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Objective/background: The evidence on the association between screen use and sleep of adolescents is
mainly based on studies about time watching television, with a few examining time using computers,
videogames, and mobile devices. Our aim was to investigate the association between screen time for
entertainment (watching TV, using computer, or playing games on tablets, smartphones, or videogame
consoles) and sleep duration and self-reported sleep quality, among adolescents aged 15 years.

Methods: With data from the 2004 Pelotas Birth Cohort, sleep duration was assessed with questions
extracted from the Munich Chronotype Questionnaire and quality was self-reported. Adjusted B co-

Keywords: i - - ‘ ) C
qu—/een efficients and prevalence ratios (PR) with (95% confidence intervals) were obtained, respectively, by
Sleep linear and Poisson regressions.

Results: 1,949 adolescents had information about screen time and sleep quality, and 1,851 about screen
time and sleep duration. The median screen time was 4.5hs/24hs. The mean sleep duration was 7.6hs/
24hs and the prevalence of bad sleep was 17.3% (15.7—19.0%). There was an inverse relationship between
screen time and sleep duration. When compared with those with less than 2hs/24hs of screen time,
adolescents with 6—8.8hs/24hs and >9hs experienced, respectively, 23.4 and 32.4 min reduction in sleep
duration (B = -0.39; —0.62;-0.16 and B = -0.54; —0.77;-0.30). Adolescents with >9hs of screen time were
60% more likely to report bad sleep than those with less than 2hs/24hs (PR: 1.60; 1.10—2.32).
Conclusions: The median time spent using screens was longer than recommended. Screen use for >6hs/
24hs was associated with a shorter sleep duration, and >9hs/24hs with poor sleep quality.
© 2023 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/).
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1. Introduction

Sleep is associated with the cerebral homeostasis process [1].
Studies conducted with children and adolescents have shown that
sleep problems, such as insufficient duration and poor quality
sleep, are prejudicial to brain functions [2]. Depression, anxiety,
poor school performance, alcohol abuse, smoking, illicit drug use,
risky sexual behavior, violent behavior, and damage to interper-
sonal relationships are some of the problems associated with short
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duration and/or poor quality sleep, identified in children and ad-
olescents [3—5]. The National Sleep Foundation recommends that
adolescents aged between 14 and 17 have 8—10 h of sleep every
24 h [6].

Adolescence is a period of important neurobiological modifica-
tions. In this life stage, sleep undergoes physiological macrostruc-
tural modifications, such as a reduction in REM sleep latency and in
the proportion of slow wave sleep, as well as regulatory modifi-
cations, which culminate in behavioral changes, such lateness in
going to sleep [7]. In addition, in post-puber adolescents, melatonin
release occurs at later times, leading to a delay in the start of sleep.
Added to the biological factors, environmental and behavioral
factors act in influencing sleep and falling asleep in adolescence [7].
Environmental factors (such as the time classes start, the socio-
cultural behavior of the place of residence, and the lack of a bedtime
routine) and intrinsic factors (such as the hormonal load

2590-1427/© 2023 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/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:prieche@gmail.com
mailto:bianca.delponte@gmail.com
mailto:bianca.delponte@gmail.com
mailto:luciana.tovo@gmail.com
mailto:amatija@yahoo.com
mailto:amatija@yahoo.com
mailto:halalcamila@gmail.com
mailto:inasantos.epi@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleepx.2023.100073&domain=pdf
www.sciencedirect.com/science/journal/25901427
www.elsevier.com/locate/sleep
https://doi.org/10.1016/j.sleepx.2023.100073
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sleepx.2023.100073

P. Echevarria, B. Del-Ponte, L. Tovo-Rodrigues et al.

corresponding to puberty) can affect sleep duration and quality in
adolescence [8—10].

With the advent of new technologies, screen use (smartphones,
tablets, computers, and smart TVs, among others) has been inves-
tigated as a risk factor for reduced duration and poor quality of
sleep [11]. Most of the studies indicate that the use of electronic
devices is associated with a shorter sleep duration among children
and adolescents [12—14], but the association with other sleep
outcomes is considered inconclusive, requiring studies with better
methodological quality and more robust designs [12].

