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Purpose: Adolescent suicide has emerged as a global public health concern. Among various risk factors for suicide, sleep—
particularly sleep timing—is valuable for its modifiability. However, the relationship between sleep timing and suicidality remains
unclear. This study aimed to explore the association between sleep timing and suicidal ideation among Korean adolescents.
Patients and Methods: This cross-sectional study analyzed data from 759,350 adolescents who participated in the Korea Youth Risk
Behavior Web-based Survey from 2007 to 2019. Self-reported weekday sleep timing (categorized by “go-to-bed” times from 8§ PM to 3 AM)
and suicidal ideation were analyzed. Hierarchical multivariable logistic regression was performed to evaluate the association between sleep
timing and suicidal ideation, adjusting for potential confounders, including sleep duration, sleep quality, and depressive mood.

Results: Of the 759,350 adolescents, 17.4% reported suicidal ideation. Using 11 PM as the reference, both the early sleep timing (8
PM: OR = 1.54, 95% CI = 1.29-1.84) and late sleep timing (3 AM: OR =2.17, 95% CI = 2.09-2.26) were associated with higher odds
of suicidal ideation, demonstrating a J-shaped relationship. This independent association remained after adjusting for sociodemo-
graphic factors, sleep duration, sleep quality, and depressive mood. The J-shaped pattern appeared consistently across sex and school
level. Age-stratified analyses also showed a consistent J-shaped pattern across all ages, with the nadir shifting slightly later with age
(from 10 PM in younger adolescents to midnight in older adolescents).

Conclusion: A J-shaped association between sleep timing and suicidal ideation was observed after controlling for sleep duration,
sleep quality, and depressive mood. These findings indicate that sleep timing may serve as a candidate behavioral marker associated
with suicidal ideation. Further longitudinal and intervention studies are warranted to confirm temporality and clarify underlying
mechanisms.
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Introduction

According to the World Health Organization’s 2020 report, suicide is one of the leading causes of death among
adolescents worldwide, making it a major public health concern requiring urgent attention."* In South Korea, suicide
has been the primary cause of death among adolescents for over a decade.®* Furthermore, the adolescent suicide rate
(9.9 per 100,000) significantly exceeds the global average (6.0 per 100,000).*> Risk factors for adolescent suicide include
sociodemographic factors (such as age, sex, and socioeconomic status),® biological factors (such as genetic
predisposition’ and hormonal dysregulation),® and health-related behavioral factors (such as smoking,’ alcohol
consumption,’ physical inactivity, and sleep behavior).'® Among these factors, sleep has recently gained attention due
to its modifiable nature.'’

Sleep is known to play a fundamental role in maintaining and optimizing both physical and mental health.'" In
adolescents, this role becomes even more critical for mental health, given their intense period of brain development.'?
Numerous studies have shown that sleep problems in adolescents—including issues with sleep duration, sleep timing,
sleep quality, and sleep disturbances—are related to poor academic performance,'® depression,'® and even suicidal
behavior."? Previous studies on sleep problems and suicidality have primarily focused on sleep duration, finding that both
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short and long total sleep times may be linked to suicidal ideation and attempts in adolescents.'"'*> However, not only

sleep duration (“how long”) but also sleep timing (“when”) may be critical for adolescents’ mental health.'>!4

15,16

Adolescents experience distinct circadian shifts, which, when combined with early, fixed school start times, often

lead to biological dysynchronization.'”"'® Such circadian misalignment is associated with impaired cognitive function'’

and poorer psychological well-being,'""'*""

11,13

including an increased risk of depressive symptoms and suicidal
ideation, independent of sleep duration.

