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ABSTRACT

Background: Communication technologies are tremendously expanding and disturbing our lifestyles, especially
those of adolescents. Their misuse has been associated with negative consequences for sleep quality and school
performance. The objective of this study was to investigate the relationship between times spent using a device with a
screen, the quality of sleep, and the associated factors.

Methods: 657 students were enrolled from 22 secondary colleges in greater Beirut (Lebanon) to participate in a
cross-sectional descriptive observational study. The questionnaire was focused on the time spent on digital screens,
lifestyle habits, sleep schedule, biometrics, and family data. SPSS 24 was used to analyse descriptive statistics,
correlation and variance analysis.

Results: 90% of students possess at least one screen in their bedroom. Mostly during weekdays, spending more than 4
hours daily in front of screens decreased duration and quality of sleep as well as the daytime fatigue, delayed bed time
and increased low grades (p<0.05). This was significantly associated with having a screen device in the bedroom,
using a screen before falling asleep, living in rich neighborhoods with a high family income, a divorced couple, and
no extra-scholar sport. The average sleep duration of students was 6 hours 58 minutes during the week and 8 hours 55
minutes during the weekend trying to recover from sleep deprivation.

Conclusions: The quality of sleep worsens with increasing levels of screen use. It is becoming imperative to develop
prevention campaigns within colleges, and to foster rational use of screens that honors sleep hygiene.
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INTRODUCTION

Nowadays, the overuse of new technologies
(smartphones, videogames, computers, etc.) is disrupting
human behavior and favoring a sedentary lifestyle. In this
context, the digital tools used for learning or
entertainment are multiplying and invading daily life,
primarily targeting youth. In fact, adolescence is a key
developmental age characterized, among others, by
numerous  hormonal,  psychological, and, more
importantly, cognitive changes.

Many studies concerning new technologies showed that
the percentage of adolescents possessing smartphones has
raised drastically, 41% in 2012 versus 89% in 2017,
changing the way they communicate with each other. Six
years ago, in-person conversation was more popular than
texting, however adolescents today prefer texting on their
cell phone rather than face-to-face conversations with
friends.!  Therefore, in advanced and emerging
economies, younger people are much more digitally
connected than older generations. In most countries
surveyed, those under 35 are more likely to own
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smartphones and use the internet (mainly for social media
purposes) than those aged 50 and older. In fact, in Brazil,
85% of those aged 18 to 34 own a smartphone compared
with just 32% of those older than 50. Even in countries
like Germany and Australia, where smartphone
ownership rates far outpace those in Brazil, younger
adults are more likely to own smartphones than older age
groups.?

Without underestimating the positive aspects of these new
technologies, many studies underline their harmful
impacts on the overall development of the child, the
rhythm of sleep, eating habits, sedentary lifestyle, and
body size.® In the field of healthy family-school
relationships, the fight against poor performance at school
and bad lifestyles is a real challenge, both for parents and
health educators. These factors determine socio-
educational success and overall health, particularly in
popular areas. As such, they constitute important targets
of public health policies.

Most of all, sleep disorders possess a severe impact on
health. Current sleep recommendations are 8 to 9 hours of
sleep for teenagers every 24 hours.* Sleeping less than 7
hours is particularly deleterious for their health.®
Insufficient and disturbed sleep together with difficulty
getting up in the morning is a common problem faced by
children and adolescents around the world.® Sleep
disorders can appear in adolescence and risk becoming
chronic with overuse of new technologies. The most
common sleep disorders are insomnia, sleep deprivation
syndrome, and delayed phase syndrome.” Apparently,
adolescents who watched more than 3 hours of television
per day experienced similar trouble sleeping as adults.®

Studies agree on the negative impact of sleep deprivation
on memory and, more recently, on social behavior or
dietary balance. Reduced sleep have been shown to be
associated with an increased risk of obesity.® In addition,
a reduction in sleep duration leads to hormonal changes
such as a decrease in the plasma level of appetite
hormones, as well as metabolic changes in blood sugar
and insulin, thus inducing a state of glucose intolerance.*

