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an inability to sleep despite efforts to do so, as in adolescent 
insomnia or depression.6,7 Moreover, a “natural” short sleeper 
may tend to sleep less without any complaint, because there 
are large individual variations in the need for sleep. Sleep re-
striction, insomnia, and individual variations in sleep need 
have independent effects on sleep duration. BISS differs from 
insomnia or naturally short sleep duration in that the ability to 
sleep is unimpaired and daytime sleepiness is usually exces-
sive. However, to our knowledge, the association between be-
haviorally induced sleep insufficiency and suicidality has not 
been addressed in adolescents.

Korean adolescents have been shown to have shorter sleep du-
rations and longer weekend oversleeps, as compared with their 
peers in other countries.8 In Korea, middle and high schools start 
approximately at 07:00-08:30 and close at 16:00-18:30, and there 
are 6-10 classes (of 45-50 min/class) daily. In most classes, stu-
dents sit at their desks and passively attend lectures. Furthermore, 
almost all Korean adolescents attend private educational institu-
tions or go to night school for after-school extra tuition, usually 
until 21:00-24:00. In addition, because Korean adolescents are 
under strong socio-cultural/familial/psychologic pressure to per-
form well on their college entrance examinations, many of them 
respond by sacrificing sleep and studying for longer periods of 
time. Because of this unusual situation, Korea provides an ex-
ceptional opportunity for investigations of BISS in adolescents.

The specific aims of the current study were to examine the 
association between behaviorally induced sleep insufficiency 
and suicidality or depression in a large, community-based Ko-
rean adolescent sample. We hypothesized that adolescents with 
BISS would have higher suicidality than those without BISS 
and that weekend oversleep would independently predict sui-
cidality among adolescents.

INTRODUCTION
Sleep plays an important role in the reparative and integra-

tive processes of the brain, especially during adolescence when 
the sleep-wake cycle changes rapidly. Adolescents are recom-
mended to sleep at least 8.5 hr per day.1 However, many adoles-
cents in modern society do not get enough sleep and suffer from 
chronic partial sleep deprivation, such as behaviorally induced 
insufficient sleep syndrome (BISS).2

Suicide is one of the leading causes of death and its inci-
dence begins to increase rapidly during adolescence. As both 
suicide and insufficient sleep are key health issues for ado-
lescents, several investigations have explored the possible as-
sociation between these 2 problems, and short sleep duration 
has now been identified as a potential risk factor of suicidality 
among adolescents.3-4

The most commonly suggested cause of short sleep duration 
among adolescents is self-induced sleep restriction or wake ex-
tension,5 which is referred to as BISS. Individuals with BISS 
persistently fail to obtain the sleep required for normal alert-
ness because they curtail sleep voluntarily, albeit unintention-
ally. However, although short sleep duration may be a proxy 
measure of insufficient sleep, it represents a construct distinct 
from sleep restriction. Sleep duration may also be shortened by 
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line with the diagnostic criteria in the International Classifica-
tion of Diseases, 10th Revision, participants with at least 1 of the 
3 types of insomnia (initial, maintenance, and terminal) with a 
frequency of ≥ 3 events/wk were classified as having signifi-
cant insomnia. Similarly, participants who reported snoring ≥ 
3 times/week were deemed to demonstrate significant snoring.

Based on 2 prior studies,2,17 the presence of BISS was opera-
tionally defined as satisfying all of the following criteria: (1) a 
short sleep duration on weekdays (≤ 7 hr); (2) a long weekend 
oversleep (≥ 2 hr); (3) severe daytime sleepiness (ESS ≥ 9); and 
(4) the absence of significant insomnia.

Statistical Analysis
Associations between weekend oversleep (or other sleep 

variables) and suicidality (or depression) were explored using 
2 different multiple regression models (model 1 and model 2). 
In model 1, the dependent variable was either BDI or SSI score, 
and the independent variables were each of the sleep variables, 
age and sex. Because sleep variables are interrelated by defi-
nition and exhibit high multicollinearity, only 1 sleep variable 
entered into the separate regression model. In model 2, ESS 
scores and the presence of insomnia and snoring were included 
as 3 additional independent variables. When the association be-
tween SSI score and the sleep variables were examined, BDI 
score was also included as an independent variable in model 2.