On the other hand, a systematic review of the literature, planned
to assess the effect of screen time on the health and wellbeing of
children and adolescents, showed weak evidence of an association
with unfavorable sleep outcomes, such as initial sleeplessness, a
reduction in total sleep time, and daytime tiredness [15]. The
available literature on the screen use and health and wellbeing of
adolescents is limited by the predominance of studies about time
watching television, with only a small number examining time
using computers or videogames and very few investigating the use
of mobile devices [15]. In addition, there is no safe, scientifically
defined limit for screen use to date, above which there would be
damage to adolescents’ sleep [16]. Most of the studies however
used cross-sectional design and came from developed settings,
mainly the United States and European countries. Nonetheless,
access to electronic media has become popular in all countries, and
findings from high income areas do not necessarily reflect the re-
ality of adolescents living in low-and-middle-income settings. For
instance, among Brazilian adolescents aged 10 to 19, a meta-
analysis showed that the prevalence of excessive screen use
(defined as >2hs/day) is 70.9% (95%Cl: 65.5—76.1) [17].

Thus, given the importance of sleep to physical and mental
health and the high prevalence of excessive screen use among
Brazilian adolescents, the aim of this study was to investigate the
association between screen time and duration and self-reported
quality of sleep, among adolescents aged 15, participating in the
birth cohort conducted in the city of Pelotas, in the south of Brazil.

2. Material and methods

This study was conducted with data from the follow-up at 15
years old of the 2004 Pelotas Birth Cohort. The cohort was
composed of 4,231 children born in hospitals in the city of Pelotas,
between January 1st and December 31st of 2004, whose mothers
resided in the urban area of the municipality or in the Jardim
América neighborhood (adjacent to Pelotas, but belonging to the
neighboring municipality of Capao do Leao). Details about the
methodology of the 2004 Cohort can be obtained in previous
publications [18,19]. The participants in the cohort were assessed at
birth (during their hospital stay) and followed up when there were
an average (standard deviation — SD) of 3.0 (0.1), 11.9 (0.2), 23.9
(0.4),49.5 (1.7), and 82.2 (4.0) months, and 6.7 (0.2), 10.3 (0.5), and
15.7 (0.20) years old. The follow-up at 15 years old started in
November of 2019 and was prematurely interrupted on March 20th
of 2020, when the Health Ministry of Brazil reported the commu-
nity transmission of the SARS-CoV-2 virus, the agent responsible
for the COVID-19 pandemic [20]. In Pelotas, the first case of COVID-
19 was officially reported on March 25th of 2020. Up to the inter-
ruption of the follow-up, 2,029 adolescents had been evaluated,
which, added to the 102 deaths occurring up to then, correspond to
a 50.4% follow-up rate.

The 15-year visit focused on six groups of outcome variables:
mental health (including sleep), body composition, risk factors for
non-communicable chronic diseases, clinical conditions, human
capital, violence, and stress. All the information was obtained from
in-person interviews, conducted by trained interviewers, with the
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help of a standardized questionnaire, previously tested by the re-
searchers. The RedCap [21] program was used to record the in-
terviews on tablets. Until 48 months follow-ups were carried out at
the child household, and from 6-year onward all follow-ups were
conducted at a research clinic of the Center for Epidemiological
Research of the Federal University of Pelotas.

2.1. Sleep duration

Sleep duration was obtained using questions and figures
extracted from the Portuguese language version [22] of the Munich
Chronotype Questionnaire [23], referring to the 30 days prior to the
interview: “What time are you ready to go to sleep?“; “How many
minutes do you need to get to sleep?*; and “What time do you wake
up?” The questions were asked separately for weekdays and
weekends (Saturdays and Sundays). Sleep duration was calculated
as the time between when they are ready to go to sleep and when
they wake up, minus latency time (“How many minutes do you
need to get to sleep?*). As sleep duration had a normal distribution
(Fig. 1), for analysis purposes, the weighted mean between week-
days and weekends was used, obtained by the formula:

Weighted mean of 24 h sleep duration = [(5 x sleep duration on
weekdays) + (2 x sleep duration on weekend days)]/7.

Means of less than 3 h or more than 15 h were considered
outliers, and those participants (N = 46) were excluded from the
analyses for this outcome.

2.2. Self-reported sleep quality

The information about sleep quality was obtained using the
question: “Considering last month, how would you classify the quality
of your sleep in general?” The answer options, which varied between
“very good,” “good,” “bad,” and “very bad,” were read to the adoles-
cents. For analysis purposes, this outcome was dichotomized,
grouping the “very good” and “good” categories into “good quality
sleep,” and “bad” and “very bad” into “poor quality sleep.” In this study,
the outcome of interest was the prevalence of poor quality sleep.

2.3. Screen time

Screen time over 24 h was obtained by the sum of the times of
use of different technologies for entertainment purposes. As some
adolescents worked and the use of electronic devices, such as cell
phones, is limited during working hours, screen use on Saturdays

Fig. 1. Distribution of the weighted mean of sleep over 24 h among adolescents from
the 2004 Pelotas Birth Cohort, at 15 years old.
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was included among the weekdays.

