£

and Public Health

International Journal of
Environmental Research

Article

Effect of COVID-19-Related Home Confinement on Sleep
Quality, Screen Time and Physical Activity in Tunisian Boys
and Girls: A Survey

Rihab Abid I't, Achraf Ammar 23*1(© Rami Maaloul 4, Nizar Souissi ! and Omar Hammouda 3

check for

updates
Citation: Abid, R.; Ammar, A.;
Maaloul, R.; Souissi, N.; Hammouda,
O. Effect of COVID-19-Related Home
Confinement on Sleep Quality, Screen
Time and Physical Activity in
Tunisian Boys and Girls: A Survey.
Int. J. Environ. Res. Public Health 2021,
18, 3065. https://doi.org/10.3390/
ijerph18063065

Academic Editor: Dylan P. Cliff

Received: 17 February 2021
Accepted: 12 March 2021
Published: 16 March 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Research Unit: Physical Activity, Sport, and Health, UR18JS01, National Observatory of Sport, Tunis 1003,
Tunisia; isseps.rihababid@gmail.com (R.A.); n_souissi@yahoo.fr (N.S.)
Institute of Sport Science, Otto-von-Guericke University, 39106 Magdeburg, Germany
Interdisciplinary Laboratory in Neurosciences, Physiology and Psychology: Physical Activity, Health and
Learning (LINP2), UPL, Paris Nanterre University, UFR STAPS, 92000 Nanterre, France;
hammouda.o@parisnanterre.fr
4 Research Laboratory, Molecular Bases of Human Pathology, LR19ES13, Faculty of Medicine,

University of Sfax, Sfax 3029, Tunisia; rami.maaloulll@gmail.com
*  Correspondence: achrafl.ammar@ovgu.de; Tel.: +49-391-6757395
t These authors contributed equally to this work as first author.

Abstract: COVID-19 home confinement has led to a stressful situation for children around the world
and affected their lifestyle. The present study aimed to investigate the effect of these restrictions on
sleep quality, screen time (ST) and physical activity (PA) in Tunisian children with a special focus
on gender differences. An online survey was launched in April 2020. Questions were presented
in a differential format, with expected responses related to “before” and “during” confinement.
Participants (52 boys and 48 girls, age: 8.66 & 3.3 years) responded to the Pittsburgh Sleep Quality
Index (PSQI), the digital media use, and the Ricci and Gagnon sedentary behavior questionnaires.
Findings revealed that COVID19 home confinement had a negative effect on all the considered
parameters (p < 0.05). Significant effects of gender were found on sleep disturbances (p = 0.016,
np? = 0.05), subjective sleep quality (p < 0.01, np? = 0.07), global score of PSQI (p = 0.01, np? = 0.01)
and nocturnal and global screen time (p < 0.001, np? = 0.09) with poorer sleep and higher screen
time in girls compared to boys during home confinement. A significant correlation was shown
between Global ST and PSQI score (r = 0.39, p < 0.001). Programs of PA for children and sensitization
campaigns against the use of screens have been deemed urgent with special focus oriented to girls.

Keywords: COVID-19; confinement; sleep quality; screen time; physical activity; children

1. Introduction

In December 2019, a novel outbreak of pneumonia was identified in Wuhan (Hubei,
China) and named as coronavirus disease 19 (COVID-19) by the World Health Organi-
zation [1]. Due to the fast spread of this abrupt virus, infections were no longer limited
to China, but included Thailand, Japan, Korea, the USA, Spain, Italy and France in early
2020 [2]. Spread around the world, it was soon considered as a public health emergency
of international concern and announced as a universal pandemic [1]. On 2 March 2020,
the Tunisian ministry of health announced the first case of COVID-19. On 20 March 2020,
Tunisian president announced a total confinement of two months indicating that leaving
home was only permitted in extreme cases. Schools, colleges and higher schools also kept
their doors locked. On the one hand, private schools have put in place process to ensure
the continuity of courses, most often through online courses sessions. On the other hand,
an educational channel has broadcasted courses recorded by teachers.

Prolonged school closing, combined with home confinement, can have negative effects
on children’s physical and psychological health. When children are out of school, they have
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much longer screen time (ST), irregular sleep patterns and less physical activity (PA) [3].
These modifications may not only increase daytime stress, anxiety and depression levels
but also disrupt sleep [4].

Media companies have recently indicated a huge increase in social media use [5].
People confined to their home watch TV and check social media more often, which explains
the recently reported huge increases in gaming and total TV usage (+60% in USA) and
social media usage during COVID-19 home confinement [6,7]. Previous reports indicate
that frequent use of social media platforms has a negative effect on mental health, circadian
rhythms and sleep outcomes [8]. In the context of COVID-19, a recent online survey
was conducted to comprehend the effect of lockdown on screen exposure time (ST) and
sleep behavior on Indian school children [9]. Results demonstrated a huge increase of ST.
Similarly, sleep inertia and sleep latency were higher during the lockdown.

Stability of the circadian sleep-wake rhythms is important for optimal childhood
development [10]. Gender effect on sleep quality remains less well described essentially in
childhood. Previous researches reported that girls recorded longer time spent in bed with
an earlier bedtime and later wake time than boys [11]. However, other studies found no
gender differences on sleep latency [12], sleep quality and sleep perturbation [13].

Any perturbation in duration or quality of sleep is considered as sleep disturbance and
is related to poorer physical and psychosocial functioning [14] and may lead to overweight,
obesity and behavioral problems [15]. Similarly, exposure to artificial light at night (ALAN)
is often linked to adverse health effects. Indeed, a high rate of insomnia [16], a poorer
sleep quality and a higher rate of fatigue [17] as well as a delayed sleep phase disorder [18]
were previously identified in individuals exposed to intense nocturnal artificial light by
suppressing melatonin [19]. Sleep quality is most affected by digital media consumption
that occurs within the two hours prior to bed time [20]. As the melatonin is more sensitive
to light in children compared to adults (i.e., double suppression rate at night) [21], children
seem to be more susceptible to the negative health effects of ALAN specifically during the
COVID-19 home confinement context.

On the other hand, physical activity (PA) has beneficial effects on mental health in
children and adolescents [22]. Girls however seem less active than boys. Only 11% of
girls achieve the recommended 60 min or more of activity per day compared to 25% of
boys [23]. During PA, the brain is activated by increasing blood flow to essential areas
that may stimulate learning [24]. Also, PA is associated with better sleep quality [25].
Recent research reported that inadequate sleep may contribute to reduced PA levels, thus
emphasizing the strong bidirectional relationship between PA and sleep [26]. In this way,
exercise has long been considered as a non-pharmacological treatment option for sleep
disturbances [27].

