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Abstract: The purpose of this study was to carry out a review of observational studies that consider
links between mobile phone use and mental health from a psychological or behavioral perspective.
Systematic literature searches in PubMed and PsycINFO for articles published until 2017 were done.
Exclusion criteria included: papers that considered radiofrequency fields, attention, safety, relational
consequences, sexual behavior, cyberbullying, and reviews, qualitative, and case or experimental
studies. A total of 4738 papers were screened by title and abstract, 404 were retrieved in full text,
and 290 were included. Only 5% had any longitudinal design. Self-reporting was the dominating
method of measurement. One third of the studies included children or youth. A majority of adult
populations consisted of university students and/or self-selected participants. The main research
results included associations between frequent mobile phone use and mental health outcomes, such
as depressive symptoms and sleep problems. Mobile phone use at bedtime was associated with,
e.g., shorter sleep duration and lower sleep quality. “Problematic use” (dependency) was associated
with several negative outcomes. In conclusion, associations between mobile phone use and adverse
mental health outcomes are found in studies that take a psychological or behavioral perspective on
the exposure. However, more studies of high quality are needed in order to draw valid conclusions
about the mechanisms and causal directions of associations.
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1. Introduction

Mobile phones have over only a few decades revolutionized how we communicate, interact,
search for information, work, do chores, and pass time. The development of the smartphone with
its multitude of functions, increased memory capacity and speed, and constant connectedness to the
internet, has increased the time spent using the phone, implying a near ubiquitous usage. This fast
development with changed exposure patterns has raised questions about potential health effects
of the exposure [1,2]. The mobile phone communicates through emission of radio signals, and the
exposure to radiofrequency electromagnetic fields has been proposed to be a health risk. There are
today few indications that radiofrequency electromagnetic fields associated with mobile phones have
any major health effects [3]. The World Health Organization (WHO) is currently undertaking a
health risk assessment of radiofrequency electromagnetic fields, to be published as a monograph in
the Environmental Health Criteria Series [4]. However, in addition to physiological aspects of the
exposure, there is a growing research literature that takes a psychological or behavioral perspective on
potential health effects of mobile phone use. The purpose of this literature review was to supplement
the work of the WHO expert group by carrying out a literature review of quantitative observational
studies that consider links between mobile phone use and mental health from a psychological or
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behavioral perspective. A formal systematic critical review with quality assessment of the papers was
not done due to the large amount of included studies. The report presents an overview of the studies
and examples of the main results. It does not include a comprehensive account of all included papers.

2. Materials and Methods

Two skilled university librarians performed systematic literature searches in PubMed and
PsycINFO on 2 May 2016, with supplemental searches on 19 March 2018. The final search
strategies (Table 1) aimed to identify scientific publications from 1993 to 31 December 2017 that
included quantitative analyses of mobile phone use in relation to mental health outcomes and other
psychological factors. Altogether, 4738 papers were identified, after automatic removal of duplicates.
These were screened by title and abstract. Papers that considered radiofrequency electromagnetic fields
(RF-EMF), attention or safety (while driving, working, or studying), consequences for relationships,
sexual behavior (e.g., sexting), cyberbullying, as well as papers that were qualitative, case or
experimental studies, literature reviews, or duplicates (not previously identified), were excluded.
This left 404 articles to be retrieved in full text for evaluation. Another 114 papers were removed in
accordance with the previously mentioned exclusion criteria, or if no mental health-related outcome
could be distinguished, if mobile phone use could not be identified as a separate variable (e.g., was
included in a composite variable such as “digital media” or “screen time”), if focused only on specific
smartphone applications (e.g., Tinder, Facebook, camera) or phone loss scenarios, or were not in
English. This left 290 studies [5–294] for closer scrutiny (Appendix A. PRISMA Flow Chart).

Table 1. Search strategies in PubMed and PsycINFO 2018-03-19.

Database Search Strings

PubMed

“cell phones” [MeSH Terms] OR “mobile phone” [Text Word] OR “mobile telephone” [Text
Word] OR “cell phone” [Text Word] OR “cellular phone” [Text Word] OR “cellular telephone”
[Text Word] OR “mobile phones” [Text Word] OR “mobile telephones” [Text Word] OR
“cellular phones” [Text Word] OR “cellular telephones” [Text Word] OR smartphone [MeSH
Terms] OR smartphone [Text Word]
AND
Stress [Title/Abstract] OR Depress* [Title/Abstract] OR Sleep* [Title/Abstract] OR Addict*
[Title/Abstract] OR problem* [Title/Abstract] OR Mental [Title/Abstract] OR psychol*
[Title/Abstract] OR psychi* [Title/Abstract] OR insomnia [Title/Abstract] OR compuls*
[Title/Abstract] OR patholog* [Title/Abstract] OR dependen* [Title/Abstract] OR anxi*
[Title/Abstract] OR symptom* [Title/Abstract]
AND
(“1993/01/01” [PDat]: “2017/12/31” [PDat])
AND
(English [lang] OR Norwegian [lang] OR Swedish [lang])

PsycINFO

ti (“cell phones” OR “mobile phone” OR “mobile telephone” OR “cell phone” OR “cellular
phone” OR “cellular telephone” OR “mobile phones” OR “mobile telephones” OR “cellular
phones” OR “cellular telephones” OR “smart phone” OR “smart phones” OR “smartphone”
OR “smartphones”) OR ab(“cell phones” OR “mobile phone” OR “mobile telephone” OR “cell
phone” OR “cellular phone” OR “cellular telephone” OR “mobile phones” OR “mobile
telephones” OR “cellular phones” OR “cellular telephones” OR “smart phone” OR “smart
phones” OR “smartphone” OR “smartphones”)
AND
ti (Stress OR Depress* OR Sleep* OR Addict* OR problem* OR Mental OR psychol* OR psychi*
OR insomnia OR compuls* OR patholog* OR dependen* OR anxi* OR symptom*) OR
ab(Stress OR Depress* OR Sleep* OR Addict* OR problem* OR Mental OR psychol* OR
psychi* OR insomnia OR compuls* OR patholog* OR dependen* OR anxi* OR symptom*)
Filter
Peer review,
Eng, No
1993/01/01–2017/12/31
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3. Results

The identified studies (n = 290) mainly dealt with frequency or duration of mobile phone use in
relation to mental health symptoms (such as depression, anxiety, and insomnia), mobile phone use and
sleep habits, and “problematic mobile phone use” (dependency/addiction). The number of published
papers greatly increased during the time-period, especially the last five years (Table 2).

Table 2. Number of included papers (n = 290) by publication year.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 1

1 1 1 - 1 3 7 4 7 6 7 8 17 37 46 59 85
1 Six papers were dated 2018 but had been published online previously and were categorized as 2017.

3.1. Study Designs and Populations

A massive majority of the retrieved studies had cross-sectional design. Only 14 studies, i.e.,
about 5% [26,65,95,123,132,144,148,156,184,249,268,269,274,286], were identified as having any form of
longitudinal design, test-retest reliability studies excepted.

About one third of the studies were based on child or adolescent populations, mostly administered
through schools. Of the more than 190 adult population studies, relatively few studies seemed to contain
random or representative samples of adult populations. The majority were based on university or college
student populations (>60%), or with students together with other groups (an additional 5%). Otherwise,
participants were mainly recruited through advertisements, postings on websites (e.g., Mechanical Turk),
mailing lists, or personal appeal, or were carried out in specific work places or health care units. Some
papers lacked a description of the selection process of study participants altogether. The number of study
participants varied from 40 to 120,115. Studies were performed on all continents.

3.2. Measurements

The vast majority of the studies were based on self-reported exposures and outcomes, mostly
through pen-and-pencil or web questionnaires, but sometimes also through telephone or face-to-face
interviews. For younger children, parental reports about the child’s mobile phone use and health
outcomes were used. The quantity of mobile phone use was mainly given in frequency and duration of
calls and text messaging. However, with an increase of studies about smartphone usage, frequency and
time spent on different apps and functions, including general screen time, were also examined. Many
studies also included, for example, the type of phone, number of phones, from what age one had used a
mobile phone, presence of a phone in the bedroom, what time the phone was used (e.g., time slots over
the day, evening/nighttime use), and the size of the phone bill. A majority of the studies included scales
or measurements of excessive or problematic mobile phone use (dependency/addiction), discussed
further below.

Twelve studies could be identified as using objective measures for the quantity of mobile
phone use. Three studies (conducted in the same population) used operator data for a subgroup
of the participants [84,237,248]. The remaining studies used an app that was installed on the
participants’ phones to log usage [49,53,91,174–176,200,239,258]. Two studies included a procedure
where participants responded to questions about activity, including mobile phone use, several times
per day on a given signal [26,95].

