 457–469. [CrossRef]

21. Gallagher, S.; Phillips, A.C.; Drayson, M.T.; Carroll, D. Parental caregivers of children with developmental disabilities mount a
poor antibody response to pneumococcal vaccination. Brain Behav. Immun. 2009, 23, 338–346. [CrossRef]

22. Pulopulos, M.M.; Hidalgo, V.; Puig-Perez, S.; Montoliu, T.; Salvador, A. Relationship between cortisol changes during the night
and subjective and objective sleep quality in healthy older people. Int. J. Environ. Res. Public Health 2020, 17, 1264. [CrossRef]

23. Shattuck, N.L.; Matsangas, P.; Dahlman, A.S. Sleep and fatigue issues in military operations. In Sleep and Combat-Related Post
Traumatic Stress Disorder; Springer: Cham, Switzerland, 2018; pp. 69–76.

24. Paiva, T.; Gaspar, T.; Matos, M.G. Sleep deprivation in adolescents: Correlations with health complaints and health-related
quality of life. Sleep Med. 2015, 16, 521–527. [CrossRef]

25. Pawl, J.D.; Lee, S.Y.; Clark, P.C.; Sherwood, P.R. Sleep loss and its effects on health of family caregivers of individuals with
primary malignant brain tumors. Res. Nurs. Health 2013, 36, 386–399. [CrossRef] [PubMed]

26. Mcbean, A.L.; Schlosnagle, L. Sleep, health and memory: Comparing parents of typically developing children and parents of
children with special health-care needs. J. Sleep Res. 2016, 25, 78–87. [CrossRef] [PubMed]

27. Lee, S.; Crain, T.L.; McHale, S.M.; Almeida, D.M.; Buxton, O.M. Daily antecedents and consequences of nightly sleep. J. Sleep Res.
2017, 26, 498–509. [CrossRef]

28. Bourke-Taylor, H.; Pallant, J.F.; Law, M.; Howie, L. Relationships between sleep disruptions, health and care responsibilities
among mothers of school-aged children with disabilities. J. Paediatr. Child Health 2013, 49, 775–782. [CrossRef] [PubMed]

29. Lee, J. Maternal stress, well-being, and impaired sleep in mothers of children with developmental disabilities: A literature review.
Res. Dev. Disabil. 2013, 34, 4255–4273. [CrossRef]

30. Meltzer, L.J.; Moore, M. Sleep disruptions in parents of children and adolescents with chronic illnesses: Prevalence, causes,
and consequences. J. Pediatr. Psychol. 2008, 33, 279–291. [CrossRef] [PubMed]

31. Cohen, S.; Conduit, R.; Lockley, S.W.; Rajaratnam, S.M.; Cornish, K.M. The relationship between sleep and behavior in autism
spectrum disorder (ASD): A review. J. Neurodev. Disord. 2014, 6, 44. [CrossRef]

32. Malow, B.A.; Marzec, M.L.; McGrew, S.G.; Wang, L.; Henderson, L.M.; Stone, W.L. Characterizing sleep in children with autism
spectrum disorders: A multidimensional approach. Sleep 2006, 29, 1563–1571. [CrossRef]

33. Veatch, O.J.; Sutcliffe, J.S.; Warren, Z.E.; Keenan, B.T.; Potter, M.H.; Malow, B.A. Shorter sleep duration is associated with social
impairment and comorbidities in ASD. Autism Res. 2017, 10, 1221–1238. [CrossRef]

