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Abstract

New technologies, such as cell phones, are now a fundamental part of daily life and
have become an essential tool in the social lives of all individuals. Adolescent sleep has
been explored through various conceptual and empirical models and the most recent
research shows that electronic media use has a significant role in sleep, especially during
adolescence. This paper reviews the current knowledge of the impact of adolescents’
text messaging habits and their sleep health. A narrative review of the literature on
the impact of texting habits on adolescents” sleep was performed. Empirical evidence
concerning adolescents’ sleep confirms the relevance of texting habits in developing
and maintaining sleep disturbances. In particular, increased time spent texting after
getting into bed is associated with insufficient sleep, insomnia, and irregular sleep
patterns, such as social jetlag, tiredness in school, difficulties in both waking up and
falling asleep and differences between weeknights and weekends.
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Introduction

Sleep is a fundamental indicator of overall health and
concurrently an important component of individual
wellness since it affects physical, emotional, and mental
health as well as daily functioning. (Langer & Filer, 2020).
Sleep needs vary across ages and are impacted by lifestyle and
health (Barber & Cucalon, 2017; Kloss et al., 2016): sleep
is essential for adolescent physical growth and development,
just as for socio-emotional development and wellbeing
(Dewald et al., 2010; Perkinson-Gloor, Lemola, & Grob,
2013; Sivertsen et al., 2015). Guidelines for sleep times are
broken down by age group: 8 to 10 hours of nightly sleep
is recommended for teenagers (Chaput, Dutil, & Sampasa-
Kanyinga, 2018). However, despite these recommendations,
the average duration of nighttime sleep among adolescents
has declined by one hour in the last century (Matricciani,
Olds, & Petkov, 2012): compared to adolescents in 2009,
adolescents in 2015 were more likely to report getting
less than 7 hours of sleep per night (Twenge, Krizan, &
Hisler, 2017).

Several studies have shown that poor-quality sleep and
inadequate amounts of sleep during adolescence predict worse
academic performance, worse mental health, depression,
anxiety, suicidal ideation, risk-taking behaviors, and poorer
quality of life (Chelminski et al., 1999; Fredriksen et al.,
2004; Gau et al., 2007; Lee et al., 2017; Roberts, Roberts,
& Duong, 2009; Short & Louca, 2015; Short et al., 2013;
Tarokh, Saletin, & Carskadon, 2016; Titova et al., 2015).
Sleep deficiency among adolescents is considered a public
health problem in the U.S. (Wernett & Emory, 2017)
and in European and Asian countries (Huang, Wang, &
Guilleminault, 2010; Sivertsen et al., 2014).

Puberty is a time of changing sleep patterns now
characterized by a pronounced shift of bedtimes to later in the
evening. For many students, this results in sleep deprivation
during the school week and sleeping in on weekends (Crowley,
Acebo, & Carskadon, 2007; Lemola, Schwarz, & Siffert, 2012;
Perkinson-Gloor et al., 2013). The delay of bedtime during
adolescence is a consequence of both biological maturation
and environmental factors (Crowley et al., 2007). Among the
environmental factors, electronic media use in the evening
seems to have a relevant role: research on childrens and
adolescents’ evening use of electronic media and its effect
on sleep consistently shows that such use is associated with
a reduction in total sleep time and delayed bedtime (Cain &
Gradisar, 2010).

Exposure to electronic media is pervasive, especially
during adolescence: teenagers in the United States can pass
an average of eight hours per day using them (Rideout, Foehr,
& Roberts, 2010). As media becomes lighter, smaller, and
more accessible, adolescents are bringing media into their
beds. According to the 2014 Sleep in America Poll, 75% of
children aged 6-17 had at least one media device in their
room, including televisions (45%), music players (40%),
tablets or smartphones (30%), video game consoles (25%)
and computers (21%) (National Sleep Foundation, 2015).
85% of both male and female adolescents reported using
their computer within the last hour before bed; over 90%

of adolescent females and around 80% of adolescent males
reported using their cell phone within the last hour before
bed: approximately 50% of adolescents called or texted after
lights out at least once a month when they would otherwise
be sleeping (Hysing et al., 2015).

Digital technologies can interfere with sleep in three
different ways: (a) by replacing time spent sleeping, for
example, frequent aural notifications from mobile phones
signaling email, social media alerts, and text messages
may affect adolescents’ sleep, including sleep efficiency, by
awakening them throughout the night (Fobian, Avis, &
Schwebel, 2016), (b) by containing psychophysiologically
arousing content (e.g., highly positive or negative peer
interactions such as text messages and social media) that
can interfere with the ability to fall asleep, and (c) through
melatonin-suppressing light emissions from devices that
increase alertness and delay sleep onset (Burnell et al., 2022;
LeBourgeois et al., 2017). When the exposure occurs before
bed, it significantly prolongs sleep onset, delays the circadian
clock, suppresses melatonin, and decreases morning alertness
(Chang et al., 2015; Wood et al., 2013).

Several studies have shown that cell phone usage at night
is associated with poor subjective sleep quality, excessive
daytime sleepiness, insomnia, and increased medical
complaints, including self-reported headaches, difficulties
with attention and focus (Arora et al., 2014; Gradisar et al.,
2013; Honda et al., 2008; Munezawa et al., 2011; Van den
Bulck, 2007).

The “24/7”, and “always-on” nature of society,
compounded by easy access to cell phones, the Internet,
television, and other media may have significantly contributed
to the sleep deprivation and poor sleep experienced by young
adults (Moulin & Chung, 2016). Texting is especially high
in adolescents and young adults and many studies show that
sending or receiving text messages not only contributes to
later bedtimes and inadequate amounts of sleep but can also
affect circadian rhythm (Carter et al., 2016; Crowley et al.,
2015; Lemola et al., 2015; Malone et al., 2016; Touitou,
2013; Van den Bulck, 2007) and lead to social jetlag
(Wittmann et al., 2006).

Based on the above considerations, this narrative review
aimed to examine the current knowledge of the relationship
between adolescents’ sleep and their text messaging habits.

