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INTRODUCTION

With the greater portability and connectivity they offer, 
smartphones are being increasingly used in everyday life.1 In 
South Korea, 89.5% of the total population, including 97.2% 
of adolescents, used smartphones in 2018.2 In this context, re-
cent studies have highlighted the negative impact of adoles-
cents’ smartphone use.3-5 Compared to people of other age 
groups, adolescents, may be more vulnerable to the negative 
effects of smartphone use because they lack the ability to 
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manage impulsive behaviors.6 This problem is not limited to 
South Korea, as demonstrated by reports that 41.9% of Span-
ish adolescents7 and 21.3% of Chinese adolescents8 exhibited 
problematic smartphone use.

Previous studies have cautiously suggested that problem-
atic smartphone use is related to overuse as well as problems 
with social relationships and academic achievement.5,9,10 Ac-
cording to a South Korean study that surveyed smartphone 
dependency and health habits, exposure to harmful social 
media was associated with smoking, drinking, and the con-
sumption of unhealthy food.11,12 Use duration and use for the 
purpose of communication are closely related to problematic 
smartphone use13 and health problems. A previous study re-
ported that high-frequency users tended to be more seden-
tary than low-frequency users.14 Since smartphones might 
become a replacement for face-to-face interaction,15 adoles-
cents who engage in excessive use may experience mental prob-
lems.12,16 Further, late-night use is associated with the risk of 
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sleep disorders,17 and reduced sleep owing to smartphone use 
may lead to suicidal ideation and suicide plans.18

Adolescents are known to be desirous of social relation-
ships,19 and smartphones facilitate social interactions that are 
not limited by space and time.20 Thus, this mode of commu-
nication is often an escape from solitude, which is likely to 
have negative effects on psychological well-being.21

According to a national cross-sectional study of South Ko-
rean adolescents,3 conflicts with surrounding people and poor 
academic record were associated with increased smartphone 
use. Concerns about smartphone use are a source of parent-
child conflicts,22 and intimate social communication and re-
duced relationship satisfaction owing to smartphone use may 
be associated with smartphone dependency.23 In addition, 
according to the 2019 Korean national survey, conflicts with 
family or friends owing to smartphone use were associated 
with suicide attempts in adolescents.3 Excessive social media 
use (e.g., Facebook, YouTube) and cyberbullying through so-
cial networking services might increase the risk of problem-
atic relationships,23,24 which may be a risk factor for poor sleep 
quality, stress, depression, and suicidal behaviors. In addition, 
adolescents who use smartphones excessively tend to engage 
in multitasking (e.g., using social media while studying and 
doing homework), which is likely to have a negative impact 
on their academic record.25 In a recent study, adolescents with 
low self-regulation ability were likely to experience academic 
problems because of their inability to refrain from smartphone 
use while studying.26 Academic achievement is an important 
stress factor for South Korean adolescents,27 and problematic 
smartphone use is associated with lower academic perfor-
mance.28 Further, low academic achievement is correlated with 
inappropriate health behaviors,29 stress, and depression.30 De-
spite the possible association of problematic smartphone use 
with health outcomes, few studies have reported its relation to 
health behaviors and mental health status. In addition, there 
is a lack of high-quality studies (in terms of instruments, sam-
ples, etc.) on problematic smartphone use.

Considering the above, it is necessary to investigate the as-
sociation of problematic smartphone use with unhealthy be-
haviors and mental health, and to obtain evidence that could 
help prevent adolescents from engaging in excessive smart-
phone use. Therefore, the purpose of this study, based on na-
tionally representative data, is to investigate the associations 
between problematic smartphone use, unhealthy behaviors, 
and mental health in the South Korean adolescent population. 

METHODS

Data source
The data were derived from the 2017 Korea Youth Risk Be-

havior Survey (KYRBS) conducted by the Korea Centers for 
Disease Control and Prevention. The KYRBS employs a strat-
ified, three-stage clustering design to produce a nationally 
representative sample of public and private middle and high 
school students. Launched in 2005, the KYRBS aims at obtain-
ing 10,000 valid responses per school year (30,000 from mid-
dle school and 30,000 from high school) to achieve reliable 
statistical results for each geographic region. In this sample, 
10,000 respondents were selected from each grade from mid-
dle to high school; thus, the sample size was taken as an effec-
tive sample for each grade. Based on this, the school sample 
size was set at 400. One class was selected as the sample for 
each surveyed grade in the selected schools and 25 students 
were selected as the effective number of respondents in each 
extracted class (e.g., 400 middle school classes 1st×25 respons-
es=10,000).29 The first stage involved 117 cities and districts 
with similar geographic locations. In the second stage, 400 
middle schools and 400 high schools were selected from with-
in the 117 cities and districts. The third stage of sampling in-
volved randomly selecting one class from each grade from the 
selected schools. All students in the chosen classes were eligi-
ble to participate. Students used their certificate numbers to 
access and complete questionnaires anonymously during a 
regular class period. The KYRBS was officially approved by 
the Korea National Statistical Office (Certificate Number: 
117058). Detailed information on the data source is available 
elsewhere.29 The overall response rate of the 13th KYRBS was 
95.8% (62,276). Smartphone users were defined as those who 
answered yes to the question, “Have you used your own or 
someone else’s smartphone in the last 30 days?” Finally, 54,603 
adolescent smartphone users were selected as the study pop-
ulation. The variables were classified based on the KYRBS’ 
health index for South Korean adolescents.16

