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Abstract

Background

Round-the-clock use of smartphones holds a potential for awakenings and/or shorter sleep

duration, which may have adverse health consequences. We aim to describe overnight

smartphone activity among young adults and to characterize those with smartphone inter-

rupted sleep in terms of sleep impairment and mental and physical health indicators.

Methods

We use unique objective high-resolution information on timing of smartphone activity (based

on >250,000 phone actions) continuously monitored over a four-week period among 815

young adults combined with indicators of mental and physical health.

Results

We find substantial overnight smartphone activity. More than 12% had smartphone activity

in the middle of the night (3 to 5 hours after self-reported bedtime) and 41% had smartphone

interrupted sleep on at least one weekday during a 4-week period. Those with frequent

smartphone interrupted sleep had on average 48 minutes shorter self-reported sleep dura-

tion and higher body mass index, whereas there were no differences in physical or mental

health symptoms.

Conclusions

The substantial smartphone activity during bed hours among young adults may pose a pub-

lic health challenge and especially the relation to overweight warrants close attention.
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Introduction

Bip. . .zzzz. . .bip. . .zzz. . .bip. . .zz. . .bip. . .z. . .! Being awakened during sleep is a well-known

method used in experimental sleep studies to show adverse health consequences of sleep depri-

vation and impaired sleep quality, and such experimental studies have rather consistently

shown detrimental effects on physiological and mental functioning following sleep interrup-

tions [1,2].

Smartphones became readily available during the noughties and the widespread use of

smartphones provides an interesting analogy to experimental sleep studies. Smartphones are

easily carried into bed and offer multiple facilities (calling, social networking, texting, gaming,

internet etc.), which may disrupt sleep initiation and maintenance. Several studies have previ-

ously reported negative effects of technology use on sleep, health and well-being [3–5]. The

validity and translation of these findings are, however, limited by the fact that they are based

solely on self-reported mobile phone use and do not cover overnight smartphone use. The vast

majority of these studies are also conducted among school aged children or adolescents, where

parental decisions on technology use play an important role.

Sleep needs vary between individuals, but if sleep is continuously disrupted it is likely to

interfere with normal biological restitution during nighttime. Human sleep is composed of

rapid eye movement (REM) sleep and gradually deeper stages of non-REM sleep, the deepest

of which is called slow wave sleep [1]. This stage is where most of nightly biological restitution

takes place. Throughout the night we continuously progress through the different sleep stages

in a cyclic manner, with a normal sleep cycle lasting around 90–110 minutes. If sleep is contin-

uously disrupted it may prevent sufficient time in slow wave sleep and biological restitution

can be hampered with detrimental effects for future health [6–8].

The massive and increasing 24-hour usage of smartphones, and especially its impact on

sleep duration and sleep quality, may raise public health concerns. The underlying assumption

of massive smartphone use at night is, however, seldom tested and remains unchallenged. We

aim to comprehensively describe overnight smartphone activity in a unique dataset with objec-

tive high-resolution information on timing of smartphone activity (including calls, texting,

and social networking) in 815 young adults continuously monitored for four weeks. Smart-

phones are immediately accessible and our hypothesis is that people may react to e.g. incoming

text messages even during sleep, which can lead to mental stimulation and interference with

normal sleep rhythms. We also aim to characterize people with smartphone interrupted sleep,

defined as having less than six consecutive hours without smartphone activity within the self-

reported sleep duration, and evaluate how smartphone interrupted sleep relates to sleep dura-

tion and quality, body mass index, and physical and mental health symptoms.

