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Given the pervasive use of screen-based media and the high prevalence of insufficient

sleep among American youth and teenagers, this brief report summarizes the literature

on electronic media and sleep and provides research recommendations. Recent systematic
reviews of the literature reveal that the vast majority of studies find an adverse association
between screen-based media consumption and sleep health, primarily via delayed bedtimes
and reduced total sleep duration. The underlying mechanisms of these associations likely
include the following: (1) time displacement (ie, time spent on screens replaces time spent
sleeping and other activities); (2) psychological stimulation based on media content; and (3)
the effects of light emitted from devices on circadian timing, sleep physiology, and alertness.
Much of our current understanding of these processes, however, is limited by cross-
sectional, observational, and self-reported data. Further experimental and observational
research is needed to elucidate how the digital revolution is altering sleep and circadian
rhythms across development (infancy to adulthood) as pathways to poor health, learning,
and safety outcomes (eg, obesity, depression, risk-taking).
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Data from US population-based
studies show that ~30% of preschool-
aged children and between 50%

and 90% of school-aged children

and adolescents do not get as much
sleep as they may need.>? The
pervasive use of screen-based media
is alikely contributor to widespread
sleep insufficiency. Screen-based
media devices are present in the
bedrooms of 75% of children,? and
~60% of adolescents report viewing
or interacting with screens in the
hour before bedtime.* In a recent
systematic review of 67 studies

of screen time and media use in
school-aged youth and teenagers
(1999-2014), 90% found that screen
time was adversely associated with
sleep health, primarily via delayed
bedtimes and reduced sleep duration.5
Potential mechanisms underlying
these observed associations include
the following®: (1) time displacement
(ie, time spent on screens replaces
time spent doing other things,
including sleeping)’; (2) psychological
stimulation based on media content8;
and (3) the effects of light emitted
from devices on circadian timing,
sleep physiology, and alertness.’
Healthy sleep patterns in childhood
and adolescence are associated

with lower obesity risk,1011 better
psychological well-being,12

improved cognitive functioning,!3
and lower risk-taking behaviors.'* We
propose that sleep among children
and adolescents should be a priority in
family, school, and clinical contexts, as
well as in future basic, observational,
and translational research.

CURRENT STATE

We summarize the current state of
knowledge regarding digital media
use and sleep in school-aged children
and adolescents.

Does Media Use Affect the Timing
and Duration of Sleep Among
Children and Adolescents?

A recent review highlights consistent
associations between media and
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sleep in children and adolescents
5to 17 years of age from diverse
geographic regions around

the world.> More than 5 dozen
observational studies using cross-
sectional or prospective approaches
have examined associations between
screen time (ie, television, computers,
video games, mobile devices) and

a variety of sleep parameters. In
>90% of these studies, more screen
time was associated with delayed
bedtimes and shorter total sleep time
among children and adolescents.
Computer use was more consistently
associated with poor sleep outcomes
than television, perhaps because
television watching may be less
interactive than computer-based
activities. Among studies of the
associations between television use
and sleep timing and/or quality,
>75% found links between television
use and insufficient sleep.

In addition to that review, data

from other studies demonstrate
adverse implications of screen

time for sleep duration and timing

in developing populations around
the world. These studies include
infants in Thailand,'® preschool-aged
children in the Netherlands,1®
school-aged children in Canada,!”
and adolescents in Saudi Arabia’®
and Norway.* Further published
works report an association between
mobile devices and sleep duration,
including studies among school-aged
children in Chinal® and France.2 In
a recent cross-sectional study of a
representative sample of children
(6-17 years old) in the United States,
whether technology (ie, phone,
computer, or television) was left on
overnight in the child’s bedroom was
a significant predictor of insufficient,
age-appropriate sleep duration.3

How Do Observational Studies
Inform Links Between Screen Time
and Sleep Quality and Tiredness?