Additional measurement methods for mental health variables included structured psychiatric
interviews [49,126,177,196,197], actigraphy for sleep [83,205], and sleep diaries [5,83,144,205]. Two studies
included magnetic resonance imaging of the participants’ brains [110,283]. Further measurement methods
occurred (e.g., body composition measurements, pedometers for physical activity, etc.), but did not pertain
to mental health or psychological outcomes.
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3.3. Main Research Findings

This section presents summaries and examples of the main findings in the included papers.
The results have been clustered into three sections: (a) frequency/duration of mobile phone use
and mental health outcomes, (b) bedtime mobile phone use, and (c) problematic mobile phone use.
The main findings of each section are summarized in Tables 3–5. Table 6 summarizes the psychological
factors that were most commonly associated with mobile phone use (all aspects).

3.3.1. Frequency/Duration of Mobile Phone Use and Mental Health Outcomes

Among the studies of children and adolescents, a longitudinal study with 126 US adolescents
found that more time spent on mobile phone use at baseline was associated with increased depression,
measured with Becks Depression Inventory for Primary care at the one-year follow-up, while
controlling for baseline depression [26]. In another longitudinal study, adolescents who owned
a smartphone compared to non-owners slept less and had more sleep problems at baseline. Following
up after two years, there were no differences in sleep problems between smartphone owners, new
owners, and non-owners, but those who had owned a smartphone since baseline, compared to those
who still did not own a smartphone, had shorter sleep duration on weekdays [249]. Cross-sectional
associations were seen between quantity of mobile phone use and depressive symptoms in a study
with 2785 Japanese adolescents [113], a study with 1328 Spanish adolescents/young adults [244], and
a study with 7292 Finnish adolescents [139]. Overall mobile phone use of more than 5 h per day
among Japanese adolescents was not associated with depression after adjusting for confounders, while
using the mobile phone for more than 2 h per day for social networking services or online chatting
was [264]. In a large British study with 120,115 adolescents, smartphone use on the weekends was
negatively associated with mental well-being, while the associations for weekday use was non-linear,
in that only use above an extreme cut-off was negative for mental well-being [227]. In an Israeli
study of 185 children, daily time spent on a smartphone was not associated with psychopathological
outcomes [250]. Regarding sleep outcomes, a longitudinal study of Japanese adolescents found mobile
phone use of 2 h per day to be associated with new insomnia onset at the two-year follow-up [274].
A cross-sectional German study with 7533 adolescents found associations between higher mobile
phone use and sleep problems among the girls in the crude analysis, but these were not statistically
significant when controlling for confounders [149]. In a study with 6247 Chinese schoolchildren,
time spent on texting, playing games, or surfing the internet on the mobile phone was associated
with later bedtimes, shorter sleep duration, difficulties initiating and maintaining sleep, and daytime
tiredness [117]. Time spent on the mobile phone was associated with shorter sleep duration and
tiredness also among Japanese adolescents [113], and with poor sleep quality and daytime sleepiness in
adolescents in Hong Kong [187]. In a Finnish study, mobile phone use was associated with deteriorated
sleep habits and daytime tiredness in 12–14 years old girls and boys, and in 16–18 years old girls [228].

Among the studies on adult populations, a prospective study with 1127 Swedish university
students found frequent mobile phone use at baseline to be a risk factor for sleep problems and
depressive symptoms at the one-year follow-up in the men, and prolonged stress in the women [268].
This study, however, did not account for any confounding factors. Another prospective cohort study
with 4159 Swedish young adults which, besides sex, accounted for educational level, occupation, and
relationship status, showed similar results: Frequent mobile phone use was a risk factor for new cases
of sleep problems in men, and for depressive symptoms in both men and women at the one-year
follow-up [269]. Among the cross-sectional studies, frequency and duration of mobile phone use,
logged by an app on the participants’ phones, was associated with depressed mood [239]. In another
app log study, smartphone screen time was associated with depressed mood, but only before adjusting
for confounders [53]. Cross-sectional associations were further seen between the frequency of calls
and texts and perceived stress, sleep problems, and depressive symptoms among Swedish young
adults [269]. A study that focused on work-related mobile phone use found that intensive mobile
phone use among employees who had been provided by with a smartphone by the employer was
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associated with more work–home interference, less relaxation, less psychological detachment from
work, and more exhaustion [65]. In other studies, time spent on the mobile phone was associated with
anxiety [162], while the number of texts was associated with anxiety [29,162] and depressed mood [29].
A Finnish study with 6121 working-age participants, which examined mental symptoms in relation to
the use of new technology, found associations between mobile phone use and depression in females
51–60 years, only [140]. Furthermore, in a US study with 308 adults, smartphone use frequency was
negatively associated with depressive symptoms [74,75], and a Chinese study with 514 adults found
that higher mobile use for calls was associated with higher mental well-being and positive affect [37].

Table 3. Frequency/duration of mobile phone use: summary of main results.

Outcomes Study Designs and Citations

• Depression L: [26,268,269] CS: [29,53,113,139,140,239,244,264,269] NA: [74,75]
• Sleep problems, lower sleep quality L: [268,269,274] CS: [117,149,187,269]
• Later bedtimes, shorter sleep CS: [103,113,117,228]
• Tiredness, reduced daytime function CS: [65,113,117,187,228]
• Lower mental well-being CS: [227] NA: [37]
• Stress L: [268] CS: [269]
• Anxiety CS: [29,162]

L = Longitudinal, CS = Cross-sectional, NA = Negative association. In crude, but not in adjusted, analyses: reference
53, 149. In subgroup of older women: reference 140.

Regarding personality, in one study, in which an app registered incoming and outgoing calls
and text messages over five weeks among 49 German university students, associations between the
number of calls and extraversion were seen, while no clear associations were found for the number of
text messages and personality variables [200]. Another app log study found that smartphone use for
calls was negatively associated with social anxiousness and loneliness [91]. One study concluded that
lonely persons preferred to make voice calls rather than text messaging, while socially anxious persons
preferred to text [231]. In a longitudinal study, increased mobile phone use over time was associated
with decreased self-esteem and coping ability [286]. However, a one-week diary study that measured
modes of social interaction found that meaningful text-based communication had a positive effect on
self-esteem, compared to face-to-face communication and mobile phone voice communication [95].
Other studies found associations between time spent on mobile calls and extraversion [34] and low
agreeableness [34,73], while text messaging was associated with neuroticism [34,73], extraversion [34],
low self-esteem [73], low agreeableness [34], and low conscientiousness [34]. Time spent on mobile
game playing was associated with low agreeableness [220,253].

3.3.2. Bedtime Mobile Phone Use

At least 35 studies addressed mobile phone use in the evening or at night: i.e., prior to bedtime, in
bed, after “lights out”, awakening at night because of the phone, or even just the presence of a phone
in the bedroom. About two thirds of these studies were based on children or adolescent populations.

A longitudinal Australian study that included 1101 adolescents found cross-sectional associations
between nighttime phone use, poor sleep behavior, and depressed mood [286], but in longitudinal
analyses, changes in nighttime phone use was not directly associated with subsequent changes in
depressed mood. However, changes in sleep behaviors acted as a mediator between night-time
phone use and subsequent depressed mood [286]. Another longitudinal study found cross-sectional
associations between nighttime awakenings by the phone and sleep problems, perceived stress, and
depressive symptoms in young adults, but no statistically significant prospective associations were
seen at the one-year follow-up [269]. A diary study of work-related smartphone use at night showed
subsequent lower sleep quantity, which in turn was associated with greater fatigue the next morning
and less engagement during the work day [148].
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In cross-sectional studies with children, as well as with adults, bedtime mobile phone use
(in the broad definition, above) was associated with later bedtimes [16,22,31,82,85,88,93,223,263], longer
sleep onset latency [53,79,112,223,293], shorter sleep duration [14,15,22,36,71,82,86,148,161,202,210],
insomnia or sleep problems [5,14,79,85,97,144,199,202,205,235,269,293], reduced sleep quality or sleep
efficiency [5,32,53,71,79,82,83,167,202,205], and reduced daytime functioning or tiredness [79,86,93,112,
121,202,223,242,248,277,293]. In one study, keeping the phone close, rather than placing the phone at a
distance from the bed, was associated with less sleep problems [235].

Almost all of the referred studies used self-reported sleep outcomes. However, two studies
examined sleep by actigraphy in relation to self-reported mobile phone use [83,205]. Receiving
night-time notifications on the phone predicted global sleep problems, subjective poor sleep quality,
and sleep disruptions [205], and media use in bed or being awakened by the mobile phone at night
negatively affected sleep efficiency [83].