However, research on sleep timing and suicidality is relatively rare."*'” In particular, there has been a notable lack of
studies specifically examining the independent association between sleep timing and adolescent suicidal ideation.'*""
Therefore, this study aimed to address this gap by examining whether sleep timing is independently associated with
suicidal ideation among Korean adolescents after adjusting for sociodemographic variables, sleep duration, sleep quality,
and depressive mood. Given the limited evidence, we treated the analysis as exploratory and allowed for non-linearity.
Using nationally representative survey data, we performed a cross-sectional analysis with weighted multivariable logistic
regression models. Furthermore, subgroup analyses were conducted to determine whether the optimal sleep timing

associated with the lowest suicidal ideation differed by sex, school level, or age.

Materials and Methods

Study Design and Participants

This study was conducted using data from the 2007-2019 Korea Youth Risk Behavior Web-based Survey (KYRBS),
administered by the Korea Centers for Disease Control and Prevention (KCDC). The KYRBS is a nationwide cross-
sectional representative survey using a complex sample design, including multistage sampling, stratification, and
clustering. The survey aims to assess the health-related risk behaviors among middle and high school students (grades
7-12) and includes more than 100 questions across 15 domains, covering sociodemographic characteristics, health-
related risk behaviors, and mental and physical health. The survey questionnaire was developed through expert
consultations and pilot testing before implementation, and its validity and reliability have been established as part of
the national health statistics quality assurance process. As a large-scale surveillance survey, the KYRBS does not include
detailed psychosocial or developmental variables, and residual confounding may remain.

Of the 941,607 students targeted in the 2009-2017 Korea Youth Risk Behavior Web-based Survey (KYRBS),
905,755 completed the survey (response rate, 96.2%). We excluded 2687 participants who reported serious physical
illnesses (such as cancer, diabetes, or cardiac disease) or a history of drug abuse. Participants with missing responses to
sleep-related items (n = 136,301) or implausible sleep data were further excluded. Implausible cases included those
reporting weekday bedtimes before 7 PM or after 4 AM, or those whose calculated sleep duration yielded negative values
(n = 7417). The final analytic sample included 759,350 adolescents.

Study Variables
Sleep timing was defined as the usual “go-to-bed” time and was assessed using the question: “What time did you usually
go-to-bed during the last weekdays (hh:mm)?” Responses were categorized into hourly intervals: 8 PM (20:00-20:59), 9
PM, 10 PM, 11 PM, 12 AM, 1 AM, 2 AM, and 3 AM. Wake times before 4 AM or after 9 AM and sleep timings between
4 AM and 8 PM were treated as missing; if either value was implausible, both were set to missing. Cases with negative
sleep duration were excluded. Analyses used complete cases. Sleep duration was defined as the total time spent sleeping
and was calculated using the reported “go-to-bed” and “wake-up” times based on response to this question: “What time
did you usually wake up on weekdays over the past week?”” The responses were categorized as 4 AM, 5 AM, 6 AM, 7
AM, and 8 AM. Sleep quality was assessed by asking the question: “Do you think your sleep over the past 7 days was
sufficient to feel refreshed?” The response options ranged from “1 = sufficient” to “5 = not sufficient at all”. Suicidal
ideation (main dependent variable) was assessed by asking the question: “Have you ever considered suicide during the
past 12 months?” The responses were either “yes” or “no”.

Sociodemographic variables included sex, age, region (rural, small city, metro city), perceived socioeconomic status
(1=very high, 5=very low), and self-estimated academic performance (low, middle, high). Health-related behaviors,
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including smoking, alcohol consumption, and physical activity, were assessed using the following questions: “Have you
ever smoked more than one cigarette?”, “Have you ever consumed more than one glass of alcohol?” and “How many
times did you engage in vigorous physical activity during the last 7 days?” respectively. The responses for physical
activity ranged from “0 = none” to “5 = over 5 days”. Depressive mood was assessed using a dichotomous (yes/no)
response to the question: “During the past 12 months, have you experienced feelings of sadness or hopelessness severe
enough to stop performing your usual activities for at least two full weeks?”