Relationships between other continuous variables were as-
sessed using Pearson correlation coefficients. Group differ-
ences in continuous variables were explored using independent 
t-tests or analysis of covariance (covariates: age and sex). Be-
tween-group comparisons of categorical data were performed 
using the chi-square test. Statistical significance was defined 
at an α of < 0.05 (2-tailed), and SPSS Version 15.0 (SPSS Inc, 
Chicago, Ill) was used for all computations.

RESULTS

Demographic Data and Between-Group Comparisons
Summary statistics regarding the demographic characteristics 

and the questionnaire data of all 8,010 participants are presented 
in Table 1. Females (mean age 16.66 ± 1.11 yr) were younger 
than males (mean age 16.82 ± 1.07 yr) (t = 6.52, P < 0.001). For 
all study subjects, age was found to be negatively correlated with 
sleep duration both on weekdays and on weekends (r = -0.36, 
P < 0.001; r = -0.08, P < 0.001, respectively), and age positively 
correlated with weekend oversleep (r = 0.16, P < 0.001) and 
weekend rise time delay (r = 0.14, P < 0.001). Females slept 
less on weekdays (t = 15.34, P < 0.001) and more on weekends 
(t = 7.01, P < 0.001), overslept for longer at weekends (t = 16.90, 
P < 0.001), and had greater rise time delays at weekends than 
males (t = 13.31, P < 0.001). On the other hand, males had larger 
bedtime delays on weekends (t = 7.25, P < 0.001).

Daytime Sleepiness, Insomnia and Snoring
ESS scores were found to be positively correlated with age 

(r = 0.09, P < 0.001), and females had a higher mean ESS 
score than males (7.37 ± 3.13 versus 7.06 ± 3.10, t = 4.24, 
P < 0.001). For all study subjects, ESS scores were nega-
tively correlated with sleep duration on weekdays (r = -0.07, 
P < 0.001), positively correlated with sleep duration on week-

METHODS

Subjects
We recruited subject schools in 3 different areas of South 

Korea by sending a document to schools asking for partici-
pation. All schools that agreed to participate were selected 
as subject schools and consisted of 18 high schools and 5 
middle schools. Six were boys’ schools, 8 were girls’ schools, 
and 9 were coeducational schools. Among the coeducational 
schools, a school for arts and a school for domestic science 
showed female predominance. All students in the selected 
grades (8,530 students, 3,431 males, 5,099 females, mean age 
16.73 ± 1.09 yr, grades 7-11) were requested to complete the 
questionnaires. However, 520 students (6.10 %; 297 males, 
223 females, mean age: 16.75 ± 1.08 years) did not complete 
the questionnaires and were excluded. The remaining 8,010 
students (93.90%; 3,234 males, 4,876 females, mean age 
16.73 ± 1.09 yr) participated in the current study. The 8,010 
participants and the 520 excluded candidates were not signifi-
cantly different in age, but more males were excluded than fe-
males (8.66% versus 4.57%, respectively). The study protocol 
was approved by the Institutional Review Board of Gachon 
University of Medicine and Science.

Questionnaires
Sleep duration and sleep schedules were assessed using a self-

report questionnaire. The questionnaire included the following 
items: (1) “On average, how many hours do you sleep on week-
days?”, (2) “On average, when do you go to bed on weekdays?”, 
and (3) “On average, when do you rise from bed on weekdays?” 
Similar questions were asked for weekends. Participants were 
informed that sleep duration and time spent in bed could be dif-
ferent and time spent awake in bed should be excluded from 
sleep duration, but that time napping should be included. Week-
end oversleep was defined as the additional time spent sleeping 
on weekends as compared with weekdays. Individual bedtime 
and rising time delays on weekends were also calculated. Five 
sleep variables (weekday sleep duration, weekend sleep dura-
tion, weekend oversleep, weekend bedtime delay, and weekend 
rise time delay) were used in the statistical analysis.