Problematic smartphone use-related characteristics
Characteristics associated with problematic smartphone 

use included the number of hours spent using a smartphone 
on weekdays and weekends, the main purpose of smartphone 
use, conflicts with family and friends, and academic problems 
owing to smartphone use. Owing to a lack of relevant recom-
mendations, our categorizations were based on previous stud-
ies addressing the relationship between smartphone use and 
health status or behavior in South Korean adolescents. Fur-
ther, in general, South Korean students use smartphones more 
on weekends because they spend most of their time at school 
on weekdays.3,4,20 The number of hours spent using a smart-
phone was assessed by the following question: “During the 
weekdays of the last 30 days, for how many hours on average 
did you use a smartphone in one day?” and “During the week-
ends of the last 30 days, for how many hours on average did 
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you use a smartphone in one day?” We classified responses 
into three groups: 1) Weekdays: <2 hours, ≥2 hours and <4 
hours, and ≥4 hours; 2) Weekends: 4 hours, ≥4 hours and <8 
hours, and ≥8 hours. The main purpose for using a smart-
phone was identified by the response to the question, “Please 
select the most frequently used smartphone service in the last 
30 days.” The response options were education (e.g., online 
lectures), searching for information, messaging/chatting (e.g., 
Line, My People, KakaoTalk), playing games, watching vid-
eos, watching cartoons, reading fiction, listening to music, 
watching user-created content (UCC; Afreeka TV, YouTube), 
going to a café, online communities, emailing, shopping, us-
ing social media (e.g., blogs, Instagram, Twitter, Facebook), 
and others; subjects could select only one option. We refer-
enced the concepts proposed in previous studies3,13,20 and 
divided the main purpose for using a smartphone into three 
groups: 1) communication (messaging/chatting, going to an 
internet café or being part of an online community, emailing, 
and using social media); 2) enjoyment (playing games, watch-
ing videos, reading comics and fiction, listening to music, 
watching UCC, and shopping); and 3) education (searching 
for education-related information or studying).

The following prompts were used to assess severe conflicts 
with family and friends and academic problems owing to 
smartphone use. “In the last 30 days, I have had a severe con-
flict with my family owing to smartphone use,” “In the last 30 
days, I have had a severe conflict with my friends owing to 
smartphone use,” and “In the last 30 days, I have had a study 
problem owing to smartphone use.” Participants could choose 
between the following responses: strongly disagree, disagree, 
agree, and strongly agree. We defined “agree” and “strongly 
agree” as “yes” and the other responses as “no.” 

Unhealthy behaviors
Unhealthy behaviors included smoking, drinking, physical 

inactivity, skipping breakfast, and eating fast food. Those who 
had smoked and consumed alcohol at least once in the pre-
ceding 30 days were defined as smokers and drinkers, respec-
tively. As for physical inactivity, we considered the most recent 
seven days on which the duration of exercise was under 20 
minutes, the amount of time sufficient to increase heart rate 
or respiration. The unhealthy behavior variables were classi-
fied according to the indicators in Korea’s National Health 
Plan 2020 and the 13th KYRBS guidelines31: smoking (yes, 
no), drinking (yes, no), physical inactivity (<3 days/week, ≥3 
days/week),32 skipping breakfast (<5 times/week, ≥5 times/
week),33 and eating fast food (<3 times/week, ≥3 times/week).33 
These indicators were developed and reviewed by 15 academ-
ic advisory committees specialized in youth health-risk be-
haviors and a senior advisory committee representing aca-

demic societies in Korea.31,34

Mental health
The assessment of mental health accounted for sleep distur-

bance, stress, depressive symptoms, suicidal ideation, and sui-
cide attempts. Sleep disturbance was evaluated using the fol-
lowing question: “Was the amount of sleep you had in the 
past seven days sufficient for relieving fatigue?” Participants 
could choose between the following responses: completely 
sufficient, sufficient, moderate, not sufficient, or not at all suf-
ficient. We defined “moderate, not sufficient and not at all suf-
ficient” as “yes” and the other responses as “no.” Stress was 
evaluated using the following question: “How would you rate 
your usual stress level?” Participants could choose between 
the following responses: very high, high, moderate, low, or 
none. Responses of “very high” and “high” indicated that the 
subjects had experienced stress while the other responses in-
dicated that they had not. Depressive symptoms, suicidal ide-
ation, and suicide attempts were assessed by the following ques-
tions: “During the past 12 months, did you ever feel so sad or 
hopeless almost every day for two weeks or more in a row that 
you stopped engaging in some usual activities?” “During the 
past 12 months, have you ever seriously thought of commit-
ting suicide?” and “During the past 12 months, have you ever 
attempted suicide?” Participants could choose between the fol-
lowing responses: “yes” or “no.”

Covariates
General characteristics were used as covariates: gender, 

school year (middle school grades 1 to 3, high school grades 
1 to 3), perceived academic record (high, middle, low), family 
structure (living with parents, single parent, or others), par-
ents’ educational level (≥college, high school, ≤middle school, 
don’t know/missing), perceived economic status (high, mid-
dle, low), and place of residence (large, small, or medium-
sized city). Academic record and economic status were based 
on the subjects’ individual perceptions.