Methods

Copenhagen social networks study

We used data from the Copenhagen Social Networks Study, which was established to study

social activity and behaviors based on continuous monitoring and collection of smartphone

data [9]. At enrollment in late August 2013, 3329 undergraduate students at the Technical Uni-

versity of Denmark were invited to participate in the study via their official acceptance letter

from the university. 979 (29%) students accepted the invitation, of which 60% were freshmen

students. The gender and age distribution of the participants (men: 77%, mean age: 21.6) cor-

responded well to the distribution among all freshmen enrolled in 2013 at the university (men:

68%, mean age: 21 years). All participants signed an informed consent form. They were given

a new smartphone if they inserted their own SIM-card into the phone and responded to a
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baseline questionnaire containing questions on sleep quality, sleeping hours, and physical and

mental health. Responding to the baseline questionnaire was a mandatory part of the enroll-

ment procedure, and the participants either filled in the baseline questionnaire at home before

collecting the smartphone, or they were asked to fill in the questionnaire at campus when col-

lecting the smartphone. The smartphone data collection was started as soon as the smartphone

was handed out and activated by the participant. The provided smartphone was running cus-

tomized software continuously recording information on amongst other Facebook activity

such as likes and status updates as well as call and text message activity (not content) round-

the-clock. A detailed description of the high-resolution smartphone data collection can be

seen in Stopczynski et al. 2014 [9]. All data collection was carried out in keeping with regula-

tions from the Danish Data Protection Agency (Approval number: 2012-41-0664). The current

study does not require approval by the National Committee on Health Research Ethics by

Danish law. As we assumed the sleep patterns over the weekends to be considerably different

from weekdays, we only used data from weekdays (Monday through Thursday) from the four-

week period starting one week after the participants first activated their smartphone. We

excluded the first week of phone use to allow for adjustment to use following receipt of a new

phone. We also excluded individuals with no information on self-reported health indicators

(N = 59), and with missing phone recordings (N = 105) yielding a total sample of 815 individu-

als who were included in the analyses.

Smartphone activity during the sleep period

We recorded the exact timing of smartphone activity from one hour before self-reported bed-

time throughout the self-reported sleep period. We were thereby able to determine the propor-

tion who reported to be asleep, but who were in fact active on their smartphones using

different features. We recorded each of the following smartphone activities during the self-

reported sleep period (as they all require active engagement and thus is expected to interfere

with sleep): Call-activity was recorded at the time of answered ingoing calls (duration >0 sec)

or outgoing calls from the smartphone (irrespective of duration); SMS-activity was recorded at

the time when an outgoing text message was sent; Facebook-activity was recorded at the time

of uploaded status-report or ‘liking’ a post on Facebook.

Smartphone interrupted sleep

Building on the information described above, we were able to determine the longest consecu-

tive passive period (without smartphone-activity) within the self-reported sleep period. We

defined smartphone interrupted sleep as having less than six consecutive hours without smart-

phone activity during self-reported sleep on a weekday, as it is well established in the literature

that less than six hours of sleep is related to higher risk of morbidity and mortality [10]. Based

on the sixteen weekdays embedded in the four week study period we created an indicator of

frequency of smartphone interrupted sleep: Uninterrupted; occasionally interrupted (defined

as one to three nights with less than six hours of consecutive inactivity), and frequently inter-

rupted (defined as four or more nights with less than six hours of consecutive inactivity).

Self-reported sleep measures

Sleep duration was calculated based on self-reported information on when students usually go

to sleep and wake up in the morning on weekdays (during the past two weeks). Disturbed sleep
was assessed by the Karolinska Sleep Questionnaire [11], which covers the frequency (from

every night = 5 to never = 1) of four symptoms of disturbed sleep: difficulties falling asleep, dis-

turbed/uneasy sleep, repeated awakenings with difficulties falling asleep again and premature
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awakenings. These four symptoms were combined into a disturbed sleep score reflecting the

average frequency of symptoms of disturbed sleep (range 1 to 5).

Physical and mental health measures

Self-rated health was derived from a single SF-36 item on a five-point scale from excellent to

poor; BMI was determined based on the students’ self-reported height and weight. The stu-

dents reported whether they during the last two weeks had been bothered (no, a little bothered,

very bothered) by the following physical symptoms: pain or discomfort in the shoulder/neck,

back/loins, legs/knees/hips/joints, or had experienced problems with rapid heartbeat, indiges-

tion, eczema, breathlessness, headache, palpitation or have had a cold. The participants were

in the same manner asked about mental health symptoms: anxiety, depressive state, sleeping

problems, and feeling tired. Depressive symptoms were also measured by the Major Depression

Inventory [12], which is a self-reported 12-item mood questionnaire. Moderate to severe

depressive symptoms were defined as scoring four or five in at least two of the items assessing

core symptoms of depression, plus a score of at least three on four of the last seven items

assessing accompanying symptoms.

