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Abstract

The purpose of this study was to examine the relevance of mental health and nutritional intake according to the
sleep duration of Korean adolescents, This study was based on data from the 2007—2016 Korea National Health and
Nutrition Examination Survey(KNHNES), including 5,489 total subjects (2,795 middle school students, 2,694 high school
students). The association between sleep duration and mental health was analyzed using a logistic regression analysis,
and the link between sleep duration and nutritional intake was analyzed via a generalized linear model, An analysis
of sleep duration showed that middle school students had a higher average sleep duration than high school students
(P€0.0001). An analysis of the relationship between sleep duration and mental health showed that middle school
students had lower rates of stress perception (P<0.0001) and suicidal ideation (P=0.,0005) as their sleep duration
increased, High school students had 53% less suicidal ideation in the group getting 6—7 hours compared to the group
getting less than 6 hours, and 37% less suicidal ideation than the group getting 7—8 hours, The link between sleep
duration and stress perception was statistically significant among both middle and high school students (P for
interaction=0.02). An analysis of the daily intake of major nutrients according to sleep hours found high intake of
vitamin C in groups where high school students slept more than nine hours (P=0.003). The state of nutritional intake
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according to higher sleep duration showed statistically significant differences between higher intake of phosphorus,

riboflavin, niacin, and vitamin C in Nutrient Adequacy Ratio for high school students. In conclusion, adolescents —sleep

duration is associated with stress perception, suicidal ideation and nutritional intake, Therefore, this study emphasizes

the mental importance of adolescent sleep and can be used as a basis for nutrition education,
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Table 1. General characteristics of the subjects.

Variables2 Middle school students  High school students Total P-value
S Male 1502(53.2) 1405(54.4) 2907(53.9) 045°
ex .
Female 1293(46.8) 1289(45.6) 2582(46.1)
Heigh(cm) 160.7+0.2 167.6+0.2 164.9+0.1 <0001
Weight(kg) 52.9+0.3 60.9+0.3 57.8+0.2 <0001+
BMI’ Under weight 981(35.0) 492(18.4) 1473(24.9)
ke/(r?) Normal 1520(54.1) 1780(65.6) 3300(61.1) <.00014**
Over weight 293(10.9) 417(16.0) 710(14.0)
Low 271(10.7) 376(15.5) 647(13.6)
. Mid-Low 651(25.7) 672(26.9) 1323(26.4) .
Household income o <.000]C***
Mid-High 932(33.3) 799(29.5) 1731(31.0)
High 915(30.3) 816(28.2) 1731(29.0)
. Yes 164(6.5) 604(23.9) 768(17.1) )
Smoking status <,0001%***
No 2631(93.5) 2090(76.1) 4721(82.9)
Yes 362(13.5) 1334(51.0) 1696(36.4) .
Alcohol status <.0001°%**
No 2433(86.5) 1360(48.9) 3793(63.6)
Sleep duration(hours/day) 7.84+0.03 6.85+0.03 7.2440.03 <,0001 %+
Energy(kcal) 2,086+16.7 2,182421.9 2145+14.8 0.0008"%*
Carbohydrate(g/day)® 335+1.2 325414 329+1.0 0.78
Protein(g/day)° 76.1+0.4 77.5+0.5 77.0+£0.4 0.0003"**
Fat(g/day)° 54.8+0.4 57.4+0.5 56.4+0.4 <0001+

*Values are presented as N(percentage) or mean+SD. °Calculated by t-test. “Calculated by Chi-square test. dDefined as underweight(BMI<18.5), Normal
(18.5<BMI<22.9), Overweight(23<BMI) levels of Body mass index(BMI). eCarbohydrate(g/day), Protein(g/day), Fat(g/day) intake using the residual
method(Willett 2012).

(*p <0.05; **p <0.001; ***p <0.0001)
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Table 2. Odds ratios and 95% confidence intervals for mental health according to sleep duration among middle school