Statistical analysis
Behaviors associated with smartphone use are presented as 

numbers and percentages. Problematic smartphone use, un-
healthy behaviors, and mental health status were analyzed us-
ing chi-square tests. Multiple logistic regression analyses were 
performed to investigate the associations between problem-
atic smartphone use, unhealthy behaviors, and mental health. 
We considered differences in covariance to clarify the effect 
of independent variables on dependent variables. Adjusted 
odds ratios (aORs) and 95% confidence intervals (CIs) were 
derived from a series of logistic regression analyses after ad-
justing for gender, school year, perceived academic record, 
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Table 1. Characteristics of subjects

Characteristics Total (N=54,603) Boys (n=26,930) Girls (n=27,673)
School year

Middle school 1st 8,900 (14.8) 4,436 (14.9) 4,464 (14.7)
Middle school 2nd 9,054 (15.3) 4,470 (15.3) 4,584 (15.4)
Middle school 3rd 9,011 (15.0) 4,411 (15.1) 4,600 (14.9)
High school 1st 8,960 (17.2) 4,355 (17.3) 4,605 (17.2)
High school 2nd 9,506 (19.1) 4,768 (19.0) 4,738 (19.1)
High school 3rd 9,172 (18.6) 4,490 (18.5) 4,682 (18.8)

Perceived academic record
Good 21,913 (39.8) 11,169 (41.3) 10,744 (38.3)
Average 15,707 (28.9) 7,439 (27.7) 8,268 (30.1)
Poor 16,983 (31.3) 8,322 (30.9) 8,661 (31.6)

Family structure
Lives with both parents 44,964 (83.2) 22,116 (82.9) 22,848 (83.5)
Lives with father 2,524 (4.3) 1,374 (4.8) 1,150 (3.8)
Lives with mother 5,634 (10.1) 2,650 (9.7) 2,984 (10.5)
Lives with others 1,481 (2.5) 790 (2.7) 691 (2.3)

Parental educational level
≥College 31,987 (60.1) 15,649 (59.7) 16,338 (60.4)
High school 12,113 (21.9) 5,730 (21.0) 6,383 (23.0)
≤Middle school 386 (0.6) 174 (0.6) 212 (0.7)
Don’t know/missing 10,117 (17.3) 5,377 (18.8) 4,740 (15.9)

Perceived economic status
High 21,519 (39.9) 11,449 (42.9) 10,070 (36.9)
Middle 25,297 (46.0) 11,785 (43.5) 13,512 (48.5)
Low 7,787 (14.1) 3,696 (13.6) 4,091 (14.5)

Place of residence
Large city 24,391 (43.4) 11,676 (43.3) 12,715 (43.5)
Small or medium-sized city 26,025 (50.6) 13,122 (50.8) 12,903 (50.3)
Town 4,187 (6.0) 2,132 (5.9) 2,055 (6.2)

Mean time of smartphone use per weekday (hours)
<2 14,542 (26.7) 8,651 (31.8) 5,891 (21.5)
>2, <4 22,710 (42.0) 11,168 (42.0) 11,542 (42.0)
≥4 17,351 (31.3) 7,111 (26.2) 10,240 (36.5)

Mean time of smartphone use per day during weekends (hours)
<4 20,561 (38.7) 12,395 (46.8) 8,166 (30.3)
>4, <8 21,494 (39.5) 9,944 (36.9) 11,550 (42.2)
≥8 12,548 (21.8) 4,591 (16.3) 7,957 (27.5)

Main purpose for using a smartphone 
Communication 25,740 (46.9) 8,931 (33.6) 16,809 (60.5)
Enjoyment 24,661 (44.9) 15,356 (56.0) 9,305 (33.5)
Education 4,202 (8.2) 2,643 (10.4) 1,559 (6.0)

Severe conflicts with family owing to smartphone use
No 42,602 (77.7) 21,551 (79.6) 21,051 (75.7)
Yes 12,001 (22.3) 5,379 (20.4) 6,622 (24.3)
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family structure, parental educational level, perceived eco-
nomic status, and place of residence. The data were analyzed 
using IBM SPSS Statistics for Windows, version 24 (IBM 
Corp., Armonk, NY, USA). The process utilized a complex 
sample analysis module considering stratification variables, 
cluster variables, and weights. P-values lower than 0.05 were 
considered statistically significant.

RESULTS

When differentiating between weekdays and weekends, 
31.3% and 61.3% of the subjects, respectively, used smart-
phones for more than four hours. The time spent using smart-
phones for communication (46.9%) was greater than that 
spent on use for educational purposes (44.9%) and enjoy-
ment (44.9%). Of the sample, 22.3% experienced severe con-
flicts with family, 25.8% experienced severe conflicts with 
friends, and 3.4% experienced academic problems (Table 1).

The longer the duration of smartphone use, the greater was 
the likelihood of reporting unhealthy behaviors and poor 
mental health. However, smartphone use did not display such 
an association with physical inactivity. Compared to adoles-
cents who used smartphones for educational purposes, those 
who used them for communication were more likely to report 
smoking (aOR=2.63, 95% CI=2.25–3.07), drinking (aOR= 
2.27, 95% CI=2.05–2.52), and fast food consumption (aOR= 
1.37, 95% CI=1.25–1.50). Further, smartphone use for com-
munication purposes was associated with increased risk of 
sleep disturbance (aOR=1.36, 95% CI=1.26–1.47), depressive 
symptoms (aOR=1.17, 95% CI=1.08–1.27), and suicidal ide-
ation (aOR=1.05 95% CI=0.93–1.19) (Table 2). Gender-strat-
ified analyses are presented in Supplementary Table 1 (in the 
online-only Data Supplement).

Adolescents who experienced severe conflicts with family 
and friends were more likely to smoke, drink, and have poor 
mental health. Adolescents with academic problems were 
more likely to smoke (aOR=3.49, 95% CI=2.99–4.10) and 
drink (aOR=2.37, 95% CI=2.12–2.64) and experience stress 
(aOR=2.33, 95% CI=2.11–2.57), suicidal ideation (aOR=1.42, 

95% CI=1.25–1.62), and suicide attempts (aOR=1.89, 95% CI= 
1.55–2.30) than adolescents without academic problems (Ta-
ble 3). Gender-stratified analyses are presented in Supple-
mentary Table 2 (in the online-only Data Supplement).