After an affirmative answer for the use of each technology (for
example: “Do you watch television?*), they were asked about the
time of use on weekdays (“How many hours do you watch televi-
sion on weekdays?“) and on Sundays (“How many hours do you
watch television on Sundays?*“). Similar questions were asked to
investigate the use of computers (for games, the internet, social
media, and other leisure activities), tablet or cell phone games, and
videogame consoles. Screen time over 24 h was calculated as the
sum of the weighted means for the use of each type of screen,
obtained by the formula:

Weighted mean of screen time over 24 h = [(6 x screen time on
weekdays) + (1 x screen time on Sundays)]/7.

Weighted means higher than 21 h a day were considered as
outliers, and the adolescents with these values (N = 33) were
excluded from the analyses. As the weighted screen time did not
have a normal distribution and the logarithmic transformation did
not resolve the asymmetry, the median and interquartile interval
were calculated and, for the association analyses, the variable was
categorized into <2.0; 2.0—3.5; 3.6—5.9; 6.0—8.9; and >9.0 h/day.

2.4. Covariables

The covariables used were collected in the perinatal interview
(at birth) and in the follow-ups at 6 and 15 years old. From the
perinatal interview, the following were employed: monthly family
income, obtained from the sum of the incomes of all residents in
the household, subsequently divided into quintiles, with the first
quintile corresponding to the poorest families and the fifth quintile
corresponding to the wealthiest ones; domestic agglomeration,
defined as more than two people per bedroom (yes or no); the
mother's age at the time of the adolescent's birth (<19, 20—24,
25-29, 30—34, or >35 years old); maternal parity, including the
participant in the cohort and defined as the number of live or still
born children (1, 2, or >3); maternal and paternal schooling, cor-
responding to the number of years of study completed with the
passing grade (0—4, 5—8, or >9); and the adolescent's sex (male or
female). The adolescent's skin color, obtained in the interview at 6
years old, was reported by the mother (white, black, or brown/
other).

From the follow-up at 15 years old, the maternal depression
variable was employed, defined as a score of >8 on the Edinburgh
Postnatal Depression Scale (EPDS) [24], along with the following
characteristics of the adolescent: currently studies (yes or no);
currently works (yes or no); shares a bed for sleeping (yes or no);
shares a bedroom (yes or no); alcohol consumption (consumption
of alcoholic beverages in the last 30 days); smoking (smokes at least
once a week); coffee consumption (drinks coffee at least once a
week); chimarrao consumption (drinks chimarrao at least once a
week) (yes or no); hours per week engaging in physical activity
(practicing sport at least once a week) (yes or no); and mental
health, obtained from applying the Strengths and Difficulties
Questionnaire (SDQ), where those with a total score >17 were
considered as presenting psychological symptoms [25].

2.5. Analysis

The data analysis was carried out in the STATA statistical pack-
age, version 17. The description of the sample was carried out by
calculating the means and SD for continuous variables with a
normal distribution; and the median and interquartile interval (IQI)
for those with an asymmetrical distribution. Proportions with 95%
confidence intervals (95%Cl) were calculated for categorical vari-
ables. The association analyses with the weighted mean of sleep
duration in its continuous form were carried out using ANOVA and
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the t-test; and, for sleep quality, using the chi-squared test.

To evaluate the strength of the association between screen time
and sleep duration, a linear regression was carried out; and for the
association between screen time and self-reported sleep quality, a
Poisson regression with robust variance was employed. The trends
were assessed using the chi-squared test. The associations that
presented p < 0.05 were considered statistically significant. Back-
ward regressions were carried out, and, for adjustment purposes,
the variables associated with the outcome with p < 0.20 were
maintained in the model. Quality of analysis measures, including a
leverage graph, residuals, and an evaluation of the variance and
optimization of generalized linear models were used.

In addition, the weighted mean sleep duration, lateness in going
to sleep (after 12 a.m.), and long latency (>30 min) were explored
as potential mediators of the association between screen time and
sleep quality, using the G-formula [26]. In the analysis of the
mediation of screen time with sleep quality by sleep duration, the
variables used as pre-confounders were the same ones used in the
adjusted model of the Poisson regression for screen time and sleep
quality, and as the post-confounder variable, “sharing a bed” was
used. To explore the mediation by lateness in going to sleep and by
long latency, the variables that were shown to be associated with
both were used, lateness in going to sleep and sleep quality and
long latency and sleep quality, respectively.