students
Sleep duration (hours/day)
Variable P for trend”
<6 6-6.9 7-1.9 8-8.9 >9
No of case/total 6/61 25/246 68/874 63/994 47/620
Depressive modell 1.00 (Ref) 0.72(0.28 1.88)  0.56(0.22 1.42)  0.44(0.17 1.11)  0.47(0.19 1.21) 0.05*
mood model2 1.00 (Ref) 0.74(0.28 1.94)  0.60(0.23 1.54)  0.47(0.18 1.22)  0.51(0.20 1.32) 0.08
model3 1.00 (Ref) 0.79(0.31 1.98)  0.64(0.26 1.59)  0.52(0.21 1.30)  0.55(0.22 1.36) 0.10
No of case/total 26/61 86/246 237/874 185/994 121/620
Stress modell 1.00 (Ref) 0.69(0.35 1.34)  0.44(0.24 0.82)  0.29(0.16 0.55)  0.31(0.16 0.59)  <.0001***
perception model2 1.00 (Ref) 0.69(0.36 1.35)  0.45(0.24 0.84)  0.30(0.16 0.55)  0.31(0.16 0.59)  <.0001%***
model3 1.00 (Ref) 0.74(0.38 1.45)  0.48(0.26 0.88)  0.32(0.17 0.59)  0.33(0.17 0.62)  <.0001%***
No of case/total 11/61 46/246 101/874 92/994 50/620
Suicide modell 1.00 (Ref) 0.90(0.40 2.08)  0.56(0.25 1.24)  0.40(0.19 0.86)  0.33(0.15 0.76) <.0001
ideation model2 1.00 (Ref) 0.94(0.39 2.27)  0.64(0.27 1.51)  0.49(0.21 1.12)  0.41(0.17 0.97) 0.0003
model3 1.00 (Ref) 1.00(0.42 2.36)  0.68(0.29 1.58)  0.55(0.24 1.23)  0.43(0.19 1.02)  0.0005**

Model 1 : Unadjusted model. Model 2 : Adjustment for age, sex.
Model 3 : Model 2 + additional adjustment for household income, total energy intake, smoking, alcohol intake, physical activity.
Significant difference in the mean value compared to <6 hours of sleep (reference group) when using the SURVEYLOGISTIC procedure °P for trend
was calculated using the median value of each sleeping duration category (*p <0.05; **p<0.001 ***p <0.0001)
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Table 3. Odds ratios and 95% confidence intervals for mental health according to sleep duration among high school

students
. Sleep duration (hours/day) P fm;
<6 6-6.9 7-1.9 8-8.9 >9 trend
No of case/total 68/459 72/754 84/733 44/465 27/283
Depressive modell 1.00 (Ref) 0.69(0.46 1.04)  0.73(0.50 1.08)  0.60(0.37 0.97)  0.66(0.39 1.13) 0.07
mood model2 1.00 (Ref) 0.71(0.47 1.08)  0.78(0.52 1.16)  0.64(0.39 1.05)  0.69(0.41 1.18) 0.13
model3 1.00 (Ref) 0.70(0.47 1.07)  0.77(0.52 1.15) ~ 0.66(0.40 1.07)  0.62(0.35 1.10) 0.09
No of case/total 176/459 229/754 179/733 112/465 68/283
Stress modell 1.00 (Ref) 0.71(0.54 0.94)  0.55(0.41 0.73)  0.53(0.38 0.75)  0.57(0.39 0.84)  0.0001
perception model2 1.00 (Ref) 0.71(0.54 0.96)  0.57(0.42 0.76)  0.55(0.40 0.77)  0.59(0.40 0.87)  0.0004
model3 1.00 (Ref) 0.72(0.54 0.96)  0.57(0.42 0.77)  0.58(0.41 0.81)  0.57(0.38 0.85)  0.0006**
No of case/total 76/459 71/754 76/733 30/465 26/283
Suicide modell 1.00 (Ref) 0.49(0.32 0.74)  0.60(0.40 0.88)  0.34(0.20 0.60)  0.59(0.34 1.03) 0.03
ideation model2 1.00 (Ref) 0.49(0.32 0.76)  0.63(0.42 0.95)  0.36(0.20 0.65)  0.62(0.36 1.09) 0.03
model3 1.00 (Ref) 0.47(0.30 0.73)  0.63(0.42 0.96)  0.37(0.21 0.66)  0.60(0.34 1.06) 0.03*
Model 1 : Unadjusted model. Model 2 : Adjustment for age, sex.

Model 3 : Model 2 + additional adjustment for household income, total energy intake, smoking, alcohol intake, physical activity.
Significant difference in the mean value compared to <6 hours of sleep (reference group) when using the SURVEYLOGISTIC procedure °P for trend
was calculated using the median value of each sleeping duration category (*p <0.05; **p<0.001; ***p <0.0001)
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Table 4, Association of mental health with sleep duration between middle and high school students

Sleep duration(hours/day) P for P for
<6 6-6.9 7-1.9 8-8.9 >9 trend’ interaction”
Stress perception
middle school students 0.74 0.48 0.32 0.33
< seokok
[model3] 100 (Ref) (0.38 1.45) (0.26 0.88) (0.17 0.59) (0.17 0.62) 0001 0.02%
High School students 0.72 0.57 0.58 0.57 - '
[model3] 100 (Ref) (0.54 0.96) (042 0.77) (041 0.81) (0.38 0.85) 0.0006
Suicide ideation
middle school students 1.00 0.68 0.55 0.43 .
[model3] 100 (Ref) (042 2.36) (0.29 1.58) (0.24 1.23) (0.19 1.02) 0.0005 "
High School students 0.47 0.63 0.37 0.60 '
[model3] 1.00 (Ref) (0.30 0.73) (042 0.96) (0.21 0.66) (0.34 1.06) 003