Method

The review of international literature was performed in
the following electronic databases; a total of 40371 studies
(PubMed, n = 397; Psychlnfo, n = 148; Web of Science, n
= 342; Scopus, n = 39484) were initially identified. The key
terms used were: (adolescen® OR teen* OR “young adults”
OR “high school students”) AND (WhatsApp OR telegram
OR chat* OR messag* OR text*) AND (sleep* OR insomnia
OR circadian OR “morningness-eveningness” OR “delayed
sleep” OR “social jet-lag” OR hypersomnia). The search
strategy is detailed in Figure 1.
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Fig. 1. Flow chart.
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- Duplicated, n= 168

y
Studies included in narrative
review
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Articles excluded (n = 13)
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- Full -text articles not available,
n=4

Eligibility Criteria

Since the primary focus of this review was the impact of
text messaging on sleep habits in adolescents, articles that
addressed other well-being constructs (e.g., school burnout
and academic performance, depressive symptoms, headaches)
were included only if they also made specific reference to the
purpose of the review.

Studies were excluded based on the following criteria: (a)
the article did not describe a quantitative methodology; (b)
the article was not available in full text; (c) the article was
written in languages other than English; (d) the article was
not published between January 2012 and January 2022; (e)
the article did not contain a measure of sleep habits and/
or a measure of text messaging habits; (f) the study did not
include a sample of adolescents aged between 13 and 19
years.

Results

Seventeen studies were included in the narrative review,
published from 2013 to 2021. Eight (47.06%) of the studies
were conducted in the United States of America, six (35.29%)
studies were conducted in Europe, two (11.77%) in Oceania,
and one (5.88%) in Asia. Study sample sizes ranged from 55 to
4511 participants and consisted of adolescents ranging in age

from 12 to 19 years.
- Ineligible population, n =4 9 Y

- No texts or sleep measure, n=4

- Not a quantitative methodology,
n=1

in Table 1.

Tab. 1. Characteristics of included studies.

Among the 17 studies selected in this review, most showed
that receiving or sending text messages has an influence on
adolescents’ sleep. A brief description of these studies is given

Reference Age (years) Sample (N)  Measurement of Text Messages Measurement of Sleep
Burnell et al., 2022 M =13.37 388 Number text x/day;- Wearable-recorded sleep, n = 254
SD =1.14 Hours spent messaging Self-reported sleep, n = 134
Durusoy et al., 2017 I;/ID=_115 g 2150 Number text x/day (classified in categories) Survey of sleep disturbances over the past month
M = 14.89 Total time spent texting daily; Actigraphy (Phillips Respironics MiniMitter
Fobian, Avis, & Schwebel, 2016 SDi— 0' 62 55 Number of times subjects were awakened in the  Actiwatch-2 devices);
e night by their phone Sleep diaries
Garmy, 2014 M=16 204 Frequency of texting at night rated on a Likert S.urvey gf slee[.) duration, bedtlmej tiredness,
scale difficulties falling asleep, and waking up.
Garmy and Ward, 2018 M=1623 278 Frequency of texting at night rated on a Likert Sleep and Media Habits Questionnaire
SD =0.63 scale
Garmy et al., 2020 Range = 1518 Frequency o.f texting/other messaging at night Surve)'l—basefi on the Sleep and Media Habits
13-15 rated on a Likert scale Questionnaire
Grover et al., 2016 Range = 1537 S.urvcy about instant messaging before and after ~ Survey of sleep duration and daytime sleepiness
13-18 lights out symptoms
Hena and Garmy, 2020 M=139 1518 Frequency of texting/other messaging at night Surve)f-basei;{ on the Sleep and Media Habits
SD=04 rated on a Likert scale Questionnaire
B Frequency of texting/other messaging and time . . .
Lemola et al., 2015 M=148 362 spent online in bed before sleep and in general Insomnia Severity Index,.
SD=13 . Survey about sleep duration
rated on a Likert scale
. M=16 Survey about the subjective impact of mobile Epworth Sleepiness Scale (ESS) modified for use
Nathan and Zeitzer, 2013 SD=1.2 211 phone use rated on a Likert scale in adolescents rated on a Likert scale
Ranee = The survey instrument was a modified version of the
Pecor et al., 2016 1;551687 633 one developed by Ming and colleagues (2011). Students were instructed to complete the survey

based on a typical day
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Reference Age (years) Sample (N)  Measurement of Text Messages Measurement of Sleep
Time spent texting and on social media; Minimal Insomnia Severity Scale;
M- 133 Number of texts sent/received while in bed after  Pediatric Daytime Sleepiness Scale;
Polos et al., 2015 S]S B 2 3139 lights-out; Children's Morningness-Eveningness
B Number of times per night they were awakened  Preferences Scale;
in bed due to incoming texts Survey about sleep duration and bedtimes
M= 133 A survey to determine the frequency of instant
Reynolds et al., 2019 515 B 2 189 messaging use during the hour before bedtime, ~ Children's Report of Sleep Patterns
- assessed on a Likert scale
Smith et al., 2020 Rla; gie; 4811 Prebedtime Behavior Questionnaire (adapted) Pittsburgh Sleep Quality Index
M=16.2 . . .
Tamura et al., 2017 SD = 0.9 295 A survey about mobile phone use: time x/day Athens Insomnia Scale
. M=14.5 Number text x/day; . e -
Tavernier et al., 2017 SD - 1.84 71 Time spent messaging Actiwatch Score (Phillips Respironics)
M= 187 Nighttime media usage was assessed using 7
Whipps et al., 2018 SD_— O. 4 114 questions adapted from those used by Adachi-  Pittsburgh Sleep Quality Index

Mejia et al (2014) rate on a Likert scale

Sleep efficiency

Fobian and colleagues (2016) evidence that sleep efficiency
was negatively related to daily time spent text messaging (r
(52) = - 0.29, p < .05), consistent with findings of Tavernier
and colleagues (2017): at the daily level, adolescents slept less
on days when they reported spending more time than usual
texting (B = -0.236, P = .011); another study (Burnell et al.,
2022) found associations between sleep duration and hours
spent messaging (respected, self-report sleep: b= -.64, p = .008,
B = -.17; wearable-recorded sleep: b= -.83, p = .010, = -.20)
and also noted association with later bedtime and hours spent
messaging (b= 61.88, p <.001, B = .23).

