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Abstract

Background: The use of technology and social media among adolescentsis an increasingly prevalent phenomenon. However,
thereisapaucity of evidence on the relationship between frequency of use of electronic devices and social mediaand sleep-onset
difficulties among the Italian population.

Objective: The aim of this study is to investigate the association between the use of technology and social media, including
Facebook and YouTube, and sleep-onset difficulties among adol escents from Lombardy, the most populous region in Italy.

Methods: The relationship between use of technology and social media and sleep-onset difficulties was investigated. Data came
from the 2013-2014 wave of the Health Behavior in School-aged Children survey, aschool-based cross-sectional study conducted
on 3172 adolescents aged 11 to 15 yearsin Northern Italy. Information was collected on difficultiesin falling asleep over the last
6 months. We estimated the odds ratios (ORs) for sleep-onset difficulties and corresponding 95% Cls using logistic regression
models after adjustment for major potential confounders.

Results: The percentage of adolescents with sleep-onset difficulties was 34.3% (1081/3151) overal, 29.7% (483/1625) in boys
and 39.2% (598/1526) in girls. It was 30.3% (356/1176) in 11-year-olds, 36.2% (389/1074) in 13-year-olds, and 37.3% (336/901)
in 15-year-olds. Sleep-onset difficulties were more frequent among adolescents with higher use of electronic devices, for general
use (OR 1.50 for highest vs lowest tertile of use; 95% CI 1.21-1.85), use for playing games (OR 1.35; 95% CI 1.11-1.64), use of
online socia networks (OR 1.40 for always vs never or rarely; 95% CI 1.09-1.81), and YouTube (OR 2.00; 95% CI 1.50-2.66).

Conclusions: This study adds novel information about the relationship between sleep-onset difficulties and technology and
social mediain arepresentative sample of school-aged children from ageographical location that has not been included in studies
of this type previously. Exposure to screen-based devices and online social media is significantly associated with adolescent
deep-onset difficulties. Interventions to create a well-coordinated parent- and school-centered strategy, thereby increasing
awareness on the unfavorable effect of evolving technologies on sleep among adolescents, are needed.
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Introduction

Use of screen-based devices, such as smartphones, compulter,
and tablets[1], and online activities on web platforms, notably
Facebook and YouTube [2,3], have grown in the recent past,
particul arly among adolescents. With 11 new social mediausers
every second and each user spending more time online than
before, the proportion of active socia media users increased
worldwide by more than 14% between January and December
2017 [4]. Specifically, among US teenagers, 95% have access
to smartphones, with around 45% being online continuously
[5]. The pervasive use of electronic devices has been often
associated with poor dleep behaviors in adolescents.
High-frequency use of social mediain the hours before bed was
shown to be associated with inadequate sleep [6,7]. A review
of the literature found that in 90% of 67 studies conducted on
the issue, the use of screen-based devices adversely affected
sleep outcomes, including both sleep quantity and quality [8].
This association has been explained via three main underlying
mechanisms[9], including direct time displacement from sleep
duration to media use [10], increased mental, emotional, or
psychological stimulation based on media content [10,11], and
effects of artificia light-emitting devices on alertness, sleep
health, and circadian timing [12].

More limited data are available regarding the association
between social media use and sleep in the Italian population.
The few studies on the issue in the United States and Northern
European countries showed that the time spent on socia
networks, such as Facebook, as well as the time spent on the
internet for playing games was significantly associated with
deep difficulties[13-15]. The share of teenagers using Facebook
has decreased rapidly in the United States, with YouTube and
other online social media being more commonly used [5]. The
majority of studies investigating the effect of media or internet
use employ measures that do not isolate the effect of online
social media. Moreover, studies have rarely looked at the
specific role of YouTube, the most relevant social media
platform today [5]. In a recent study conducted by the Pew
Research Center, 85% of the adolescents aged 13-17 years
reported using YouTube, with boys reporting YouTube as their
go-to platform [5]. Given the increasing prevalence of sleep
problems, the continuously evolving technology, and the shift
in usage preferencesin social mediaamong adolescents[16-18],
therole of social mediaon sleep isyet to be fully elucidated.