Lack of sleep and poor sleep
quality are associated with daytime
tiredness,® which in turn is linked to

a large number of negative outcomes,
including poor school performance
and a host of psychological
problems.1213 Although the most
current systematic review found that
the majority of studies observed a
relationship between tiredness and
television viewing, computer use,
video-game play, or mobile phone
use in children and adolescents,®

the influence of media exposure on
tiredness may be age dependent.

For example, media use in adults is
associated with sleep onset latency
but not with tiredness because adults
who spend substantial time engaging
with media may have the opportunity
to compensate by sleeping longer.2!
Such a compensatory mechanism is
largely impossible for children and
adolescents because their wake times
are primarily determined by parents,
school hours, and/or extracurricular
activities.?? Taken together, this
suggests that future research should
address links between digital media
use and sleep between weekdays and
weekends, as well as between the
school term and holidays.323

New technologies, digital platforms,
intrusive and/or engaging software,
and media-related behaviors are
rapidly changing and exceed our
understanding of their impact on
sleep and health. Hand-held mobile
screens, including smartphones and
tablets, complicate research on the
relationships between media and
sleep in developing individuals. Data
from a cross-sectional study of 454
adolescents revealed that >60%
kept their mobile phones with them
when they went to bed and >45%
used their phones as an alarm, a
reflection of the high prevalence

of digital media in the sleep spaces
of adolescents.?* Furthermore, a
recent study of ~2000 fourth- and
seventh-graders indicated that
sleeping near what was defined as
“a small screen” was associated
with increased tiredness.!3 Among
US children and adolescents, poorer
sleep quality is also associated with
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leaving technology on overnight in
the bedroom.?

What Is the Influence of Light

on Gircadian Physiology and

Sleep Health Among Children and
Adolescents? Is the Medium Iliself a
Factor?

Although the media-related impact
on sleep may be caused by the
alerting nature of the content of
media use,?>20 the light emitted by
electronic devices could also be a
strong contributor to hyperarousal
and decreased sleepiness at
bedtime. For example, data from

a recent study of young adults
showed that reading on a light-
emitting device before bedtime
increased sleep onset latency and
reduced the duration of rapid eye
movement sleep.® This exposure to
light-emitting screens also resulted
in the suppression of melatonin,
the sleep-promoting hormone that
typically increases in the evening
hours before bedtime, and a delay in
the circadian phase of the melatonin
rhythm.

Along with an increase in the
prevalence of mobile media use in
children?” is a heightened interest
from the scientific community
regarding sleep and the properties
of light emitted from such electronic
devices (eg, smartphones and
tablets). The spectral composition of
light produced by many electronic
devices is enriched for short
wavelengths (~450 nm) in the blue
light range.® Short-wavelength

light is generally more effective
than longer-wavelength light for
suppressing melatonin levels, phase
shifting the circadian clock, acutely
increasing alertness, and altering
subsequent sleep.?8 Children are
more sensitive to light than mature
adults on the basis of age-related
changes in ophthalmologic features,
including larger pupil size and
increased light transmission rate of
the crystal lens.2? Furthermore, the
enhanced transmission rate in young
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individuals is especially prominent
in the short wavelength of light,
which is emitted from light-emitting—
diode electronic devices, such as

all computers and smartphones
currently on the market.

To date, understanding of the
effects of artificial light on sleep

and circadian rhythms in childhood
and adolescence is based on

only a handful of well-controlled
studies. Only 1 published study has
quantified the amount of melatonin
suppressed in response to evening
light exposure in a sample of
primary-school children.?2 The
magnitude of melatonin suppression
by a light stimulus of 580 lux (typical
indoor light levels) in children

was almost twice that of adults.
Furthermore, pupil diameter in
both dim and bright light conditions
was significantly larger in children
than adults. These results suggest
that children are more sensitive to
the effects of light (ie, melatonin
suppression and pupillary light
response). Additionally, recent
findings indicate that prepubertal
children, in comparison with
postpubertal adolescents, have
greater melatonin suppression to
low (15 lux), moderate (150 lux),
and bright (5000 lux) light exposure
in the evening hours before
bedtime.30

What Are the Limitations of the
CGurrent Research?