http://dx.doi.org/10.1525/si.2011.34.2.220
http://dx.doi.org/10.1111/jora.12381
http://dx.doi.org/10.1111/cdev.12132
http://dx.doi.org/10.2147/NDT.S107103
http://dx.doi.org/10.1016/j.ridd.2014.07.019
http://dx.doi.org/10.1093/jpepsy/jsn040
http://dx.doi.org/10.1177/001440290907600103
http://dx.doi.org/10.1016/j.ridd.2021.103932
http://www.ncbi.nlm.nih.gov/pubmed/33730686
http://dx.doi.org/10.1080/08870446.2013.800517
http://www.ncbi.nlm.nih.gov/pubmed/23713979
http://dx.doi.org/10.1016/j.ridd.2012.06.007
http://dx.doi.org/10.1016/j.psyneuen.2010.11.005
http://dx.doi.org/10.1016/j.cobeha.2019.02.002
http://dx.doi.org/10.1016/j.ridd.2011.11.014
http://dx.doi.org/10.1007/s10803-009-0887-0
http://dx.doi.org/10.1016/j.bbi.2008.05.006
http://dx.doi.org/10.3390/ijerph17041264
http://dx.doi.org/10.1016/j.sleep.2014.10.010
http://dx.doi.org/10.1002/nur.21545
http://www.ncbi.nlm.nih.gov/pubmed/23633116
http://dx.doi.org/10.1111/jsr.12329
http://www.ncbi.nlm.nih.gov/pubmed/26238150
http://dx.doi.org/10.1111/jsr.12488
http://dx.doi.org/10.1111/jpc.12254
http://www.ncbi.nlm.nih.gov/pubmed/23745960
http://dx.doi.org/10.1016/j.ridd.2013.09.008
http://dx.doi.org/10.1093/jpepsy/jsm118
http://www.ncbi.nlm.nih.gov/pubmed/18084038
http://dx.doi.org/10.1186/1866-1955-6-44
http://dx.doi.org/10.1093/sleep/29.12.1563
http://dx.doi.org/10.1002/aur.1765


Healthcare 2022, 10, 666 13 of 14

34. Cortesi, F.; Giannotti, F.; Ivanenko, A.; Johnson, K. Sleep in children with autistic spectrum disorder. Sleep Med. 2010, 11, 659–664.
[CrossRef]

35. Gregory, A.M.; O’connor, T.G. Sleep problems in childhood: A longitudinal study of developmental change and association with
behavioral problems. J. Am. Acad. Child Adolesc. Psychiatry 2002, 41, 964–971. [CrossRef] [PubMed]

36. Law, R.; Clow, A. Stress, the cortisol awakening response and cognitive function. Int. Rev. Neurobiol. 2020, 150, 187–217. [PubMed]
37. Tsui, A.; Richards, M.; Singh-Manoux, A.; Udeh-Momoh, C.; Davis, D. Longitudinal associations between diurnal cortisol

variation and later-life cognitive impairment. Neurology 2020, 94, e133–e141. [CrossRef]
38. Ennis, G.E.; Moffat, S.D.; Hertzog, C. The cortisol awakening response and cognition across the adult lifespan. Brain Cogn. 2016,

105, 66–77. [CrossRef]
39. Engle, P.; Black, M.; Behrman, J.; de Mello, M.; Gertler, P.; Kapiriri, L.; Martorell, R.; Young, M.E.; The International Child

Development Steering Group. Strategies to avoid the loss of developmental potential in more than 200 million children in the
developing world. Lancet 2007, 369, 229–242. [CrossRef]

40. Bech, P.; Rasmussen, N.A.; Olsen, L.R.; Noerholm, V.; Abildgaard, W. The sensitivity and specificity of the Major Depression
Inventory, using the Present State Examination as the index of diagnostic validity. J. Affect. Disord. 2001, 66, 159–164. [CrossRef]

41. Schopler, E.; Reichler, R.J.; Renner, B.R. The Childhood Autism Rating Scale (CARS); WPS Los Angeles: Torrance, CA, USA, 2010.
42. Buysse, D.J.; Reynolds, C.F., III; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A new instrument for

psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]
43. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth sleepiness scale. Sleep 1991, 14, 540–545. [CrossRef]
44. Owens, J.A.; Spirito, A.; McGuinn, M. The Children’s Sleep Habits Questionnaire (CSHQ): Psychometric properties of a survey

instrument for school-aged children. Sleep N. Y. 2000, 23, 1043–1052. [CrossRef]
45. Carskadon, M.A.; Dement, W.C. Monitoring and Staging human sleep. In Principles and Practice of Sleep Medicine, 5th ed.; Kryger,