In Italy, to our knowledge, only 2 cross-sectiona studies have
investigated the relationship between the use of electronic
devices and sleep quality [19,20]. The first study is based on a
nonrepresentative and relatively limited sample of adolescents
(n=850) and finds a negative relationship between electronic
device use at night and sleep quality [19]. The second and most
recent study uses four waves of Health Behavior in School-aged
Children (HBSC) survey datawith alarge sample of adolescents
from 33 countries, including Italy, to show an overall negative
relationship between screen time and sleep-onset difficulties
[20]. The study presents an international overview of the
relationship of interest, and we contribute to thisliterature both
with additional dataon use of social mediaand aregional focus
on theissue.
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Secondary data from a 2008-2009 use of time survey shows
that Italians sleep less compared to the European average (8
hours, 25 minutes), and the region under study, Lombardy,
scores even lower on time spent sleeping (8 hours, 18 minutes).
To understand the relationship between screen time and
sleep-onset difficulties among the Lombards, it should be
acknowledged that the temporal profile of daily activities of
Italians is different from that of the rest of the world [21]. For
example, using alarge (n=11,000) 2017 representative sample
of the Italian adolescent population, Smorti et a (2019) show
very early use of smartphones (at 11 years of age), internet
dependency, and long hours spent online among lItalian
adol escents, with females being at higher risk of dysfunctional
use [22]. Findings from a 2013-2014 dated survey of 2000
children aged 9-16 years from Denmark, Italy, the United
Kingdom, Romania, and Portugal show that Italian adolescents
areleast likely to use internet at their own home or school and
most likely to useit on the go, indicating less supervised settings
[23]. This also shows that Italian adolescents are more likely
to use internet on their phones. Only 7% of the Italian children
own or have amobile phone that does not connect to the mobile
internet, whereas these numbers range from 23% to 41% in
other countries included in the sample [23]. The report shows
that Denmark isthe only country that has successfully integrated
internet useinto daily school activities, which isalso astrategic
site for internet awareness and safety campaigns.

Moreover, the consequences of internet dependency per se and
other lifestyle habits among Italian adolescents such as unsafe
sexual habits, perception of being overweight, cyberbullying,
and arange of other physical and mental health problems seem
to be very severe [22]. Further comparing Italy to 41 countries
for adolescents aged 11-15 years shows Italy to be among the
top 2 countries to report the highest proportion of adolescents
reporting multiple health problems at least once in a week,
positioned among thetop 11 to 20 countriesthat have the highest
proportion of adol escents skipping breakfast and among thetop
5 countries to have the highest number of 15-year-old
adolescents who smoke or drink alcohol at least once a week
[24].

A report compiled by the World Health Organization (WHO)
shows that the prevalence of recommended levels of physical
activity (at least 60 minutes per day) among adol escents (aged
11-15 years) is aso lower in Italy (11%) compared to several
countriesincluding Denmark (16%, 14%, and 11%for 11-, 13-,
and 15-year-olds, respectively), Estonia (16% for 11- to
15-year-olds), Latvia (19% for 11- to 15-year-olds), Poland
(24%for 11- to 15-year-olds), Luxembourg (30% for ages 11-14
years) and Finland (45% for ages 10-11 yearsand 19% for ages
14-15 years) [25]. Using a 2010-2014 representative sample of
Italian individuals, it was found that smartphone use reduces
quality of face-to-face social interactions, with Lombardy
displaying both an increasing smartphone penetration and the
lowest fraction of people reporting to see their friends at least
once aweek [26].

Based on the previous considerations, our study aims to
understand the relationship between frequency of use of
technology (including computer, tablet, and smartphone) and
social media, and sleep-onset difficulties among adolescentsin
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alarge sample from a geographical location that has not been
included in studies of thistype previously.

Methods

Sample

The HBSC study population includes school-going children
aged 11, 13, and 15 years, marking the onset of adolescence.
For this analysis, we used data from the HBSC wave of
2013-2014 from Lombardy. This is the most populated Italian
region, including, in 2014, 10.0 million inhabitants (ie, 17% of
the 60.5 million Italian people) and 0.3 million adolescents aged
11-15 years (ie, 17% of the overall population of Italian
adolescents aged 11-15 years) [27]. Within the Italian HBSC,
in Lombardy schools were oversampled to obtain sufficient
statistical power to derive precise frequency estimates at a
regional level [28]. In this specific region, a set of questionson
technology and social media use was added to the standard
national questionnaire to gain in-depth knowledge in this area
of interest. The HBSC primarily employs cluster sampling to
choose the subjects. Sampling is done in three stages, with the
first being a random selection of schools from the database of
al public schools in Lombardy. Within each of the 142
participating schools, atotal of 235 classes were selected, with
a response rate of 89.4% on average yielding a total of 210
participating classes [28]. The classes were stratified on the
basis of age with the purpose of ensuring a geographical
coveragethat representsthe actua distribution of the population
of 11-, 13-, and 15-year-olds in the Lombardy region. Design
weights were applied to adjust for differences in sampling
frequencies, such as cases where students in certain schools
were more likely to be included in the survey. Findly, al
students from the selected sample of classes were invited to
complete the questionnaire. Additionally, poststratification
weighting of the sample was used to ensure representativeness
of pupils with respect to characteristics including school
denominations, school urban-rural classification, and equal
representation of boysand girls. Thisensuresthe generalizability
of the results. Details on the sampling methodology of HBSC
surveys have been previously described elsewhere [29]. In
Lombardy, atotal of 3172 adolescentsaged 11, 13, and 15 years
filled a self-completion questionnaire in their schools,
administered in the classrooms by teachers.

