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Abstract

Background and Objective: Improper sleeping habits can affect children’s sleep structure and reduce the quantity and
quality of sleep. In this study, we aimed to investigate the relationship between sleep habits and sleep structure in children.

Materials and Methods: The population of this cross-sectional descriptive-analytical study included children aged
3-10 years who were referred to the sleep department of Children's Hospital in Qazvin City, Iran, during 2015-2021 and
had undergone standard polysomnography (PSG). The Iranian version of the Children's Sleep Habits Questionnaire
(CSHQ) was completed by parents. Sleep structure parameters of PSG were used. Statistical tests included mean,
standard deviation (SD), and independent t-test.

Results: Among 163 patients, 102 (62.6%) were boys. The average age of the children was 6.35+3.72 years. According
to CSHQ, the average score of "resistance before sleep™ was 2.08+0.38 and the highest score was related to "falling
asleep in your bed" (2.50+0.81). The highest score of "sleep duration” was related to "sleeping the same amount each
day" (2.54+0.75). The comparison of PSG findings showed that the mean score of bedtime resistance had a statistically
significant relationship with increased stage N1 and decreased sleep efficiency (SE) (P = 0.01). Moreover, the mean
score of "sleep duration™ was associated with abnormal Arousal Index (Al) (P = 0.01).

Conclusion: According to the results, children who were reported to be sleep-deprived had a higher percentage of light
sleep and frequent night awakenings, and less SE in the PSG. Appropriate health strategies are needed to improve chil-
dren's sleep habits.
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Introduction years. At the age of 2-5 years, the sleep and wake-
fulness are equal, and after the age of 5 years, the
sleep reaches 40% (2, 3). Inadequate sleep (in
terms of quantity and quality), which is defined as
a reduction in sleep duration, high sleep onset de-
lay, and low sleep efficiency (SE) (4), causes be-
havioral and cognitive disorders in children (5),
and increases the risk of obesity, blood pressure,
type 2 diabetes, and daily dysfunction of children
(1, 4, 6, 7). According to the evidence, the dura-

Adequate and quality sleep is essential for a
person's physical and mental health (1). Sleep in
children is a dynamic process that grows in paral-
lel with the child's physical, behavioral, and neu-
rological development, and the most significant
change in sleep occurs during the first 12 months
of life so that children sleep 9500 hours against
8000 hours of wakefulness until the age of 2
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Relationship between Children's Sleep Habits and Sleep Structure

suffer from sleep problems, a simple form of
which can be bedtime resistance, night awaken-
ing, parasomnias, and/or obstructive sleep apnea
(OSA) (8). Children's sleep patterns are different
in different countries and influenced by cultural,
social, income, and environmental differences (8).
For example, the total sleep time in Asian coun-
tries is almost 1 hour less than American children.
The prevalence of sleep problems in 4-5-year-old
American children is 4.3%. The prevalence of
mild to severe sleep problems in Australian pre-
school children was 13.8%, and 5% slept less than
3 hours a night (8).

In a study conducted in Qazvin City, Iran,
41.4% of children had the problem of sleep laten-
cy, and in the next study in 2010, 21.9% reported
long sleep laency (8). In a study conducted by
Mohammadi et al., the prevalence of sleep prob-
lems was 56.4% and respiratory problems were
17.8% in Iranian children aged 2-6 years (9).

Information about children's sleep structure
can help researchers to solve their sleep problems.
Sleep consists of two stages of non-rapid eye
movement (NREM) and rapid eye movement
(REM), which are repeated continuously through-
out the night; each sleep cycle is 50-60 minutes in
term infants and 90-110 minutes in school-aged
children, the clinical importance of which justifies
the more frequent awakenings of children after the
end of each cycle at a younger age (9). Except for
the beginning of life, sleep begins with NREM,
which itself includes stages N1, N2, and N3 (slow
wave sleep). Sleep begins with N1, which is very
light sleep, has a low arousal threshold, and is
easily interrupted. An increase in stage N1 is a
common sign of severe sleep fragmentation, and
after a few minutes, the person enters stage N2.
After about 50 minutes, he enters stage N3 or
deep sleep, which is the most restorative and its
maximum is in the pre-school age. Then, the per-
son enters REM or dream sleep, which is neces-
sary for improving cognitive, mental, and brain
function. N3 predominates in the first half of sleep
and REM in the last half of sleep (2).