One study (Polos et al., 2015) observed that STRICT
(Sleep Time-Related Information and Communication
Technology) use correlated positively with insomnia and
negatively with sleep duration on school nights, and positively
with later bedtimes; the effect sizes were modest in general,
with most of the correlation coefficients between 0.2 and 0.4.

Adolescents’ sleep habits are particularly influenced by
texting in bed or during the night: in one study (Grover et al.,
2016), no difference in sleep duration was observed among
groups of students with different messaging durations before
lights out (F = 1.35, p = .25); there was, however, a significant
difference among categories of messaging duration after lights
out (F=3.69, p = .005). Two of the seventeen studies show that
sending and/or receiving text messages at night was significantly
associated with having shorter sleep on weeknights (p = .001),
being tired more often at school (p = .028), having greater
difficulties both sleeping (p = .010) and waking up (p = .019),
going to bed later in the week (p = .034) and weekends (p =
.001), and waking up later on weekends (p = .031) (Garmy,
2014; Garmy & Ward, 2018).

However, Reynolds and colleagues (2019) noted that there
was no significant association between the high frequency of
instant messaging in the hour before bed and time in bed;
further, they observed that controlling for age, the odds of
reporting insufficient sleep on most nights was an OR = 2.68
(95%, CI = 1.39 - 5.17) times higher for those reporting a high
frequency of instant messaging. Consistently, one study (Smith
et al., 2020) demonstrated that limited texting was associated
(p = .012) with longer sleep duration for boys aged 13-14 years
and that limiting texting (p = .012), and Internet access (p

= .013) were associated with longer sleep duration for boys
aged 15-17 years. In this regard, Garmy and colleagues (2020)
found that short sleep duration (<8 hours) is correlated with
nighttime texting x/week: OR = 2.50 (95% CI = 1.90-3.28,
p<.0001).

One study (Pecor et al., 2016) evinced no difference in
hypersomnolence scores between students who messaged after
lights out and those who did not (H = 0.31, df = 1, p = 0.58),
and, finally, one study (Nathan & Zeitzer, 2013) showed
that even if there wasnt a Spearman correlation between
the number of texts and sleepiness (r = 0.13, p = 0.07), in
examining the final model it appears that adolescents who felt
that they needed to be accessible “around the clock” (ESS =
9.2 £ 2.9) were sleepier than all others (ESS = 6.7 + 3.4) (p
< 0.01, post hoc t-test); this study also shows that those who
had attempted to reduce their mobile phone use had a higher
texting rate (60 vs. 20 per day; p < 0.01, Mann—Whitney U
test) and stayed awake later than desired more often (53% vs.
11%, weekly or daily; p < 0.01, %2 test).

A 2015 study (Lemola et al., 2015) differs slightly from
previous findings: sleep duration on weekdays and sleep
difficulties were negatively correlated with all types of
electronic media use at night, however, regression models
revealed that being online on social media or chatting in bed,
but not watching TV, video games, and calling/text in bed,
were related with sleep duration on weekdays (B = -.21, t =
413, p < 0.001).

Finally, time spent using the mobile phone may also be
important: Tamura and colleagues (2017) noted that using a cell
phone for 120 min or more for online chatting was associated
with insomnia (OR: 2.81; 95% CI: 1.28-6.15), compared with
mobile phone use of 30 min or less for online chat.

Sleep disturbances

One of the studies included (Whipps et al., 2018) observed
that higher scores on the Pittsburgh Sleep Quality Index,
indicative of poorer sleep quality, were related to reports of
texting after bed (r = .199, p = .04) and, also, that texting was
related to sleep interruptions (r = .293, p = .002).

Durusoy and colleagues (2017) evidenced that sleep
disturbances were more frequent in mobile phone users (OR =
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1.53, CI = 1.05-2.21) and that number of text x/day (> 200)
and sleep disturbances were significantly associated: OR = 1.84
(95% CI =1.23 -2.74, p < .001).

A 2013 study (Nathan & Zeitzer, 2013) observed that
adolescents who felt that they needed to be accessible “around
the clock” (ESS = 9.2 £ 2.9) were sleepier than all others (ESS =
6.7 £3.4) (p < 0.01, post hoc t-test). In this regard, a 2015 study
(Lemola et al., 2015) showed that being online on social media
or chatting in bed before sleep, but not watching TV, video
games, calling/texting in bed, and having the mobile switched
on at night, was related with sleep difficulties (B = .22, t = 4.10,
p < 0.001). Polos and colleagues (2015) observed that STRICT
use correlated positively with daytime sleepiness, and negatively
with children’s morningness-eveningness preferences scores,
suggesting evening chronotype. The effect sizes were modest in
general, with most correlation coefficients between 0.2 and 0.4.

Sending and/or receiving text messages at night was
significantly associated with being tired more often at school
(p = .028; Garmy, 2014) and poorer overall health (p<.0001;
Garmy et al., 2020).

One study (Grover et al., 2016), noted that for daytime
sleepiness symptoms scores, there was no difference among
categories of messaging before lights out (H = 3.39, df = 4, p >
.05) but there was a significant difference among categories of
messaging duration after lights out (H = 25.25, df = 4, p <.001).

Finally, one study focused on social jetlag: Hena and
Garmy (2020) found a significant association with texting at
night (p = 0.002); nighttime texting showed a significant OR
(OR = 1.487) with social jetlag.

Discussion

This narrative review aims to examine the relationship between
adolescents’ sleep and their text messaging habits. Research in
the last decade has documented that greater overall electronic
media use, especially nighttime-specific, was associated with
worse sleep quality and shorter sleep duration (e.g., Cain &
Gradisar, 2010; Carter et al., 2016; LeBourgeois et al., 2017;
National Sleep Foundation, 2015; Schoeni, Roser, & Roosli,
2015; Woods & Scott, 2016). Specifically, media use is
associated with three aspects of adolescent sleep health: sleep
efficiency, sleep onset, and sleep offset (Oka, Suzuki, & Inoue,
2008; Van den Bulck, 2004). STRICT use during adolescence is
significantly associated with insomnia, daytime, and eveningness
sleepiness and also correlates with poor academic performance,
later bedtimes, and fewer hours of sleep on school nights; age
and gender moderate some of these relationships (Polos et al.,
2015). Mobile phone overuse was linked to disturbances in sleep
habits, which is known to be a risk factor for insomnia (Gellis
et al., 2014). Sending and receiving text messages, in-bed in
particular, is rampant: it's more common in high school students
and girls and appears to be more widespread than previously
reported (Adachi-Mejia et al., 2014; Munezawa et al., 2011). In
fact, while boys reported playing video games more compared to
girls (Galland et al., 2017; Hysing et al., 2015; Mullan, 2018;
Pieters et al., 2014; Rideout, 2016), girls, in contrast, were more

engaged with activities involving communication, including
social media and text messages (Rideout, 2016; Viner, Davie, &
Firth, 2019). Evidence report that girls had significantly shorter
sleep duration than boys (Garmy, 2014; Garmy et al., 2020;
John, 2014; Polos et al., 2015).

