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Objective: Smartphones make our lives more convenient. To investigate the relationships between sleep-related habits, inattention, and
smartphone addiction tendency (SAT), we determined how chronotype (morningness-eveningness) mediates these factors in Korean college
students. Methods: Self-rated questionnaires including the Morningness-Eveningness Questionnaire, Smartphone Addiction Scale-Short
Version, Adult Attention Deficit and Hyperactivity Disorder Scale, and Hospital Anxiety and Depression Scale were administered to 1,060 Korean college student smartphone users. This study investigated associations between sleep-related habits, social jetlag, inattention, anxiety,
depression and SAT. A path analysis was conducted to evaluate the relationships, considering chronotype. Results: More social jetlag and
smartphone use before bedtime had both direct and indirect relationships with SAT via eveningness in the path analysis model. Participants
with shorter exposure to sunlight and more anxiety symptoms had a direct relationship with SAT. Individuals with a depressed mood, shorter
sleep duration, and more inattentive features had no significant direct relationship with SAT but they had a significant indirect relationship
with SAT via eveningness. Conclusion: The findings support the idea that chronotype plays a significant mediating role as a predictor of
smartphone addiction. Managing modifiable variables and social jetlag as well as other clinical variables may help prevent and treat smartphone addiction in clinical practice.
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INTRODUCTION
Smartphones influence our personal lives, and smartphone users have increased explosively over the past decade. The proportion of adult smartphone users in 2015 was 88% in South Korea,
72% in United States, 77% in Australia, 68% in the UK, and 60%
in Italy [1]. Smartphones have features that are easily accessible
and versatile. In addition to calling and texting, smartphones can
also be used for document work, web browsing, health status checks,
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and taking photographs. According to a report by the Korea Internet and Security Agency, smartphone usage is highest among
individuals in their 20s [2]. Hence, many studies have been performed on the use of smartphones by university and college students [3-10].
The use of a smartphone has many positive aspects; it allows information to be obtained easily via web browsing, as well as finding the best route to a destination using the GPS, and it can be
used to control appliances. Furthermore, a previous study de-
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scribed some positive psychological functions of mobile phone
usage [11]; it can help with long-distance relationships, dominate
reality by controlling the present, and act as an antidepressant or
anxiolytic to deal with isolation and loneliness. One study on smartphone usage patterns and frequency revealed that smartphones are
used most for mobile instant messaging, web browsing, and social
media [12]. Mobile instant messaging and social media can help
with forming relationships and preventing isolation. This smartphone usage pattern is consistent with the positive psychological
functions mentioned above.
Nevertheless, excessive smartphone use causes various problems. Overuse of a smartphone can increase the risk of car accidents [13], decrease productivity [14], make users less trustworthy
[15] and produce musculoskeletal problems [16]. Reports about
the negative aspects of smartphone overuse are growing annually.
However, it remains controversial whether smartphone overuse
is a behavioral addiction because smartphone overuse produces
a variety of symptoms, and there is little neurobiological evidence
to indicate a detrimental effect; furthermore, longitudinal studies
are lacking. One study concluded that it was speculative to call
smartphone overuse a behavioral addiction [17]. However, smartphone overuse can be explained by the five-elements of addiction
[18], including behavior to eliminate uncomfortable or restless
feelings, a preoccupation-like craving that only provides temporary satiation, loss of control, and negative consequences, including social disapproval and low self-esteem. The contents of smartphone addiction-related questionnaires have similarities with the
criteria for gambling disorder, which is a newly included behavioral addictive disorder in the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5) and of internet gaming disorder, which can be found in the further study section of
the DSM-5 [19]. In this context, more and more studies are regarding smartphone overuse as a behavioral addiction [4,5,20,21].
Some studies have explored relationships between smartphone
addiction and various factors to understand smartphone addiction more fully. Smartphone addiction has been associated with
sleep disturbances [22], depression [3,23,24], anxiety [3,4,25], gender [26,27], alcohol abuse [6] and absolute smartphone usage time
[20]. Among the many variables, the behaviorally modifiable variables, including sleep duration, sunlight exposure duration, and
smartphone usage time before bedtime, as well as possibly modifiable variables, including social jetlag may be associated with
smartphone addiction. Moreover, inattentive behavior can be related to a smartphone addiction because the smartphone has a
variety of multitasking functions that offer short-term rewards.
However, few studies have been conducted on inattention. In addition, few studies have investigated a direct relationship between
smartphone addiction and chronotyp, although some studies have
supported the idea that chronotype is associated with internet
addiction, gaming addiction, and other clinical variables including anxiety, depression, and sleep pattern [8,28-33]. Thus, we hypothesized that chronotype has a mediating effect between smartphone addiction and clinical variables.
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The aim of this study was to investigate relationships between
sleep-related habits, inattention, and smartphone addiction tendency (SAT) as well as to evaluate how the chronotype mediates
these variables in Korean college students. Moreover, we propose
an effective method to prevent and treat smartphone addiction
based on the results.

