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ABSTRACT

BACKGROUND/OBJECTIVES: The objective of this study was to compare dietary habits and
mental health among middle school students in urban and rural areas based on bedtime, and
to provide evidence supporting appropriate bedtime for Korean middle school students in
relation to their healthy dietary habits and mental well-being.

SUBJECTS/METHODS: The study population consisted of 25,681 second-year middle

school students who participated in the Korea Youth Risk Behavior Survey in 2020-2022.
Participants were asked about their bedtime and wake-up time during the past 7 days and
were classified into five categories. The study compared the general characteristics, academic
factors, dietary habits, and mental health of urban and rural students based on their bedtime.
RESULTS: Bedtime was found to be later in the following order: urban female students,

rural female students, urban male students, and rural male students. As bedtime got later,
the rates of smoking and alcohol consumption increased. Students who went to bed before
11 p.m. had lower academic performance, while rural male students who went to bed after

2 a.m. had lower academic performance. Later bedtime was associated with increased
smartphone usage, skipping breakfast, consuming fast food, and drinking carbonated
beverages. Later bedtime was also associated with higher perceived stress levels, particularly
among students who went to bed after 2 a.m., higher rates of suicidal ideation, experiencing
sadness and despair, as well as the prevalence of clinically significant anxiety disorders.
CONCLUSION: These results suggest that middle school students who go to bed too late

have higher rates of smoking and alcohol drinking, as well as unhealthy eating habits, stress,
suicidal ideation, sadness, and anxiety. Therefore, it is necessary to provide educational and
social institutional support to promote adequate sleep for the health of adolescents.
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INTRODUCTION

Sleep is an essential habit for maintaining physical and mental health, and it plays a critical
role in daily life. Adequate sleep during adolescence is crucial for physical development,
emotional development, and cognitive development [1]. The National Sleep Foundation in
the United States recommends 8-10 hours of sleep for adolescents [2], however, according to
the 2021 Korea Youth Risk Behavior Survey, the average weekday sleep duration for Korean
adolescents is 6.2 hours [3]. Chronic sleep deprivation in adolescents can lead to decreased
academic performance, emotional instability, depression, and aggression [4]. Several studies
have reported a link between sleep deprivation in adolescents and suicidal tendencies [4,5].

The duration of sleep also was associated with dietary habits and nutritional intake. A

study conducted among adults with age over 40 years has shown that sleep duration has
negative correlations with calorie intake and percentage of caloric intake from fats but
positive correlations with physical activity and carbohydrate intake [6]. However, one study
comparing nutrient adequacy ratio (NAR) and mean adequacy ratio (MAR) according to sleep
duration in adolescents using 2007-2016 Korea National Health and Nutrition Examination
Survey data has shown no significant differences among middle school students. On the
other hand, an increase in sleep duration among high school students could lead to increases
of NAR and MAR for protein, riboflavin, and vitamin C [7]. Most existing studies on the
relationship between sleep duration, mental health, and nutritional intake have categorized
total daily sleep duration into various groups for comparison. However, research paper
comparing mental health and dietary habits of adolescents based on bedtime has not been
reported yet.

Adolescent mental health showed differences depending on regional factors [8]. Residential
areas possess distinct environmental, structural, and functional characteristics that can
affect mental and physical health of community members [9]. Environmental factors such

as green spaces in the area can positively impact mental health [10]. Physical and social
environments in the area can also affect adolescents' mental health [8]. Therefore, this study
hypothesized that differences in sleep timing and its effects on dietary behavior and mental
health could vary according to the residential area. There is a need to compare correlation
between bedtime, dietary habits, and mental health among middle school students based on
residential areas. Due to variations in bedtime influenced by grade level among middle school
students, it is appropriate to compare bedtime, dietary habits, and mental health within

the same grade. Therefore, this study focused on second-grade middle school students.
Thus, the aim of this study was to compare dietary habits and mental health among middle
school students in different regions based on bedtime, providing evidence that supports

the importance of appropriate bedtime for Korean middle school students regarding their
healthy dietary habits and mental well-being.

