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Abstract: This study was conducted to identify the trends in obesity prevalence among adolescents
and changes in the risk factors related to obesity. The study analyzed secondary data obtained from
Korean Youth Risk Behavior Web-based Surveys conducted from 2009 to 2019. The Korean Youth
Risk Behavior Web-based Survey is an annual survey of a nationwide representative sample of en-
rolled students aged 13-18 years in middle and high schools in Korea. Linear and trend analyses
showed that the prevalence of obesity increased by 0.47% on average annually; this increase was
statistically significant. Healthy food intake decreased significantly, but the prevalence of unhealthy
food intake and the prevalence of skipping breakfast increased significantly. Vigorous-intensity
physical activity, physical activity for over 60 min a day, and muscle-strengthening exercise for
more than 3 days a week increased significantly, but so did the adolescents’” sedentary time. There-
fore, health care providers and public policymakers need to actively manage adolescent obesity,
which has been continuously increasing since 2009. In addition, long-term trends in obesity-related
risk factors such as physical activity and dietary behaviors need to be considered in the development
of obesity management strategies.
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1. Introduction

Adolescent obesity is associated with several health problems such as high blood
pressure, high cholesterol, breathing problems, impaired glucose tolerance, joint prob-
lems, and fatty liver disease [1]. Additionally, adolescents with obesity can suffer psycho-
logical issues such as depression; anxiety; and poor self-esteem, body image, and peer
relationships [2,3]. Obesity threatens the healthy growth of adolescents and lowers their
quality of life [4]. Moreover, adolescent obesity is associated with the risk of adult obesity,
cardiovascular morbidity, and mortality [5]. Thus, adolescent obesity can be considered
an important public health issue.

Several studies on obesity trends in the 2000s have shown increasing rates of obesity
among adolescents [6,7]. In particular, the prevalence of obesity among Korean adoles-
cents increased from 10.7% in 2006 to 12.2% in 2012-2015; the increase was higher for boys
than girls [7]. However, recent studies have supported the decreasing or stabilizing trends
of adolescent obesity prevalence in some developed countries [8] and European countries
[9,10]. Since the trends in obesity prevalence can change and differ from country to coun-
try and time to time, we need more information on the time trends of obesity among Ko-
rean adolescents to establish public health policies and intervention strategies for timely
obesity management.

Many previous studies have reported the relationship between obesity and its risk
factors [11-14] and trends in the prevalence of obesity [6-11]; however, few studies have
been conducted to identify trends in obesity-related risk factors, such as physical activity
and dietary behavior, along with trends in obesity prevalence. Therefore, our study aimed
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to identify the trends in obesity prevalence and the trends in physical activity and dietary
behaviors among Korean adolescents, using nationally representative data from 2009 to
2019. The results of this study can provide important basic data for planning future pro-
jects for adolescent obesity prevention and management interventions.

2. Materials and Methods
2.1. Study Design and Participants

This study basically consisted of a secondary data analysis using data from Korean
Youth Risk Behavior Web-based Surveys (KYRBSs) conducted from 2009 to 2019 every
year. The KYRBS was introduced in 2005 jointly by the Korean Ministry of Education,
Korean Ministry of Health and Welfare, and Korea Centers for Disease Control and Pre-
vention (KCDC). The KYRBS is an annual survey of a nationwide representative sample
of enrolled students aged 13-18 years in middle and high schools in Korea [15,16]. The
sampling method was stratified random cluster sampling. The target population was all
public and private middle and high school students, and the sampling has performed
every year. First, schools were chosen as primary sampling units using a random sam-
pling method based on population stratification and sample allocation; then, one class of
each grade at the sampled schools were selected using a random sampling method each
year [15,16]. In this study, we used the publicly available data of the 4th-14th KYRBSs
published from 2009 to 2019 (Table 1 shows the number of participants for each year) [15].
We used all data for this study.

Table 1. The Number of Participants by Sex from 2009 to 2019.

Year Boys Girls Total
n % n % n %

2009 38,152 52.7 34,247 47.3 72,399 100.0
2010 37,090 52.4 33,719 47.6 70,809 100.0
2011 36,755 50.0 36,719 50.0 73,474 100.0
2012 37,229 51.5 35,000 48.5 72,229 100.0
2013 35,575 50.6 34,779 49.4 70,354 100.0
2014 35,391 50.6 34,568 49.4 69,959 100.0
2015 34,152 51.7 31,916 48.3 66,068 100.0
2016 32,904 51.6 30,837 48.4 63,741 100.0
2017 30,662 50.8 29,730 49.2 60,392 100.0
2018 29,613 50.8 28,723 49.2 58,336 100.0
2019 29,059 52.1 26,689 47.9 55,748 100.0

2.2. Measurements
2.2.1. Obesity

In each survey, the most recently measured weight and height are self-reported, and
the BMI is calculated using these data. We used the percentile-based cutoff points for obe-
sity which were presented as recommended criteria by the Korean Pediatric Society [17].
Obesity is then defined at or above the sex-specific 95th percentile on the BMI-for-age
growth charts developed by the Ministry of Health and Welfare and the Korean Academy
of Pediatrics [17]. The Korean growth chart is a percentile curve showing the distribution
of body measurements such as the height and weight of children and adolescents in Ko-
rea. It is used as an index to evaluate the growth status of children and adolescents in
Korea, such as short stature, underweight, and obesity [18]. This chart has been published
every 10 years since 1967. For our study, we used the Child and Adolescent Growth Chart
published in 2017 [17,18].
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2.2.2. Dietary Behaviors and Physical Activity

Dietary behaviors in the survey included skipping breakfast and the intake of fruits,
vegetables, milk, fast food, carbonated drinks, sweet drinks, and energy drinks.