Increased time spent on media use or/and texting after
getting into bed is associated with delayed sleep onset; compared
to adolescents, those who reported sending more online messages
had shorter sleep duration: this review shows that sending or
receiving text messages was associated with increased odds of
sleep disturbances, social jetlag, insufficient sleep, and insomnia
(Durusoy et al., 2017; Garmy et al., 2020; Hena & Garmy,
2020; Reynolds et al., 2019; Tamura et al., 2017).

Texting at night is a sleep-disturbing activity: in fact, it’s
associated with shorter sleep, sleep problems, and irregular sleep
patterns, such as tiredness in school, difficulties in both waking
up and falling asleep, and differences between weeknights and
weekends, as some of the studies selected in this review showed
(Burnell et al., 2022; Fobian et al., 2016; Garmy, 2014; Garmy
& Ward, 2018; Garmy et al., 2020; Grover et al., 2016; Hena
& Garmy, 2020; Polos et al., 2015; Tavernier et al., 2017;
Whipps et al., 2018).

Receiving text messages at night can particularly affect
sleep, as teens who text each other right before bed may find
it difficult to disengage from these conversations to sleep
(Burnell et al., 2022). Research indicated that increased phone
awakenings at night were associated with earlier sleep onset.
This could be because sleep disruption due to awakenings
caused by incoming texts after bedtime may cause insomnia
but this is unlikely to be the sole explanation. One potential
explanation is that habitually engaging in texting in bed and
being awoken by such texts primes the adolescent for a state of
psychological and physiological hyperarousal due to excessive
emotional and mental stimulation around and after bedtime
(Polos et al., 2015). One study selected in this review (Nathan
& Zeitzer, 2013) shows that even if there wasn’t a Spearman
correlation between the number of texts and sleepiness, in
examining the final model it appears that adolescents who
felt that they needed to be accessible “around the clock” were
sleepier than all others; this study also shows that those who
had attempted to reduce their mobile phone use had a higher
texting rate and stayed awake later than desired more often.

Prior research suggests that the combination of teen social
pressures, circadian biology, and the immediacy of texting as a
means of communication may become mutually reinforcing
factors (Troxel, Hunter, & Scharf, 2015). This combination
of factors, in turn, makes it exceedingly difficult for teens to
“disconnect” at bedtime or provide sufficient time to unwind
before bedtime, potentially setting the stage for inadequate
quality or insufficient sleep. Moreover, exposure to backlit
displays that are common to mobile devices may affect sleep by
disrupting circadian function and melatonin expression (Arora
etal., 2014). Sleep integrity may be compromised even with just
a few text messages: indeed, it has been shown that even brief
pulses of light lasting seconds through closed eyelids can delay
melatonin release (Figueiro, Bierman, & Rea, 2013). Time
spent messaging is important because it could be extending
time spent on completing other tasks that consequently could
limit adolescents’ sleep: those who do not send or receive
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messages may be more efficient without constant distractions
and sleep disruptions (Grover et al., 2016).

The content of messages may also interfere with sleep.
Although texting communication tends to be neutral, some
content can nonetheless be psychophysiologically stimulating,
such as sexual exchanges or text-based conversations that are
distressing, negative in content, or retread daytime concerns that
may conceivably result in maladaptive autonomic responses,
leading to sleep initiation and maintenance difficulties (Burnell
et al., 2022; Ehrenreich et al., 2020; LeBourgeois et al., 2017;
Polos et al., 2015).

Limitations and suggestions for future research

Inspired by previous work (Mei et al., 2018), this review aimed
to focus attention on the relationship between adolescents and
nighttime texting, going to outline a general overview of possible
sleep issues that may result. It was found that the impact of text
messaging on youth sleep is well known but poorly investigated:
in fact, only 17 studies were included to meet eligibility criteria.
Thus, the first limitation is the small number of studies, which
may reduce the statistical power to determine heterogeneity
and accuracy of effect sizes. Furthermore, the results of
the selected studies should be viewed considering several
methodological limitations: most of the selected studies did not
use standardized questionnaires to measure the number of text
messages or time spent sending/receiving texts. Sleep, instead,
has been measured primarily by self-reported data that could be
biased by social desirability; some studies have measured sleep
with a wearable instrument, and although it is more objective
than self-report assessments, it should not be considered the
“gold standard” for obtaining sleep data as other methods are
available, such as polysomnography, although more expensive
and less environmentally valid. In future studies, sleep could
be objectively assessed with actigraphy, while sleep hygiene and
electronic media use could be measured by experience sampling
methods in order to achieve higher validity of measurement.

In addition, in some studies (Fobian et al., 2016; Garmy &
Ward, 2018; Nathan & Zeitzer, 2013; Reynolds et al., 2019;
Tamura et al., 2017; Tavernier et al., 2017; Whipps et al.,
2018) because of the small sample size (N < 300), some of
the statistically significant results may have been due to chance
alone; future studies should be conducted using a larger sample
size to validate these findings.

Because of the cross-sectional design of the studies, it is not
possible to conclude causality. It is impossible to determine
which factors most influence sleep duration, and thus health,
given that puberty itself is a factor. Future studies should have
a longitudinal design to examine these associations in the
context of experimental designs and specifically assess possible
bidirectional effects between texting habits and sleep behaviors.

Conclusions

Modern technologies, intrusive and/or too engaging digital
platforms and media-related behaviors are rapidly changing

and exceed our understanding of their impact on sleep and
health. Hand-held mobile screens, such as smartphones and
tablets, complicate research on the relationships between media
and sleep in developing individuals (LeBourgeois et al., 2017).

