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Abstract:



The aim of this study was to investigate the relationship between mobile phone use and insomnia and depression in adolescents. A cross-sectional study was conducted on 295 high school students aged 15–19 in Japan. Insomnia and depression were assessed using Athene Insomnia Scales (AIS) and the Center for Epidemiologic Studies Depression Scale (CES-D), respectively. Mobile phones were owned by 98.6% of students; 58.6% used mobile phones for over 2 h per day and 10.5% used them for over 5 h per day. Overall mobile phone use of over 5 h per day was associated with shorter sleep duration and insomnia (OR: 3.89 [95% CI: 1.21–12.49]), but not with depression. Mobile phone use of 2 h or more per day for social network services (OR: 3.63 [1.20–10.98]) and online chats (OR: 3.14 [1.42–6.95]), respectively, was associated with a higher risk of depression. Mobile phone overuse can be linked to unhealthy sleep habits and insomnia. Moreover, mobile phone overuse for social network services and online chats may contribute more to depression than the use for internet searching, playing games or viewing videos.
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1. Introduction


The distribution of mobile phones in Japanese adolescents has risen rapidly. According to the Cabinet Office, Government of Japan, the distribution rate of mobile phones in adolescents aged 10–17 was 52.6% in 2011, 59.5% in 2013, and 68.3% in 2015 [1]. For instance, in 2015, 96.7% of senior high school students had mobile phones [1]. Many mobile phone users now have the most advanced version, called a smartphone. A smartphone is a useful tool that enables access to the internet and social networks, messaging, viewing videos, and playing games. Therefore, comparatively more hours are spent on a smartphone than on a conventional phone [2]. In 2008, less than 40% of adolescents used mobile phones for more than 2 h per day [3], while in 2015 about 50% of adolescents used smartphones for more than 3 h per day [4]. In Japan, smartphones have also come to be used widely. Approximate 95% of Japanese senior high school students use them [1]. Among Asian countries, Japanese adolescents in particular engage in various internet applications such as online gaming, blogging, instant messenger and e-mail [5]. It is predicted that smartphone use may increase drastically in the future.



The mobile phone is reportedly a useful tool for health promotion. Mobile applications offer effective ways to improve one’s lifestyle, for example, by increasing physical activity [6], weight control [7,8], and treating obesity [9]. On the other hand, mobile phone use could cause physical [10,11,12] and psychological [3,13,14] health problems when used excessively. It is reported that mobile phone use in bed at night negatively impacts sleep outcome [3,15,16]. This may be due to exposure to bright light from electronic devices, disturbing the circadian rhythms and then sleep quality [16,17,18]. Mobile phone overuse may also pose the risk of mobile phone addiction or smartphone addiction [4,14], thus contributing to poor sleep quality [13,14,19,20] and psychological problems such as depression and anxiety [13,21,22]. Similar risks associated with mobile phone overuse are also reported among Japanese adolescents [23,24].



Nowadays, adolescents are likely to use mobile phones for more hours per day, which can lead to poor sleep and psychological problems. However, there are only few studies examining the relationship between hours of mobile phone use per day and health problems among adolescents. Focusing on overall hours of mobile phone use per day and hours spent per purpose of use, the aim of this study was to investigate the associations between mobile phone overuse and insomnia and depression in senior Japanese high school students.




2. Materials and Methods


2.1. Design and Sample


A cross-sectional study was conducted using self-reported questionnaires. Participants were recruited from one public senior high school in Gifu Prefecture, Japan, between June and July 2014. This school is a prefectural high school in a local city, Japan, which has several courses such as a general course, an agriculture course, an animal husbandry course, a business course, and an information processing course. About 40% of students go on to university or technical college, and others get a job. This school comprised 346 students (120 in the 10th grade, 117 in the 11th grade, and 109 in the 12th grade). The first to third grades of high school in Japan correspond to the 10th to 12th grades in the U.S. Anonymous questionnaires were distributed to these 346 students after their class teacher had explained the nature of the study. Students returned the questionnaires in a sealed envelope to ensure confidentiality of their information. Of the 346 students, 332 (96.0%) agreed to participate in this study. After excluding 37 questionnaires with incomplete information on mobile phone use, insomnia or depression, 295 (88.9%) were analyzed. This study was approved by the research and ethics committee of the School of Medicine at the Graduate School of Nagoya University (14-102).




2.2. Measurements


The self-administered questionnaires included question items on (1) personal data; (2) lifestyle; (3) social support; (4) mobile phone use; (5) insomnia; and (6) depression.



2.2.1. Personal Data


Personal data were gathered about participants’ sex, age, and school grade.




2.2.2. Lifestyle


Question items related to lifestyle included participation in school club activities, eating breakfast, having a talk with family, wake-up time, bedtime, and sleeping hours. Participants were asked to select responses regarding participation in school club activities (sports club, culture club, and none). Similarly, they answered a question on eating breakfast (eat daily and occasionally do not eat) and talking with family (talk daily or occasionally do not talk). Participants were also questioned on wake-up time (earlier than 06:00, at 06:00–07:00, and later than 07:00), bedtime (earlier than 23:00, at 23:00–00:00, at 00:00–01:00, and later than 01:00), and sleeping hours (<5 h, 5 to 6 h, 6 to 7 h, and ≥7 h).