M.H., Roth, T., Dement, W.C., Eds.; Elsevier Saunders: St. Louis, MI, USA, 2011; pp. 16–26.
46. Cotton, S.; Richdale, A. Brief report: Parental descriptions of sleep problems in children with autism, Down syndrome,

and Prader–Willi syndrome. Res. Dev. Disabil. 2006, 27, 151–161. [CrossRef]
47. Krakowiak, P.; Goodlin-Jones, B.; Hertz-Picciotto, I.; Croen, L.A.; Hansen, R.L. Sleep problems in children with autism spectrum

disorders, developmental delays, and typical development: A population-based study. J. Sleep Res. 2008, 17, 197–206. [CrossRef]
[PubMed]

48. Shaw, A.; Do, T.N.T.; Harrison, L.; Marczak, M.; Dimitriou, D.; Joyce, A. Sleep and cognition in people with autism spectrum
condition: A systematic literature review. Rev. J. Autism Dev. Disord. 2021. [CrossRef]

49. Couturier, J.L.; Speechley, K.N.; Steele, M.; Norman, R.; Stringer, B.; Nicolson, R. Parental perception of sleep problems in children
of normal intelligence with pervasive developmental disorders: Prevalence, severity, and pattern. J. Am. Acad. Child Adolesc.
Psychiatry 2005, 44, 815–822. [CrossRef] [PubMed]

50. Wiggs, L.; Stores, G. Sleep patterns and sleep disorders in children with autistic spectrum disorders: Insights using parent report
and actigraphy. Dev. Med. Child Neurol. 2004, 46, 372–380. [CrossRef]

51. Allik, H.; Larsson, J.O.; Smedje, H. Sleep patterns of school-age children with Asperger syndrome or high-functioning autism.
J. Autism Dev. Disord. 2006, 36, 585–595. [CrossRef]

52. Honomichl, R.D.; Goodlin-Jones, B.L.; Burnham, M.; Gaylor, E.; Anders, T.F. Sleep patterns of children with pervasive develop-
mental disorders. J. Autism Dev. Disord. 2002, 32, 553–561. [CrossRef]

53. Patzold, L.; Richdale, A.; Tonge, B. An investigation into sleep characteristics of children with autism and Asperger’s disorder.
J. Paediatr. Child Health 1998, 34, 528–533. [CrossRef]

54. Schreck, K.A.; Mulick, J.A. Parental report of sleep problems in children with autism. J. Autism Dev. Disord. 2000, 30, 127–135.
[CrossRef]

55. Polimeni, M.A.; Richdale, A.; Francis, A. A survey of sleep problems in autism, Asperger’s disorder and typically developing
children. J. Intellect. Disabil. Res. 2005, 49, 260–268. [CrossRef]

56. Hering, E.; Epstein, R.; Elroy, S.; Iancu, D.R.; Zelnik, N. Sleep patterns in autistic children. J. Autism Dev. Disord. 1999, 29, 143–147.
[CrossRef]

57. Richdale, A.L.; Prior, M.R. The sleep/wake rhythm in children with autism. Eur. Child Adolesc. Psychiatry 1995, 4, 175–186.
[CrossRef] [PubMed]

58. Hoffman, C.D.; Sweeney, D.P.; Gilliam, J.E.; Apodaca, D.D.; Lopez-Wagner, M.C.; Castillo, M.M. Sleep problems and symptomol-
ogy in children with autism. Focus Autism Other Dev. Disabil. 2005, 20, 194–200. [CrossRef]

59. Schreck, K.A.; Richdale, A.L. Sleep problems, behavior, and psychopathology in autism: Inter-relationships across the lifespan.
Curr. Opin. Psychol. 2020, 34, 105–111. [CrossRef] [PubMed]

60. Richdale, A.L.; Schreck, K.A. Sleep problems in autism spectrum disorders: Prevalence, nature, & possible biopsychosocial
aetiologies. Sleep Med. Rev. 2009, 13, 403–411. [PubMed]