Excessive media use in the late evening and overnight may
further exacerbate the negative consequences of inadequate sleep:
in particular, this narrative review demonstrates that sending or
receiving texts impacts adolescents’ sleep and may be associated
with sleep difficulties such as delayed awakening and/or falling
asleep, insomnia, worse sleep quality, and daytime tiredness.

Lack of sleep, as well as inadequate sleep, are associated
with daytime tiredness (Hale & Guan, 2015), which in
turn is linked to a large number of negative consequences,
including poor academic performance, worse physical health,
and a host of psychological problems that impact healthy
daytime functioning (Beebe, 2011; Davis, Avis, & Schwebel,
2013; Falbe et al., 2015; Stallones, Beseler, & Chen, 20006;
Wolfson & Carskadon, 2003). In fact, due to the continuous
development of infrastructures and technologies, electronic
media have penetrated deeply into daily life and have become
an essential tool in the social life of all individuals.

The results of this review show that future research must
continue to focus on these issues.

Author Contributions
All authors contributed equally to this manuscript.

Conflict of interest
The authors declare that they have no competing interests.

Funding
The authors received no financial support for the research,
authorship, and/or publication of this article.

Ethical approval
This article does not contain any studies with human
participants or animals performed by any of the authors.

References

Adachi-Mejia, A. M., Edwards, 2. M., Gilbert-Diamond, D., Gre-
enough, G. P, & Olson, A. L. (2014). TXT me I'm only slee-
ping: adolescents with mobile phones in their bedroom. Family
& Community Health, 37(4), 252-257. doi.org/10.1097/
FCH.0000000000000044

Arora, T., Broglia, E., Thomas, G. N., & Taheri, S. (2014). Asso-
ciations between specific technologies and adolescent sleep
quantity, sleep quality, and parasomnias. Sleep Medicine,
15(2), 240-247. doi.org/10.1016/j.sleep.2013.08.799

Barber, L. K., & Cucalon, M. S. (2017). Modifying the Sleep
Treatment Education Program for Students to include tech-
nology use (STEPS-TECH): Intervention effects on objective
and subjective sleep outcomes. Stress and Health: Journal of
the International Society for the Investigation of Stress, 33(5),
684—690. doi.org/10.1002/smi.2746

PsyHub



Adolescents’ sleep and texting 13

Beebe, D. W. (2011). Cognitive, behavioral, and functional con-
sequences of inadequate sleep in children and adolescents.
Pediatric Clinics of North America, 58(3), 649-665. doi.
org/10.1016/j.pcl.2011.03.002

Burnell, K., George, M. J., Jensen, M., Hoyle, R. H., & Odgers,
C. L. (2022). Associations between adolescents’ daily digital
technology use and sleep. 7he Journal of Adolescent Health:
Official Publication of the Society for Adolescent Medicine,
70(3), 450—456. doi.org/10.1016/j.jadohealth.2021.09.033

Cain, N., & Gradisar, M. (2010). Electronic media use and sleep
in school-aged children and adolescents: A review. Sleep Medi-
cine, 11(8), 735-742. doi.org/10.1016/j.sleep.2010.02.006

Carter, B., Rees, P, Hale, L., Bhattacharjee, D., & Paradkar, M.
S. (2016). Association between portable screen-based media
device access or use and sleep outcomes: A systematic review
and meta-analysis. JAMA Pediatrics, 170(12), 1202-1208.
doi.org/10.1001/jamapediatrics.2016.2341

Chang, A.-M., Aeschbach, D., Dufly, J. E, & Czeisler, C. A.
(2015). Evening use of light-emitting eReaders negatively
affects sleep, circadian timing, and next-morning alertness.
Proceedings of the National Academy of Sciences of the Uni-
ted States of America, 112(4), 1232-1237. doi.org/10.1073/
pnas.1418490112

Chaput, J.-P, Dutil, C., & Sampasa-Kanyinga, H. (2018). Sle-
eping hours: what is the ideal number and how does age
impact this? Nature and Science of Sleep, 10, 421-430. doi.
org/10.2147/NSS.S163071

Chelminski, I., Ferraro, E R., Petros, T. V., & Plaud, J. J. (1999).
An analysis of the “eveningness-morningness” dimension in
“depressive” college students. journal of Affective Disorders,
52(1-3), 19-29. doi.org/10.1016/50165-0327(98)00051-2

Crowley, S. J., Acebo, C., & Carskadon, M. A. (2007). Sleep, cir-
cadian rhythms, and delayed phase in adolescence. Sleep Medi-
cine, 8(6), 602—612. doi.org/10.1016/j.sleep.2006.12.002

Crowley, S.J., Cain, S. W., Burns, A. C., Acebo, C., & Carskadon,
M. A. (2015). Increased sensitivity of the circadian system to
light in early/mid-puberty. 7he Journal of Clinical Endocrino-
logy and Metabolism, 100(11), 4067-4073. doi.org/10.1210/
jc.2015-2775

Davis, A. L., Avis, K. T., & Schwebel, D. C. (2013). The effects
of acute sleep restriction on adolescents” pedestrian safety in
a virtual environment. 7he Journal of Adolescent Health: Offi-
cial Publication of the Society for Adolescent Medicine, 53(06),
785-790. doi.org/10.1016/j.jadohealth.2013.07.008

Dewald, J. E, Meijer, A. M., Oort, E J., Kerkhof, G. A., & Bogels,
S. M. (2010). The influence of sleep quality, sleep duration
and sleepiness on school performance in children and adole-
scents: A meta-analytic review. Sleep Medicine Reviews, 14(3),
179-189. doi.org/10.1016/j.smrv.2009.10.004

Durusoy, R., Hassoy, H., Ozkurt, A., & Karababa, A. O. (2017).
Mobile phone use, school electromagnetic field levels and
related symptoms: a cross-sectional survey among 2150 high
school students in Izmir. Environmental Health: A Global Access
Science Source, 16(1). doi.org/10.1186/s12940-017-0257-x

Ehrenreich, S. E., Beron, K. J., Burnell, K., Meter, D. J., &
Underwood, M. K. (2020). How adolescents use text messa-
ging through their high school years: Adolescent texting. Jour-

nal of Research on Adolescence: The Official Journal of the Society
for Research on Adolescence, 30(2), 521-540. doi.org/10.1111/
jora.12541