Theltalian study protocol was approved by the ethics committee
of University of Turin. Participation in the survey wasvoluntary,
anonymous, and with no provision of additional benefits.

Written or ora informed consent was obtained from a parent
or guardian for participants younger than 16 years.

M easures

TheHBSCisan international school-based survey on adolescent
health, administered every 4 years in several North American
and European countries, including Italy, asaWHO collaborative
cross-national study [30,31]. The survey is based on a
standardized research protocol containing a theoretical
framework for al the procedures, including selection of survey
topics, data collection, and analysis with the objective of
securing cross-national comparable data [32]. The survey
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instruments consist of three sets of questions: core questions
similar for all participating countriesto create the international
dataset, optional questions on specific topics, and
country-specific questions of national importance [27,31,32].

Besides general information on socioeconomic characteristics
of their family, adolescents were asked to provide information
on their own anthropometric variables (weight and height) and
selected lifestyle habits, including tobacco smoking and al cohol
drinking. The questionnaire aso included specific sections on
well-being, health behaviors, and social context.

Outcome

Difficulty to fall asleep was assessed from the question “over
the last 6 months, how many times did you have difficultiesin
falling asleep?’ The responses provided were (1) every day, (2)
more than once aweek, (3) about once aweek, (4) once amonth,
and (5) rarely or never. For the analysis, we dichotomized the
variable into two categories. participants with no sleep-onset
difficulties (ie, adolescents with difficulties in falling asleep
either once a month, rarely, or never) and participants with
sleep-onset difficulties (ie, adolescentswith difficultiesinfalling
asleep either every day, more than once a week, or about once
aweek). This question and its cutoff have already been used in
previous studies with the same sample [33]. Difficulty falling
asleep isone of the four items of the HBSC symptom checklist
used to measure psychological health and was shown to have
high external and internal construct validity in a sample of
Canadian adolescents [34]. The question about sleep-onset
difficultieswas al so used to disentangl e adol escents with severe
sleep-onset difficulties (difficulty falling asleep every day) from
adol escents with | ess severe slegp-onset difficulties (more than
once aweek, once aweek, once amonth, rarely or never).

Exposures

We consider four independent variables in our main analysis.
Students were asked to report (1) the usage frequency of
electronic devices including computers, tablets (iPad types),
and smartphonesfor purposes such as doing homework, sending
emails, chatting, tweeting, staying on Facebook, or surfing
online during their free time; and (2) the use of electronic
devices such as computers, consoles, tablets (iPad type),
smartphones, or other devices for playing during their spare
time. For both questions, the response scale provided in the
guestionnaire had 9 categoriesreported in hours per day, namely
(a) never, (b) half an hour, (c) 1 hour, (d) 2 hours, (€) 3 hours,
(f) 4 hours, (g) 5 hours, (h) 6 hours, and (i) 7 hours or more per
day. The responses were reported for week and weekend days
separately and have been shown to have considerabl e test-retest
reliability [35,36] and acceptable criterion validity [37].
Following previous studies using the same data, we recode them
to continuous measures and construct aweighted average mean,
(5 x weekday + 2 x weekend day)/7 days [38]. From this
weighted average, tertile categories of screen time were
constructed based on the distribution of the sample. Several
studies have used tertiles of screen time in similar analyses
[39,40Q].

Students were asked to respond to how often they go on (3)
socia networking sites and (4) YouTube when they were
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connected to the internet. For both questions, the response
categories provided were (1) aways, (2) often, (3) sometimes,
and (4) never. Likert scales of similar groupings are commonly
used to indicate frequency of use of online socia networking
sites in several studies [41,42]. For the analysis, based on the
distribution of responses, we transformed these variables into
three categories, namely always, often and sometimes, or never.
Information on use of social networking sites and YouTube
were not collected from 11-year-olds, as social media use is
restricted for children younger than 13 yearsin Italy asaresult
of Children’s Online Privacy Protection Act of 1998 (COPPA).
Body mass index (BMI; calculated from self-reported weight
and height in kg/m?) was categorized by considering the age-
and sex-specific cutoff points adapted from Cole et a (2000)
[43]. Validity of self-reported weight and height using the same
data tested in several adolescent populations shows that there
isasmall underestimation of weight with very little consequence
on overal results [44,45]. The students were also asked the
number of times they smoked a cigarette and drank alcohol in
a month. Studies using the HBSC dataset either use a
dichotomous categorization of acohol and smoking frequency
[46] or retain the originad variable as such [47]. However, studies
also highlight the highly skewed nature of these two variables,
thereby suggesting a dichotomous categorization of acohol and
smoking frequency into never and ever (at least onetimein a
month) [46].

