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Objective: A limited number of studies have examined sleep deprivation (SD) among adolescents in
Saudi Arabia. This study estimates SD prevalence and associated factors within a nationally represen-
tative sample of adolescents in Saudi Arabia.
Methods: A secondary data analysis of Jeeluna®, a national cross-sectional school-based survey, was
undertaken. Jeeluna assessed health risk behaviors and health status among adolescents (aged 10e19
years) in schools across Saudi Arabia. Based on self-reports of daily average sleep duration, binary logistic
regression was used to investigate potential association among SD, socio-demographics, and various
health behavior factors.
Results: Data from 12,121 adolescents (male 51%, female 49%) were analyzed. Early- and middle-stage
adolescents constituted the majority (81%) of the sample. SD (sleep <7 h/day) was reported by 46% on
weekdays and 33% on weekends. Three-fourths of all adolescents reported feeling unrefreshed on
awakening. The adjusted odds ratio (A-OR) for SD was higher for adolescents of older age (18e19 years)
(OR 1.18, CI 1.05e1.32), female gender (OR 1.23, CI 1.14e1.34), lower perceived socioeconomic status (OR
1.51, CI 1.28e1.78), and those eating less than three main meals per day (OR 1.17, CI 1.09e1.27). In
contrast, A-ORs were lower among adolescents reporting television and computer screen exposure of
�2 h per day (OR 0.81, CI 0.75e0.88; OR 0.83, CI 0.77e0.91), and those taking daytime naps (�3 days) per
week (OR 0.87, CI 0.81e0.94).
Conclusions: Sleep deprivation is highly prevalent among adolescents in Saudi Arabia, with reported
prevalences being higher on weekdays versus weekends. The study identifies multiple associated factors
that can inform preventive strategies and programs to support adolescent sleep and well-being.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sleep deprivation (SD) is a growing problem among adolescents.
In fact, sleep deprivation among adolescents has been called a si-
lent global concern on an “epidemic scale” [1,2]. There are
numerous studies highlighting the serious physical, psychological,
and social impacts of SD on the health and well-being of adoles-
cents. SD among adolescents has been associated with increased
risk of being overweight/obese [3], future risk of excessive weight
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gain [4,5], and cardiometabolic risk [6e8]. The relationship be-
tween SD and mental health disturbances among adolescents is
also well documented, with SD negatively affecting cognitive state,
mood, and emotional stability [9,10]. SD is associated with
increased risk of developing depression, anxiety, suicidal ideation,
and self-harm [11e13]. Furthermore, sleep-deprived adolescents
exhibit poor concentration, decision-making skills, as well as
symptoms of excessive daytime sleepiness (EDS) [9,11]. Adolescents
with SD are more likely to be involved in unintentional accidents
and injuries (particularly motor vehicle crashes) [14] and other
health risk behaviors [15e18] compared to those with adequate
sleep. Poor academic performance [18e21] and school absenteeism
[22] are also commonly reported in this group.

Previous studies have reported multiple biological, de-
mographic, and environmental factors to be associated with SD in
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:falbuhairan@ALDARAMED.COM
mailto:fadia.albuhairan@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2018.08.031&domain=pdf
www.sciencedirect.com/science/journal/13899457
www.elsevier.com/locate/sleep
https://doi.org/10.1016/j.sleep.2018.08.031
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sleep.2018.08.031
https://doi.org/10.1016/j.sleep.2018.08.031


M. Nasim et al. / Sleep Medicine 53 (2019) 165e171166
adolescents. These include stage of adolescence (age) [23], gender
[24], socioeconomic status [24], environmental demands on time
(academic responsibilities and maintaining peer friendship) [25],
technology use [26], and lifestyle factors (caffeinated beverage
consumption [27,28], cigarette smoking, khat [28], and alcohol use).
All the aforementioned factors have been linked to delayed
sleeping times in adolescents. Furthermore, early school start times
have also been implicated as a major cause of sleep insufficiency in
adolescents [29].