DISCUSSION

The purpose of this study was to investigate the relation-
ships between problematic smartphone use, unhealthy be-
haviors, and mental health among South Korean adolescents. 
According to the results, a longer duration of smartphone use 
and usage for communication purposes were associated with 
unhealthy behaviors and poor mental health. Severe conflicts 
with family and friends and academic problems owing to 
smartphone use were also associated with unhealthy behav-
iors and mental health. 

In this sample, approximately 30% of adolescents used their 
smartphones for more than four hours on weekdays, while 
this proportion stood at 60% on weekends. Since there are not 
many leisure activities South Korean adolescents may engage 
in, they spend time on their easy-to-use smartphones.35 In 
previous studies of South Korean adolescents, 50% reported 
use more than three hours,3 40% reported use more than four 
hours.36 Regarding other nationalities, approximately 10% of 
Japanese adolescents16 and 20% of Swiss young adults37 re-
ported use more than five hours a day. Usage duration may 
differ depending on the research method or social environment 
(e.g., smartphone penetration and internet access speed26). 

More than 30% of adolescents experienced conflicts with 
parents or friends, and 3.4% experienced academic problems. 
As per a previous study, strict parenting, poor friendships, 
and academic failure owing to low self-control were the most 
important risk factors for problematic smartphone use in ad-
olescents.5 A South Korean study reported that smartphone 
addiction was associated with dysfunction and poor interac-
tion with peers.23 South Korean adolescents experience high 
levels of academic pressure; in this situation, smartphones are 
a way to relieve stress.13 Previous studies have established that 
adolescents’ relationship and academic problems may be risk 

Table 1. Characteristics of subjects (continued)

Characteristics Total (N=54,603) Boys (n=26,930) Girls (n=27,673)
Severe conflicts with friends owing to smartphone use

No 41,130 (74.2) 21,764 (79.7) 19,366 (68.4)
Yes 13,473 (25.8) 5,166 (20.3) 8,307 (31.6)

Academic problems owing to smartphone use
No 52,704 (96.6) 26,154 (97.1) 26,550 (96.0)
Yes 1,899 (3.4) 776 (2.9) 1,123 (4.0)

Data are expressed as numbers and percentages (%)
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Problematic Smartphone Use in Korean Adolescents
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factors for problematic smartphone use, and our results may 
be understood within this context. 

Consistent with previous studies,3,35,38,39 a longer duration 
of smartphone use and usage for communication purposes 
were associated with unhealthy behaviors and poor mental 
health status. Further, as with some other studies,14,40 problem-
atic smartphone use was not associated with physical inactiv-
ity. A possible explanation is that adolescnet might use smart-
phones while engaging in low-intensity exercise for relatively 
long periods, which might contribute to health and fitness.41 
Further studies are required to better understand the relation-
ship between smartphone use and intensity of physical activ-
ity. Adolescents accustomed to the digital media stimulation 
afforded by smartphones could be frequently exposed to alco-
hol and tobacco.42 In South Korean adolescents, the main rea-
son for smoking and drinking has been reported to be the sat-
isfaction of having social relationships.43 Our findings indicated 
that increased smoking and drinking were associated with us-
ing smartphones for communication. In a Chinese study of young 
adults and a Japanese study on adolescents,12,16 excessive smart-
phone usage for communication, such as social networking ser-
vices and online chatting, was associated with sleep disorders, 
stress, and depression. Therefore, smartphone use for relation-
ship formation and maintenance is likely to have harmful ef-
fects on the mental development of adolescents.

Severe conflicts with parents and friends and academic prob-
lems owing to smartphone use were associated with poor 
health status. In previous studies, low-quality relationships 
with both mothers and fathers were associated with a greater 
likelihood of fast food consumption, insufficient sleep,44 un-
healthy food-related behaviors,45 and negative relationships 
with parents and friends, which, in turn, increased the possi-
bility of depression46 and suicide.3 According to a recent study, 
higher problematic social media use was associated with cy-
berbullying, which exposed adolescents to psychosocial risks.47 
Adolescents with lower GPAs have been reported to be asso-
ciated with poor mental health and behavior problems.48 Pre-
venting conflicts with family and friends and academic prob-
lems could help reduce the risk of problematic smartphone 
use among adolescents. This study has several limitations. 
First, all information of KYRBS, including smartphone use 
time, were collected by self-reported measure. In previous 
studies, adolescents were more likely to report shorter dura-
tions compared to their actual use time by timestamp report-
ing application.49,50 Therefore, smartphone use time of our 
study might be underestimated, and objective measure by 
technology instruments may be sensitive.51,52 Second, there is 
a lack of sufficient investigating studies which problematic 
smartphone use related classification criteria or guidelines,53 
therefore, we classified the smartphone usage time according 

to previous studies. This suggests that health-related results 
may vary depending on the criteria employed for the classifi-
cation of usage time. Further, there is a need for studies pre-
senting scientific evidence for the determination of a cutoff 
value that may be used to predict health problems resulting 
from problematic smartphone use. Third, the use of cross-
sectional survey data did not allow us to elucidate temporal 
relationships or draw inferences regarding causality. The re-
lationship between problematic smartphone use and poor 
mental health may involve reverse causation.39 For example, 
adolescents with depression, anxiety, and attention-deficit hy-
peractivity disorder may be more prone to excessive smart-
phone use.28 Therefore, we emphasize the need for additional 
longitudinal studies to evaluate the causal relationships be-
tween smartphone use, unhealthy behaviors, and mental health 
status. Fourth, this study used self-reported questionnaires, 
which may be affected by social desirability and response bi-
ases. For example, adolescents might have sought to answer 
the questions regarding smoking and drinking in the most 
socially acceptable manner, leading to inaccurate reporting. 
Fourth, owing to the use of multiple comparisons, the possi-
bility of chance in the results cannot be excluded. Finally, men-
tal health variables were measured subjectively, using simple 
questions rather than standardized tools. Therefore, to obtain 
objective data on these variables, it is necessary to use stan-
dardized assessment scales and diagnostic interviews con-
ducted by professionals.