Therefore, the aims of the present study were to investigate the effect of COVID-19
home confinement on sleep quality, digital media use and the level of PAfor Tunisian boys
and girls.

2. Materials and Methods
2.1. Sample, Recruitment and Inclusion Criteria

The data hereby presented were gathered through a cross-sectional online survey
starting 24 April 2020, and was collected until 10 May 2020, when containment measures
had already eased. School-aged children (5-12 years old) were randomly selected from
different socioeconomic classes. Employment status and level of education of parents are
presented in Table 1.

Participants completed an anonymous online survey, after reading and signing with
their parents the written consent form. The assistance of one of the parents for the ques-
tionnaire responses was deemed mandatory to maintain the credibility and accuracy of
the answers [28]. The study was conducted according to the Declaration of Helsinki and
approved by the Local Institutional Review Board.
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Table 1. Characteristics of parents.

Education of Father

Education of Mother

Profession of Father

Profession of Mother

Level Percentages Level Percentages Type Percentages Type Percentages
Illiterate 0% Illiterate 0% Unemployed 4% Housewife 21%
Primary school 18% Primary school 16% Public sector 31% Public sector 31%
employed employed
Secondary 309 Secondary 2, Private sector 379% Private sector 27%
school school employed employed
Higher school 38% Higher school 42% Self employed 28% Self employed 16%
Master/doctorate 12% Master/doctorate 14% Student 0% Student 59
degree degree

2.2. Sample Size

The sample size was calculated a priori, using the software G*Power. Given the
pioneer character of this study, the effect sizes were estimated to 0.5 (medium effect).
A sample size of 100 participants was therefore enough to reach a desired statistical power
of 0.95 at « = 0.05.

2.3. Survey Questionnaires

The survey included fifty questions on sleep, PA and ST. The questions were presented
in two formats: “before” and “during” confinement. It contains an introductory page to
describe the background and the goals of the survey. The answers of participants were
anonymous and confidential and are only for research purposes. The survey was designed
by scientists and academics. It was uploaded and shared on the Google online survey
platform (Google Forms). A link to the electronic survey was distributed via e-mails and
social media.

2.4. Sleep Quality

Sleep quality was assessed using the global composite score of the Pittsburg Sleep
Quality Index (PSQI) [29]. This score evaluates subjective sleep quality during the previous
month. It consists of 19 self-rated questions. These items are grouped into scores with the
following seven parameters: sleep quality, sleep latency, sleep duration, sleep efficiency,
sleep disturbances, use of sleep medication and daytime dysfunction. Each component
is weighted equally on a 0-3 scale. The total score for the PSQI varied from “0” to “21”,
where “0” indicates no trouble and “21” indicates severe problems in all areas. APSQI
total score>5is indicative of poor sleep. A global score greater than 5 yielded a diagnostic
sensitivity of 89.6% and specificity of 86.5% (kappa = 0.75, p < 0.001), with an internal
consistency a = 0.83 and test—retest reliability, » = 0.85, in distinguishing “good” and “poor
sleepers” [30].

2.5. Digital Media Use

The use of digital media was assessed by asking children for the frequency of digital
media use, time of media use and the frequency of the utilization during the day and in
the last 2 h before bedtime during the previous month. They were asked about preferred
time for using digital devices (during the day or at night), the number of times they had
used digital devices at night per one week the previous month. Answers included one of
8 selections: “every day, 6 times per week, 5 times, 4 times, 3 times, 2 times, 1 time, I don’t
use digital devices at night”. The duration of usage per one time in minutes: “How long do
you use it per once?”. We selected five types of electronic media based on SergeTisseron’s
questionnaire which is intended for children in elementary and middle schools [31]. It
includes the measurement of TV, tablet, computer, mobile phone and internet usage. To
calculate daytime and nighttime screen exposure, we added up durations of usage of all
instruments.
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2.6. Level of Physical Activity

To assess the level of PA of the participants, we administered the Ricci and Gagnon
sedentary behavior questionnaire (RG; Montreal University, modified by Laureyns and
Séné) [32]. The score of the questionnaire was used to classify participants as sedentary,
moderately active or very active (sedentary <18; moderately active between 18 and 35 and
very active >35). It contains 3 parts: sedentary behavior, leisure PA and daily PA. Daily
PA evaluates the duration and intensity of common daily activities such as housework,
gardening, walking, and climbing stairs. While the leisure PA part evaluates sports and
recreational activities.

2.7. Statistical Analyses

All data were analyzed using SPSS statistical software (v.23, IBM, New York, NY,
USA). Results were presented as Mean =+ standard deviation (SD) in tables and text. The
normality of the distribution was verified with the Shapiro— Wilk W-test and Levene’s test
was also performed to determine the homogeneity of variance. Normality and homogeneity
were assumed for p > 0.05. When normality was verified, a parametric test (Bonferroni)
was performed.

The effects of confinement and gender were assessed by two-way analysis of variance
(ANOVA) with repeated measures [confinement (before x during) and gender (boys x
girls)]. When a significant difference was detected between genders, a Bonferroni posthoc
test or Wilcoxon test was performed for pair-wise comparison. Effect sizes (ES) were
calculated as partial eta-square (np?) and interpreted as trivial np? < 0.2, small 0.2 < np?
< 0.5, moderate 0.5 < np? < 0.8 and large np? > 0.8 [33]. To evaluate the magnitude of
evolution (before to during confinement) of a variable’s value, we calculated the % of
change as Mean =+ SD. All values of “before” and “during” confinement are made in Means
=+ SD format.

3. Results
3.1. Sample Description

Total responses received were 113, of which 100 participants (52 boys and 48 girls, mean
age: 8.66+ 3.3 years) within the 5-12years of age range were selected for the study:.

3.2. Effect of Home Confinement on Sleep Behavior

Reponses to the different PSQI questions in respect to before and during home con-
finement are presented with respect to Table 2.

Statistical analyses showed a significant main effect of “Confinement” on the majority
of the PSQI items (p < 0.001). Particularly, in both genders the scores of subjective sleep
quality, sleep latency, sleep disturbances and daytime dysfunction significantly increased
(p < 0.001) associated to poorer sleep. Also, habitual sleep efficiency significantly decreased
from “before” to “during” home confinement (p < 0.001). However, there were no signifi-
cant changes in sleep duration. Furthermore, the two-way ANOVA showed a significant
main effect of gender on subjective sleep quality (p = 0.01) and sleep disturbances (p = 0.016)
with higher values in girls compared to boys during home confinement (p < 0.001).