Statistical Analysis

Odds ratios (ORs) of deep-onset difficulties (and severe
sleep-onset difficulties) and corresponding 95% Cls were
estimated by multiple logistic regression models, after
adjustment for a number of potential confounders based on
previous literature. The model was run with al confounders
included smultaneously intheregression. Considered covariates
included categories of age, sex, mother's level of education
(primary/secondary; high school/university; do not know),
father's level of education (primary/secondary; high
school/university; do not know), BMI (underweight/normal
weight; obese/overweight), tobacco smoking (never; ever) and
alcohol drinking (never; ever). Further, interaction tests were
also performed between use of electronic devices (and social
media), and sex and age. Statistical analyses were performed
in SAS (SAS Ingtitute, Cary, NC) and Stata 15 (StataCorp,
College Station, TX).
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Sensitivity Analysis

We do arange of sensitivity analyses. Previous studies indicate
that screen time may differ between school days and weekends
[48]. Hence, we construct a total measure of screen time (total
time spent on electronic devices for general purposes and
playing games) for weekdays and weekends separately and
construct tertiles of total screen time from this unweighted
measure of total screen time. For the second sensitivity analysis,
we include school effectsin the statistical models. It could be
that going to certain schools might affect sleep outcomes
differently for reasons including higher academic pressure or
other school-related characteristics[49,50]. Finally, wetest for
different definitions of exposure to screen time and sleep-onset
difficulties based on international health guidelines. We
categorize frequency of overall use of electronic devices (total
of time spent on electronic devices for general purposes and
playing games) into exceeding 2 hours of daily screen exposure
or not [51], and sleep-onset difficulties are defined as having
difficultiesinfalling asleep every day or more than once aweek
[20,52]. Findly, family income is a potentia confounder
affecting the rel ationship between use of technology (and social
media) and dleep problems [53]. However, given the
unavailability of information on family income, we repeated
our main analysis controlling for the perceived economic status
of thefamily. Theresponses are categorized as very good, quite
good, average, bad, and very bad, with 43 missing observations.
Given the very few observations for the “very bad” category,
we collapsed responses for bad and very bad into one category
in our analysis.

Results

Out of 3172 adolescents, 3151 (99.3%) had available
information on sl eep-onset difficulties. The percentage estimates
of adolescents with sleep-onset difficulties were 34.3%
(1081/3151) of the total sample and 30.3% (356/1176), 36.2%
(389/1074), and 37.3% (336/901) for 11-year-old, 13-year-old,
and 15-year-old participants, respectively (P=.001). Femae
participants presented higher levels of sleep-onset difficulties
(598/1526, 39.2%) than male participants (483/1625, 29.7%;
P<.001).

Multivariate ORs for the relationship between adolescent
deep-onset difficulties and use of selected technologies and
social media are presented in Table 1.
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Table 1. Distribution of 3172 adolescents with sleep difficulties overall and by technology and social media use, with corresponding odds ratios and

95% Clsfor the full sample and sex-specific samples (Lombardy, 2014).

Technology use Total Males Females

n2 Difficulty falling asleep n Difficulty falling asleep n Difficulty falling asleep

n (%) OR® (95% C) n (%) OR (95% Cl) n (%) OR (95% Cl)

