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Relationship between Sleep Timing and Depressive Mood in Korean
Adolescents: Based on the Korea Youth Risk Behavior Web-based Survey
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ABSTRACT

Purpose: The purpose of this study was to investigate the relationship between sleep timing and depressive mood
in Korean adolescents. Methods: The study analyzed the data from the 2007~2015 Korea Youth Risk Behavior
Web-based Survey. A total of 541,693 students in grades 7~12 were included in the final analysis. Multivariable
logistic regression was used to examine their sleep timing and depressive mood, adjusted for sex, grade, region,
socioeconomic status, academic performance, alcohol, smoking and physical activity. Sleep duration and sleep
quality were also included in our model to identify whether or not the effect of sleep timing on depression is mediated
by sleep duration or sleep quality. Results: The prevalence of depressive mood was 32.7% and the mean sleep timing
was 12:13 AM. After adjustment for eligible covariates, the association between sleep timing and depressive mood
showed a J-shaped curve. Adolescents who slept at 8 pm~10 pm were 39% more likely to be depressive (OR =
1.39, 95% CI 1.30~1.40) and at 3 am~ 4 am were 67% more likely to be depressive (OR=1.67, 95% CI 1.64~1.70)
than adolescents who slept at 11 pm~12 am. These associations persisted after being adjusted for sleep duration
and sleep quality. Conclusion: Sleep timing was related to depression in adolescents, independent of sleep duration
and sleep quality. It appears that there is a certain sleep timing beneficial to mental health of adolescents.
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Table 1. General Characteristics of Participants from Korean

Youth Risk and Behavior Web-based Study 2007~2015

(N=541,693)
Characteristics Categories n (%) or M+SD*
Age (year) 15.04%+1.75
Gender Boys 276,743 (52.1)
Girls 265,050 (47.9)
School Middle school 267,280 (48.2)
High school 274,413 (51.8)
Grade 7 87,012 (15.4)
8 88,737 (16.)
9 91,531 (16.9)
10 91,870 (17.4)
11 92,090 (17.3)
12 90,453 (17.1)
Region Rural 62,375 (6.1)
Urban 479,318 (93.9)
Socioeconomic status Rich 89,736 (30.9)
Middle 179,348 (47.5)
Poor 56,686 (21.6)
Academic Good 195,727 (36.2)
performance Middle 148,903 (27.5)
Bad 197,063 (36.3)
Physical activity Yes 266,505 (62.1)
No 163,518 (37.9)
Alcohol experience Yes 273,376 (50.5)
No 268,317 (49.6)
Smoking experience Yes 129,616 (23.9)
No 412,077 (76.2)
Sleep timing 8 pm~10 pm 8,492 (1.3)
10 pm~11 pm 40,421 (6.5)
11 pm~12 am 128,044 (22.4)
12 am~1 am 152,125 (28.5)
1am~2 am 128,816 (24.8)
2 am~3 am 67,036 (13.2)
3 am~4 am 16,759 (3.4)
Sleep duration (hr) <4 57,967 (11.3)
5 104,542 (20.1)
6 130,495 (24.6)
7 129,687 (23.6)
8 90,362 (15.8)
>9 28,640 (4.7)
Sleep quality Good 143,347 (26.3)
Middle 179,913 (33.3)
Bad 218,433 (40.5)
Depressive mood Yes 177,268 (32.7)
No 364,425 (67.3)
Suicidal idea Yes 94,061 (17.4)
No 447,632 (82.6)
Suicidal attempt Yes 20,939 (5.9)
No 338,269 (94.2)

*% and means are from weighted proportion and means.
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Table 2. Characteristics by Category of Sleep Timing from Korean Youth Risk and Behavior Web-based Study 2007~2015