Parameters related to the quantity and quality
of sleep can be measured through polysomnogra-
phy (PSG). PSG is the gold standard for objec-
tively measuring sleep parameters and determin-
ing sleep disorders, which requires the child to be
present and sleep overnight in a sleep lab (7).
Given that PSG is relatively expensive, most doc-
tors and researchers use questionnaires to investi-

gate children's sleep habits and behavioral prob-
lems (5, 7, 8, 10).

Due to the lack of sufficient studies in Iran on
the relationship between children's sleep habits and
parameters of sleep structure [SE, Arousal Index
(Al), REM, and NREM] (11-14), the present
study was conducted to compare the sleep habits
of children aged 3-10 years who referred to the
sleep department of Qazvin Children's Hospital.

Materials and Methods

This was a cross-sectional descriptive-analytical
study. The statistical population included children
aged 3-10 years and the sample included all chil-
dren aged 3-10 years referred to the sleep depart-
ment of Qazvin Children's Hospital during 2015-
2021. Due to sleep problems, PSG was performed
and Children's Sleep Habits Questionnaire (CSHQ)
was completed by their parents (11).

In the present study, the exclusion criteria in-
cluded children with chronic physical and mental
diseases, neurodevelopmental disorders, the use of
hypnotic drugs, and the parents' chronic mental
diseases and drug use.

In this study, sleep structure parameters (N1,
N2, N3, REM, SE, Al, and sleep latency) were
collected using PSG. PSG includes a recording of
electroencephalography (EEG), electrooculog-
raphy (EOG), electromyography (EMG) of the
chin, EMG of the limbs, nasal-oral airflow, res-
piratory plethysmography (chest and abdomen),
arterial blood oxygen saturation, body position,
snoring, and video recording of the patient. For
PSG, the test room is equipped with a suitable
bed, a standard space with a suitable temperature
and echogenic so that the patient has a comforta-
ble sleeping environment similar to his sleeping
room at home. Patients came to the center at least
4 hours before going to bed for the test. For PSG,
gold electrodes were connected by an experienced
nurse according to the latest recommendations of
the American Academy of Sleep Medicine
(AASM). Patients went to bed according to their
usual sleeping hours at home. The test started
when the lamp was turned off and lasted an aver-
age of 300 minutes (6-7 hours) and ended in the
morning when the lamp was turned on. Computer
analysis and recording of the data collected by the
center's sleep fellowship physician was done
manually and according to AASM standards in
2023 (15).

Additionally, to evaluate the sleep habits of the
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studied children, the Iranian version of the CSHQ
was used. CSHQ is a 45-question questionnaire
including 8 sub-scales that are completed by the
child's parents and describe the child's sleeping
habits in the last week. The eight items include
bedtime resistance, sleep onset delay, sleep dura-
tion, sleep anxiety, night waking, parasomnias,
sleep-disordered breathing, and daytime sleepi-
ness. Answers to the questions are based on a
3-point Likert scale: usually = 3 (5-7 nights a
week), sometimes = 2 (2-4 nights per week), and
rarely = 1 (0-1 nights per week) (5, 8). In the pre-
sent study, bedtime resistance, sleep onset delay,
sleep duration, and daytime sleepiness were inves-
tigated (5-8). The CSHQ questionnaire was vali-
dated by Shoghi et al. in Iran (13).

Mean and standard deviation (SD) were used
to describe quantitative variables, as well as fre-
guency and percentage for qualitative variables.
Independent t-test was used to compare the mean
scores of bedtime resistance, sleep onset delay,
sleep duration, and daily sleepiness based on the
stages of sleep structure examined in this study.
The normality of continuous variables was as-
sessed using the Kolmogorov-Smirnov test. The
normality test results showed that the variables
met the normality assumption (P > 0.05). To
ensure the power of study, the following formula
was used to determine the needed sample size.

The parameters were extracted from the Wester-
lund et al. study (16). The minimum needed sam-
ple size was determined 115 in each group.
26%(Za/2 —ZB) *
(u1 —p2)

All analyses were performed using SPSS soft-
ware (version 20, IBM Corporation, Armonk, NY,
USA). The significance level of the tests was con-
sidered to be 0.05.