Besides sleep outcomes, “bedtime” mobile phone use was associated with reduced mental health,
suicidal feelings and self-injury [210], depressive symptoms [161,242,269,286], anxiety and stress [242],
low self-esteem [286], and reduced cognitive performance in one study [235], but not in another [248].

Table 4. Bedtime mobile phone use: summary of main results.

Outcomes Study Designs and Citations

• Sleep problems CS: [5,14,79,85,97,144,199,202,205,235,269,293]
• Lower sleep quality/efficiency CS: [5,32,53,71,79,82,83,167,202,205]
• Longer sleep onset latency CS: [53,79,112,223,293]
• Poor sleep behavior L: [286] CS: [286]
• Later bedtimes CS: [16,22,31,82,85,88,93,223,263]
• Shorter sleep CS: [14,15,22,36,71,82,86,148,161,202,210]
• Tiredness, reduced daytime function L: [148] CS: [79,86,93,112,121,202,223,235,242,248,277,293]
• Depression CS: [161,210,242,269,286]

L = Longitudinal, CS = Cross-sectional.

3.3.3. Problematic Mobile Phone Use

Approximately 70% of the papers in this literature review addressed what can be termed
“excessive” or “problematic” mobile phone use. They explored health outcomes of excessive mobile
phone use, predictors for excessive use, such as personality or other psychological factors, or were
reliability and validity studies of scales. Research about overuse, excessive, dependent, addictive,
problematic, or pathological mobile phone use has emerged in parallel with the increased mobile
phone usage. The constructs are commonly referred to as behavioral addictions and are likened
with other non-substance addictions such as gambling addiction. As such, it seems to be a case of
impaired ability to regulate one’s mobile phone use and can be associated with general symptoms
of dependency, such as tolerance, withdrawal, escape, craving, using the mobile phone even when
it is unsafe or prohibited, or functional consequences, such as financial or relational problems [295]
(review, not included). A relationship can be seen with the concept of internet addiction, which was
proposed as a specific psychiatric disorder in the 1990s by Young [296], who applied Diagnostic and
Statistical Manual of Mental Disorders (DSM)-criteria for pathological gambling to internet use. Other
constructs that have emerged include nomophobia and phubbing. Nomophobia is an abbreviation
of “no mobile phone phobia” and refers to a phobia of not having access to a mobile phone [297].
It includes four dimensions: not being able to communicate, losing connectedness, not being able to
access information, and giving up convenience [298]. The term “phubbing” comes from merging the
words “phone” and “snubbing” and refers to when an individual is looking at or attending to his or
her phone while in a conversation with others [124]. Yet another construct is “ringxiety”, or “phantom
ringing”, which refers to perceiving that the phone rings even when it does not [260].

Excessive or problematic mobile phone use is usually associated with a high quantity of mobile
phone use, while a high quantity of use does not necessarily imply problematic use. One of the
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papers concluded that mobile dependency was better predicted by personality factors (such as low
self-esteem and extraversion) than actual phone use [108]. In one-month log data from 79 engineering
students in Taiwan, a logarithm that combined frequency, duration, and frequency trend over time
successfully predicted “smartphone addiction” [174,175]. Non-use patterns also predicted smartphone
addiction [176]. Among functions that have been associated with excessive or problematic use are
playing games [21,39,49,59,110,116,178] and the use of social networking sites (SNS) [33,39,49,116,183,
209,224,285,288]. Another log data study showed that dependent participants, besides games and
SNS, also used the phone more for web surfing, shopping, and entertainment, and less for talking and
texting, than non-dependent participants [49].

A whole array of scales (>50) were used for examining problematic use in the papers. The great
number is partly due to the fact that some scales existed in several versions, and that different names
for what appear to be the same scales occurred, perhaps due to translations between languages. Several
of the scales follow diagnosis criteria from the International Statistical Classification of Diseases and
Related Health Problems (ICD) or DSM for pathological gambling or substance dependence, and some
scales are direct adaptations of Young’s Internet Addiction Test [296], applied to mobile phones. Two
of the most commonly referred to scales were the Mobile Phone Problem Use Scale (MPPUS) [25]
and the Smartphone Addiction Scale (SAS) [146]. The MMPUS contains 27 items inspired from the
addiction literature and covers areas such as tolerance, withdrawal, escape, craving, and negative
consequences, giving a global score of problem use [25]. The SAS contains 48 items in six subscales:
daily-life disturbance, positive anticipation, withdrawal, cyberspace-oriented relationship, overuse,
and tolerance [146]. Several shortened versions of the scales were also used.

The prevalence of problematic mobile phone use varied greatly in the studies, which can be
expected because the measures, definitions, and study populations varied. Most of the studies were
cross-sectional. Among the exceptions was a longitudinal study with 1877 Korean adolescents that
used three yearly measurements [123]. The study found bidirectional relationships between mobile
phone addiction and depressive symptoms over time [123]; i.e., mobile phone addiction had an
influence on depressive symptoms, and depressive symptoms influenced mobile phone addiction,
over time. Another study in the same population showed that high mobile phone addiction was
associated with an increase in incidence of poor sleep quality over time [156]. In a Swedish study,
subjective overuse of the mobile phone at baseline was a prospective risk factor for sleep disturbances
at the one-year follow-up in female young adults [269].

In addition, cross-sectional associations were seen between excessive or problematic use
and depression [7,18,39,42,62,80,89,90,94,98,100,105,123,130,131,168,180,184,185,189,214,244,251,256,
267,269,282,290]. Conversely, in four studies, depression was negatively associated with problematic
use [50,57,74,75]. Furthermore, associations were seen with anxiety [7,39,42,50,62,67,68,74–76,80,89,
100,108,115,135,157,180,184,189,198,214,245,267] (but, a negative association between text message
dependency and anxiety in Reference [185]), sleep problems or insomnia [7,32,115,269], reduced sleep
quality [38,39,62,80,110,195,240], shorter sleep duration [110,130,179,289], eveningness [64,229,273],
stress [18,46,89,105,106,116,131,143,180,243,269,280,285], lower general mental wellbeing [20,23,76,80,
127,237], PTSD [55,56], suicidal thoughts [131,282,289], impulsivity or less self-control [27–30,33,46,56,
67,68,102,110,116,119,120,130,137,166,233,234,256,283,288,292], attention deficit hyperactivity disorder
(ADHD)-symptoms [252], productivity loss at work [72], and perceived phantom ringing [142,260].
Moreover, problematic use was associated with other behavioral addictions (e.g., internet addiction [12,
19,43,45,50,52,63,100,105,118,127,145,146,154,178,186,198,217,236,266], shopping addiction [12,118,
188], gambling addiction [78,245], and general addiction proneness [126,245]). Two studies examined
participants with magnetic resonance imaging; when comparing mobile phone dependent subjects
with non-dependent participants, differences in white matter integrity of the brain were seen [110,283].



Int. J. Environ. Res. Public Health 2018, 15, 2692 8 of 25

Table 5. Problematic mobile phone use: summary of main results.

Outcomes Study Designs and Citations

• Depression
L: [123] (bidirectional)
CS: [7,18,39,42,62,80,89,90,94,98,100,105,123,130,131,168,180,184,185,189,
214,244,251,256,267,269,282,290] NA: [50,57,74,75]

• Anxiety CS: [7,39,42,50,62,67,68,74–76,80,89,100,108,115,135,157,180,184,189,198,214,
245,267] NA: [185]

• Sleep problems L: [269] CS: [7,32,115,269]
• Lower sleep quality L: [156] CS: [38,39,62,80,110,195,240]
• Shorter sleep CS: [110,130,179,289]
• Stress CS: [18,46,89,105,106,116,131,143,180,243,269,280,285]
• Lower mental wellbeing CS: [20,23,76,80,127,237]

• Other behavioral addictions CS: [12,19,43,45,50,52,63,78,100,105,118,126,127,145,146,154,178,186,188,198,
217,236,245,266]

L = Longitudinal, CS = Cross-sectional, NA = Negative association.