2.2.3. Mobile Phone Use


Mobile phone use was determined by the question “Do you own a mobile phone?” (own a smartphone, own a conventional phone, and none). Hours of mobile phone use per day was assessed by the following question: “How many hours per day do you usually spend on a mobile phone during a typical day?” The responses were: none, <1 h, 1 to 2 h, 2 to 3 h, 3 to 4 h, 4 to 5 h, ≥5 h. The responses regarding purposes of use, such as for e-mails, social networking sites (SNS) (e.g., Facebook, Twitter, Instagram), online chat (e.g., Line, Skype, Kakao Talk), internet searching, playing games, and viewing videos were: none, <30 min, 30 to 60 min, 60 to 120 min, ≥120 min.




2.2.4. Depression


Depression was evaluated using the Japanese version of the Center for Epidemiological Studies-Depression (CES-D) scale, which is a 20-item self-administered questionnaire [25]. CES-D, developed by Radloff [26], is widely used in many countries to assess depressive symptoms of general populations including adolescents [26,27]. Its reliability and validity have been demonstrated [25,26]. Internal consistency as measured by Cronbach’s alpha is reported to be around 0.85 in community samples [26] and adolescents [27,28]. Cronbach’s alpha in the current study was 0.83. This scale assesses the frequency of depressive symptoms experienced during the last week (0: rarely or never; 1: sometimes or on rare occasions; 2: occasionally or a moderate amount of time; and 3: most or all of the time). The scores range from 0 to 60, where a higher score indicates more severe depression. A score of 16 or greater is used to define clinically meaningful depressive symptoms [26,27]. Hence, in this study, the cut-off value of 16 points was used to identify students with depression.




2.2.5. Insomnia


Insomnia was evaluated using the Japanese version of the Athens Insomnia Scale (AIS) [29]. This scale is widely used as a useful tool to assess insomnia [29,30]. Its reliability and validity have been demonstrated. Cronbach’s alpha values are 0.88 in community samples [29] and around 0.81 in adolescents [31,32]. Cronbach’s alpha was 0.79 in this study. This scale consists of eight items: difficulty with sleep induction; waking up during the night; waking up early in the morning ; total sleep time; overall quality of sleep; problems with sense of well-being; problems with functioning; and sleepiness during the day. Each item is rated on a scale of 0 (no problem) to 3 (serious problem), and the range of the total score is from 0 to 24. An AIS score of six points is the optimum cutoff based on the ICD-10 diagnosis of insomnia [30]. Therefore, also in this study, the cut-off value of six points was used to identify insomnia.




2.2.6. Social Support


Social support was evaluated using the Japanese brief version of the Multidimensional Scale of Perceived Social Support (MSPSS), which is a 7-item self-administered questionnaire [33,34]. This scale measures perceived social support from family, friends, and a significant other. Its reliability and validity have been shown. Cronbach’s alpha values for MSPSS are reportedly 0.85 in community samples [34], and 0.83 and 0.93 in adolescents [35,36]. Cronbach’s alpha was 0.93 in this study. Each item is rated on a 7-point Likert scale, and the total score is calculated by averaging the scores for all items. The scores range from 1 to 7, and a higher score indicates better social support.





2.3. Statistical Analysis


Differences between mobile phone use and insomnia, depression, and the other health constructs were statistically tested using the Mantel–Haenszel test for trend and the Kruskal–Wallis test. Associations between mobile phone use and insomnia or depression were examined using multiple logistic regression analyses. The dependent variable was insomnia (0 = no problem [AIS score <6] and 1 = insomnia [AIS score ≥6]) or depression (0 = no problem [CES-D score <6] and 1 = depression [CES-D score ≥16)]). Odds ratio (OR) was calculated from the logistic regression, adjusting for age, sex, and factors associated with the dependent variable. In the logistic regression, the variables of hours of mobile phone use per day and hours spent on E-mail, SNS, online chat, internet, playing games, and viewing videos were each included as predictors. Coefficients of correlation between variables of time were not high (r: −0.025 to 0.569). p-values < 0.05 were considered statistically significant. All statistical analyses were performed using SPSS 20.0 (IBM Japan, Tokyo, Japan) for Windows.





3. Results


As shown in Table 1, the 295 students consisted of 173 (58.6%) boys and 122 (41.4%) girls, with the mean (standard deviation: SD) age of 16.2 (0.9) years (range: 15 to 19). Mobile phones were owned by 98.6% of participants (n = 291), and 92.9% (n = 274) owned a smartphone. Concerning hours of mobile phone use, 58.6% of participants used them for more than 2 h per day, and 10.5% used them for over 5 h per day.



Table 1. Characteristics of students.







	
Parameters

	
Mean

	
SD




	
Age

	
16.2

	
0.9




	
Athens Insomnia Scale (range 0–20)

	
4.1

	
3.2




	
CES-D (range 2–47)

	
16.2

	
8.5




	
Parameters

	
n

	
%




	
School grade

	

	




	
 10th

	
102

	
35.1




	
 11th

	
96

	
33.0




	
 12th

	
93

	
32.0




	
Sex

	

	




	
 Men

	
173

	
58.6




	
 Women

	
122

	
41.4




	
Own a mobile phone

	

	




	
 smartphone

	
274

	
92.9




	
 the conventional phone

	
17

	
5.8




	
 None

	
4

	
1.4




	
Total hours of mobile phone use (h/day)

	




	
 None

	
8

	
2.7




	
 <1 h

	
32

	
10.8




	
 1 to <2 h

	
82

	
27.8




	
 2 to <3 h

	
80

	
27.1




	
 3 to <4 h

	
38

	
12.9




	
 4 to <5 h

	
24

	
8.1




	
 ≥5 h

	
31

	
10.5




	
E-mail (min/day)

	

	




	
 None

	
144

	
49.1




	
 <30 min

	
85

	
29.0




	
 30 to <60 min

	
33

	
11.3




	
 60 to <120 min

	
16

	
5.5




	
 ≥120 min

	
15

	
5.1




	
SNS (minutes/day)