Falbe, J., Davison, K. K., Franckle, R. L., Ganter, C., Gortmaker,
S. L., Smith, L., Land, T., & Taveras, E. M. (2015). Sleep
duration, restfulness, and screens in the sleep environment.
Pediatrics, 135(2), €367-75. doi.org/10.1542/peds.2014-2306

Figueiro, M. G., Bierman, A., & Rea, M. S. (2013). A train of
blue light pulses delivered through closed eyelids suppres-
ses melatonin and phase shifts the human circadian system.
Nature and Science of Sleep, 5, 133-141. doi.org/10.2147/
NSS.552203

Fobian, A. D., Avis, K., & Schwebel, D. C. (2016). Impact of
media use on adolescent sleep efficiency. Journal of Develop-
mental and Bebhavioral Pediatrics: JDBP, 37(1), 9-14. doi.
org/10.1097/DBP.0000000000000239

Fredriksen, K., Rhodes, J., Reddy, R., & Way, N. (2004). Sleepless
in Chicago: tracking the effects of adolescent sleep loss during
the middle school years. Child Development, 75(1), 84-95.
doi.org/10.1111/j.1467-8624.2004.00655.x

Galland, B. C., Gray, A. R., Penno, J., Smith, C., Lobb, C., &
Taylor, R. W. (2017). Gender differences in sleep hygiene
practices and sleep quality in New Zealand adolescents aged
15 to 17 years. Sleep Health, 3(2), 77-83. doi.org/10.1016/j.
sleh.2017.02.001

Garmy, P. (2014). Sleep, television, texting and computer habits
and overweightness in schoolchildren and adolescents. In
Psychology of habits (pp. 29—44). Nova Science Publishers, Inc.
ISBN: 978-1-62948-965-0

Garmy, Pernilla, & Ward, T. M. (2018). Sleep habits and nighttime
texting among adolescents. 7he Journal of School Nursing: The
Official Publication of the National Association of School Nurses,
34(2), 121-127. doi.org/10.1177/1059840517704964

Garmy, Pernilla, Idecrans, T., Hertz, M., Sollerhed, A.-C., &
Hagell, . (2020). Is sleep duration associated with self-reported
overall health, screen time, and nighttime texting among ado-
lescents? The Journal of International Medical Research, 48(3),
300060519892399. doi.org/10.1177/0300060519892399

Gau, S. S.-E, Shang, C.-Y., Merikangas, K. R., Chiu, Y.-N,,
Soong, W.-T., & Cheng, A. T.-A. (2007). Association between
morningness-eveningness and behavioral/emotional problems
among adolescents. Journal of Biological Rhythms, 22(3), 268—
274. doi.org/10.1177/0748730406298447

Gellis, L. A., Park, A., Stotsky, M. T., & Taylor, D. ]J. (2014).
Associations between sleep hygiene and insomnia severity
in college students: cross-sectional and prospective analy-
ses. Behavior Therapy, 45(6), 806-816. doi.org/10.1016/j.
beth.2014.05.002

Gradisar, M., Wolfson, A. R., Harvey, A. G., Hale, L., Rosen-
berg, R., & Czeisler, C. A. (2013). The sleep and technology
use of Americans: findings from the National Sleep Founda-
tion’s 2011 Sleep in America poll. journal of Clinical Sleep
Medicine: JCSM: Official Publication of the American Aca-
demy of Sleep Medicine, 9(12), 1291-1299. doi.org/10.5664/
jesm.3272

Grover, K., Pecor, K., Malkowski, M., Kang, L., Machado, S., Lulla,
R., Heisey, D., & Ming, X. (2016). Effects of instant messaging

PsyHub



14 Mesce Martina, Cerniglia Luca, Cimino Silvia

on school performance in adolescents. Journal of Child Neuro-
logy, 31(7), 850-857. doi.org/10.1177/0883073815624758

Hale, L., & Guan, S. (2015). Screen time and sleep among
school-aged children and adolescents: a systematic literature
review. Sleep Medicine Reviews, 21, 50-58. doi.org/10.1016/j.
smrv.2014.07.007

Hena, M., & Garmy, P. (2020). Social jetlag and its association
with screen time and nighttime texting among adolescents in
Sweden: A cross-sectional study. Frontiers in Neuroscience, 14,
122. doi.org/10.3389/fnins.2020.00122

Honda, M., Genba, M., Kawakami, J., & Nishizono-Maher, A.
(2008). A sleep and life-style survey of Japanese high school
boys: Factors associated with frequent exposure to bright
nocturnal light. Sleep and Biological Rhythms, 6(2), 110-119.
doi.org/10.1111/j.1479-8425.2008.00340.x

Huang, Y.-S., Wang, C.-H., & Guilleminault, C. (2010). An
epidemiologic study of sleep problems among adolescents
in North Taiwan. Sleep Medicine, 11(10), 1035-1042. doi.
org/10.1016/j.sleep.2010.04.009

Hysing, M., Pallesen, S., Stormark, K. M., Jakobsen, R., Lunder-
vold, A. J., & Sivertsen, B. (2015). Sleep and use of electronic
devices in adolescence: results from a large population-based
study. BMJ Open, 5(1), e006748. doi.org/10.1136/bmjo-
pen-2014-006748

John, B. (2014). Sleep duration and daytime sleepiness in Indian
adolescents: is there a gender difference? Indian Journal of
Pediatrics, 81(11), 1243. doi.org/10.1007/s12098-014-
1458-8

Kloss, J. D., Nash, C. O., Walsh, C. M., Culnan, E., Horsey, S.,
& Sexton-Radek, K. (2016). A “sleep 101” program for col-
lege students improves sleep hygiene knowledge and reduces
maladaptive beliefs about sleep. Behavioral Medicine (Washin-
gton, D.C.), 42(1), 48-56. doi.org/10.1080/08964289.201
4.969186

Langer, G., & Filer, C. (2020). Americans feel sleepy 3 days a
week, with impacts on activities, mood & acuity. Sleep Health,
6(5), E1-E3. doi.org/10.1016/j.sleh.2020.03.001