A steady decline in self-reported sleep times has been
observed among adolescents. In the United States, the proportion
of students regularly getting �7 h of night-time sleep fell from
72% in 1991 to 63% in 2012 [24]. Similarly, in Europe, the Healthy
Lifestyle in Europe by Nutrition in Adolescence (HELENA) study
reported that 33% of adolescents sleep <8 h per day [8]. To our
knowledge, there are few studies reporting SD among adolescents
from the Middle East [30e33]. This is supported by the lack of
studies from Middle Eastern countries included in a systematic
review addressing features of inadequate sleep in adolescents [4].
In the Kingdom of Saudi Arabia, two school-based cross sectional
studies have reported average sleep duration among adolescents
to be between 7 and 7.2 h daily [32,34]. One study of 2863 in-
dividuals reported that 31% of school students were sleeping <7 h
whereas 50% were sleeping <8 h per day [32]. These studies,
however, were not nationally representative samples and looked
at sleep duration among specific age groups of adolescents. No
other study has reported SD prevalence in a sample of participants
that covers the whole age spectrum (10e19 years) of adolescence
in the country.

This study aims to estimate the prevalence of SD among a na-
tionally representative sample of adolescents in Saudi Arabia and to
identify associated factors. Such findings may be used to highlight
the issue of SD among adolescents in the country and to guide
future educational/behavioral/policy changes that can improve
sleep sufficiency in this important subgroup of the population.

2. Methods

2.1. Background of the Jeeluna® study: study design and data
collection

The “Jeeluna®” study [35] was the first nationally representa-
tive, epidemiological, school-based, cross-sectional, observational
health survey conducted in 2011/2012 across all 13 regions of Saudi
Arabia. Jeeluna is the Arabic term for “our generation.” Prior to this
study, nationally representative adolescent health indicators were
unavailable in the country. The objective of the Jeeluna studywas to
assess the health risk behaviors and health status of adolescents in
Saudi Arabia. Schools in Saudi Arabia are gender segregated, and
education falls under the responsibility of the Ministry of Educa-
tion. Intermediate schools include grades 7e9, and secondary
schools include grades 10e12. Upon successful completion of grade
12, students are eligible to pursue further education at the uni-
versity/college level.

2.2. Jeeluna study design

Jeeluna is a national study of students attending intermediate
and secondary public and private schools in Saudi Arabia. Subjects
were selected using multistage, cluster random sampling. The final
data included 282 schools, with a school response rate of 97.5% and
a student response rate of 32%. Ethical approval for the Jeeluna
study was granted by the Institutional Review Board (IRB) at King
Abdullah International Medical Research Center and Saudi Arabian
Ministry of Education.
2.3. Jeeluna study data collection

Standardized, structured training of 52 teams of data collectors
occurred in all 13 regions of Saudi Arabia. A total of 34 training
workshops took place, conducted by the principal investigator or
another trainer who had received “train the trainer” training. Each
team consisted of two data collectors and two phlebotomists/
nurses. Collection involved a three-step process: (1) administering
a self-report questionnaire; (2) taking anthropometric measure-
ments; and (3) performing blood sampling. Steps 1 and 2 were
conducted by data collectors and step 3 by nurses/phlebotomists.
Data collectors also ensured that only students with signed consent
and assent forms were included in the study and were available to
answer any student questions on the study.

2.3.1. Jeeluna survey
The survey was compiled by adopting items focused on

adolescent health behaviors from the Youth Risk Behavior Survey
(YRBS) and the Global Based Student Health Survey [36,37]. In
addition, questions that assessed psychosocial history (home and
education) were guided by clinical tools. The final tool was
reviewed and refined by experts and piloted in a sample of ado-
lescents. In total, 103 questions were asked that covered 11 do-
mains; family (9), education (5), dietary behaviors (15), activity
(physical and sedentary) (12), safety (8), sleep (4), bullying and
violence (7), tobacco and substance use (22), health (4), health
services (7), and health knowledge (10).

2.4. Secondary survey: data variables selected for this study

To fulfill our study objectives, relevant data variables related to
socio-demographics, health risk behaviors, and sleep were extrac-
ted from the Jeeluna study dataset and analyzed.