Skipping breakfast was defined as not having breakfast for more than 5 days in a
week. This is assessed by asking the question, “Over the past 7 days, on how many days
did you have breakfast?” Fruit intake was assessed as having fruit at least once a day
(excluding fruit juice) in a week. Vegetable intake was assessed by asking the question,
“Over the past 7 days, how many times a day did you have vegetables (excluding pota-
toes)?” The respondents were then divided into two groups: those who had vegetables at
least three times a day and those who had vegetables less than three times a day. Milk
intake was defined as drinking milk (both fresh and processed milk, with or without
sugar) at least once a day in a week. This is assessed by asking the question, “During the
past 7 days, how often did you drink milk (including white and processed milk)?”

Fast food intake was assessed as having fast food at least three times a week. The
intake of carbonated drinks was measured as having carbonated drinks at least three times
a week. Sweet drink intake was assessed by asking the question, “Over the past 7 days,
how often did you have sweet drinks?” The respondents were then divided into two
groups: those who had sweet drinks at least three times a week and those who had sweet
drinks less than three times a week. Energy drink intake was assessed as having energy
(or high caffeine) drinks at least three times a week.

Physical activity included vigorous-intensity physical activity, 60 min of physical ac-
tivity per day, muscle-strengthening physical activity, and sedentary time.

Vigorous-intensity physical activity was assessed by asking the question, “Over the
past 7 days, on how many days did you carry out high-intensity physical activities (such
as jogging, soccer, basketball, taekwondo, mountaineering, fast cycling, fast swimming,
and carrying heavy objects) for 20 min or more?” The respondents were then divided into
two groups, those who did vigorous-intensity physical activity on 3 days or more and
those who done so on fewer than 3 days [19,20].

Sixty minutes of physical activity per day was assessed by asking the question, “Over
the past 7 days, on how many days did you do physical activities that increased your heart
rate from normal for 60 min or more, combining all your physical activity?” The respond-
ents were divided into two groups: those who did so on 5 days or more and those who
did so on fewer than 5 days. Muscle-strengthening exercises were assessed by asking the
question, “Over the past 7 days, on how many days did you carry out muscle-strengthen-
ing exercises such as push-ups, sit-ups, weightlifting, dumbbells, iron bars, and parallel
bars to build muscle strength for at least 10 min?” The respondents were categorized into
two groups; those who did so on 3 days or more and those who did so on fewer than 3
days.

Sedentary time was measured by asking the question, “Over the past 7 days, how
many hours per day on average did you spend sitting?” The respondents were asked to
divide their sedentary time into four sub-items: time spent sitting for study purposes on
weekdays, sitting for purposes other than study on weekdays, sitting for study purposes
on the weekend, and sitting for purposes other than study on the weekend. The sum of
all four sub-items was considered their sedentary time.

The validity and reliability of the survey items of dietary behaviors and physical ac-
tivity of the KYRBS questionnaire were evaluated in a previous study [21-23]. The ques-
tions on dietary behaviors and physical activity showed moderate reliability and validity
[22], and the Food Frequency Questionnaire in Adolescents (FFQA) also reported moder-
ate reliability and validity [21,22].
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2.3. Data Collection

The KYRBS protocol was approved by the KCDC and Prevention Institutional Re-
view Board (IRB) annually up to 2014. IRB approval was not required from 2015 onward
in view of the Population Health Promotion Act 19 (approval number 117058). In 2016
and 2017, the Research Ethics Review Committee (RERC) of the KCDC decided that the
KYRBSs corresponded to a study conducted by the state for public welfare. Therefore, in
view of the opinion that one could investigate without RERC approval, we collected data
that were not reviewed by the RERC [16]. The KYRBS protocol was again approved by
the KCDC IRB in 2019. The participants take part in this web-based self-reported survey
voluntarily under the principles of anonymity in a school computer laboratory [16]. Writ-
ten informed consent (both directly and through their parents or legal guardians) was
obtained from all participants before participation. In compliance with the Privacy Act
and the Statistics Act, we could only obtain non-identifying data, so that participants
could remain anonymous [16]. We used raw data released for academic purposes from
the website https://knhanes.kdca.go.kr (accessed on 1 October 2020. The study protocol
was approved by the IRB of the university (IRB No. 1044396-202109-HR-197-01) with
which the researchers were affiliated. Informed consent was waived by IRB.