Regarding psychological factors, several cross-sectional studies found associations between
problematic mobile phone use and loneliness [24,91,98,129,133,158,270,279]. A longitudinal study with
288 participants 13–40 years of age examined causal relations between problematic use, loneliness,
face-to-face-interaction, and the need for social assurance [132]. It found that loneliness predicted
problematic use, while problematic use did not predict loneliness at the follow-up after four
months. However, the authors concluded that loneliness increases problematic use, which in turn
reduces face-to-face interactions and thus does not gratify increased needs for social assurance,
and consequently, this process eventually leads to increased loneliness [132]. Other studies found
associations with, e.g., shyness or social anxiousness [24,58,91,102,159], extraversion [12,13,18,25,
46,64,81,108,255,256,261], fear of missing out [52,74,153,209,287], neuroticism [13,46,73,81,90,111,142,
147,198,218,261,294], less self-esteem [13,25,100,108,256,281,289,291], low agreeableness [12,147], less
openness [12,111,147,218,261], less conscientiousness [13,34,92,111,142,147,169,170], alexithymia [89],
and less self-efficacy [99].

Table 6. Summary of the psychological factors most commonly associated with mobile phone use
(all aspects).

Psychological Factors Citations

• Impulsivity/less self-control [27–30,33,46,56,67,68,102,110,114,116,119,120,130,137,166,233,234,256,283,288,292]
• Extraversion [12,13,18,25,34,46,64,81,108,200,255,256,261]
• Neuroticism [13,34,46,73,81,90,111,142,147,198,218,261,294]
• Less self-esteem [13,25,73,100,108,256,281,286,289,291] NA: [95]
• Loneliness [24,91,98,129,132,133,158,231,270,279] NA: [91]
• Less conscientiousness [13,34,92,111,142,147,169,170]
• Low agreeableness [12,34,73,147,220,253]
• Social anxiety, shyness [24,58,91,102,159,231] NA: [91]
• Less openness [12,111,147,218,261]
• Fear of missing out [52,74,153,209,287]

NA = Negative association.

4. Discussion

The literature search showed that there is a vast—and increasing—amount of studies that explore
links between mobile phone usage and mental health from a psychological or behavioral point of view.
A high quantity of mobile phone use was associated with a wide range of mental health outcomes,
such as depressive symptoms and sleep problems, in both children and adults. A relatively large
proportion of the studies examined mobile phone use in relation to sleep habits; mobile phone use at
bedtime or at night was associated with, e.g., shorter sleep and reduced quality of sleep. A dominating
research field was excessive or problematic use, i.e., where intense mobile phone use is described as
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a behavioral addiction and/or pathological. A large amount of instruments to measure excessive or
problematic use occurred, and problematic use was associated with several adverse outcomes, such as
depression, anxiety, and sleep problems.

Only a few percent of the included studies had any form of longitudinal design. Cross-sectional
studies limit the possibilities to draw valid conclusions about causal directions of associations.
The found associations may thus be due to reversed causality, i.e., the outcome is causing what
seems to be the risk factor, or the associations may be bi-directional or caused by common confounding
factors not accounted for. For example, most of the studies on bedtime phone use and sleep variables
were cross-sectional. In a longitudinal study with Canadian students [299] (not in the review due to
the fact that mobile phone use was not analyzed separately), it was sleep problems that predicted
media use and not the opposite. The researchers concluded that young adults used digital media to
deal with sleep problems. Moreover, a study with 844 Belgian adults [300] (also not in the review)
concluded that media, including mobile phones, was commonly used as a sleep aid.

Further, a majority of the papers were based on self-reporting, which implies that both exposures
and outcomes may be subject to misclassification, recall difficulty, recall bias, and response-style bias.
It is previously known that there is rather low agreement between self-reported mobile phone use for
calling or texting compared to logged data (e.g., [301]), and this applies also to smartphone usage [297].
However, it seems that applications that log smartphone usage are becoming more available, and thus
are increasingly used in research.

Strikingly, many of the studies on adult populations were done on university students or
self-selected participants. This compromises generalizability of the results. Another observation
was that in many studies, the found associations, although statistically significant, were small.

The current literature review focused on studies with mobile phone use as a specific entity.
Broadening the search to include more general terms such as “screen time”, “media use”, “technology
use”, or “social media”, would lead to a higher quantity of studies with results that probably could
apply also to mobile phone usage. Several different technologies (such as computers, tablets, or other
hand-held devices) are used for the same activities and in the same contexts, and results from studies
that include other technologies are seen to show similar results. However, a broader definition of the
exposure was outside the scope of this review.

Intense or frequent mobile phone usage is seen to be associated with a broad array of mental health
related symptoms, behaviors, and psychological factors. Plausible behavioral and/or psychological
mechanisms for the associations can be found in the review, such as impact on sleep habits,
dependency/addiction issues, and individual personality traits. The extent to which mobile phone use
interferes with the restorative functions of sleep can, of course, contribute to deteriorated health.
Besides sleep being postponed, replaced, or disturbed by messages or calls at night, it is also
conceivable that quantity as well as content of use can generate higher levels of psychological stress and
physiological arousal. Higher levels of arousal can have a negative impact on sleep and recovery [302]
and in other ways contribute to stress and ill health. In addition, there are studies [303,304] (not in the
review) pointing to the fact that blue light emitted from screens may have an impact on melatonin
levels and thus affect sleep and wakefulness.

It is also conceivable that the time spent on devices takes time from other activities and
health-related behaviors, such as physical activity, supportive social interactions, or staying on task
at work or school. In the current review, several relevant aspects were excluded in the literature
search, for example, the impact of mobile phone use on attention, consequences for relationships,
cyberbullying, cyber sexual behaviors, and physical health outcomes, all aspects likely to potentially
have an impact on mental health. Furthermore, this report does not account for all factors analyzed in
the included papers.

This review was done to supplement a systematic review of the potential health effects of exposure
to radiofrequency electromagnetic fields (RF-EMF) from mobile phones. In light of this, it can be noted
that there are several psychological and behavioral aspects that should be taken into consideration
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when assessing studies that examine health effects with RF-EMF exposure as the hypothesis. This is
especially true given that many of the studies with an RF-EMF-perspective measure the exposures in
the same manner as studies taking a psychological or behavioral perspective, i.e., with self-report.

5. Conclusions

Associations between mobile phone use and adverse mental health outcomes are found in
studies that take a psychological or behavioral perspective on the exposure. However, more studies
of high quality are needed—with longitudinal design, objective measurements, and well-defined
study populations—in order to draw valid conclusions about mechanisms and causal directions
of associations.
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124. Karadağ, E.; Tosuntaş, Ş.B.; Erzen, E.; Duru, P.; Bostan, N.; Şahin, B.M.; Çulha, İ.; Babadağ, B. Determinants
of phubbing, which is the sum of many virtual addictions: A structural equation model. J. Behav. Addict.
2015, 4, 60–74. [CrossRef] [PubMed]

125. Kawabe, K.; Horiuchi, F.; Ochi, M.; Oka, Y.; Ueno, S. Internet addiction: Prevalence and relation with mental
states in adolescents. Psychiatry Clin. Neurosci. 2016, 70, 405–412. [CrossRef] [PubMed]

126. Khoury, J.M.; de Freitas, A.A.C.; Roque, M.A.V.; Albuquerque, M.R.; das Neves, M.C.L.; Garcia, F.D.
Assessment of the accuracy of a new tool for the screening of smartphone addiction. PLoS ONE 2017,
12, e0176924. [CrossRef] [PubMed]

127. Kim, D.; Lee, Y.; Lee, J.; Nam, J.K.; Chung, Y. Development of Korean Smartphone Addiction Proneness
Scale for youth. PLoS ONE 2014, 9, e97920. [CrossRef] [PubMed]

128. Kim, D.; Nam, J.K.; Oh, J.; Kang, M.C. A latent profile analysis of the interplay between PC and smartphone
in problematic Internet use. Comput. Hum. Behav. 2016, 56, 360–368. [CrossRef]