Electronic device use for general purposes
1st tertile (<0.9 hours/day) 1010 292 (28.9) 1 oot 557 148(26.6) 100¢ 453 144 (318) 1 qo¢
2nd tertile (0.9-2.1 1018 332(326) 115(0.94-142) 544 134(24.6) 0.89(0.66-1.19) 474 198(41.8) 1.46(1.08-1.97)
hours/day)
3rd tertile (22.2 hours/day) 1059 437 (41.3) 1.50(121-1.85) 483 189(39.1) 1.74(1.30-2.32) 576 248(43.1) 1.30(0.96-1.77)
P value for trend n/Ad  N/A <.001 NA N/A <.001 NA N/A .09
Electronic device use for playing games
1st tertile (<0.8 hours/day) 1149 376 (32.7) 1 oot 406 109(26.9) 1 qo¢ 743 267(359) 100
2nd tertile (0.8-1.7 853 286(335) 1.21(0.98-1.49) 519 149(28.7) 113(0.83-1.55) 334 137(41.0) 1.24(0.93-1.67)
hours/day)
3rd tertile (1.8 hours/day) 1093 401(36.7) 1.35(L11-1.64) 665 214(322) 125(0.92-1.68) 428 187(43.7) 1.46(1.11-1.91)
P value for trend N/A  N/A .003 NA N/A A5 NA N/A .007
Use of social networking sites
Never/rarely 701 224(320) 100¢ 397 104(26.2) 10¢ 304 120(39.5) 1ot
Often 650 240(36.9) 1.16(0.91-1.48) 345 109(3L6) 1.30(0.92-1.84) 305 131(43.0) 1.04(0.74-1.47)
Always 599 256(427) 1.40(1.09-1.81) 255 89(34.9) 1.69(1.17-245) 344 167(486) 1.23(0.87-1.73)
P value for trend N/A  N/A .008 NA N/A .005 NA N/A .25
Use of YouTube
Never/rarely 412 113(274) 100° 209 44(21.1)  qqgo¢ 203 69(340)  100¢
Often 854 312(365) 1.55(L18-2.04) 434 127(29.3) 141(0.94-2.13) 420 185(44.1) 1.66(1.14-2.42)
Always 683 294(43.1) 2.00(L50-2.66) 354 130(36.7) 2.04(1.35-3.10) 329 164(49.8) 1.91(1.29-2.84)
P value for trend N/A  N/A <.001 NA N/A .001 NA N/A .001

#The sum does not add up to the total because of some missing values and exclusion of age 11 for social media measures.

POR: odds ratio. All ORs were estimated usi ng unconditional multiple logistic regression models after adjustment for age and sex of the child, mothers’
and fathers' highest level of education, tobacco and alcohol use among adolescents, and BMI.

CReference category.
dN/A: not applicable.

Sleep-onset difficulties were more common among adol escents
with frequent use of electronic devices (OR 1.50 for 22.2 vs
<0.9 hourg/day; 95% CI 1.21-1.85; P<.001), use of electronic
devicesfor playing games (OR 1.35for 1.8 vs<0.8 hourg/day;
95% Cl 1.11-1.64; P=.003), online social network use (OR 1.40
for always vs never or rarely; 95% Cl 1.09-1.81; P=.008), and
YouTube use (OR 2.00 for aways vs never or rarely; 95% Cl
1.50-2.66; P<.001). Table 1 also shows the sex-specific ORs
for the relationship between adolescent sleep quality and the
use of selected technologies and sociad media. OR for
deep-onset difficulties associated with the use of YouTubewas
consistently large and significant in both sexes (OR 2.04 for
alwaysvs never or rarely; 95% Cl 1.35-3.10; P=.001 for males
and OR 1.91; 95% CI 1.29-2.84; P=.001 for females). When
considering electronic device use for general purposes and use
of social networking sites, the OR was significant only for males
(OR 1.74 for high vs low use; 95% CI 1.30-2.32; P<.001 and
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OR 1.69; 95% CI 1.17-2.45; P=.005, respectively), whereas
when considering use of electronic device for playing games,
the OR was significant only for females (OR 1.46; 95% CI
1.08-1.97; P=.007).

Table 2 showsthe multivariate ORsfor the rel ationship between
deep-onset difficulties and use of selected technologies and
social media stratified by age. Sleep-onset difficulties were
more common among 11-year-old school-aged children with
frequent use of electronic devices for general purposes (OR
1.48 for 22.2 vs<0.9 hours/day; 95% Cl 1.03-2.13; P=.03) and
electronic devicesfor playing games (OR 1.55for 21.8 vs<0.8
hourg/day; 95% CI 1.10-2.18; P=.01). Among 13-year-old
adolescents, sleep-onset difficulties were more frequent among
those with the use of electronic devices for general purposes
(OR 1.85for 22.2 vs<0.9 hours/day; 95% Cl 1.29-2.66; P<.001)
and YouTube (OR 1.88 for always vs never or rarely; 95% Cl
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1.26-2.81; P=.002). Finally, sleep-onset difficulties were more
common among 15-year-old adolescents with frequent use of
socia networking sites (OR 1.58 for always vs never or rarely;
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95% Cl 1.08-1.78; P=.02) and use of YouTube (OR 2.10 for
always vs never or rarely; 95% Cl 1.39-3.18; P<.001).

Table 2. Distribution of 3172 adolescents with sleep difficulties overal and by technology and social media use, with corresponding odds ratios and

95% Cls for age-specific samples (Lombardy, 2014).