Sleep duration was assessed by participants’ answering the
following two self-reported questions; How many hours do you
usually sleep on each weekday? How many hours do you usually
sleep on each weekend day? Response options for both questions
were <5, 6, 7, 8, 9, and �10 (hours). Weekly frequency of taking a
daytime nap was based on asking the participant the number of
days per week in which they took an afternoon nap. Response
options ranged from 0, 1, 2, 3, 4, 5, 6 days, with the last option being
daily.

In addition to sleep, other variables of interest included the
following: gender, age group based on stages of adolescence (early:
10e14 years; middle: 15e17 years; late: 18e19 years); body mass
index (BMI) percentiles (determined from BMI for age growth
charts); self-reported socioeconomic status (SES); academic per-
formance; television screen time per day (hours); Internet use per
day (hours); video game playing per day (hours); daily soda and
energy drink consumption; number of meals per day; engagement
in physical activity (number of days per week for at least 30 min
each day); cigarette tobacco use in the past month; and frequency
of afternoon napping per week.

2.5. Defining sleep deprivation

Currently, there is no universally accepted definition for SD.
Published studies use different cut-off values for determining SD.
Another complicating factor is that different guidelines use
different age brackets for defining the various stages of adoles-
cence. Furthermore, the age brackets differ with regard to the
number of hours of sleep that are recommended. These factors
make it complicated to find a single-unit measure to define SD
across all three stages of adolescence (early, middle, and late). Other
studies have used <7 h and <8 h to describe SD in adolescents
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[32,38]. For this study, the operational definition of our outcome
variable, SD, has been based on the National Sleep Foundation
(NSF) sleep duration guidelines [39]. NSF guidelines were informed
by a comprehensive systematic review of all published literature
looking at sleep duration and health, as well as sleep expert rec-
ommendations [39].

According to the guidelines, adolescents in the 6- to 13-year and
the 14- to 17-year age groups are not recommended to sleep <7 h
per day [39]. As these two age groups cover the majority of ado-
lescents in our study sample (81%), we adopted<7 h’ sleep to define
SD. This criterion of <7 h would also be appropriate for late-stage
adolescents (�18 years of age) for whom guidelines recommend
sleeping a minimum of 7e9 h per day [38].

2.6. Data analysis

Descriptive statistics of sample sociodemographic, health
behavior, and sleep characteristics were reported in terms of fre-
quency and percentage, with the corresponding standard error. All
reported percentages were adjusted for the complex sampling
design. To determine the variables associated with sleep depriva-
tion, we conducted logistic regression in which sleep deprivation
was included as dependent variable and the following variables as
independent variables: gender; age group based on stages of
adolescence (early: 10e14 years; middle: 15e17 years; late: 18e19
years); body mass index (BMI) percentiles (determined from BMI
for age growth charts); self-reported socioeconomic status (SES);
academic performance; television screen time per day (hours);
Internet use per day (hours); video game playing per day (hours);
Table 1
Sample characteristics.

Sociodemographics Frequency (%)a SE (%

Stage of adolescenceb

Early (10e14 y) 3254 27.96 1.4
Middle (15e17 y) 6461 53.05 1.11
Late (18e19 y) 2406 18.99 1.1
Total 12,121 100

Gender
Male 6290 51.17 1.47
Female 5831 48.83 1.47
Total 12,121 100

Body mass index
Underweight <5th percentile 1812 14.57 0.44
Healthy weight 5th to <85th percentile 6612 55.26 0.52
Overweight �85th percentile to <95th percentile 1712 14.11 0.32
Obese �95th percentile 1912 16.06 0.48
Total 12,048 100

Academic performance
Poor 222 1.68 0.16
Average 330 2.75 0.19
Above average 11,180 93.85 0.31
Don't know 202 1.71 0.13
Total 11,934 100

Self-reported SES
Poorer than others 847 7.25 0.27
Similar to others 8410 71.68 0.53
Better than others 2474 21.07 0.51

Total 11,731 100

A total of 12,121 adolescents aged 10e19 years were included in the analysis, however all
standard error of percent.

a Adjusted for complex sampling design.
b Stages of adolescence based on age group categorization from healthy children.org (
daily soda and energy drink consumption; number of meals per
day; engagement in physical activity (number of days per week for
at least 30 min each day); cigarette tobacco use in the past month;
and frequency of afternoon napping per week.

