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Abstract
BACKGROUND: Sleep disorders encompass disturbances in the amount, quality, or timing of sleep. Several 
factors have contributed to sleep disorders in adolescents, including the use of electronic devices. In the COVID-19 
pandemic era, there is a rising trend of screen time.

AIM: The objective of the study was to identify the prevalence of sleep disorders in adolescents and its relation with 
screen time during the COVID-19 pandemic era.

METHODS: This is a cross-sectional study involving students aged 15–18 years at three State High School, 
Denpasar, and Santo Yoseph Senior High School, Denpasar, in August 2020, using purposive sampling method. 
Data collections on characteristics of the subjects and Pittsburgh Sleep Quality Index (PSQI) were performed using 
Google Forms. Statistical analysis was performed using Chi-square test.

RESULTS: A total of 243 students participated in this study, of which 39 students were excluded due to chronic 
diseases and consumption of caffeine within 6 h before bedtime. Sleep disorder was found in 30.4% of subjects and 
mostly characterized by sleep duration of <8 h (62.9%). Analysis of the association between screen time and sleep 
disorders showed a significant result (PR = 3.8, 95%CI = 1.09–13.1, p = 0.02).

CONCLUSION: The prevalence of sleep disorders in adolescents is considerably high. There is an association 
between screen time and sleep disorders that occur in adolescents during the COVID-19 pandemic era.
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Introduction

Sleep is a complex neurological process that 
plays a major role in many vital physiologic functions, 
including energy conservation, brain waste clearance, 
and brain development. Normal sleep is divided into 
non-rapid eye movement (NREM) and rapid eye 
movement (REM), with changes between NREM and 
REM occurring 4–5 times during sleep [1]. Prior study 
has shown that the duration of sleep is decreased as 
people age. The American Academy of Sleep Medicine 
(AASM) recommends that adolescents aged 13–18 
years should have 8–10 h of sleep per day to get 
optimal health [2]. Several epidemiological studies have 
demonstrated that adolescents can have less amount 
of sleep duration. The National Sleep Foundation found 
75% reduction in sleep duration (<8 h a day) in the 12th 
grade students [3], [4], [5].

Sleep disorders comprise disturbances in the 
amount, quality, or timing of sleep. Sleep disorders can 
have short-term and long-term impacts. The short-term 
impacts of sleep disorder are decrease in concentration, 
attention, quality of life, and productivity as well as an 

increase in work and traffic accidents. The long-term 
impacts of sleep disorder are increased morbidity and 
mortality associated with high blood pressure, obesity, 
type 2 diabetes mellitus, coronary artery disease, heart 
failure, stroke, and memory problems [6].

Several factors have contributed to sleep 
disorders in adolescents, such as the use of electronic 
devices, caffeine consumption, chronic illness, mood 
and anxiety disorders, as well as behavioral disorders 
(e.g., attention deficit-hyperactivity disorder) [7], [8]. 
Children aged 8–18 years in America can spend 
approximately 7 h/day of screen time [9]. According to 
the Indonesian Pediatrics Society, the recommendation 
of screen time for children older than 2 years is not more 
than 2 h/day [10]. A study by Kenney et al. showed that 
80% of adolescents with screen time of 5 h or more 
had less sleep duration [11]. Exposure to light from 
any screen media using light-emitting diodes (LEDs) 
for 5 h at night can also reduce the subjective sleep 
quality [12]. In pre-pandemic era, the screen media 
usage has an effect of 13% on sleep quality [13].

During coronavirus disease (COVID)-19 
pandemic, children of all ages spend approximately 
6 h/day on digital devices as compared to 3 h in 
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pre-pandemic era, suggesting a 2-fold increase in 
screen time [3], [14]. A study by Eyimaya et al. showed 
that screen time has increased in 71.7% of children 
during the COVID-19 pandemic [15]. Thus, this study 
aims to investigate the prevalence of sleep disorders 
in adolescents in senior high schools in Denpasar 
and its relation with screen time during the COVID-19 
pandemic era.

Methods

This is an analytical study with a cross-
sectional design, conducted in August 2020, involving 
students aged 15–18 years at three State High 
School, Denpasar, and Santo Yoseph Senior High 
School, Denpasar. A total of 243 students participated 
in this study and these subjects were obtained using 
purposive sampling method. The exclusion criteria 
include children who had chronic diseases (allergic 
rhinitis, asthma, systemic lupus erythematosus, and 
heart disease) and caffeine consumption 6 h before 
bedtime over the previous month. Data regarding 
characteristics of the subjects and sleep quality 
assessment, as measured by Pittsburgh Sleep Quality 
Index (PSQI), were collected using Google Forms. 
The data were then analyzed statistically using Chi-
square test.