METHODS
Participants

This study was conducted as part of the Addiction Prevention
Program for College Students by the Jinju Community Addiction
Management Center. One study about morningness and resilience
has been performed on this population [34]. The program was
implemented from February to November 2014 using a self-report
questionnaire. Participants in the program were students at the
Science and Technology College, Jinju, Republic of Korea. A total of 1,093 adults [946 males and 147 females; age: 22.78±1.85
years (mean±SD); age range, 19–29 years] volunteered for the
study. None of the participants had any serious medical or mental illness issues and no one was taking any medication. The Institutional Review Board of Gyeongsang National University Hospital approved this study (approval number: 2015-06-004-004).

Instruments

Most of the questionnaires were filled out by the participants
[missing data ranged from 0% for the Adult Attention Deficit and
Hyperactivity Disorder Scale (AADHDS) to 5.3% for social jetlag].
The self-report questionnaires were Korean versions of survey
rating scales, including the Korean version of the AADHDS [35],
the Korean version of the Hospital Anxiety and Depression Scale
(HADS) [36], the Korean version of the Morningness-Eveningness Questionnaire (MEQ) [37], the Smartphone Addiction ScaleShort Version (SAS-SV) [38] and a survey on social jetlag, which
is defined as a discrepancy between social and endogenous time,
sunlight exposure duration between 10:00 and 15:00 on weekdays
and weekends, sleep duration, and smartphone usage time before bedtime.
AADHDS
The AADHDS is composed of 18 items that are equally divided
between inattention and hyperactivity-impulsivity factors. Odd
numbered questions measure inattention and even numbered
questions measure hyperactivity-impulsivity. Each question scores
0–3 points. A higher score indicates a probable clinically significant condition of ADHD. This self-rating scale was developed by
Murphy and Barkley [39] to evaluate adult ADHD based on the
DSM-IV ADHD diagnostic criteria for children and adolescents. It
has been used widely, as it can be rated easily based on the DSMIV ADHD diagnostic criteria. The Korean version of the AADHDS
has good internal consistency and test-retest correlations [35]. In
the present study, the Cronbach’s alpha coefficient was 0.89.
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HADS
The HADS has been used widely to assess anxiety symptom
severity and depressive disorders in a hospital setting and in the
general population [40]. This scale is composed of 14 items divided into two subscales of anxiety (HAD-A) and depression
(HAD-D) [41]. Each question scores 0–3 points, and scores range
from 0 to 21 for each subscale. A higher score represents a higher
level of anxiety or depression. The Korean version of the HADS
has been verified for validity and reliability [36]. In the present
study, the Cronbach’s alpha coefficient was 0.86.
SAS-SV
The SAS-SV was developed to identify the level of risk for SAT,
not for an addiction diagnosis. This scale is a shortened version of
the original SAS. The original SAS is composed of 33 items [42]
and the shortened version contains 10 items [38]. Each question
scores 1–6 points. A higher score represents a higher risk for smartphone addiction. According to the scale developer, Kwon et al.
[38], the cutoff scores of 31 for males and 33 for females indicate
the high-risk smartphone addiction groups. The Korean version
of the SAS-SV has been validated and is reliable [42]. In the present study, the Cronbach’s alpha coefficient was 0.89.
MEQ
The MEQ is composed of 19 items to classify individuals as
morning-type and evening-type or the so-called chronotype [43].
This scale assesses the degree of alertness at certain times and the
preference for sleep and awake time. According to Horne & Ostberg, scores ≤41 indicate evening types, and scores ≥59 indicate
morning types. The scale has been verified for validity and reliability [43]. The Korean version of the MEQ has also been verified
for validity and reliability [37]. In the present study, the Cronbach’s alpha coefficient was 0.69.
Other variables
Additional survey items included social jetlag, which was defined as the discrepancy between social and endogenous time, calculated as the difference between weekday and weekend awakening times [44]. Exposure duration to sunlight was calculated,
including the duration of any activities performed outside between 10:00 and 15:00 on weekdays and weekends. Activities included walking, exercising, or sitting on a bench. Sleep duration
and smartphone usage time before bedtime were checked with
subjective questions.