Results were reported in terms of odds ratio, standard error, 95%
confidence interval, and p value of the final parsimonious logistic
model. Significancewas declared at a< 0.05. Statistical analysis was
performed using SAS Version 9.4 (SAS Institute, Cary, NC).

3. Results

3.1. Sample characteristics

Table 1 shows the sociodemographic and health behavior
characteristics of participants. A total of 12,121 adolescents be-
tween 10 and 19 years of age participated in the study (mean age
15.7 years). The sample was fairly evenly distributed between the
two genders. Middle-stage adolescents, aged 15e17 years, made up
the majority of the sample (53%), followed by early-stage (10e14
years) adolescents (28%). A considerable percentage of adolescents
were either overweight/obese (30%) or underweight (15%). Most
adolescents perceived their socioeconomic status to be similar to
that of their peers (72%).

In general, dietary habits were reported to be poor; 89% of
participants reported daily soft drink consumption and 40% re-
ported daily energy drink consumption. Close to half the sample
(43%) reported not eating three main meals per day. Furthermore,
large proportions of adolescents reported daily engagement in
sedentary activities (watching �2 h of television [43%], computer
) Health behaviors Frequency (%)a SE (%)

Physical exercise per week
<3 days 8544 71.16 0.6
�3 days 3388 28.84 0.6
Total 11,932 100

TV screen time
<2 h 6843 57.32 0.6
�2 h 5092 42.68 0.6
Total 11,935 100

Video game time
<2 h 10,396 86.66 0.43
�2 h 1599 13.34 0.43
Total 11,995 100

Computer (Internet) screen time
<2 h 8270 69.4 0.68
�2 h 3621 30.6 0.68
Total 11,891 100

Daily soda consumption
No 1350 11.45 0.38
Yes 10,670 88.55 0.38
Total 12,020 100

Daily energy drink consumption
No 7230 60.49 0.68
Yes 4782 39.51 0.68
Total 12,012 100

No. of main meals per day
<3 meals 5241 43.45 0.63
�3 meals 6749 56.55 0.63
Total 11,990 100

Smoking cigarettes (in past 30 days)
No 11,138 93.44 0.35
Yes 811 6.56 0.35
Total 11,949 100

totals do not sum to 12,121 due to missing responses from some participants. SE (%),

American Academy of Pediatrics).

http://children.org


Table 3
Factors associated with SD: Results of the binary logistic regression model
(N ¼ 12,121).
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time [31%], video game playing [13%]). Reported physical activity
levels among adolescents were poor, with the majority (71%)
exercising <3 days per week. Table 1 provides details.
Parameter A-OR SE 95% CI p

Gender
Male 1
Female 1.23* 0.05 1.14e1.34 0.000

Stage of adolescence (age group)
Early (10e14 y) 1
Middle (15e17 y) 0.96 0.04 0.89e1.06 0.369
Late (18e19 y) 1.18* 0.07 1.05e1.32 0.005

Body mass index
Underweight 0.89 0.06 0.77e1.02 0.104
<5th percentile
Healthy weight 0.95 0.05 0.85e1.06 0.34
3.2. Sleep characteristics of sample

The prevalence of adolescents reporting SD during theweekwas
high overall. Nearly half (46%) of the sample reported SD during
weekdays in contrast to a third (33%) during weekends. The ma-
jority of adolescents (76%) rarely or never felt refreshed in the
morning after waking from sleep. Furthermore, frequent daytime
napping was highly prevalent, with nearly 60% of participants
taking daytime naps three or more times per week (Table 2).
5th to <85th percentile
Overweight 1
�85th to <95th percentile
Obese �95th percentile 0.93 0.81e1.07 0.309

Self-reported SES
Better than others 1
Like others 1.12* 0.05 1.02e1.23 0.021
Poorer than others 1.51* 0.13 1.28e1.78 0.000

Self-reported academic performance
Below average 1
Average 1.47 0.28 1.02e2.13 0.04
Above average 0.99 0.15 0.74e1.33 0.95
Don't know 1.46 0.32 0.96e2.23 0.077