Sensitivity analyses were carried out to explore the association
between screen time and sleep duration, after stratification for
weekdays and weekends. And, as the field work included class
periods and school holiday periods (school summer holidays occur
between mid-December and mid-February in Brazil), sensitivity
analyses were also carried out to ascertain whether there was a
difference in the association between screen time and sleep dura-
tion, according to the period in which the adolescent had been
interviewed.

2.6. Ethical aspects

All of the visits of the 2004 Pelotas Birth Cohort were approved
by the Research Ethics Committee of the School of Medicine of the
Federal University of Pelotas, affiliated with the National Research
Council (CONEP). The perinatal study and the follow-ups at 6 and 15
years old were approved under file numbers 034/2003, 35/10, and
3.554.667, respectively. The consent form was signed by the mother
before the perinatal interviews and those at 6 and 15 years old. An
additional consent form was obtained from the adolescents before
the interview at 15 years old.

3. Results

All in all, 1,949 adolescents had complete information about
screen time and sleep quality, and 1,851 had full information about
screen time and sleep duration. In Table 1, the adolescents followed
up at 15 years old (N = 1949) are compared to the original sample
from the cohort in terms of sociodemographic, maternal, and
paternal characteristics. There was no statistically significant dif-
ference between the sample evaluated at 15 years old and the
original sample. Table 1 also contains the description of charac-
teristics of the adolescents at 15 years old: 50.0% were of the female
sex; 63.6% were white; 12.4% currently worked; 98.0% were in
school; 36.1% shared a bedroom; 6.3% shared a bed; 43.4% had
consumed alcoholic beverages in the last 30 days; 5.6% smoked at
least once a week; 59.7% drank coffee and 48.4% drank chimarrao at
least once a week; and 59.6% practiced sport >3 h/week. The
mothers of more than a third of the adolescents (36.2%) scored >8
on the EPDS and 14.1% of the adolescents scored >17 on the SDQ.

Among the 1,949 adolescents with information about screen
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Table 1
Comparison between the sample followed up at 15 years old and the original sample from the cohort (at birth), and description of the variables from the sample at 15 years old.
Variable At birth (N = 4231) Sample analyzed (N = 1949) p*
Family characteristics
Income at 11 years old (in quintiles) N = 4229 N = 1949 0.065
1 871 (20.6%) 359 (18.4%)
2 854 (20.2%) 375 (19.2%)
3 816 (19.3%) 406 (20.8%)
4 858 (20.3%) 439 (22.5%)
5 830 (19.6%) 370 (19.0%)
Maternal schooling N = 4186 N = 1935 0.121
0-4 654 (15.6%) 273 (14.1%)
5-8 1731 (41.4%) 781 (40.4%)
9 or more 1801 (43.0%) 881 (45.5%)
Paternal schooling N = 3286 N = 1537 0.368
0-4 580 (17.7%) 247 (16.1%)
5-8 1161 (35.3%) 545 (35.5%)
9 or more 1545 (47.0%) 745 (48.5%)
Domestic agglomeration N = 3985 N = 1898 0.295
Yes 3560 (89.3%) 1686 (88.8%)
Maternal parity N = 4228 N = 1949 0.251
1 1665 (39.4%) 747 (38.3%)
2 1110 (26.2%) 552 (28.3%)
3or+ 1453 (34.4%) 650 (33.4%)
Maternal age N = 4227 N = 1949 0.101
Up to 19 799 (18.9%) 345 (17.7%)
20 to 24 1148 (27.2%) 494 (25.4%)
25 to 29 959 (22.7%) 464 (23.8%)
30 to 34 758 (17.9%) 345 (17.7%)
35 or more 563 (13.3%) 301 (15.4%)
Characteristics of the adolescents
Sex N = 4231 N = 1949 0.086
Female 2036 (48.1%) 975 (50.0%)
Male 2195 (51.9%) 974(50.0%)
Skin color N = 3668 N =1828 0.706
White 2484 (67.7%) 1253 (63.6%)
Black 455 (12.4%) 229 (12.5%)

Brown or other

Adolescent works (N=1801)
Yes

No

Adolescent studies (N=1949)
Yes

No

Maternal EPDS (N=1672)
>8

<8

SDQ (N=1880)

>17 points

<17

Sharing a bed (N=1833)

Yes

No

Sharing a bedroom (N=1833)
Yes

No

Alcohol consumption (N=1846)
Yes

No

Smoking (N=1865)

Yes

No

Chimarrao** (N=1949)

Yes

No

Coffee (N=1949)