In children and adolescents, insufficient and poor-quality
sleep has been associated with impairments in
declarative, procedural, and working memory, as well as
poor concentration skills.** This can negatively impacts
the performance of middle school students, in particular
due to excessive daytime sleepiness.?? In this context,
Reddy et al, have shown that acute sleep restriction in
adolescents is associated with affective disturbances and
disorders.™®

There is a correlation between reduced sleep time and the
use of electronic media, especially at night. However, the
quality of sleep remains little studied. In fact, the
consumption of screens, and in particular that of
smartphones, through their multitasking technologies, is
increasingly afflicting youth, particularly when used at

bedtime.!*'® Thus, it is imperative to disseminate
prevention messages with a view to promoting health and
lifestyle habits among children and adolescents. Several
health actions already exist in the school environment,
such as the fight against obesity, the prevention of
addictive behavior, or nutritional education. However, to
date, there are very few health actions on the use of
screens, sleep hygiene, and their consequences.

A survey carried out in schools appeared relevant in order
to collect objective data on the health and lifestyle of
secondary school students in the region. The data
obtained will be used to better define the basis of a future
intervention program for prevention and modification of
lifestyle habits. The main objective of this study was to
investigate a relationship between the use of video
screens and the three parameters: sleep duration, sleep
quality, and bedtime. The secondary objective was to
highlight the main factors related to lifestyle
habits influencing these sleep parameters.

METHODS

This was a cross-sectional descriptive observational study
including 657 individuals conducted online in 2018 by
students in secondary classes at 22 private and public
schools in Greater Beirut. The aim of the study was
explained to the parents of the students of each college by
mail to obtain their consent. A computed questionnaire
was developed, based on various validated
questionnaires.

The first part of the questionnaire included data such as
weight, height, and age, as well as academic results
expressed by the overall trimestral averages of the student
and the class. The second part concerned family data such
as the composition of the family, the level of education,
and the professional status of the parents. The third part
concerned the student’s lifestyle habits, such as the
possession and consumption of video screens in the
family home, eating behavior, and extra-curricular
activities. The fourth part concerned students’ sleep. They
were asked to record the daily falling asleep schedule, the
duration of sleep, and the quality of sleep. It was based on
a validated questionnaire from Becker et al.®

The questionnaire was distributed on a compact disk in
secondary classes to students whose parents consented to
participate. According to the colleges, the teaching or
paramedical teams were responsible for the distribution
and explanation of the instructions.

The first part of the “lifestyle” questionnaire was
completed by the students during one hour of class. The
second part of the “sleep compendium” questionnaire was
completed daily by the student for a full week, i.e., seven
consecutive days. Students filled out this information in
class throughout the week. They reported the perceived
quality of their sleep and their energetic form via visual
analog scales (VAS). Students also wrote down when to
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go to bed and when to get up. Bedtime was defined as
when all light sources went out. Only the nightlight was
accepted as long as it was not used as a source to read or
play. The time to wake up corresponded to the time the
student was awake.

The third part of the questionnaire was completed by a
member of the teaching team for school data and by a
health professional for biometric data. Biometric data was
collected during the first trimester of the school year
using an electronic scale and a measuring rod.

The fourth part of the questionnaire, entitled “family
data”, was distributed at the same time as the consents
and had to be completed by the parents or legal
representatives.

Data collection and analysis

Questionnaires were collected or sent via email by
students and then analysed by assigning to each student
an arbitrary number ranging from 1 to 680 (23 files were
found unusable). Class assignment lists were kept by the
colleges. All the data collected using the questionnaires
were coded in an Excel spreadsheet for statistical analysis
using SPSS 24 software. Variables were analyzed by the
Student test in normally distributed values or by
nonparametric test (Mann-Whitney U) when they are not

normally distributed (Kolmogorov-Smirnov test was used
to test normality). Qualitative values were expressed in
number and percentage of all students and analyzed by
the chi? test. Values of less than 0.05 were considered
statistically significant.

RESULTS
Description of the population

Anthropometric measurements and general information
about students and their screens usage are recorded in
Table 1. We noticed the very high prevalence of students
possessing a cellphone, the presence of screens in
bedroom and their use before sleep.