http://dx.doi.org/10.1556/2006.4.2015.037
http://www.ncbi.nlm.nih.gov/pubmed/26690625
http://dx.doi.org/10.1016/j.compedu.2016.03.007
http://dx.doi.org/10.1016/j.chb.2012.06.020
http://dx.doi.org/10.1177/070674370104600423
http://www.ncbi.nlm.nih.gov/pubmed/11387800
http://dx.doi.org/10.3389/fnhum.2017.00532
http://www.ncbi.nlm.nih.gov/pubmed/29163108
http://dx.doi.org/10.1556/2006.6.2017.052
http://www.ncbi.nlm.nih.gov/pubmed/28849667
http://dx.doi.org/10.1136/bmjopen-2014-006748
http://www.ncbi.nlm.nih.gov/pubmed/25643702
http://dx.doi.org/10.1007/s12199-013-0373-3
http://www.ncbi.nlm.nih.gov/pubmed/24347468
http://dx.doi.org/10.4088/JCP.15m10044
http://www.ncbi.nlm.nih.gov/pubmed/27464319
http://dx.doi.org/10.1080/16066350701350247
http://dx.doi.org/10.1016/j.chb.2015.07.035
http://dx.doi.org/10.1371/journal.pone.0115326
http://www.ncbi.nlm.nih.gov/pubmed/25611973
http://dx.doi.org/10.1186/s12889-016-3884-1
http://www.ncbi.nlm.nih.gov/pubmed/27905905
http://dx.doi.org/10.1186/s12888-016-1131-z
http://www.ncbi.nlm.nih.gov/pubmed/27876032
http://dx.doi.org/10.1016/j.paid.2016.10.036
http://dx.doi.org/10.1016/j.pedn.2016.04.004
http://www.ncbi.nlm.nih.gov/pubmed/27184356
http://dx.doi.org/10.7762/cnr.2017.6.1.55
http://www.ncbi.nlm.nih.gov/pubmed/28168182
http://dx.doi.org/10.1016/j.chb.2015.12.061
http://dx.doi.org/10.1556/2006.4.2015.005
http://www.ncbi.nlm.nih.gov/pubmed/26014669
http://dx.doi.org/10.1111/pcn.12402
http://www.ncbi.nlm.nih.gov/pubmed/27178110
http://dx.doi.org/10.1371/journal.pone.0176924
http://www.ncbi.nlm.nih.gov/pubmed/28520798
http://dx.doi.org/10.1371/journal.pone.0097920
http://www.ncbi.nlm.nih.gov/pubmed/24848006
http://dx.doi.org/10.1016/j.chb.2015.11.009


Int. J. Environ. Res. Public Health 2018, 15, 2692 17 of 25

129. Kim, E.; Cho, I.; Kim, E.J. Structural Equation Model of Smartphone Addiction Based on Adult Attachment
Theory: Mediating Effects of Loneliness and Depression. Asian Nurs. Res. (Korean Soc. Nurs. Sci.) 2017, 11,
92–97. [CrossRef] [PubMed]

130. Kim, E.Y.; Joo, S.W.; Han, S.J.; Kim, M.J.; Choi, S.Y. Depression, Impulse Control Disorder, and Life Style
According to Smartphone Addiction. Stud. Health Technol. Inform. 2017, 245, 1272. [PubMed]

131. Kim, H.J.; Min, J.Y.; Kim, H.J.; Min, K.B. Association between psychological and self-assessed health status
and smartphone overuse among Korean college students. J. Ment. Health 2017, 1–6. [CrossRef] [PubMed]

132. Kim, J.H. Longitudinal Associations among Psychological Issues and Problematic Use of Smartphones:
A Two-Wave Cross-Lagged Study. J. Media Psychol. Theor. Methods Appl. 2017. [CrossRef]

133. Kim, J.H. Smartphone-mediated communication vs. face-to-face interaction: Two routes to social support
and problematic use of smartphone. Comput. Hum. Behav. 2017, 67, 282–291. [CrossRef]

134. Kim, J.-H.; Seo, M.; David, P. Alleviating depression only to become problematic mobile phone users:
Can face-to-face communication be the antidote? Comput. Hum. Behav. 2015, 51, 440–447. [CrossRef]

135. Kim, R.; Lee, K.J.; Choi, Y.J. Mobile Phone Overuse among Elementary School Students in Korea: Factors
Associated With Mobile Phone Use as a Behavior Addiction. J. Addict. Nurs. 2015, 26, 81–85. [CrossRef]
[PubMed]

136. Kim, S.E.; Kim, J.W.; Jee, Y.S. Relationship between smartphone addiction and physical activity in Chinese
international students in Korea. J. Behav. Addict. 2015, 4, 200–205. [CrossRef] [PubMed]

137. Kim, Y.; Jeong, J.E.; Cho, H.; Jung, D.J.; Kwak, M.; Rho, M.J.; Yu, H.; Kim, D.J.; Choi, I.Y. Personality Factors
Predicting Smartphone Addiction Predisposition: Behavioral Inhibition and Activation Systems, Impulsivity,
and Self-Control. PLoS ONE 2016, 11, e0159788. [CrossRef] [PubMed]

138. King, A.L.; Valenca, A.M.; Silva, A.C.; Sancassiani, F.; Machado, S.; Nardi, A.E. “Nomophobia”: Impact of
cell phone use interfering with symptoms and emotions of individuals with panic disorder compared with a
control group. Clin. Pract. Epidemiol. Ment. Health 2014, 10, 28–35. [CrossRef] [PubMed]

139. Koivusilta, L.K.; Lintonen, T.P.; Rimpela, A.H. Orientations in adolescent use of information and
communication technology: A digital divide by sociodemographic background, educational career, and
health. Scand. J. Public Health 2007, 35, 95–103. [CrossRef] [PubMed]

140. Korpinen, L.; Paakkonen, R. Mental symptoms and the use of new technical equipment. Int. J. Occup.
Saf. Ergon. 2009, 15, 385–400. [CrossRef] [PubMed]

141. Korpinen, L.; Paakkonen, R. Self-reported depression and anxiety symptoms and usage of computers and
mobile phones among working-age Finns. Int. J. Occup. Saf. Ergon. 2015, 21, 221–228. [CrossRef] [PubMed]

142. Kruger, D.J.; Djerf, J.M. Bad vibrations? Cell phone dependency predicts phantom communication
experiences. Comput. Hum. Behav. 2017, 70, 360–364. [CrossRef]

143. Kuang-Tsan, C.; Fu-Yuan, H. Study on relationship among university students’ life stress, smart mobile
phone addiction, and life satisfaction. J. Adult Dev. 2017, 24, 109–118. [CrossRef]

144. Kubiszewski, V.; Fontaine, R.; Rusch, E.; Hazouard, E. Association between electronic media use and sleep
habits: An eight-day follow-up study. Int. J. Adolesc. Youth 2014, 19, 395–407. [CrossRef]

145. Kwon, M.; Kim, D.J.; Cho, H.; Yang, S. The smartphone addiction scale: Development and validation of a
short version for adolescents. PLoS ONE 2013, 8, e83558. [CrossRef] [PubMed]

146. Kwon, M.; Lee, J.Y.; Won, W.Y.; Park, J.W.; Min, J.A.; Hahn, C.; Gu, X.; Choi, J.H.; Kim, D.J. Development and
validation of a smartphone addiction scale (SAS). PLoS ONE 2013, 8, e56936. [CrossRef] [PubMed]

147. Lachmann, B.; Duke, É.; Sariyska, R.; Montag, C. Who’s Addicted to the Smartphone and/or the Internet?
Psychol. Pop. Media Culture 2017. [CrossRef]

148. Lanaj, K.; Johnson, R.E.; Barnes, C.M. Beginning the workday yet already depleted? Consequences of
late-night smartphone use and sleep. Organ. Behav. Hum. Decis. Process. 2014, 124, 11–23. [CrossRef]

149. Lange, K.; Cohrs, S.; Skarupke, C.; Gorke, M.; Szagun, B.; Schlack, R. Electronic media use and insomnia
complaints in German adolescents: Gender differences in use patterns and sleep problems. J. Neural Transm.
2017, 124, 79–87. [CrossRef] [PubMed]

150. Lee, C.; Lee, S.J. Prevalence and predictors of smartphone addiction proneness among Korean adolescents.
Child. Youth Serv. Rev. 2017, 77, 10–17. [CrossRef]

151. Lee, E.B. Facebook use and texting among African American and Hispanic teenagers: An implication for
academic performance. J. Black Stud. 2014, 45, 83–101. [CrossRef]

http://dx.doi.org/10.1016/j.anr.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28688505
http://www.ncbi.nlm.nih.gov/pubmed/29295357
http://dx.doi.org/10.1080/09638237.2017.1370641
http://www.ncbi.nlm.nih.gov/pubmed/28868959
http://dx.doi.org/10.1027/1864-1105/a000234
http://dx.doi.org/10.1016/j.chb.2016.11.004
http://dx.doi.org/10.1016/j.chb.2015.05.030
http://dx.doi.org/10.1097/JAN.0000000000000074
http://www.ncbi.nlm.nih.gov/pubmed/26053080
http://dx.doi.org/10.1556/2006.4.2015.028
http://www.ncbi.nlm.nih.gov/pubmed/26551911
http://dx.doi.org/10.1371/journal.pone.0159788
http://www.ncbi.nlm.nih.gov/pubmed/27533112
http://dx.doi.org/10.2174/1745017901410010028
http://www.ncbi.nlm.nih.gov/pubmed/24669231
http://dx.doi.org/10.1080/14034940600868721
http://www.ncbi.nlm.nih.gov/pubmed/17366093
http://dx.doi.org/10.1080/10803548.2009.11076818
http://www.ncbi.nlm.nih.gov/pubmed/20003772
http://dx.doi.org/10.1080/10803548.2015.1029292
http://www.ncbi.nlm.nih.gov/pubmed/26323782
http://dx.doi.org/10.1016/j.chb.2017.01.017
http://dx.doi.org/10.1007/s10804-016-9250-9
http://dx.doi.org/10.1080/02673843.2012.751039
http://dx.doi.org/10.1371/journal.pone.0083558
http://www.ncbi.nlm.nih.gov/pubmed/24391787
http://dx.doi.org/10.1371/journal.pone.0056936
http://www.ncbi.nlm.nih.gov/pubmed/23468893
http://dx.doi.org/10.1037/ppm0000172
http://dx.doi.org/10.1016/j.obhdp.2014.01.001
http://dx.doi.org/10.1007/s00702-015-1482-5
http://www.ncbi.nlm.nih.gov/pubmed/26577762
http://dx.doi.org/10.1016/j.childyouth.2017.04.002
http://dx.doi.org/10.1177/0021934713519819