Television screen time
<2 h 1
�2 h 0.81* 0.03 0.75e0.88 0.000

Computer (Internet) screen time
<2 h 1
�2 h 0.83* 0.04 0.77e0.91 0.000

Video game screen time
<2 h 1
�2 h 0.96 0.06 0.85e1.08 0.451

No. of main meals per day
�3 1
<3 1.17* 0.05 1.09e1.27 0.000

Daily energy drink consumption
Yes 1
No 1.01 0.04 0.93e1.01 0.755

Cigarette smoking in the past month
3.3. Factors associated with sleep deprivation

Pearson c2 bivariate analysis showed that the following factors
were significantly associated with sleep deprivation: stage of
adolescence (p ¼ 0.0006), gender (p < 0.0001), socioeconomic
status (p < 0.0001), academic performance (p < 0.0001), meal
servings per day (p < 0.0001), screen time (television and computer
use) (p < 0.0001), playing video games (p ¼ 0.0006), physical ac-
tivity (p ¼ 0.0014), and daytime napping (p < 0.0001).

Table 3 presents the findings of adjusted binary logistic
regression analysis. Females (odds ratio [OR] 1.23, confidence in-
terval [CI] 1.14e1.34)] and older (18e19 years old) adolescents (OR
1.18, 95% CI 1.05e1.32) were more likely to report SD. Adolescents
who considered themselves to be “poorer than others” in socio-
economic status (OR 1.51, CI 1.28e1.78) and adolescents who re-
ported eating fewer than three meals per day (OR 1.17, CI 1.09e1.27)
were also more likely to report SD (Table 3).

In contrast, adolescents reporting screen exposure to television
and computers (Internet) for �2 h per day (OR 0.81, CI 0.75e0.88;
OR 0.83, CI 0.77e0.91) were less likely to report SD. Likewise, ad-
olescents who frequently napped �3 days per week (OR 0.87, CI
0.81e0.94) had a decreased likelihood of reporting SD (Table 3).
No 1
Yes 1.05 0.08 0.89e1.22 0.574

Frequency of physical exercise (30 min) per week
<3 days 1
�3 days 0.92 0.04 0.85e1.01 0.091

Afternoon nap frequency per week
<3 naps 1
�3 naps 0.87* 0.04 0.81e0.94 0.001

A-OR, adjusted odds ratio (1 is the reference variable); CI, confidence interval; SE,
standard error; SES, socioeconomic status.
*Significance is declared at p < 0.05. Probability is modeled as sleeping <7 h.
4. Discussion

This is the first study to report the prevalence of SD for a na-
tionally representative sample of adolescents in Saudi Arabia. In
fact, the present study's weekday estimated prevalence of SD is
the highest reported figure to date, with close to half the sample
(46%) sleeping hours that are not recommended by the National
Sleep Foundation. Furthermore, this study is the first to assess SD
Table 2
Sleep characteristics of sample.

Stage of adolescence (age group in years)

Early (10e14) Middle (15e17) Late (18e19) Total

n % n % n % n %

Sleep duration, weekdays
<7 h 1725 26.74 3527 54.68 1198 18.57 5418 45.65a

�7 h 1449 26.74 2816 51.97 1153 21.28 6450 54.35
Sleep duration, weekends
<7 h 1049 26.36 2052 51.56 879 22.09 3980 33,47b

�7 h 2140 27.05 4297 54.32 1473 18.62 7910 66.53
Afternoon napping per week
<3 naps 1556 32.7 2464 51.78 739 15.53 4759 39.98
�3 naps 1633 22.86 3896 54.53 1616 22.62 7145 60.02

Feeling refreshed in the morning
Never, rarely 2366 26.28 4841 53.78 1795 19.94 9002 75.69
Sometimes, often, always 823 28.46 1513 52.32 556 19.23 2892 24.31

a Denotes prevalence of sleep deprivation reported in the sample on weekdays.
b Denotes prevalence of sleep deprivation reported in the sample on weekends.
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across all stages of adolescence (early, middle, and late) in Saudi
Arabia.