Time spent using a device with a screen

There is a clear difference in the percentage of
adolescents spending an average time duration (2-4
hours) in front of screens during week days (40%) and
week end (23%). On the other hand, during week days,
42% of students reported spending a below average time
(slightly and <2 hours) in front of a screen, versus 18%
above average and excessively (>4 hours). Conversely,
during weekends, only 27% of students spent less than 2
hours in front of a screen versus 48% more than 4 hours
(Table 2).

Table 1: General information about students and their screens.

Information Frequency or percentage

Number of participants colleges

Total number of students of secondary classes

Sex

Boys

Girls

Age (years)

Students with at least one monitor in their bedroom
Most common screen in the room

Mobile phone

Computer

Tablet

Game console

Television

Students using one of the screens before falling asleep
Students’ average screens in their room

Family average screens at home

Factors associated with screen time

After adjustment, spending more than 4 hours looking at
the screens was significantly associated (p<0.05) with
having a smartphone or laptop in the bedroom, using a
screen before falling asleep, living in rich
neighborhoods with a high family monthly income, a

22
657 (originally 680 - 23 files unusable)

301 (45.8%)

356 (54.2%)

17.1+1.8 (meanzstandard error)
90%

88%
57%
42%
30%
22%
85%
2

6

divorced couple, no extra scholar sport or other activity
and being in the 10" grade year (Table 3).

Sleep duration of the participants

The average sleep duration of students for seven
consecutive days and 3 weekends were: during the week:
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418+40.5 or 6 hours 58 minutes. During the weekend:
535+49.4 or 8 hours 55 minutes.

Table 2: Distribution of students according to the
number of hours spent in front of the screens during
the week and weekends.

Duration in front of Weekend
screens

Slightly 10 9

Below average 32 18
Average 40 23
Above average 10 28
Excessively 8 22

Slightly <1 hour; below average 1-2 hours; average 2-4
hours; above average 4-6 hours; excessively >6 hours.

Table 3: Analysis table of factors associated with
screen time >4 hours.

Factors influencing screen time >4 hours P value |

Sex NS

No siblings p<0.05
Smartphone/laptop in the room p<0.05
Use a screen before sleep p<0.05
Number of screens in the room p<0.05
Home in rich neighborhoods p<0.05
High family monthly income p<0.05
Couple’s status in the household p<0.05
No extra scholar sport or other activity p<0.05
10™ grade year p<0.05

Relationship between periods spent in front of screens
and duration of sleep

A significant inverted correlation was found between
sleep duration and time spent in front of screens for
school days (p<0.05). The more time the student spent in
front of the screens, the less he slept during the week. In
fact, there was an average difference in sleep of 155
minutes between adolescents spending less than an hour
in front of screens and those spending more than 6 hours
(Figure 1). No significant correlation was found between
the duration of sleep and the time spent in front of screens
for week end days.

Analysis of factors associated with sleep duration

The analysis of the confounding variables on the duration
of sleep shows that the couple’s status (together or
separated) and the neighborhood (calm or vibrant) were
significantly associated with the duration of sleep. Being
with separated parents and living in a popular
neighborhood were both associated with a shorter sleep
time. On the other hand, the percentage of students
sleeping below the recommended minimum threshold of
8 hours of sleep was 32%. Sleeping less than 8 hours per
night was significantly associated with having a cell
phone in the bedroom, having at least one screen in his

room, using a screen before falling asleep, spending a
long time in front of video screens during weekends.
Also, the more the adolescent is not engaged in a sporting
extra-curricular activity, the more likely he was to have
less than 8 hours of sleep per night (p<0.05).
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Figure 1: Duration of sleep (in hours) versus the time
spent in front of screens (in hours) during school days
and during weekends.

Slightly <1 hour; below average 1-2 hours; average 2-4 hours;
above average 4-6 hours; excessively >6 hours.

The quality of sleep

On a scale from 0 to 99: 80-99 stand for good sleep, 50-
79 for moderate and 0-49 for poor sleep. The average
sleep quality was 42+21 on weekdays and 79+18 on
weekends. Regarding week days, an inverted correlation
was found between the quality of sleep and the time spent
in front of screens. The more time the child spent in front
of the screens, the poorer their quality of sleep during the
week.