To measure the severity of suicidal intent, study participants 
were asked to complete the Korean version of the Beck 19-item 
Scale for Suicide Ideation (SSI).9,10 The Korean version of the 
SSI has been shown to be highly correlated with the Suicid-
al Behavior Questionnaire and with suicide attempt history,10 
and to have good internal consistency (Cronbach α = 0.74).10 
The Korean version of the 21-item Beck Depression Inventory 
(BDI) was administered to assess depressive symptomatol-
ogy.11,12 A 7-item modified version of the Epworth Sleepiness 
Scale (ESS) was used to measure subjective daytime sleepiness. 
Because individuals younger than 20 yr are not allowed to drive 
in Korea, the last item of the ESS, which addresses driving, was 
omitted from the original 8-item Korean version.13,14 The Ko-
rean Translation of the Composite Scale (KtCS), which consists 
of 13 items, was used to measure morningness-eveningness.15,16

The presence of insomnia in study participants was assessed 
based on self-reported experiences over the previous month in 
terms of (1) difficulty initiating sleep, (2) difficulty maintaining 
sleep, and (3) early awakening and difficulty resuming sleep. In 
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and a lower KtCS score (P < 0.001) by both models, the sig-
nificant associations between BDI and weekend oversleep or 

ends (r = 0.10, P < 0.001), weekend oversleep 
(r = 0.15, P < 0.001), rise time delay on week-
ends (r = 0.17, P < 0.001) and bedtime delay on 
weekends (r = 0.07, P < 0.001).

For all study subjects, mean KtCS score was 
32.58 ± 5.73, and a lower KtCS score, which 
means more eveningness, was found to be 
correlated with a higher ESS score (r = 0.30, 
P < 0.001), shorter weekday sleep duration 
(r = 0.22, P < 0.001), longer weekend sleep dura-
tion (r = 0.18, P < 0.001) and longer weekend 
oversleep (r = 0.31, P < 0.001).

No significant differences were found be-
tween subjects with or without insomnia in terms 
of age or sex. Subjects with insomnia reported 
shorter weekday sleep duration (5.72 ± 1.52 hr 
versus 6.08 ± 1.26 hr, t = 7.53, P < 0.001), longer 
weekend oversleep (2.96 ± 2.30 hr versus 2.61 ± 
1.92 hr, t = 4.14, P < 0.001) and greater weekend 
rise time delay (3.43 ± 2.10 hr versus 2.98 ± 1.79 
hr, t = 5.69, P < 0.001). Mean ESS score was 
greater for subjects with insomnia (8.51 ± 3.56 
versus 7.12 ± 3.04, t = 10.41, P < 0.001).

Although snoring was not found to be signifi-
cantly related to age, it was more common in 
males (χ2 = 70.75, P < 0.001). Snorers had a lon-
ger mean weekday sleep duration (6.18 ± 1.41 
hr versus 6.04 ± 1.28 hr, t = 2.20, P = 0.03) and 
a larger weekend bedtime delay (0.78 ± 1.26 hr 
versus 0.61 ± 1.18 hr, t = 2.86, P < 0.01). Further-
more, snorers had a higher mean ESS score (8.22 
± 3.48 versus 7.19 ± 3.09, t = 6.01, P < 0.001) 
and were found to be more likely to meet the cri-
teria for insomnia (χ2 = 5.77, P = 0.02).

Depression
BDI scores were found to be positively cor-

related with age (r = 0.05, P < 0.001) and ESS 
scores (r = 0.28, P < 0.001). Mean BDI score 
was higher for females (t = 9.36, P < 0.001), subjects with 
insomnia (t = 18.54, P < 0.001), and subjects who snored 
(t = 5.48, P < 0.001).

The results of multiple regression models 1 and 2 using 
BDI score as the dependent variable are summarized in 
Table 2.

In multiple regression model 1, which controlled for 
age and sex only, a higher BDI score was found to be 
predicted by shorter weekday sleep duration (P < 0.001), 
longer weekend oversleep (P < 0.001), a larger weekend 
bedtime delay (P < 0.001), a larger weekend rise time de-
lay (P < 0.001), and a lower KtCS score (P < 0.001).

The ESS scores, insomnia, and snoring were included 
as additional independent variables in multiple regres-
sion model 2, because correlation analysis showed that 
most of these variables were significantly related to both 
sleep variables and depressive symptoms. A comparison 
of the results of the models 1 and 2 showed that although 
a higher BDI score was predicted by a shorter weekday sleep 
time (P < 0.001), a larger weekend rise time delay (P = 0.03), 

Table 1—Characteristics of study participants (n = 8010)

Mean ± SD (n, %)
Age 16.73 ± 1.09
Sex

Male 3,134 (39.13 %)
Female 4,876 (60.87 %)

School
High school (18) 6,374 (79.58 %)
Middle school (5) 1,636 (20.42 %)