2.4. Statistical Analysis

We integrated the data according to raw data analysis guidelines, designing and an-
alyzing complex sample design elements using the SAS program. All prevalence rates
were obtained applying sampling weight for each year. Missing data were excluded when
analyzing prevalence rate, and the number of missing data were varied over the variables
and the years. We conducted the trend analysis method to estimate the annual prevalence
change using the prevalence rate. For estimating the annual prevalence change and testing
the statistical significance of the annual change, we carried out simple linear regression
analysis setting ‘year’ as an independent variable and ‘prevalence rate’ as a dependent
variable. In the case of not having prevalence in certain years due to changes to the survey
questionnaire, the estimated annual change was calculated with the available prevalence
rate.

3. Results
3.1. Trends in Obesity Prevaelnce

The trends in obesity prevalence among Korean adolescents are shown in Table 2.
The prevalence of obesity among Korean adolescents doubled from 5.1% in 2009 to 11.1%
in 2019; the increase was from 6.6% in 2009 to 13.8% in 2019 for boys and from 3.5% in
2009 to 8.1% in 2019 for girls. The prevalence of obesity showed a statistically significant
increase of 0.47% for all years (total, 0.47%; boys, 0.56%; girls, 0.38%).

Table 2. Trends of Obesity Prevalence among Korean Adolescents by Sex.

Variables 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 b t p
Overall 5.1 53 56 62 6.6 6.9 7.5 9.1 10.0 10.8 11.1 047 7.59 <0.001
Boy 6.6 70 68 75 7.9 8.5 8.8 11.1 12.3 13.4 13.8 056 6.83 <0.001
Girl 3.5 35 42 48 5.2 52 6.1 6.9 7.6 8.0 8.1 0.38 9.00 <0.001

Note: The prevalence was calculated by applying sampling weight. Annual prevalence from 2009
to 2019 was used for trend analysis. p-value refers to the statistical significance of test results for the
annual change in prevalence.

3.2. Changes in Dietary Behaviors and Physical Activity

The changes in dietary behaviors of adolescents from 2009 to 2019 are shown in Table
3. Overall, the prevalence of skipping breakfast for more than 5 days a week increased by
0.51% annually, rising from 27.1% in 2009 to 35.9% in 2019. For boys, skipping breakfast
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increased by 0.45% annually, rising from 28.2% in 2009 to 34.6% in 2019. For girls, skipping
breakfast increased by 0.57% annually, rising from 25.9% in 2009 to 36.9% in 2019.

Table 3. Trends of Prevalence of Dietary Behaviors of Adolescents from 2009 to 2019 by Sex.

Year

Variables  Category 2009 b t 4

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Skipping break- Overall

271 25.6 244 248 264 285 279 282 315 33.6 357 051 3.67 0.003

fast Boys 282 255 253 249 267 282 269 273 301 322 346 045 384  0.002
th
(morethan5 .10 559 256 234 246 262 289 289 293 330 351 369 057 325  0.006
days/week)
Fruitintake Overall 247 229 203 187 19.7 22.0 229 232 222 208 205 -0.88 -414 0.001
(morethan1  Boys 24.0 222 192 174 188 20.8 225 229 21.6 208 203 -0.82 -375 0.002

time/day) Girls

255 237 215 20.1 20.8 234 233 235 229 209 206 -095 -456 0.001

Vegetable *in- Overall 179 179 179 17.1 16.6 156 153 143 144 - 109 -0.37 -3.92 0.002
take Boys 189 188 187 179 177 16.6 16.6 154 159 - 124 -0.37 -4.23 0.001
(more than 3 Girls 169 168 170 162 154 145 139 132 12.7 - 93 -037 -3.61 0.004
times/day)
Drinking * milk Overall 28.7 282 287 289 293 266 27.8 268 250 - 228 -112 -6.74 <0.001
(more than 1 Boys 34.6 343 348 354 357 328 344 33.6 302 - 284 -135 -6.46 <0.001
time/day) Girls 22.0 215 219 24.0 223 199 205 194 193 - 16.7 -0.85 -6.49 <0.001

Fast food intake Overall
(more than 3 Boys
days/week) Girls

12.1 120 11.6 11.5 13.1 15.6 14.8 16.7 205 214 255 130 7.04 <0.001
134 134 13.0 126 144 165 16.0 179 21.6 227 275 132 654 <0.001
10.7 104 10.0 103 11.6 145 13,5 154 193 201 234 129 757 <0.001

Carbonated  Overall
drinks intake Boys
(more than 3

24.0 243 232 243 255 26.0 283 271 33.7 347 370 133 656 <0.001
29.8 29.8 288 30.1 31.6 323 353 325 402 419 451 152 631 <0.001

174 182 170 18.0 187 19.1 20.8 21.2 26.7 268 281 114 678 <0.001

- - - - - 382 419 414 471 471 504 263 7.04 0.002
- - - - - 417 455 428 498 53.6 53.6 259 474  0.009

- - - - - 344 379 39.8 442 46.7 470 2.68 10.05 0.001

times/week) Girls
Sweet drinks in- Overall
take Boys
(r'nore than 3 Girls
times/week)
Energy drinks Overall
intake * Boys
(more than 3 Girls
times/week)

- - - - - 33 33 39 80 - 122 193 516 0.014
- - - - - 43 39 43 89 - 128 1.89 432  0.023
- - - - 22 26 35 70 - 116 199 646  0.008

Note: Sweet drink intake and energy drink intake have been surveyed since 2014. The prevalence
was calculated by applying sampling weight. Annual prevalence from 2009 to 2019 was used for
trend analysis. p-value refers to the statistical significance of test results for the annual change in
prevalence. * In the case of not having prevalence in 2018 due to survey questionnaire change, the
estimated annual change was calculated with the available prevalence rate.