Analytical methods

Firstly, we report the frequency of smartphone activity during the entire self-reported sleep

period on weekdays within a four-week period based on more than 250,000 phone actions

(calls, SMS, Facebook). Of these, 19,416 actions occurred during the self-reported sleep period.

We categorized self-reported sleep duration into one-hour time-slots, from one hour before

self-reported bedtime throughout the self-reported sleep period and counted the number of

individuals having defined smartphone activated features at least once during each time-slot

on one or more of the 16 weekdays nested within the four-week study period.

Secondly, we calculated the proportions with occasional and frequent smartphone inter-

rupted sleep and characterized these people in terms of age, gender and self-reported sleep

measures. Differences in distribution of categorical variables across groups of smartphone

interrupted sleep were tested with a chi-squared test, whereas differences in means across

groups were tested with an analysis of variance (ANOVA) test. Finally, we assessed the associa-

tions between smartphone interrupted sleep and self-rated health, body mass index, physical

and mental health symptoms by logistic regression analyses adjusting for gender and age.

Tests for trends were based on a Wald test in the logistic regression were each risk factor was

included as a linear effect in the model. The measure of smartphone interrupted sleep was

defined according to self-reported habitual bed and awakening time. Bedtime may, however,

vary from day to day and in a sensitivity analysis, we therefore also used a broader definition

where we determined the longest consecutive period without smartphone activity between 9

pm in the evening and 9 am the following morning.

Results

Smartphone activity in the sleep period

The average self-reported sleep duration was 7.6 hours, ranging from 4 hours to 11.5 hours.

There was substantial smartphone activity during the self-reported sleep period, as presented

in Fig 1. The vast majority (75%) of the participants had smartphone activity in the hour before

self-reported bedtime and the proportion with smartphone activity gradually declined during

the first 4 to 5 hours of self-reported sleep and then increased again as the waking time

approached. One in three had smartphone activity within the first two hours of the self-

Overnight smartphone use: A new public Health challenge

PLOS ONE | https://doi.org/10.1371/journal.pone.0204811 October 16, 2018 4 / 12

https://doi.org/10.1371/journal.pone.0204811


reported sleep period and the proportion with smartphone activity increased after seven hours

of self-reported sleep. While smartphone activity in the hours around bedtime and awakening

is expected, it is striking that 12–15 percent also had smartphone activity in the middle of the

self-reported sleep period, between 3 and 5 hours after self-reported bedtime. These measures

are based on 19,416 smartphone activities during self-reported sleep period among the 815

participants over a four-week period. Interestingly, the majority of these activities were due to

outgoing text messages (76.5%), while calls (21.7%) and likes or status updates on Facebook

(1.8%) were much less prevalent. In a sensitivity analysis, we assessed the number of people

with smartphone activity between 9 pm in the evening and 9 am the following morning, irre-

spectively of self-reported bedtime (Fig 2). We see an expected pattern with high frequency of

smartphone usage in the evening and in the morning, but again it is striking that 8 to 18 per-

cent had smartphone activity in middle of the night (between 2 and 5 am) on weekdays.