Statistical analysis

A single imputation was conducted using the expectation maximization algorithm to deal with missing data. The missing data
ranged from 0% on the AADHDS to 5.1% for social jetlag. Little’s
MCAR test (χ2=245.32, p=0.79) was not significant, indicating that
the data were missing completely at random [45]. When data are
missing completely at random and a very small portion of data are
missing (i.e., <5%), the expectation maximization algorithm pro-

vides unbiased parameter estimates [46,47]. Missing data were input using the missing value analysis in SPSS 21.0 (IBM Corp.,
Armonk, NY, USA). The independent t-test was performed to
detect differences between the smartphone addiction risk groups
and the clinical variables.
Pearson’s correlation analysis was performed to evaluate the
relationships between the SAS-SV and various clinical variables,
including age, sex, inattention (component of AADHDS), HADA, HAD-D, MEQ, social jetlag, sunlight exposure duration, sleep
duration, and smartphone usage before bedtime. The same analysis was performed to evaluate the relationships between the MEQ
and various clinical variables, including age, sex, inattention (component of AADHDS), HAD-A, HAD-D, SAS-SV, social jetlag,
sunlight exposure duration, sleep duration, and smartphone usage time before bedtime.
Significant variables from the correlation (p<0.1) together with
age, sex, depression, and anxiety were used as independent variables and the SAS-SV and MEQ scores were used as dependent
variables in the multiple linear regression analysis. Finally, we performed a path analysis to estimate the relationship between clinical variables and smartphone addiction mediated by the chronotype. Multiple goodness-of-fit measures were used to assess model
fit, including the chi-square, comparative-fit index (CFI), normedfit index (NFI), standardized root mean square residual (SRMR),
root mean square error of approximation (RMSEA), adjusted goodness-of-fit statistic (AGFI), and the Tucker-Lewis Index (TLI). The
correlation analysis, independent t-test, and multiple linear regression analysis were conducted using SPSS 21.0 for Windows.
AMOS 18.0 (SPSS Inc., Chicago, IL, USA) was used for the path
analysis. A two-tailed p-value <0.05 was considered statistically
significant.