Sleep time
Weekday

Sleep duration 6 hr 3 min (± 1 hr 18 min) [3 hr ~ 11 hr]
Bedtime 24:00 (± 1hr 6 min) [23:00 ~ 03:00]
Rise time 06:40 (± 46 min) [05:00 ~ 11:30]

Weekend 
Sleep duration 8 hr 41 min (± 1 hr 52 min) [3 hr ~ 14 hr]
Bedtime 01:01 (± 1 hr 24 min) [23:00 ~ 05:00]
Rise time 09:41 (± 1 hr 47 min) [06:00 ~ 15:00]

Weekday-weekend difference
Weekend oversleep 2 hr 38 min (± 1 hr 58 min) [-3 hr ~ 8 hr]
Bedtime delay 37 min (± 1 hr 11 min) [-3 hr 30 min ~ 4 hr]
Rise time delay 3 hr 1 min (± 1 hr 49 min) [-1 hr 6 min ~ 8 hr 55 min]

Suicidality and depression
SSI 7.06 ± 5.46 [0~38]
BDI 10.36 ± 6.98 [0~27]

Sleep problem
ESS 7.25 ± 3.12 [0~19]
KtCS 32.62 ± 5.74 [14~53]
Significant insomnia

Initial insomnia 511 (6.38 %)
Maintenance insomnia 348 (4.34 %)
Terminal insomnia 113 (1.41 %)
Any insomnia 763 (9.53 %)

Significant snoring 433 (5.41 %)

BDI, Beck Depression Inventory; ESS, Epworth Sleepiness Scale; KtCS: Korean Translation 
of the Composite Scale; SD, standard deviation; SSI: Beck Scale for Suicidal Ideation.

Table 2—The association between BDI score and sleep variables

Regression Model 1a Regression Model 2b

β P β P
 Sleep duration in weekday -0.55 < 0.001 -0.41 < 0.001
Sleep duration in weekend -0.02 0.72 -0.12 < 0.01
 Weekend oversleep 0.20 < 0.001 0.05 0.23
 Weekend bedtime delay 0.26 < 0.001 0.10 0.08
 Weekend rise time delay 0.30 < 0.001 0.09 0.03
 KtCS -0.27 < 0.001 -0.17 < 0.001

aMultiple regression model 1: dependent variable: BDI; independent variables: 
each sleep variable, age, and sex. bMultiple regression model 2: dependent 
variable: BDI; independent variables: each sleep variable, age, sex, insomnia, 
snoring, and ESS. BDI, Beck Depression Inventory; ESS, Epworth Sleepiness 
Scale; KtCS, Korean Translation of the Composite Scale.
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Behaviorally Induced Insufficient Sleep Syndrome
Of the 8,010 study participants, 1,504 (18.78%) were 

classified as having BISS, and 5,743 (71.70%) without 
BISS or significant insomnia were classified as not hav-
ing BISS. Of subjects without BISS, 2,031 (25.51%) who 
slept ≥ 7 hr on weekdays were defined as “subjects with 
sufficient sleep.” A summary of results is presented in 
Table 4. Subjects with BISS were significantly older than 
subjects without BISS or subjects with sufficient sleep 
(P < 0.001). BISS was also more common in females than 
in males (P < 0.001).

After controlling for age and sex, subjects with BISS 
were found to have higher BDI and SSI scores than sub-
jects without BISS or subjects with sufficient sleep (all 
P < 0.001). Even after controlling for BDI scores, subjects 
with BISS had significantly higher SSI scores than sub-
jects without BISS (F = 7.84, P < 0.01) or subjects with 
sufficient sleep (F = 11.71, P < 0.001). As expected, sub-
jects with BISS slept less on weekdays and more on week-

ends, overslept longer on weekends, and had a larger weekend 
rise time delay and a higher ESS score than subjects without 
BISS or subjects with sufficient sleep (all P < 0.001). In addi-
tion, subjects with BISS had lower KtCs scores than subjects 
without BISS or subjects with sufficient sleep (all P < 0.001). 
Subjects with BISS went to bed earlier on weekends than sub-
jects with sufficient sleep (P < 0.001), but not than subjects 
without BISS. Snoring was also more common in subjects with 
BISS than subjects without BISS (P < 0.001) or subjects with 
sufficient sleep (P = 0.04).