Statistical Analysis

Statistical analyses were performed accounting for the complex survey design of the KYRBS, incorporating the provided
stratification, clustering, and weighting variables in all procedures. Associations between categorical variables and
suicidal ideation were assessed using y2 tests. Differences in continuous variables across categorical groups were
analyzed using independent samples #-tests and one-way analysis of variance. To investigate the independent association
of sleep timing with suicidal ideation, a series of hierarchical logistic regression models were constructed by sequentially
adding covariates: Model I examined the unadjusted association between sleep timing and suicidal ideation; Model 11
was adjusted for sociodemographic and health-related behavioral factors; Model III was additionally adjusted for sleep
duration; Model IV was additionally adjusted for sleep quality; and Model V was additionally adjusted for depressive
mood. Because no established reference sleep timing has been reported in previous literature, we initially analyzed sleep
timing without assuming a specific functional form. A J-shaped pattern emerged, and a supplementary piecewise logistic
regression (hinge at 11 PM) confirmed a significant slope change (P < 0.05), supporting 11 PM as the inflection point for
increased risk. Sensitivity analyses using alternative reference points (10 PM and 12 AM) yielded consistent results,
confirming the robustness of the association. Subgroup analyses by sex and school type (middle/high school), as well as
analyses stratified by age, were also conducted. Subgroup analyses were exploratory and may increase the risk of type
I error due to multiple comparisons. All statistical tests were two-sided, and the level of statistical significance was set at
a P-value < 0.05. All statistical analyses were conducted using StataNow 19 SE (StataCorp LLC, College Station, TX).

Ethical Consideration

The KYRBS is a nationally approved survey (approval number 117058) conducted under the ethical oversight of the KDCA
Institutional Review Board (IRB). All data were collected anonymously after obtaining informed consent from participants.
The present secondary analysis was reviewed by the Kangwon National University IRB and was determined to be exempt
from further ethical review in accordance with the Bioethics and Safety Act of Korea (Article 2 and Article 15), which
allows exemption for studies using de-identified secondary data.

Results

General Characteristics with and without Suicidal Ideation
Supplementary Table S1 presents the basic characteristics of the participants with and without suicidal ideation. Among

the total 759,350 participants, 17.4% (n = 121,062) experienced suicidal ideation. Suicidal ideation was significantly
higher among girls, middle school students, residents of metro cities, students with lower socioeconomic status and
academic achievement, those who had smoked or consumed alcohol, individuals who did not exercise, and those
experiencing depressive mood. Regarding sleep patterns, suicidal ideation was higher among individuals with late or
early sleep timing, early wake timing, short sleep duration, and poor sleep quality compared with others.

Sleep Patterns and Sociodemographic Characteristics

Table 1 presents sleep patterns based on sociodemographic factors. The average sleep timing was 12:31 AM, the average
wake timing was 6:51 AM, and the average sleep duration was 6 h and 18 min. Girls went to bed later, woke up earlier, and
slept less than boys. High school students had a much later bedtime (12:58 AM) than middle school students (12:01 AM),
woke up earlier, and had a shorter sleep duration. Residency, socioeconomic status, academic performance, physical
activity, smoking, alcohol consumption, and depressive mood were all significantly associated with sleep patterns.
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Table | Sleep Patterns According to the Sociodemographic Factors