RESULTS
Of the 1,093 participants, 1,060 (96.98%) were smartphone users. The 33 participants who did not use smartphones were excluded from the study. The participants’ demographic and clinical characteristics are presented in Table 1. The average SAS-SV
score was 21.03 (SD=8.85), and the average MEQ score was 45.09
(SD=7.68). Missing value range was 0% for the AADHDS to 5.1%
for social jetlag. The missing data were input using the expectation maximization algorithm in SPSS 21.0.
The independent t-test was performed to identify differences
between the smartphone normal-user group and smartphone addiction high-risk group. Kwon et al. [38] suggested different cutoff values by gender when predicting smartphone addiction. The
smartphone addiction high-risk group was identified using the
cut-off values of 31 for males and 33 for females. As shown in
Table 2, significant differences were observed between the normal and the high-risk groups with regard to SAS-SV (t=-44.66,
p<0.001), MEQ (t=3.35, p=0.001), HAD-A (t=-2.05, p=0.041), inattention (t=-2.26, p=0.025), sunlight exposure duration per day
(t=2.19, p=0.029), social jetlag (t=-3.56, p<0.001), and smartphone
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usage time before bedtime (t=-5.83, p<0.001). The HAD-D (t=
-0.24, p=0.981) and sleep duration (t=0.068, p=0.946) were not
significantly different between the two groups.
Pearson’s correlation analysis was performed to evaluate the
association between clinical variables, each of the chronotypes
(MEQ), and SAT (SAS-SV). The SAS-SV score was significantly
correlated with age (r=-0.108, p<0.001), sex (r=0.103, p=0.001),
inattention (r=0.11, p<0.001), HAD-A (r=0.099, p=0.001), MEQ
(r=-0.123, p<0.001), social jetlag (r=0.157, p<0.001), sunlight exposure duration per day (r=-0.086, p=0.005), and smartphone usage time before bedtime (r=0.212, p<0.001). The HAD-D (r=0.036,
p=0.246) and sleep duration (r=0.006, p=0.834) were not significantly correlated with the SAS-SV score. The MEQ score was sigTable 1. Demographic and clinical characteristics (n=1,060)

Variables
Values
Sex
Male
918 (86.6)
Female
142 (13.4)
Age, yr
22.78±1.85
HAD (n=1,041)
8.95±5.87
HAD-A (n=1,048)
4.02±3.18
HAD-D (n=1,043)
4.93±3.33
MEQ (n=1,031)
45.09±7.68
SAS-SV
21.03±8.85
AADHDS
7.25±6.71
Hyperactivity-impulsivity
3.23±3.43
Inattention
4.02±3.74
Exposure duration to sunlight per day, hr (n=1,025)
1.02±1.06
Social jetlag, hr (n=1,006)
2.47±1.70
Sleep duration, hr (n=1,043)
6.36±1.67
Smartphone usage time before bedtime, hr (n=1,040)
0.66±0.83
Data are presented as mean±SD or number (percentage). HAD: Hospital Anxiety and Depression Scale, HAD-A: Hospital Anxiety and
Depression Scale-Anxiety, HAD-D: Hospital Anxiety and Depression
Scale-Depression, MEQ: Morningness-Eveningness Questionnaire,
SAS-SV: Smartphone Addiction Scale-Short Version, AADHDS: Adult
ADHD scale
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nificantly correlated with age (r=0.121, p<0.001), sex (r=-0.091,
p=0.003), inattention (r=-0.264, p<0.001), HAD-A (r=-0.181, p<
0.001), HAD-D (r=-0.241, p<0.001), SAS-SV (r=-0.123, p<0.001),
social jetlag (r=-0.147, p<0.001), sunlight exposure duration per
day (r=0.078, p<0.001), sleep duration (r=0.098, p=0.001), and
smartphone usage time before bedtime (r=-0.092, p=0.003).
A multiple linear regression analysis was conducted with clinical variables that were significantly associated with the SAS-SV
and MEQ according to the Pearson’s correlation analysis (p<0.1).
One analysis was performed with SAS-SV as the dependent variable and with age, sex, HAD-A, HAD-D, MEQ, inattention, social
jetlag, sunlight exposure duration per day, sleep duration, and
smartphone usage time before bedtime as independent variables,
and explained 8.6% of the variation in SAS-SV (F=10.995, p<0.001,
adjusted R2=0.086). HAD-A (β=0.081, p=0.047), MEQ (β=-0.065,
p=0.038), social jetlag (β=0.110, p<0.001), sunlight exposure duration per day (β=-0.071, p=0.017), and smartphone usage time
before bedtime (β=0.196, p<0.001) were significant variables. In
another analysis, we used MEQ as the dependent variable and age,
sex, HAD-A, HAD-D, SAS-SV, inattention, social jetlag, sunlight
exposure duration per day, sleep duration and smartphone usage
time before bedtime as independent variables, and explained
11.8% of the variation in MEQ (F=15.166, p<0.001, adjusted R2=
0.118). The HAD-D (β=-0.180, p<0.001), SAS-SV (β=-0.063, p=
0.038), inattention (β=-0.181, p<0.001), social jetlag (β=-0.114,
p<0.001), sleep duration (β=0.061, p=0.039), and smartphone
usage time before bedtime (β=-0.068, p=0.021) had significant
relationships.
A path analysis model was created to evaluate the relationships
between clinical variables, the chronotype, and SAT. The MEQ
was set to mediate the association between the clinical variables
and SAS-SV in the model. Clinical variables that were significantly related with the SAS-SV and the MEQ according to the multiple
linear regression analysis were used in the path analysis (Figure 1).
Multiple goodness-of-fit measures were used to assess model fit,
and all indices were a sufficient fit to the model; χ2=9.353 (df=5,
p=0.096), CFI=0.996, NFI=0.992, SRMR=0.011, RMSEA=0.029,

