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Background: Obesity in adolescence can continue up to adulthood and lead to various complications. There has
been a continuous increase in the obesity incidence among adolescents, which is an emerging social issue. Studies
have reported that decreased sleep duration in adolescents can have negative effects on health, leading to obesity.
Therefore, in the present study, we aimed to investigate the relationship between sleep duration and body mass in-
dex among South Korean middle and high school students aged 12-18 years.

Methods: The participants of the Sixth National Health and Nutrition Survey conducted during 2013-2015 were
screened. We selected 1,177 adolescents aged between 12 and 18 years who were enrolled in middle and high
school or on leave of absence and had available data for sleep duration and body mass index (BMI) in the survey.
Analyses of variance and covariance were performed after adjusting for confounding variables, including age, gen-
der, waist circumference, and drinking experience, that showed significant correlations in univariate logistic regres-
sion.

Results: The analysis of covariance revealed that an increase in sleep duration led to a corresponding decrease in
the mean BMI among all students and middle school students.

Conclusion: Significant negative correlations were confirmed between sleep duration and BMI in all students and
middle school students.
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INTRODUCTION

Obesity is the overaccumulation of adipose tissue in the human body.
It can lead to the risk of not only major diseases such as hypertension,
diabetes, cardiovascular diseases, respiratory symptoms, infertility,
and degenerative arthritis but also negative mental and social health
significantly, caused by feelings of inferiority, depression, and de-
creased quality of life."?

Adolescent obesity has a higher probability of continuing into adult-
hood. The Korea Centers for Disease Control and Prevention (KCDC)
reported that the prevalence of adolescence obesity has been increas-
ing, at 9.1% in 2001, 10.1% in 2005, and 11.4% in 2012.Y Moreover, dif-
ferent from adult obesity, wherein only the size of adipose cells in-
creases, adolescent obesity is characterized by an increase in both the
size and the number of adipose cells; therefore, prevention and early
management of adolescent obesity is more crucial.

Existing studies have reported that the major causes of adolescent
obesity are westernized eating habits including excess calorie intake
and intake of high-calorie instant food and meat; urbanization; living
in a nuclear family; sedentary lifestyle; use of transportation to com-
mute; lack of physical activity with regard to watching TV or playing
video games for long hours; and other genetic, environmental, and so-
cioeconomic causes.*

Research on these risk factors with a focus on decreasing the risk of
obesity is required. Particularly, there are several studies on sleep du-
ration as a risk factor of obesity. There has been an increasing inci-
dence of obesity among adolescents along with a decrease in the aver-
age sleep duration.”® The hormonal changes resulting from sleep de-
privation elevate the risk of obesity by interfering with appetite and
energy metabolism.”

Some studies have reported an inverse relationship between shorter
sleep duration and increasing body mass index (BMI)."*'" Other stud-
ies have reported a U-shaped relationship, wherein the BMI increases
when the sleep duration is either too long or too short compared with
that during appropriate sleep duration.''¥)

Although several studies on sleep duration and BMI have been con-
ducted overseas, no studies have analyzed this relationship in a Kore-
an adolescent population.

Therefore, this study aimed to analyze the relationship between
sleep duration and BMI, especially among adolescents aged 12-18
years regardless of whether they were enrolled in school or not. The
adolescents were divided as middle school students, high school stu-
dents, and total students. The difference in the average sleep duration
between middle school students and high school students served as a
basis for further dividing them into two groups.

METHODS

1. Study Participants
This study was conducted on adolescents aged 12-18 years who were

either enrolled in middle or high school or were currently on leave of
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absence. We used data of the first period (2013), second period (2014),
and third period (2015) of the sixth Korea National Health and Nutri-
tion Examination Survey (KNHANES). The KNHANES was conducted
among a nationwide sample of 22,948 individuals living in 9,491
households (in 576 districts). Data on BMI and sleep duration were
collected from these participants. Our study included 1,177 adoles-
cents (637 middle school students and 540 high school students)
whose data on BMI and sleep duration were available.

The study protocol for the first and second periods of the sixth
KNHANES was approved by the KCDC Institutional Review Board
(first period: 2013-07CON-03-4C; second period: 2013-12EXP-03-5C).
For the third period, the study was conducted without IRB approval as
per the Bioethics and Safety Act article 2-1 and Enforcement Rule of
Bioethics and Safety Act article 2, clause 2-1, because this study was
regarded as a study conducted directly by the Korean government for

the wellbeing of the people.