The healthy food intake of adolescents has been showing a significant decrease. The
intake of fruits more than once a day decreased, falling from 24.7% in 2009 to 20.5% in
2019, resulting in a 0.88% decrease in fruit intake annually. Vegetable intake more than
three times a day also decreased, from 17.9% in 2009 to 10.9% in 2019. The habit of drink-
ing milk more than once a day showed a significant decrease of 1.12% annually. In con-
trast, unhealthy food intake increased significantly: fast food intake more than 3 days a
week increased from 12.1% in 2009 to 25.5% in 2019; carbonated drink intake more than
three times a week increased from 24.0% in 2009 to 37.0% in 2019; sweet drink intake more
than 3 times a week increased from 38.2% in 2014 to 50.4% in 2019; and energy drink intake
more than 3 times a week increased from 3.3% in 2014 to 12.2% in 2019.

Boys showed a significant decrease in healthy food intake. Their fruit intake de-
creased from 24.0% in 2009 to 20.3% in 2019, with a 0.82% decrease in fruit intake annually,
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and vegetable intake decreased from 18.9% in 2009 to 12.4% in 2019. The milk intake of
boys decreased by a significant 1.35% annually. Furthermore, the unhealthy food intake
of boys increased significantly; their fast food intake increased from 13.4% in 2009 to 27.5%
in 2019, carbonated drink intake increased from 29.8% in 2009 to 45.1% in 2019, sweet
drink intake increased from 41.7% in 2014 to 53.6% in 2019, and energy drink intake in-
creased from 4.3% in 2014 to 12.8% in 2019.

Girls also showed a significant decrease in healthy food intake. Their fruit intake de-
creased from 25.5% in 2009 to 20.6% in 2019 (b = -0.95, p < 0.001) and vegetable intake
decreased from 16.9% in 2009 to 9.3% in 2019. The milk intake of girls also decreased sig-
nificantly (b =-0.85, p <0.001). Furthermore, their unhealthy food intake increased signif-
icantly: their fast food intake increased from 10.7% in 2009 to 23.4% in 2019, carbonated
drink intake increased from 17.4% in 2009 to 28.1% in 2019, sweet drinks intake increased
from 34.4% in 2014 to 47.0% in 2019, and energy drink intake increased from 2.2% in 2014
to 11.6% in 2019.

The changes in adolescents’ physical activity from 2009 to 2019 are shown in Table 4.
All adolescents, both boys and girls, showed a significant increase in vigorous-intensity
physical activity, physical activity for over 60 min a day, muscle-strengthening exercises
for more than 3 days a week, and sedentary time in trend analysis. For all adolescents, the
prevalence of vigorous-intensity physical activity over 20 min a day for 3 days a week
increased from 10.9% in 2009 to 14.7% in 2019; 32.0% reported that they engaged in phys-
ical activity for 60 or more minutes a day 3 days a week in 2019. Similarly, 21.9% reported
that they did muscle-strengthening exercises for 10 or more minutes 3 or more days a
week in 2019. The adolescents’ sedentary time also increased, from 1057.2 min in 2013 to
1160.2 min in 2019.

Table 4. Trends of Physical Activity among Adolescents from 2009 to 2019 by Sex.

Variables C Year b

ariables  Category - 1092010 2011 2012 2013 2014 2015 2016 2017 2018 2019 vt
Vigorous-in- Overall 31.6 33.0 341 33.6 359 372 379 377 373 378 320 043 359 0.003
tensity physi- Boys 433 453 469 463 473 487 508 494 496 507 448 0.42 311 0.008
calactivity  Girls 184 193 200 195 234 246 238 249 240 237 180 050 3.72 0.003

60minof Overall 109 10.0 108 120 126 138 142 131 138 139 147 043 640 <0.001
physical activ- Boys 157 145 158 17.3 17.8 192 205 188 195 203 215 0.63 7.47 <0.001

ity a day
(more than5 Girls 54 49 52 61 69 80 74 70 75 71 73 025 390 0.004
days/week)

Muscle-  Overall 20.1 209 200 192 201 221 221 208 228 234 219 0.5 2.34 0.036
strengthening  Boys  29.1 305 295 282 29.6 320 329 309 337 352 334 030 321 0.007
exercise (more

than 3 Girls 99 100 93 92 98 113 103 98 110 105 94 003 059 0.568
days/week)

Sedentary  Overall - - - - 1057.2 1071.4 1086.1 1099.9 1102.0 1154.3 1160.2 17.53 7.94 0.001
time perday Boys - - - - 9738 985.0 9982 1009.7 1023.7 1073.0 1099.0 20.61 7.57 0.001

(minutes)  Girls - - - - 11485 1165.2 1180.9 1197.5 1186.5 1242.9 1225.8 14.03 522 0.003

Note: The prevalence was calculated by applying sampling weight. Annual prevalence from 2009
to 2019 were used for trend analysis. p-value refers to the statistical significance of test results for
the annual change in prevalence. Sedentary time per day has been surveyed since 2013.