Despite its limitations, the advantages of this study are as 
follows. The key strength of this study, based on a government-
approved nationally representative data set, is that it offers the 
necessary insight to make relevant predictions regarding the 
risks of problematic smartphone use. Further, the findings 
may be generalized to all South Korean adolescents. Most pre-
vious studies have measured the level of smartphone addic-
tion to determine the relationships between influential factors 
and the addiction itself. In this study, however, we investigated 
real smartphone use-related problems experienced by adoles-
cents and tried to clarify the relationships between problem-
atic smartphone use, unhealthy behaviors, and mental health. 
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Supplementary Table 1-1. Association between smartphone use duration and main purpose, unhealthy behaviors, and mental health status among boys

Variables Smoking Drinking Physical inactivity ≥3 days/week Skipping breakfast ≥5 times/week Eating fast food ≥3 times/week
Total, N (%) 2,428 (9.4) OR (95% CI)* 4,835 (18.6) OR (95% CI)* 21,348 (80.1) OR (95% CI)* 6,129 (22.7) OR (95% CI)* 5,652 (21.5) OR (95% CI)*

Number of hours spent using a smartphone on weekdays
<2 424 (5.3) 1.00 1,077 (12.9) 1.00 6,844 (80.2) 1.00 1,596 (18.4) 1.00 1,403 (16.4) 1.00
>2, <4 835 (7.9) 1.38 (1.21–1.58) 1,887 (17.5) 1.36 (1.24–1.50) 8,865 (80.2) 0.99 (0.92–1.08) 2,538 (22.7) 1.21 (1.11–1.31) 2,286 (21.2) 1.37 (1.27–1.48)
≥4 1,169 (16.8) 2.82 (2.45–3.23) 1,871 (27.1) 2.25 (2.02–2.50) 5,639 (80.0) 0.98 (0.89–1.07) 1,995 (28.0) 1.46 (1.33–1.60) 1,963 (28.2) 1.97 (1.80–2.15)

Number of hours spent using a smartphone on weekends
<4 726 (6.3) 1.00 1,681 (14.1) 1.00 9,879 (80.4) 1.00 2,475 (19.9) 1.00 2,218 (18.4) 1.00
>4, <8 876 (9.4) 1.38 (1.24–1.53) 1,887 (19.7) 1.42 (1.31–1.53) 7,841 (80.0) 0.96 (0.90–1.04) 2,353 (23.7) 1.16 (1.08–1.25) 2,177 (22.6) 1.28 (1.19–1.38)
≥8 826 (18.6) 2.76 (2.46–3.09) 1,267 (28.8) 2.27 (2.05–2.52) 3,628 (79.8) 0.96 (0.87–1.06) 1,301 (28.7) 1.38 (1.26–1.51) 1,257 (28.2) 1.71 (1.55–1.88)

Main purpose for using a smartphone 
Education 161 (6.5) 1.00 396 (15.6) 1.00 2,175 (82.6) 1.00 518 (19.6) 1.00 483 (19.4) 1.00
Communication 1,357 (15.7) 2.76 (2.29–3.33) 2,319 (26.7) 2.21 (1.94–2.51) 6,794 (77.2) 0.76 (0.67–0.86) 2,091 (23.4) 1.15 (1.02–1.29) 2,176 (25.1) 1.37 (1.21–1.55)
Enjoyment 910 (6.2) 1.09 (0.91–1.32) 2,120 (14.2) 1.13 (0.99–1.29) 12,379 (81.4) 1.04 (0.92–1.18) 3,520 (22.9) 1.09 (0.97–1.22) 2,993 (19.8) 1.05 (0.93–1.19)

Variables Sleep disturbances Stress Depressive symptoms Suicidal ideation Suicide attempt
Total, N (%) 18,549 (70.1) OR (95% CI)* 8,146 (30.5) OR (95% CI)* 5,426 (20.4) OR (95% CI)† 2,500 (9.3) OR (95% CI)‡ 499 (1.8) OR (95% CI)‡

Number of hours spent using a smartphone on weekdays
<2 5,761 (68.1) 1.00 2,456 (28.8) 1.00 1,566 (18.3) 1.00 718 (8.5) 1.00 145 (1.7) 1.00
>2, <4 7732 (70.3) 1.06 (0.99–1.13) 3,267 (29.5) 1.00 (0.93–1.07) 2,152 (19.7) 1.06 (0.98–1.15) 994 (8.9) 1.00 (0.89–1.11) 175 (1.5) 0.86 (0.67–1.11)
≥4 5,056 (72.1) 1.11 (1.02–1.21) 2,423 (34.1) 1.16 (1.07–1.26) 1,708 (24.1) 1.25 (1.13–1.37) 788 (11.0) 1.10 (0.97–1.25) 179 (2.5) 1.26 (0.96–1.65)