The study was approved by the ethical code of
IR.QUMS.REC.1402.117 at Qazvin University of
Medical Sciences.

Results

A total of 163 patients participated in the
study. Of them, 102 patients (62.6%) were boys.
The mean age of the children was 6.35 + 3.72
years. Table 1 shows descriptive findings related
to bedtime resistance, sleep onset delay, sleep du-
ration, and daily sleepiness based on CSHQ.

As shown in table 1, according to CSHQ,
for "bedtime resistance", the highest mean was
related to "falling asleep in his bed" (2.50 + 0.81).
For "sleep duration”, the highest mean was related
to the "sleeping the same amount each day"
(2.27 = 0.75). For "daytime sleepiness”, the
highest mean was related to "waking by himself"
(2.32 £ 0.86) (Table 1).

Table 1. Descriptive findings of the samples about bedtime resistance, sleep onset delay, sleep
duration, and daytime sleepiness based on Children's Sleep Habits Questionnaire (CSHQ)

Scale Sub-scale Minimum Maximum Mean £ SD
Bedtime resistance Going to bed at the same time 1.00 3.00 2.31+0.82
Falling asleep in his/her bed 1.00 3.00 2.50+0.81
Falling asleep in other bed 1.00 3.00 1.65+0.88
Needing parent in room to sleep 1.00 3.00 2.42 +£0.86
Struggling at bedtime 1.00 3.00 1.42 £0.76
Being afraid of sleeping alone 1.00 3.00 2.00 £0.95
Total mean 1.00 3.00 2.08+0.38
Sleep onset delay Falling asleep in 20 minutes 1.00 3.00 2.34 +£0.86
Sleep duration Sleeping too little 1.00 3.00 1.31+£0.67
Sleeping the right amount 1.00 3.00 2.27+0.89
Sleeping the same amount each day 1.00 3.00 254 £0.75
Total mean 1.00 3.00 212+041
Daytime sleepiness Waking up himself 1.00 3.00 2.32+£0.86
Waking up in a negative mood 1.00 3.00 1.71+£0.83
Woken up by others 1.00 3.00 1.71+0.84
Hard time getting out of bed 1.00 3.00 1.60 +0.85
Taking a long time to be alert 1.00 3.00 1.62+0.82
Seeming tired 1.00 3.00 1.35+0.70
Watching TV 1.00 3.00 1.27 £0.58
Riding in car 1.00 3.00 1.18+£0.51
Total mean 1.00 3.00 1.60 +0.39

SD: Standard deviation
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Comparing the average scores of "resistance
before sleep”, "sleep onset delay"”, "sleep
duration”, and "sleepiness during the day" in
CSHQ and the percentage of stage N1 sleep in
PSG showed that except for the average score of
"resistance before sleep” which was associated
with an abnormal amount of stage N1 sleep
(N1 > 5%) and was statistically significant
(P = 0.01), in other scales, no significant differ-
ence was observed in terms of N1 sleep percent-
age (P > 0.05) (Table 2).

Table 2. Comparison of the mean scores of bedtime
resistance, sleep onset delay, sleep duration, and day-
time sleepiness in Children's Sleep Habits Question-
naire (CSHQ) and N1 in polysomnography (PSG)

N1 percentage  Mean+SD  P-value

Bedtime Normal 1.96 +£0.40 0.01
resistance-total Abnormal > 5 217 £0.35
Falling asleep Normal 243 +0.82 0.10
in 20 minutes Abnormal > 5 2,28 £0.88

Sleep Normal 2.09 +0.46 0.30
duration-total Abnormal > 5 2.14 £0.39
Daytime sleep- Normal 1.63+0.36 0.50
iness-total Abnormal >5 157 +0.41

SD: Standard deviation

The comparison of the mean scores of bedtime
resistance, sleep onset delay, sleep duration, and
daytime sleepiness in CSHQ and stage N2 in PSG
showed that the difference in the mean observed
in none of the scales was statistically significant
(P > 0.05) (Table 3).

The comparison of the mean scores of bedtime
resistance, sleep onset delay, sleep duration, and
daytime sleepiness in N3 showed that the mean
difference observed in none of the scales was sta-
tistically significant (P > 0.05) (Table 4).

