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Objectives: Adolescence is a period of adaptation to social, hormonal, and physical changes. Because of
these changes, adolescents are at risk for depression and suicidal thoughts. Female adolescents tend to be
more sensitive to hormonal and emotional changes. Although the reciprocal relationship among
depression, poor sleep quality, and suicide has been studied, whether decreased sleep time leads to
depression-mediated suicide or induces suicide itself remains to be determined. Therefore, this study
aimed to analyze (using a path analysis) the indirect (i.e., due to depression) and direct effects of sleep on
suicidal ideation for female adolescents.

Methods: We use nationally representative data from the Korean juvenile health behavior online survey
to analyze the sleep effects on suicidal ideation. A total of 12,046 Korean female adolescents were
included in this study. We analyzed data from the juvenile health behavior online survey (2017) con-
ducted by the Korea Centers for Disease Control and Prevention and identified variables that could affect
the mental health of female adolescents. A path analysis was performed to determine the direct role of
sleep in suicidal ideation.

Results: Decreased sleep was one of the several risk factors for suicidal ideation. Unexpectedly, after
controlling for other risk factors including depression and socioeconomic factors, insufficient sleep was
found to have direct effects on suicidal ideation. The indirect effect of insufficient sleep on suicidal
ideation was mediated by depression.

Conclusion: Sleep is a modifiable factor that could reduce the suicide rate among female adolescents and
could be targeted through public health prevention efforts.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Adolescence is a time of adaptation to social, hormonal, and
physical changes. During this critical time, adolescents develop
self-identity and can experience mental instability. Emotional
development during this period often affects adulthood. Depres-
sion that begins during adolescence has been reported to be more
severe and long-lasting [ 1]. Also, external factors, such as the use of
multimedia devices, playing video games, drinking alcohol, smok-
ing, and consuming caffeine, have become threats to the mental
health of adolescents [2].

As menarche begins, female adolescents experience rapid hor-
monal changes that could affect mental health. Several studies have
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reported that the mental health of female adolescents is more
fragile than that of male adolescents [3]. Adolescents’ mental health
could be affected by the quality and amount of sleep, for example,
excessively short or long sleep hours are known to have negative
effects on mental health among adolescents [4]. Proper sleep is an
essential component of mental health during adolescence; research
has shown that sleep deprivation adversely affects adolescents’
emotional control and predisposes them to suicidal ideation [5].
Furthermore, adequate sleep during adolescence is essential for
mental health development and school performance [6].

Korean children and adolescents have the lowest satisfaction
with life, and Korea has the highest suicide rates [7] among
the countries that are part of the Organization for Economic
Cooperation and Development. Among Korean students, one in
every five respondents indicated that they experienced suicidal
thoughts (17.7% for elementary school students, 22.6% for middle
school students, and 26.8% for high school students), and annual
increases in these rates (3.4% for elementary school students, 3.1%
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for middle school students, and 2.8% for high school students) have
been reported [8].

Previous studies have demonstrated that depression is the
strongest risk factor for suicide [9,10]. The reciprocal relationship
among depression, poor sleep quality, and suicide has been studied.
However, whether decreased sleep time leads to depression-
mediated suicide or induces suicide itself remains to be deter-
mined. Therefore, this study was designed to analyze (using a path
analysis) the indirect (ie, due to depression) and direct effects of
sleep on suicidal ideation among female adolescents.

2. Methods

This study was conducted by the Korea Centers for Disease
Control and Prevention (KCDC). Date of the 13th juvenile health
behavior online survey regarding sleep time in 2017 were analyzed.
This online survey was an anonymous, self-enforced survey for
students in middle school and high school that aimed to under-
stand youth health behaviors such as smoking, alcohol consump-
tion, obesity, diet, and physical activity in Korea. This government-
approved (approval no. 117058) and KCDC institutional review
board-approved (2014-06EXP-02-P-A) statistical survey has been
conducted annually since 2005. All subjects provided consent to
participate in the study. The 2017 survey comprised 123 items from
15 categories, including smoking, alcohol consumption, obesity,
diet, and physical activity. Overall, 107 indicators were calculated.
The questionnaire items and indicators were developed with the
help of expert advisory committees.