61. Tzischinsky, O.; Meiri, G.; Manelis, L.; Bar-Sinai, A.; Flusser, H.; Michaelovski, A.; Zivan, O.; Ilan, M.; Faroy, M.; Menashe, I.; et al.
Sleep disturbances are associated with specific sensory sensitivities in children with autism. Mol. Autism 2018, 9, 22. [CrossRef]

62. Hundley, R.J.; Shui, A.; Malow, B.A. Relationship between subtypes of restricted and repetitive behaviors and sleep disturbance
in autism spectrum disorder. J. Autism Dev. Disord. 2016, 46, 3448–3457. [CrossRef]

http://dx.doi.org/10.1016/j.sleep.2010.01.010
http://dx.doi.org/10.1097/00004583-200208000-00015
http://www.ncbi.nlm.nih.gov/pubmed/12162632
http://www.ncbi.nlm.nih.gov/pubmed/32204832
http://dx.doi.org/10.1212/WNL.0000000000008729
http://dx.doi.org/10.1016/j.bandc.2016.04.001
http://dx.doi.org/10.1016/S0140-6736(07)60112-3
http://dx.doi.org/10.1016/S0165-0327(00)00309-8
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1093/sleep/14.6.540
http://dx.doi.org/10.1093/sleep/23.8.1d
http://dx.doi.org/10.1016/j.ridd.2004.12.003
http://dx.doi.org/10.1111/j.1365-2869.2008.00650.x
http://www.ncbi.nlm.nih.gov/pubmed/18482108
http://dx.doi.org/10.1007/s40489-021-00266-7
http://dx.doi.org/10.1097/01.chi.0000166377.22651.87
http://www.ncbi.nlm.nih.gov/pubmed/16034284
http://dx.doi.org/10.1017/S0012162204000611
http://dx.doi.org/10.1007/s10803-006-0099-9
http://dx.doi.org/10.1023/A:1021254914276
http://dx.doi.org/10.1046/j.1440-1754.1998.00291.x
http://dx.doi.org/10.1023/A:1005407622050
http://dx.doi.org/10.1111/j.1365-2788.2005.00642.x
http://dx.doi.org/10.1023/A:1023092627223
http://dx.doi.org/10.1007/BF01980456
http://www.ncbi.nlm.nih.gov/pubmed/8846206
http://dx.doi.org/10.1177/10883576050200040101
http://dx.doi.org/10.1016/j.copsyc.2019.12.003
http://www.ncbi.nlm.nih.gov/pubmed/31918238
http://www.ncbi.nlm.nih.gov/pubmed/19398354
http://dx.doi.org/10.1186/s13229-018-0206-8
http://dx.doi.org/10.1007/s10803-016-2884-4


Healthcare 2022, 10, 666 14 of 14

63. Lopez-Wagner, M.C.; Hoffman, C.D.; Sweeney, D.P.; Hodge, D.; Gilliam, J.E. Sleep problems of parents of typically developing
children and parents of children with autism. J. Genet. Psychol. 2008, 169, 245–260. [CrossRef]

64. Uskul, A.K.; Greenglass, E. Psychological wellbeing in a Turkish-Canadian sample. Anxiety Stress Coping 2005, 18, 269–278.
[CrossRef]

65. Meltzer, L.J.; Mindell, J.A. Relationship between child sleep disturbances and maternal sleep, mood, and parenting stress: A pilot
study. J. Fam. Psychol. 2007, 21, 67. [CrossRef]

66. Robinson, A.; Richdale, A. Sleep problems in children with an intellectual disability: Parental perceptions of sleep problems, and
views of treatment effectiveness. Child Care Health Dev. 2004, 30, 139–150. [CrossRef]

67. Sivertsen, B.; Harvey, A.G.; Pallesen, S.; Hysing, M. Trajectories of sleep problems from childhood to adolescence: A population-
based longitudinal study from Norway. J. Sleep Res. 2017, 26, 55–63. [CrossRef] [PubMed]