For boys, the table reports that their vigorous-intensity physical activity for 20 min a
day 3 or more days a week increased from 15.7% in 2009 to 21.5% in 2019. Furthermore,
44.8% of boys reported that they engaged in physical activity for 60 or more minutes a day
3 days a week in 2019. Similarly, 33.4% reported that they carried out muscle-strengthen-
ing exercises for 10 or more minutes a day 3 or more days a week in 2019. Their sedentary
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time also increased, from 973.8 min in 2013 to 1099.0 min in 2019. For girls, the prevalence
of vigorous-intensity physical activity was 5.4% in 2009 and 7.3% in 2019. The percentage
of girls reporting physical activity for 60 or more minutes 5 days a week was 18.4% in 2009
and 18.0% 2019, with the trend showing a 0.50% increase annually. The increase in muscle-
strengthening exercises was not significant for girls. However, their sedentary time in-
creased from 1148.5 min in 2013 to 1225.8 min in 2019.

4. Discussion

This study identified the trends in adolescent obesity prevalence, dietary behaviors,
and physical activity from 2009 to 2019 using nationally representative sample data. First,
the prevalence of obesity among adolescents doubled from 5.1% in 2009 to 11.1% in 2019,
increasing significantly by 0.47% on average annually. According to previous studies, the
average obesity prevalence among Korean children and adolescents has been increasing
since 1997, showing a remarkable increase for boys [7,24]. The findings of this study indi-
cate that the prevalence of obesity among adolescents in Korea differs from that in some
other developed countries, where studies have shown stable or decreasing obesity rates
[11]. Studies analyzing the trends of obesity among Chinese adolescents between 1991 and
2015 have shown a decline in obesity rates since 2011, unlike in Korea [25]. This may in-
dicate that the prevention and management of obesity among adolescents in Korea has
not been successful, even though several interventions have been implemented through
various strategies at the national and school levels. The obesity rate of Korean adolescents
is increasing compared to several other countries, but it is not high compared to some
European countries [26] or the United States [27]. However, as the obesity of adolescents
continues to increase, we need to pay attention to this issue among Korean adolescents
and address the causes of the increase in obesity.

Second, the prevalence of obesity showed a significant increase in both boys and
girls. Although we did not compare the prevalence of obesity between boys and girls sta-
tistically, the prevalence of obesity was higher in boys than in girls for all years, and the
year-over-year increase was greater in boys than in girls. According to the World Health
Organization, the prevalence of overweight and obesity among children and adolescents
aged 5 to 19 years has increased sharply from 4% in 1975 to 18% in 2016; this increase is
similar for boys and girls (18% for girls and 19% for boys) [26]. However, studies carried
out in some countries have reported differences in trends in the prevalence of obesity
among boys and girls [6,28]. The lower prevalence of obesity in girls than in boys in this
study may be due to self-reported measures of height and weight. Several researchers
reported that boys and girls tend to report their own weight less than their measured
weight and girls tend to report their weight much less than boys [29-31]. In addition, this
study was to identify the 10-year trend analysis using measured data from a new sample
every year, and it was not possible to identify various factors affecting the trends in the
prevalence of obesity in boys and girls. Therefore, it is necessary to conduct future re-
search to confirm the trend difference in the prevalence of obesity between boys and girls
using data from direct measures and to identify factors contributing to this trend differ-
ence.

Third, all types of diet behaviors among both boys and girls continued to change for
the worse from 2009 to 2019. These changes in dietary behaviors may be associated with
the increase in obesity rates among adolescents. Some studies have reported an increased
association between western or modern diet trends and obesity in Korea [12], China [32],
and Asian developing countries [33]. In particular, girls show a higher tendency of skip-
ping breakfast than boys. Breakfast skipping has been reported to be associated with ad-
olescent obesity in studies conducted in India and the United States [14,34]. In fact, break-
fast skipping is related to not only the food consumed for breakfast but also health value
[14]. The increased rate of skipping breakfast among girls may indicate fewer health con-
cerns. On the other hand, boys tend to show a higher inclination toward unhealthy be-
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haviors than girls, especially regarding fast food and carbonated drink intake. A system-
atic review of the relationship between adolescent obesity and diet has shown that a diet
with a lower percentage of obesogenic foods would be effective in preventing obesity [35].
Therefore, we need to intervene the unhealthy eating behaviors of adolescents and edu-
cate them on healthy dietary behaviors. Due to the limitations of the data obtained by
collecting data from a new sample every year, this study could not identify which dietary
behavior changes were related to an increase in the prevalence of obesity. Therefore, the
relationship between specific dietary behavior and obesity needs to be reconfirmed.

We found the positive result that the rate of physical activity is increasing among
Korean adolescents. These results of this study differ from the findings of the 2001-2016
international trend study showing increasing insufficient physical activity among boys
[36]. The physical activity rate of Korean boys was higher than the average rate of 15-year-
olds in the European Union (EU), whilst the rate of physical activity among Korean girls
was at the EU level [24]. In an 8-year trend analysis of American adolescents, an increase
in exercise for more than 60 min a day was associated with a decrease in obesity [33].
Therefore, the continuous increase in physical activity among Korean adolescents is ex-
pected to have a positive effect on obesity prevention and management.