Table 2. Comparison of variables related to smartphone addiction risk groups

Smartphone normal user group
(n=930)

Smartphone addiction high risk group
(n=130)

t

p-value

SAS-SV
18.33 (6.38)
36.21 (4.29)
-44.66
<0.001
MEQ
45.4 (7.55)
43.25 (7.58)
3.35
0.001
HAD-A
3.93 (3.19)
4.48 (3.02)
-2.05
0.041
HAD-D
4.92 (3.33)
4.93 (3.27)
-0.24
0.981
PSQI
4.92 (2.69)
5.11 (2.73)
1.59
0.413
Inattention (component of AADHDS)
3.90 (3.64)
4.70 (4.21)
-2.26
0.025
Exposure duration to sunlight per day
1.05 (1.05)
0.85 (1.01)
2.19
0.029
Social jetlag
2.40 (1.67)
2.90 (1.52)
-3.56
<0.001
Sleep duration
6.35 (1.65)
6.34 (1.74)
0.068
0.946
Smartphone usage time before bedtime
0.59 (0.79)
1.02 (0.88)
-5.83
<0.001
Data are presented as mean (SD). HAD: Hospital Anxiety and Depression Scale, HAD-A: Hospital Anxiety and Depression Scale-Anxiety, HADD: Hospital Anxiety and Depression Scale-Depression, MEQ: Morningness-Eveningness Questionnaire, AADHDS: Adult ADHD scale, SAS-SV:
Smartphone Addiction Scale-Short Version, SD: standard deviation
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AGFI=0.982, TLI=0.973. As shown in Table 3, all path coefficients
were significant. Table 4 depicts the causal effect that included
direct, indirect, and total effects of the clinical variables on SAT.
The path from smartphone usage time before bedtime and social
jetlag to SAT had both direct and indirect effects. Spending more
time using a smartphone before bedtime and experiencing a larger social jetlag were associated with higher SAT. Additionally, the
total effects of both variables increased slightly when MEQ mediated the associations. The indirect path from the HAD-D, sleep
duration, and inattention to SAT mediated by the MEQ were significant. Experiencing more depressive symptoms, shorter sleep
duration, and being a more inattentive type were related to the eveningness and led to a high risk of smartphone addiction. The direct path from HAD-A and sunlight exposure duration to SAT was
significant. Being more anxious and spending less time in sunlight suggested a higher SAT.
Sunlight exposure
duration
HAD-A