Frequency of smartphone interrupted sleep

More than one third of the study population (41%) experienced one or more days of smart-

phone interrupted sleep, i.e. less than six hours of smartphone uninterrupted sleep during the

self-reported sleep period, on weekdays within a four-week period (16 days). These forty-one

percent can be divided into 36% with occasionally interrupted sleep (1 to 3 nights) and 6%

with frequently interrupted sleep (4 or more nights) (Fig 3). A slightly higher proportion of

women than men had their sleep frequently interrupted by smartphone use. The mean age of

the study population is 21.6 years and there were no mean age differences between the groups

defined by frequency of smartphone use, as described above. The associations between objec-

tive measures of smartphone interrupted sleep and self-reported measures of sleep are

Fig 1. Smartphone activity during self-reported sleeping hours. Number of individuals with at least one mobile

phone activity (call, sms, likes, status) in four consecutive weeks (dark blue bars) relative to their self-reported sleeping

period (light blue bars). Fridays and weekends are excluded.

https://doi.org/10.1371/journal.pone.0204811.g001
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presented in Table 1. We found an association between level of interrupted sleep and self-

reported sleep length (P<0.001). Comparing the average self-reported sleep length across

groups with differences in interrupted sleep, we found that those with frequently interrupted

sleep on average reported to sleep almost one hour less than those with uninterrupted sleep

(7.0 vs. 7.8 hours). Apart from that, we found no clear associations between self-reported sleep

and smartphone interrupted sleep. In a sensitivity analysis, we applied a broader definition of

smartphone interrupted sleep as less than 6 hours on consecutive smartphone inactivity

between 9 pm in the evening and 9 am the following morning. With this broader definition,

we found that 15% of the participants have had one or more nights of smartphone interrupted

sleep on weekdays during the four-week period.

Smartphone interrupted sleep and health measures

The associations between smartphone interrupted sleep and health measures are presented in

Table 2. Frequent smartphone interrupted sleep seemed to be associated with more sub-opti-

mal self-rated health (OR = 1.79; 95% CI: 0.65–4.90), but the estimate was only based on 45

individuals and was not statistically significant. Frequency of smartphone interrupted sleep

was associated with being overweight (P = 0.02). Occasionally interrupted sleep was associated

with a 1.86 (95% CI: 1.20–2.87) higher odds of overweight compared to those with uninter-

rupted sleep. A similar association was found for those frequently exposed to smartphone

interrupted sleep, although not statistically significant. Apart from these findings, there were

no clear differences in physical or mental health symptoms among those with and without

smartphone interrupted sleep.

Fig 2. Smartphone activity during nighttime. Number of individuals with at least one mobile phone activity (call,

sms, likes, status) in four consecutive weeks (dark blue bars) relative to the hour of the night. The light blue bars show

number of individuals. Fridays and weekends are excluded.

https://doi.org/10.1371/journal.pone.0204811.g002
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Discussion

We find substantial overnight smartphone activity in a unique dataset with objective informa-

tion on duration and timing of smartphone activity in 815 young adults continuously moni-

tored for four weeks. While smartphone activity around bedtime and awakening is expected, it

is striking that more than 12 percent have smartphone activity in the middle of the sleep period

and that 41% have smartphone interrupted sleep on at least one weekday during a four-week

period. Those with frequently interrupted sleep had shorter self-reported sleep duration and

higher body mass index. Apart from this there were no major differences in physical or mental

symptoms according to the level of smartphone interrupted sleep.

Technology use during daytime is almost inevitable for societal involvement as for work

and social lives. A majority of young adults in a study from Sweden felt that they were expected

to be continuously accessible via mobile phone, but that this accessibility was not necessarily

perceived as stressful to them.5 An auxiliary qualitative study found that this expected accessi-

bility was partly self-embedded as a ‘fear of missing out’[13]. Mobile phone use around bed-

time and during sleep hours may, however, affect sleep by various psychological and

physiological mechanisms. We found shorter self-reported sleep duration among those with

smartphone interrupted sleep, which may be a result of sleep displacement, i.e. sleep is substi-

tuted by smartphone use at bedtime or during the sleep period.

There is an extensive literature on bedtime use of electronic devices and how it affects sleep.