SUBJECTS AND METHODS

Study population and data source

The Korea Youth Risk Behavior Survey is an annual online self-report survey conducted by
the Korea Centers for Disease Control and Prevention. It targets students from the first year
of middle school to the third year of high school in South Korea. This study used data from
the Korea Youth Risk Behavior Surveys conducted from 2020 to 2022. The surveys conducted
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from 2020 to 2022 were carried out in August to October of each respective year. On the day of
the survey, each responsible teacher assigned one computer per sampled student. Starting from
the 2020 survey, in some schools where conducting surveys in computer labs was difficult, the
surveys were conducted in classrooms under the supervision of the responsible teacher using
mobile devices (tablet PCs, smartphones). It was conducted under the exemption from review
by the Institutional Review Board for Bioethics at Dongduk Women's University (DDWU 2309-
03). In the pilot study analyzing the 2020 data, as the grade level in middle school increased,
bedtime became later. Thus, we targeted second-year middle school students. From a total of
29,145 participants, 25,681 were selected after excluding 3,464 who had missing data for the
question of "What time did you usually go to bed and wake up in the past 7 days?". Participants
who reported waking up before 4 a.m. or after 9 a.m. on weekdays and those who reported
going to bed between 4 a.m. and 8 p.m. were treated as missing values.

Sleep timing and regional classification

Sleep timing, the variable of ‘Time gone to sleep on weekdays’, was categorized into ‘Before
23:00’, ‘23:00-24:00’, 24:00-01:00’, ‘01:00-02:00’, and ‘After 02:00". In the pilot study
analyzing the 2020 data, the difference in bedtime distribution between ‘large cities’ and
‘small-to-medium cities’ was not significant. Therefore, participants residing in ‘large cities’
and ‘small-to-medium cities’ were classified as ‘urban’ while those residing in ‘rural areas’
were classified as ‘rural’. The final study population comprised 12,119 urban male students,
11,683 urban female students, 971 rural male students, and 908 rural female students.

General characteristics

General characteristics such as height, weight, smoking status, alcohol consumption, and
physical activity were compared according to sleep timing in urban and rural areas. Smoking
status was determined based on responses to the following question: "How many days have
you smoked cigarettes in the past 30 days?". Those who responded ‘At least once a month’
were considered smokers. Alcohol consumption was determined based on responses to

the following question: "How many days have you consumed alcohol in the past 30 days?".
Those who responded ‘At least once a month’ were considered drinkers. Physical activity was
categorized as ‘none in the past 7 days’, ‘1-3 days a week’, and ‘4 or more days a week’ based
on responses to the following question: "How many days did you engage in physical activity
that increased your heart rate or made you breathe hard for a total of at least 60 minutes in
the past 7 days?".

Academic factors

Academic performance, weekday smartphone use, weekend smartphone use, time spent
sitting for academic purposes, and time spent sitting for non-academic purposes were
compared according to sleep timing in urban and rural areas. Academic performance was
classified into ‘High’, ‘Medium’, and ‘Low’ based on the question, "How would you rate your
academic performance in the past 12 months?".

Dietary behavior

Dietary behavior was analyzed based on frequency of breakfast, fast-food consumption,
carbonated drink consumption, sweetened beverage consumption, and daily water intake in
the past 7 days. Breakfast frequency was categorized as ‘Did not eat in the past 7 days’, ‘1-4
days a week’, ‘5-6 days a week’, and ‘7 days a week’. Fast-food consumption was categorized
as ‘Did not eat in the past 7 days’, ‘1-2 times a week’, and ‘3 or more times a week’. The
frequency question on carbonated drink intake was removed from the survey items in 2022,
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while the frequency question on sweetened beverages was investigated excluding energy
drinks and carbonated drinks until 2021, but starting from 2022, it included both energy
drinks and carbonated drinks, resulting in a change in variables. Therefore, only data from
2020-2021 were used for analysis. Frequency for the question was categorized as 'None', '1-2
times a week', '3—4 times a week', '5 or more times a week'.

Mental health

Perceived stress, sleep quality, suicidal ideation, suicidal plans, suicidal attempts, average
sleep duration, experiences of sadness and despair, and generalized anxiety disorder were
compared according to sleep timing in urban and rural areas. Perceived stress was categorized
as ‘Feel it very much’, ‘Feel it a lot’, and ‘Feel it a little’ based on the question: “How much
stress do you usually feel?”. Sleep quality was categorized as ‘Sufficient’, ‘Moderate’, and
‘Insufficient’ based on the question: "Do you think the sleep you have had in the past 7 days
was sufficient for fatigue recovery?". Suicidal ideation, plans, and attempts were categorized
as ‘None in the past 12 months’ and ‘Yes in the past 12 months’ based on their respective
questions. Experiences of sadness and despair were categorized as ‘None in the past 12
months’ and ‘Yes in the past 12 months’. Generalized anxiety disorder was categorized as
‘Normal’, ‘Mild’; and ‘Moderate or more’ based on scores assigned to seven items.