Characteristics Sleep Timing (hh:mim) | Wake Timing (hh:mxm) | Sleep Duration (hours)
Mean | SD | P-value | Mean | SD | P-value | Mean | SD | P-value
Overall 24:31 1:18 06:51 0:36 6.33 1.41
Sex <0.001 <0.001 <0.001
Boys 24:23 | 1:17 06:55 | 0:36 6.53 1.41
Girls 24:39 | 1:17 06:46 | 0:35 6.10 1.38
School <0.001 <0.001 <0.001
Middle school 24:01 I:14 07:04 | 0:33 7.05 1.26
High school 24:58 | 1:10 06:39 | 0:34 5.67 1.21
Age (years) <0.001 <0.001 <0.001
12 23:36 | 1:09 07:03 | 0:33 745 1.21
13 23:50 | I:11 07:04 | 0:33 7.23 1.22
14 24:10 | 1:14 07:04 | 0:34 6.90 1.24
15 24:34 | I:13 06:51 0:36 6.29 1.39
16 24:51 1:09 06:39 | 0:34 5.80 I.19
17 01:05 | I:10 06:39 | 0:34 5.57 I.19
18 0l:13 1:09 06:38 | 0:35 5.42 1.20
Residency <0.001 <0.001 <0.001
Rural 24:10 | I:19 06:48 | 0:35 6.64 1.38
Urban 24:30 | I:19 06:53 | 0:36 6.38 1.41
Metro city 24:35 I:16 06:49 | 0:35 6.22 1.41
Socioeconomic status <0.001 <0.001 <0.001
Very rich 2426 | 1:22 06:56 | 0:37 6.50 1.50
Rich 24:32 | 1117 06:54 | 0:35 6.37 1.42
Middle 24:31 1:17 06:50 | 0:35 6.32 1.39
Poor 24:33 1:18 06:45 | 0:36 6.22 1.39
Very poor 24:33 1:24 06:42 | 0:40 6.15 1.50
Academic performance <0.001 <0.001 <0.001
Very good 24:34 | 1:16 06:54 | 0:36 6.33 1.38
Good 24:33 I:15 06:52 | 0:35 6.31 1.37
Middle 24:31 1:17 06:50 | 0:35 6.31 1.41
Bad 24:28 | 1:19 06:49 | 0:36 6.36 1.43
Very bad 24:30 | 1:24 06:49 | 0:38 6.33 1.50
Physical activity (per week) <0.001 <0.001 <0.001
None 24:44 | 1:17 06:47 | 0:35 6.06 1.39
| day 24:33 1:17 06:50 | 0:35 6.28 1.39
2 days 24:32 | 1:16 06:51 0:35 6.32 1.39
3 days 24:33 I:16 06:54 | 0:35 6.53 1.39
4 days 24:21 1:17 06:55 | 0:36 6.56 1.40
25 days 24:16 | 1:19 06:53 | 0:39 6.63 1.42
Alcohol consumption <0.001 <0.001 <0.001
No 24:20 | 1:17 06:53 | 0:36 6.56 1.40
Yes 24:44 | 1:16 06:47 | 0:36 6.06 1.37
Smoking experience <0.001 <0.001 <0.001
No 24:28 | 1:18 06:51 0:36 6.38 1.41
Yes 2442 | 1:17 06:49 | 0:36 6.13 1.39
(Continued)
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Table | (Continued).

Characteristics Sleep Timing (hh:imm) | Wake Timing (hh:mim) | Sleep Duration (hours)

Mean SD P-value | Mean SD P-value | Mean SD P-value

Depressive mood <0.001 <0.001 <0.001
No 24:25 | 1:17 06:52 | 0:35 6.45 1.39
Yes 24:44 | 1:18 06:47 | 0:37 6.05 1.42

Notes: All means are weighted means. P-values were obtained from survey-weighted t-tests or ANOVA, as appropriate.
Abbreviation: SD, standard deviation.

Association Between Sleep Timing and Suicidal Ideation

Table 2 shows that sleep timing consistently demonstrated an independent association with adolescent suicidal ideation
across all models. In Model I (unadjusted), adolescents who went to bed at 8 PM had 1.70 times higher odds of suicidal
ideation (95% confidence interval (CI), 1.43-2.02) compared with those sleeping at 11 PM, escalating to 2.08 times
higher odds for those with a 3 AM sleep timing (95% CI, 2.00-2.16). After adjusting for sociodemographic and
behavioral variables (Model II), the odds of suicidal ideation remained elevated at both extremes of sleep timing: odds
ratio (OR) = 1.54 (95% CI, 1.29-1.84) for 8 PM and OR = 2.17 (95% ClI, 2.09-2.26) for 3 AM, compared to 11 PM.
After adjusting for sleep duration (Model III), the independent association between sleep timing and suicidal ideation
persisted, with the lowest OR observed around 11 PM. This independent association remained even after controlling for
sleep quality (Model IV) and depressive mood (Model V).