100 m\\Veekend

80 | ::-: Wbty
60 B
40

20 +

0

Slightly Below Average Above
average average

Quality of sleep
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Time spent in front of screens (h)

Figure 2: Value illustrating the quality of sleep in
relation with time spent in front of screens (in hours)
on week days and during week end.

Slightly <1 hour; below average 1-2 hours; average 2-4 hours;
above average 4-6 hours; excessively >6 hours.

There was an average difference of 31 points between
students spending less than an hour in front of screens
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and those spending extensive time more than 6 hours.
Regarding the weekends, an inverted correlation was
found between the quality of sleep and the time spent in
front of the screens but to a lesser extent than during
weekdays. The more time the child spent in front of
screens, the poorer their quality of sleep on weekends,
with an average difference of 15 points between
adolescents spending less than an hour in front of screens
and those spending more than 6 hours. After adjustment,
none of the lifestyle factors analysed were significantly
associated with the quality of sleep (Figure 2).

Bedtime

The average bedtime was 22:45 on weekdays and 24:25
on weekends. A significant correlation was found
between bedtime and time spent in front of screens for
weekdays (p<0.05, after adjusting for confounding
factors). The more time the adolescent spent in front of
the screens, the later he went to bed at the weekend, with
an average difference of 3.5 hours between the student
spending less than an hour in front of the screens and the
one spending more than 6 hours (Figure 3).
mmmmm— \\/eekend
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Figure 3: Bedtime (in hours) of students according to
time spent in front of screens on weekdays and
weekends.

Slightly <1 hour; below average 1-2 hours; average 2-4 hours;
above average 4-6 hours; excessively >6 hours.

The daytime fatigue

On a scale from 0 to 99: 80-99 stand for high energy, 50-
79 for moderate energy and 0-49 for poor energy. The
average energy feeling was 61+18 points during the
week, and 75.4+16 points on weekends. After adjustment,
a significant correlation was found between a decrease in
diurnal energy feeling and time spent in front of screens
for week days (Figure 4).

Screen time and grades

Students spending less than 1 hour in front of screens
have 10% of their grades under the class average.
Between 4 and 6 hours it increased low grades to about
22%. More than 6 hours in front of screens raised
significantly to 40 % the low grades (p<0.05) (Figure 5).
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Figure 4: Diurnal energetic sensation versus time
spent in front of the screens (in hours) on week days
and weekends.

Slightly <1 hour; below average 1-2 hours; average 2-4 hours;
above average 4-6 hours; excessively >6 hours.
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Figure 5: Distribution (in percentage) of grades under
average according to the time spent in front of
screens.

DISCUSSION

The study showed that screen use on weekdays was
significantly associated with a reduction in the adolescent
sleep time in relation with additional hours spent in front
of screens. These results are in agreement with many
studies published in this field. Researchers have tried to
explain the mechanisms that are almost intertwined.'® The
first one would be an unstructured free time of screens
usage, with no established start or end time of use, thus
detrimentally expanding on sleep time. A second
mechanism assumes that using electronic media before
sleep increases mental, emotional and physical arousal
through the release of stress hormones. A third
mechanism suggests that light emission from the screens
of electronic media devices could interfere with the
circadian rhythm by suppressing physiological nocturnal
secretion of the sleep-promoting hormone melatonin.'’
Furthermore, our study, did not show a significant
relationship between the use of screens and the duration
of sleep on weekends. It is possible that on weekends, the
use of screens has more influence on bedtime which can
be compensated for by waking up later.
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On weekdays, there was an average difference in sleep
duration of 155 min between the group using screens less
than an hour and the group using screens more than 6
hours, which is alarming during week days. In addition,
there was a 48 minutes difference between the group
using screens less than 1 hour and the group using screens
more than 2 hours. These observations are consistent with
previously published data. Yet another study found that a
difference of only 25 minutes per night in sleep duration
was associated with changes in the academic performance
of middle school students.8

The widespread trend of using a screen for a long time
before falling asleep is associated with a smaller duration
of students sleep. This is consistent with a recent study of
Haartley et al showing that both duration of screen use
and timing are associated with adverse effects on sleep
and daytime functioning in adolescents.'® In 2013, Arora
et al found in a population of teenagers aged between 11
to 13 in the UK, that cell phone use before bed reduced
the average sleep time by 45 minutes.?® The lack of
significance in the results could be explained by the small
sample size, or certain biased information. Likewise,
other factors that were not shown in the study to be
associated with sleep duration have been significant in
previous studies many times. Thus, the presence of a
television in a child’s bedroom was significantly
associated  with  shorter sleep time. Although
methodological flaws may have been at the origin of
these results, it is also possible that, 15 years after the first
studies in this field, a new generation of adolescents is
using new electronic media that are equally responsible
for a lack of sleep.?

