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Abstract

Background: Autism is a developmental disorder that impairs social relationships. Sleep disorders are one of
the major problems of patients with autism spectrum disorders (ASD).

Obijectives: Concerning the need to investigate problems and impairments caused by this disease, the present
study aimed at determining the effect of an eight-week endurance training program plus Q10
supplementation on sleep quality in children with ASD in 2017.

Methods: The present double-blind study was performed on three experimental groups. Group 1 performed
eight-week endurance training on a one-mile distance as brisk walking. Group 2 received 100 mg Q10
supplements daily and Group 3 underwent a combination of both interventions. Pre- and post-tests were
performed to determine the sleep habits of the study subjects using the children's sleep habits questionnaire
(CSHQ) by parents. Finally, the pre- and post-tests data were compared using the paired samples t-test.
Results: A significant difference was observed between the pre- and post-test results in the mean total and
eight subscales scores in the endurance training plus Q10 supplementation group (P <0.05). There was no
significant difference between the pre- and post-test results in the sleep anxiety and sleep-disordered
breathing subscales in the endurance training group and the sleep-disordered breathing subscale in the
supplementation group.

Conclusion: According to the study results, it seems that the sleep of children with autism was improved by
increased physical activity and Q10 supplementation.
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Introduction

Autism  spectrum  disorders (ASD) is a
developmental disorder of the nervous system,
which its major manifestations are impaired social
interactions, repetitive behaviors and motor skills
delay, including delayed sitting, crawling,
walking, as well as altered gait, abnormal posture
control, and poor motor planning [1,2]. The
prevalence of ASD is 1 in 42 for males and 1 in

189 for females; i e, four times higher in males
than females [3,4]. The prevalence of ASD in the
United States was 4-5 per 1000 in 1990, 1 in 150
in 2007, 1 in 91 in 2009, and 1 in 50 in 2013 [5].
According to the World Health Organization
(WHO) report, the approximate prevalence of
ASD in 2014 was 2.24%, about three times higher
than that of 2000; this increasing trend led to
numerous researches in recent decades [6,7] and
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identification of the causes of autism in order to
achieve better treatment was on top of the topics
[7].

The results showed that early behavioral
interventions are a useful and effective treatment
for ASD [8], which one of the most important
ones is motor skills in physical activity, and
endurance  exercises, including  boating
competitions (about six minutes), marathon race
(about 2-3 hours), and even some cycling
competitions (about four hours). Such activities
often are the sources of ATP production in the
aerobic system, in which the duration of the event
is the only difference [9]. Different studies
emphasized the effect of endurance training on the
sleep quality of children with ASD and reported
the role of physical activity and exercise in the
sleep improvement of such children [10-12].
Besides sleep disorder in children with ASD,
impairment of energy metabolism is also observed
in some cases [13]. Coenzyme Q10 (CoQ10) is an
essential component for the electron-transport
chain that speeds up the mitochondrial
metabolism, releasing bioenergy in various tissue,
especially skeletal muscles. Some researchers
believe that exogenous consumption to improve
plasma or tissue levels by taking Q10
supplements can prevent stress or adverse changes
in some biochemical parameters caused by energy
loss during exercise [14,15]. CoQ10 is
synthesized from the amino acid tyrosine in all
body cells, especially the heart, liver, kidneys, and
pancreas, and plays a pivotal role in their
intracellular energy production. Therefore, the
present study aimed at determining the effect of
an eight-week endurance training and Q10
supplementation on the sleep quality of children
with ASD in 2016.

Methods

The present quasi-experimental study with a
double-blind design and pre- and post-tests was
performed on three experimental groups. The
subjects were selected by the convenience
sampling method. The three groups underwent an
eight-week intervention as endurance training,
Q10 supplementation, and a combination of both
interventions, separately. Sleep habits were
determined in all three groups as a pre-test. The
groups were also homogenized for some

demographic  characteristics and  physical
indicators.