2. Measured Variables

1) Sleep duration

In KNHANES, the question regarding the length of sleep duration was
“In average, how many hours of sleep do you get each night?” and the
answers were used as the data for sleep duration. The answers on
sleep duration were divided and classified into the following catego-
ries: <7 hours, 7-8 hours, 8-<9 hours, and >9 hours. The answers were
categorized by reference to the appropriate sleep duration of 7-8 hours
reported in the 1965 Alameda County study.'”

2) Sociodemographic and health-related behavioral variables

For sociodemographic and health-related behavioral variables, the stu-
dents’ school year (if enrolled), gender, economic status, residence,
smoking, drinking experience, depressive feelings lasting over 2 weeks,
suicidal ideation from the past year, waist circumference, sitting hour,
energy level, and intake of carbohydrates, proteins, and lipids were
evaluated. The students were classified as middle school and high
school students depending on their school year, and based on their
economic status, they were classified as four categories according to the
household income level: upper class, upper middle class, lower middle
class, and lower class. Smoking, drinking experience, depressive feel-
ings lasting over 2 weeks, suicidal ideation from the past year (yes, no,
not applicable, or no answer) and hours spent sitting were self-report-
ed. The residence of each individual was classified as urban or rural ac-
cording to the address on the file (demarcated as dong, eup, or myun).
Measurements of waist circumference were conducted by investigators
who completed the training course and were monitored in the same
way. The day prior to the questionnaire survey, the intake of calories
(kcal), carbohydrates (g), proteins (g), and lipids (g) was calculated us-
ing a dietary record, which was obtained by the 24-hour recall method.

3) Obesity status

Referring to the average growth chart of Korea children/adolescents
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(2007)," the weight and height of adolescent individuals were given a
percentile value according to the gender, age, and BMI (kg/m?). Indi-
viduals on the 85th-95th percentiles or with a BMI >23 and <25 were
classified as overweight, whereas those >95th percentiles or with a
BMI >25 were classified as obese.

4) Physical examination: body measurements

The variables that fall under the body measurement category were de-
termined using data from physical examinations. Physical examina-
tions were conducted by researchers who had completed the neces-
sary training for these examinations. The examinee had to take their
clothes off and wear a gown for physical examination. The examina-
tion was conducted using internationally recognized physical exami-

nation equipment.

3. Analysis Methods

Statistical analysis was conducted using IBM SPSS ver. 21.0 (IBM
Corp., Armonk, NY, USA); the significance level was set at P<0.05. To
define the common characteristics of the study participants, descrip-
tive statistics were used to compute the average of continuous variable,
frequency, and percentage value of categorical variables according to
the categories. To elucidate the relationship between sleep duration
and BMI z-score, a univariate logistic regression analysis was conduct-
ed to determine the relationship between each variable and the obesi-
ty status. After setting the variables showing a significant relationship
in the univariate logistic regression as control variables, analysis of
variance (ANOVA) and analysis of covariance (ANCOVA) were con-
ducted.

RESULTS

1. General Characteristics of Study Participants

Table 1 shows the characteristics of the included adolescents aged 12-
18 years either enrolled in middle or high school or not enrolled in any
school. There were a total of 1,177 study participants, including 637
middle school students and 540 high school students, with an average
age of 13.62+0.96 and 16.52+0.93 years, respectively. The gender ratio
was 349 boys (54.8%) and 288 girls (45.2%) among the middle school
students, and 263 boys (48.7%) and 277 girls (51.3%) among the high
school students.

With regard to obesity status, there were 70 obese (11.0%), 50 over-
weight (7.8%), and 517 normal (81.2%) students in the middle school
age group and 106 obese (16.6%), 24 overweight (3.7%), and 410 nor-
mal (79.7%) students in the high school age group.

The average sleep duration per day was 7.52+1.15 hours in the mid-
dle school age group and 6.45+1.39 hours in the high school age group,
and the waist circumference was 70.33+9.44 cm and 72.93+10.23 cm,
respectively. On the day before the questionnaire survey, the total en-
ergy intake (kcal) was 2,251.35+875.03 kcal and 2,268.30+1,137.43 kcal,
the carbohydrate intake (g) was 338.09+126.74 g and 329.33+156.30 g,
the protein intake (g) was 79.38+42.60 g and 82.96+53.26 g, and the lip-
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id intake (g) was 61.68+37.82 g and 63.77+42.86 g for the middle school
age group and the high school age group, respectively.