Statistical analysis

The Korea Youth Risk Behavior Survey data were collected using a complex sample design
method. Therefore, stratification (strata), clustering (cluster), and weighting (w) were applied
for the analysis. SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC, USA) was
used for all analyses, which were performed separately by gender and compared between
urban and rural areas. Categorical variables were analyzed using Rao-Scott y? test. Continuous
variables are presented as mean + SE and analyzed using analysis of variance. Tukey's test was
used for post hoc analysis. All statistical significance levels were set at P < 0.05.

RESULTS

General characteristics

Results for distribution of bedtime among urban and rural middle school students are shown
in Fig. 1. The proportion of students going to bed between 1-2 a.m. and after 2 a.m. was

the highest in urban female students, followed by that in rural female students, urban male
students, and rural male students. Female students tended to sleep later than male students
and urban students tended to sleep later than rural students.

General characteristics of urban and rural middle school students according to their bedtime
are shown in Table 1. Height was significantly higher in those with later bedtime for both male
and female students in urban areas and rural female students (P < 0.001, P< 0.001, and P=
0.032, respectively). The proportion of smokers increased with later bedtime in both urban
male and female students (P < 0.001). Alcohol consumption also increased with later bedtime
in both urban and rural areas (P < 0.001). In particular, those who went to bed after 2 a.m. had
the highest proportion of alcohol consumption, with consumption rate being higher in rural
area than in urban area. In urban areas, both males and females who had a bedtime after 2
a.m. had the highest proportion of not engaging in physical activity (P=0.009 and P < 0.001,
respectively). There were no significant differences in body weight according to bedtime, height
among rural males, smoking status in rural areas, and physical activity rates in rural areas.
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Fig. 1. Distribution of bedtime among urban and rural middle school students.

Academic factors

Academic factors of urban and rural middle school students according to bedtime are
summarized in Table 2. In urban areas, both male and female students who went to bed
between midnight and 1 a.m. had the highest academic performance (P < 0.001). In rural

areas, male students who went to bed between 1 a.m. and 2 a.m. had the highest academic
performance (P=0.019), while female students who went to bed after 2 a.m. had the highest
academic performance (P=0.0006). Furthermore, rural areas had higher smartphone usage
time compared to urban areas, and females had higher smartphone usage time than males.

The amount of time spent sitting for studying purposes on weekdays and weekends was
significantly higher in the group with later bedtime except for rural females on weekends (P
<0.001). In urban areas, males who had a later bedtime had significantly more time spent
sitting for purposes other than studying on weekdays and weekends (P < 0.001 and P=0.001,
respectively). There were no significant differences observed in the amount of time spent sitting
for studying purposes on weekends among rural females, as well as in the amount of time spent
sitting for purposes other than studying among urban females and rural males and females.