Number of hours spent using a smartphone on weekends
<4 8,164 (67.2) 1.00 3,420 (28.0) 1.00 2,265 (18.7) 1.00 1,029 (8.4) 1.00 219 (1.7) 1.00
>4, <8 7,065 (72.2) 1.20 (1.13–1.28) 3,023 (30.5) 1.08 (1.01–1.16) 2,003 (20.4) 1.03 (0.96–1.11) 916 (9.1) 0.98 (0.89–1.09) 153 (1.5) 0.82 (0.65–1.04)
≥8 3,320 (73.5) 1.27 (1.16–1.40) 1,703 (37.3) 1.42 (1.30–1.54) 1,158 (25.3) 1.21 (1.09–1.34) 555 (12.4) 1.20 (1.05–1.38) 127 (2.9) 1.30 (0.99–1.72)

Main purpose for using a smartphone 
Education 1,833 (70.8) 1.00 846 (32.1) 1.00 557 (20.8) 1.00 237 (8.8) 1.00 51 (1.9) 1.00
Communication 6,613 (74.9) 1.30 (1.17–1.44) 2,695 (30.4) 0.92 (0.84–1.01) 2,097 (23.8) 1.20 (1.06–1.35) 884 (10.0) 1.12 (0.94–1.33) 175 (2.0) 1.00 (0.70–1.42)
Enjoyment 10,103 (67.0) 0.99 (0.90–1.10) 4,605 (30.2) 0.93 (0.85–1.02) 2,772 (18.3) 0.87 (0.77–0.98) 1,379 (9.0) 1.02 (0.97–1.20) 273 (1.8) 0.87 (0.62–1.22)

*adjusted for school year, perceived academic record, family structure, parental educational level, perceived economic status, and place of residence, †adjusted for school year, perceived school record, family struc-
ture, parental educational level, perceived economic status, place of residence, and stress, ‡adjusted for school year, perceived academic record, family structure, parental educational level, perceived economic sta-
tus, place of residence, stress, and depressive symptoms. OR: odds ratio; CI: confidence interval



Supplementary Table 1-2. Association between smartphone use duration and main purpose, unhealthy behaviors, and mental health status among girls

Variables Smoking Drinking Physical inactivity ≥3 days/week Skipping breakfast ≥5 times/week Eating fast food ≥3 times/week
Total, N (%) 811 (3.0) OR (95% CI)* 3,709 (13.9) OR (95% CI)* 25,467 (92.6) OR (95% CI)* 6,652 (24.1) OR (95% CI)* 5,248 (19.4) OR (95% CI)*

Number of hours spent using a smartphone on weekdays
<2 79 (1.4) 1.00 413 (7.3) 1.00 5,430 (93.1) 1.00 1,026 (17.4) 1.00 740 (12.8) 1.00
>2, <4 178 (1.6) 0.99 (0.73–1.34) 1,294 (11.5) 1.64 (1.44–1.87) 10,620 (92.6) 0.96 (0.84–1.09) 2,537 (22.1) 1.25 (1.14–1.38) 2,029 (18.2) 1.49 (1.35–1.65)
≥4 554 (5.6) 2.92 (2.19–3.91) 2,002 (20.6) 3.14 (2.74–3.61) 9,417 (92.3) 1.01 (0.87–1.16) 3,089 (30.3) 1.72 (1.55–1.90) 2,479 (24.7) 2.12 (1.90–2.36)

Number of hours spent using a smartphone on weekends
<4 131 (1.6) 1.00 656 (8.4) 1.00 7,500 (92.6) 1.00 1,529 (18.6) 1.00 1,113 (13.9) 1.00
>4, <8 220 (2.0) 1.06 (0.82–1.36) 1,435 (13.0) 1.53 (1.37–1.70) 10,673 (93.0) 1.08 (0.95–1.22) 2,632 (23.0) 1.20 (1.11–1.30) 2,160 (19.2) 1.43 (1.31–1.56)
≥8 460 (6.0) 2.64 (2.06–3.38) 1,618 (21.6) 2.77 (2.45–3.13) 7,294 (92.0) 1.01 (0.87–1.16) 2,491 (31.8) 1.69 (1.55–1.84) 1,975 (25.6) 2.02 (1.84–2.21)

Main purpose for using a smartphone 
Education 32 (2.0) 1.00 139 (9.1) 1.00 1,456 (94.1) 1.00 309 (20.0) 1.00 232 (14.9) 1.00
Communication 642 (3.9) 1.91 (1.26–2.91) 2,699 (16.6) 2.43 (1.96–3.02) 15,448 (92.4) 0.89 (0.71–1.13) 4,237 (25.4) 1.22 (1.05–1.41) 3,369 (20.5) 1.44 (1.23–1.70)
Enjoyment 137 (1.5) 0.74 (0.48–1.16) 871 (10.0) 1.34 (1.07–1.67) 8,563 (92.7) 0.93 (0.73–1.19) 2,106 (22.5) 1.05 (0.90–1.22) 1,647 (18.3) 1.27 (1.07–1.51)

Variables Sleep disturbances Stress Depressive symptoms Suicidal ideation Suicide attempt
Total, N (%) 22,441 (81.8) OR (95% CI)a 12,440 (44.8) OR (95% CI)* 8,424 (30.5) OR (95% CI)† 4,214 (15.2) OR (95% CI)‡ 888 (3.2) OR (95% CI)‡