2. Relationship between Sleep Duration and Obesity

1) Univariate logistic regression analysis

The factors that could influence the obesity status of an individual

Table 1. Baseline characteristics of the included subjects

Middle school students High school students

Characteristic

(n=637) (n=540)
Age (y) 13.62+0.96 16.52+0.93
Gender

Boys 349 (54.8) 263 (48.7)

Girls 288 (45.2) 277 (51.3)
Residence

Urban 536 (84.1) 454 (84.1)

Rural 101 (15.9) 86 (15.9)
Obesity status*

Normal 517 (81.2) 410 (79.7)

Overweight 50 (7.8) 24 (3.7)

Obesity 70 (11.0) 106 (16.6)
BMI (kg/m?) 20.84+3.60 22.21+4.04
Sleep duration (h) 7.52+1.15 6.45+1.39

<7 98 (15.4) 304 (56.3)

7—<8 225 (35.3) 129 (23.9

8—<9 210 (33.0) 70 (13.0)

>9 104 (16.3) 37 (6.8)
Economic status

High 63 (9.9) 69 (12.8)

Mid-high 164 (25.7) 143 (26.5)

Mid-low 235 (36.9) 165 (30.6)

Low 175 (27.5) 163 (30.2)
Drinking experience

No 549 (86.2) 282 (52.2)

Yes 88 (13.9) 258 (47.7)
Smoking experience

No 590 (92.6) 411 (76.1)

Yes 47 (7.4) 129 (23.9)
Depressive feeling"

Yes 39 (5.1) 54 (10.0)

No 598 (93.9) 486 (90.0)
Suicidal ideation*

Yes 33(5.2 24 (4.4)

No 604 (94.8) 516 (95.6)
Sitting hours (h) 9.47+3.01 10.81+3.26
Waist circumference (cm) 70.33+9.44 72.93+10.23
Energy intake (kcal)® 2,251.35+875.03 2,268.30+1,137.43
Carbohydrate intake (g)* 338.09+126.74 329.33+156.30
Protein intake (g)® 79.38+42.60 82.96+53.26
Lipid intake (g)® 61.68+37.82 63.77+42.86

Values are presented as mean=standard deviation or as number (%).

BMI, body mass index.

*Normal: BMI <85th percentile of age; overweight: 85th percentile of age < BMI
<95th percentile of age; obesity: BMI =25 kg/m? or >95th percentile of age.
Depressive feelings lasting over 2 weeks. *Suicidal ideation from the past year.
SEach value was calculated based on the amount of food taken one day prior to the
questionnaire survey.
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were analyzed using univariate logistic regression analysis, and the re-
sults are indicated in Table 2. The odds ratio (OR) according to age was
1.453 for all students and 2.356 for middle school students, indicating
that the risk for obesity increased with age, which was significant
(P<0.05). With regard to gender, female students had a lower risk of be-
ing obese than male students (OR, 0.332), which was significant. With
regard to residence, only high school students who lived in rural areas
showed less risk for obesity (OR, 0.232), which was also significant.
Students with drinking experience showed an OR of 2.989 for all stu-
dents, 5.271 for middle school students, and 1.227 for high school stu-
dents compared with those without drinking experience, and the re-
sults were significant only in all students and middle school students.
Students with smoking experience showed an OR of 3.683 for all stu-
dents, 2.611 for middle school students, and 3.759 for high school stu-

dents compared with those without smoking experience, and the re-

www.kjfm.or.kr 349

sult was significant only for all students. With regard to waist circum-
ference, the ORs were 1.360 for all students, 1.342 for middle school
students, and 1.495 for high school students, showing that the risk of
obesity significantly increased with an increase in the waist circumfer-
ence. With regard to energy intake values, the OR was 1.001 in all stu-
dents and high school students, indicating a higher risk of obesity with
increased energy intake. Similarly, the ORs were 1.005 with regard to
carbohydrate intake values in the high school student group; 1.013
with regard to protein intake values for all students, 1.011 for middle
school students, and 1.024 for high school students; and 1.011 with re-
gard to lipid intake values for all students and 1.025 for high school
students. This indicated that increased intakes of carbohydrates, pro-
teins, and lipids correlated with higher risk for obesity. Other variables
showed P>0.05, and thus, they did not show any significant difference.