In this study, screen time is defined as the 
amount of time spent using a device with a screen 
such as cell phone, tablet, computer, television, and 
PlayStation. Screen time is classified as positive if the 
duration is more than or equal to 5 h/school day. This 
cutoff is determined based on a study by Kenney et al. 
which showed that adolescents had less sleep duration, 
if they have screen time of 5 h or more per day [11]. The 
online learning is not taken into account as screen time 
in this study.

Sleep disorders are characterized by 
disruption in the amount, quality or timing of sleep. 
In this study, the sleep quality assessment was 
performed using PSQI instrument (Indonesian 
version) with sensitivity and specificity of 89.6% 
and 86.5% (Cronbach’s α score 0.72). The PSQI 
contains 19 self-rated questions grouped into seven 
components (subjective sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, step 
disturbances, use of sleep medication, and daytime 
dysfunction), each of which has a range of 0–3 points. 
The seven component scores are then added to yield 
one global score, with a range of 0–21 points. A PSQI 
global score of more than 5 indicates the presence 
of sleep disorder [16], [17]. This study was approved 
by the Research Ethics Committee of School of 
Medicine, Universitas Udayana/Sanglah Hospital 
(2030/UN14.2.2.VII.14/ LT/2020).

Results

A total of 243 students from three State High 
School, Denpasar, and Santo Yoseph Senior High 
School, Denpasar, participated in the study. Thirty-nine 
students who had chronic diseases (allergic rhinitis, 
asthma, systemic lupus erythematosus, and heart 
disease) and caffeine consumption 6 h before bedtime 
over the previous month were excluded, as described 
in Figure 1. 

Figure 1: Study flowchart

The characteristics of subjects are described in Table 1. 
The use of screen media was higher in male subjects 
(51.5%) compared to female subjects. Based on the 
assessment using PSQI instrument, we found that 
30.4% of subjects experienced sleep disorders, with a 
PSQI score of more than 5. The component of sleep 
disorders that most commonly found in this study was 
the sleep duration of < 8 h (62.9%). The distribution of 
subjects based on the assessment of PSQI instrument 
is shown in Table 2. 
Table 1: Characteristics of study subjects
Characteristics n = 204
Age, median (range), years 16 (15–18)
Gender, n (%)

Male 105 (51.5)
Female 99 (48.5)

Screen media usage, n (%) 204 (100)
The presence of television in the bedroom, n (%)

Yes 95 (46.6)
No 109 (53.4)

Screen time, n (%), hours
≥5 178 (87.3)
<5 26 (12.7)

Sleep disorder, n (%)
Yes 62 (30.4)
No 142 (69.6)

This result showed that one adolescent had more than 
1 sleep disorders. No adolescent exhibited disorder 
in habitual sleep efficiency and consumption of sleep 
medications as assessed by PSQI. Bivariate analysis 
showed that screen time has an association with sleep 
disorder occurring in adolescents (PR 3.8, 95% CI 
1.09–13.1, p = 0.02) (Table 3).

Table 2: Distribution of subjects with sleep disorder based on 
the assessment of PSQI instrument (n=62)
Components of PSQI n (%)
Bad subjective sleep quality 31 (50)
Sleep latency>30 min 36 (58)
Sleep duration<8 h 39 (62.9)
Step disturbances 22 (35.4)
Daytime dysfunction 31 (50)
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Discussion

Sleep disorder encompasses disturbances in 
the amount, quality, or timing of sleep. This study showed 
that the prevalence of sleep disorder in adolescents 
aged 15–18 years in three State High School and Santo 
Yoseph Senior High School, Denpasar, was 30.4%, as 
measured using PSQI. Study by Ohida et al. manifested 
that the prevalence of sleep disorders varied from 15.3% 
to 39.2%, depending on the type of sleep disorder [18]. 
The most common component of sleep disorder in this 
study is the sleep duration of <8 h (62.9%) followed by 
sleep latency of more than 30 min (58%). According to 
the National Sleep Foundation, sleep duration of <8 h 
in adolescents is classified as insufficient [5]. One of 
the common causes of sleep disorder that occurs in 
adolescents is the excessive use of technology, such 
as television, computer, and cell phone [7].
Table 3: Analysis of the association of screen time to sleep 
disorder
Variables Sleep disorder PR 95% CI p value