Subgroup Analysis by Sex and School Level

Figures 1 and 2 present the association between sleep timing and suicidal ideation based on Model II, stratified by sex

(boys vs girls) and school level (middle school vs high school). Following stratification by sex (Figure 1), a distinct

J-shaped association between sleep timing and suicidal ideation was observed, with 10 PM as the common nadir for both

boys (Figure 1B) and girls (Figure 1A). Sex differences in suicidal ideation risk related to sleep timing were subtle.
When stratified by school level (Figure 2), this J-shaped pattern in suicidal ideation risk according to sleep timing was

consistent, although with a different nadir: 10 PM for middle school students (Figure 2A) and 11 PM for high school students

Table 2 Association Between Sleep Timing and Suicidal Ideation in the Hierarchical Logistic Regression

Models
Sleep Timing Suicidal Ideation
Model I* Model IIf Model I Model IV$ Model V#

OR | 95%Cl | OR | 95%ClI | OR | 95%ClI | OR | 95% Cl | OR | 95% ClI
8 PM 1.70 | 1.43-2.02 | 1.54 | 1.29-1.84 | 2.45 | 2.04-2.93 | 2.43 | 2.02-2.92 | 1.95 | 1.58-2.40
9 PM 1.14 | 1.07-123 | 1.06 | 0.99-1.14 | 1.42 | 1.32—-1.53 | 1.54 | 1.43-1.66 | 1.42 | 1.31-1.54
10 PM 0.97 | 0.97-1.01 | 0.97 | 0.94-1.01 | 1.13 | 1.09-1.17 | 1.19 | 1.15-123 | I.16 | I.11-1.20
Il PM 1.00 1.00 1.00 1.00 1.00
12 AM 117 | 1.14=1.19 | 120 | 1.17-1.23 | 1.03 | 1.00-1.05 | 0.97 | 0.95-1.00 | 0.97 | 0.94-1.00
I AM 1.30 | 1.27-1.33 | 1.38 | 1.35-1.41 | 1.00 | 0.97-1.03 | 0.91 | 0.86-0.94 | 0.91 | 0.88-0.94
2 AM 1.60 | 1.55—1.64 | 1.70 | 1.68-1.74 | 1.06 | 1.01-1.10 | 0.93 | 0.89-0.96 | 0.90 | 0.86-0.94
3 AM 2.08 | 2.00-2.16 | 2.17 | 2.09-2.26 | 1.15 | 1.09-1.21 | 0.98 | 0.92—1.03 | 0.95 | 0.90-1.01
P-value! <0.001 <0.001 0.019 <0.001 <0.001

Notes: * Model I: Unadjusted. T Model Il: Adjusted for sex, age, residency, socioeconomic status, academic performance, alcohol
consumption, smoking, and physical activity. ¥ Model Ill: Adjusted for variables in Model Il plus sleep duration. $ Model IV: Adjusted for
variables in Model lll plus sleep quality. # Model V: Adjusted for variables in Model IV plus depressive mood. I P-value from the multivariate
logistic regression model (sleep timing as a continuous variable). P-values <0.001 were reported as <0.001; all other P-values were
reported to three decimal places.

Abbreviations: OR, odds ratio; Cl, confidence interval.
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Figure | Adjusted ORs for suicidal ideation according to sleep timing by sex.

Notes: Both girls (A) and boys (B) showed a J-shaped pattern, with the lowest odds of suicidal ideation around 10 PM and a marked increase at later sleep timing,
particularly after | AM. ORs and 95% Cls were adjusted for age, residency, socioeconomic status, academic performance, alcohol consumption, smoking, and physical
activity. Reference sleep timing= |1 PM.

Abbreviations: Ref, reference sleep timing; OR, odds ratio; Cl, confidence interval.
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Figure 2 Adjusted ORs for suicidal ideation according to sleep timing, by school level.