Statistical analysis showed a significant main effect of “confinement” (p < 0.001; np? = 0.
76) on total PSQI score with higher score “during” compared to “before” confinement in all
population and for girls and boys (A% = 82.26, A% = 175.19%, and 173.44%, respectively).
A significant main effect of “gender” was registered on global score of PSQI (p = 0.01 and
np? = 0.07) with higher values in girls compared to boys “during” home confinement
(p=0.01).

3.3. Effect of Home Confinement on Screen Time

Responses to daily ST recorded before and during home confinement are presented in
Table 3.
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Statistical analyses showed a significant main effect of “Confinement” for all pop-
ulation on both diurnal (+150%) and nocturnal exposition (+93.33%) to digital devices
(p < 0.001). Particularly, in both genders the diurnal ST (A% = 164.13% for boys and 148.8%
for girls) as well as the nocturnal ST (A% = 8.21% for boys and 7.14% for girls) increased
from “before” to “during” home confinement (p < 0.001). Furthermore, the Two-way
ANOVA showed a significant main effect of gender on diurnal (p = 0.013) and nocturnal
(p < 0.001) exposition to digital devices with higher values in girls compared to boys at
during home confinement (p = 0.013 for diurnal and p = 0.004 for nocturnal screen time).

Statistical analysis showed a significant main effect of “confinement” on global
ST score with higher score at during compared to before confinement in both genders
(A% =176.37% for girls and 189.13% for boys). A significant main effect of “gender” was
registered on global exposition (p < 0.001, np? = 0.1) with higher values in girls compared
to boys at during home confinement (p = 0.001).

3.4. Effect of Home Confinement on Physical Activity

Reponses to level of PA before and during confinement are presented in Table 4.

Statistical analyses showed a significant main effect of “Confinement” on all items of
the PA questionnaire (p < 0.001) as well as on the total PA score (p < 0.001). Particularly, in
both genders’ leisure (A% ~ —35%), daily (A% = —16% for boys and—27% for girls) and
total PA (A% = —7% for boys and —17% for girls) decreased from “before” to “during”
home confinement (p < 0.001). However, no significant effect of gender was recorded in
any of the PA items.

More descriptive results (mean, median, maximum and minimum) are presented in
the supplementary tables (Tables S1-S3).
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Table 2. Reponses to the PSQI recorded before and during home confinement.

BOYS GIRLS Whole Sample ANOVA A
Abefm'e = during =
Variable . Aboys = % of . Agirls = % of . Agirls = % of . . Gpefore —  Gduring —
Before During D;Dys — Change Before During Dﬁiﬂs — Change Before During Déms — Change Confinement Gender Interaction Bbefore Buring
boys girls girls
PSQI
- F =89.88 F=6.88
Subjectivesleep 037 £ 098+ 1w y167 062061 125406 065 +25 048+ LUE g3 em 166.67 p <0.001 p<00l  p=081 0.09°% 0279
quality (AU1) 0.52 0.61 057 0.61 5 5
np° = 0.47 np- =0.06
F=42.89
Sleep latency 1123+ 1673+ - 13.25 + 19.65 + " 122+ 18.13 + s ~ _
(min) 785 869 5.5 +119.6 6.74 8.02 6.4 +114.9 737 846 5.93 +205 Tp;;ZO:O(())é p=0.05 p=0.62 2.02 292
Sleep duration 8.78 + 871+ 8.65 + 873 + 872+ 8.73 _ _ _ B B
(hour) 0.95 0.93 —0.07 —0.01 0.72 0.78 0.08 +1.46 0.85 0.87 0.001 +4.63 p=097 p=10.64 p=0.45 0.13 0.05
. F =39.66
Habitual sleep 92.23 £ 87.63 £ . B 91.71 £ 88.83 + B - B 91.7 £ 88.12 £ -~ o B _ _ B
efficiency (%) 475 554 4.6 4.45 44 4.99 2.88 3.03 4.69 537 3.58 229 npp; 2.%0218 p=054 p=024 0.52 1.2
Sleep F=94.83 F=5.97
disturbances 0(;42; 1&?;; 0.55 *** +26.09 006471; 1'0224i 0.62 *** +34.38 0§g3i 1'0136i 0.59 *** +66.67 p <0.001 p=0.016 p =058 0.19 0.26%
(AU1) : : - - : : np?=049  mp?=0.05
Daytime F=150.09
dysfunction 059+ 13+ 5w 4655 063+ 161057 097+ +50 061+ 1474 g5 e 166.67 p < 0.001 P=009  p=01 0.04 0.26%
0.56 0.48 0.56 0.56 0.54 2
F =320.58 F=696
Global PSQI 1.94 + 459+ . 233 + 573 + " 213+ 515 + s = B s
score (AU2) 162 212 2.65 173.44 1.09 1.62 3.4 +175.19 14 19 3.02 +82.22 p <0.001 p=0.01 p=0.03 0.39 1.14

np?=076  mp?=0.066

AUT1: Arbitrary Unit (from 0 to 3); AU2: Arbitrary Unit (from 0 to 21), **, ***: significant difference between before-during confinement (p < 0.01 and p < 0.001, respectively); ¥: significant difference between girls
and boys at p < 0.05.
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Table 3. Responses to daily screen time questionnaire recorded before and during home confinement.
BOYS GIRLS Whole Sample ANOVA
Abpefore = Aduring =
Variable ) Aboys = % of . Agirls = % of . Apopulation = % of . . Ghefore — Gauring —
Before During boys — Change Before During Dgins — Change Before During Dpop — Change Confinement  Gender Interaction Bhefore Bauring
Bhoys Bgiris pop
Screen time
. F=529.72 F=629
Diurnal 111+ 315+ s 138 & 3.63 + - 124 & 338 &+ s - B s s
(Hour/day) 058 0.99 2.04 +164.13 0.67 0.1.0 2.25 +148.8 063 106 2.14 +150 P ; 0.001 14 3 0.013 p=025 0.27 0.48
np° =0.84 np-=0.06
F=51.29 F=895
Nocturnal 021 + 0.72 + - 034 + 094 + - 023 + 076 + o _ s 5
(Hour/day) 037 0.75 0.51 +116.66 047 043 0.6 +82.02 042 0.69 0.53 +93.33 [4 ; 9.001 4 <2 9.001 p=02 0.13 0.22
np- =0.53 np-=0.08
F=619.51 F=11.14 F=554
(Hgd‘r’l/’i ) 1 ABE gz a1z 12X AE L sa9e sazess oo MRS g mm p<0001  p<0001  p=002 04°% 0.83°
y : : : : ' : np?=086  mp?=01 np?=0.05
*#+: significant difference between before-during confinement (p < 0.001) : significant difference between girls and boys at p < 0.05.
Table 4. Responses to level of PA before and during confinement.
BOYS GIRLS Whole Sample ANOVA
Apefore = Aduring =
Variable ) Avoys = % of . Agins = % of . Apopulation = % of . . before — during —
Before During Dypoys — Change Before During Dgins — Change Before During Dpop — Change Confinement  Gender Interaction Bhefore Bauring
Bboys Bgirls Bpop
Physical Activity
Sedentary L9 228y g qi53s LO2E 294 s Lpeer M00E 2% e mas oo - 0.74 =072 -07 0.01
behavior 0.29 1.03 : : 0.14 1.02 : : 0.24 1.03 : : nppz Soss | p=" ' '
836+ 538+ 817 + 526 + 827+ 532+ F=26.15
Leisure PA 429 443 —2.98 ** —35.56 436 147 —2.91** —35.31 432 445 —2.95 **+* —39.09 an; g(())Ozl1 p=081 p=0.95 -0.18 -0.12
717 = 54+ -1.77 748 + 513 + —2.35 7.32 527 £ F=6261
. . . . B . . . B : . P B _ _ B
Daily PA s 5ol 16.06 P 17 26.94 3 50 2.05 33.33 p <0.001 p=096 p=026 031 0.27
np-=0.39
1663+ 1307+ 1605+ 1242+ ~3.63 1657+ 1276+ F=29.86
R . _ ok _ . - B _ - . _ A _ = = _ —
Total PA score n i 0.56 7.05 o 26 17.26 e o 381 28.06 p <0001 p=064 p=07 058 0.65
np-=0.23
**, *4%: significant difference between before-during confinement (p < 0.01 and p < 0.001, respectively).
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4. Discussion