	

	




	
 None

	
114

	
38.8




	
 <30 min

	
72

	
24.5




	
 30 to <60 min

	
48

	
16.3




	
 60 to <120 min

	
40

	
13.6




	
 ≥120 min

	
20

	
6.8




	
Online chat (min/day)

	

	




	
 None

	
18

	
6.1




	
 <30 min

	
77

	
26.1




	
 30 to <60 min

	
67

	
22.7




	
 60 to <120 min

	
68

	
23.1




	
 ≥120 min

	
65

	
22.0




	
Internet search (min/day)

	

	




	
 None

	
33

	
11.2




	
 <30 min

	
148

	
50.3




	
 30 to <60 min

	
83

	
28.2




	
 60 to <120 min

	
20

	
6.8




	
 ≥120 min

	
10

	
3.4




	
Play games (min/day)

	

	




	
 None

	
53

	
18.0




	
 <30 min

	
75

	
25.4




	
 30 to <60 min

	
98

	
33.2




	
 60 to <120 min

	
49

	
16.6




	
 ≥120 min

	
20

	
6.8




	
Watch videos (min/day)

	

	




	
 None

	
40

	
13.6




	
 <30 min

	
97

	
32.9




	
 30 to <60 min

	
81

	
27.5




	
 60 to <120 min

	
38

	
12.9




	
 ≥120 min

	
39

	
13.2




	
Insomnia

	

	




	
 no problem

	
215

	
72.9




	
 insomnia

	
80

	
27.1




	
Depression

	

	




	
 no problem

	
182

	
61.7




	
 depression

	
113

	
38.3








Data are expressed as mean (SD) and frequency (%). SD: Standard deviation; CES-D: Center for Epidemiological Studies-Depression scale; SNS: Social networking sites.








Relationships between overall hours of mobile phone use per day and lifestyle, social support, insomnia, and depression were shown in Table 2. More hours per day of overall mobile phone use was associated with female sex (p < 0.001), non-participation in the school’s club activities (p < 0.001), late bedtime (p = 0.001), short hours of sleep (p = 0.006), and occasionally skipping breakfast (p = 0.007). Insomnia and depression were also associated with longer total hours of mobile phone use (p = 0.025 and p = 0.022, respectively).



Table 2. The relationship between total hours of mobile phone use (h/day) and lifestyle, social support, insomnia, and depression.







	
Variables

	
<1 h

	
1 to <3 h

	
3 to <5 h

	
≥5 h

	
p




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
Age

	
16.3

	
1.1

	
16.1

	
0.9

	
16.3

	
1.0

	
16.3

	
0.7

	
0.486




	
Athens Insomnia Scale

	
3.6

	
3.9

	
4.0

	
3.2

	
3.9

	
2.3

	
5.2

	
3.3

	
0.050




	
CES-D

	
14.0

	
7.2

	
16.0

	
8.5

	
15.8

	
7.9

	
21.2

	
9.6

	
0.013




	
Social support

	
5.6

	
1.3

	
5.4

	
1.1

	
5.6

	
1.1

	
5.6

	
1.3

	
0.731




	

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
p




	
Insomnia

	

	

	

	

	

	

	

	

	
0.025




	
 no problem

	
32

	
80.0

	
119

	
73.5

	
49

	
79.0

	
15

	
48.4




	
 insomnia

	
8

	
20.0

	
43

	
26.5

	
13

	
21.0

	
16

	
51.6




	
Depression

	

	

	

	

	

	

	

	

	
0.022




	
 no problem

	
27

	
67.5

	
105

	
64.8

	
37

	
59.7

	
13

	
41.9




	
 depression

	
13

	
32.5

	
57

	
35.2

	
25

	
40.3

	
18

	
58.1




	
Sex

	

	

	

	

	

	

	

	

	
<0.001




	
 Men

	
32

	
80.0

	
102

	
63.0

	
31

	
50.0

	
8

	
25.8




	
 women

	
8

	
20.0

	
60

	
37.0

	
31

	
50.0

	
23

	
74.2




	
Participation in school club activities

	

	

	

	

	

	

	

	
<0.001




	
 sports club

	
21

	
52.5

	
75

	
46.6

	
21

	
33.9

	
6

	
19.4




	
 culture club

	
15

	
37.5

	
57

	
35.4

	
25

	
40.3

	
13

	
41.9




	
 None

	
4

	
10.0

	
29

	
18.0

	
16

	
25.8

	
12

	
38.7




	
Bedtime

	

	

	

	

	

	

	

	

	
0.001




	
 earlier than 23:00

	
10

	
25.0

	
30

	
18.5

	
4

	
6.5

	
3

	
9.7




	
 at 23:00–00:00

	
17

	
42.5

	
75

	
46.3

	
29

	
46.8

	
9

	
29.0




	
 at 00:00–01:00

	
9

	
22.5

	
38

	
23.5

	
24

	
38.7

	
10

	
32.3




	
 later than 01:00

	
4

	
10.0

	
19

	
11.7

	
5

	
8.1

	
9

	
29.0




	
Wake-up time

	

	

	

	

	

	

	

	

	
0.719




	
 earlier than 06:00

	
10

	
25.0

	
43

	
26.7

	
15

	
24.2

	
8

	
25.8




	
 at 06:00-07:00

	
23

	
57.5

	
80

	
49.7

	
32

	
51.6

	
16

	
51.6




	
 later than 07:00

	
7

	
17.5

	
38

	
23.6

	
15

	
24.2

	
7

	
22.6




	
Hours spent sleeping

	