Table 2. Association between obesity status and the variables among the middle and high school students

Middle school students (n=637)

High school students (n=540)

Characteristic Total students (n=1,177)

Age (y) 1.453 (1.228-1.728)
Gender

Boys 1

Girls 0.238 (0.132-0.429)
Residence

Urban 1

Rural 0.545 (0.269-1.104)
Sleep duration (h)

<7 1

7-<8 1.180 (0.586-2.377)

8-<9 0.687 (0.329-1.432)

>9 0.421 (0.178-0.998)
Economic status

High 1

Mid-high 1.128 (0.401-3.174)

Mid-low 0.737 (0.277-1.960)

Low 0.833 (0.308-2.255)

Drinking experience
No
Yes

Smoking experience
No
Yes

Depressive feeling*
Yes

]
2.989 (1.576-5.672)

1
3.683 (1.328-9.763)

1

No 1.212 (0.495-2.969)
Suicidal ideation®

Yes 1

No 0.577 (0.158-2.109

Waist circumference (cm)

Sitting hour (h)
Energy intake (kcal)*

Carbohydrate intake (g)*

Protein intake (g)*
Lipid intake (g)*

( )
1.360 (1.250-1.480)
0.997 (0.970-1.204)
1.001 (1.000-1.001)
1.002 (0.999-1.004)
1.013 (1.005-1.021)
1.011 (1.002-1.020)

2.358 (1.442-3.856)

:
0.332 (0.156-0.706)

1
1.086 (0.408-2.891)

’
1,786 (0.624-5.113)
0.714 (0.246-2.076)
0595 (0.185-1.913)

1
1.091 (0.295-4.033)
1.167 (0.347-3.924)
0.900 (0.255-3.176)

:
5.271 (1.687-16.473)

|
2.611 (0.680-10.207)

1
2.166 (0.631-7.101)

1
0.681 (0.162-2.863
1.342 (1.201-1.501
1.048 (0.926-1.187
1.000 (1.000-1.001
1.001 (0.998-1.004
1.011 (1.000-1.021
1.008 (0.997-1.019)

)
)
)
)
)
)

0.795 (0.487-1.298)

1
0.000 (0.000-0.000)

1
0.232 (0.081-0.664)

1
1.417 (0.417-4.260)

4,553 (0.560-36.682)
1.417 (0.155-12.960)

1
0.600 (0.063-5.709)
0.255 (0.029-2.231)
0.386 (0.043-3.443)

1
1.227 (0.505-2.985)

1
3.759 (0.829-17.053)

1
0.375 (0.046-3.058)

1
0.000 (0.000-0.000)
1.495 (1.264-1.768)
0.905 (0.781-1.050)
1.001 (1.000-1.001)
1.005 (1.001-1.009)
1.024 (1.007-1.041)
1.025 (1.005-1.045)

Values are presented as odds ratio (95% confidence interval). Determined using univariate logistic regression analysis.
*Depressive feelings lasting over 2 weeks. *Suicidal ideation from the past year. *Each value is calculated based on the amount of food taken the day prior to the questionnaire

survey.
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Table 3. BMI z-score estimates according to sleep duration
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BMI z-score
Variable P for trend
<7h 7-<8h 8—<9h >9h

Total students (n=1,177)

Unadjusted* 0.139+0.986 0.020+1.040 -0.138+0.952 -0.171+0.978 0.001

Adjusted® 0.139+0.986 0.020+1.040 -0.138+0.952 -0.171+0.978 0.007
Middle school students (n=637)

Unadjusted -0.037+0.990 -0.103+0.955 -0.249+0.842 -0.237+0.977 0.064

Adjusted -0.037+0.990 -0.103+0.955 -0.249+0.842 -0.237+0.977 0.001
High school students (n=540)

Unadjusted 0.195+0.979 0.235+1.147 0.194+1.169 0.015+0.972 0.308

Adjusted 0.195+0.979 0.235+1.147 0.194+1.169 0.015+0.972 0.136

Values are presented as mean=standard deviation. P for trend was calculated using linear regression.

BMI, body mass index.

*Using analysis of variance. TUsing analysis of covariance, adjusted for age, gender, drinking experience, waist circumference, and energy intake.

2) Analysis of variance and analysis of covariance

Table 3 shows the results of the two analyses conducted to determine
the BMI z-score according to sleep duration. In Table 3, “unadjusted”
indicates the results of the ANOVA, and “adjusted” indicates the results
of the ANCOVA after adjusting for the variables that showed a signifi-
cant correlation with obesity status in at least two age groups in the
univariate logistic regression analysis. The variables included age, gen-
der, drinking experience, waist circumference, and energy intake.
Among total students, both ANOVA and ANCOVA showed that an in-
crease in sleep duration resulted in a decrease in the BMI z-score,
whereas among middle school students, an increase in sleep duration
resulted in a significant decrease in the BMI z-score in ANCOVA after
adjustment for the variables. In contrast, no significant differences
were observed in the high school group in both ANOVA and ANCOVA.