Int. J. Environ. Res. Public Health 2018, 15, 2692 18 of 25

152. Lee, E.B. Too much information: Heavy smartphone and Facebook utilization by African American young
adults. J. Black Stud. 2015, 46, 44–61. [CrossRef]

153. Lee, H.; Kim, J.W.; Choi, T.Y. Risk Factors for Smartphone Addiction in Korean Adolescents: Smartphone
Use Patterns. J. Korean Med. Sci. 2017, 32, 1674–1679. [CrossRef] [PubMed]

154. Lee, H.K.; Kim, J.H.; Fava, M.; Mischoulon, D.; Park, J.H.; Shim, E.J.; Lee, E.H.; Lee, J.H.; Jeon, H.J.
Development and validation study of the Smartphone Overuse Screening Questionnaire. Psychiatry Res.
2017, 257, 352–357. [CrossRef] [PubMed]

155. Lee, J. Does stress from cell phone use increase negative emotions at work? Soc. Behav. Personal. 2016, 44,
705–716. [CrossRef]

156. Lee, J.E.; Jang, S.I.; Ju, Y.J.; Kim, W.; Lee, H.J.; Park, E.C. Relationship between Mobile Phone Addiction and
the Incidence of Poor and Short Sleep among Korean Adolescents: A Longitudinal Study of the Korean
Children & Youth Panel Survey. J. Korean Med. Sci. 2017, 32, 1166–1172. [PubMed]

157. Lee, K.E.; Kim, S.H.; Ha, T.Y.; Yoo, Y.M.; Han, J.J.; Jung, J.H.; Jang, J.Y. Dependency on Smartphone Use and
Its Association with Anxiety in Korea. Public Health Rep. 2016, 131, 411–419. [CrossRef] [PubMed]

158. Lee, S.; Tam, C.L.; Chie, Q.T. Mobile phone usage preferences: The contributing factors of personality, social
anxiety and loneliness. Soc. Indic. Res. 2014, 118, 1205–1228. [CrossRef]

159. Lee, Y.K.; Chang, C.T.; Lin, Y.; Cheng, Z.H. The dark side of smartphone usage: Psychological traits,
compulsive behavior and technostress. Comput. Hum. Behav. 2014, 31, 373–383. [CrossRef]

160. Lee, Y.-K.; Chang, C.-T.; Cheng, Z.-H.; Lin, Y. Helpful-stressful cycle? Psychological links between type of
mobile phone user and stress. Behav. Inf. Technol. 2016, 35, 75–86. [CrossRef]

161. Lemola, S.; Perkinson-Gloor, N.; Brand, S.; Dewald-Kaufmann, J.F.; Grob, A. Adolescents’ electronic media
use at night, sleep disturbance, and depressive symptoms in the smartphone age. J. Youth Adolesc. 2015, 44,
405–418. [CrossRef] [PubMed]

162. Lepp, A.; Barkley, J.E.; Karpinski, A.C. The relationship between cell phone use, academic performance,
anxiety, and satisfaction with life in college students. Comput. Hum. Behav. 2014, 31, 343–350. [CrossRef]

163. Lepp, A.; Barkley, J.E.; Li, J. Motivations and experiential outcomes associated with leisure time cell phone
use: Results from two independent studies. Leis. Sci. 2017, 39, 144–162. [CrossRef]

164. Lepp, A.; Li, J.; Barkley, J.E.; Salehi-Esfahani, S. Exploring the relationships between college students’ cell
phone use, personality and leisure. Comput. Hum. Behav. 2015, 43, 210–219. [CrossRef]

165. Leung, C. Assessing mobile phone dependency and teens’ everyday life in Hong Kong. Aust. J. Psychol.
2017, 69, 29–38. [CrossRef]

166. Leung, L.; Liang, J. Psychological traits, addiction symptoms, and feature usage as predictors of problematic
smartphone use among university students in China. Int. J. Cyber Behav. Psychol. Learn. 2016, 6, 57–74.
[CrossRef]

167. Li, J.; Lepp, A.; Barkley, J.E. Locus of control and cell phone use: Implications for sleep quality, academic
performance, and subjective well-being. Comput. Hum. Behav. 2015, 52, 450–457. [CrossRef]

168. Li, M.; Jiang, X.; Ren, Y. Mediator Effects of Positive Emotions on Social Support and Depression among
Adolescents Suffering from Mobile Phone Addiction. Psychiatr. Danub. 2017, 29, 207–213. [CrossRef]
[PubMed]

169. Lian, L. Alienation as mediator and moderator of the relationship between virtues and smartphone addiction
among Chinese university students. Int. J. Ment. Health Addict. 2017, 16, 1208–1218. [CrossRef]

170. Lian, L.; You, X. Specific virtues as predictors of Smartphone addiction among Chinese undergraduates.
Curr. Psychol. 2017, 36, 376–384. [CrossRef]

171. Lian, L.; You, X.; Huang, J.; Yang, R. Who overuses Smartphones? Roles of virtues and parenting style in
smartphone addiction among Chinese college students. Comput. Hum. Behav. 2016, 65, 92–99. [CrossRef]

172. Lin, Y.H.; Chang, L.R.; Lee, Y.H.; Tseng, H.W.; Kuo, T.B.; Chen, S.H. Development and validation of the
Smartphone Addiction Inventory (SPAI). PLoS ONE 2014, 9, e98312. [CrossRef] [PubMed]

173. Lin, Y.H.; Chiang, C.L.; Lin, P.H.; Chang, L.R.; Ko, C.H.; Lee, Y.H.; Lin, S.H. Proposed Diagnostic Criteria for
Smartphone Addiction. PLoS ONE 2016, 11, e0163010. [CrossRef] [PubMed]

174. Lin, Y.H.; Lin, P.H.; Chiang, C.L.; Lee, Y.H.; Yang, C.C.H.; Kuo, T.B.J.; Lin, S.H. Incorporation of Mobile
Application (App) Measures into the Diagnosis of Smartphone Addiction. J. Clin. Psychiatry 2017, 78,
866–872. [CrossRef] [PubMed]

http://dx.doi.org/10.1177/0021934714557034
http://dx.doi.org/10.3346/jkms.2017.32.10.1674
http://www.ncbi.nlm.nih.gov/pubmed/28875613
http://dx.doi.org/10.1016/j.psychres.2017.07.074
http://www.ncbi.nlm.nih.gov/pubmed/28800515
http://dx.doi.org/10.2224/sbp.2016.44.5.705
http://www.ncbi.nlm.nih.gov/pubmed/28581275
http://dx.doi.org/10.1177/003335491613100307
http://www.ncbi.nlm.nih.gov/pubmed/27252561
http://dx.doi.org/10.1007/s11205-013-0460-2
http://dx.doi.org/10.1016/j.chb.2013.10.047
http://dx.doi.org/10.1080/0144929X.2015.1055800
http://dx.doi.org/10.1007/s10964-014-0176-x
http://www.ncbi.nlm.nih.gov/pubmed/25204836
http://dx.doi.org/10.1016/j.chb.2013.10.049
http://dx.doi.org/10.1080/01490400.2016.1160807
http://dx.doi.org/10.1016/j.chb.2014.11.006
http://dx.doi.org/10.1111/ajpy.12115
http://dx.doi.org/10.4018/IJCBPL.2016100105
http://dx.doi.org/10.1016/j.chb.2015.06.021
http://dx.doi.org/10.24869/psyd.2017.207
http://www.ncbi.nlm.nih.gov/pubmed/28636580
http://dx.doi.org/10.1007/s11469-017-9842-z
http://dx.doi.org/10.1007/s12144-017-9612-x
http://dx.doi.org/10.1016/j.chb.2016.08.027
http://dx.doi.org/10.1371/journal.pone.0098312
http://www.ncbi.nlm.nih.gov/pubmed/24896252
http://dx.doi.org/10.1371/journal.pone.0163010
http://www.ncbi.nlm.nih.gov/pubmed/27846211
http://dx.doi.org/10.4088/JCP.15m10310
http://www.ncbi.nlm.nih.gov/pubmed/28146615