Dietary behavior

Dietary behaviors of urban and rural middle school students according to bedtime are shown
in Table 3. Significant differences were observed in dietary behaviors according to sleep
timing in urban areas compared to rural areas. In both urban and rural areas, the frequency
of breakfast consumption significantly increased with earlier bedtime for both males and
females (P < 0.001). In urban areas, the frequency of fast-food consumption was significantly
increased with later bedtime for both males and females (P < 0.001). In rural areas, the
frequency of fast-food consumption among males was the highest for those who had fast
food three or more times a week in the group with a later bedtime (P = 0.046). In urban areas,
the proportion of individuals who consumed carbonated beverages five or more times a week
was the highest in the group with a later bedtime for both males and females (P < 0.001).
Frequencies of consuming sweet-tasting drinks among urban males, urban females, and rural
females were the highest in the group with bedtime after 2 a.m. (P < 0.001, P< 0.001, and P=
0.043, respectively). There were no significant differences observed in the frequency of fast-
food consumption, carbonated beverage consumption, and sweetened drink consumption
among rural females, as well as in the frequency of sweetened drink consumption among
rural males, according to bedtime.
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Table 3. Dietary behaviors of urban and rural middle school students according to bedtime
Variables Urban P-value? Rural P-value
<23:00 23:00-23:5924:00-24:59 1:00-1:59 > 2:00 < 23:00 23:00- 24:00- 1:00-1:59 > 2:00
23:59 24:59
Male
Breakfast (days/wk) <0.001 <0.001
None 934(15.7) 492 (15.3) 636(19.1) 648(24.9) 559 (30.5) 26(13.8) 52(18.3) 61(22.9) 46(32.9) 32(38.2)
1-4 327(22.2) 768(24.0) 928(28.8) 831(32.5) 606 (34.0) 32(17.2) 58(20.6) 63(27.2) 28(19.7) 26(32.4)
5-6 210(14.1) 560 (17.6) 550(17.5) 430(17.1) 282 (16.0) 28(16.2) 64(25.6) 43(16.7) 31(22.1) 10(10.9)
7 680 (48.0) 1,316 (43.1) 1,086 (34.6) 628 (25.5) 348 (16.5) 91(52.8) 92(35.6) 71(33.3) 34(25.4) 13(18.5)
Fast-food (times/wk) <0.001 0.046
None 320(21.4) 568(18.4) 528(16.2) 357(14.0) 237(13.1) 51(29.11) 65(21.6) 49(16.9) 33(23.4) 13(11.4)
1-2 813 (56.5) 1,857 (59.0) 1,818 (57.6) 1,425 (56.3) 967 (54.4) 97 (49.7) 158 (55.7) 148 (58.4) 81(54.5) 47 (53.8)
>3 318(22.9) 711(22.6) 854(26.3) 755(29.7) 591 (32.5) 41(21.9) 60(22.7) 59(24.7) 36(22.0) 33(34.8)
Soda (times/wk)? <0.001 0.084
None 260 (24.9) 450 (21.6) 340(16.6) 267 (16.1) 167 (15.1) 33(24.7) 32(15.7) 29(17.7) 15(16.7) 6(10.6)
1-2 430(39.9) 908 (42.3) 928(43.2) 597(37.5) 400 (37.0) 54(43.9) 78(41.2) 72(39.3) 42(45.9) 23(37.2)
3-4 201(20.5) 498(23.1) 557(25.9) 447(27.2) 310(25.5) 33(18.7) 45(25.2) 51(30.0) 22(20.7) 15(21.1)
>5 158 (14.7) 292(13.1) 335(14.4) 326(19.3) 267 (22.4) 19(13.4) 34(17.8) 24(13.0) 20(16.7) 17(31.0)
Sweetened drink (times/wk)? <0.001 0.365
None 246(23.2) 398(20.1) 320(15.9) 264(16.8) 162 (14.3) 20(13.0) 23(10.9) 28(17.0) 14(15.2) 5(7.0)
1-2 369(35.4) 823(38.8) 793(36.3) 557(33.8) 358(31.5) 57 (42.6) 69(36.9) 60(29.5) 27(29.9) 22(37.9)
3-4 956 (24.3) 557 (24.5) 590 (27.7) 414 (25.0) 306 (26.8) 34(23.7) 63(34.8) 57(33.3) 31(28.8) 18(28.9)
>5 178 (17.1) 370(16.6) 457 (20.1) 402 (24.4) 318(27.4) 28(20.8) 34(17.3) 31(20.2) 27(26.1) 16(26.2)
Female
Breakfast (days/wk) <0.001 <0.001
None 138 (13.8) 296(13.7) 460 (16.4) 602 (19.9) 836 (26.0) 15(14.1) 24(13.9) 60(30.5) 43(20.1) 38(24.5)
1-4 943 (27.6) 537 (26.2) 868 (31.8) 1,069 (36.2) 1,221 (39.1) 93(23.0) 58(30.3) 55(26.7) 72(38.2) 56(37.3)
5-6 171(17.5) 409 (20.5) 565(21.2) 580(20.1) 521 (17.1) 17 (17.9) 46(24.2) 41(19.9) 35(22.5) 42(23.4)
7 374 (41.1) 780(39.6) 799 (30.6) 686(23.8) 528 (17.8) 41(44.9) 56(31.6) 48(22.9) 35(19.2) 23(14.9)
Fast-food (times/wk) <0.001 0.766
None 934(25.3) 440(21.1) 506 (18.7) 502 (17.7) 564 (17.9) 25(21.3) 39(19.4) 41(19.2) 43(23.1) 35(21.7)
1-2 543 (59.2) 1,191 (60.3) 1,672 (62.2) 1,722 (58.8) 1,724 (55.7) 63 (61.5) 123 (57.6) 138(59.7) 109 (51.9) 97 (53.6)
>3 149 (15.5) 391(18.6) 514 (19.1) 713(23.5) 818(26.5) 18(17.2) 40(23.1) 42(21.0) 52(25.0) 43 (24.7)
Soda (times/wk)? < 0.001 0.429
None 197 (33.6) 441(32.4) 642(36.6) 563 (31.4) 599 (30.0) 23(34.1) 34(23.5) 41(26.1) 43(30.6) 39(32.1)
1-2 004 (45.6) 638(46.3) 789 (42.8) 794 (42.3) 812 (40.2) 37(43.3) 68(50.9) 71(46.2) 51(36.9) 43 (34.0)
3-4 94 (14.6) 224(16.1) 277 (14.2) 341(17.6) 386 (18.9) 10(11.6) 20(16.4) 23(14.8) 27(21.5) 22(19.5)
>5 41(6.3) 80(5.2) 131(6.3) 170(8.7) 235(10.9) 9(11.0) 10(9.2) 17(12.9) 15(11.0) 19(14.4)
Sweetened drink (times/wk)? <0.001 0.043
None 157 (26.4) 311(23.5) 377(21.6) 349 (18.6) 319 (15.9) 15(21.4) 29(21.8) 31(18.5) 28(22.1) 18(14.1)
1-2 969 (43.9) 613 (44.8) 773 (42.4) 739 (40.5) 777 (37.8) 30(28.4) 61(41.8) 67(45.0) 58(39.1) 35(28.3)
3-4 121 (17.9) 310(22.5) 460 (24.1) 469 (25.0) 540 (26.8) 20(24.3) 29(25.7) 39(26.1) 33(26.2) 38(30.8)
>5 79 (11.7) 149(9.6) 229(11.9) 311(15.9) 396 (19.6) 14(15.9) 13(10.8) 15(10.5) 17(12.6) 32(26.8)