Yes

No

Practicing sport (hours/week) (N=1949)

<3
3to5
>5

729 (19.9%)

346 (18.9%)

224 (12.4%)
1577 (87.6%)

1909 (98%)
40 (2%)

605 (36.2%)
1067 (63.8%)

265 (14.1%)
1615 (85.9%)

116 (6.3%)
1717 (93.7%)

661 (36.1%)
1172 (63.9%)

802 (43.4%)
1044 (56.6%)

104 (5.6%)
1761 (94.4%)

944(48.4%)
1005 (51.6%)

1163 (59.7%)
786 (40.3%)

788 (40.4%)
341 (17.5%)
820 (42.1%)

* Chi-squared test; ** Chimarrao is a caffeine-rich local drink (also known as mate). To prepare chimarrao, ground leaves of Ilex paraguayensis are poured into a gourd and
small volumes of hot water are added. Then the consumer sips through a metal straw with a filtering head which is introduced to the bottom of the gourd.
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time, only 12.2% (10.8—13.7%) reported not using any type of screen
for entertainment purposes. Daily screen time varied from O to
20.6 h/day, with the median (IQI), including non-users, being 4.50 h
(2.36%°%—7.5775%). Considering only the screen users, the median
(IQI) was 4.71 h (2.57%°*~7.577°%). More than 40% of the screen
users (41.4%) used screens for 3 h or more over 24 h. Among the
users, the medians per day were 2.00 h (1.00%°%*—3.4375%) watching
television; 2.00 h (0.86%°*—4.007°%) on the computer; 1.79 h
(0.86%°%—3.147%) playing on a tablet or cell phone; and 1.57 h
(0.862°%—3.147>%) playing on videogame consoles.

3.1. Sleep duration

Among the 1,851 adolescents with information about sleep
duration, the mean duration on weekdays was 7.19 h (SD: 1.76) and
on weekends it was 8.50 h (SD: 1.65) (p = 0.005). The weighted
mean duration was 7.6 h (SD: 1.5) over 24 h. Around a third of the
adolescents (34.0%) slept an average of 8 h or more in 24 h. Table 2
describes the mean sleep duration over 24 h (with 95%CI), ac-
cording to screen time per day. There was an inverse dose-response
type association between screen time and sleep duration
(p < 0.001). The adolescents with 9 h or more of screen time per day
slept an average of 30 min less over 24 h than those who used
screens for fewer than 2 h a day, who were taken as the reference
category.

The results of the linear regression confirmed the inverse trend
between screen time and sleep duration over 24 h (Table 3). In the
crude analysis, the adolescents with more intense screen time
(>9 h/day) presented a mean loss of 30 min of daily sleep in rela-
tion to the reference category (<2 h/day) (p < 0.001). After
adjusting for confounding variables, the loss increased to 32.4 min
(adjusted B = —0.54; 95%Cl: —0.77;-0.30) (p < 0.001). The reduction
in sleep duration was evident starting from 6 h or more per day of
screen time.

3.2. Self-reported sleep quality

Among the 1,949 adolescents with information about sleep
quality, the prevalence of poor sleep quality was 17.3% (95%Cl:
15.7—19.0). Table 2 presents the prevalence of poor sleep quality
according to screen time. Among the adolescents who used screens
for fewer than 2 h a day, the prevalence of poor sleep quality was
14.8%, while among those who used them for 9 h or more, the
prevalence was 20.5% (p of linear trend = 0.025).

In the Poisson regression (Table 3), the adolescents who used
screens >9 h/day presented a 38% higher probability of reporting
poor quality sleep than those who used them for fewer than 2 h a
day (p = 0.026). In the analysis adjusted for confounding factors,
the probability increased to 60% (RP = 1.60; 95%CI: 1.10—2.32)
(p < 0.001). The linear trend between the categories of screen time
and poor quality sleep was tested, and the p value found was not

Table 2
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statistically significant, either in the crude analysis (p = 0.143) or in
the adjusted one (p = 0.075). Statistical significance was only found
in the screen time category corresponding to >9 h/day (p = 0.044 in
the crude analysis and p = 0.014 in the adjusted analysis).

Quality of fit measures were applied to the analysis models,
according to the rules of the generalized linear models, showing
that the model with the exponential 1 for the exposure, as
employed, was the most adequate, besides there being no points of
influence or outliers regarding the model. Maximum likelihood was
applied in the Poisson regression, and no assumption breaks were
verified. The analyses with screen time at weekends, extrapolating
the screen time reported for Sundays to Saturdays, did not show
statistically different results from the previous ones.

