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Association Between Sleep Pattern, Chronotype and Depressive Symptoms
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Objectives  The aim of this study was to examine the association between the sleep pattern, chronotype (midpoint of sleep on free
days) and the depressive symptoms in adults aged 19 years and over in Korea. This study also investigated the mediating effect of per-
ceived usual stress (PUS) and self-rated health (SRH) on the association between chronotype and depressive symptoms.

Methods Among the subjects of the 7th Korea National Health and Nutrition Examination Survey (KNHANES) 2016 and 2018,
16142 adults aged 19 or over responded to the survey and finally 8604 were analyzed according to the exclusion conditions. Logistic
regression analysis was conducted to see the risk of depressive symptoms, suicidal ideation over sleep pattern, chronotype. Finally,
mediation analysis was performed in order to clarify how PUS and SRH are associated to chronoytpe and depression.

Results  After controlling for potential covariates, weekly sleep duration < 5 hours, > 10 hours was associated with depressive
symptoms. And late bed time sleeping after am 1:00 and later midpoints of sleep was associated with a higher level of depressive symp-
toms. Additionally, the PUS and SRH between chronotype and depressive symptoms showed a serial multiple mediation effect.
Conclusions  Short or long sleep duration, late bed time and later midpoints of sleep on free days are associated with depressive
symptoms. Furthermore, the mechanism between chronotype and depressive symptoms needs to be further clarified by identifying
the serial multiple mediation effects of PUS and SRH.
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Fig. 1. Predicted mediation model with PUS and SRH as pro-
posed mediators of the effect of chronotype on depressive symp-
toms. PUS, perceived usual stress; SRH, self-rated health.
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Fig. 2. Flow chart for selection of the participants in the analysis.
KNHANES, Korea National Health and Nutrition Examination
Survey.
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Table 1. Sociodemographic, health related characteristics of the sample according to presence of depressive symptoms

2

Characteristics No depressive symptoms (n = 8171)  Depressive symptoms (n = 433) X p value
Sex 44.603 < 0.001
Female 4637 (93.9) 307 (6.1)
Male 3534 (97.0) 126 (3.0)
Age 31.972 0.001
19-29 years 776 (94.1) 44 (5.9)
30—-39 years 1388 (96.0) 62 (4.0)
40—49 years 1593 (96.9) 51 (3.1)
50-59 years 1552 (96.3) 65(3.7)
60 years or above 2862 (93.8) 211 (6.2)
Education 84.460 < 0.001
Elementary school 1637 (91.0) 175 (9.0)
Middle school 831 (93.6) 61 (6.4)
High school 2531 (96.2) 100 (3.8)
College or University 3172 (96.8) 97 (3.2)
Marital status 128.451 < 0.001
Widowed/divorced/separated 1043 (88.7) 134 (11.3)
Never married 1109 (94.4) 64 (5.6)
Married 6019 (96.8) 235 (3.2)
Household income 167.150 < 0.001
Low 1439 (89.1) 186 (10.9)
Low-middle 1976 (95.6) 105 (4.4)
High-middle 2239 (95.8) 98 (4.2)
High 2517 (98.0) 44 (2.0)
Occupation 112.960 < 0.001
White collar 2099 (97.5) 52 (2.5)
Blue collar 1811 (96.9) 67 (3.1)
Pink collar 967 (97.4) 31 (2.6)
Unemployed 3294 (92.3) 283 (7.7)
Duty type 74.702 < 0.001
Day work 5424 (96.7) 198 (3.3)
Unemployed 2747 (92.4) 235 (7.6)
Smoking 18.351 0.002
Never 5016 (95.9) 245 (4.1)
Past 1786 (96.0) 82 (4.0)
Current 1369 (93.5) 106 (6.5)
Drinking 39.873 < 0.001
Past or never 2284 (93.6) 176 (6.4)
Less than 1/month 1532 (96.1) 67 (3.9)
1 time/month 750 (94.1) 39 (5.9)
2—4 times/month 1831 (97.0) 61(3.0)
2-3 time/week 1236 (96.4) 48 (3.6)
More than 4/week 538 (93.6) 42 (6.4)
Weight 13.697 0.020
Underweight 280 (91.8) 18 (8.2)
Normal weight 5028 (95.9) 247 (4.1)
Obese 2863 (94.9) 168 (5.1)
Exercise 16.145 0.004
Yes 1881 (97.0) 53 (3.0)
No 6290 (94.9) 380 (5.1)
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Table 1. Sociodemographic, health related characteristics of the sample according to presence of depressive symptoms (continued)

2

Characteristics No depressive symptoms (n = 8171)  Depressive symptoms (n = 433) X p value
Chronic disease 82.613 < 0.001
Yes 2801 (93.4) 221 (6.6)
No 5370 (96.3) 212 (3.7)
Perceived usual stress 938.710 < 0.001
Little 1489 (99.1) 16 (0.9)
A little 4777 (98.4) 102 (1.6)
Much 1635 (91.3) 196 (8.7)
Very much 270 (68.1) 119 (31.9)
Self-rated health 893.860 < 0.001
Very bad 241 (63.7) 125 (36.3)
Bad 1176 (88.6) 154 (11.4)
So so 4261 (97.1) 132 (2.9)
Good 2096 (99.0) 21(1.0)
Very good 397 (99.7) 1(0.3)
Suicidal ideation 944.887 < 0.001
Yes 353 (67.3) 182 (32.7)
No 7818 (97.1) 251 (2.9)

Data are presented as n (%) unless otherwise indicated. n, unweight number of subjects; %, population-weighted proportions
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Table 2. Sleep pattern, chronotype characteristics of the sample according to presence of depressive symptoms