	

	

	

	

	

	

	

	
0.006




	
 <5 h

	
3

	
7.7

	
15

	
9.3

	
4

	
6.6

	
7

	
22.6




	
 5 to <6 h

	
12

	
30.8

	
37

	
23.0

	
20

	
32.8

	
14

	
45.2




	
 6 to <7 h

	
16

	
41.0

	
64

	
39.8

	
26

	
42.6

	
7

	
22.6




	
 ≥7 h

	
8

	
20.5

	
45

	
28.0

	
11

	
18.0

	
3

	
9.7




	
Eating breakfast

	

	

	

	

	

	

	

	

	
0.007




	
 eat daily

	
36

	
90.0

	
135

	
83.9

	
53

	
85.5

	
19

	
61.3




	
 occasionally do not eat

	
4

	
10.0

	
26

	
16.1

	
9

	
14.5

	
12

	
38.7




	
Talking with family

	

	

	

	

	

	

	

	

	
0.206




	
 talk daily

	
32

	
80.0

	
140

	
86.4

	
57

	
91.9

	
27

	
87.1




	
 occasionally do not talk

	
8

	
20.0

	
22

	
13.6

	
5

	
8.1

	
4

	
12.9








Data are expressed as mean (SD) and frequency (%); p values by Kruskal–Wallis test and Mantel–Haenszel test for trend; CES-D is the Center for Epidemiological Studies-Depression scale.








Table 3 shows the associations between mobile phone use and insomnia or depression in multiple logistic regression analyses, adjusting for age, sex, and factors associated with insomnia or depression. Insomnia was more frequently found in students who used mobile phones for 5 h or more a day than those using mobile phones for less than 1 h (OR: 3.89, 95% confidence interval (CI): 1.21–12.49). Mobile phone use of 120 min or more for online chat was also associated with insomnia (OR: 2.81; 95% CI: 1.28–6.15), compared with mobile phone use of 30 min or less for online chat. Meanwhile, overall hours of mobile phone use was not related with depression. On the other hand, 120 min or more of mobile phone use for SNS (OR: 3.63; 95% CI: 1.20–10.98) and online chat (OR: 3.14; 95% CI: 1.42–6.95) was associated with depression, compared with mobile phone use of less than 30 min for SNS and online chat. Hours spent using a mobile phone for internet searching or video games was not linked with depression.



Table 3. The associations between mobile phone use and insomnia or depression using multiple logistic regression analyses.







	
Variables

	
Insomnia

	
Depression




	
Crude OR

	
Adjusted OR †

	
Crude OR

	
Adjusted OR ‡




	
OR (95% CI)

	
p

	
OR (95% CI)

	
p

	
OR (95% CI)

	
p

	
OR (95% CI)

	
p






	
Total hours of mobile phone use (h/day)

	

	

	

	

	

	

	




	
 <1 h

	
reference

	

	
reference

	

	
reference

	

	
reference

	




	
 1 to 3 h

	
1.45 (0.62–3.38)

	
0.395

	
1.30 (0.52–3.28)

	
0.575

	
1.13 (0.54–2.35)

	
0.749

	
0.98 (0.41–2.34)

	
0.961




	
 3 to 5 h

	
1.06 (0.40–2.85)

	
0.906

	
1.00 (0.34–2.93)

	
0.996

	
1.40 (0.61–3.23)

	
0.426

	
1.26 (0.47–3.37)

	
0.645




	
 ≥5 h

	
4.27 (1.50–12.16)

	
0.007

	
3.89 (1.21–12.49)

	
0.023

	
2.88 (1.09–7.61)

	
0.033

	
2.21 (0.69–7.06)

	
0.181




	
E-mail (min/day)

	

	

	

	

	

	

	




	
 <30 min

	
reference

	

	
reference

	

	
reference

	

	
reference

	




	
 30 to 60 min

	
1.17 (0.53–2.60)

	
0.698

	
1.06 (0.44–2.57)

	
0.891

	
1.36 (0.65–2.84)

	
0.412

	
1.57 (0.65–3.78)

	
0.313




	
 60 to 120 min

	
0.62 (0.17–2.26)

	
0.470

	
0.66 (0.17–2.59)

	
0.547

	
0.74 (0.25–2.21)

	
0.591

	
0.51 (0.13–2.00)

	
0.331




	
 ≥120 min

	
1.35 (0.44–4.10)

	
0.600

	
1.66 (0.50–5.56)

	
0.412

	
0.82 (0.27–2.47)

	
0.719

	
0.75 (0.21–2.73)

	
0.664




	
SNS (min/day)

	

	

	

	

	

	

	

	




	
 <30 min

	
reference

	

	
reference

	

	
reference

	

	
reference

	




	
 30 to 60 min

	
1.31 (0.64–2.71)

	
0.461

	
1.67 (0.75–3.70)

	
0.210

	
1.17 (0.61–2.26)

	
0.638

	
1.38 (0.62–3.06)

	
0.435




	
 60 to 120 min

	
2.61 (1.28–5.35)

	
0.009

	
3.18 (1.40–7.22)

	
0.006

	
1.77 (0.89–3.53)

	
0.107

	
1.90 (0.83–4.35)

	
0.128




	
 ≥120 min

	
2.36 (0.90–6.15)

	
0.080

	
2.57 (0.89–7.43)

	
0.082

	
2.93 (1.14–7.53)

	
0.026

	
3.63 (1.20–10.98)

	
0.023




	
Online chat (minutes/day)

	

	

	

	

	

	

	




	
 <30 min

	
reference

	

	
reference

	

	
reference

	

	
reference

	