For subjects with BISS, longer weekend oversleep predict-
ed higher BDI (β = 0.28, P = 0.01) and SSI scores (β = 0.35, 
P < 0.001) after controlling for age and sex. Furthermore, lon-
ger weekend oversleep predicted a higher SSI score even after 
BDI score was included as an additional independent variable 
(β = 0.20, P < 0.01). For subjects without BISS or subjects with 
sufficient sleep, neither BDI nor SSI scores were significantly 
associated with weekend oversleep.

DISCUSSION
To the best of our knowledge, the current study is the first to 

investigate an association between behaviorally induced sleep in-
sufficiency and suicidality among adolescents. Our results show 
that BISS increases suicidality independently of the self-reported 
symptoms of depression. In addition, we found that longer week-
end oversleep independently predicted higher suicidality.

Shorter weekday sleep durations and longer weekend over-
sleep suggest that Korean adolescents are likely to suffer from 
chronic sleep deprivation. Suicide rates in South Korea have 
been reported to be highest among OECD countries,18 and the 
Korean government reported that the suicide rate among teen-
agers was 10.7 per 100,000 annually.19 Although speculative, 
these results suggest common sleep deprivation among adoles-
cents may contributed to the high suicide rates in Korea.

The current study is also the first to report heightened sui-
cidality among adolescents with BISS. A large difference in 
sleep duration between weekdays and weekends (i.e., week-
end oversleep) was also found to predict a high suicidality, 
which concurs with previous research findings regarding an as-
sociation between short sleep duration and suicidality among 

weekend bedtime delay by model 1 were not significant in 
model 2. However, a new association was detected by model 2 
between a shorter weekend sleep time and a higher BDI score 
(P < 0.01). The different results obtained using models 1 and 
2 were mainly driven by ESS scores, as the results of models 
1 and 2 were similar when other additional independent vari-
ables of insomnia and snoring were excluded. When the sleep 
item of BDI was excluded, model 1 and 2 results were not 
significantly changed.

Suicidality
SSI score was found to be positively correlated with age 

(r = 0.04, P < 0.001), and ESS (r = 0.22, P < 0.001) and BDI 
scores (r = 0.70, P < 0.001). Mean SSI score was higher in fe-
males than in males (t = 14.73, P < 0.001), and also in subjects 
with insomnia (t = 15.13, P < 0.001) and subjects who snored 
(t = 3.70, P < 0.001).

The results of the multiple regression models 1 and 2 using 
SSI score as the dependent variable are summarized in Table 3.

Multiple regression model 1 showed that a higher SSI score 
was associated with shorter weekday sleep duration (P < 0.001), 
longer weekend oversleep (P < 0.001), a larger weekend bedtime 
delay (P < 0.01), a larger weekend rise time delay (P < 0.001), 
and a lower KtCS score (P < 0.001).

When BDI scores, the ESS scores, insomnia, and snoring 
were included as additional independent variables in mod-
el 2, longer weekend oversleep (P < 0.01), larger weekend 
rise time delay (P < 0.01) and lower KtCS score (P < 0.001) 
were found to predict a higher SSI score, which indicates that 
weekend oversleep is an independent predictor of suicidal-
ity. Although weekday sleep duration and weekend bedtime 
delay were not found to significantly predict SSI score by 
model 2, a significant association between a longer weekend 
sleep duration and a higher SSI score (P = 0.03) was found. 
The different results of models 1 and 2 were mainly driven 
by BDI score, as model 2 produced similar results when oth-
er additional variables of ESS score, insomnia, and snoring 
were excluded as independent variables. When the sleep and 
suicide items of BDI were excluded, model 2 results were not 
significantly changed.

Table 3—The association between SSI score and sleep variables

Regression Model 1a Regression Model 2b

β P β P
Sleep duration in weekday -0.37  < 0.001 -0.05 0.14
Sleep duration in weekend 0.05 0.14 0.05 0.03
Weekend oversleep 0.19  < 0.001 0.07  < 0.01
Weekend bedtime delay 0.15  < 0.01 0.00 0.94
Weekend rise time delay 0.24  < 0.001 0.07  < 0.01
KtCS -0.18  < 0.001 -0.03  < 0.001

aMultiple regression model 1: dependent variable: SSI; independent variables: 
each sleep variable, age, and sex. bMultiple regression model 2: dependent 
variable: SSI; independent variables: each sleep variable, age, sex, insomnia, 
snoring, ESS, and BDI. BDI, Beck Depression Inventory; ESS, Epworth sleepiness 
scale; KtCS, Korean Translation of the Composite Scale; SSI, Beck Scale for 
Suicidal Ideation.
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In the current study, the association between weekday sleep 
duration and suicidality disappeared after controlling for con-
founding variables, especially depression. Although the asso-
ciation between sleep duration and suicidality was reported to 
be independent of depression in 1,362 Chinese adolescents,3 
other studies have reported that the association between sleep 
duration and suicidality during adolescence was moderated by 
insomnia or depression.4,6 Although weekday sleep duration is 
closely related to weekend oversleep, our findings suggest that 
although the effect of sleep duration on depression is substan-
tial, its effects on suicidality are not independent and are medi-
ated by depression.