Values are presented as number (%).

"The P-values by analysis of variance for continuous variables and Rao-Scott y? test for categorical variables.
AThese variables were only surveyed in 2020 and 2021, resulting in different sample sizes. The sample sizes were 8,138, 7,748, 664, and 622 for urban male, urban
female, rural male, and rural female, respectively.

https://e-nrp.org

Mental health

Results of analyzing mental health of urban and rural middle school students according to
bedtime are shown in Table 4. The level of perceived stress was significantly higher in the late
bedtime group in both urban and rural areas for both genders. The more the bedtime was
delayed, the lower the degree of fatigue recovery through sleep for both males and females in
urban and rural areas (P < 0.001). In urban areas, the proportion of males who had suicidal
ideation and a suicide plan in the past 12 months was the highest in the group with a later
bedtime (P < 0.001 and P=0.001, respectively). The proportion of females in urban and rural
areas who had suicidal ideation, a suicide plan, and a suicide attempt was the highest in the
group with a later bedtime. On weekdays and weekends, the amount of sleep time decreased
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Table 4. Mental health of urban and rural middle school students according to bedtime

Variables Urban P-value? Rural P-value
<23:00 23:00-23:59 24:00-24:59 1:00-1:59 > 2:00 <£23:00 23:00- 24:00-  1:00-1:59 > 2:00
23:59 24:59
Male

Perceived stress <0.001 <0.001
Much 359(24.4) 762(23.4) 896(28.1) 875(35.1) 774 (42.9) 48(24.0) 77(25.7) 70(27.8) 54(36.4) 42(49.9)

Alittle 610 (42.8) 1,428 (46.3) 1,488 (47.1) 1,155 (45.4) 715 (40.9) 69 (37.5) 128 (46.4) 128(50.9) 63 (41.8) 37(33.8)
Notmuch  482(32.7) 946(30.3) 816(24.8) 507 (19.5) 307 (17.0) 72(38.5) 78(27.9) 58(21.3) 33(21.8) 14(16.3)

Sleep quality <0.001 <0.001
Sufficient 898 (63.1) 1,527 (49.8) 1,119 (35.7) 510(20.1) 211 (11.2) 126 (67.5) 127 (45.9) 85(32.3) 32(21.6) 20(20.4)
Moderate 384 (25.1) 1,077 (34.1) 1,307 (40.6) 1,022 (40.4) 507 (28.4) 50(25.3) 103 (36.4) 105(40.6) 44(27.7) 26(28.7)
Insufficient 169 (11.8) 532 (16.2) 774 (23.7) 1,005 (39.5) 1,077 (60.4) 13(7.2)  53(17.7) 66(27.1) 74(50.7) 47 (50.9)

Suicidal thought <0.001 0.261
No 1,331 (91.2) 3,892 (92.0) 2,918 (91.0) 2,257 (88.5) 1,537 (85.7) 177 (93.5) 266 (94.7) 233(91.1) 132(88.1) 85(92.0)

Yes 120(8.8) 244 (8.0) 282(9.1) 280 (11.5) 258(14.3) 12(6.5) 17(5.3) 23(8.9) 18(11.9) 8(8.0)

Suicide plan 0.001 0.233
No 1,407 (96.8) 3,060 (97.6) 3,108 (96.8) 2,443 (96.1) 1,710 (95.3) 183 (96.0) 281(99.3) 249 (97.6) 146(98.1) 90 (97.6)

Yes 44(3.9) 76 (2.4) 92 (3.2) 94 (3.9) 85 (4.7) 6 (4.0) 2(0.7) 7(2.4) 4(1.9) 3(2.4)