Number of hours spent using a smartphone on weekdays
<2 4,618 (79.5) 1.00 2,454 (41.8) 1.00 1,491 (25.4) 1.00 759 (13.1) 1.00 149 (2.5) 1.00
>2, <4 9,277 (81.1) 1.08 (0.99–1.19) 4,946 (42.8) 1.02 (0.95–1.08) 3,232 (28.1) 1.11 (1.02–1.21) 1,548 (13.2) 0.93 (0.83–1.04) 287 (2.4) 0.86 (0.68–1.08)
≥4 8,546 (84.0) 1.32 (1.19–1.47) 5,040 (49.0) 1.23 (1.14–1.33) 3,701 (36.4) 1.42 (1.30–1.56) 1,907 (18.6) 1.08 (0.96–1.21) 452 (4.4) 1.13 (0.90–1.42)

Number of hours spent using a smartphone on weekends
<4 6,308 (78.6) 1.00 3,316 (41.0) 1.00 2,086 (25.9) 1.00 998 (12.5) 1.00 197 (2.5) 1.00
>4, <8 9,427 (82.2) 1.18 (1.09–1.28) 5,073 (44.0) 1.08 (1.02–1.15) 3,431 (29.9) 1.13 (1.04–1.22) 1,632 (14.1) 1.03 (0.92–1.14) 298 (2.5) 0.87 (0.70–1.08)
≥8 6,706 (84.8) 1.46 (1.32–1.61) 4,051 (50.3) 1.34 (1.24–1.44) 2,907 (36.7) 1.35 (1.24–1.47) 1,584 (19.7) 1.25 (1.11–1.41) 393 (4.9) 1.29 (1.04–1.59)

Main purpose for using a smartphone 
Education 1,202 (78.3) 1.00 712 (46.3) 1.00 441 (28.8) 1.00 2,574 (15.3) 1.00 42 (2.8) 1.00
Communication 13,857 (83.1) 1.53 (1.32–1.78) 7,549 (44.7) 0.95 (0.86–1.06) 5,321 (31.7) 1.11 (0.97–1.28) 1,435 (15.3) 1.04 (0.87–1.24) 544 (3.2) 0.88 (0.63–1.23)
Enjoyment 7,382 (80.1) 1.27 (1.11–1.48) 4,179 (44.8) 0.96 (0.86–1.07) 2,662 (28.7) 0.96 (0.83–1.12) 205 (13.1) 1.14 (0.95–1.36) 302 (3.2) 0.96 (0.68–1.36)

*adjusted for school year, perceived academic record, family structure, parental educational level, perceived economic status, and place of residence, †adjusted for school year, perceived school record, family struc-
ture, parental educational level, perceived economic status, place of residence, and stress, ‡adjusted for school year, perceived academic record, family structure, parental educational level, perceived economic sta-
tus, place of residence, stress, and depressive symptoms. OR: odds ratio, CI: confidence interval



Supplementary Table 2-1. Association between conflicts with family and friends and academic problems owing to smartphone use, unhealthy behaviors, and mental health status among boys

Variables
Smoking Drinking Physical inactivity ≥3 days/week Skipping breakfast ≥5 times/week Eating fast food ≥3 times/week

N (%) OR (95% CI)* N (%) OR (95% CI)a N (%) OR (95% CI)* N (%) OR (95% CI)* N (%) OR (95% CI)*
Severe conflicts with family owing to smartphone use

No 1,880 (9.2) 1.00 3,847 (18.5) 1.00 16,993 (79.9) 1.00 4,991 (23.1) 1.00 4,280 (20.4) 1.00
Yes 548 (10.2) 1.30 (1.16–1.47) 988 (18.6) 1.17 (1.07–1.28) 4,355 (81.3) 1.16 (1.07–1.27) 1,138 (21.0) 0.89 (0.83–0.96) 1,372 (26.1) 1.40 (1.30–1.50)

Severe conflicts with friends owing to smartphone use
No 1,815 (8.8) 1.00 3,689 (17.6) 1.00 17,004 (79.1) 1.00 5,021 (23.0) 1.00 4,337 (20.4) 1.00
Yes 613 (11.9) 1.13 (1.01–1.27) 1,146 (22.5) 1.08 (0.99–1.18) 4,344 (84.4) 1.32 (1.20–1.45) 1,108 (21.6) 0.93 (0.85–1.00) 1,315 (26.0) 1.31 (1.22–1.42)

Academic problems owing to smartphone use
No 2,251 (9.0) 1.00 4,587 (18.1) 1.00 20,739 (80.2) 1.00 5,918 (22.6) 1.00 5,402 (21.2) 1.00
Yes 177 (23.2) 3.07 (2.49–3.78) 248 (32.7) 2.37 (1.99–2.83) 609 (78.3) 0.93 (0.78–1.12) 211 (27.4) 1.21 (1.02–1.43) 250 (32.5) 1.74 (1.48–2.03)

Variables
Sleep disturbances Stress Depressive symptoms Suicide ideation Suicide attempt

N (%) OR (95% CI)* N (%) OR (95% CI)* N (%) OR (95% CI)† N (%) OR (95% CI)‡ N (%) OR (95% CI)‡

Severe conflicts with family owing to smartphone use
No 14,640 (69.2) 1.00 5,965 (27.9) 1.00 3,862 (18.2) 1.00 1,695 (7.9) 1.00 334 (1.5) 1.00
Yes 3,909 (73.6) 1.35 (1.25–1.46) 2,181 (40.3) 1.79 (1.67–1.92) 1,564 (28.9) 1.56 (1.44–1.70) 805 (14.8) 1.44 (1.28–1.62) 165 (3.0) 1.38 (1.11–1.71)