(N=541,693)
Sleep timing
Variables 8pm~10pm 10pm~11pm 11 pm~I12am 12am~1am 1am~2am 2am~3am 3 am~4 am M+SD* 14
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Sleep duration (hr)
<4 400 (0.7) 5739(9.9) 35682 (61.6) 16,146 (27.9) 14.18+0.61 <.001"
5 426 (0.4) 7,068 (6.8) 66,667 (63.8) 29,768 (28.5) 613 (0.6) 13.24+0.59
6 240 (0.2) 6,120 (4.7) 68,494 (52.5) 54,055 (41.4) 1,568 (1.2) 12.4240.61
7 97 (0.1) 2,795 (2.2) 51,133 (39.4) 73,307 (56.5) 2,355 (1.8) 11.6240.57
8 900 (1.0) 18,164 (20.1) 68,442 (75.7) 2,856 (3.2) 10.84£0.49
>9 7495 (26.2) 19,222 (67.1) 1,923 (6.7) 9.81+0.61
Sleep quality
Good 5,247 (3.7) 21,963 (15.3) 50,155 (35.0) 38,441 (26.8) 19,772 (13.8) 6,506 (4.5) 1,263 (09) 11.57+120 <.001%
Middle 2,005 (1.1) 11,892 (6.6) 46,746 (26.0) 57,124 (31.8) 42,646 (23.7) 16,629 (9.2) 2,871 (1.6) 12.12+1.18
Bad 1,240 (0.6) 6,566 (3.0) 31,143 (14.3) 56,560 (25.9) 66,398 (30.4) 43,901 (20.1) 12,625 (5.8) 12.72+1.23
Gender
Boys 4,671 (1.7) 23,851 (8.6) 69,998 (253) 78,661 (284) 61,107 (221) 30,404 (11.0) 7,951 (29) 1213+130 <.001'
Girls 3,871 (1.4) 16,570 (6.3) 58,046 (21.9) 73,464 (27.7) 67,709 (25.6) 36,632 (13.8) 8,808 (3.3) 12.31+1.29
School
Middle school 6,870 (2.6) 32,903 (12.3) 93,531 (35.0) 75417 (28.2) 38,808 (14.5) 15,681 (5.9) 4,070 (1.5) 11724121 <.001"
High school 1,622 (0.6) 7,518 (2.7) 34,513 (12.6) 76,708 (28.0) 90,008 (32.8) 51,355 (18.7) 12,689 (4.6) 12.69+1.17
Region
Rural 1,989 (3.2) 7219 (11.6) 17,712(284) 16,807 (27.0) 12,000 (19.2) 5,338 (8.6) 1,310 (21) 11.87+132 <.001°
Urban 6,503 (1.4) 33,202 (6.9) 110,332 (23.0) 135,318 (28.2) 116,816 (24.4) 61,698 (12.9) 15449 (3.2) 12.24+1.29
Socioeconomic status
Rich 2,374 (1.5) 12,512 (7.7) 39,408 (24.3) 44,545 (274) 38256 (23.6) 20,120 (124) 5122(32) 1221+130 <.001"
Middle 3,682 (1.4) 18,818 (7.3) 62,097 (24.0) 73,717 (285)  61,811(23.9) 31,352(12.1) 7,345(2.8) 1221+1.28
Poor 2,436 (2.0) 9,091 (7.5) 26,539 (22.0) 33,863 (28.0) 28,749 (23.9) 15564 (12.9) 4,292 (3.6) 12.24+1.33
Academic performance
Good 1,939 (1.0) 12,365 (6.3) 44,516 (22.7) 56,608 (28.9) 29,938 (26.5) 24,728 (12.6) 5633 (29) 12284125 <.001"
Middle 2,047 (1.4) 10,694 (7.2) 35331(23.7) 42,087 (283) 35797 (24.0) 18,586 (12.5) 4,361 (2.9) 12.23+1.28
Bad 4,506 (2.3) 17,362 (8.8) 48,197 (24.5) 53430 (27.1) 43,081 (21.9) 23,722(12.0) 6,765 (3.4) 1215+1.35
Subtotal 8,492 (1.3) 40,421 (6.5) 128,044 (22.4) 152,125(28.5) 128,816 (24.8) 67,036 (13.2) 16,759 (3.4) 12.22+1.30
*Mean is from weighted mean; 7\p value from Student's paired t test; *p value from ANOVA.
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Table 3. Multivable-adjusted ORs of Depressive Mood Regarding Sleep Timing from KYRBS 2007~2015

Depressive mood

Sleep timing Model I* Model I Model 111*
OR 95% CI OR 95% CI OR 95% CI

8 pm~10 pm 1.04 0.98~1.11 1.31 1.27~1.40 1.39 1.30~1.40
10 pm~11 pm 0.94 0.91~0.98 1.05 1.01~1.09 11 1.06~1.14
11 pm~12 am 1 1 1

12 am~1 am 1.22 1.20~1.25 1.08 1,06~1.11 1.04 1.01~1.06
1am~2 am 1.44 1.41~1.47 1.14 1.10~1.17 1.15 1.01~1.08
2 am~3 am 1.83 1.78~1.88 1.29 1.23~1.34 1.74 1.10~1.20
3 am~4 am 214 2.06~2.24 1.34 1.26~1.43 1.67 1.64~1.70

*Model I: adjusted for sex, grade, residency, socioeconomic status, academic performance, alcohol experience, smoking experience, physical

activity; "Model II: adjusted for variables in model I plus sleep duration; *Model III: adjusted for variables in model II plus sleep quality.
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Figure 1. Adjusted ORs of depression in high school and middle school students according to sleep timing.
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Figure 2. Adjusted ORs of depression in girls and boys students according to sleep timing.
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