However, this study shows a significant increase in the sedentary time of partici-
pants; this is consistent with the results of previous studies [33,37,38]. Although the sed-
entary time of adolescents has been gradually increasing, the relationship between seden-
tary lifestyles and obesity has not yet been proven [39]. As the increase in sedentary life-
styles of Korean adolescents may contribute to increased obesity rates in the future, we
need to continuously monitor the relationship between increased sedentary time and obe-
sity among Korean adolescents.

This study’s findings are significant in that the trends of dietary behaviors and phys-
ical activity as well as the prevalence of obesity have been confirmed using nationally
representative data. However, this study has some limitations. First, our measurements
of weight and height have been taken from self-reported data. Although the self-reported
measures of weight and height have been validated in epidemiological studies to identify
overweight in children and adolescents [40,41], the self-reported measure applied in this
study is subject to recall, responses, and social desirability bias, which may have affected
the results. In a study of Korean adolescents, it was reported that self-reported height and
weight underestimated BMI because they tend to underestimate their weight and overes-
timate their height, which in turn could lead to a lower prevalence of obesity [42]. These
biases should be considered when interpreting the findings of this study using self-re-
ported data to identify prevalence and trends in adolescent obesity. Physical activity and
dietary behavior questionnaires used in this study were validated [21,22]. However, ques-
tionnaires on dietary behavior and physical activity also have well-known disadvantages
(e.g., social desirability, under- or over-reporting). Previous studies found that adoles-
cents’ self-reports on health behaviors such as diet and physical activity were affected by
cognitive and situational factors, but not to the extent of threatening the validity [43].
However, some previous studies have reported a difference between self-reported and
directly measured values [44]. It is therefore possible that the results of this study obtained
through self-reporting may not reflect reality.

Second, this study was designed to identify the long-term trend of obesity, physical
activity, and dietary habits using data measured from a new national representative sam-
ple every year. Considered caution is needed in interpreting the results, as the causal re-
lationship between changes in physical activity and dietary behaviors and the prevalence
of obesity cannot be confirmed in this study. Finally, for the definition of obesity, Korean
adolescent obesity criteria (for obesity treatment and management in Korean clinical and
school practice) was used. Therefore, there is a limit to comparing the prevalence of obe-
sity, not the tendency of obesity, among adolescents from other countries.
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5. Conclusions

The prevalence of obesity has increased significantly among Korean boys and girls
aged 13-18 years. In addition, this study found an increase in the prevalence of unhealthy
diet intake and sedentary time and a decrease in the prevalence of healthy diet intake.
These findings imply that health care providers and public policymakers need to actively
manage adolescent obesity, which has been continuously increasing since 2009. Trends in
obesity-related risk factors, such as physical activity and dietary behavior, need to be con-
sidered when developing obesity management strategies. Boys need to reduce their sed-
entary time and change their unhealthy diets, including fast food and carbonated drink
intake, while girls need to increase their physical activity and reduce their intake of sweet
and carbonated drinks.

Author Contributions: E.P. and Y.K. were responsible for the study conception and design. E.P.
and Y.K. were responsible for the drafting of the manuscript. E.P. performed the data analysis and
Y.K. provided administrative, technical, and material support. E.P. and Y.K. wrote the first draft.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The KYRBSs protocol was approved by the KCDC IRB an-
nually up to 2014. The RERC of the KCDC decided that the KYRBSs corresponds to a study con-
ducted by the state for public welfare. Therefore, on the basis of the opinion that it is possible to
conduct an investigation without the approval of the RERC between 2014 and 2017, the KYRBS
protocol was again approved by the KCDC IRB in 2019. Written informed consent (both directly
and through their parents or legal guardians) was obtained from all participants before participa-
tion. We were provided raw data from the website
https://knhanes.kdca.go.kr(https://knhanes.kdca.go.kr(accessed on 1 October 2020 after the institu-
tion’s application and subsequent approval. We conducted this study with the approval of the IRB
of Gachon University (IRB No. 1044396-202109-HR-197-01), with which the researchers were affili-
ated.

Informed Consent Statement: Patient consent was waived due to this study being conducted as a
secondary analysis using data from the 2009-2019 Korean National Health and Nutrition Examina-
tion Surveys.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Sahoo, K.; Sahoo, B.; Choudhury, A K,; Sofi, N.Y.; Kumar, R.; Bhadoria, A.S. Childhood obesity: Causes and consequences. .
Fam. Med. Prim. Care 2015, 4, 187.

2.  Centers for Disease Control and Prevention. Childhood Obesity Causes and Consequences. Available online:
https://www.cdc.gov/obesity/childhood/causes.html (accessed on 21 March 2022).

3.  Whitehead, R; Berg, C.; Cosma, A.; Gobina, L; Keane, E.; Neville, F.; Ojala, K.; Kelly, C. Trends in adolescent overweight per-
ception and its association with psychosomatic health 2002-2014: Evidence from 33 countries. ]. Adolesc. Health 2017, 60, 204-
211.