The present study was designed to examine, for the first time, the effect of home
confinement on sleep quality, digital media use and PA in Tunisian boys and girls aged 5
to 12 years. The main findings showed that sleep quality was deteriorated during home
confinement essentially for girls. Tunisian children decreased their PA levels and increased
their ST during the confinement. These findings should be taken into consideration to
promote healthy lifestyle strategies for children during and after confinement. During
the confinement period, Tunisian children were negatively affected by disturbing their
sleep and reporting higher PSQI scores (+82.22%) which incur poorer sleep. According
to previous study, Cellini et al. [34] proved that a sleep-wake rhythm had changed for
young people with going to bed and waking up later and spending more time in bed
during lockdown. Notably, poor sleep quality was linked to higher levels of depression,
anxiety, and stress, which are presumable effects of long periods of confinement [34]. The
present findings showed also that boys had relatively better sleep quality than girls during
confinement. These findings are in accordance with a recent study that approved the
sex differences in human sleep behavior, polysomnographic and electroencephalographic
measures mostly near puberty [35]. Precisely, this study showed more sleep problems and
bad sleep quality in girls.

These gender differences have been suggested to be due to the influence of the hor-
monal changes which affect sleep architecture across the lifespan, including childhood [35].
The European Academy for Cognitive Behavioral Therapy for Insomnia [36] indicated that
most individuals are exposed to a novel stressful situation of unknown duration because
of being forced to stay at home. This situation may not only increase stress, anxiety and
depression levels but also disrupt sleep. Effectively, during the lockdown sleep habits are
challenged by various factors such as reducing exposure to sunlight, reducing PA and
increasing psychological distress [37].

Otherwise, the present study showed an increase of ST (+111.11%) as well as diurnal
(+150%) and nocturnal (+93.33) digital media use of Tunisian children during COVID-
19 outbreak. These worrying results shed light on the dire consequences for Tunisian
children’s health due to strict confinement [34]. The previous few studies published to
examine the effect of lockdown on screen time are in line with our results [38,39]. Xiang
et al. [38] reported a huge increase of 4.7 h per week of total screen leisure time in Chinese
youths. Also in Italy, the frequency of digital media use during the last 2 h before going
to bed had increased (i.e., from 27 activities a week before the restriction to 31 activities)
under lockdown [34].

Particularly, the present findings showed a higher utilization of digital devices on girls.
Several studies which investigated the gender-related differences in usage of screen-based
technologies obtained contradictory results [40]. Screen time was higher in adolescent
females [41]. In contrast, another study demonstrated that boys spent more screen time
than girls [42]. Most of the previous studies have shown mixed results about the usage of
screen-based technologies for any gender. Girls watched more TV and video games, while
boys spent more time on computer and internet [43]. These findings inspire new research
works to check different causes that influence children’s preferences.

Taken together, it can be argued that the increase of usage of the digital media at
night had disturbed the sleep of the children in the present study. These findings were
associated with many studies demonstrating that the exposure to ALAN is often linked to
adverse health effects, such as disruption of the circadian phase and sleep deterioration [44].
In this sense, different types of electronic screen media have repeatedly been linked to
impaired sleep [45]. Experts from the National Institute for Sleep and Vigilance admit that
whatever type of new technologies: screens, tablets, computers and mobiles are disturbing
our lifestyle, especially our sleep habits [44].

Otherwise, the results of the present study showed that children are more inactive
during the lockdown. According to previous research, prolonged school closing, combined
with home confinement, can have negative effects on children’s physical and psychological
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health [2,3]. Refs. [46,47] During the total lockdown, the opportunities of movement like
PA classes, organized PA or any type of free play are restricted [48]. That is why a recent
study reported a decrease of 435 min/week of physical activity and 2.3 h/week of sport
activities in Chinese children [38].

Several previous studies that explored the consequences of periods without school,
such as weekends and summer vacations, showed weight gain linked to a decrease in PA,
irregular sleep schedules and increase in time of digital media use [49,50].

In the context of the novel COVID-19 outbreak, it is worth noting that PA allows
reducing the risk for developing inflammation, excess body mass and non-communicable
diseases known to compromise immune function [51]. The immune system is sensitive
to PA depending on the intensity and duration of effort and type of exercise [52]. For
prevention, the World Health Organization supported individuals to organize a regular
engagement in PA to maintain mental and physical health even during home confine-
ment [1,53].

Thus, it is better to replace ST with active video games or online classes of PA [54]
while reducing the ST before sleep. In fact, active video games are currently used in
therapeutic education, prevention, treatment of various medical conditions, rehabilitation,
and health care or as a means to fight sedentariness [55].

Furthermore, recent large survey study suggested that low PA during COVID-19 home
confinement [56] was associated with poorer sleep quality in the general population [57,58].
The present results confirm this suggestion in children and showed that (i) global score of
PA was negatively correlated with “daytime dysfunction” and (ii) reduced PA activities in
both genders were accompanied with higher PSQI score. Therefore, it is recommended
to increase PA and to reduce sedentary behaviors during home confinement in order to
improve sleep quality in children.