The sampling of online health behaviors was conducted using a
stratified cluster analysis. First, data were extracted according to
school, and then according to class. During the first data extraction,
a list of the population was sorted, the sampling interval was
calculated, and the sample school was selected using the systematic
sampling method. During the second data extraction, data were
randomly selected from the selected sample schools (one class per
grade). Of 64,991 students surveyed from 800 schools (400 middle
schools and 400 high schools), 62,276 students participated in the
survey (95.8%). In Korea, the public school system consists of six
years of elementary school, three years of middle school, and three
years of high school. This study analyzed 15,233 girls in middle
school. The definition of each variable was similar to that of the
2017 Youth Health Behavior Online Survey (http://yhs.cdc.go.kr).
The main variables were depressive experience (ie, Have you ever
felt sadness or despair that affected activities of daily living for two
consecutive weeks during the past 12 months?) and suicidal
ideation (ie, Have you ever seriously considered suicide during the
last 12 months?). The average sleep duration per night was cate-
gorized as <6 h, >6 h but <7 h, >7 h but <8 h, and >8 h, analyzed as
an independent variable. The variables that could affect the mental
health of female adolescents were perceived economic status
(upper class, middle class, or lower class); living with one parent,
both parents, or neither parent; current smoking status (ie, smok-
ing more than one cigarette per day during the past 30 days);
current alcohol consumption (ie, consuming more than one drink
during the past 30 days); and perceived health status. Smartphone
use per day during weekdays, except for academic purposes, was
categorized as <1 h, >1 h but <2 h, >2 h but <4 h, and >4 h. Sleep
duration, smartphone use, and caffeine consumption were
analyzed as continuous variables.

The sample was designed as a composite sample with weighted
values to represent Korean adolescents. The KCDC provided
guidelines for the raw data to analyze the weighted value and to
reflect the sample design information appropriately. Therefore, all
analyses used a method provided by the KCDC that considered the
weight of the composite sample. We used the SAS version 9.4

statistical program to perform a bivariate analysis of the general
characteristics, depressive experiences, and suicidal ideation. Next,
we analyzed the mediating effects of depressive experiences on the
influence of sleep duration on suicidal ideation using the M-plus
version 5.2 statistical package. M-plus was not only used to perform
a path analysis of the categorical variables but also to analyze
continuous variables and categorical variables simultaneously.
Most structural equations, including AMOS, were analyzed using
the maximum likelihood method. However, if nominal variables
were specified, then M-plus was used as the maximum likelihood
method and could only be used for continuous variables. To eval-
uate the fit of the model, the Comparative Fit Index (CFI) and
Tucker—Lewis Index (TLI) were used, and the root mean square
error of appreciation (RMSEA) index was determined as follows:
<0.05, good fit; 0.05—0.08, normal fit; 0.08—0.10, weak fit; and
>0.10, inappropriate fit.

3. Results
3.1. General analysis

Of all students sampled, 90% had middle to high and 10% and
low economic status; and 0.7% were not living with their parents.
The current smoking rate was 1.8%, the current alcohol consump-
tion rate was 6.7%, and 27.8% reported that their health condition
was not good. 25.4% indicated that they slept <6 h per night, 26.9%
slept 6—7 h per night, 28.0% slept 7—8 h per night, and 19.7% slept
>8 h per night. Moreover, 52.2% of the respondents spent >4 h per
day using a smartphone, excluding the time spent for study pur-
poses. Approximately 20% of the respondents consumed caffein-
ated beverages more than once per week, 28.9% of the respondents
experienced depression, and 16.4% of respondents had suicidal
thoughts (Table 1).