Notes: Both middle (A) and high (B) school students showed a J-shaped relationship between sleep timing and suicidal ideation. The lowest odds were observed at 10 PM
among middle school students and at | | PM among high school students, with higher odds at both earlier and later sleep timing. ORs and 95% Cls were adjusted for sex, age,
residency, socioeconomic status, academic performance, alcohol consumption, smoking, and physical activity. Reference sleep timing = |1 PM.

Abbreviations: Ref, reference sleep timing; OR, odds ratio; Cl, confidence interval.
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Table 3 Age-Stratified Multivariable Logistic Regression of the Association Between Sleep Timing and Suicidal Ideation

Sleep Timing Suicidal Ideation
12 Years 13 Years 14 Years I5 Years 16 Years 17 Years 18 Years
(n =55,861) (n=123,184) (n=127,011) (n =129,282) (n =129,670) (n=130,031) (n =60,932)

OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI
8 PM 1.58 0.93-2.69 1.51 1.07-2.14 1.39 0.96-2.02 1.71 1.08-2.69 1.22 0.72-2.08 2.35 1.43-3.88 236 1.06-5.25
9 PM 1.16 0.98-1.37 .16 1.01-1.34 1.07 0.92-1.24 1.22 1.01-1.48 1.30 1.01-1.69 1.29 0.95-1.73 0.86 0.55-1.32
10 PM 1.00 1.00 1.03 0.96-1.11 111 1.01-1.22 1.13 1.01-1.27 1.13 0.99-1.30 1.10 0.91-1.34
11 PM 1.20 1.10-1.30 1.14 1.07-1.21 1.00 1.00 1.00 1.00 1.02 0.90-1.14
12 AM 1.70 1.55-1.86 1.53 1.44-1.64 1.21 1.15-1.27 1.14 1.08-1.21 1.06 1.00-1.13 .11 1.04-1.19 1.00
| AM 2.26 2.03-2.51 1.99 1.85-2.13 1.58 1.50-1.67 1.32 1.25-1.40 1.24 1.16-1.31 1.23 1.15-1.32 1.08 1.00-1.16
2 AM 3.25 2.83-3.74 2.83 2.61-3.08 2.20 2.07-2.35 1.72 1.62-1.83 1.51 1.41-1.62 1.47 1.37-1.57 1.31 1.22-1.41
3 AM 4.15 3.34-5.16 3.53 3.09-4.03 2.98 2.69-3.30 221 2.02-2.41 1.93 1.77-2.11 1.91 1.76-2.08 1.60 1.44-1.77

Notes: Adjusted for sex, residency, socioeconomic status, academic performance, alcohol consumption, smoking, and physical activity. For clarity of age-stratified
comparisons, the reference category has been shifted for display purposes.
Abbreviations: OR, odds ratio; Cl, confidence interval.

(Figure 2B). The risk associated with late sleep timing was more pronounced among middle school students: at 3 AM, the OR
was 2.54 (95% CI, 2.41-2.69) among middle schoolers, compared with 1.85 (95% CI, 1.77-1.93) among high schoolers.

Age-Stratified Analysis

Table 3 presents the age-stratified results by 1-year intervals according to Model II. While the J-shaped pattern generally
persisted across all age groups, both the nadir of suicidal ideation and the magnitude of the association varied with age.
The age-specific nadir of suicidal ideation shifted progressively later, occurring at 10 PM for 12- to 13-year-olds, 11 PM
for 14- to 17-year-olds, and 12 AM for 18-year-olds. The OR for suicidal ideation associated with later sleep times
increased more markedly in younger adolescents. For example, a 3 AM bedtime was associated with an OR of 4.15 (95%
CI, 3.34-5.16) at age 12, compared to 1.60 (95% CI, 1.44-1.77) at age 18.