5. Limitations

This is the first study to investigate the effect of COVID19 home confinement on
lifestyle behaviors of Tunisian children with a specific focus on possible gender effect.
However, there are some limitations that need to be considered. First, we did not use
any objective measurement for the evaluation of sleep quality and PA levels. Indeed,
smart watches or other wearable devices were not available to all participants to allow
continuous assessment of sleep and PA. Second, it would be more advantageous if we
investigated larger population. Third, possible limitations could be related to the use of the
cross-sectional design assessing the “before” home confinement condition retrospectively.
However, it should be noted that home confinement was a sudden measure. Therefore,
researchers worldwide were not able to develop and spread their survey at “before” home
confinement. Finally, it should be also noted that self-reporting, confirmation bias, as well
as having a parent assist with the child’s reporting, may also have affected the results.
Indeed, the authors of the present study expect that confirmation bias might bias the
PA’s results upwards (overestimating the true effect), while a response bias resulting from
parental assistance would likely have biased the results of ST downwards and might have
resulted in underestimating the home confinement effect. Therefore, the present findings
should be interpreted with caution.

6. Conclusions

In this cross-sectional study, an increase in the use of digital media and a decrease
in the frequency of PA were observed in Tunisian children. These lifestyle changes were
accompanied with disturbances in their sleep-wake rhythms. Importantly, these negative
effects of COVID-19 home confinement were more pronounced in girls compared to boys.
In order to recover these unwanted consequences, it is advisable to maintain an adequate
sleep rhythm and 60 min of moderate to vigorous daily PA [59] while reducing exposition to
digital devices. Importantly, special care should be given to maintain these daily behaviors
in girls during home confinement.



Int. J. Environ. Res. Public Health 2021, 18, 3065 10 of 12

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/1660-460
1/18/6/3065/s1, Table S1: Reponses to the PSQI before and during confinement. Table S2: Responses
to daily screen time questionnaire before and during confinement. Table S3: Responses to the level of
PA before and during confinement.

Author Contributions: Data curation, R.A. and O.H.; formal analysis, R.A., A.A. and RM.; funding
acquisition, A.A.; investigation, R.A. and O.H.; methodology, R.A., A.A,, N.S. and O.H.; project
administration, N.S. and O.H.; resources, A.A.; supervision, A.A., N.S. and O.H.; validation, A.A.
and O.H,; visualization, A.A.; writing—original draft, R.A. and A.A.; writing—review and editing,
R.M., N.S. and O.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: The study was conducted according to the Declaration of
Helsinki and approved by the Local Institutional Review Board.

Informed Consent Statement: Informed consent was obtained from the parents of all participants
involved in the study.

Data Availability Statement: Data are available from the authors (R.A., or A.A.) upon reason-able
request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Sohrabi, C.; Alsafi, Z.; O'Neill, N.; Khan, M.; Kerwan, A.; Al-Jabir, A.; Agha, R. World Health Organization Declares Global
Emergency: A Review of the 2019 Novel Coronavirus (COVID-19). Int. ]. Surg. 2020, 76, 71-76. [CrossRef] [PubMed]

2. Wang, G.; Zhang, Y.; Zhao, J.; Zhang, ].; Jiang, F. Mitigate the Effects of Home Confinement on Children During the COVID-19
Outbreak. Lancet 2020, 395, 945-947. [CrossRef]

3. Brazendale, K.; Beets, M.W.; Weaver, R.G.; Pate, R.R.; Turner-McGrievy, G.M.; Kaczynski, A.T.; von Hippel, P.T. Understanding
Differences between Summer vs. School Obesogenic Behaviors of Children: The Structured Days Hypothesis. Int. ]. Behav. Nutr.
Phys. Act 2017, 14, 100. [CrossRef] [PubMed]

4. Altena, E.; Baglioni, C.; Espie, C.A.; Ellis, ].; Gavriloff, D.; Holzinger, B.; Riemann, D. Dealing with Sleep Problems during Home
Confinement due to the COVID-19 Outbreak: Practical Recommendations from a Task Force of the European CBT-I Academy. J.
Sleep. Res. 2020, 29, e13052. [CrossRef] [PubMed]

5. Cuello-Garcia, C.; Pérez-Gaxiola, G.; van Amelsvoort, L. Social media can have an impact on how we manage and investigate the
COVID-19 pandemic. J. Clin. Epidemiol. 2020, 127, 198-201. [CrossRef]

6. Dutta, K.; Mukherjee, R.; Sen, D.; Sahu, S. Dietary and Lifestyle Changes During COVID-19 and the Subsequent Lockdowns
among Polish Adults: A Cross-Sectional Online Survey PLifeCOVID-19 Study. Nutrients 2020, 12, 2324.

7. Wiederhold, B.K. Social Media Use During Social Distancing. Cyberpsychol. Behav. Soc. Netw. 2020, 23, 275-276. [CrossRef]

8. Scott, H.; Woods, H.C. Understanding Links between Social Media Use, Sleep and Mental Health: Recent Progress and Current
Challenges. Curr. Sleep Med. Rep. 2019, 5, 141-149. [CrossRef]

9.  Dutta, K.; Mukherjee, R.; Sen, D.; Sahu, S. Effect of COVID-19 Lockdown on Sleep Behavior and Screen Exposure Time: An
Observational Study among Indian School Children. Biol. Rhythm Res. 2020, 1-12. [CrossRef]

10. Calamaro, C.J.; Mason, T.B.; Ratcliffe, S.J. Adolescents Living the 24/7 Lifestyle: Effects of Caffeine and Technology on Sleep
Duration and Daytime Functioning. Pediatrics 2009, 123, €1005-1010. [CrossRef]

11. Canet, T. Sleep-wake Habits in Spanish Primary School Children. Sleep Med. 2010, 11, 917-921. [CrossRef] [PubMed]

12.  Buboltz, W.C,, Jr.; Brown, F,; Soper, B. Sleep Habits and Patterns of College Students: A Preliminary Study. J. Am. Coll. Health
2001, 50, 131-135. [CrossRef] [PubMed]

13.  Hawkins, J.; Shaw, P. Self-reported Sleep Quality in College Students: A Repeated Measures Approach. Sleep 1992, 15, 545-549.
[CrossRef] [PubMed]

14.  Spruyt, K. A Review of Developmental Consequences of Poor Sleep in Childhood. Sleep Med. 2019, 60, 3-12. [CrossRef]

15.  El-Sheikh, M.; Sadeh, A L Sleep and Development: Introduction to the Monograph. Monogr. Soc. Res. Child Dev. 2015, 80, 1-14.
[CrossRef] [PubMed]

16. Xiao, Q.; Gee, G; Jones, R.R;; Jia, P.; James, P.; Hale, L. Cross-sectional association between outdoor artificial light at night and
sleep duration in middle-to-older aged adults: The NIH-AARP Diet and Health Study. Environ. Res. 2020, 180, 108823. [CrossRef]

17.  Obayashi, K.; Saeki, K.; Iwamoto, J.; Okamoto, N.; Tomioka, K.; Nezu, S.; Ikada, Y.; Kurumatani, N. Effect of Exposure to Evening
Light on Sleep Initiation in the Elderly: A Longitudinal Analysis for Repeated Measurements in Home Settings. Chronobiol. Int.
2014, 31, 461-467. [CrossRef]

18.  Aulsebrook, A.E.; Jones, T.M.; Mulder, R.A.; Lesku, J.A. Impacts of Artificial Light at Night on Sleep: A Review and Prospectus. J.