	
 30 to 60 min

	
1.11 (0.53–2.32)

	
0.791

	
1.10 (0.49–2.44)

	
0.824

	
1.54 (0.80–2.96)

	
0.199

	
1.96 (0.92–4.18)

	
0.082




	
 60 to 120 min

	
1.18 (0.57–2.44)

	
0.667

	
1.52 (0.69–3.38)

	
0.302

	
1.16 (0.60–2.26)

	
0.656

	
1.56 (0.71–3.44)

	
0.272




	
 ≥120 min

	
2.35 (1.17–4.70)

	
0.016

	
2.81 (1.28–6.15)

	
0.010

	
2.50 (1.30–4.80)

	
0.006

	
3.14 (1.42–6.95)

	
0.005




	
Internet search (minutes/day)

	

	

	

	

	

	

	




	
 <30 min

	
reference

	

	
reference

	

	

	

	
reference

	




	
 30 to 60 min

	
1.48 (0.82–2.68)

	
0.194

	
1.44 (0.76–2.74)

	
0.262

	
1.40 (0.82–2.39)

	
0.219

	
1.17 (0.62–2.20)

	
0.628




	
 60 to 120 min

	
6.76 (2.53–18.1)

	
<0.001

	
4.83 (1.68–13.88)

	
0.003

	
3.75 (1.42–9.88)

	
0.008

	
1.38 (0.45–4.24)

	
0.573




	
 ≥120 min

	
2.43 (0.65–9.03)

	
0.186

	
3.04 (0.74–12.46)

	
0.123

	
3.03 (0.82–11.13)

	
0.096

	
3.89 (0.91–16.64)

	
0.067




	
Playing games (minutes/day)

	

	

	

	

	

	

	




	
 <30 min

	
reference

	

	
reference

	

	
reference

	

	
reference

	




	
 30 to 60 min

	
1.19 (0.65–2.17)

	
0.570

	
1.32 (0.69–2.52)

	
0.398

	
0.95 (0.55–1.64)

	
0.846

	
0.98 (0.52–1.85)

	
0.957




	
 60 to 120 min

	
1.52 (0.74–3.12)

	
0.257

	
1.52 (0.69–3.36)

	
0.298

	
1.71 (0.88–3.33)

	
0.114

	
1.50 (0.68–3.30)

	
0.310




	
 ≥120 min

	
1.34 (0.48–3.79)

	
0.580

	
1.58 (0.52–4.80)

	
0.417

	
1.46 (0.56–3.78)

	
0.437

	
1.38 (0.46–4.12)

	
0.563




	
Viewing of videos (minutes/day)

	

	

	

	

	

	

	




	
 <30 min

	
reference

	

	
reference

	

	
reference

	

	
reference

	




	
 30 to 60 min

	
0.83 (0.44–1.59)

	
0.580

	
0.77 (0.38–1.56)

	
0.475

	
1.03 (0.58–1.84)

	
0.909

	
1.08 (0.55–2.09)

	
0.831




	
 60 to 120 min

	
1.70 (0.79–3.65)

	
0.173

	
1.56 (0.70–3.50)

	
0.277

	
1.67 (0.81–3.45)

	
0.167

	
1.57 (0.69–3.57)

	
0.281




	
 ≥120 min

	
1.46 (0.68–3.14)

	
0.337

	
1.54 (0.68–3.47)

	
0.298

	
1.59 (0.77–3.27)

	
0.208

	
1.47 (0.65–3.31)

	
0.352








Data are expressed as odds ratio (OR) and 95% confidence interval (CI) of logistic regression analysis. p value by multiple logistic regression analysis; † adjusting for age, sex, talking with family, and social support; ‡ adjusting for age, sex, talking with family, social support, and hours spent sleeping.









4. Discussion


The present study showed that excessively long hours of mobile phone use was associated with insomnia, particularly in students using mobile phones for 5 h or more per day compared with those using mobile phones for less than 1 h per day. On the other hand, no association was found between total hours of mobile phone use and depression. However, interestingly, long hours of mobile phone use for SNS or online chat were related to depression, particularly in students who spent 120 min or more on SNS and online chat, while hours spent using a mobile phone for internet searching, playing games or viewing videos was not associated with depression.



This study showed that long hours of mobile phone use was a risk factor for insomnia. It is also suggested that overuse of 5 h and more a day could be a marker of a higher risk of insomnia. To our knowledge, there are only two studies examining the association between sleep disturbances and hours of mobile phone use. Among adolescents in Hong Kong, long hours of mobile phone use were correlated with short sleep duration, poor sleep quality, and excessive daytime sleepiness [20]. Another study in Japanese high school students reported that long hours of mobile phone use was associated with short sleep time and fatigue [23]. Both findings support an association between long hours of mobile phone use and sleep disturbances, as shown in this study. In this study, among adolescents using mobile phones for 5 h or more a day, 61.3% reported a bedtime after 00:00, and 67.8% had a sleeping time of less than 6 h per day. Thus, mobile phone overuse was linked to disturbances in sleep habits, which is known to be a risk factor for insomnia [37]. It is, therefore, considered that mobile phone overuse can cause impaired sleep habits, thus contributing to insomnia.