Technology use 11-year-old adolescents

13-year-old adolescents

15-year-old adolescents

n? Difficulty falling asleep n Difficulty falling asleep n Difficulty falling asleep
n (%) ORP (95% CI) n (%) OR (95% ClI) n (%) OR (95% ClI)

Electronic device use for general purpose
1st tertile (<0.9 hours/day) 569 163 (28.7) 1 og° 264 71(269)  100° 177 58(328)  100¢
2nd tertile (0.9-2.1 334 95(284) 102(0.73-142) 370 129(34.9) 141(0.98-2.05) 314 108(34.4)  0.98(0.65-1.49)
hours/day)
3rd tertile (22.2 hours/day) 244 89(36.5) 148(1.03-213) 417 184(44.1) 1.85(1.29-266) 398 164(41.2)  1.15(0.77-1.72)
P value for trend nad N/A .03 NA N/A <.001 NA N/A 51
Electronic device use for playing games
st tertile (<0.8 hours/day) 468 129 (27.6) 1o 315 110(34.9)  100¢ 366 137(374)  100¢
2nd tertile (0.8-1.7 328 98(29.9) 1.09(0.76-1.56) 292 103 (35.3) 1.34(0.93-1.94) 233 85(36.5) 1.21(0.83-1.76)
hours/day)
3rd tertile (21.8 hours/day) 351 121(345) 155(1.10-218) 447 171(38.3) 1.26(0.90-1.77) 295 109(37.0)  1.28(0.90-1.83)
P value for trend NA N/A .01 NA N/A 19 NA N/A 17
Use of social networ king sites (Facebook)
Never/rarely _e — — 440 145(330)  100¢ 261 79(30.3)  100°
Often - — — 323 121(375) 1.13(082-157) 327 119(36.4) 1.22(0.84-1.78)
Always - — — 201 120(41.2) 1.30(0.93-1.83) 308 136(44.2) 158(1.08-2.32)
P value for trend — - — NA N/A 13 NA N/A .02
Useof YouTube
Never/rarely — — — 199 54(27.1) 1.00¢ 213 59 (27.7) 1.00¢
Often - — — 451 164(36.4)  1.55(1.04-231) 403 148(36.7)  1.50(1.02-2.21)
Always - — — 404 168(416) 1.88(1.26-2.81) 279 126(452)  2.10(1.39-3.18)
P value for trend — — — NA N/A .002 NA N/A <.001

#The sum does not add up to the total because of some missing values and exclusion of age 11 for social media measures.

POR: oddsratio. All ORswere estimated usi ng unconditional multiple logistic regression models after adjustment for age and sex of the child, mothers
and fathers' highest level of education, tobacco and alcohol use among adolescents, and BMI.

CReference category.
dN/A: not applicable.
®Not available.

In the analysis of severe sleep-onset difficulties among
adolescents, 10.3% (325/3151) of adolescents had severe
sleep-onset difficulties; this percentage was 11.1% (130/1176)
among 11-year-olds, 10.7% (115/1074) among 13-year-olds,
and 8.9% (80/901) among 15-year-olds (P=.24). Severe
sleep-onset difficulties were more common among adol escents
with frequent use of electronic devices for general purposes

http://www.jmir.org/2021/1/e20319/

(OR 1.53for 22.2 vs<0.9 hourg/day; 95% Cl 1.10-2.13; P=.01),
electronic devicesfor playing games (OR 1.73 for >1.8 vs<0.8
hours/day; 95% CI 1.16-2.58; P=.001), online social networks
(OR 1.73 for always vs never or rarely; 95% Cl 1.16-2.58;
P=.007), and YouTube (OR 3.18 for always vs never or rarely;
95% Cl 1.89-5.34; P<.001) (Table 3).
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Table 3. Distribution of 3172 adolescents with severe sleep difficulties overall and by technology and social media use and corresponding odds ratios

and 95% Cls (Lombardy, 2014).

Technology use n Difficulty falling asleep
n (%) ORP (95% CI)
Electronic device use for general purpose
1st tertile (<0.9 hours/day) 1010 88 (8.7) 1.00°
2nd tertile (0.9-2.1 hours/day) 1018 94 (9.2) 1.08 (0.77-1.51)
3rd tertile (=2.2 hours/day) 1059 138 (13.0) 1.53(1.10-2.13)
P valuefor trend N/AY N/A 01
Electronic device use for playing games
1st tertile (<0.8 hours/day) 1149 106 (9.2) 1.00°
2nd tertile (0.8-1.7 hours/day) 853 77 (9.0) 1.11(0.78-1.57)
3rd tertile (=1.8 hours/day) 1093 138 (12.6) 1.73(1.27-2.35)
P value for trend N/A N/A .001
Use of social networking sites (Facebook)
Never/rarely 701 56 (8.0) 1.00¢
Often 650 56 (8.6) 1.01 (0.66-1.54)
Always 599 83 (13.9) 1.73(1.16-2.58)
P value for trend N/A N/A .007
Use of YouTube
Never/rarely 412 22(53) 1.00°
Often 854 68 (8.0) 1.42 (0.83-2.43)
Always 683 105 (15.4) 3.18 (1.89-5.34)
P value for trend N/A N/A <.001

&The sum does not add up to the total because of some missing values.