Exp. Zool. Part Ecol. Integr. Physiol. 2018, 329, 409-418. [CrossRef]


https://www.mdpi.com/1660-4601/18/6/3065/s1
https://www.mdpi.com/1660-4601/18/6/3065/s1
http://doi.org/10.1016/j.ijsu.2020.02.034
http://www.ncbi.nlm.nih.gov/pubmed/32112977
http://doi.org/10.1016/S0140-6736(20)30547-X
http://doi.org/10.1186/s12966-017-0555-2
http://www.ncbi.nlm.nih.gov/pubmed/28747186
http://doi.org/10.1111/jsr.13052
http://www.ncbi.nlm.nih.gov/pubmed/32246787
http://doi.org/10.1016/j.jclinepi.2020.06.028
http://doi.org/10.1089/cyber.2020.29181.bkw
http://doi.org/10.1007/s40675-019-00148-9
http://doi.org/10.1080/09291016.2020.1825284
http://doi.org/10.1542/peds.2008-3641
http://doi.org/10.1016/j.sleep.2010.07.005
http://www.ncbi.nlm.nih.gov/pubmed/20813581
http://doi.org/10.1080/07448480109596017
http://www.ncbi.nlm.nih.gov/pubmed/11765249
http://doi.org/10.1093/sleep/15.6.545
http://www.ncbi.nlm.nih.gov/pubmed/1475569
http://doi.org/10.1016/j.sleep.2018.11.021
http://doi.org/10.1111/mono.12141
http://www.ncbi.nlm.nih.gov/pubmed/25704732
http://doi.org/10.1016/j.envres.2019.108823
http://doi.org/10.3109/07420528.2013.840647
http://doi.org/10.1002/jez.2189

Int. J. Environ. Res. Public Health 2021, 18, 3065 11 of 12

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cho, Y;; Ryu, S.H.; Lee, B.R.; Kim, K.H.; Lee, E.; Choi, J. Effects of Artificial Light at Night on Human Health: A Literature Review
of Observational and Experimental Studies Applied to Exposure Assessment. Chronobiol. Int. 2015, 32, 1294-1310. [CrossRef]
[PubMed]

Foerster, M.; Henneke, A.; Chetty-Mhlanga, S.; R66sli, M. Impact of Adolescents” Screen Time and Nocturnal Mobile Phone-
related Awakenings on Sleep and General Health Symptoms: A Prospective Cohort Study. Int. ]. Environ. Res. Public Health 2019,
16, 518. [CrossRef]

Higuchi, S.; Nagafuchi, Y.; Lee, S.I.; Harada, T. Influence of Light at Night on Melatonin Suppression in Children. J. Clin.
Endocrinol. Metab. 2014, 99, 3298-3303. [CrossRef]

Biddle, S.J.; Ciaccioni, S.; Thomas, G.; Vergeer, I. Physical Activity and Mental Health in Children and Adolescents: An Updated
Review of Reviews and an Analysis of Causality. Psychol. Sport Exerc. 2019, 42, 146-155. [CrossRef]

Aslan, U.B,; Calik, B.B.; Kitis, A. The Effect of Gender and Level of Vision on the Physical Activity Level of Children and
Adolescents with Visual Impairment. Res. Dev. Disabil. 2012, 33, 1799-1804. [CrossRef]

Hillman, C.H.; Castelli, D.M.; Buck, S.M. Aerobic Fitness and Neurocognitive Function in Healthy Preadolescent Children. Med.
Sci. Sports Exerc. 2005, 37, 1967-1974. [CrossRef] [PubMed]

Ghrouz, A K.; Noohu, M.M.; Manzar, M.D.; Spence, D.W.; BaHammam, A.S.; Pandi-Perumal, S.R. Physical Activity and Sleep
Quality in Relation to Mental Health among College Students. Sleep Breath. 2019, 23, 627-634. [CrossRef] [PubMed]
Avila-Garcia, M.; Femia-Marzo, P, Huertas-Delgado, FJ.; Tercedor, P. Bidirectional Associations between Objective Physical
Activity and Sleep Patterns in Spanish School Children. Int. J. Environ. Res. Public Health 2020, 17, 710. [CrossRef] [PubMed]
Reid, K.J.; Baron, K.G.; Lu, B.; Naylor, E.; Wolfe, L.; Zee, P.C. Aerobic Exercise Improves Self-reported Sleep and Quality of Life in
Older Adults with Insomnia. Sleep Med. 2010, 11, 934-940. [CrossRef] [PubMed]

McDonald, M.; Rosier, K. Collecting Data from Parents and Children for the Purpose of Evaluation: Issues for Child and Family
Services in Disadvantaged Communities Collecting Data from Parents and Children for the Purpose of Evaluation: Issues for
Child and Family Services in Disadvantaged Communities. Retrieved April 2011, 29, 2018.

Buysse, D.J.; Reynolds, ED.; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A New Instrument for
Psychiatric Practice and Research. Psychiatry Res. 1989, 28, 193-213. [CrossRef]

Spira, A.P.; Beaudreau, S.A.; Stone, K.L.; Kezirian, E.J.; Lui, L.Y; Redline, S.; Stewart, A. Reliability and validity of the Pittsburgh
Sleep Quality Index and the Epworth Sleepiness Scale in older men. J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 2012, 67, 433-439.
[CrossRef]

Tisseron, S.; Fossion, P.; Orange, C. Apprivoiser les écrans et grandir. Recuperato il 2020, 6, 1-136.