Although short sleep duration was found to be directly relat-
ed to depressive symptoms, weekend oversleep was less direct-
ly related. Although longer weekend oversleep was a predictor 
of depression, this association did not remain significant after 
controlling for daytime sleepiness. This finding is consistent 
with that of a prior study that reported an association between 
daytime sleepiness and depression among adolescents.26 Our 
findings suggest that adolescent depression induced by insuf-
ficient sleep may be mediated by excessive daytime sleepiness.

In the current study, weekend rise time but not weekend bed-
time was found to be delayed. Furthermore, eveningness was 
found to be related with daytime sleepiness, longer weekend 
oversleep, and BISS. These findings suggest that adolescent 
sleep insufficiency might be caused by a mismatch between 
intrinsic factors such as circadian rhythm and extrinsic factors 
such as school schedule.27-29 Furthermore, the current study sug-

adolescents,3-4 because sleep duration is primarily affected by 
self-selected sleep restriction.5 In terms of sleep debt created by 
self-induced sleep restriction, weekend oversleep could provide 
more reliable information than habitual sleep duration, which 
is directly affected by insomnia or natural short sleepers. Ac-
cordingly, our findings also suggest that sleep restriction may 
increase the risk of suicide in adolescents.

In the current study, weekend oversleep was found to be an 
independent predictor of suicidality after adjusting for depres-
sion, insomnia, sleepiness, and snoring, which have been previ-
ously reported to be associated with suicidality.20-23 Although 
some studies have reported an association between suicidality 
and sleep duration3 or sleep disturbance20 among adolescents 
after controlling for depression, most previous studies were not 
adjusted for insomnia, daytime sleepiness, or snoring. How-
ever, our results suggest that chronic sleep deprivation during 
adolescence may increase the suicidal risk independently of in-
somnia, depression, and daytime sleepiness.

Some other variable could make sleep-deprived adolescents 
more vulnerable to suicidality. In particular, decreased impulse 
control and various risky behaviors have been reported to be 
associated with short sleep duration in adolescents.4,24,25 There-
fore, it is plausible that chronic sleep deprivation in adolescents 
might increase suicidality through heightened impulsivity or 
intolerance to other stressors. In addition, the neurobiologic ef-
fects of chronic sleep deprivation may be related and increase 
suicidality. However, our results shed no light on the causal 
pathway linking chronic sleep deprivation to suicidality.

Table 4—Comparison between subjects with BISS and subjects without BISS (or subjects with BISS and subjects with sufficient sleep)

Subjects with BISS 
(n = 1,504)

Subjects without BISS 
(n = 5743)

Subjects with 
sufficient sleep

(n = 2,053)
Mean (n) SD (%) SD (%) Fa Fb

Age 16.96 ± 0.89 16.66 ± 1.13 16.05 ± 1.23 t = 9.72*** t = 24.30***
Sex M/F: 492/1,012 M/F: 2,355/3,388 M/F: 1,034/1,019 χ2 = 34.02*** χ2 = 109.71***
Suicidality and depression

SSI† 8.26 ± 5.51 [0~27] 6.28 ± 4.96 [0~27] 5.84 ± 5.06 [0~27] 151.49*** 106.11***
BDI† 12.15 ± 6.99 [0~37] 9.14 ± 6.17 [0~38] 8.82 ± 6.46 [0~38] 236.87*** 130.73***

Sleep time
Sleep duration on weekday† 5 hr 37 min ± 57 min

[3 hr ~ 7 hr]
6 hr 13 min ± 1 hr 18 min

[3 hr ~ 11 hr]
7 hr 34 min ± 55 min

[7 hr ~ 11 hr]
159.73*** 2694.93***

Sleep duration on weekend† 9 hr 22 min ± 1 hr 37 min
[6 hr ~ 14 hr]