Adjusted for age, sex, household income, total energy intake, smoking status, alcohol intake, physical activity
Significant difference in the mean value compared to <6 hours of sleep (reference group) when using the SURVEYLOGISTIC procedure °P for trend
was calculated using the median value of each sleeping duration category (*p <0.05; **p<0.001; ***p <0.0001) bP for interaction was calculated by

Wald test using cross-product terms
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Table 5. Nutrient adequacy ratio(NAR) according to sleep duration among middle school students
Sleep duration(hours/day)
P for
Variable <6 6-6.9 7-1.9 8-8.9 >9 trend®
(n=61) (n=246) (n=874) (1=994) (1=620)

Protein (g) 145(1.34 156)  143(1.37 149)  143(1.39 148) 143139 147) 139(1.34 143)  0.07

Calcium (mg) 0.52(044 0.60)  0.56(0.51 0.60)  0.52(0.49 0.55)  0.52(0.50 0.55)  0.53(0.50 0.56)  0.67

Iron (mg) 0.87(0.58 1.15)  0.98(0.85 1.14)  0.94(0.83 1.05) 0.96(0.85 1.07) 0.88(0.77 1.00)  0.46

Phosphorus (mg)  0.93(0.87 0.99)  0.98(0.94 1.01)  0.96(0.93 0.98) 0.950.93 0.97) 095092 097) 032

NAR Vitamin A 0.99(0.50 1.49)  1.16(0.88 1.44)  1.12(0.93 1.31)  1.08(0.89 1.27)  1.07(0.86 1.27) 0.62
(1 g RAE)

Thiamine (mg) 1.43(1.26 1.60) 1.46(1.36 1.55) 1.47(1.41 1.54) 1.48(1.41 1.54) 1.44(1.37 1.51) 0.65

Riboflavin (mg) 0.99(0.88 1.09)  1.06(1.00 1.12)  1.05(1.01 1.09)  1.05(1.01 1.09)  1.03(0.99 1.08) 0.65

Niacin (mg) 1.01(0.91 1.11)  1.03(0.97 1.08)  1.03(0.99 1.06)  1.03(0.99 1.06)  1.02(0.98 1.06) 0.72

Vitamin C (mg) 0.86(0.60 1.12)  1.02(0.87 1.17)  1.00(0.90 1.10)  0.96(0.86 1.06)  1.05(0.94 1.16) 0.40

Adjusted for age, sex, household income, total energy intake, smoking status, alcohol intake, physical activity
P for trend was calculated using the median value of each sleeping duration category as a continuous variable; LS means(Least-Square means),

LL-UL(Lower limit-Upper limit)
(*p <0.05; **p <0.01; ***p<0.001)
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Table 6. Nutrient adequacy ratio(NAR) according to sleep duration among high school students

Variable

Sleep duration(hours/day)

<6
(n=459)

6-6.9
(n=754)

7-19
(n=733)

8-8.9
(n=465)

>9

(n=283)

P for trend”

NAR

Protein (g)
Calcium (mg)
Iron (mg)
Phosphorus (mg)
Vitamin A

(1 g RAE)
Thiamine (mg)
Riboflavin (mg)
Niacin (mg)
Vitamin C (mg)

133(1.28 1.37)
0.55(0.52 0.58)
0.99(0.93 1.06)
0.93(0.91 0.96)

0.89(0.77 1.01)

138(1.32 1.43)
0.94(0.90 0.98)
1.03(0.99 1.07)
0.81(0.71 0.92)

1.34(1.30 1.38)
0.53(0.51 0.56)
0.98(0.93 1.04)
0.92(0.90 0.94)

0.86(0.76 0.96)

138(1.33 1.42)
0.92(0.89 0.95)
1.02(0.99 1.05)
0.73(0.65 0.82)

137(1.33 1.40)
0.55(0.53 0.58)
1.01(0.96 1.06)
0.96(0.94 0.98)

0.89(0.79 0.99)

140(1.35 1.44)
0.96(0.92 0.99)
1.07(1.03 1.10)
0.90(0.82 0.98)

135(1.31 1.40)
0.56(0.53 0.59)
1.00(0.93 1.06)
0.95(0.93 0.97)