3.4. Mediation analyses

Table 4 contains the result of the crude and adjusted analyses of
the association between duration, start time, and long latency and
sleep quality. The longest sleep duration was protective against
reports of poor quality sleep (RP = 0.85; 95%Cl: 0.79—0.92;
p < 0.001). On the other hand, lateness in going to sleep increased
the probability of poor quality sleep by 72% (adjusted RP = 1.72;
95%Cl: 1.34—2.22; p < 0.001). A long latency was also associated
with a higher probability of poor quality sleep (adjusted RP = 1.51;
95%Cl: 1.10—1.22; p < 0.001).

The mediation analysis (Table 5), with the variable “weighted
screen time” as the exposure, poor quality sleep as the outcome,
and mean sleep duration as the mediator, showed a mediated effect
of 21.9%, with no statistical significance (p = 0.622). The mediation
analysis for lateness in going to sleep and a long latency showed a
mediated effect of 24.4% and 17.6%, respectively, with no statistical
significance (p = 0.502 and p = 0.411, respectively).

3.4. Sensitivity analysis

Fig. 2 shows that the mean sleep duration at weekends was
greater than on weekdays, independently of screen time
(p < 0.001); and that, on weekdays, the mean sleep duration was
shorter among those who used screens for 3.6 h or more per day
(p = 0.047).

The mean sleep duration on weekdays in the class period was
718 h (SD: 1.75) and at weekends it was 8.54 h (SD: 1.65)
(p < 0.001). On holidays, the means were 7.21 h (SD: 1.79) and
8.45 h (SD: 1.68) for weekdays and weekends, respectively
(p < 0.001). There was no statistical difference between sleep
duration on weekdays and (p = 0.721) and at weekends (p = 0.255),
in the class period or on holidays. There was a reduction of sleep
duration with increased screen time in both periods (p of the trend
<0.001 in both periods), but there was no difference in the mean
sleep duration on weekdays or at weekends according to screen
time (Fig. 3).

Weighted mean duration of sleep in hours over 24 h and prevalence (%) of poor quality sleep, according to screen use.

Screen time (hours/day) Mean sleep duration in hours (N = 1851)

Prevalence of self-reported poor quality sleep (N = 1949)

N (%) Mean 95%CI (n = 1851) p N (%) Prevalence (%) 95%Cl p
p < 0.001° p = 0.025°
<2.0 368 (19.9%) 7.8 7.6—7.9 398 (20.4%) 14.8% 11.7-18.7
2.0-3.5 370 (20.0%) 7.7 7.5-7.8 383 (19.7%) 17.0% 13.5-20.1
3.6-5.9 433 (23.4%) 7.6 7.5-7.8 456 (23.4%) 15.4% 12.3-19.0
6.0-8.9 348 (18.8%) 7.4 7.2-7.5 360 (18.5%) 19.7% 15.9-24.2
>9.0 332 (17.9%) 73 71-75 352 (18.1%) 20.5% 16.6—25.0

@ chi-squared test of linear trend.
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Table 3
Crude and adjusted analysis for sleep duration and quality, according to daily screen use.
Screen time (hours/day) B RP¢
Crude Adjusted” Crude Adjusted?
B (95%CI) P B (95%CI) p RP (95%CI) p RP (95%CI) p
<0.001 <0.001 0.026 <0.001
<2.0 REF REF 1.00 1.00
2.0-35 ~0.12 (~0.33; 0.09) ~0.10 (-0.32; 0.12) 1.14 (0.83—1.58) 1.23 (0.83—1.82)
3.6-5.9 ~0.17 (—-0.37; 0.03) ~0.20 (—0.41; 0.18) 1.04 (0.75—1.43) 1.05 (0.70—1.58)
6.0-8.9 ~0.42 (~0.64; —0.21) ~0.39 (—-0.62; —0.16) 1.33 (0.97—1.82) 1.43 (0.98—2.08)
>9.0 —0.50 (-0.72; —0.28) —0.54 (-0.77; —0.30) 1.38(1.01-1.89) 1.60 (1.10—2.32)

@ Linear regression, with trend test.
b Adjusted for the adolescent’s sex, family income, maternal schooling, whether the adolescent works, psychological symptoms, and alcohol consumption.

¢ Poisson regression.

4 Adjusted for the adolescent's sex, skin color, maternal schooling, domestic agglomeration, whether the adolescent works, maternal depressive symptoms, sharing a
bedroom, sharing a bed, alcohol consumption, smoking, and coffee consumption.