Int. J. Environ. Res. Public Health 2018, 15, 2692 19 of 25

175. Lin, Y.H.; Lin, Y.C.; Lee, Y.H.; Lin, P.H.; Lin, S.H.; Chang, L.R.; Tseng, H.W.; Yen, L.Y.; Yang, C.C.; Kuo, T.B.
Time distortion associated with smartphone addiction: Identifying smartphone addiction via a mobile
application (App). J. Psychiatr. Res. 2015, 65, 139–145. [CrossRef] [PubMed]

176. Lin, Y.H.; Lin, Y.C.; Lin, S.H.; Lee, Y.H.; Lin, P.H.; Chiang, C.L.; Chang, L.R.; Yang, C.C.; Kuo, T.B. To use
or not to use? Compulsive behavior and its role in smartphone addiction. Transl. Psychiatry 2017, 7, e1030.
[CrossRef] [PubMed]

177. Lin, Y.H.; Pan, Y.C.; Lin, S.H.; Chen, S.H. Development of short-form and screening cutoff point of the
Smartphone Addiction Inventory (SPAI-SF). Int. J. Methods Psychiatr. Res. 2017, 26. [CrossRef] [PubMed]

178. Liu, C.H.; Lin, S.H.; Pan, Y.C.; Lin, Y.H. Smartphone gaming and frequent use pattern associated with
smartphone addiction. Medicine 2016, 95, e4068. [CrossRef] [PubMed]

179. Liu, Q.Q.; Zhou, Z.K.; Yang, X.J.; Kong, F.C.; Niu, G.F.; Fan, C.Y. Mobile phone addiction and sleep quality
among Chinese adolescents: A moderated mediation model. Comput. Hum. Behav. 2017, 72, 108–114.
[CrossRef]

180. Long, J.; Liu, T.Q.; Liao, Y.H.; Qi, C.; He, H.Y.; Chen, S.B.; Billieux, J. Prevalence and correlates of problematic
smartphone use in a large random sample of Chinese undergraduates. BMC Psychiatry 2016, 16, 408.
[CrossRef] [PubMed]

181. Lopez-Fernandez, O. Short version of the Smartphone Addiction Scale adapted to Spanish and French:
Towards a cross-cultural research in problematic mobile phone use. Addict. Behav. 2017, 64, 275–280.
[CrossRef] [PubMed]

182. Lopez-Fernandez, O.; Honrubia-Serrano, L.; Freixa-Blanxart, M.; Gibson, W. Prevalence of problematic
mobile phone use in British adolescents. Cyberpsychol. Behav. Soc. Netw. 2014, 17, 91–98. [CrossRef] [PubMed]

183. Lopez-Fernandez, O.; Kuss, D.J.; Romo, L.; Morvan, Y.; Kern, L.; Graziani, P.; Rousseau, A.; Rumpf, H.J.;
Bischof, A.; Gassler, A.K.; et al. Self-reported dependence on mobile phones in young adults: A European
cross-cultural empirical survey. J. Behav. Addict. 2017, 6, 168–177. [CrossRef] [PubMed]

184. Lu, X.; Katoh, T.; Chen, Z.; Nagata, T.; Kitamura, T. Text messaging: Are dependency and Excessive Use
discretely different for Japanese university students? Psychiatry Res. 2014, 216, 255–262. [CrossRef] [PubMed]

185. Lu, X.; Watanabe, J.; Liu, Q.; Uji, M.; Shono, M.; Kitamura, T. Internet and mobile phone text-messaging
dependency: Factor structure and correlation with dysphoric mood among Japanese adults. Comput. Hum. Behav.
2011, 27, 1702–1709. [CrossRef]

186. Mak, K.K.; Nam, J.K.; Kim, D.; Aum, N.; Choi, J.S.; Cheng, C.; Ko, H.C.; Watanabe, H. Cross-cultural
adaptation and psychometric properties of the Korean Scale for Internet Addiction (K-Scale) in Japanese
high school students. Psychiatry Res. 2017, 249, 343–348. [CrossRef] [PubMed]

187. Mak, Y.W.; Wu, C.S.; Hui, D.W.; Lam, S.P.; Tse, H.Y.; Yu, W.Y.; Wong, H.T. Association between screen
viewing duration and sleep duration, sleep quality, and excessive daytime sleepiness among adolescents in
Hong Kong. Int. J. Environ. Res. Public Health 2014, 11, 11201–11219. [CrossRef] [PubMed]

188. Martinotti, G.; Villella, C.; Di Thiene, D.; Di Nicola, M.; Bria, P.; Conte, G.; Cassano, M.; Petruccelli, F.; Corvasce, N.;
Janiri, L.; et al. Problematic mobile phone use in adolescence: A cross-sectional study. J. Public Health 2011, 19,
545–551. [CrossRef]

189. Matar Boumosleh, J.; Jaalouk, D. Depression, anxiety, and smartphone addiction in university students—A
cross sectional study. PLoS ONE 2017, 12, e0182239. [CrossRef] [PubMed]

190. Matsumoto, Y.; Uchimura, N.; Ishida, T.; Morimatsu, Y.; Mori, M.; Inoue, M.; Kushino, N.; Hoshiko, M.;
Ishitake, T. The relationship of sleep complaints risk factors with sleep phase, quality, and quantity in
Japanese workers. Sleep Biol. Rhythm. 2017, 15, 291–297. [CrossRef] [PubMed]

191. Mattila, A.K.; Luutonen, S.; Ylinen, M.; Salokangas, R.K.R.; Joukamaa, M. Alexithymia, human relationships,
and mobile phone use. J. Nerv. Ment. Dis. 2010, 198, 722–727. [CrossRef] [PubMed]

192. Mazaheri, M.A.; Karbasi, M. Validity and reliability of the Persian version of mobile phone addiction scale.
J. Res. Med. Sci. 2014, 19, 139–144. [PubMed]

193. McBride, J.; Derevensky, J. Internet gambling behavior in a sample of online gamblers. Int. J. Ment. Health Addict.
2009, 7, 149–167. [CrossRef]

194. Merlo, L.J.; Stone, A.M.; Bibbey, A. Measuring Problematic Mobile Phone Use: Development and Preliminary
Psychometric Properties of the PUMP Scale. J. Addict. 2013, 2013, 912807. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jpsychires.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/25935253
http://dx.doi.org/10.1038/tp.2017.1
http://www.ncbi.nlm.nih.gov/pubmed/28195570
http://dx.doi.org/10.1002/mpr.1525
http://www.ncbi.nlm.nih.gov/pubmed/27658956
http://dx.doi.org/10.1097/MD.0000000000004068
http://www.ncbi.nlm.nih.gov/pubmed/27428191
http://dx.doi.org/10.1016/j.chb.2017.02.042
http://dx.doi.org/10.1186/s12888-016-1083-3
http://www.ncbi.nlm.nih.gov/pubmed/27855666
http://dx.doi.org/10.1016/j.addbeh.2015.11.013
http://www.ncbi.nlm.nih.gov/pubmed/26685805
http://dx.doi.org/10.1089/cyber.2012.0260
http://www.ncbi.nlm.nih.gov/pubmed/23981147
http://dx.doi.org/10.1556/2006.6.2017.020
http://www.ncbi.nlm.nih.gov/pubmed/28425777
http://dx.doi.org/10.1016/j.psychres.2013.12.024
http://www.ncbi.nlm.nih.gov/pubmed/24560613
http://dx.doi.org/10.1016/j.chb.2011.02.009
http://dx.doi.org/10.1016/j.psychres.2017.01.044
http://www.ncbi.nlm.nih.gov/pubmed/28152469
http://dx.doi.org/10.3390/ijerph111111201
http://www.ncbi.nlm.nih.gov/pubmed/25353062
http://dx.doi.org/10.1007/s10389-011-0422-6
http://dx.doi.org/10.1371/journal.pone.0182239
http://www.ncbi.nlm.nih.gov/pubmed/28777828
http://dx.doi.org/10.1007/s41105-017-0110-1
http://www.ncbi.nlm.nih.gov/pubmed/28989323
http://dx.doi.org/10.1097/NMD.0b013e3181f4ab50
http://www.ncbi.nlm.nih.gov/pubmed/20921862
http://www.ncbi.nlm.nih.gov/pubmed/24778668
http://dx.doi.org/10.1007/s11469-008-9169-x
http://dx.doi.org/10.1155/2013/912807
http://www.ncbi.nlm.nih.gov/pubmed/24826371