68. Wang, B.; Isensee, C.; Becker, A.; Wong, J.; Eastwood, P.R.; Huang, R.C.; Runions, K.C.; Stewart, R.M.; Meyer, T.; Brüni, L.; et al.
Developmental trajectories of sleep problems from childhood to adolescence both predict and are predicted by emotional and
behavioral problems. Front. Psychol. 2016, 7, 1874. [CrossRef] [PubMed]

69. McVeigh, J.A.; Smith, A.; Howie, E.K.; Stamatakis, E.; Ding, D.; Cistulli, P.A.; Eastwood, P.; Straker, L. Developmental trajectories
of sleep during childhood and adolescence are related to health in young adulthood. Acta Paediatr. 2021, 110, 2435–2444.
[CrossRef] [PubMed]

70. Abidin, R.R. Parenting Stress Index: Professional Manual; [PSI]; PAR, Psychological Assessment Resources: Odesssa, FL, USA, 1995.
71. Crowne, D.P.; Marlowe, D. A new scale of social desirability independent of psychopathology. J. Consult. Psychol. 1960, 24, 349.

[CrossRef] [PubMed]
72. Strahan, R.; Gerbasi, K.C. Short, homogeneous versions of the Marlowe-Crowne social desirability scale. J. Clin. Psychol. 1972, 28,

191–193. [CrossRef]
73. Liu, D.; Liu, S.; Liu, X.; Zhang, C.; Li, A.; Jin, C.; Chen, Y.; Wang, H.; Zhang, X. Interactive brain activity: Review and progress on

EEG-based hyperscanning in social interactions. Front. Psychol. 2018, 9, 1862. [CrossRef]
74. Babiloni, F.; Cincotti, F.; Mattia, D.; Mattiocco, M.; Fallani, F.D.V.; Tocci, A.; Bianchi, L.; Marciani, M.G.; Astolfi, L. Hypermethods

for EEG hyperscanning. In Proceedings of the 2006 International Conference of the IEEE Engineering in Medicine and Biology
Society, New York, NY, USA, 30 August–3 September 2006; pp. 3666–3669.

75. Feldman, R. From biological rhythms to social rhythms: Physiological precursors of mother-infant synchrony. Dev. Psychol. 2006,
42, 175. [CrossRef]

76. Oliver, P.; Jupp, V. Snowball Sampling; Sage: London, UK, 2006.

http://dx.doi.org/10.3200/GNTP.169.3.245-260
http://dx.doi.org/10.1080/10615800500205983
http://dx.doi.org/10.1037/0893-3200.21.1.67
http://dx.doi.org/10.1111/j.1365-2214.2004.00395.x
http://dx.doi.org/10.1111/jsr.12443
http://www.ncbi.nlm.nih.gov/pubmed/27530929
http://dx.doi.org/10.3389/fpsyg.2016.01874
http://www.ncbi.nlm.nih.gov/pubmed/27990129
http://dx.doi.org/10.1111/apa.15911
http://www.ncbi.nlm.nih.gov/pubmed/33973271
http://dx.doi.org/10.1037/h0047358
http://www.ncbi.nlm.nih.gov/pubmed/13813058
http://dx.doi.org/10.1002/1097-4679(197204)28:2<191::AID-JCLP2270280220>3.0.CO;2-G
http://dx.doi.org/10.3389/fpsyg.2018.01862
http://dx.doi.org/10.1037/0012-1649.42.1.175

	Introduction
	Results
	Participant Characteristics
	Subjective Sleep Profiles of Mothers
	Subjective Sleep Profiles of Children with ASD
	Mothers' Cortisol Profiles

	Discussion
	Materials and Methods
	Participants
	Questionnaires
	Childhood Autism Rating Scale-Second Edition (CARS-2)
	Major Depression Inventory (MDI)
	Pittsburgh Sleep Quality Index (PSQI)
	Epworth Sleepiness Scale (ESS)
	Child's Sleep Habits Questionnaire (CSHQ)

	Cortisol Salivary Samples
	Procedure
	Analytic Plan

	Conclusions
	References