Table 4
Crude and adjusted analysis between sleep parameters (duration, lateness going to sleep, and long latency) and sleep quality.
RP
Crude Adjusted”
(95%CI) p (95%CI) P
Weighted mean duration (continuous)® 0.84 (0.78—0.90) <0.001 0.85 (0.79-0.92) <0.001
Lateness going to sleep (after 12pm)? 1.70 (1.35—-2.13) <0.001 1.72 (1.34-2.22) <0.001
Long latency (>30 min)" 1.53 (1.12—-2.08) 0.008 1.51 (1.10-1.22) <0.001

2 Poisson regression.

b Adjusted for screen time, the adolescent's sex, skin color, maternal schooling, psychological symptoms, alcohol consumption, and practicing physical exercise.

¢ Poisson regression *Adjusted for screen time, the adolescent's sex, skin color, maternal schooling, maternal parity, psychological symptoms, alcohol consumption, and

practicing physical exercise.

4 Poisson regression *Adjusted for screen time, the adolescent’s sex, skin color, maternal schooling, maternal parity, psychological symptoms, and alcohol consumption.

Table 5

Indirect mediation effects of sleep parameters (duration, lateness in going to sleep,
and long latency) over the relationship between screen time and sleep quality.

(SD: 1.76) per day on weekdays and 8.50 h (SD: 1.65) per day at

Sleep parameters

% indirect effect (95%CI) p

Weighted mean duration (continuous) 21.9% (16.1; 27.7) 0.622
Lateness going to sleep (after 12pm) 17.6% (9.8; 25.4) 0411
Long latency (>30 min) 24.4% (20.0; 28.8) 0.502
Weekdays = Weekend
9,0
. | |
8,0

4. Discussion

This study showed that the adolescents slept an average of 716 h

s J ] I

}

6,5

<2 hours 2-3,5 hours 3,6-6 hours

reported poor sleep quality.

6-8 hours

29 hours

Fig. 2. Mean sleep duration in hours, on weekdays and at weekends, according to screen time.

weekends. Compared with screen use for fewer than 2 h per day,
6 h or more of use was associated with a reduction in sleep dura-
tion. In particular, more intense screen time (>9 h/day) was asso-
ciated with both a reduction in sleep duration over 24 h (a mean
reduction of 32.4 min) and a 60% increase in the probability of self-

These results are consistent with literature reviews that report a
reduction in sleep duration and quality with increased use of

electronic devices [12—14]. These findings were obtained even with
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Class days

6-8 hours 29 hours

Fig. 3. Mean sleep duration, according to screen time in holiday periods and class periods.

major heterogeneity between the studies with regard to the type of
screen investigated, to the way the exposure is measured, and to
the period of the day in which the screens are used by the ado-
lescents (most investigate use at night, before going to bed) [14].
Falbe et al, [27] in the United States, and Hysing et al., [28] in
Norway, for example, investigated the presence of screens close to
or in the place of sleep and screen use 1 h before going to sleep,
respectively. In the city of Hong Kong, Lee et al. [29] used acceler-
ometers to measure sleep duration and an Android smartphone
application to measure cell phone use. A study in Nigeria investi-
gated night-time use of computers on weekdays only [30]. In Spain,
Continente et al. [31] investigated the presence of a computer in the
bedroom and watching TV at dinner.

In our study, more intense screen use (9 h or more per day) was
associated with self-reported poor quality sleep. The association
found in the current study is consistent with findings of other
studies, although this outcome was assessed differently among
adolescents. In France, Messadi, N et al. [32] defined good quality as
sleeping for over 9 h a day. In Iran [33], sleep quality was evaluated
using the Pittsburgh Sleep Quality Index [34] and the exposure by
cell phone use after 9pm. The Pittsburgh Sleep Quality Index [34]
was also used in studies conducted in Spain [35] and New Zealand
[36].

Harder to measure than sleep duration, quality may indicate
both how much sleep is reparative for the individual and how much
they feel satisfied with their own sleep. In our sample, a longer
sleep duration was protective against poor quality, while lateness in
going to sleep and a long latency increased the probability of
reporting poor quality sleep. Studies that have investigated the
association between a long latency and sleep quality have found
similar results [37]. Unfortunately, we did not find other studies in
the literature that have investigated the time of going to sleep as a
determinant of quality. The mediation analyses, however, suggest
that the association between screen use and poor quality sleep in
our sample was not mediated by those variables. Future studies
that explore the reasons individuals use to classify the quality of
their sleep could help to investigate the mechanisms through
which screen use affects sleep quality.