Yes (n = 62) No (n = 142)
Screen time, n (%) 3.8 1.09–13.1 0.02

Positive 59 (33.1) 119 (66.9)
Negative 3 (11.5) 23 (88.5)

In the COVID-19 pandemic era, there are 
social distancing and stay-at-home regulations as 
safety measures to prevent transmission of SARS-
COV 2. As a result, people spend more time at home 
and this may contribute to a 2-fold increase in screen 
media usage. Children of all ages can spend nearly 6 
h/day of screen time [13]. In this study, we found that 
87.3% of subjects had screen time of at least 5 h. 
The analysis of association between screen time and 
sleep disorder showed a statistically significant result 
(PR 3.8, 95% CI 1.09–13.1, p = 0.02). This result is 
consistent with more than 90% of observational studies 
with cross-sectional design or prospective approach 
that assessed the association between screen time 
(television, computer, video game, and cell phone) 
and various sleep parameters, suggesting that longer 
screen time was associated with delay of sleep latency 
and reduction in sleep duration among children and 
adolescents [19]. This study also showed that 46.6% 
of adolescents had a television in the bedroom. Several 
studies have found that the presence of television in 
the bedroom is associated with sleep disorder. A study 
by Shochat et al. also demonstrated that adolescents 
who had television in their bedroom experienced longer 
sleep latency and shorter sleep duration [20].

There are several possible mechanisms behind 
the association between screen time and sleep disorders. 
Screen time can directly affect sleep by altering the 
sleep time and duration, especially if the electronic 
device is located in the bedroom. The use of digital 
device before bedtime can increase emotional arousal, 
causing increase in sleep latency and reducing total 
sleep time. The bright light from the screen can disrupt 

sleep through suppression and delay of the circadian 
rhythm of melatonin, a sleep stimulating hormone, which 
will normally increase at night before bedtime. Sleep 
can also be negatively affected by electromagnetic 
radiation from the screen. Another mechanism that can 
contribute to sleep disorder is physical discomfort, for 
instance muscle pain and headache due to prolonged 
use of digital devices [7], [21].

The circadian system has a number of vital roles 
in sleep/wake regulation, associated with darkness and 
increased melatonin level. Melatonin acts as a signal 
to start the biological clock at night. Exposure to light 
at night can suppress the secretion of melatonin. The 
circadian photoreceptor system has a peak sensitivity 
to blue light with a wavelength of 450–480 nm, leading 
to suppression of melatonin secretion [22], [23]. Most 
electronic devices, such as computer, television, cell 
phone, and tablet, use light-emitting diodes (LEDs); 
which have blue color spectrum with a peak wavelength 
of 460 nm. Exposure to light from digital screen that 
uses LEDs compared to non-LEDs for 5 h at night 
can reduce melatonin secretion. Delayed melatonin 
secretion due to exposure to light from the digital 
screen can cause a delay in sleep initiation, thereby 
contributing to sleep disorder. Exposure to light for 
several hours before bedtime can also prolong sleep 
latency and decrease the rapid eye movement (REM) 
phase of sleep [12], [24].

One of the limitations from this study includes 
the determination of sleep disorder using a screening 
tool by PSQI instrument. The diagnosis of sleep 
disorder should be confirmed by polysomnography 
(PSG). Furthermore, there were some variables 
that were not measured in this study, including the 
time of digital screen usage before bedtime, the 
presence of electronic devices in the bedroom other 
than television, comparison of the screen time on 
weekdays and weekends, use of LED – emitting 
devices, sleep hygiene, and other confounding 
factors that can affect sleep disorders, including mood 
disorders, anxiety, and attention deficit-hyperactivity 
disorder. Consequently, further studies are needed to 
determine the effect of screen time on sleep disorder 
in adolescents.

Conclusion

This study concludes that the prevalence of 
sleep disorder in adolescents is substantially high. 
Screen time has a statistically significant association 
with sleep disorder that occurs in adolescents in the 
COVID-19 pandemic era. We suggest that the screen 
time in adolescent does not exceed 2 h/day, in line 
with the recommendation from Indonesian Pediatrics 
Society. 
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