POR: oddsratio. All ORswere estimated usi ng unconditional multiple logistic regression models after adjustment for age and sex of the child, mothers’
and fathers' highest level of education, tobacco and alcohol use among adolescents, and BMI.

CReference category.
IN/A: not applicable.

Finally, we did not find any statistically significant interaction
between use of electronic devices (and social media) and sex
and age (results not shown). Tables S1, S2, and S3 in
Multimedia Appendix 1 report the results of three sensitivity
analyses, respectively: analysis of screen exposure by weekday
and weekend (Table Sl), including school effects in the
statistical models (Table S2) and using a different definition of
screen exposure and sleep-onset difficulties (Table S3). In all
casessimilar resultswere found in comparison with the previous
analyses. Our results remain robust after controlling for
perceived economic status (Table $4). Moreover, respondents
perceiving worse economic status also reported higher
sleep-onset difficulties (results not shown).

Discussion

Principal Findings
Our data confirmsthat exposureto screen-based devices, online

social networking sites, and video-sharing platforms is
significantly associated with difficultiesin falling asleep among

http://www.jmir.org/2021/1/e20319/

RenderX

adolescents. Our study adds to the literature by extending the
findings to Lombardy, a geographical region that has not been
included in studies of this type previously. Moreover, for the
first timewe show that use of YouTube, an onlinevideo-sharing
platform, isrelated to deep-onset difficulties among adol escents.

Our findings are in broad agreement with those from a
meta-analysis of 20 cross-sectiona studies (N=125,198) showing
53% higher odds of poor sleep quality among those with
consistent bedtime media use [54]. Previousliterature al so shows
that the use of computers and smartphones among adolescents
was associated with daytime sleep-related behaviors such as
deepiness and fatigue [55], shorter sleep duration, later bedtime,
and unfavorable changes in sleep habits over time [56]. Use of
PC in particular has been shown to be associated with reduced
sleep duration, poor sleep, and sleep-onset latency [1,57,58].
Smartphones are easy to carry around and easier to take to bed,
making it an imperative tool for adolescents. Both overall and
late-night cell phone use among adol escentsin several countries
has been associated with several sleep difficulties [59,60]. Use
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of cellphones, particularly for nighttime texting, was associated
with insufficient sleep [61]. In Italy, over 72% of adolescents
aged 11-17 years access the internet through smartphones, with
talkson apotentia “no mobile phone phobia’ law being drafted,
particularly aiming at the younger generation [62].

Given that adolescents use not just one device, but multiple
devices at the same time, our results confirm previous findings
on the relationship between multiple device use and sleep
problems [1]. Our results are in line with the recent findings
from the international study on use of technology and
sleep-onset difficulties among adol escents using the same data
and variables and extend the findings to a regional level [20].
Additionally, we also confirm an exposure-response rel ationship
between the use of electronic devices and sleep difficulties

[1,17].

Given the multifunctionality of electronic devices, such as for
doing homework or social networking, it is important to have
specific information on the kinds of activities carried out on
these platforms. Information on frequency of use of each
individual social networking siteisrelatively lessavailable and
morevaluable[6]. Information on thekind of social mediaused
also signalsthe nature of the activity, such asfollowing vlioggers
on YouTube or connecting with peers on Facebook. We find
that use of online social media and use of YouTube among
adolescents are associated with higher odds of sleep-onset
difficulties. A cross-sectional survey based on 467 Scottish
adolescents (11-17 years old) found that overall social media
use, particularly at night, was associated with poor deep quality
[63]. In addition to sleep-onset difficulties as an outcome,
various studies use standardized measurements of dSleep,
including the Pittsburgh Sleep Quality Index, to find significant
associations with social media use in general or specific sites
such as Facebook [64,65]. Using datafrom Millennium Cohort
Study, Kelly et a (2019) found significant associations between
higher frequency of weekday social media use (reported in
hours) and sleep problems including inadequate sleep, sleep
latency, and sleep disruption [53]. Prior studies showed that the
adverse effect of social media use on sleep is mediated by
cognitive activation [66] and through abehaviora effect of fear
of missing out leading to delayed sleep onset [67]. Finally, our
findings suggest a dose-response effect of online social media
use on sleep-onset difficulties. These findings are similar to
those from a recent cross-sectional study on Canadian
adolescents linking cumulative effect of social media use on
reduced sleep duration [14].