Int. J. Environ. Res. Public Health 2018, 15, 2692 20 of 25

195. Mohammadbeigi, A.; Absari, R.; Valizadeh, F.; Saadati, M.; Sharifimoghadam, S.; Ahmadi, A.; Mokhtari, M.;
Ansari, H. Sleep Quality in Medical Students; the Impact of Over-Use of Mobile Cell-Phone and Social
Networks. J. Res. Health Sci. 2016, 16, 46–50. [PubMed]

196. Mohammadi Kalhori, S.; Mohammadi, M.R.; Alavi, S.S.; Jannatifard, F.; Sepahbodi, G.; Baba Reisi, M.;
Sajedi, S.; Farshchi, M.; KhodaKarami, R.; Hatami Kasvaee, V. Validation and Psychometric Properties of
Mobile Phone Problematic Use Scale (MPPUS) in University Students of Tehran. Iran. J. Psychiatry 2015, 10,
25–31. [PubMed]

197. Mohammadi, M.; Alavi, S.S.; Farokhzad, P.; Jannatifard, F.; Mohammadi Kalhori, S.; Sepahbodi, G.;
Baba Reisi, M.; Sajedi, S.; Farshchi, M.; Khoda Karami, R.; et al. The Validity and Reliability of the Persian
Version Test of Mobile Phone Dependency (TMD). Iran. J. Psychiatry 2015, 10, 265–272. [PubMed]

198. Mok, J.Y.; Choi, S.W.; Kim, D.J.; Choi, J.S.; Lee, J.; Ahn, H.; Choi, E.J.; Song, W.Y. Latent class analysis
on internet and smartphone addiction in college students. Neuropsychiatr. Dis. Treat. 2014, 10, 817–828.
[PubMed]

199. Monma, T.; Ando, A.; Asanuma, T.; Yoshitake, Y.; Yoshida, G.; Miyazawa, T.; Ebine, N.; Takeda, S.; Omi, N.;
Satoh, M.; et al. Sleep disorder risk factors among student athletes. Sleep Med. 2018, 44, 76–81. [CrossRef]
[PubMed]

200. Montag, C.; Błaszkiewicz, K.; Lachmann, B.; Andone, I.; Sariyska, R.; Trendafilov, B.; Reuter, M.; Markowetz, A.
Correlating personality and actual phone usage: Evidence from psychoinformatics. J. Individ. Differ. 2014, 35,
158–165. [CrossRef]

201. Montag, C.; Sindermann, C.; Becker, B.; Panksepp, J. An affective neuroscience framework for the molecular
study of Internet addiction. Front. Psychol. 2016, 7, 13. [CrossRef] [PubMed]

202. Munezawa, T.; Kaneita, Y.; Osaki, Y.; Kanda, H.; Minowa, M.; Suzuki, K.; Higuchi, S.; Mori, J.; Yamamoto, R.;
Ohida, T. The association between use of mobile phones after lights out and sleep disturbances among
Japanese adolescents: A nationwide cross-sectional survey. Sleep 2011, 34, 1013–1020. [CrossRef] [PubMed]

203. Munoz-Miralles, R.; Ortega-Gonzalez, R.; Lopez-Moron, M.R.; Batalla-Martinez, C.; Manresa, J.M.;
Montella-Jordana, N.; Chamarro, A.; Carbonell, X.; Toran-Monserrat, P. The problematic use of Information
and Communication Technologies (ICT) in adolescents by the cross sectional JOITIC study. BMC Pediatr.
2016, 16, 140. [CrossRef] [PubMed]

204. Murdock, K.K.; Gorman, S.; Robbins, M. Co-rumination via cellphone moderates the association of perceived
interpersonal stress and psychosocial well-being in emerging adults. J. Adolesc. 2015, 38, 27–37. [CrossRef]
[PubMed]

205. Murdock, K.K.; Horissian, M.; Crichlow-Ball, C. Emerging Adults’ Text Message Use and Sleep
Characteristics: A Multimethod, Naturalistic Study. Behav. Sleep Med. 2017, 15, 228–241. [CrossRef]
[PubMed]

206. Nathan, N.; Zeitzer, J. A survey study of the association between mobile phone use and daytime sleepiness
in California high school students. BMC Public Health 2013, 13, 840. [CrossRef] [PubMed]

207. Nathanson, A.I.; Beyens, I. The relation between use of mobile electronic devices and bedtime resistance,
sleep duration, and daytime sleepiness among preschoolers. Behav. Sleep Med. 2018, 16, 202–219. [CrossRef]
[PubMed]

208. Nikhita, C.S.; Jadhav, P.R.; Ajinkya, S.A. Prevalence of Mobile Phone Dependence in Secondary School
Adolescents. J. Clin. Diagn. Res. 2015, 9, Vc06–Vc09. [CrossRef] [PubMed]

209. Oberst, U.; Wegmann, E.; Stodt, B.; Brand, M.; Chamarro, A. Negative consequences from heavy social
networking in adolescents: The mediating role of fear of missing out. J. Adolesc. 2017, 55, 51–60. [CrossRef]
[PubMed]

210. Oshima, N.; Nishida, A.; Shimodera, S.; Tochigi, M.; Ando, S.; Yamasaki, S.; Okazaki, Y.; Sasaki, T.
The suicidal feelings, self-injury, and mobile phone use after lights out in adolescents. J. Pediatr. Psychol.
2012, 37, 1023–1030. [CrossRef] [PubMed]

211. Paik, S.H.; Cho, H.; Chun, J.W.; Jeong, J.E.; Kim, D.J. Gaming Device Usage Patterns Predict Internet Gaming
Disorder: Comparison across Different Gaming Device Usage Patterns. Int. J. Environ. Res. Public Health
2017, 14, 1512. [CrossRef] [PubMed]

212. Paiva, T.; Gaspar, T.; Matos, M.G. Mutual relations between sleep deprivation, sleep stealers and risk
behaviours in adolescents. Sleep Sci. 2016, 9, 7–13. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/27061997
http://www.ncbi.nlm.nih.gov/pubmed/26005477
http://www.ncbi.nlm.nih.gov/pubmed/27006671
http://www.ncbi.nlm.nih.gov/pubmed/24899806
http://dx.doi.org/10.1016/j.sleep.2017.11.1130
http://www.ncbi.nlm.nih.gov/pubmed/29530373
http://dx.doi.org/10.1027/1614-0001/a000139
http://dx.doi.org/10.3389/fpsyg.2016.01906
http://www.ncbi.nlm.nih.gov/pubmed/28018255
http://dx.doi.org/10.5665/SLEEP.1152
http://www.ncbi.nlm.nih.gov/pubmed/21804663
http://dx.doi.org/10.1186/s12887-016-0674-y
http://www.ncbi.nlm.nih.gov/pubmed/27550020
http://dx.doi.org/10.1016/j.adolescence.2014.10.010
http://www.ncbi.nlm.nih.gov/pubmed/25460677
http://dx.doi.org/10.1080/15402002.2015.1120203
http://www.ncbi.nlm.nih.gov/pubmed/26789207
http://dx.doi.org/10.1186/1471-2458-13-840
http://www.ncbi.nlm.nih.gov/pubmed/24028604
http://dx.doi.org/10.1080/15402002.2016.1188389
http://www.ncbi.nlm.nih.gov/pubmed/27323239
http://dx.doi.org/10.7860/JCDR/2015/14396.6803
http://www.ncbi.nlm.nih.gov/pubmed/26672469
http://dx.doi.org/10.1016/j.adolescence.2016.12.008
http://www.ncbi.nlm.nih.gov/pubmed/28033503
http://dx.doi.org/10.1093/jpepsy/jss072
http://www.ncbi.nlm.nih.gov/pubmed/22728900
http://dx.doi.org/10.3390/ijerph14121512
http://www.ncbi.nlm.nih.gov/pubmed/29206183
http://dx.doi.org/10.1016/j.slsci.2016.02.176
http://www.ncbi.nlm.nih.gov/pubmed/27226817


Int. J. Environ. Res. Public Health 2018, 15, 2692 21 of 25

213. Pamuk, M.; Atli, A. Development of a Problematic Mobile Phone Use Scale for university students: Validity
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