In the present study, depression was not associated with total hours of mobile phone use. However, long hours spent using mobile phones for SNS and online chat was related to depression, while hours spent using mobile phones for internet searching, playing games or viewing videos was not linked with depression. The SNS (e.g., Facebook, Twitter or Instagram) and online chat (e.g., Line, Skype, Kakao Talk) are popular online communication tools among adolescents [38]. Some earlier studies have indicated that their use is associated with mental health problems [39,40,41,42]. Additionally, it is reported that internet addiction can be predicted by the use of SNS and chat rooms [39,40]; and that the use of SNS contributed to psychological distress, suicidal ideation and attempts [41,42]. Sampasa-Kanyinga and Lewis [42] reported that using SNS for more than 2 h every day was independently associated with poor self-rating of mental health, high levels of psychological distress and suicidal ideation. The present study confirmed that 2 h and more a day spent using mobile phones for SNS and online chat could increase risks of depression. SNS and online chat enable one to communicate and interact with a large number of people. Hence, young users may spend more time on them [43]. However, the overuse of SNS and online chat sometimes undermines well-being and life satisfaction [44], increases risk of cyberbullying victimization [41], and can also relate to depression in adolescents.



The present study showed that female adolescents used mobile phones for longer hours per day than males. Previous studies also indicated that women tended to overuse online applications for social function or communication, such as e-mail, chat, and SNS [45,46,47]. Moreover, overuse of online communication was more likely to cause sleep disturbances and stress among women [48]. Thus, female adolescents in particular should be careful to prevent mobile phone overuse.



The Japanese government has concerns about various problems such as bullying, crime or addiction among adolescents through the use of the internet, and insists on educating school students about appropriate mobile phone use, including the restriction on hours of mobile phone use [49]. The present findings may suggest that appropriate use of mobile phones in adolescents needs to be considered.



The present study had some limitations. The present subjects were limited to participants in a single high school in central Japan, so the findings from this study cannot be largely generalized to other areas and countries. Another limitation was that the information on hours of mobile phone use was not very precise because the information was obtained using a self-administered questionnaire. Therefore, “5 h and more” is a rough criterion for overuse. Finally, this was a cross-sectional study. Hence, the present findings do not show a causal relation. Even so, this study showed meaningful findings. Mobile phone overuse could be linked to impaired sleep habits, and consequently to insomnia. It was suggested that 5 h and more of phone use in particular could increase risks of insomnia. Additionally, the overuse of mobile phones—120 min or more—for SNS and online chat might be related to depression among adolescents. Appropriate use of mobile phones should be considered.




5. Conclusions


The present study found that long hours of mobile phone use was associated with insomnia, particularly in students using mobile phones for 5 h or more a day. Additionally, long hours spent using mobile phones for SNS or online chat was related to depression, particularly in students who spent 2 h or more on SNS and online chat. Appropriate use of mobile phones should be considered in order to prevent sleep disturbances and the impairment of mental health among adolescents.







Acknowledgments


The authors thank Sumako Takahashi for her helpful contribution to data collection.




Author Contributions


All authors participated in study design and provided academic contributions to the development of this manuscript. The initial concept and design (H.T., T.N., H.S.), data acquisition (H.T.), statistical analyses (H.T., T.N.), contribution to interpretation of the results (H.T., T.N., A.T.), preparation of manuscript (H.T., T.N.), preparation of tables and figures (T.N.) and revision of manuscript (H.S.) All authors approved the final manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
The Cabinet Office, Government of Japan. Seishonen No Intanetto Riyo Kankyo Jittai Chosa Hokokusho. Available online: http://www8.cao.go.jp/youth/youth-harm/chousa/h28/jittai_html/index.html (accessed on 6 June 2017). (In Japanese)

	2. 
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. [Google Scholar] [CrossRef] [PubMed]

	3. 
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. [Google Scholar] [CrossRef] [PubMed]

	4. 
Haug, S.; Castro, R.P.; Kwon, M.; Filler, A.; Kowatsch, T.; Schaub, M.P. Smartphone use and smartphone addiction among young people in Switzerland. J. Behav. Addict. 2015, 4, 299–307. [Google Scholar] [CrossRef] [PubMed]

	5. 
Mak, K.K.; Lai, C.M.; Watanabe, H.; Kim, D.I.; Bahar, N.; Ramos, M.; Young, K.S.; Ho, R.C.; Aum, N.R.; Cheng, C. Epidemiology of internet behaviors and addiction among adolescents in six Asian countries. Cyberpsychol. Behav. Soc. Netw. 2014, 17, 720–728. [Google Scholar] [CrossRef] [PubMed]

	6. 
Benson, A.C.; Bruce, L.; Gordon, B.A. Reliability and validity of a GPS-enabled iPhone “app” to measure physical activity. J. Sports Sci. 2015, 33, 1421–1428. [Google Scholar] [CrossRef] [PubMed]

	7. 
Mameli, C.; Brunetti, D.; Colombo, V.; Bedogni, G.; Schneider, L.; Penagini, F.; Borsani, B.; Zuccotti, G.V. Combined use of a wristband and a smartphone to reduce body weight in obese children: Randomized controlled trial. Pediatr. Obes. 2016. [Google Scholar] [CrossRef] [PubMed]

	8. 
Pellegrini, C.A.; Duncan, J.M.; Moller, A.C.; Buscemi, J.; Sularz, A.; DeMott, A.; Pictor, A.; Pagoto, S.; Siddique, J.; Spring, B. A smartphone-supported weight loss program: Design of the ENGAGED randomized controlled trial. BMC Public Health 2012, 12, 1041. [Google Scholar] [CrossRef] [PubMed]

	9. 
O’Malley, G.; Clarke, M.; Burls, A.; Murphy, S.; Murphy, N.; Perry, I.J. A smartphone intervention for adolescent obesity: Study protocol for a randomised controlled non–inferiority trial. Trials 2014, 15, 43. [Google Scholar] [CrossRef] [PubMed]