Risk factor analysis results regarding depression/suicidal idea-
tion are shown in Table 2. The rates of depression/suicidal ideation
were significantly higher for those with low economic status, those
who currently smoked, those who currently consumed alcohol, and
those with perceived poor health status. The prevalence of
depression and suicidal ideation increased with increased duration
of smartphone use, increased caffeine consumption per week, and
decreased sleep duration (Table 2).

3.2. Path analysis results

Examination of the fitness index revealed a CFI of 1.000 and TLI
of 1.000 (RMSEA <0.001), which satisfied all of the model criteria.
Depression was significantly influenced by sleep duration, eco-
nomic status, current smoking status, current alcohol consumption
status, perceived health status, caffeine consumption per week, and
duration of smartphone use (except for academic purposes). Sui-
cidal ideation was significantly influenced by sleep duration, eco-
nomic status, current smoking status, current alcohol consumption
status, perceived health status, and depression (Table 3).

The total standardized effect and the standardized direct effect
of sleep duration on suicidal ideation were —0.105 and —0.044,
respectively. The indirect standardized effect of sleep duration on
depression-mediated suicidal ideation was —0.061 (Table 4). The
direct effects of short sleep duration on suicidal ideation were more
statistically significant than the indirect effects of depression
(Fig. 1).

4. Discussion

In the path analysis of the present study, the major finding was
that short sleep duration had direct effects on suicidal ideation after
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Table 1
General characteristics.
Variables N Weighted (%) S.E.of %
Grade 1 5011 329 0.48
2 5105 34 0.56
3 5117 33.1 0.63
Economic status Middle—High 13,611 90.0 0.34
Low 1622 10.0 034
Living with parents No 113 0.7 0.08
Yes 14,932 99.3 0.08
Current smoking status No 14,970 98.2 0.14
Yes 263 1.8 0.14
Current alcohol consumption status No 14,215 933 0.25
Yes 1018 6.7 0.25
Perceived health status Poor 4230 27.8 0.44
Good 11,003 72.2 0.44
Smartphone use (per day) <1h 2318 15.0 0.34
1-2h 2000 134 0.37
2—4h 2855 19.0 0.36
4h< 8060 52.5 0.61
Caffeine consumption (per week) No 12,140 79.9 0.37
1-2 2245 14.4 0.30
3-4 544 3.6 0.16
5< 304 2.1 0.15
Sleep duration <6 h 3336 254 0.58
6—7h 3581 26.9 0.47
7-8 h 3834 28.0 0.49
>8h 2668 19.7 0.50
Depression No 10,854 711 0.45
Yes 4379 289 0.45
Suicidal ideation No 12,770 83.6 0.36
Yes 2463 16.4 0.36
Table 2
Risk factors for depression and suicidal ideation.
Depression Suicidal ideation
Weighted (%) S.E.of % p Weighted (%) SE.of % p
Grade 1 24.41 0.74 <0.001 13.45 0.59 <0.001
2 30.00 0.73 18.38 0.69
3 32.12 0.80 17.34 0.60
Economic status Middle—High 27.44 0.48 <0.001 15.00 0.37 <0.001
Low 41.69 1.32 29.15 1.20
Living with parents No 38.34 5.73 0.07 16.70 3.78 0.91
Yes 28.66 0.45 16.26 0.36
Current smoking status No 28.29 0.44 <0.001 15.98 0.36 <0.001
Yes 60.80 345 40.55 3.60
Current alcohol consumption status No 27.40 0.43 <0.001 15.21 0.37 <0.001
Yes 49.05 1.73 33.06 1.57
Perceived health status Poor 41.03 0.83 <0.001 28.00 0.74 <0.001
Good 24.18 0.50 11.95 034
Smartphone use (per day) <1h 25.97 1.16 <0.001 14.72 0.79 <0.001
1-2h 2343 0.99 14.54 0.85
2—4h 24.23 0.89 12.93 0.74
4 h< 32.76 0.57 18.63 0.51
Caffeine consumption (per week) No 26.77 0.48 <0.001 15.18 0.40 <0.001
1-2 33.05 1.08 18.90 0.94
3—-4 44.23 231 25.57 2.01
5< 53.62 3.04 30.76 2.96
Sleep duration <6 h 38.51 0.88 <0.001 23.97 0.90 <0.001
6—7h 28.72 0.88 16.31 0.72
7-8 h 24.72 0.91 13.30 0.62
>8h 21.23 0.87 10.96 0.69