The statistical population included all children
aged 4-11 years with ASD under the supervision
of the Department of Cooperatives, Labour, and
Social Welfare of Zanjan, from which 21 subjects
were purposefully selected and assigned into three
intervention groups. The children's sleep habits
guestionnaire (CSHQ) was utilized to determine
the sleep quality of the participants. The CSHQ
was developed by Owens [16] to assess the sleep
habits of children aged 4-11 years and includes
eight subscales of bedtime resistance, sleep-onset
delay, sleep duration, sleep anxiety, night waking,
parasomnias, sleep-disordered breathing, and
daytime sleepiness. The CSHQ is scored based on
a three-point Likert scale (always, sometimes,
never); scores above average correspond to more
disturbed sleep and scores below average to
healthy sleep habits.

In the present study, the content validity method
was used to evaluate the wvalidity of the
instrument, and Cronbach's alpha coefficient to
assess its reliability that was 0.81. Group 1
underwent an eight-week endurance training
program on a one-mile distance as brisk walking.
Group 2 received 50 mg Q10 twice a day (11:00
am and 6:00 pm), totally 100 mg, under the
supervision of a sports nutritionist, and their
behavioral changes were evaluated by asking their
parents. Group 3 underwent a combination of
endurance training and Q10 supplementation.
Sleep habits of the participants were evaluated by
CSHQ completed by the parents twice as pre-and
post-tests. Then the pre- and post-test results of
the three groups were compared to determine the
effect of endurance training, Q10
supplementation, and a combined intervention on
the sleep quality of the subjects. Descriptive
statistics were used to classify and assess the data
distribution of demographic characteristics, and
the Shapiro-Wilk test was used to determine the
normality in the data distribution. The paired
samples t-test was utilized to test the research
hypotheses. Data were analyzed using SPSS
version 24.

Results
In the present study, 21 children with ASD aged
9.52+5.46 years, BMI of 15.85+4.78 kg/m2, and
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endurance exercises of 92.22+8.25 minutes per the post-test, after the intervention. However, the
week participated (seven in each group). difference was insignificant in sleep anxiety and
In the endurance training group, the mean scores sleep-disordered breathing (Table 1).

of total CSHQ and its eight subscales decreased in

Table 1: Comparison of the mean (£SD) pre- and pre-test scores of CSHQ in the endurance training group

Variable Test Mean Standard Deviation t P value
TOEl st asos  gor 412 000
Lack of sleep Ilz;ittizzt igzég ‘3‘:51 315  *0.001
Bedtime resistance :des_ttjzzt ggg ;gg 3.04  *0.001
Parasomnia :des_ttjzzt gg% ggg 2.56  *0.001
Sleep anxiety E;esttiit ggg 3:3 171 0.356
b e Telel 26 LE on
Night waking Egesttizzt g:gé ggg 298 *0.001
epdorired feel 481 om
Sleep onset delay Ilzges_ttj:;t iéi ggg 254  *0.001
*P-value<0.05
In the Q10 supplementation group, the mean However, the difference was insignificant in
scores of total CSHQ and its eight subscales sleep-disordered breathing (Table 2).

decreased in the post-test, after the intervention.
Table 2: Comparison of the mean (xSD) pre- and pre-test scores of CSHQ in the Q10 supplementation group

Variable Test Mean Standard Deviation t P value
e g
Lack of sleep E;i_tt_i:;t ﬂgg g;i 3.36  *0.001
Bedtime resistance F;Les_ttisetst ggé ggg 3.00 *0.001
Parasomnia E;i_tt_i:;t ggg ;82 212 *0.001
Sleep anxiety E;i_tt_i:;t igg ;2; 1.98  0.046
L R T
Night waking ﬁ;estti:;t ‘3‘:22 ;;é 209  *0.001
Sleep-disordered  Pre-test 491 1.03 171 0.301
breathing Post-test 4.23 1.13
Sleep onset delay ﬁ;es_tt-izzt igg géé 2.72  *0.001

*P value<0.05
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In the combined intervention group, consisting of

both endurance training

and

Q10

supplementation, the mean scores of total CSHQ

and its eight subscales significantly reduced in the

post-test (Table 3).