In a cross-sectional study based on 9,846 adolescents from Norway, 90% of the adolescents

reported to use their mobile phone in the hour before going to bed and this was related to self-

Fig 3. Nights with smartphone interrupted sleep. Distribution of individuals according to gender and number of

nights with smartphone interrupted sleep in four consecutive weeks. Fridays and weekends are excluded. Smartphone

interrupted sleep was defined as having less than six consecutive hours without smartphone activity during self-

reported sleep on a weekday.

https://doi.org/10.1371/journal.pone.0204811.g003
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reported sleep onset latency and sleep deficit [14]. The vast majority of previous studies on

mobile phone use and sleep have been conducted in children and adolescents and they have

quite consistently shown adverse effects of bedtime technology use on sleep length and sleep

quality [4,14–17]. Media use in childhood and adolescence is highly affected by parental con-

trol and sleep patterns are vulnerable to developmental changes, e.g. puberty, and results from

these studies are therefore not directly transferable to an adult population. One of the few stud-

ies in adults include a recent cross-sectional study among 844 Flemish adults, in which self-

reported bedtime mobile phone use was associated with poorer sleep quality, more fatigue and

insomnia symptoms [18]. We found that overnight smartphone use was related to shorter

sleep duration, but not indicators of sleep quality.

The artificial bright light exposure from smartphones can delay release of the sleep hor-

mone melatonin [19], which may explain problems with sleep initiation associated with bed-

time use of electronic devises observed in several studies [4]. Mobile phones transmit and

receive signal by electromagnetic fields and exposure to electromagnetic radiation immediately

prior to sleep initiation have been shown to decrease rapid eye movement (REM) sleep latency

[20]. Although we found no clear associations between smartphone disrupted sleep and prob-

lems falling asleep, the vast majority of the study participants in the present study used their

smartphone around bedtime and almost one in six persons had frequent problems falling

asleep.

While smartphone use is becoming a bedtime ritual for many people, disruption of sleep

during bed hours by smartphones or other electronic devices may need to be treated as a sepa-

rate problem. Earlier findings from a Swedish study on young adults published in 2011 showed

that 13% of men and 17% of women reported to be awakened at least a few times per month

by their mobile phone [5]. In the current study, we show that overnight smartphone activity is

quite common in young adults, with more than one third of the young adults in our study hav-

ing experienced smartphone interrupted sleep on weekdays within a four-week period. While

Table 1. Characteristics of the 815 participants in the Copenhagen Social Network Study.

Smartphone interrupted sleepa

Total population

(n = 815)

Uninterrupted

(n = 502)

Occasionally interrupted

(n = 273)

Frequently interrupted

(n = 40)

P-value

Socio-demographic measures

Women, n (%) 185 (23) 102 (21) 68 (23) 15 (33) 0.17

Age, mean (sd) 21.6 (2.6) 21.6 (2.8) 21.7 (2.5) 21.2 (1.5) 0.52

Self-reported sleep measures

Sleep duration, mean (sd) 7.6 (1.1) 7.8 (1.1) 7.5 (1.0) 7.0 (1.1) <0.001

Karolinska Sleep Questionnaire itemsb

Difficulties falling asleep, n (%) 131 (16) 72 (15) 54 (19) 5 (11) 0.20

Disturbed/uneasy sleep, n (%) 86 (11) 53 (11) 29 (10) 4 (9) 0.86

Repeated awakenings, n (%) 32 (4) 17 (4) 14 (5) 1 (2) 0.44

Premature awakenings, n (%) 87 (11) 54 (11) 28 (10) 5 (11) 0.63

Disturbed sleep scorec, mean (sd) 2.1 (0.7) 2.1 (0.7) 2.1 (0.7) 1.8 (0.7) 0.12

a Smartphone interrupted sleep is defined as less than 6 hours on consecutive smartphone inactivity during self-reported sleep on weekday (Fridays and weekends

excluded) over a four week period. Uninterrupted (no smartphone interrupted sleep); occasionally interrupted (defined as one to three nights with smartphone

interrupted sleep), and frequently interrupted (defined as four or more nights with smartphone interrupted sleep).
b Reporting ‘almost every night’ or ‘several times a week’ for each item
c The four items of the Karolinska Sleep Questionnair were combined into an index reflecting the average frequency of symptoms (range 1 to 5)

https://doi.org/10.1371/journal.pone.0204811.t001
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we cannot know whether the user was awakened by the smartphone, or whether (s)he was

awake for another reason and therefore chose to use the phone, this still deserves public health

attention.