For REM, the results showed that the mean
difference observed in any subscale was not statis-
tically significant (P > 0.05) (Table 5).

According to the results of the study, the

relationship between the average score of "sleep
duration™ and the level of abnormal Al (Al > 16)
was statistically significant (0.29 = 2.20 vs.
0.52 £1.90) (P =0.01).

Comparing the average scores of "resistance
before sleep”, "sleep onset delay”, "sleep dura-
tion", and "daily sleepiness” in CSHQ and SE in
PSG showed that the mean score of "resistance
before sleep” had a statistically significant relation-
ship with abnormal SE (SE < 89%) (2.14 + 0.39 vs.
1.80£0.28) (P =0.01).

Discussion

Children's sleep problems are one of the most
common problems in the field of children's health,
which affect the physical and mental health and
performance of children and parents. Sleep habits
related to children's insomnia include bedtime
resistance, the time required for sleep onset (sleep
onset delay), night waking and the frequency of
waking, and daily complications including day-
time sleepiness and loss of performance (1-4).

The objective of this study was to compare the
sleep habits of children aged 3-10 years referred
to the sleep department of Qazvin Children's Hos-
pital with the objective findings of PSG to con-
firm the quality of sleep (SE, sleep duration, Al,
and sleep onset delay and the percentage of each
sleep stage) (11-14).

In this study, the mean resistance before sleep
is consistent with another study conducted by
Jalilolghadr et al. in Qazvin City (8). However,
the average score of resistance before sleep that
we obtained was higher than the study by Rahimi
Derazi et al. on primary school children in Bu-
shehr City, Iran. In the same study, the highest
mean was related to sleep duration (17). This
could be due to the difference between climatic
and cultural influences on sleep, which needs fur-
ther studies.

Table 3. Comparison of the mean scores of bedtime resistance, sleep onset delay, sleep
duration, and daytime sleepiness in Children's Sleep Habits Questionnaire (CSHQ) and

stage N2 in polysomnography (PSG)

N2 percentage Mean + SD P-value

Bedtime resistance-total Normal (45-55) 2.13+0.32 0.10
Abnormal (< 45 & > 55) 2.03+0.43

Falling asleep in 20 minutes Normal (45-55) 2.40+0.81 0.30
Abnormal (< 45 & > 55) 2.29£0.90

Sleep duration-total Normal (45-55) 2.17+£0.35 0.60
Abnormal (< 45 & > 55) 2.07 £0.47

Daytime sleepiness-total Normal (45-55) 1.60 £0.35 0.50
Abnormal (< 45 & > 55) 1.60 +£0.43

SD: Standard deviation
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Table 4. Comparison of the mean scores of bedtime resistance, sleep onset delay, sleep
duration, and daytime sleepiness of Children's Sleep Habits Questionnaire (CSHQ) and
stage N3 in polysomnography (PSG)

N3 percentage

Bedtime resistance-total

Falling asleep in 20 minutes

Sleep duration-total

Daytime sleepiness-total

Normal (29-32)
Abnormal (< 29 & > 32)
Normal (29-32)
Abnormal (< 29 & > 32)
Normal (29-32)
Abnormal (< 29 & > 32)
Normal (29-32)
Abnormal (< 29 & > 32)

Mean + SD P-value
2.07 +£0.38 0.20
2.08 +0.39

2.45+0.78 0.50
2.29 +0.89

2.19+0.37 0.20
2.07+£0.43

1.62+0.42 0.90
1.59 +0.38

SD: Standard deviation

Given that bedtime resistance is one of the
sleep behaviors with high prevalence among chil-
dren (18), its difference in different cities of the
country can be a research field for future studies
to identify the reasons for these differences. In the
studied fields, the mean sleep onset delay and
sleep duration are more than the mean in the study
by Rahimi Derazi et al. in Bushehr City (17).
However, the mean daytime sleepiness was simi-
lar to the study by Rahimi Derazi et al. (17).

Based on the present results, the most com-
plaints of parents in "bedtime resistance" were
related to"needing parent in room to sleep” and
then "being afraid of sleeping alone". It should be
noted that most of the parents stated that the child
slept in his bed.