8 hr 31 min ± 1 hr 50 min
[3 hr ~ 14 hr]

9 hr 7 min ± 1 hr 45 min
[3 hr ~ 14 hr]

290.32*** 10.96***

Weekend oversleep† 3 hr 45 min ± 1 hr 37 min
[2 hr ~ 9 hr]

2 hr 19 min ± 1 hr 53 min
[-3 hr ~ 8 hr]

1 hr 33 min ± 1 hr 43 min
[-3 hr ~ 7 hr]

629.04*** 1017.37***

Weekend bedtime delay† 35 min ± 1 hr 12 min
[-3 hr 30 min ~ 4 hr]

37 min ± 1 hr 8 min
[-3 hr 30 min ~ 4 hr]

50 min ± 1 hr 7 min
[-2 hr 30 min ~ 4 hr]

0.30 42.55***

Weekend rise time delay† 3 hr 52 min ± 1 hr 44 min
[0 hr ~ 8 hr 55 min]

2 hr 45 min ± 1 hr 44 min
[-1 hr 6 m in~ 8 hr 40 min]

2 hr 22 min ± 1 hr 40 min
[-1 hr ~ 8 hr 30 min]

405.67*** 400.46***

Sleep problem
ESS† 10.82 ± 2.08 [9~19] 6.14 ± 2.44 [0~16] 6.29 ± 2.83 [0~16] 4995.74*** 2069.66***
KtCS† 30.11 ± 5.34 [14~50] 33.55 ± 5.50 [14~53] 34.71 ± 5.44 [16~53] 425.14*** 473.92***
Significant snoring 110 (7.31 %) 267 (4.65 %) 115 (5.60 %) χ2 = 16.62*** χ2 = 4.01*

aComparison between subjects with BISS and subjects without BISS. bComparison between subjects with BISS and subjects with sufficient sleep. †After 
controlling for age and sex. *P < 0.05, **P < 0.01, ***P < 0.001. BISS, behaviorally induced insufficient sleep syndrome; BDI, Beck Depression Inventory; ESS, 
Epworth Sleepiness Scale; KtCS, Korean Translation of Composite Scale; M/F, male/female; SD, standard deviation; SSI, Beck Scale for Suicidal Ideation.
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gests that sleep insufficiency induced by this mismatch might 
mediate the relationship between eveningness and suicidality/
depression, and modifying school start times may reduce sleep 
insufficiency and associated suicide risk.

As has been discussed in other studies,30,31 we found that fe-
males overslept longer on weekends and had a shorter weekday 
sleep duration than males. A greater degree of insufficient sleep 
in females may be due to social requirements, such as morn-
ing grooming30 or the earlier onset of pubertal signs, including 
circadian rhythm delay.32 In addition, an older age was associ-
ated with longer weekend oversleep. This finding was expected 
because moving to a higher grade entails earlier school starts, a 
more delayed biologic sleep-wake cycle, and heavier and more 
demanding academic pressures.31

Despite its strengths, such as the large sample size and ad-
justment for many potential confounding variables, the current 
study has several limitations. One limitation is that it relies 
solely on self-report measures. However, although objective 
tools such as polysomnography and actigraphy enable more 
direct measure of sleep, these tools are impractical for large-
scale population-based studies. Another limitation may be the 
cross-sectional nature of the study. A longitudinal study may 
be needed to confirm the causal relationship between insuffi-
cient sleep and suicidality. Another area of concern involves 
the sample representativeness, because most of the participants 
were female and high school students. To investigate the true 
prevalence of BISS in Korea, a future study with a more repre-
sentative sample is needed. In addition, considering the unique 
university-bound culture in Korea, our findings may not be ap-
plicable in other sociocultural contexts. In addition, although 
the correlation between sleep and suicidality was statistically 
significant, it was small, especially after controlling for poten-
tial covariates, which suggests the relationship between insuf-
ficient sleep and suicidality is strongly influenced by covariates 
such as depression, insomnia, and daytime sleepiness.

In conclusion, we found that BISS among Korean adoles-
cents is associated with increased suicidality. In addition, chron-
ic sleep deprivation, as represented by weekend oversleep, was 
found to be associated with suicidality independently of depres-
sion, insomnia, snoring, and daytime sleepiness. Accordingly, 
our findings suggest that chronic sleep restriction among ado-
lescents may independently increase suicide risk.
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