Attempt at suicide 0.090 0.399
No 1,427 (98.3) 3,100 (98.9) 3,158 (98.5) 2,501 (98.5) 1,749 (97.7) 185 (97.4) 281(99.6) 252(98.8) 148(98.6) 91 (98.4)

Yes 24 (1.7) 36(1.1) 49 (1.5) 36 (1.5) 46(2.3) 4(2.6) 2 (0.4) 4(1.2) 2 (1.4) 2 (1.6)

Sleep time

Week days 8.8+ 0.02° 8.0+0.01¢ 7.1+0.01° 6.3+0.01° 5.1+0.02*° <0.001 8.7+0.06° 7.9+ 0.04° 7.0+ 0.05° 6.1+ 0.05% 4.9+ 0.09° < 0.001
Weekend 7.9+0.14° 7.5+0.10° 7.4+0.09° 6.0+0.13° 3.9%0.21° <0.001 7.5+0.39" 7.0+ 0.40° 7.3+ 0.39* 5.3+ 0.63" 3.2+ 0.81° < 0.001

Sadness & despair <0.001 0.004
No 1,202 (82.7) 2,601 (83.1) 2,580 (80.8) 1,945 (76.3) 1,287 (71.9) 165 (87.0) 236(83.8) 200(79.3) 114(76.8) 67 (69.7)

Yes 249 (17.3) 535(17.0) 620(19.3) 592(23.8) 508 (28.1) 24 (13.0) 47(16.2) 56(20.7) 36(23.2) 26(30.3)

Generalized anxiety disorder <0.001 0.022
Normal 1,150 (79.4) 2,449 (78.2) 2,369 (73.1) 1,771 (68.6) 1,117 (62.0) 161(83.9) 224 (78.7) 193(77.3) 103 (69.3) 66 (72.1)

Mild 207 (14.4) 508 (16.2) 629(20.7) 516(21.0) 439 (24.6) 18 (11.4) 46(17.8) 48(18.2) 34(20.7) 15(16.7)
>Moderate  94(6.2) 179(5.6)  202(6.3)  250(10.4) 239 (13.4) 10(4.6) 13(3.5) 15(4.5) 13(10.0) 12(11.9)
Female

Perceived stress <0.001 0.005
Much 310(32.8) 665 (32.2) 957 (34.6) 1,246 (41.6) 1,644 (52.8) 36(34.5) 64(32.7) 76(33.8) 92(45.8) 92(51.8)

A little 4,020 (45.0) 951 (47.2) 1,309 (49.4) 1,301 (44.9) 1,146 (37.4) 54 (53.1) 105(49.7) 111(51.0) 87 (44.3) 62 (36.6)
Notmuch  214(22.9) 406(20.6) 496 (16.0) 390(13.5) 316(9.8) 16(12.3) 33(17.6) 34(15.2) 25(9.9) 21(11.6)

Sleep quality <0.001 <0.001
Sufficient 513 (56.7) 778(38.5) 696(26.2) 434 (15.7) 191 (6.1) 59 (51.7) 66(32.3) 43(19.1) 21(10.4) 16(8.4)
Moderate 266 (27.3) 768 (39.1) 1,082 (40.4) 1,026 (35.1) 731 (23.6) 30(31.5) 80(39.6) 91(40.6) 77(37.7) 36(20.2)
Insufficient 147 (16.1) 476 (22.4) 914 (33.4) 1,477 (49.1) 2,184 (70.2) 17 (16.8) 56(28.1) 87(40.3) 106 (51.9) 123 (71.4)

Suicidal thought < 0.001 0.004
No 783 (85.1) 1,759 (87.6) 2,315 (86.4) 2,437 (83.2) 2,405 (77.4) 89 (84.1) 175(86.3) 186(84.9) 171 (84.6) 121 (71.4)

Yes 143 (14.9) 263 (12.4) 377(13.7) 500 (16.8) 701 (22.6) 17 (15.9) 27(13.7) 35(15.1) 33(15.4) 54(28.6)

Suicide plan <0.001 <0.001
No 889 (95.8) 1,937 (95.9) 2,579 (95.9) 2,798 (95.1) 2,885 (93.9) 104 (98.3) 193(95.5) 217(98.2) 196 (96.5) 150 (88.7)

Yes 37 (4.2) 85(4.1) 113(4.1) 139(4.9) 221(6.9) 2 (1.7) 9 (4.5) 4(1.8) 8(3.5)  25(11.3)

Attempt at suicide <0.001 <0.001
No 902 (97.1) 1,979 (98.1) 2,629 (97.7) 2,860 (97.5) 2,955 (95.4) 102 (96.8) 201 (99.4) 220 (99.7) 201(99.1) 160 (93.1)