-0.071*

Sleep duration

Inattention

Social jetlag

-0.156***
0.059*
-0.181***

MEQ

-0.068*

Effect
Direct Indirect Total
Smartphone usage time before bedtime 0.197
0.005
0.202
Social jetlag
0.121
0.009
0.130
HAD-A
0.076
0.076
Exposure duration to sunlight per day
-0.071
-0.071
MEQ
-0.068
-0.068
Inattention
0.012
0.012
HAD-D
0.011
0.011
Sleep duration
-0.004 -0.004
HAD-A: Hospital Anxiety and Depression Scale-Anxiety, HAD-D:
Hospital Anxiety and Depression Scale-Depression, MEQ: Morningness-Eveningness Questionnaire, SAS-SV: Smartphone Addiction
Scale-Short Version
Variables

SAS-SV

0.121***
-0.127***

The present study demonstrated that more social jetlag and longer smartphone usage before bedtime had both direct and indirect
relationships with high SAT via eveningness. Moreover, shorter
exposure to sunlight and more anxiety symptoms had direct relationships with high SAT. In contrast, more depressive symptoms,
shorter sleep duration, and more symptoms of inattention had
an indirect relationship with high SAT through the eveningness.
The present study identified that the chronotype had a direct
relationship with SAT. A negative relationship was observed between morningness and SAT, which is consistent with a previous
study [48]. Chronotype is a phenotype that results from a person’s
genetics interacting with the environment [49]. In particular, it is
known that eveningness is associated with addiction proneness
including internet addiction [8,28] and computer game addiction
[31]. Internet use and games are very common smartphone activities. Moreover, several studies have revealed that eveningness
individuals are related to substance use problems that can be the
beginning of addiction. Eveningness individuals have a tendency
Table 4. Standardized direct, indirect, and total effects of clinical
variables on smartphone addiction tendency

0.076*
HAD-D

DISCUSSION

0.197***

-0.080**

Smartphone usage
time before bedtime

Figure 1. Path model of the relationship between the MEQ, SAS-SV,
and other variables. MEQ: Morningness-Eveningness Questionnaire,
SAS-SV: Smartphone Addiction Scale-Short Version, HAD-A: Hospital
Anxiety and Depression Scale-Anxiety, HAD-D: Hospital Anxiety and
Depression Scale-Depression. *p<0.05, **p=0.006, ***p<0.01.

Table 3. Standardized coefficients, standard error, critical ratio, and p-values for each path