We found no clear relation between objectively measured smartphone interrupted sleep

and self-reported mental health symptoms or depressive symptoms. These findings are in line

with those of a previous study among young adults in Sweden, where there was no clear rela-

tion between reporting to be awakened by mobile phone during nighttime and mental health

symptoms one year after baseline [5]. This lack of association is surprising given the close

interrelation between impaired sleep and depression observed in other studies [21]. A hypo-

thetical explanation may be that the opportunities for social interaction and support provided

by the mobile phone may counteract some of the negative influences of frequent use during

nighttime.

Short sleep duration is a well-known risk factor for overweight and obesity [22]. Sleep loss

can lead to metabolic dysfunctioning through hyperactivation of the HPA axis and changes in

the neuroendocrine response [23]. In an experimental study, sleep restriction was found to be

associated with elevated levels of the appetite-regulating hormone ghrelin and increased calo-

rie intake from snacks and sweets [24]. In accordance to the proposed mechanisms, we found

smartphone interrupted sleep to be associated with shorter sleep duration and higher body

mass index. This is an interesting finding in light of the parallel increase in smartphone use

and obesity in adult populations across the western world. Previous studies on mobile phone

Table 2. Associations between smartphone interrupted sleep and health measures among 815 participants in the Copenhagen Social Network Study, adjusted for

age and sex.

Smartphone interrupted sleep

OR (95% CI)

P-value for trend

Uninterrupted Occasionally Frequently

Sub-optimal self-rated health 1 (ref) 0.91 (0.49; 1.69) 1.79 (0.65; 4.90) 0.58

Overweight 1 (ref) 1.86 (1.20; 2.87) 1.52 (0.61; 3.80) 0.02

Physical symptoms�

Shoulder/neck 1 (ref) 0.97 (0.71; 1.31) 0.82 (0.43; 1.57) 0.61

Back/loins 1 (ref) 0.85 (0.63; 1.16) 1.12 (0.59; 2.11) 0.65

Lower extremities 1 (ref) 1.08 (0.78; 1.50) 1.12 (0.57; 2.21) 0.61

Indigestion 1 (ref) 0.74 (0.50; 1.09) 0.50 (0.19; 1.30) 0.05

Eczema 1 (ref) 1.14 (0.74; 1.77) 0.72 (0.25; 2.08) 0.97

Cold 1 (ref) 1.19 (0.87; 1.62) 0.74 (0.37; 1.48) 0.84

Stomach ache 1 (ref) 1.28 (0.86; 1.92) 1.54 (0.71; 3.32) 0.14

Headache 1 (ref) 1.08 (0.88; 1.46) 0.99 (0.53; 1.87) 0.76

Breathlessness 1 (ref) 1.54 (0.97; 2.46) 1.48 (0.59; 3.73) 0.09

Palpitation 1 (ref) 1.58 (0.98; 2.54) 1.07 (0.36; 3.16) 0.18

3 or more physical symptoms 1 (ref) 1.32 (0.94; 1.86) 0.78 (0.36; 1.70) 0.48

Mental health symptoms�

Anxiety 1 (ref) 0.88 (0.59; 1.32) 0.90 (0.40; 2.05) 0.57

Depressed 1 (ref) 1.24 (0.87; 1.78) 0.66 (0.27; 1.61) 0.82

Sleeping problems 1 (ref) 1.28 (0.94; 1.74) 1.10 (0.57; 2.10) 0.21

Tiredness 1 (ref) 1.25 (0.91; 1.73) 0.90 (0.47; 1.73) 0.46

2 or more mental health symptoms 1 (ref) 1.22 (0.82; 1.83) 0.90 (0.36; 2.22) 0.61

Moderate to severe depressive symptoms 1 (ref) 1.22 (0.90; 1.65) 0.95 (0.51; 1.78) 0.43

� Reporting to be some or very bothered by the symptom within the last two weeks.

https://doi.org/10.1371/journal.pone.0204811.t002
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use and obesity also provide some support for a relationship, although they have been limited

to children/adolescents and have solely been based on self-reported measures of mobile phone

use [3‚ 25].