Potential mechanisms underlying the association between
screen use and sleep duration and quality include time displace-
ment (the time spent on screens substitutes the time spent on other
activities, including sleeping); psychological stimulus due to media
content; and the effect of the light emitted by the devices [38—40].
A randomized cross-over clinical trial conducted with young adults,

where the exposure was screen use for reading (eBooks) before
going to bed and the use of printed books was the control, showed
that night-time exposure to a light-emitting device is linked to
lower secretion of melatonin and a delay in the adjustment of the
biological clock, hindering getting to sleep [40]. Exposure to elec-
tronic devices that emit light, particularly in the blue range present
on LED screens, such as computers and smartphones, is highly
effective in suppressing melatonin, leading to Circadian desynch-
ronization and favoring lateness in getting to sleep [41]. In addition,
some authors suggest that, just like disorders caused by substance
use, screen use could hijack the reward system, due to the activa-
tion of the mesolimbic system, caused by social interactions and
advancement through game phases, generating the sensation of
pleasure and a reward through dopamine release [42].

The sensitivity analyses showed that the mean sleep duration of
the adolescents is longer at the weekends than on weekdays,
independently of whether it is a class period or holiday. Other
authors have found similar results [37,43]. Despite the compensa-
tion of sleep time at weekends, the weighted mean duration (7.6 h/
24 h) is below the recommended value (8 h of sleep in 24 h). It is
noteworthy that a similar pattern of sleep duration is maintained in
both class periods and during holidays, suggesting the presence of a
behavior acquired by the adolescents.

4.1. Strengths and limitations of the study

Among the limitations, it is necessary to mention that, despite
the results presenting statistical significance, causality relation-
ships cannot be inferred, since it is not possible to reject inverse
causality. A longitudinal study conducted in Sweden, with 1,620
secondary-level students from 17 public schools, found bidir-
ectionality in the association between screen use and sleep dura-
tion [44]. It is impossible to affirm whether greater screen use leads
to a shorter sleep duration or if the change in sleep pattern, typical
of adolescence [45], is what leads to greater screen use. Also,
although various types of screens were investigated, the adoles-
cents were not asked about their simultaneous use. There is evi-
dence that adolescents use a combination of screens, such as using
smartphones while watching television [46]. Similarly, smartphone
use for purposes other than games, such as social media applica-
tions, music and clips, or video applications, among others, was not
investigated. Another limitation is that the time of the day when
the screen devices were used was not investigated, nor were naps
during the day, which could compensate for the shorter sleep
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duration in the nocturnal period. However, napping during the day
is an infrequent practice among adolescents [47]. In addition,
screen use for schoolwork, which would increase daily exposure
time, was not investigated.

Furthermore, the information about both screen use and the
outcomes (sleep duration and sleep quality) was obtained from the
adolescent's self-reporting, which may be subject to information
bias. However, the use of standardized and pre-tested question-
naires and the detailed training of the interviewers in applying the
interviews were strategies employed to prevent information bias.
Finally, although various potential confounders of the association
between screen use and sleep quality and duration were explored,
it is possible that there is residual confounding due to unmeasured
variables.

Among the positive aspects is the large sample size, derived
from a birth cohort, with population sampling, thus being repre-
sentative of the adolescents of the city of Pelotas. The investigation
of the use of various types of electronic equipment and not only
time watching television, as occurs in most of the research on this
topic [15], is another advantage of the study. The mediation and
sensitivity analyses are also strong methodological aspects of the
study. Moreover, as far as we know, this is the first Brazilian
population-based study to investigate the association between
screen use and sleep duration among adolescents.

5. Conclusion

In summary, this study showed that greater screen use for
entertainment was associated with shorter duration and poorer
quality sleep among the adolescents. Screen use for 6 h or more was
associated with a 23.4 min reduction in sleep over 24 h; and 9 h or
more of use was associated with a 32.4 min reduction in sleep over
24 h and a greater prevalence of poor quality sleep. It is noteworthy
that the cut-off points for screen use that were associated with the
sleep parameters were higher than the 2—3 h per day recom-
mended by the Brazilian Pediatric Society [48] for adolescents in
this age group. Perhaps the period of the day in which the screens
are used (especially at night) is more important for the adolescents’
sleep duration than the total screen use over 24 h (restricted screen
time in the nocturnal period has been recommended) [15]. The
clinical significance of the magnitude of the association between
screen use and sleep duration (a reduction of around half an hour
for more intense use), even though use for schoolwork was not
included, needs to be evaluated. It is important to investigate
whether these cut-off points apply to other health outcomes
among adolescents.
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