4. Morrison, K.M,; Shin, S.; Tarnopolsky, M.; Taylor, V. Association of depression & health related quality of life with body com-
position in children and youth with obesity. |. Affect. Disord. 2015, 172, 18-23.

5. Bendor, C.D.; Bardugo, A.; Pinhas-Hamiel, O.; Afek, A.; Twig, G. Cardiovascular morbidity, diabetes and cancer risk among
children and adolescents with severe obesity. Cardiovasc. Diabetol. 2020, 19, 1-14.

6.  Alper, Z.; Ercan, I;Uncy Y. A meta-analysis and an evaluation of trends in obesity prevalence among children and adolescents
in turkey: 1990 through |. Clin. Res. Pediatr. Endocrinol. 2018, 10, 59.

7. Kwon, E.; Nah, E. Secular trends in height, weight and obesity among Korean children and adolescents in 2006-2015. Kor. .
Health Educ. Promot. 2016, 33, 1-13.

8. Ogden, C.L,; Carroll, M.D.; Kit, B.K.; Flegal, K.M. Prevalence of childhood and adult obesity in the United States, 2011-2012.
JAMA 2014, 311, 806-814.

9.  Marques, A.; de Matos, M.G. Trends in prevalence of overweight and obesity: Are Portuguese adolescents still increasing weight?

Int. ]. Public Health 2016, 61, 49-56.



Int. J. Environ. Res. Public Health 2022, 19, 5672 10 of 11

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Morgen, C.S.; Serensen, T I. Global trends in the prevalence of overweight and obesity. Nat. Rev. Endocrinol. 2014, 10, 513-514.
Chung, A.; Backholer, K.; Wong, E.; Palemo, C.; Keating, C.; Peeters, A. Trends in child and adolescent obesity prevalence in
economically advanced countries according to socioeconomic position: A systematic review. Obes. Rev. 2016, 17, 276-295.
Song, Y.; Park, M.].; Paik, H.; Joung, H. Secular trends in dietary patterns and obesity-related risk factors in Korean adolescents
aged 10-19 years. Int. ]. Obes. 2010, 34, 48-56.

Al-Haifi, A.R.; AlMajed, H.T.; Al-Hazzaa, H.M.; Musajger, A.O.; Arab, M.A.; Hasan, R.A. Relative contribution of physical
activity, sedentary behaviors, and dietary habits to the prevalence of obesity among kuwaiti adolescents. Glob. |. Health Sci. 2016,
8, 107-117.

Arora, M.; Nazar, G.P.; Gupta, V.K,; Perry, C.L.; Reddy, S.; Stigler, M.H. Association of breakfast intake with obesity, dietary
and physical activity behavior among urban school-aged adolescents in delhi, India: Results of a cross-sectional study. BMC
Public Health 2012, 12, 1-12.

Korea Disease Control and Prevention Agency. Korean Youth Risk Behavior Web-Based Survey. Available online:
https://www.kdca.go.kr/yhs/ (accessed on 20 August 2021).

Kim, Y.; Choj, S.; Chun, C; Park, S.; Khang, Y.; Oh, K. Data resource profile: The Korea youth risk behavior web-based survey
(KYRBS). Int. ]. Epidemiol. 2016, 45, 1076-1076e.

Kim, J.H.; Yun, S.; Hwang, S.S.; Shim, ].O.; Chae, H.W.; Lee, Y.J.; Lee, ].H.; Kim, S.C.; Lim, D.; Yang, S.W.; et al. The 2017 Korean
National Growth Charts for children and adolescents: Development, improvement, and prospects. Kor. |. Pediatr. 2018, 61, 135~
149.

Kim, J.H. Overview of pediatric obesity: Diagnosis, epidemiology, and significance. ]. Kor. Med. Assoc. 2021, 64, 401-409.
World Health Organization. WHO Guidelines on Physical Activity and Sedentary Behaviour. Available online:
https://www.who.int/publications/i/item/9789240015128 (accessed on 20 April 2022).

Ministry of Health and Welfare. Physical Activity Guides for Korean; Ministry of Health and Welfare: Sejong, Korea, 2013; pp. 6-
7.

Nam, J.M. Development of Food Frequency Questionnaire in Adolescent; Ministry of Health and Welfare: Sejong, Korea, 2006; pp.
31-38.

Park, S.; Jeong, H.; Kim, J.; Bae, J.; Kwon, K. Reliability and Validity of the Korea Youth Risk Behavior Web-Based Survey Questionnaire;
Korea Center for Disease Control and Prevention Agency: Osong, Korea, 2009; pp. 63-118.

Bae, J.; Joung, H.; Kim, ].Y.; Kwon, K.N.; Kim, Y.T.; Park, S.W. Test-retest reliability of a questionnaire for the Korea Youth Risk
Behavior Web-based Survey. . Prev. Med. Public Health 2010, 43, 403—410.

Oh, K; Jang, M.].; Lee, N.Y.; Moon, ].S,; Lee, C.G.; Yoo, M.H.; Kik, Y.T. Prevalence and trends in obesity among Korean children
and adolescents in 1997 and 2005. Kor. J. Pediatr. 2008, 51, 950-955.