Our study showed that screen use, on either weekdays or
weekends, was significantly associated with a reduction
in teenagers sleep quality for additional hours spent in
front of screens. The relationship was independent of
other socio-educational characteristics noted in the study.
There are thus new data in the field of the quality of sleep
of adolescents that is little studied, with complex
conclusions in the literature. The few studies that showed
a negative association of screen usage with quality of
sleep did not use the same scale. On weekdays, there was
a difference of 3lpoints in sleep quality between the
group using screens for less than an hour and the group
using screens for more than 6 hours.??

After adjustment, none of the lifestyle factors analysed
were significantly associated with students’ quality of
sleep. A trend was nonetheless observed for the use of a
screen before falling asleep. Although far fewer studies
have looked at the quality of sleep, Ivarsson et al have
shown that the use of violent or non-violent video games
before bedtime is associated with poorer quality of sleep.
They used different quality scales such as the Karolinska
sleep scale.?® The tendency to use screens before falling
asleep was therefore found in both the duration and the
quality of sleep.

This study showed that screen use, during -either
weekdays or weekends, was significantly affected the late
child’s bedtime, for additional hours spent in front of
screens. The relationship was independent of excess
weight, the mother’s professional status, the mother’s
educational level, the household's status as a couple or
not, and the head of the household’s sleep average. In
summary, weekend screen usage was significantly
associated with both reduced sleep quality and a later
bedtime. While their use did not affect sleep duration.
This could suggest that a shift in sleep/wake rhythm, even
for equal sleep duration, affects sleep quality. Moreover,
the distribution of pupils’ bedtime hours during the week
and on weekends clearly showed a difference in the
waking/sleeping rhythm between school days and days
without school.

Bedtime is significantly associated with the presence of a
computer and a cell phone in the bedroom, the number of
screens in the bedroom and at home, the use of a screen
before falling asleep. A trend was observed for the
presence of a television in the bedroom. This result was
not significant although this association has been
demonstrated many times in recent years.?* The
hypothesis put forward for explanation is that among
adolescents, the computer and the cell phone supplant
television as media used before sleeping. Today, internet
access on computers and smartphones allows access to
multiple television programs. A French study and another
from Saudi Arabia have shown that the presence of a cell
phone in the bedroom was a predictor of sleep disorders
such as delayed bedtime and difficulty getting up. In
particular, adolescents who used their mobile phones
between midnight and 3 a.m. were more likely to be tired
during the day than adolescents who had never used a
mobile phone after the lights were turned off.252¢

The average sleep duration over a total week of the study
population was 6 h 58 min, thus scoring below the official
recommendations for adolescents which is 8 to 9 hours.?
During the weekend, sleep duration increased to 8 hours
55 minutes which is within the recommended duration.
However, teens can’t recover from sleep debt over the
weekend as reported by the National Health Institute.?

CONCLUSION

The study confirmed an association between the use of
screens and the development of sleep disturbances. It is
clear that the new generation of adolescents with access
to the latest technologies have discovered new ways of
using screens that are invading their environment more
and more, even in their beds. The family and socio-
economic environment seemed to play an important role
in the lifestyle habits of adolescents. Although these
parameters are invariable at our level, they have made it
possible to target a particularly vulnerable population
which justifies preventive actions. It also appeared that
adolescence is a key period of intervention for research
teams. Indeed, the study showed that the harmful impact
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of screens does not yet have major apparent health
consequences; however, a continuous monitoring of the
cohort appears imperative for their future health. Finally,
it will be interesting to characterize, through additional
studies using the same scales, the long-term clinical
impact of poor quality of sleep.
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