Severe conflicts with friends owing to smartphone use
No 14,453 (67.6) 1.00 6,037 (27.8) 1.00 3,908 (18.2) 1.00 1,755 (8.1) 1.00 371 (1.7) 1.00
Yes 4,096 (80.0) 1.59 (1.47–1.73) 2,109 (40.9) 1.71 (1.59–1.83) 1,518 (29.0) 1.46 (1.33–1.60) 745 (14.2) 1.31 (1.16–1.48) 128 (2.5) 1.07 (0.85–1.35)

Academic problems owing to smartphone use
No 17,978 (70.0) 1.00 7,750 (29.9) 1.00 5,079 (19.7) 1.00 2,333 (8.9) 1.00 441 (1.7) 1.00
Yes 571 (73.9) 1.25 (1.06–1.48) 396 (50.0) 2.28 (1.94–2.68) 347 (45.7) 2.78 (2.31–3.34) 167 (22.0) 1.38 (1.10–1.73) 58 (7.2) 2.18 (1.55–3.08)

*adjusted for school year, perceived academic record, family structure, parental educational level, perceived economic status, and place of residence, †Adjusted for school year, perceived academic record, family 
structure, parental educational level, perceived economic status, place of residence, and stress, ‡adjusted for school year, perceived academic record, family structure, parental educational level, perceived economic 
status, place of residence, stress, and depressive symptoms. OR: odds ratio, CI: confidence interval



Supplementary Table 2-2. Association between conflicts with family and friends and academic problems owing to smartphone use, unhealthy behaviors, and mental health status among girls

Variables
Smoking Drinking Physical inactivity ≥3 days/week Skipping breakfast ≥5 times/week Eating fast food ≥3 times/week

N (%) OR (95% CI)* N (%) OR (95% CI)* N (%) OR (95% CI)* N (%) OR (95% CI)* N (%) OR (95% CI)*
Severe conflicts with family owing to smartphone use

No 557 (2.8) 1.00 2,711 (13.5) 1.00 19,340 (92.5) 1.00 5,072 (24.2) 1.00 3,723 (18.0) 1.00
Yes 254 (3.8) 1.58 (1.33–1.88) 998 (15.5) 1.41 (1.29–1.54) 6,127 (92.9) 1.16 (1.03–1.30) 1,580 (23.9) 0.99 (0.92–1.06) 1,525 (23.6) 1.43 (1.32–1.55)

Severe conflicts with friends owing to smartphone use
No 560 (3.0) 1.00 2,368 (12.7) 1.00 17,654 (91.8) 1.00 4,605 (23.7) 1.00 3,299 (17.3) 1.00
Yes 251 (3.0) 0.85 (0.72–1.00) 1,341 (16.7) 1.15 (1.05–1.25) 7,813 (94.3) 1.42 (1.26–1.60) 2,047 (24.8) 1.04 (0.97–1.11) 1,949 (23.9) 1.44 (1.34–1.55)

Academic problems owing to smartphone use
No 706 (2.7) 1.00 3,455 (13.6) 1.00 24,442 (92.7) 1.00 6,325 (23.9) 1.00 4,933 (19.1) 1.00
Yes 105 (9.4) 3.43 (2.50–4.70) 254 (22.6) 2.18 (1.84–2.60) 1,025 (91.5) 1.00 (0.78–1.27) 327 (29.0) 1.20 (1.02–1.42) 315 (27.6) 1.58 (1.36–1.83)

Variables
Sleep disturbances Stress Depressive symptoms Suicide ideation Suicide attempt

N (%) OR (95% CI)* N (%) OR (95% CI)* N (%) OR (95% CI)† N (%) OR (95% CI)‡ N (%) OR (95% CI)‡

Severe conflicts with family owing to smartphone use
No 16,816 (80.6) 1.00 8,652 (40.9) 1.00 5,599 (26.7) 1.00 2,550 (12.1) 1.00 524 (2.4) 1.00
Yes 5,625 (85.6) 1.57 (1.44–1.71) 3,788 (57.0) 2.01 (1.89–2.14) 2,825 (42.3) 1.69 (1.58–1.81) 1,664 (24.8) 1.65 (1.52–1.80) 364 (5.4) 1.47 (1.25–1.72)

Severe conflicts with friends owing to smartphone use
No 15,243 (79.4) 1.00 7,923 (40.7) 1.00 5,197 (26.8) 1.00 2,600 (13.4) 1.00 593 (3.1) 1.00
Yes 7,198 (86.9) 1.49 (1.37–1.63) 4,517 (53.9) 1.62 (1.53–1.71) 3,227 (38.5) 1.43 (1.34–1.53) 1,614 (19.0) 1.16 (1.07–1.26) 295 (3.4) 0.88 (0.75–1.03)

Academic problems owing to smartphone use
No 21,480 (81.6) 1.00 11,707 (44.0) 1.00 7,787 (29.4) 1.00 3,857 (14.5) 1.00 783 (2.9) 1.00
Yes 961 (85.8) 1.53 (1.25–1.88) 733 (64.3) 2.34 (2.02–2.71) 637 (56.8) 2.50 (2.19–2.86) 357 (31.6) 1.42 (1.18–1.70) 105 (9.2) 1.65 (1.26–2.16)

*adjusted for gender, school year, perceived academic record, family structure, parental educational level, perceived economic status, and place of residence, †adjusted for gender, school year, perceived academic 
record, family structure, parental educational level, perceived economic status, place of residence, and stress, ‡adjusted for gender, school year, perceived academic record, family structure, parental educational 
level, perceived economic status, place of residence, stress, and depressive symptoms. OR: odds ratio, CI: confidence interval