Guo, Y,; Yin, X.; Wu, H.; Chai, X,; Yang, X. Trends in overweight and obesity among children and adolescents in china from
1991 to 2015: A meta-analysis. Int. ]. Environ. Res. Public Health 2019, 16, 4656.

27. Organization for Economic Cooperation and Development, and European Union. Health at a Glance: Europe 2020: Phys-
ical Activity among Children and Adolescents. Available online: https://www.oecd-ilibrary.org/social-issues-migration-
health/health-at-a-glance-europe-2020_82129230-en. (accesed on 20 October 2021).

Sanyaolu, A.; Okorie, C.; Qi, X.; Locker, J.; Refman, S. Childhood and adolescent obesity in the United States: A public health
concern. Glob. Pediatr. Health 2019, 6, 2333794X19891305.

Sun, H.; Ma, Y.; Han, D.; Pan, C.W.; Xu, Y. Prevalence and trends in obesity among China's children and adolescents, 1985-
2010. PLoS ONE 2014, 9, €105469.

Fonseca, H.; Silva, A.M.; Matos, M.G.; Costa, P.; Guerra, A.; Gomes-Pedro, J. Validity of BMI based on self-reported weight and
height in adolescents. Acta Paediatr. 2010, 99, 83-88.

Kim, S.; So, W.Y. Prevalence and sociodemographic trends of weight misperception in Korean adolescents. BMC Public Health
2014, 14, 452.

Park, E. Consideration to differences and causes of adolescent obesity rate surveys. J. Kor. Data Inform. Sci. Soc. 2019, 30, 1319-
1328.

Liu, D.; Zhao, L.; Yu, D.; Ju, L.; Zhang, J.; Wang, ]J.; Zhao, W. Dietary patterns and association with obesity of children aged 6-
17 years in medium and small cities in China: Findings from the CNHS 2010-2012. Nutrients 2019, 11, 3.

Yang, W.Y.; Williams, L.T.; Collins, C.; Swee, C.W.S. The relationship between dietary patterns and overweight and obesity in
children of Asian developing countries: A systematic review. |BI Libr. Syst. Rev. 2012, 10, 4568-4599.

Iannotti, R.J.; Wang, J. Trends in physical activity, sedentary behavior, diet, and BMI among US adolescents, 2001-2009. Pediatr.
2013, 132, 606-614.

Liberali, R.; Kupek, E.; Assis, M.A.A. Dietary patterns and childhood obesity risk: A systematic review. Child. Obes. 2020, 16,
70-85.

Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, P. Global trends in insufficient physical activity among adolescents: A pooled
analysis of 298 population-based surveys with 16 million participants. Lancet Child. Adolesc. Health 2020, 4, 23-35.

Aliss, E.M.; Sutaih, R.H.; Kamfar, H.Z.; Alagha, A.E.; Marzouki, Z.M. Physical activity pattern and its relationship with over-
weight and obesity in saudi children. Int. ]. Pediatr. Adolesc. Med. 2020, 7, 181-185.

Bassett, D.R.; John, D.; Conger, S.A.; Fizhugh, E.C.; Coe, D.P. Trends in physical activity and sedentary behaviors of united
states youth. J. Phys. Act. Health 2015, 12, 1102-1111.



Int. J. Environ. Res. Public Health 2022, 19, 5672 11 of 11

39.

40.

41.

42.

43.

44.

Biddle, S.J.; Bengoechea, E.G.; Wiesner, G. Sedentary behaviour and adiposity in youth: A systematic review of reviews and
analysis of causality. Int. ]. Behav. Nutr. Phys. Act. 2017, 14, 1-21.

Aasvee, K.; Rasmussen, M.; Kelly, C.; Kurvinen, E.; Giacchi, M.V.; Ahluwalia, N. Validity of self-reported height and weight for
estimating prevalence of overweight among Estonian adolescents: The health behaviour in school-aged children study. BMC
Res. Notes 2015, 8, 606.

Xie, B.; Chou, C.P.; Spruijt-Metz, D.; Reynolds, K.; Clark, F.; Palmer, P.H.; Gallaher, P.; Sun, P.; Guo, Q.; Johnson, C.A. Weight
perception and weight-related sociocultural and behavioral factors in Chinese adolescents. Prev. Med. 2006, 42, 229-234.

Bae, J.; Joung, H.; Kim, J.; Kwon, K.N.; Kim, Y.; Park, S. Validity of self-reported height, weight, and body mass index of the
Korea Youth Risk Behavior Web-based Survey Questionnaire. J. Prev. Med. Public Health 2010, 43, 396—402.

Brener, N.D,; Billy, J.O.; Grady, W.R. Assessment of factors affecting the validity of self-reported health-risk behavior among
adolescents: Evidence from the scientific literature. J. Adolesc. Health 2003, 33, 436—457.

Prince, S.A.; Cardilli, L.; Reed, J.L.; Saunders, T.J.; Kite, C.; Douillette, K.; Fournier, K.; Buckley, J.P. A comparison of self-re-
ported and device measured sedentary behaviour in adults: A systematic review and meta-analysis. Int. |. Behav. Nutr. Phys.
Act. 2020, 7, 31.