Although there is general agreement
about the associations between
screen time and adverse sleep
outcomes, most studies on media
use and sleep among children and
adolescents are observational;
therefore, it is impossible to ascertain
the causal dynamic between them.
Specific mechanisms cannot be
determined without well-designed
experimental research. Although
this issue is a common limitation of
most observational studies, it is a
particularly relevant question in the
case of media use: does media time

displace and affect sleep, or are bad
sleepers more likely to fill wake time
with media use? One recent study
showed bidirectional relationships
between screen time and poor sleep
health among Australian children
across ages 4, 6, and 8 years.3!

Another concern is that because of
primarily self-reported data, both the
screen time and sleep assessments
suffer from measurement error,
which generally attenuates the
magnitude of findings. Thus, the true
associations between screen time and
sleep may be stronger than reported
in most studies. A critical priority
and challenge for researchers is the
limited high-quality surveillance

data on digital media and sleep,
especially using more generalizable
population-based approaches.
Furthermore, studies examining
screen time are unable to adequately
measure the nuances of digital-media
use, due to the rapid advances in
technologies and platforms, in a

way that remains relevant for more
than a few years. For example, it

is difficult to define and capture
exposures involving behaviors such
as multitasking and interactivity
across screen experiences (eg,
Internet to smartphones to virtual
reality) and characteristics of
content (eg, violence, emotional
stimulation), especially with a rapidly
changing technological landscape and
increasing intrusiveness of “always
on” software, games, and social
media.

Finally, we do not know the extent
to which the effects of digital media
on sleep affect and/or amplify
other aspects of child health and
development. Sleep has not been
fully incorporated into studies in
which researchers investigated

the effects of media on other
outcomes. In particular, little is
known about developmentally based
susceptibilities to digital media
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and associated exposure to bright
screens.

FUTURE RESEARCH

Our working group has agreed on
the following overarching goal for
future research on digital media and
sleep: To better understand how

the digital revolution is altering
sleep and circadian rhythms across
development (infancy to adulthood)
as pathways to poor health, learning,
and safety outcomes (eg, obesity,
depression, risk-tasking, etc).

We also identified the following 4
research areas that align with this
overarching goal:

1. Population-based longitudinal
studies using validated (not
just self-reported) measures of
media use, sleep, and health and
safety outcomes are essential.
Such studies will increase
understanding of the magnitude
of the influence of digital media
(eg, device types, duration, timing,
and content) on sleep health in the
real world, while also considering
context and developmental stage.

2. Well-controlled experimental
protocols are needed to test the
effects of light (eg, intensity,
spectral composition) and media
content on sleep, circadian
rhythms, and arousal across
childhood and adolescence.
Rigorous approaches will improve
understanding of mechanisms
underlying links between digital
media and insufficient sleep and
other health outcomes.

3. Measures of sleep health should
be added as a key health outcome
in future studies performed
by the digital media research
community.

4. Evaluation of existing and new
digital media interventions is
essential to translate basic science
and population-based research
into improvements in sleep,
health, and well-being.
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RECOMMENDATIONS FOR CLINICIANS
AND EDUCATORS

We extend the recent American
Academy of Pediatrics policy
statement about media use in
children adolescents3%33 with
the following sleep-related
recommendations:

e Make sleep a priority: Talk with
families about the importance
of sleep and healthy sleep
expectations.

e Encourage a bedtime routine that
includes calming activities and
avoids electronic media use.

e Encourage families to remove
all electronic media from their
children or teenagers’ bedrooms,
including televisions, video games,

computers, tablets, and cell phones.

e Talk with families about the
negative consequences of bright
light in the evening on sleep.

e [f the child or adolescent in
your care is exhibiting mood or
behavioral problems, consider
insufficient sleep as a contributing
factor.
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