Characteristics No depressive symptoms (n = 8171) Depressive symptoms (n = 433) ¥/t value p value
Bed time 77.253 < 0.001
pm 7:30—9 202 (91.7) 24 (8.3)
pm 9-10 776 (94.2) 56 (5.8)
pm 1011 1490 (95.5) 79 (4.5)
pm 11-12 2271 (97.0) 77 (3.0)
am 0—-1 2231 (96.6) 98 (3.4)
am 1-2 823 (92.8) 58(7.2)
am 2-3:30 378(90.1) 41(9.9)
Wake time 32.033 < 0.001
am 2—4 161 (91.9) 16 (8.2)
am 4—6 2173 (95.4) 120 (4.6)
am 6-7 2545 (96.5) 110 (3.5
am 7-8 2301 (95.4) 118 (4.6)
am 8-9 705 (95.0) 42 (5.0)
am 9-10:45 286 (90.7) 27 (9.3)
Sleep duration 73.744 < 0.001
3h20m-5h 205 (86.5) 31(13.5)
5-6h 788 (94.7) 48 (5.3)
6—=7h 2058 (95.6) 99 (4.4)
7-8h 2711 (96.8) 106 (3.2)
8-9h 1680 (95.6) 77 (4.4)
9-10h 558 (93.5) 48 (6.5)
10-11h 171 (89.8) 24 (10.2)
Chronotype MSFsc (SE) am 3.36 + 0.03 am 3.51 + 0.10 1.514 0.131

Data are presented as n (%) or mean + standard error. n, unweight number of subjects; %, population-weighted proportions. MS-
Fsc, mid-sleep time on free days corrected for sleep debt accumulated over the work days; SE, standard error
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Table 3. Association between sleep pattern, chronotype and depressive symptoms, suicidal ideation in a logistic regression analysis

Depressive symptoms Suicidal ideation
Sleep pattern/chronotype
ORt 95% ClI ORt 95% Cl

Bed time

pm 7—9 1.55 0.84-2.84 1.35 0.78-2.34

pm 9-10 1.14 0.75-1.75 0.93 0.67—1.28

pm 10—11 1.19 0.80-1.76 1.06 0.76—1.48

pm 11-12 1 1

am 0-1 1.14 0.81-1.61 0.87 0.64-1.20

am 1-2 2.19* 1.42-3.37* 1.08 0.72-1.62

am 2-3:30 2.71* 1.60—4.58* 1.23 0.73-2.06
Wake time

am 2—4 0.89 0.41-1.93 1.06 0.52-2.18

am 4-6 0.81 0.57-1.14 1.15 0.83-1.60

am 6-7 0.78 0.56—1.08 1.04 0.77-1.41

am7-8 1 1

am 8-9 0.84 0.53-1.32 1.44 0.94-2.18

am 9-10:45 1.25 0.72-2.17 1.09 0.61-1.96
Sleep duration

3h 20 m—5h 3.50* 2.07-5.91* 1.59 0.90-2.82

5-6h 1.49 0.94-2.35 1.12 0.77-1.64

6—=7h 1.40 0.99-1.97 0.98 0.72-1.33

7-8h 1 1

8-9h 1.22 0.88—-1.70 1.08 0.79-1.49

9-10h 1.41 0.92-2.17 1.22 0.82—-1.81

10-11h 1.98* 1.12-3.52* 1.33 0.79-2.26
Chronotype

MSFsc, h 1.15% 1.03—1.28* 1.01 -1.11

*p < 0.05; tadjusted for all socioeconomic and health-related variables. OR, odds ratio; Cl, confidence interval; MSFsc, Mid-sleep
time free days

Table 4. The mediating effects of PUS and SRH in the relationship between chronotype and PHQ-9 score

B SE 95% CI (BC)

Direct effects

CD — PUS 0.0196* 0.0072 0.0055-0.0337

PUS — SRH -0.2935t 0.0117 -0.3164—-0.2706

CD — SRH -0.0414t 0.0078 -0.0566—-0.0261

PUS — PHQ-9 1.6142t 0.0468 1.5225-1.7059

SRH — PHQ-9 -1.0474t 0.0419 -1.1296—-0.9652

CD — PHQ-9 0.0935* 0.0302 0.0343-0.1527
Indirect effects

Path 1: CD — PUS — PHQ-9 0.0317¢ 0.0122 0.0077-0.0563

Path 2: CD — SRH — PHQ-9 0.0441+ 0.0086 0.0275-0.0616

Path 3: CD — PSU — SRH — PHQ-9 0.0061% 0.0024 0.0015-0.0110
Total effects 0.1754t 0.0342 0.1084-0.2425

xp < 0.01; tp < 0.001; sstatistically significant. B, unstandardized coefficient; SE, standard error; Cl (BC), bias corrected confidence
interval; CD, chronotype; PUS, perceived usual stress; SRH, self-rated health; PHQ-9, Patient Health Quetionnaire-9 score
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-0.294t
PUS SRH

-1.047t
0.020*

-0.041% 1.614t

c=0.175t

N Depressive symptoms

Chronotype
o> (PHQ-9 score)

c'=0.094*

Fig. 3. The serial multiple mediation effect of PUS and SRH in the
association between chronotype and depressive symptoms
(PHQ-9 score). #p < 0.01; *p < 0.001. PUS, perceived usual
stress; SRH, self-rated health; PHQ-9, Patient Health Quetion-
naire-9; C, total effect of chronotype on PHQ-9; C’, direct effect of
chronotype on PHQ-9.
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