controlling for other factors that could influence suicidal ideation.
Short sleep duration played a critical role in increasing suicidal
ideation for female adolescents. Several studies have shown a close
relationship between sleep and suicide for those at risk for mental
health problems [10—12]. One study indicated that high school
students in a suicide risk group had worse sleep quality than those
in the non-suicide risk group [11]. Another study indicated short
sleep duration and suicide attempts were closely related for

children with depressive disorders [12]. It was reported that sleep
quality was significantly correlated with mental health, but that
sleep duration was not significantly correlated with mental health
when sleep quality was controlled [13]. After controlling for
depression, our study indicated that suicidal ideation increased
significantly as sleep duration decreased. Unlike previous studies,
short sleep duration was a significant independent risk factor for
suicidal ideation among female adolescents. Therefore, to decrease
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Table 3

Factor loading of the pathway analysis.
Pathway Standardized factor loading Unstandardized factor loading Standard error t-statistic p-value
Sleep duration — Depression —0.145 -0.116 0.010 -12.176 <0.001
Grade — Depression 0.012 0.016 0.018 0.856 0.392
Economic status — Depression 0.077 0.275 0.039 7.138 <0.001
Current smoking status — Depression 0.058 0.489 0.098 4.967 <0.001
Current alcohol consumption status — Depression 0.081 0.347 0.049 7.099 <0.001
Perceived health status — Depression -0.171 —0.406 0.028 —14.607 <0.001
Living with parents — Depression 0.006 0.001 0.001 0.578 0.564
Caffeine consumption — Depression 0.090 0.058 0.006 9.217 <0.001
Smartphone use — Depression 0.079 0.026 0.004 6.627 <0.001
Sleep duration — Suicidal ideation -0.044 -0.012 0.002 —5.108 <0.001
Grade — Suicidal ideation —0.021 —0.009 0.005 —1.998 0.046
Economic status — Suicidal ideation 0.050 0.062 0.009 6.989 <0.001
Current smoking — Suicidal ideation 0.020 0.060 0.019 3.148 0.002
Current alcohol consumption — Suicidal ideation 0.043 0.064 0.011 5.828 <0.001
Perceived health status — Suicidal ideation —0.097 —0.080 0.008 -10.514 <0.001
Living with parents — Suicidal ideation 0.008 0.000 0.000 1411 0.158
Depression — Suicidal ideation 0.421 0.147 0.008 17.247 <0.001
Caffeine consumption — Suicidal ideation 0.013 0.003 0.002 1.768 0.077
Smartphone use — Suicidal ideation 0.005 0.001 0.001 0.636 0.525

Table 4

Decomposition of direct and indirect effects of sleep duration on suicidal ideation.

Pathway Standardized factor loading  Unstandardized factor loading  Standard error  t-statistic ~ p-value

Total Sleep duration — Suicidal ideation —0.105 —-0.029 0.003 -9.397 <0.001
Direct Sleep duration — Suicidal ideation -0.044 -0.012 0.002 —5.108 <0.001
Indirect  Sleep duration — Depression — Suicidal ideation = —0.061 -0.017 0.002 -10.034  <0.001

-0.044(-0.012)***

Suicidal Ideation

Duration of Sleep

-0.145(-0.116)***

Depressive
Experience

CFI = 1.000
TLI = 1.000
RMSEA <.001

Grade
Economic Status
Smoking
Alcohol Drinking

Perceived Health

Living with Parents

Caffeine Drinking
Smartphone Use Hours

Fig. 1. Standardized coefficients (unstandardized coefficients) of variables from the estimated structural equation model.

suicidal ideation, sleep duration should be increased, and education
and care for female adolescents must be provided.