The high prevalence of SD among adolescents in our study
mirrors a global trend of SD affecting high proportions of the
adolescent population in many countries, such as the United States
[24], Europe [8], China [38], Japan [40], and Kuwait [41]. In addition,
it extends and corroborates previous work in Saudi Arabia under-
taken by Hazzaa et al., who reported the prevalence of SD (sleeping
<7 h) among adolescents to be 31% in 2009e2010 [32,33]. It is
interesting to note that high SD prevalences have also been re-
ported among children and adults in Saudi Arabia. A recent study of
2025 Saudi adults reported that 33.8% were sleeping <7 h [42].
Given the high prevalence of SD in Saudi society, it is plausible that
the sleep behavior of adolescents is being influenced by the sleep
habits and patterns of their parents [43]. Sleeping <7 h may have a
greater impact on adolescents compared to adults, as adolescents
biologically have an increased sleep need (ie, require more sleep
hours per day) compared to adults. Indeed, the National Sleep
Foundation sleep duration recommendations of 2015 state that
sleeping 6 h for adults 18e64 years “may be appropriate" [39]. The
same sleep duration in adolescents, however, is not recommended.

A number of factors could explain the high prevalence of SD
among adolescents observed in the country. It is well documented
that puberty in adolescents shifts biological circadian rhythms,
delaying release of the sleep-inducing hormone melatonin, with
levels peaking later at night (23:00e8:00) [44] and resulting in
delayed sleep onset [2,45e47]. Puberty therefore biologically pre-
disposes adolescents to encounter difficulties in initiating sleep
early and waking up early. In addition to biology, a number of
environmental factors may be contributing to the SD observed
among adolescents in our study. For example, sleeping late may be
a cultural and behaviorally acceptable normal habit for the general
Saudi population. Many social activities tend to occur during the
late hours of the night; retail shops and restaurants stay open quite
late throughout the week, with most shopping malls closing their
doors at 23:00. It is therefore not unusual to see young children and
adolescents out in public places late at night. One study observing
sleeping habits in 1035 Saudi adolescents in Jeddah reported
average school night sleeping time onweekdays to be 23.55 h, with
more than a third of individuals sleeping after midnight [34]. Sleep
deprivation therefore may be an outcome of evening orientation
and later chrontype in our sample. A study among a sample of
adolescents (Vollmer et al.) reported that circadian rhythms can be
shifted to “eveningness” or evening-type orientation by factors that
prolong daylight into evening and night hours, such as artificial
nocturnal light, electronic media use, and other factors [47].
Furthermore, climatic zones can also influence chronotype, with
adolescents living in the subtropics having later chronotypes. Saudi
Arabia is a country with a subtropical climate; however, to objec-
tively assess the relationship between chronotype and sleep
deprivation among our sample, further in-depth studies are needed
that collect data on adolescent sleep timings. Late sleep times in
households may arise when parents are unaware of the importance
of getting enough sleep; the differences in sleep need among
adults, children, and adolescents in terms of required daily sleep
hours; and fundamentally the consequences that sleep deprivation
can have on their own health and that of their adolescents. A study
addressing problems and challenges regarding sleep medicine in
Saudi Arabia reported that most of the Saudi public were unaware
of the adverse physical, psychological, and social effects of sleep
deprivation [48]. As such, parents themselves may be less strict in
insisting that their children and adolescents go to sleep at set times.
In fact, parental knowledge regarding child sleep, child sleep needs,
and sleep hygiene practices are known to be associated with
“indices of healthy sleep.” Parents with more knowledge on child
sleep report earlier bedtimes on weekdays and weekends [49].
School start times in Saudi Arabia may be another disrupting factor.
On weekdays, children and adolescents in Saudi Arabia have
exceptionally early wake times because the majority of schools
begin at 07:00. Multiple studies have shown that early school start
times are linked to SD, and that by delaying school start times,
weeknight sleep duration in adolescents is increased [49]. To
improve adolescent sleep duration at night, the American Academy
of Pediatrics issued a policy statement in 2014 recommending that
“middle and high schools should aim for school start times no
earlier than 8:30 am” [50]. In fact, our study did show much higher
prevalence of SD among adolescents during weekdays (46%) (note:
a time when schools are open) compared to weekends (33%),
suggesting that early school start times could be an influencing
factor for the SD reported by Saudi adolescents in our sample.