LeBourgeois, M. K., Hale, L., Chang, A.-M., Akacem, L. D,
Montgomery-Downs, H. E., & Buxton, O. M. (2017). Digi-
tal media and sleep in childhood and adolescence. Pediatrics,
140(Suppl 2), $92-596. doi.org/10.1542/peds.2016-1758]

Lee, J. E., Park, S., Nam, J.-Y,, Ju, Y. J., & Park, E.-C. (2017). Effect
of changes in sleep quantity and quality on depressive symp-
toms among Korean Children. 7he Journal of School Nursing:
The Official Publication of the National Association of School Nur-
ses, 33(4), 299-306. doi.org/10.1177/1059840516660015

Lemola, S., Perkinson-Gloor, N., Brand, S., Dewald-Kaufmann,
J. E, & Grob, A. (2015). Adolescents’ electronic media use
at night, sleep disturbance, and depressive symptoms in the
smartphone age. Journal of Youth and Adolescence, 44(2), 405—
418. doi.org/10.1007/s10964-014-0176-x

Lemola, S., Schwarz, B., & Siffert, A. (2012). Interparental con-
flict and early adolescents’ aggression: is irregular sleep a vul-
nerability factor? Journal of Adolescence, 35(1), 97-105. doi.
org/10.1016/j.adolescence.2011.06.001

Malone, S. K., Zemel, B., Compher, C., Souders, M., Chittams,
J., Thompson, A. L., & Lipman, T. H. (2016). Characteri-

stics associated with sleep duration, chronotype, and social jet
lag in adolescents. 7he Journal of School Nursing: The Official
Publication of the National Association of School Nurses, 32(2),
120-131. doi.org/10.1177/1059840515603454

Matricciani, L., Olds, T., & Petkov, J. (2012). In search of lost
sleep: secular trends in the sleep time of school-aged children
and adolescents. Sleep Medicine Reviews, 16(3), 203-211.
doi.org/10.1016/j.smrv.2011.03.005

Mei, X., Zhou, Q., Li, X., Jing, P, Wang, X., & Hu, Z. (2018).
Sleep problems in excessive technology use among adole-
scent: a systemic review and meta-analysis. Sleep Science and
Practice, 2(1). https://doi.org/10.1186/s41606-018-0028-9

Ming, X., Koransky, R., Kang, V., Buchman, S., Sarris, C. E.,
& Wagner, G. C. (2011). Sleep insufficiency, sleep health
problems and performance in high school students. Clini-
cal Medicine Insights. Circulatory, Respiratory and Pulmonary
Medicine, 5, 71-79. doi.org/10.4137/CCRPM.S7955

Moulin, K. L., & Chung, C.-J. (2016). Technology trumping
sleep: Impact of electronic media and sleep in late adolescent
students. Journal of Education and Learning, 6(1), 294. doi.
0rg/10.5539/jel.vbn1p294

Mullan, K. (2018). Technology and children’s screen-based acti-
vities in the UK: The story of the millennium so far. Child
Indicators Research, 11(6), 1781-1800. doi.org/10.1007/
s12187-017-9509-0

Munezawa, T., Kaneita, Y., Osaki, Y., Kanda, H., Minowa, M.,
Suzuki, K., Higuchi, S., Mori, J., Yamamoto, R., & Ohida,
T. (2011). The association between use of mobile phones after
lights out and sleep disturbances among Japanese adolescents:
a nationwide cross-sectional survey. Sleep, 34(8), 1013-1020.
doi.org/10.5665/SLEEP.1152

Nathan, N., & Zeitzer, J. (2013). A survey study of the association
between mobile phone use and daytime sleepiness in Califor-
nia high school students. BMC Public Health, 13(1), 840. doi.
org/10.1186/1471-2458-13-840

National Sleep Foundation. (2015). 2014 Sleep in America
poll — Sleep in the modern family. Sleep Health, 1(2), el3.
doi:10.1016/j.s1¢h.2015.04.013

Oka, Y., Suzuki, S., & Inoue, Y. (2008). Bedtime activities, sleep
environment, and sleep/wake patterns of Japanese elementary
school children. Behavioral Sleep Medicine, 6(4), 220-233.
doi.org/10.1080/15402000802371338

Pecor, K., Kang, L., Henderson, M., Yin, S., Radhakrishnan,
V., & Ming, X. (2016). Sleep health, messaging, headaches,
and academic performance in high school students. Brain
& Development, 38(6), 548-553. doi.org/10.1016/j.brain-
dev.2015.12.004

Perkinson-Gloor, N., Lemola, S., & Grob, A. (2013). Sleep dura-
tion, positive attitude toward life, and academic achievement:
the role of daytime tiredness, behavioral persistence, and
school start times. Journal of Adolescence, 36(2), 311-318. doi.
org/10.1016/j.adolescence.2012.11.008

Pieters, D., De Valck, E., Vandekerckhove, M., Pirrera, S.,
Wuyts, J., Exadaktylos, V., Haex, B., Michiels, N., Verbra-
ecken, J., & Cluydts, R. (2014). Effects of pre-sleep media
use on sleep/wake patterns and daytime functioning among
adolescents: the moderating role of parental control. Behavio-

PsyHub



Adolescents’ sleep and texting 15

ral Sleep Medicine, 12(6), 427—-443. doi.org/10.1080/15402
002.2012.694381

Polos, P. G., Bhat, S., Gupta, D., O’'Malley, R. J., DeBari, V. A.,
Upadhyay, H., Chaudhry, S., Nimma, A., Pinto-Zipp, G., &
Chokroverty, S. (2015). The impact of Sleep Time-Related
Information and Communication Technology (STRICT) on
sleep patterns and daytime functioning in American adole-
scents. Journal of Adolescence, 44, 232—244. doi.org/10.1016/].
adolescence.2015.08.002

Reynolds, A. C., Meltzer, L. ]J., Dorrian, J., Centofant, S. A.,
& Biggs, S. N. (2019). Impact of high-frequency email and
instant messaging (E/IM) interactions during the hour before
bed on self-reported sleep duration and sufficiency in female
Australian children and adolescents. Sleep Health, 5(1), 64—67.
doi.org/10.1016/j.s1¢h.2018.10.008

Rideout, V. (2016). Measuring time spent with media: The Com-
mon Sense census of media use by US 8-to 18-year-olds. jour-
nal of Children and Media, 10(1), 138—144. doi.org/10.1080/
17482798.2016.1129808

Rideout, V. J., Foehr, U. G., & Roberts, D. E (2010). Generation
M2: Media in the lives of 8-to 18-year-olds. Henry J. Kaiser
Family Foundation.