Ricci, J.; Gagnon, L. Evaluation du Niveau D’activité Physique et de Condition Physique. Test put online by Sanofi-Aventis. 2009.
Available online: https:/ /spccfpstorel.blob.core.windows.net/digitallibrary-docs/files /d4/d421a48d85d144582ad22ae618ed0
017.pdf?sv=2015-12-11&sr=b&sig=90%2B9%2FaPjkD4H6kCIcjVA57Racl02GEMVMqBUxX%2FEtsHk%3Dé&se=2021-09-11T19%
3A34%3A21Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=
inline%3B%20filename%3D%22Questionnaire_auto_evaluation_niveau_activite_physique_hebdomadaire.pdf%?22 (accessed
on 3 March 2021).

Rosenthal, R.; Cooper, H.; Hedges, L. Parametric Measures of Effect Size. Handb. Res. Synth. 1994, 621, 231-244.

Cellini, N.; Canale, N.; Mioni, G.; Costa, S. Changes in Sleep Pattern, Sense of Time and Digital Media Use During COVID-19
Lockdown in Italy. ]. Sleep Res. 2020, 29, e13074. [CrossRef]

Baker, F.C.; Ytiksel, D.; de Zambotti, M. Sex Differences in Sleep. In Sleep Disorders in Women; Humana: Cham, Switzerland, 2020;
pp- 55-64.

Baglioni, C.; Altena, E.; Bjorvatn, B.; Blom, K.; Bothelius, K.; Devoto, A.; Riemann, D. The European Academy for Cognitive Be-
havioural Therapy for Insomnia: An Initiative of the European Insomnia Network to Promote Implementation and Dissemination
of Treatment. J. Sleep Res. 2020, 29, €12967. [CrossRef]

Sinha, M.; Pande, B.; Sinha, R. Impact of COVID-19 Lockdown on Sleep-wake Schedule and Associated Lifestyle Related Behavior:
A National Survey. J. Public Health Res. 2020, 9, 1826. [CrossRef]

Xiang, M.; Zhang, Z.; Kuwahara, K. Impact of COVID-19 Pandemic on Children and Adolescents’ Lifestyle Behavior Larger than
Expected. Prog. Cardiovasc. Dis. 2020. [CrossRef] [PubMed]

Medrano, M.; Cadenas-Sanchez, C.; Oses, M.; Arenaza, L.; Amasene, M.; Labayen, I. Changes in Lifestyle Behaviours during
the COVID-19 Confinement in Spanish Children: A Longitudinal Analysis from the MUGI Project. Pediatric Obes. 2020, e12731.
[CrossRef]

Tripathi, M.; Mishra, S.K. Screen Time and Adiposity among Children and Adolescents: A Systematic Review. J. Public Health
2020, 28, 227-244. [CrossRef]

Boone, ].E.; Gordon-Larsen, P.; Adair, L.S.; Popkin, B.M. Screen Time and Physical Activity during Adolescence: Longitudinal
Effects on Obesity in Young Adulthood. Int. |. Behav. Nutr. Phys. Act. 2007, 4, 26. [CrossRef] [PubMed]

Boone, J.E.; Gordon-Larsen, P.; Adair, L.S.; Popkin, B.M. Cross-sectional Associations between the Screen-time of Parents and
Young Children: Differences by Parent and Child Gender and Day of the Week. Int. J. Behav. Nutr. Phys. Act. 2014, 11, 54.
Barnett, T.A.; O’Loughlin, J.; Sabiston, C.M.; Karp, I.; Bélanger, M.; Van Hulst, A.; Lambert, M. Teens and Screens: The Influence
of Screen Time on Adiposity in Adolescents. Am. J. Epidemiol. 2010, 172, 255-262. [CrossRef]


http://doi.org/10.3109/07420528.2015.1073158
http://www.ncbi.nlm.nih.gov/pubmed/26375320
http://doi.org/10.3390/ijerph16030518
http://doi.org/10.1210/jc.2014-1629
http://doi.org/10.1016/j.psychsport.2018.08.011
http://doi.org/10.1016/j.ridd.2012.05.005
http://doi.org/10.1249/01.mss.0000176680.79702.ce
http://www.ncbi.nlm.nih.gov/pubmed/16286868
http://doi.org/10.1007/s11325-019-01780-z
http://www.ncbi.nlm.nih.gov/pubmed/30685851
http://doi.org/10.3390/ijerph17030710
http://www.ncbi.nlm.nih.gov/pubmed/31979039
http://doi.org/10.1016/j.sleep.2010.04.014
http://www.ncbi.nlm.nih.gov/pubmed/20813580
http://doi.org/10.1016/0165-1781(89)90047-4
http://doi.org/10.1093/gerona/glr172
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/d4/d421a48d85d144582ad22ae618ed0017.pdf?sv=2015-12-11&sr=b&sig=9O%2B9%2FaPjkD4H6kCIcjVA57RacI02GEMVMqBUx%2FEtsHk%3D&se=2021-09-11T19%3A34%3A21Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22Questionnaire_auto_evaluation_niveau_activite_physique_hebdomadaire.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/d4/d421a48d85d144582ad22ae618ed0017.pdf?sv=2015-12-11&sr=b&sig=9O%2B9%2FaPjkD4H6kCIcjVA57RacI02GEMVMqBUx%2FEtsHk%3D&se=2021-09-11T19%3A34%3A21Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22Questionnaire_auto_evaluation_niveau_activite_physique_hebdomadaire.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/d4/d421a48d85d144582ad22ae618ed0017.pdf?sv=2015-12-11&sr=b&sig=9O%2B9%2FaPjkD4H6kCIcjVA57RacI02GEMVMqBUx%2FEtsHk%3D&se=2021-09-11T19%3A34%3A21Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22Questionnaire_auto_evaluation_niveau_activite_physique_hebdomadaire.pdf%22
https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/d4/d421a48d85d144582ad22ae618ed0017.pdf?sv=2015-12-11&sr=b&sig=9O%2B9%2FaPjkD4H6kCIcjVA57RacI02GEMVMqBUx%2FEtsHk%3D&se=2021-09-11T19%3A34%3A21Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22Questionnaire_auto_evaluation_niveau_activite_physique_hebdomadaire.pdf%22
http://doi.org/10.1111/jsr.13074
http://doi.org/10.1111/jsr.12967
http://doi.org/10.4081/jphr.2020.1826
http://doi.org/10.1016/j.pcad.2020.04.013
http://www.ncbi.nlm.nih.gov/pubmed/32360513
http://doi.org/10.1111/ijpo.12731
http://doi.org/10.1007/s10389-019-01043-x
http://doi.org/10.1186/1479-5868-4-26
http://www.ncbi.nlm.nih.gov/pubmed/17559668
http://doi.org/10.1093/aje/kwq125