DISCUSSION

In this study, significant negative correlations were confirmed between
sleep duration and BMI in all subjects and the middle school student
group.

The World Health Organization has defined obesity as a disease,
rather than a mere manifestation of a symptom, that requires treat-
ment and proactive management.'® Several previous studies have pre-
sented sufficient sleeping as a factor indicating good health in healthy
individuals; particularly, the Alameda county study, in 1965, reported
that an appropriate sleep duration of 7-8 hours is an important factor
for good health.'” This study aimed to reveal the relationship between
sleep duration and obesity by analyzing the relationship between
sleep duration and BMI. This relationship was assessed among 12- to
18-year-old middle/high school students or adolescents who were not
enrolled in school, using the KNHANES data from 2013 to 2015.

The results of existing studies on sleep duration and BMI showed ei-
ther an inverse relationship between sleep duration and BMI (i.e., the
shorter the sleep duration, the greater the BMI)'"'” or a U-shaped rela-
tionship, where the BMI increases when the sleep duration is either
too long or too short.'®'? This study also showed that BMI decreased
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with an increase in the sleep duration.

There are various reasons for these varying results. First, the activity
of hormones and nervous system components is related to sleep dura-
tion. Decreased sleep duration increases the secretion of ghrelin, a
hormone that induces increased appetite and inhibits the secretion of
leptin, a hormone that inhibits appetite.”’ Further, a decrease in sleep
duration leads to the activation of the sympathetic nervous system, an
increased cortisol level, and decreased growth hormone secretion that
breaks down lipids, thus causing an increase in BML"™ Second, day-
time fatigue occurs because of sleep deprivation and decreased physi-
cal activity secondary to fatigue. A study conducted on children has re-
ported that a shorter sleep duration is related to increased sitting be-
havior such as watching TV and decreased participation in sports.'**”
Third, the decrease in sleep duration may cause obesity in children
and adolescence at a higher rate than that in other age groups. A large-
scale meta-analysis conducted on 630,000 people worldwide reported
that the decrease in sleep duration in children and adolescents has a
greater influence on obesity than that in adults.?” This study also com-
pared the BMI z-score according to the range of sleep duration after
dividing the participants into middle school and high school age
groups. A significant decrease in z-score was observed in all students
and the middle school age group; however, this significant decrease
was not observed in the high school student age group, which may be
attributed to the fact that the students were older.

As for the other factors, existing studies have reported that socioeco-
nomic factors such as education level, occupation, and income levels
are related to the prevalence of obesity in children and adolescents,”
but these factors were not significant. The reason for such a difference
would be attributed to the fact that this study was limited to adoles-
cents, consequently, it may have been difficult to differentiate these
factors in this age group.

The strengths of this study were as follows: first, this study used data
from the sixth KNHANES (2013-2015), which is well representative of
the population; second, the sample size of 1,177 was relatively greater
than that used in other similar studies; third, the peer group in the

study was further divided into two different groups, namely, the mid-
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dle school and high school age groups, by dividing the population of
12- to 18-year-old adolescents based on whether they were either en-
rolled in middle or high school or not enrolled in schools; and fourth,
existing studies have used self-reporting methods in terms of body
measurement; however, in this study, these measurements were per-
formed by appropriately trained researchers , thus improving the ac-
curacy of the data.

The limitations of this study were as follows: first, as a cross-section-
al study, no causal relationship can be deduced, while a correlation
can be shown; second, the sleep duration data from KNHANES were
obtained by self-reporting methods relying on each individual’s mem-
ory; third, due to the limitations of the KNHANES questionnaire, no
evaluations on sleep quality factors such as sleep onset, the number of
wake-ups during sleep, daytime clarity, and sleep satisfaction were
conducted.

Individual and societal economic burden caused by continued de-
crease in sleep duration and increased prevalence of obesity during
childhood and adolescence will continue to increase. Therefore, stud-
ies based on the analysis of various relevant factors should continue to
identify effective countermeasures. Additional epidemiological studies
on this subject should be conducted by complimenting and improving
the limitations mentioned above. We hope that the present study con-
tributes to future studies on the prevention of childhood and adoles-
cent obesity.
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