Roberts, R. E., Roberts, C. R., & Duong, H. T. (2009). Sleepless
in adolescence: prospective data on sleep deprivation, health
and functioning. Journal of Adolescence, 32(5), 1045-1057.
doi.org/10.1016/j.adolescence.2009.03.007

Schoeni, A., Roser, K., & R86sli, M. (2015). Symptoms and cogni-
tive functions in adolescents in relation to mobile phone use
during night. PlbS One, 10(7), ¢0133528. doi.org/10.1371/
journal.pone.0133528

Short, M. A., & Louca, M. (2015). Sleep deprivation leads to
mood deficits in healthy adolescents. Sleep Medicine, 16(8),
987-993. doi.org/10.1016/j.sleep.2015.03.007

Short, M. A., Gradisar, M., Lack, L. C., & Wright, H. R. (2013).
The impact of sleep on adolescent depressed mood, alertness
and academic performance. Journal of Adolescence, 36(6),
1025-1033. doi.org/10.1016/j.adolescence.2013.08.007

Sivertsen, B., Harvey, A. G., Lundervold, A. J., & Hysing, M.
(2014). Sleep problems and depression in adolescence: results
from a large population-based study of Norwegian adolescents
aged 16-18 years. European Child ¢ Adolescent Psyc/ﬂiatr)/,
23(8), 681-689. doi.org/10.1007/s00787-013-0502-y

Smith, C., de Wilde, T., Taylor, R. W., & Galland, B. C. (2020).
Prebedtime screen use in adolescents: A survey of habits,
barriers, and perceived acceptability of potential interven-
tions. 7he Journal of Adolescent Health: Official Publication
of the Society for Adolescent Medicine, 66(6), 725-732. doi.
org/10.1016/j.jadohealth.2019.12.007

Stallones, L., Beseler, C., & Chen, P. (2006). Sleep patterns and
risk of injury among adolescent farm residents. American Jour-
nal of Preventive Medicine, 30(4), 300-304. doi.org/10.1016/].
amepre.2005.11.010

Tamura, H., Nishida, T., Tsuji, A., & Sakakibara, H. (2017). Asso-
ciation between excessive use of mobile phone and insomnia
and depression among Japanese adolescents. International
Journal of Environmental Research and Public Health, 14(7),
701. doi.org/10.3390/ijerph14070701

Tarokh, L., Saletin, J. M., & Carskadon, M. A. (2016). Sleep
in adolescence: Physiology, cognition and mental health.
Neuroscience and Biobehavioral Reviews, 70, 182—188. doi.
org/10.1016/j.neubiorev.2016.08.008

Tavernier, R., Heissel, J. A., Sladek, M. R., Grant, K. E., & Adam,
E. K. (2017). Adolescents’ technology and face-to-face time
use predict objective sleep outcomes. Sleep Health, 3(4), 276—
283. doi.org/10.1016/j.sleh.2017.04.005

Titova, O. E., Hogenkamp, P S., Jacobsson, J. A., Feldman, 1.,
Schidth, H. B., & Benedict, C. (2015). Associations of self-re-
ported sleep disturbance and duration with academic failure
in community-dwelling Swedish adolescents: sleep and acade-
mic performance at school. Sleep Medicine, 16(1), 87-93. doi.
org/10.1016/j.sleep.2014.09.004

Touitou, Y. (2013). Adolescent sleep misalignment: a chronic jet
lag and a matter of public health. journal of Physiology, Paris,
107(4), 323-326. doi.org/10.1016/j.jphysparis.2013.03.008

Troxel, W. M., Hunter, G., & Scharf, D. (2015). Say “GDNT”:
Frequency of adolescent texting at night. Sleep Health, 1(4),
300-303. doi.org/10.1016/j.sleh.2015.09.006

Twenge, J. M., Krizan, Z., & Hisler, G. (2017). Decreases in sel-
f-reported sleep duration among US adolescents 2009-2015
and association with new media screen time. Sleep Medi-
cine, 39, 47-53. doi.org/10.1016/j.sleep.2017.08.013

Van den Bulck, J. (2004). Television viewing, computer game
playing, and Internet use and self-reported time to bed and
time out of bed in secondary-school children. Sleep, 27(1),
101-104. doi.org/10.1093/sleep/27.1.101

Van den Bulck, J. (2007). Adolescent use of mobile phones for
calling and for sending text messages after lights out: results
from a prospective cohort study with a one-year follow-up.
Sleep, 30(9), 1220-1223. doi.org/10.1093/sleep/30.9.1220

Viner, R., Davie, M., & Firth, A. (2019). The health impacts of
screen time: A guide for clinicians and parents. Royal College of
Paediatrics and Child Health. 2018-2030.

Whipps, J., Byra, M., Gerow, K. G., & Hill Guseman, E. (2018).
Evaluation of nighttime media use and sleep patterns in
first-semester college students. American Journal of Health
Behavior, 42(3), 47-55. doi.org/10.5993/AJHB.42.3.5

Wittmann, M., Dinich, J., Merrow, M., & Roenneberg, T.
(2006). Social jetlag: misalignment of biological and social
time. Chronobiology International, 23(1-2), 497-509. doi.
org/10.1080/07420520500545979

Wolfson, A. R., & Carskadon, M. A. (2003). Understanding
adolescent’s sleep patterns and school performance: a criti-
cal appraisal. Sleep Medicine Reviews, 7(6), 491-506. doi.
org/10.1016/s1087-0792(03)90003-7

Wood, B., Rea, M. S., Plitnick, B., & Figueiro, M. G. (2013). Light
level and duration of exposure determine the impact of self-lu-
minous tablets on melatonin suppression. Applied Ergonomics,
44(2), 237-240. doi.org/10.1016/j.apergo.2012.07.008

Woods, H. C., & Scott, H. (2016). # Sleepyteens: Social media
use in adolescence is associated with poor sleep quality,
anxiety, depression and low self-esteem. Journal of Adolescence,
51, 41-49. doi.org/10.1016/j.adolescence.2016.05.008

PsyHub