Yes 24 (2.9) 43 (1.9) 63 (2.3) 77 (2.6) 151 (4.6) 4(3.9) 1(0.6) 1(0.3) 3(0.9) 15(6.9)

Sleep time

Week days 8.7 +0.01° 7.8+0.01Y 6.8+0.01° 5.9+0.01° 4.7+0.01* <0.001 8.6+ 0.06* 7.6+ 0.05° 6.9+0.05° 5.9+0.05¢ 4.7+0.07° <0.001
Weekend 7.6+0.21¢ 7.6+0.13¢ 6.8+0.12° 5.5+0.14° 3.3+0.17° <0.001 7.9 +0.65* 7.8+ 0.43* 6.7 £ 0.44%* 5.9+ 0.50° 2.1+ 0.79° < 0.001

Sadness & despair <0.001 0.003
No 689 (74.9) 1,525 (76.6) 1,957 (73.2) 2,014 (69.4) 1,897 (61.3) 77 (72.8) 145 (69.9) 163 (75.0) 136 (65.5) 93 (55.9)
Yes 937 (25.1) 497 (23.4) 735(26.8) 923 (30.6) 1,209 (38.7) 29(27.9) 57(30.1) 58(25.0) 68(34.5) 82 (44.1)
Generalized anxiety disorder <0.001 0.002
Normal 631 (67.6) 1,308 (65.6) 1,725 (64.4) 1,735 (59.3) 1,543 (50.3) 69 (67.6) 133 (64.1) 147 (66.7) 109 (53.3) 81 (46.0)
Mild 191(21.2) 478(23.4) 670(24.8) 767 (226.4) 889 (28.0) 21(19.1) 45(22.4) 43(19.4) 56(27.7) 43(26.1)
>Moderate 104 (11.2) 236(11.0) 297 (10.8) 435(14.3) 674 (21.7) 16(13.3) 24(13.5) 31(13.9) 39(19.0) 51(27.9)

Values are presented as mean + SE or number (%).
The P-values by analysis of variance for continuous variables and Rao-Scott y? test for categorical variables.
2post hoc testing with Tukey’s test. Mean values within a column with unlike superscript letters were significantly different.
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significantly with later bedtime for both males and females regardless of urban or rural

area (P < 0.001). The experience of sadness or despair was significantly higher in the group
with bedtime after 2 a.m. for all groups. The score for generalized anxiety disorder was also
significantly higher in the group with a later bedtime for all groups. There were no significant
differences in suicide attempts among urban and rural males, or in suicidal ideation or
suicide planning among rural males according to bedtime.

DISCUSSION

This study aimed to compare dietary behaviors and mental health among second-year middle
school students in urban and rural areas based on their bedtime utilizing data from the Korea
Youth Risk Behavior Survey conducted from 2020 to 2022. Urban students generally went

to bed later than rural students and female students had later bedtimes than male students.
Previous research has shown that girls have more bedtime resistance issues than boys and
that children in rural areas tend to go to bed and wake up earlier than those in urban areas
[11]. Another domestic study involving adolescents revealed that female students had a
shorter average sleep duration during weekdays than male students [12]. This contrasts with
a study conducted in Mexico [13], which found no significant difference in sleep duration
between urban and rural areas.

Smoking rates among urban students were higher for both genders when bedtime was
delayed. Both urban and rural areas showed an increase in alcohol drinking rates as bedtime
was delayed. Previous research has indicated that extreme sleep deprivation leads to higher
daily smoking and drinking rates, followed by those who oversleep [1]. Such findings suggest
that late bedtime is associated with smoking and drinking. When comparing drinking
statuses between regions, rural areas exhibited a noticeably higher rate, which is in line

with prior studies that suggest rural youth are more likely to engage in drinking due to fewer
recreational activities [14,15].

Academic performance differed by area and gender depending on bedtime. Urban students
who went to bed before 11 p.m. had lower academic performance compared to those who
went to bed later. Among rural students, boys who went to bed between 1a.m. and 2 a.m.

had high academic performance, while girls who went to bed after 2 a.m. had high academic
performance. In a study conducted with American adolescents, a later bedtime was associated
with lower academic outcomes [16]. The correlation between bedtime and academic
performance appears to be influenced by various factors such as society, culture, and region.

Smartphone usage time significantly increased as bedtime was delayed, with females
showing more extended usage than males. In addition, students in rural areas tended to
spend more time using smartphones compared to those in urban areas. This is consistent
with a prior study involving 54,603 adolescents that reported problematic experiences related
to smartphone usage were more frequent among females [17].