	10. 
Chiu, C.T.; Chang, Y.H.; Chen, C.C.; Ko, M.C.; Li, C.Y. Mobile phone use and health symptoms in children. J. Formos. Med. Assoc. 2015, 114, 598–604. [Google Scholar] [CrossRef] [PubMed]

	11. 
Zarghami, M.; Khalilian, A.; Setareh, J.; Salehpour, G. The impact of using cell phones after light-out on sleep quality, headache, tiredness, and distractibility among students of a university in north of Iran. Iran J. Psychiatry Behav. Sci. 2015, 9, e2010. [Google Scholar] [CrossRef] [PubMed]

	12. 
Cerutti, R.; Presaghi, F.; Spensieri, V.; Valastro, C.; Guidetti, V. The potential impact of internet and mobile use on headache and other somatic symptoms in adolescence. A population-based cross-sectional study. Headache 2016, 56, 1161–1170. [Google Scholar] [CrossRef] [PubMed]

	13. 
Demirci, K.; Akgonul, M.; Akpinar, A. Relationship of smartphone use severity with sleep quality, depression, and anxiety in university students. J. Behav. Addict. 2015, 4, 85–92. [Google Scholar] [CrossRef] [PubMed]

	14. 
Sahin, S.; Ozdemir, K.; Unsal, A.; Temiz, N. Evaluation of mobile phone addiction level and sleep quality in university students. Pak. J. Med. Sci. 2013, 29, 913–918. [Google Scholar] [CrossRef] [PubMed]

	15. 
Exelmans, L.; van Den, B.J. Bedtime mobile phone use and sleep in adults. Soc. Sci. Med. 2016, 148, 93–101. [Google Scholar] [CrossRef] [PubMed]

	16. 
Fossum, I.N.; Nordnes, L.T.; Storemark, S.S.; Bjorvatn, B.; Pallesen, S. The association between use of electronic media in bed before going to sleep and insomnia symptoms, daytime sleepiness, morningness, and chronotype. Behav. Sleep Med. 2014, 12, 343–357. [Google Scholar] [CrossRef] [PubMed]

	17. 
Cho, C.H.; Moon, J.H.; Yoon, H.K.; Kang, S.G.; Geum, D.; Son, G.H.; Lim, J.M.; Kim, L.; Lee, E.I.; Lee, H.J. Molecular circadian rhythm shift due to bright light exposure before bedtime is related to subthreshold bipolarity. Sci. Rep. 2016, 6, 31846. [Google Scholar] [CrossRef] [PubMed]

	18. 
Cain, N.; Gradisar, M. Electronic media use and sleep in school-aged children and adolescents: A review. Sleep Med. 2010, 11, 735–742. [Google Scholar] [CrossRef] [PubMed]

	19. 
Mohammadbeigi, A.; Absari, R.; Valizadeh, F.; Saadati, M.; Sharifimoghadam, S.; Ahmadi, A.; Mokhtari, M.; Ansari, M. 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. [Google Scholar] [PubMed]

	20. 
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. [Google Scholar] [CrossRef] [PubMed]

	21. 
Augner, C.; Hacker, G.W. Associations between problematic mobile phone use and psychological parameters in young adults. Int. J. Public Health 2012, 57, 437–441. [Google Scholar] [CrossRef] [PubMed]

	22. 
Thomee, S.; Harenstam, A.; Hagberg, M. Mobile phone use and stress, sleep disturbances, and symptoms of depression among young adults—A prospective cohort study. BMC Public Health 2011. [Google Scholar] [CrossRef] [PubMed]

	23. 
Ikeda, K.; Nakamura, K. Association between mobile phone use and depressed mood in Japanese adolescents: A cross-sectional study. Environ. Health Prev. Med. 2014, 19, 187–193. [Google Scholar] [CrossRef] [PubMed]

	24. 
Tayama, J. The Relationship between mobile phone addiction and psycho-behavioral factors among high school students. Jan. J. Psychosom. Med. 2011, 51, 245–253. [Google Scholar]

	25. 
Shima, S.; Shikano, T.; Kitamura, T.A.M. A new selfreport depression scale. Seishin Igaku 1985, 27, 717–723. [Google Scholar]

	26. 
Radloff, L.S. The CES–D scale: A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1977, 1, 385–401. [Google Scholar] [CrossRef]

	27. 
Radloff, L.S. The use of the Center for Epidemiologic Studies Depression Scale in adolescents and young adults. J. Youth Adolesc. 1991, 20, 149–166. [Google Scholar] [CrossRef] [PubMed]

	28. 
Schoenbach, V.J.; Kaplan, B.H.; Wagner, E.H.; Grimson, R.C.; Miller, F.T. Prevalence of self-reported depressive symptoms in young adolescents. Am. J. Public Health 1983, 73, 1281–1287. [Google Scholar] [CrossRef] [PubMed]

	29. 
Okajima, I.; Nakajima, S.; Kobayashi, M.; Inoue, Y. Development and validation of the Japanese version of the Athens Insomnia Scale. Psychiatry Clin. Neurosci. 2013, 67, 420–425. [Google Scholar] [CrossRef] [PubMed]

	30. 
Soldatos, C.R.; Dikeos, D.G.; Paparrigopoulos, T.J. The diagnostic validity of Athens Insomnia Scale. J. Psychosom. Res. 2003, 55, 263–267. [Google Scholar] [CrossRef]

	31. 
Siomos, K.E.; Avagianou, P.A.; Floros, G.D.; Skenteris, N.; Mouzas, O.D.; Theodorou, K.; Angelopoulos, N.V. Psychosocial correlates of insomnia in an adolescent population. Child Psychiatry Hum. Dev. 2010, 41, 262–273. [Google Scholar] [CrossRef] [PubMed]