Discussion

This study aimed to examine the association between sleep timing and suicidal ideation among Korean adolescents using
a nationally representative sample. Sleep timing was independently associated with suicidal ideation after adjusting for
sociodemographic characteristics and health-related behavioral factors. Notably, the independent association between sleep

timing and suicidal ideation remained significant even after adjusting for sleep duration, sleep quality, and depressive mood.

Sleep Timing: An Independent Association with Suicidal Ideation

Previous research on sleep has predominantly focused on the relationship between adolescent suicidal ideation and
various sleep characteristics—including sleep duration, sleep quality, and disturbances such as insomnia.?>*' However,
whether sleep timing is independently associated with suicidal ideation remains a matter of debate.'*"'” Due to their fixed
early school start times, later sleep timing in adolescents is inevitably associated with shorter sleep duration, whereas
earlier sleep timing is associated with longer sleep duration.'>'” Given the inverse correlation between sleep timing and
sleep duration, it remains unclear whether the observed effects of sleep timing on mental health are independent or
largely mediated by sleep duration.*> Accordingly, Model III, which was adjusted for sleep duration, confirmed that sleep
duration was independently associated with suicidal ideation. This suggests that not only sleep duration but also sleep
timing may serve as a candidate marker associated with suicidal ideation in adolescents. Similarly, Model IV, which was
adjusted for sleep quality, also demonstrated a significant association. Contrary to the traditional hypothesis that
inappropriate sleep timing influences suicidal ideation via its effect on sleep quality,*® this result suggests that sleep
timing is independently associated with suicidal ideation in adolescents, irrespective of sleep quality.
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Traditionally, depressive mood has been considered a mediating factor in suicidal ideation.'* However, in Model V, the
association between suicidal ideation and sleep timing remained significant after adjusting for depressive mood, which
implies the existence of a hidden pathway between sleep timing and suicidal ideation not mediated by depressive mood.

J-Shaped Relationship Between Sleep Timing and Suicidal Ideation

A key finding of this study was that both excessively early and late bedtimes were associated with increased suicidal
ideation among adolescents, revealing a J-shaped association. A similar J-shaped relationship between sleep duration and
suicidal ideation has been widely observed, with both short and long sleep durations increasing the risk of suicidal
ideation.”> 2® Based on this, the National Sleep Foundation recommends 8—10 h of sleep for adolescents.>* However,
regarding sleep timing, only late sleep timing has traditionally been considered a risk factor for mental health disorders.
Previous studies reported that late sleep timing may be related to adolescent health issues, including depression, anxiety,
obesity, poorer academic performance,'® and suicidal ideation.'*** Research on early sleep timing is scarce, with only
a few studies suggesting a possible relationship to behavioral withdrawal or social isolation.'® Based on the hour-by-hour
analysis of sleep timing, which was enabled by the large dataset, we found that both early and late sleep timing are
associated with increased suicidal ideation across all sexes, school types, and ages.

Plausible Mechanisms Underlying the J-Shaped Association
Late Sleep Timing and Suicidal Ideation
Possible mechanisms that may explain how late bedtime is related to suicidal ideation include: (1) circadian rhythm

disruption, 718 27-29

and (2) hypofrontality.
First, adolescence is characterized by a unique circadian rhythm that differs from those of childhood and adulthood."®
Research shows that adolescents have a biological tendency for their sleep-wake cycles to shift later, accompanied by
delayed melatonin secretion, reflecting age-related structural changes in circadian rhythms.'® This circadian disruption is
further exacerbated in adolescents by social jet lag, often due to academic demands forcing early wake times.'’
Second, delayed sleep timing increases the likelihood of wakefulness during the circadian night, leading to frontal
lobe hypoactivation (hypofrontality), which in turn heightens vulnerability to suicidal ideation.?”*® This hypofrontality
leads to impaired emotional regulation and impulse control, which may contribute to increased suicide risk.?®

Adolescents, in particular, are more vulnerable to these effects as their frontal lobes are not yet fully mature.?’