When bedtime was delayed, fewer students had breakfast, particularly those going to bed
after 1 a.m. This aligns with prior research indicating that inadequate sleep is associated with
skipping breakfast. A study conducted by Tambalis et al. [18] on 177,091 Greek adolescents
aged 8-17 has reported that inadequate sleep is associated with skipping breakfast. A
previous study conducted on Korean adults has also shown a higher prevalence of breakfast
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skipping among those with less than 6 hours of sleep than in those with more than 6 hours of
sleep [19]. Considering positive effects of breakfast on memory, learning, and mental health
during adolescence [20], it seems necessary to educate and encourage adolescents to have
regular breakfast and go to bed at least before 1 o'clock.

Consumption of fast food, carbonated drinks, and sugary beverages also increased when
bedtime was delayed. The increase was more pronounced in urban students. A previous
study targeting adolescents aged 8-17 years found that inadequate sleep duration was
associated with unhealthy eating habits such as fast food and snack consumption [18]. The
group with later bedtime showed a higher consumption of fast food, carbonated beverages,
and sweetened drinks, which could be related to breakfast skipping. In a study by Bae [21]
on adolescents aged 12-18 years, students who skipped breakfast had a higher frequency

of consuming processed foods and exhibited a pattern of inadequate intake of essential
nutrients needed for growth. These findings highlight the potential associations of late
bedtime with breakfast skipping and unhealthy dietary patterns.

In both urban and rural areas, a significant association was found between later bedtime
and higher perceived stress level. Particularly, students who went to bed after 1 a.m.
showed higher stress levels than those who went to bed before 1 a.m. A study conducted
on high school students also revealed a significant decrease in the prevalence of stress-
related symptoms when sleep duration was increased [7]. Suicidal ideation and plans were
significantly more prevalent among urban students and rural female students with later
bedtime. Especially, suicidal ideation, plans, and attempts were significantly increased in
students who went to bed after 2 a.m. A previous study utilizing the 7th Korea Youth Risk
Behavior Survey in 2011 reported that sleep insufficiency in adolescents leads to a decrease
in emotional well-being and an increase in health-risk behaviors [1]. The prevalence of
moderate to severe generalized anxiety disorder was also increased when bedtime was
delayed. It was higher in the group that went to bed after 1 a.m., reaching the highest rate
in those who went to bed after 2 a.m. Similar results were found in previous studies. Roane
and Taylor [22] have performed a longitudinal study with 8,076 adolescents and young
adults and revealed that insomnia symptoms during adolescence are associated with alcohol
use, marijuana use, illicit drug use, depression, suicidal ideation, and suicide attempts,
suggesting that they are significant risk factors for adult depression.

According to the Health Plan 2030 [23], the target smoking rate for male middle school
students in 2030 is 3%. However, the smoking rate in urban male students who went to bed
after 2 a.m. was 3.18%, which exceeded the target rate. For female middle school students,
the target smoking rate is 1.2%. However, smoking rates in urban female students who went
to bed after 1 a.m. (1.54%) and 2 a.m. (2.49%) as well as in rural female students who went
to bed before 11 p.m. (2.7%), after 1 a.m. (4.4%), and after 2 a.m. (4.4%) were higher than
the target rate. In both urban and rural areas, the smoking rate was significantly higher for
those who went to bed after 1 a.m. Risky drinking rate among adolescents according to the
Health Plan 2030 is based on the proportion of current drinkers among middle and high
school students who consume an average of at least moderate amounts of alcohol (5 or
more glasses of soju for males, 3 or more glasses for females) in the past 30 days. However,
since this study's drinking variable was based on the presence of drinking rather than the
specific amount consumed, it was difficult to make an accurate comparison. Nevertheless,
considering the higher drinking rates among those with late bedtimes, it could be inferred
that early bedtime is desirable for reducing risky drinking rates among adolescents.
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This study has two limitations. First, it is a cross-sectional study using the Korea Youth Risk

Eating habits and mental health of adolescents

Behavior Survey. Thus, causal relationships between bedtime and various factors could not
be determined. Second, it did not clarify whether observed differences were due to regional
or socio-economic factors. Nevertheless, this study was significant in that it used a large-
scale sample of middle school students extracted by cluster and analyzed students' health
status based on their bedtime, unlike previous studies that used sleep time as the criterion.
Additionally, it compared health status of adolescents in different regions. Considering
factors such as smoking, alcohol drinking, dietary habits, and mental health, it could be
inferred that it is necessary for middle school students to go to bed at least before 1 a.m.
Results of this study are expected to serve as basic data for providing guidelines for healthy
growth of middle school students.
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