Standardized coefficients
Standard error
Critical ratio
p-value
MEQ
← Sleep duration
0.059
0.133
2.016
0.044
MEQ
← HAD-D
-0.156
0.074
-4.861
<0.010
MEQ
← Inattention
-0.181
0.065
-5.633
<0.010
MEQ
← Social jetlag
-0.127
0.133
-4.391
<0.010
MEQ
← Smartphone usage time before bedtime
-0.080
0.268
-2.756
0.006
SAS-SV ← Exposure duration to sunlight per day
-0.071
0.250
-2.393
0.017
SAS-SV ← HAD-A
0.076
0.084
2.517
0.012
SAS-SV ← Smartphone usage time before bedtime
0.197
0.319
6.640
<0.010
SAS-SV ← MEQ
-0.068
0.036
-2.240
0.025
SAS-SV ← Social jetlag
0.121
0.160
4.059
<0.010
Fit of path model: χ2=9.353, df=5, p-value=0.096, CFI=0.996, NFI=0.992, SRMR=0.011, RMSEA=0.029, AGFI=0.982, TLI=0.973. CFI: comparative-fit index, NFI: normed-fit index, SRMR: standardized root mean square residual, RMSEA: root mean square error of approximation, AGFI:
adjusted goodness-of-fit statistic index, TLO: Tucker-Lewis Index, HAD-A: Hospital Anxiety and Depression Scale-Anxiety, HAD-D: Hospital
Anxiety and Depression Scale-Depression, MEQ: Morningness-Eveningness Questionnaire, SAS-SV: Smartphone Addiction Scale-Short Version
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to consume more psychoactive drugs, smoke, and drink more
alcohol than morningness individuals [50,51]. Many studies have
provided evidence that abnormalities in circadian rhythms may
be associated to susceptibility to addiction [52,53]. For example,
recent cross-sectional studies of inpatient clinics have shown that
addiction disorders are more likely to be evening type than other
patients [54]. In the research on neural mechanisms of these relationships, eveningness is associated with reduced in medial prefrontal cortex reactivity that reflects reward-related brain function
in adolescents. These findings are consistent with a main result
of our study [55].
In the present study, social jetlag and smartphone usage time
before bedtime had both direct and indirect relationships with
SAT. Social jetlag represents the discrepancy between biological
and social time [56]. In this study, social jetlag was calculated as
the difference between weekday and weekend rise times [44]. No
previous studies have investigated the relationship between social jetlag and SAT. The higher the social jetlag, the greater the risk
for SAT. Furthermore, social time disrupts circadian rhythms [57].
Additionally, many studies have suggested that disrupting circadian rhythms is related to addiction, such as to alcohol and cocaine [58,59]. Similarly, some studies have reported that disrupting circadian rhythms enhances the addiction risk by altering
reward-related brain function [60,61]. Although the effect was
small, social jetlag had a significant indirect effect, with SAT being mediated by chronotype in our study. Smartphone usage time
before bedtime also had direct and indirect relationships with
SAT. Smartphone usage time is one of the most important indicators and is included in almost all smartphone addiction scales
[5,38,42,62]. Our results are in line with a previous study reporting
that a smartphone addicted group used their smartphones more
at night than a non-addicted group [12]. In addition, smartphone
usage time before bedtime is related with eveningness [9,63] and
exposure to the blue light of a smartphone has a melatonin suppressing effect [64,65] that might make individuals prefer evening
activities [66]. In a previous study of a relationship between sleep
patterns and use of electronic media in bed have shown that using the internet before bedtime significantly associated with bedtime delay [67]. They explained that computer screen light could
affect circadian rhythms, resulting in syndrome sleep phase delay.
This suggests that the use of smartphone before bedtime can similarly affect sleep phase delay by exposure to bright and blue light
of smartphone. However, further research will be needed to understand related mechanisms. Also, our results show that smartphone usage time before bedtime was indirectly associated with
SAT via chronotype. Thus, a reduction in social jetlag and nighttime smartphone use are important factors to consider when trying to prevent smartphone addiction.
The present study found that anxiety symptoms and sunlight
exposure duration had direct relationships with SAT. The relationship between anxiety symptoms and SAT is highly consistent
with previous studies. Individuals who feel more anxious have a
tendency to become smartphone addicted [3,4,7,10,25,68]. How-
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ever, there are various kinds of anxiety that have been measured
by different studies, such as general anxiety, interpersonal anxiety,
and social anxiety [69,70]. Smartphone users engage in social media, mobile instant messaging, web browsing, and playing games.
Some users feel isolated and withdrawn from the group when
they do not get a reply from an instant message or a social media
post, which can cause another kind of anxiety. We only measured
general anxiety using the HAD-A. Future studies should evaluate
various aspects of anxiety symptoms. Sunlight exposure duration
was negatively correlated with SAT. Serotonin (5-HT) has various roles in relation to motivation, eating, emotions, moods, and
cognition. Thus, 5-HT may play an important role in addiction
[71]. Previous studies have revealed that addictive behavior with
alcohol [72] and pathological gambling [73] are associated with
lower 5-HT levels. In addition, several studies have reported that
light exposure increases blood 5-HT levels in a specific brain region in humans and rats [74-77]. Hence, we speculate that 5-HT
mediated the negative correlation between sunlight exposure and
SAT. Further experimental studies will be needed to elucidate