Theuse of YouTube has been steadily growing every year since
its launch in 2005, and it became the most popular platform
among young adults in the United States in 2018 [5]. To our
knowledge, our study wasthefirst to investigate the association
between YouTube use and sleep-onset difficulties among
adolescents. YouTube is a video-intensive platform with some
unique characteristics including asymmetric relationships,
greater self-disclosure, higher personal revelation, and
developing parasocial relationships, all contributing to
supplanting real relationships[68]. YouTube addiction follows
the same model as internet addiction, with the frequent use of
YouTube being reinforced by one-sided virtual relationships
with YouTubers [68]. We found a significant association
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between YouTube use and sleep-onset difficulties, overall and
consistently in strata of sex and age. The same relationship was
also observed when considering a stricter sleep definition (ie,
severe sleep difficulties).

Potential limitations of our analysis include methodological
drawbacks inherent to the cross-sectional study design. First,
cross-sectional designs have no dimension of time; hence, it is
impossibleto conclude acausal relationship. Given that reverse
causality (ie, adolescents use more electronic devices and social
media because of difficulties in falling asleep) could not be
ruled out, our findings should be confirmed by longitudinal
data

Second, our study uses a self-reported measure of sleep latency
and screen time. Self-reported sleep measures in children need
to be accurate for precise identification of sleep problems[69].
Although some studies showed an overestimation of sleep
latency among both adolescents and adults[70,71], self-reported
deep latency and other s eep measures obtained some consensus
with objective measurements [72,73]. Our measure of sleep
latency may also suffer from recall bias given the 6-month
period retrospective nature of the question. However, this
guestion has already been used and validated in different studies
[20,34,74]. These types of bias could be overcome in the future
by the use of appstracking sleep quality, which are some of the
most used health apps among patients and citizens [75]. In
addition, in thisstudy only sleep-onset difficulties are analyzed,
whereas various aspects of sleep including sleep duration, sleep
quality, other sleep disturbances, and their differences between
week and weekend days should be explored in future studies.
Although frequency of use of el ectronic devices and other social
media has been self-reported, they have been shown to have
considerable reliability and validity [35,37]. Self-reported
measures of screen time are an inexpensive and easier means
of data collection in large samples and give us detailed
information on the context of the activity.

Third, we do not have data at the national level, but only for
Lombardy. Although the data is geographically limited, our
study population was oversampled to obtain a representative
sample of adolescents aged 11, 13, and 15 years at a regional
level. Moreover, Lombardy represents the most populous and
richest region in Italy, accounting for one-sixth of the country’s
population and one-fifth of the gross domestic product. Finally,
the selection of a region from Northern Italy, which is more
digitally connected than Southern Italy, fitsthe goal of our study.

In addition, our sample includes only young adolescents aged
11-15 years who are enrolled in schools. Although findings
cannot be generalized to older adolescents, our resultsarecrucia
given that younger adolescents are at higher risk of compulsive
internet use [76]. The strengths of our study include the
relatively large sample size and the availability of information
to control for socioeconomic characteristics and risk behavior
of adolescents, thereby strengthening the internal validity of
our study and the representativeness of the sample at aregional
level. Moreover, to our knowledge, this is the first study to
examine the relationship between screen time, social mediause,
and sleep-onset difficulties in a geographical location that has
not been studied beforein the context of thisresearch question.
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Exploiting the data on frequency of use of YouTube, a
“parasocia networking site,” we also study for the first time

Varghese et al

line with the recommendations proposed by several pediatric
societies, including the Italian Pediatric Society, it is advised

to limit the use of tablets or other electronic devices after dinner
to ensure better deep [77]. Thefindingsalso call on social media
industries to be an equal player in protecting the health and
well-being of young users by considering them as potential
users of their services [78]. Moreover, interventions should
include contributions from health professionals and educators
to create awell-coordinated parent-centered strategy to increase
awareness on evolving technologies, social media platforms,
and the deleterious effects on sleep among adolescents.

the relationship between YouTube use and sSleep-onset
difficulties among adol escents.

Conclusion

Our study shows that exposure to screen-based devices and
online social media is associated with adolescent sleep-onset
difficulties. These findings may have important public health
implications. In fact, they support interventions and guidelines
to minimize excess use of technology among adolescents. In
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