For sleep onset delay, according to parents'
statements, they often fell asleep within 20
minutes (mean: 2.3). Of course, it should be noted
that sometimes parents underestimate the problem
in this regard, especially in older children. Be-
cause the child sleeps independently, parents mis-
takenly think that the child has fallen asleep and
even estimate the time of waking up in the morn-
ing later (5). For "the child sleeps too little", the
answer of the parents was "rarely”, i.e., less than
1-2 times a week (1, 3).

The comparison of the parents' statements in
CSHQ with the objective findings of PSG showed

that in children whose parents reported more
problems regarding bedtime resistance, stage N1
was higher and SE was lower. Besides, the group
that complained more about sleep duration had
higher Al, indicating an increase in light sleep and
fragmented sleep, affecting the proper functioning
of the body, immunity, endocrine system, and the
development and mental and psychological stabil-
ity of the child (1, 3).

In a study by Markovich et al., no significant re-
lationship was found between the findings of
CSHQ and PSG, and for CSHQ and actigraphy, a
significant relationship was found between only
night waking in CSHQ and waking after sleep on-
set (WASO) in actigraphy. It was stated that higher
scores on sleep onset delay, sleep duration, night
waking, and sleep-disordered breathing in CSHQ
did not necessarily correlate with problematic sleep
parameters measured by PSG and actigraphy (7).

In a study by Perpetuo et al. comparing the find-
ings of CSHQ and actigraphy, a positive correlation
was found between bedtime resistance in CSHQ and
the total sleep time based on actigraphy and night
waking rate in CSHQ and actigraphy (10).

Children's sleep habit problems in bedtime re-
sistance, sleep duration, daytime sleepiness, and
sleep onset delay were higher than 1-2 times a
week, which indicates the problem of sleep habits
in children.

Table 5. Comparison of the mean scores of bedtime resistance, sleep onset delay, sleep
duration, and daytime sleepiness of Children's Sleep Habits Questionnaire (CSHQ) and

rapid eye movement (REM) stage in polysomnography (PSG)

REM percentage

Bedtime resistance-total

Falling asleep in 20 minutes

Sleep duration-total

Daytime sleepiness-total

Normal (17-22)
Abnormal (< 17 & > 22)
Normal (17-22)
Abnormal (< 17 & > 22)
Normal (17-22)
Abnormal (< 17 & > 22)
Normal (17-22)
Abnormal (< 17 & > 22)

Mean + SD P-value
2.06 +0.41 0.80
2.09+0.37

2.47 +0.79 0.30
2.28 £0.88

2.15+0.40 0.20
2.11+0.42

1.66 +£0.45 0.70
1.58 +0.37

SD: Standard deviation
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Although no significant difference was ob-
served, these findings can be an alarm for families
and health professionals that sleep habit problems
are serious. It should be noted that due to the high
cost of PSG and the need for the parent and child
to be present at the sleep lab for at least one night
to perform the test, the statistical population in-
cluded children who were referred to this center
due to breathing problems for a sleep test and the
only result of PSG was that 6% were normal in
terms of breathing.

Children's sleep-disordered breathing was the
main reason for the referral to the sleep clinic, the
most common symptom of which was snoring.
The most important cause of breathing problems
in children is adenotonsillar hypertrophy, which
causes obstructive respiratory problems. Due to
breathing interruptions and disturbances in arterial
gases, sleep problems arise for children, such as
frequent night awakenings and daily complica-
tions including attention-deficit/hyperactivity dis-
order (ADHD), academic failure, morning head-
aches, and daytime sleepiness, which are some-
times ignored by families and considered as the
normal sleep habits of the child. Breathing prob-
lems cause changes in the normal structure of
sleep (19-23). In a study by Durdik et al. on the
sleep structure of children with OSA, stage N3 and
SE reduced, and stage N1 increased (21), which
was consistent with the results of this study.

Conclusion

Based on the findings of this study, in children
with incorrect sleeping habits, the percentage of
light sleep and the number of night awakenings
were higher and SE was lower. Therefore, with
timely identification of children's sleep problems,
early behavioral interventions, and necessary
treatments for underlying causes, it is possible to
help improve the physical and mental health and
quality of life of the child and his parents. Since
this study was conducted on children who were
referred to our center due to illness and underwent
PSG, more studies are suggested to generalize the
results to children in the community.
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