Female gender, older age among adolescents, those who
perceived themselves to be poorer than others, and those who ate
fewer main meals per day were identified as having increased
likelihood of SD among our sample. Population based studies in the
United States reinforce our findings that female adolescents report
sleeping fewer hours than their male counterparts. Girls tend to
undergo pubertal changes earlier than boys, whichmay account for
the difference seen in SD. The association between increasing
adolescent age and SD has been established in previous studies
[51]. Older adolescents are more independent and autonomous
than younger adolescents; as such they are less likely to have par-
ents monitoring their sleep times [52]. They may also be more
likely than younger adolescents to have access to personal elec-
tronic devices (smartphones the nocturnal use of which has been
associated with SD) and to be more likely to socialize online. The
association of lower SES increasing likelihood of adolescents
reporting SD has been published in a few studies. It has been
postulated that families of low SES have lower awareness of sleep
hygiene practices and that their homes may be less organized and
more noisy [53]. Saudi households also tend to be large in size, with
the average family size ranging between 5.5 and 6.4 persons per
household [54]. Coupled with low SES, it is conceivable that ado-
lescents from poorer households may not have access to their own
room and may have to share rooms and beds with siblings [55].
Bedroom sharing is known to impede the ability to sleep
adequately and is associated with later nocturnal sleep times, later
wake times, and SD [56].

Our study showed that daytime napping and prolonged screen
time exposure (to television and the Internet) was negatively
associated with SD. Daytime napping is common among school and
university students in the country [57,58]; for instance, one study
reported that 41% of elementary students take daytime naps. This
was also the case in our study, in which a significant number of
adolescents reported taking daytime naps. Although daytime
napping is thought to delay sleep time and to contribute to shorter
nocturnal sleep duration [59] in adolescents, it has also been found
to work as a mechanism to compensate for sleep deficits during
weekdays and weekends [58,60]. Further studies are needed to
better explain the napping behavior among adolescents in Saudi
Arabia and to understand the temporal relationship between day-
time napping behavior and SD in this population.

As for prolonged screen time exposure (television or Internet
use unrelated to schoolwork), our results showed that adolescents
were less likely to have SD when compared to those with less
screen time exposure. This finding contradicts the published liter-
ature on this topic [26]. However, our results are in line with
another study that looked at lifestyle correlates of SD among ado-
lescents within Saudi Arabia. The study by Al-Hazzaa found that
adolescents watching >5 h had a 1.505 odds of sleeping 8 h or more
[33]. It appears that in the context of Saudi Arabia, there is a level of



M. Nasim et al. / Sleep Medicine 53 (2019) 165e171170
repeatability to our findings, it is not clear why prolonged screen
exposure would increase sleep duration among adolescents in the
country, and further in-depth studies are needed.

The limitations of our study include its cross-sectional design,
which make it impossible to determine the temporal relationship
between our variables of interest and SD or to make any inferences
on SD causality. Furthermore, the question assessing sleep duration
was self-reported; responses are subjective and therefore prone to
measurement and recall bias, which can affect the validity and
accuracy of reported sleep durations. The question itself “How
many hours do you sleep?” relied upon students remembering
when they go to bed andwhen theywake up, and giving an average
estimate of their sleep hours. Again, the value would be subject to
both recall and measurement bias. Asking about exact sleep times
and wake times from the participants would have been a more
accurate method of calculating their sleep durations. Objective
measures such as actigraphy or polysomnography would be the
preferred method to accurately assess sleep times. Finally, lack of a
universal definition for defining SDmeans that different studies use
different cut-off numbers of hours to define the outcome, making
comparisons between studies difficult.

5. Conclusion

Sleep deprivation among adolescents in Saudi Arabia is a sig-
nificant public health concern. Almost one-half of all adolescents in
the study suffered from SD during weekdays, and nearly three-
fourths reported not feeling refreshed in morning. Frequent day-
time napping during the week was also observed. We found that a
number of biological, demographic, lifestyle, and environmental
factors were significantly associated with SD among Saudi adoles-
cents. Given the health, academic, and societal impact of SD, there
is an urgent need for preventive strategies. Delaying school start
times would be a good first step. Promoting adolescent and public
awareness of the importance of adequate sleep and consequences
of sleep deprivation, in addition to recommending sleep hygiene
behaviors, would also help address the problem.
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