these relationships.
The present findings indicate that depressive symptoms, sleep
duration, and inattention have indirect relationships with SAT that
were mediated by chronotype. Several studies have shown that
depression and smartphone addiction are significantly related
[3,6,70,78,79], whereas other studies have not [4,24]. The latter
studies are in line with the results of our study. The use of smartphones can be used to alleviate negative emotions and depression [80]. Thus, smartphone overuse may have masked the direct
relationship between smartphone addiction and depression in
this study. At the same time, depression had an indirect effect on
SAT mediated by chronotype. Previous studies have reported that
depressive symptoms are more frequent in evening-types than in
other circadian types [29]. Another study also revealed fewer
morning types among subjects with depression than in a control
group [30]. The indirect relationship between depression and SAT
can be explained in that way. Several studies were in accordance
with our sleep duration results. One study reported that SAS scores
are not correlated with sleep duration but significantly correlated
with sleep quality in Turkish university students [3]. A study of
smartphone addiction in Korean university and graduate students
also showed no significant relationship between sleep duration
and smartphone addiction [22]. However, the regression model
used in a study on the American general population reported that
longer than average smartphone screen time is significantly associated with shorter sleep duration after adjusting for clinical
variables [81]. Further study will be needed depending on the
target population to reveal the direct relationship between sleep
duration and smartphone addiction. In contrast, the present findings indicate that sleep duration had an indirect effect on SAT
through chronotype. Shorter sleep duration was associated with
the eveningness chronotype in previous studies [82,83]. Our path
analysis (Figure 1) showed that shorter sleep duration was associated with eveningness and that it affects SAT. In the present study,
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inattention had no direct relationship with SAT, but it had an indirect relationship through chronotype. Although there is a report that patients with ADHD have a high frequency of SAT [23],
few studies have investigated the relationship between inattention and SAT in the general population. Inattention was associated with time spent on a mobile phone in Chinese adolescents
[84], but there are few studies on the relationship between inattention and the SAT in university students. One study reported
that the inattentive domain of ADHD is associated with eveningness [85], which supports the idea that inattention is indirectly
related to SAT through chronotype.
These findings suggest methods that can be applied to clinical
practice. For example, an individual’s chronotype may help clinicians manage smartphone-addicted patients. Additionally, clinicians should consider and mention behaviorally modifiable variables, including suggestions regarding extending sunlight exposure,
avoiding short sleep times, reducing smartphone use before bedtime and understanding the concept of social jetlag, to smartphoneaddicted patients.
Several limitations of this study should be discussed. First, this
was a cross-sectional study, so causal relationships could not be
evaluated. Nevertheless, we tried to investigate causality between
SAT and the clinical variables using a statistical method that included multiple linear regression and path analyses. Further research should be designed as a prospective cohort study to examine the relationships between other potential clinical variables and
SAT. Second, all participants were college students and may not
represent the general population. College students are well-educated young adults. Hence, they may access smartphones more
easily than older people, which could lead to a greater addiction
tendency. This said, studying younger people could be more helpful to our understanding of the pathophysiology of smartphone
addiction because young adults in their 20s are the most frequent
users of smartphones, as compared to other age groups. Third,
the region where the questionnaire was conducted was a small
city in Korea. This region does not represent the entire nation, including the prevalence of addiction. Indeed, the problem of addiction in this region was not particularly high. According to Statistics Korea data from 2017, alcoholism was within 2 SD and heavy
smoking was within 1 SD, as compared to the average in this area.
Last, the research participants were biased toward males due to the
characteristics of a technology college. Several studies have been
performed on gender differences in smartphone addiction [3,6,48].
Hence, the ratio of males and females should be considered in
further studies.
Despite these limitations, a strength of this study was that the
relationship between the clinical variables and smartphone addiction was examined considering chronotype. The present study
will provide clinicians with a better understanding of smartphonerelated problems and suggest methods that can be applied to clinical practice. Moreover, well-structured programs can be created
that reduce smartphone addiction by controlling modifiable variables. Future research is needed to test whether smartphone ad-

diction can be alleviated when social jetlag is reduced, sunlight
exposure duration is increased, sleep duration is controlled, subjects stop using their smartphone before bedtime, and chronotype
is considered individually.
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