Previous studies have demonstrated that short sleep duration
has a direct effect on suicidal ideation by removing the protective
function of sleep from emotional homeostasis. Proper sleep could
promote brain homeostasis and physical restoration [14—16], but
sleep deprivation could reduce emotional homeostasis and physical
well-being. The protective effects of sleep on mental health are
decreased with decreased sleep duration, which could negatively
affect emotional homeostasis [17]. Moreover, emotional reactivity
and psychological distress are closely related to suicidal ideation,
especially in adolescents [18]. A previous study showed that
healthy sleep is related to optimism whereas poor sleep is associ-
ated with increased negative emotions such as depression and
anxiety [19]. Another study showed that sleep has a role in
increasing positive emotional experiences for healthy young adults
[20]. Therefore, positive emotions could be increased by the posi-
tive functions of sleep, thereby suggesting the direct effect of sleep
on suicidal ideation.

Short sleep duration was found to exacerbate depression, and
aggravated depressive moods could increase suicidal ideation. The
mechanisms of the direct and indirect relationships between sleep,
depression, and suicide could be explained by the neurotransmit-
ters involved in these processes [21,22]. First, high cortisol levels
represent a high-stress situation, indicating that the body is coping
with external stress stimuli, which may interfere with sleep and
may also increase cortisol secretion [23,24]. Second, serotonin,
which is a major neurotransmitter affecting depression and suicide
[25], also plays a role in the relationships between sleep, depres-
sion, and suicide. Several studies showed that serotonin levels are
decreased in adults who have attempted suicide and that reduced
serotonin levels influence the extreme behaviors associated with
suicide attempts [26]. Serotonin is decreased in patients with
decreased sleep duration. Third, prolactin, which exhibits increased
secretion in those who have sufficient sleep, is decreased during
depression. Serotonin promotes thyrotropin-releasing hormone
(TRH) secretion, and TRH secretion stimulates prolactin release.
Therefore, prolactin degradation could result from decreased
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serotonin, further suggesting that prolactin is decreased during
depression [27,28].

Poor sleep quality including unexpected short sleep duration
could affect anxiety levels and attention in patients with depressive
disorders [29—31], and sleep disturbances influence depressive
mood. Short sleep duration may aggravate depressive moods,
which could result in insomnia. Therefore, sleep duration could
increase suicidal ideation indirectly through the aggravation of
depression. During our study, the indirect effects of depression on
suicidal ideation were stronger than the direct effects of short sleep
duration. Therefore, controlling depression is an extremely
powerful approach to preventing suicidal ideation.

This study had some limitations. First, sleep quality as used in
this study was limited by the adequacy of the data, based on sub-
jective satisfaction. Hence, a comparison with other sleep quality
studies that considered various factors of sleep quality would be
limited. Second, not all previously reported factors influencing
suicidal ideation and depression were included in this study;
therefore, careful interpretation of the effects of sleep time, both
direct and indirect, on suicidal ideation is required. Third, Path
analysis does not easily identify cause and effect; it only suggests
the directionality of our model. Consequently, a longitudinal
follow-up study is needed to identify a causal relationship between
sleep time and suicidal ideation.

In conclusion, short sleep duration could increase suicidal
ideation after controlling for depression. Currently, several efforts
to prevent juvenile suicide are focused on reducing depression.
However, because depression is influenced by various factors,
including sleep duration, these factors should be considered in the
effort to reduce depression. It is also necessary to consider the
difficulty involved in providing standardized guidelines due to in-
dividual differences. Nevertheless, to reduce suicide rates, an
extremely simple approach that is more powerful than other al-
ternatives for decreasing depression involves improving sleep
duration. Longer sleep duration could enhance mental health
among adolescents.
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