Weaknesses and strengths

The present study is cross-sectional in nature making it difficult to separate cause from effect.

Although we assume smartphone use to be a source of sleep interruption, the smartphone may

merely be used as a sleeping aid or to counteract boredom among those with sleep problems.

To counteract the problem of reversed causation one might want to limit the smartphone use

to external sources of disruption such as incoming calls and text messages. This distinction is,

however, partly meaningless with the current pattern of smartphone use, as incoming mes-

sages and calls can be ‘muted’ and not received until the morning. It would potentially also

lead to a severe underestimation of the level of nightly interruption.

The sleep period was defined based on self-reported information and we did not have infor-

mation on actual sleeping hours during the four-week period of interest. This could potentially

lead to an overestimation of smartphone interrupted sleep if some of the participants shifted the

time when they went to bed and woke up in the morning. In a sensitivity analysis, we applied a

broader definition of smartphone interrupted sleep as less than 6 hours of consecutive smart-

phone inactivity between 9 pm in the evening and 9 am the following morning, to address this

concern. With this broader definition we still found that 15% of the participants have had one

or more nights of smartphone interrupted sleep on weekdays during the four-week period.

We only had information on smartphone use (including some but not all activities), which

may have resulted in a general underestimation of the scope of the problem, as sleep may also

be interrupted by other devices including TV viewing, computer or tablet use, and gaming. In

our data, 41% of the young adults experienced one or more days of smartphone interrupted

sleep, i.e., less than six hours of smartphone uninterrupted sleep on weekdays during a four-

week period. This number is only a lower bound and would likely be higher if we had been

able to monitor the use of other technological devices or additional smartphone activities, e.g.,

gaming, streaming of film and television during bed hours. The study was conducted among

young adults attending a technical university, and the results may not be directly transferable

to older age groups where smartphone use is less embedded in social life.

The participation rate was quite low and one may be concerned about the impact of the

selection mechanisms into the study. We unfortunately do not have detailed information on

the characteristics of those who did not participate in the study, but the age and gender distri-

bution corresponded well to all freshmen students at the university. One might assume that

those who participated in the study were more interested in technology and thus more likely

to have a high frequency smartphone use, also at night time, which may have led to an overesti-

mation of the prevalence of smartphone interrupted sleep in the study participants. On the

other hand, one may also conjecture that those with sleep problems, mental or physical symp-

toms would probably be less likely to participate in the study, which is likely to cause the asso-

ciations between smartphone interrupted sleep and health problems to be underestimated.

In contrast to previous studies, the main advantage of the objective high-resolution data

from the Copenhagen Social Network Study is that it provides a comprehensive and objective

measure of the study participants’ smartphone use during the entire sleep period. Previous

studies have been severely limited by common method bias, i.e. mobile phone use, sleep and

health measures have all been measured by self-report, which will often lead to an overestima-

tion of the effect. We propose that future studies on health consequences of smartphone inter-

rupted sleep include objective, high-resolution smartphone data together with other methods
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(e.g. self-reports on being awakened by their phone) that combined will provide us with accu-

rate measures of smartphone interrupted sleep.

Conclusions

We document substantial overnight smartphone activity in young adults, but it is unclear

whether this smartphone activity is causing sleep interruption or if it is used as an entertain-

ment device among those with sleep impairment due to other causes. It is, however, striking

that more than one third of the young adults in the study had smartphone interrupted sleep

during at least one weekday within a four-week period. Those with frequently interrupted

sleep had shorter self-reported sleep duration and higher body mass index. There were no

clear relations to other physical or mental health symptoms. Improving sleep hygiene through

better management of technology, including advice to set limits for accessibility during the

sleep period, may improve health and well-being in the general population.
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