	32. 
Chung, K.F.; Kan, K.K.; Yeung, W.F. Assessing insomnia in adolescents: comparison of Insomnia Severity Index, Athens Insomnia Scale and Sleep Quality Index. Sleep Med. 2011, 12, 463–470. [Google Scholar] [CrossRef] [PubMed]

	33. 
Zimet, G.D.; Powell, S.S.; Farley, G.K.; Werkman, S.; Berkoff, K.A. Psychometric characteristics of the Multidimensional Scale of Perceived Social Support. J. Personal. Assess. 1990, 55, 610–617. [Google Scholar] [CrossRef] [PubMed]

	34. 
Iwasa, H.; Gondou, Y.; Masui, Y.; Inagaki, H.; Kawai, C.; Otsuka, R.; Ogawa, M.; Takayama, M.; Imuta, H.; Suzuki, T. Nihongo ban “sosharu sapoto shakudo” no shinrai sei narabini dato sei; chukonen sya wo taisho to shita kento. Kosei no Shihyo. 2007, 54, 26–33. (In Japanese) [Google Scholar]

	35. 
Gazquez, J.J.; Perez-Fuentes, M.C.; Molero, M.M.; Barragan, M.A.B.; Martos, M.A.; Sanchez-Marchan, C. Drug use in adolescents in relation to social support and reactive and proactive aggressive behavior. Psicothema 2016, 28, 318–322. [Google Scholar] [CrossRef] [PubMed]

	36. 
Canty-Mitchell, J.; Zimet, G.D. Psychometric properties of the Multidimensional Scale of Perceived Social Support in urban adolescents. Am. J. Community Psychol. 2000, 28, 391–400. [Google Scholar] [CrossRef] [PubMed]

	37. 
Gellis, L.A.; Park, A.; Stotsky, M.T.; Taylor, D.J. Associations between sleep hygiene and insomnia severity in college students: Cross-sectional and prospective analyses. Behav. Ther. 2014, 45, 806–816. [Google Scholar] [CrossRef] [PubMed]

	38. 
Durkee, T.; Kaess, M.; Carli, V.; Parzer, P.; Wasserman, C.; Floderus, B.; Apter, A.; Balazs, J.; Barzilay, S.; Bobes, J.; et al. Prevalence of pathological internet use among adolescents in Europe: Demographic and social factors. Addiction 2012, 107, 2210–2222. [Google Scholar] [CrossRef] [PubMed]

	39. 
Yadav, P.; Banwari, G.; Parmar, C.; Maniar, R. Internet addiction and its correlates among high school students: A preliminary study from Ahmedabad, India. Asian J. Psychiatry 2013, 6, 500–505. [Google Scholar] [CrossRef] [PubMed]

	40. 
Kormas, G.; Critselis, E.; Janikian, M.; Kafetzis, D.; Tsitsika, A. Risk factors and psychosocial characteristics of potential problematic and problematic internet use among adolescents: A cross-sectional study. BMC Public Health 2011, 11, 595. [Google Scholar] [CrossRef] [PubMed]

	41. 
Sampasa-Kanyinga, H.; Hamilton, H.A. Social networking sites and mental health problems in adolescents: The mediating role of cyberbullying victimization. Eur. Psychiatry 2015, 30, 1021–1027. [Google Scholar] [CrossRef] [PubMed]

	42. 
Sampasa-Kanyinga, H.; Lewis, R.F. Frequent use of social networking sites is associated with poor psychological functioning among children and adolescents. Cyberpsychol. Behav. Soc. Netw. 2015, 18, 380–385. [Google Scholar] [CrossRef] [PubMed]

	43. 
Wu, A.M.; Cheung, V.I.; Ku, L.; Hung, E.P. Psychological risk factors of addiction to social networking sites among Chinese smartphone users. J. Behav. Addict. 2013, 2, 160–166. [Google Scholar] [CrossRef] [PubMed]

	44. 
Kross, E.; Verduyn, P.; Demiralp, E.; Park, J.; Lee, D.S.; Lin, N.; Shablack, H.; Jonides, J.; Ybarra, O. Facebook use predicts declines in subjective well–being in young adults. PLoS ONE 2013, 8, e69841. [Google Scholar] [CrossRef] [PubMed]

	45. 
Piguet, C.; Berchtold, A.; Akre, C.; Suris, J.C. What keeps female problematic Internet users busy online? Eur. J. Pediatr. 2015, 174, 1053–1059. [Google Scholar] [CrossRef] [PubMed]

	46. 
Nicole, L.M.; Rsanna, E.G. Make new friends or keep the old: Gender and personality differences in social networking use. Comput. Human Behav. 2012, 28, 107–112. [Google Scholar]

	47. 
Barker, V. Older adolescents’ motivations for social network site use: The influence of gender, group identity, and collective self-esteem. Cyberpsychol. Behav. 2009, 12, 209–213. [Google Scholar] [CrossRef] [PubMed]

	48. 
Thomee, S.; Harenstam, A.; Hagberg, M. Computer use and stress, sleep disturbances, and symptoms of depression among young adults—A prospective cohort study. BMC Psychiatry 2012. [Google Scholar] [CrossRef] [PubMed]

	49. 
The Ministry of Education, Culture, Sports, Science and Technology. Gakko Ni Okeru Keitai Denwa No Toriatsukai To Ni Tsuite; The Ministry of Education, Culture, Sports, Science and Technology: Tokyo, Japan, 2009. (In Japanese)













© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  ijerph-14-00701


  
    		
      ijerph-14-00701
    


  




  





media/file0.png





media/file1.png