0.95(0.83 1.07)

137(1.32 1.43)
0.96(0.92 0.99)
1.06(1.02 1.10)
0.88(0.78 0.98)

138(1.32 1.43)
0.59(0.55 0.63)
1.00(0.92 1.08)
0.99(0.96 1.02)

0.95(0.80 1.10)

1.40(1.33
1.01(0.96
1.07(1.03
0.98(0.86

1.46)
1.06)
1.12)
1.10)

0.12

0.07

0.73
0.0005***

0.24

0.69
0.007**
0.03*
0.002%*

Adjusted for age, sex, household income, total energy intake, smoking status, alcohol intake, physical activity
P for trend was calculated using the median value of each sleeping duration category as a continuous variable; LS means(Least-Square means),

LL-UL(Lower limit-Upper limit)
(*p <0.05; **p <0.01; ***p<0.001)
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LS means”} 0.92 mg(LL-UL:0.90-0.94), 7A|7F o4 8A|7L 1]
kel IFoA 9l AFHFe] NARQ LS means?} 0.96
mg(LL-UL:0.94-0.98), 9AIZF o9l ZgollA <l A3
NARS] LS means7} 0.99 mg(LL-UL:0.96-1.02)= J=HA|7}o]
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(P for trend=0.0005). &]EZ2H] 4329 NAR] LS means
a2old 101
(LL-UL:0.96-1.06)= <=HA|to] 57185 2lREeiy 43
o] fojH oz Z7IBFATHP for trend=0.007). E3F Lfolof
A1 413153e] NAR} HJERIC 4121250] NARE SRAIZH] 9
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Table 7. Association of Nutrient adequacy ratio(NAR) with sleep duration between middle and high school students

NAR Sleep duration(hours/day) P for P for
<6 6-6.9 7-1.9 8-8.9 >9 trend"  interaction”
Phosphorus (mg)
_ 0.93 0.98 0.96 0.95 0.95
Middle school students (087 0.99)  (0.94 1.01)  (0.93 0.98)  (0.93 097)  (0.92 0.97) 032 .
_ 0.93 0.92 0.96 0.95 0.99 v
High School students (091 096) (090 0.94)  (0.94 098) (093 097) (096 1.02) 0003
Riboflavin (mg)
. 0.99 1.06 1.05 1.05 1.03
Middle school students (088 1.09) (100 1.12)  (1.01 1.09)  (1.01 1.09)  (0.99 1.08) 065 ol
0.94 0.92 0.96 0.96 1.01 '
: sk
High School students (090 0.98) (089 0.95) (092 0.99) (092 0.99) (096 1.0y 7
Niacin (mg)
. 1.01 1.03 1.03 1.03 1.02
Middle school students 091 1.11) (097 1.08)  (0.99 1.06) (0.9 1.06)  (0.98 1.06) 072 038
_ 1.03 1.02 1.07 1.06 1.07 . '
High School students 099 1.07) (099 1.05)  (1.03 1.10)  (1.02 1.10)  (1.03 1.12) 003
Vitamin C (mg)
_ 0.86 1.02 1.00 0.96 1.05
Middle school students (060 1.12) (087 1.17) (090 1.10) (086 1.06) (094 1.1y 40 o
0.81 0.73 0.90 0.88 0.98 '
1 *k
High School students (071 092) (065 082) (082 098) (078 098)  (0.86 1.10) 002

Adjusted for age, sex, household income, total energy intake, smoking status, alcohol intake, physical activity
P for trend was calculated using the median value of each sleeping duration category as a continuous variable; LS means(Least-Square means),

LL-UL(Lower limit-Upper limit)
°P for interaction was calculated by Wald test using cross-product terms
(*p <0.05; **p <0.01; ***p<0.001)
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Table 8, Mean Adequacy Ratio(MAR) according to sleep duration middle and high school students

Sleep duration (hours/day) P for
<6 6-6.9 7-1.9 8-8.9 >9 P for trend® interaction’
_ 1.01 1.07 1.06 1.05 1.04
Middle School student 091 1.10) (102 1.13) (102 1.10)  (1.01 1.09)  (1.00 1.08) 042 ol
0.98 0.97 1.01 1.01 1.04 '
1 3k sk sk
High School student (095 101) (094 099) (099 1.04) (098 1.04) (100 1.08) 000

Adjusted for age, sex, household income, total energy intake, smoking status, alcohol intake, physical activity
P for trend was calculated using the median value of each sleeping duration category as a continuous variable; LS means(Least-Square means),

LL-UL(Lower limit-Upper limit)
°P for interaction was calculated by Wald test using cross-product terms
(*p <0.05; **p <0.01)
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