Int. J. Environ. Res. Public Health 2021, 18, 3065 12 of 12

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

LeBourgeois, M.K,; Hale, L.; Chang, A.M.; Akacem, L.D.; Montgomery-Downs, H.E.; Buxton, O.M. Digital Media and Sleep in
Childhood and Adolescence. Pediatrics 2017, 140, S92-596. [CrossRef] [PubMed]

Hisler, G.; Twenge, ].M.; Krizan, Z. Associations between Screen Time and Short Sleep Duration among Adolescents Varies by
Media Type: Evidence from a Cohort Study. Sleep Med. 2020, 66, 92-102. [CrossRef] [PubMed]

Lee, ]. Mental Health Effects of School Closures during COVID-19. Lancet Child Adolesc. Health 2020, 4, 421. [CrossRef]

Lionetti, F.; Fasolo, M.; Dellagiulia, A. On the Role of Moderators on Children’s Sleep Health in Response to COVID-19. J. Clin.
Sleep Med. 2020, 17, 353-354. [CrossRef] [PubMed]

Guan, H.; Okely, A.D.; Aguilar-Farias, N.; del Pozo Cruz, B.; Draper, C.E.; El Hamdouchi, A.; Veldman, S.L. Promoting Healthy
Movement Behaviours among Children during the COVID-19 Pandemic. Lancet Child Adolesc. Health 2020, 4, 416-418. [CrossRef]
Guichard, K,; Geoffroy, P.A,; Taillard, J.; Micoulaud-Franchi, ].A.; Royant-Parola, S.; Poirot, I.; Bioulac, S. Stratégies de Gestion de
L'impact du Confinement sur le Sommeil: Une Synthese D’experts. Médecine du Sommeil 2020, 17, 108-112. [CrossRef]

Wang, G.; Zhang, ].; Lam, S.P; Li, S.X,; Jiang, Y.; Sun, W.; Wing, Y.K. Ten-Year Secular Trends in Sleep/Wake Patterns in Shanghai
and Hong Kong School-Aged Children: A Tale of Two Cities. J. Clin. Sleep Med. 2019, 15, 1495-1502. [CrossRef]

Chaput, ].P.; Willumsen, J.; Bull, F; Chou, R.; Ekelund, U; Firth, ].; Katzmarzyk, P.T. 2020 WHO Guidelines on Physical Activity
and Sedentary Behaviour for Children and Adolescents Aged 5-17 Years: Summary of the Evidence. Int. |. Behav. Nutr. Phys. Act.
2020, 17, 1-9. [CrossRef]

Hall, G.; Laddu, D.R.; Phillips, S.A.; Lavie, C.]J.; Arena, R. A Tale of Two Pandemics: How will COVID-19 and Global Trends in
Physical Inactivity and Sedentary Behavior Affect One Another? Prog. Cardiovasc. Dis. 2020. [CrossRef]

Bentlage, E.; Ammar, A.; How, D.; Ahmed, M.; Trabelsi, K.; Chtourou, H.; Brach, M. Practical Recommendations for Maintaining
Active Lifestyle during the COVID-19 Pandemic: A Systematic Literature Review. Int. |. Environ. Res. Public Health 2020, 17, 6265.
[CrossRef] [PubMed]

Smith, N.; Liu, S. A Systematic Review of the Dose-Response Relationship between Usage and Outcomes of Online Weight-loss
Interventions. Internet Interv. 2020, 22, 100344. [CrossRef]

Zayeni, D.; Raynaud, J.P; Revet, A. Therapeutic and Preventive Use of Video Games in Child and Adolescent Psychiatry: A
Systematic Review. Front. Psychiatry 2020, 11, 36. [CrossRef] [PubMed]

Ammar, A.; Brach, M.; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudi, L.; Hoekelmann, A. Effects of COVID-19 Home
Confinement on Eating Behaviour and Physical Activity: Results of the ECLB-COVID19 International Online Survey. Nutrients
2020, 12, 1583. [CrossRef]

Ammar, A.; Trabelsi, K.; Brach, M.; Chtourou, H.; Boukhris, O.; Masmoudi, L.; Hoekelmann, A.; Bouaziz, B.; Bentlage, E.; How,
D.; et al. Effects of Home Confinement on Mental Health and Lifestyle Behaviours during the COVID-19 Outbreak: Insight from
the ECLB-COVID19 Multicenter Study. Biol. Sport 2021, 38, 9-21. [CrossRef]

Trabelsi, K.; Ammar, A.; Masmoudi, L.; Boukhris, O.; Chtourou, H.; Bouaziz, B.; Hoekelmann, A. Globally Altered Sleep Patterns
and Physical Activity Levels by Confinement in 5056 Individuals: ECLB COVID-19 International Online Survey. Biol. Sport 2021,
38, 495-506. [CrossRef]

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P,; Cardon, G.; Willumsen, J.F. World Health Organization 2020
Guidelines on Physical Activity and Sedentary Behaviour. Br. J. Sports Med. 2020, 54, 1451-1462. [CrossRef] [PubMed]


http://doi.org/10.1542/peds.2016-1758J
http://www.ncbi.nlm.nih.gov/pubmed/29093040
http://doi.org/10.1016/j.sleep.2019.08.007
http://www.ncbi.nlm.nih.gov/pubmed/31838456
http://doi.org/10.1016/S2352-4642(20)30109-7
http://doi.org/10.5664/jcsm.8948
http://www.ncbi.nlm.nih.gov/pubmed/33118926
http://doi.org/10.1016/S2352-4642(20)30131-0
http://doi.org/10.1016/j.msom.2020.04.003
http://doi.org/10.5664/jcsm.7984
http://doi.org/10.1186/s12966-020-01037-z
http://doi.org/10.1016/j.pcad.2020.04.005
http://doi.org/10.3390/ijerph17176265
http://www.ncbi.nlm.nih.gov/pubmed/32872154
http://doi.org/10.1016/j.invent.2020.100344
http://doi.org/10.3389/fpsyt.2020.00036
http://www.ncbi.nlm.nih.gov/pubmed/32116851
http://doi.org/10.3390/nu12061583
http://doi.org/10.5114/biolsport.2020.96857
http://doi.org/10.5114/BIOLSPORT.2021.101605
http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350

	Introduction 
	Materials and Methods 
	Sample, Recruitment and Inclusion Criteria 
	Sample Size 
	Survey Questionnaires 
	Sleep Quality 
	Digital Media Use 
	Level of Physical Activity 
	Statistical Analyses 

	Results 
	Sample Description 
	Effect of Home Confinement on Sleep Behavior 
	Effect of Home Confinement on Screen Time 
	Effect of Home Confinement on Physical Activity 

	Discussion 
	Limitations 
	Conclusions 
	References