Table 3: Comparison of the mean (£SD) pre- and pre-test scores of CSHQ in the combined intervention group

Variable Test Mean Standard Deviation t P-value

L e o 1 N
ocorston PSB85 oo
Bedtime resistance oo oD 25 346  *0.001
Parasomnia oo AU =5 308  *0.001
Sleep anxiety E(r)i-ttjz;t 215 gig 2.65  *0.001
gy ek 4712 oy
worvang ST 25 s oo
Sleep-disordered  Pre-test 4.86 1.12 2.25  *0.001
breathing Post-test 3.03 1.14
Sleep onset delay Eg;t_i:;t 188 ggg 359  *0.001

*P-value<0.05

Discussion

The present study aimed at investigating the effect
of endurance training and Q10 consumption on
sleep habits separately and simultaneously. In the
endurance training group, except for sleep anxiety
and sleep-disordered breathing, total and
subscales scores of CSHQ significantly reduced in
the post-test compared to the pre-test. The results
of the study were consistent with those of other
research [10-12] in terms of the effect of physical
activity on improved sleep quality. Also, many
studies reported the positive effect of physical
activity on sleep quality in the population of other
countries [17,19].

In the Q10 supplementation group of the present
study, a significant decrease was observed in the
mean post-test score compared to the pre-test in
all subscales, except for sleep-disordered
breathing. Concerning the effects of Q10
supplementation on mitochondrial function and
the body metabolism, some factors, such as
resistance to blood sugar regulating drugs,
strength and fatigue, migraine headaches, and
urinary microalbumin, showed improvement
following Q10 supplementation [14,15,17,20].
However, since no similar study is performed so

far, the effect of Q10 supplementation on sleep
quality was consistent with those of other
research. CoQ10 is a fat-soluble antioxidant
involved in the production of intracellular energy,
the electron-transport chain of mitochondria, and
the synthesis of ATP in the mitochondrial
membrane. It prevents membrane lipid
peroxidation, stabilizes cell membranes, maintains
cellular strength and function, and stimulates the
immune system. Consumption of Q10 increases
capillary density, reduces resistance in the lateral
side artery, increases diastolic end volume, stroke
volume, and heart rate, increases mitochondrial
number and volume, increases lactate uptake,
increases enzymes for aerobic metabolism, and
subsequently, increases  muscle  oxygen
consumption and oxygen extraction from the
blood, and ultimately, cardiovascular adaptation,
and improves hemodynamic indicators and the
quality of life. Nevertheless, the extent of
improvement in these indicators and the quality of
life depends on the initial preparation of the body,
age, gender, and the intensity and number of
exercises [21]. It is recommended to perform
further studies considering these factors on larger
sample sizes.
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In the group undergoing the combined
intervention (endurance training plus Q10
supplementation), the mean CSHQ score in all the
subscales significantly reduced in the post-test
than in the pre-test, showing the synergistic effect
of synchronizing endurance training and Q10
supplementation on sleep quality.

The study results suggest the role of physical
activity and Q10 supplementation in improving
sleep quality in children with ASD. The results
are important since no similar study evaluating
the effect of both interventions (endurance
training and Q10 supplementation) on the sleep
quality is performed thus far; on the other hand,
studies in this area are more descriptive-
correlational with large sample sizes and,
therefore, the difference between the present study
and other ones is the evaluation of the sleep
quality in children with ASD, but considering the
small sample size of the present study and
differences in the subjects’ physical status and the
need of following up their physical and even
mental status, the obtained results can only be
generalizable if further studies with larger sample
sizes are conducted. Finally, the results suggest
that to improve the sleep quality of children with
ASD, a problematic factor for such patients,
various interventions, such as increased physical
activity and  appropriate  supplementation
(CoQ10), might be fruitful; the point
recommended by previous studies. The results of
the current study confirmed the necessity of
emphasizing the conduction of further studies in
this area.
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