Early Sleep Timing and Suicidal Ideation
Possible mechanisms that may explain how early sleep timing is associated with suicidal ideation include: (1) disruption

15,16,18 18,30,31

of the circadian rhythm, (2) negative impact on rapid eye movement (REM) sleep, and (3) social isolation

and psychological distress.>>

First, adolescents who go to bed excessively early—before their circadian rhythm is ready for sleep—may experience
increased sleep latency and frequent nocturnal awakenings.'® Based on previous research, this may reduce sleep
efficiency, causing fatigue, daytime sleepiness, and depressed mood.'>'®

Second, early sleep timing that is asynchronous with the biological clock may negatively affect the pattern and
structure of REM sleep, which is known to play a vital role in emotional processing.'®*° Previous research suggests that
abnormal REM sleep patterns could cause emotional dysregulation, thereby heightening vulnerability to stress and
increasing the risk of suicidal ideation.*'

Third, although depressive mood was accounted for in our models, residual confounding cannot be excluded. Some
adolescents with unrecognized subclinical depression or social withdrawal may exhibit early bedtimes, which could

partially explain the observed association between early sleep timing and suicidal ideation.***

Age-Specific Optimal Sleep Timing

Age-stratified analysis revealed a consistent J-shaped association across all age groups, though the optimal sleep timing
associated with the lowest suicidal ideation differed by age. In younger adolescents (12—13 years), sleeping at 10 PM was
associated with the lowest suicidal ideation, whereas in older adolescents (14-17 years), sleeping at 11 PM was
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associated with the lowest suicidal ideation. These age-related differences likely result from complex interactions among

3536 a5 well as societal influences such as academic demands,®’ peer

factors, including circadian rhythm shifts,
relationships,”® and smartphone use.*® Particularly, younger adolescents who sleep late exhibited a twofold higher OR
(4.15) for suicidal ideation associated with later sleep timing compared to older adolescents. This highlights the need for
careful monitoring of sleep timing in younger adolescents, who experience rapid shifts in biological rhythms and habit
formation.'>'®*® These findings highlight the necessity of age-specific and practical sleep timing guidelines, rather than

relying solely on the conventional advice to “go to bed early”.

Strengths and Limitations

This study has several key strengths. First, using a national representative dataset, the study revealed that sleep timing is
independently associated with suicidal ideation among adolescents, regardless of sleep duration, sleep quality, or
depressive mood. Second, this is the first study to demonstrate a J-shaped relationship between sleep timing and suicidal
ideation. Third, through an hour-by-hour analysis, enabled by a large-scale dataset, we could explore which sleep onset
times were most beneficial for mental health at each age.

However, this study has some limitations. First, the use of self-reported data may have introduced biases, such as recall and
social desirability biases. Second, owing to its cross-sectional design, it is difficult to establish a causal relationship between
sleep timing and suicidal ideation, underscoring the need for future longitudinal studies to confirm this relationship. Third,
some important risk factors could not be included in this study, such as relationship risk factors (family or peer conflicts),
individual developmental factors (including early childhood experiences), community factors, and broader societal influences
that may interact with sleep timing and mental health. Also, cultural factors such as high academic pressure, late-night study
habits, and social norms regarding sleep schedules among Korean adolescents may limit the generalizability of our findings to
other populations. Future studies incorporating these multi-level contextual factors, ideally through longitudinal and inter-
vention designs, are needed to clarify potential bidirectional pathways and establish temporal ordering.

Conclusion

This study revealed that sleep timing is independently associated with suicidal ideation among adolescents, regardless of
sleep duration, sleep quality, or depressive mood. A significant J-shaped relationship was observed, indicating that both
early and late sleep timings were associated with higher odds of suicidal ideation. These findings suggest that sleep
timing may serve as a candidate behavioral marker associated with adolescent suicidal ideation and highlight the need to
extend research attention from sleep duration (“how long”) to also considering sleep timing (“when”). Future long-
itudinal and intervention studies incorporating psychosocial and developmental risk factors are warranted to clarify
causal directions and underlying mechanisms.
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