European Review for Medical and Pharmacological Sciences

2022; 26: 4082-4091

Trends in body mass index changes among
Korean adolescents between 2005-2020,
including the COVID-19 pandemic period:
a national representative survey of
one million adolescents
M.J. KIM1, K.H. LEE2, J.S. LEE3, N. KIM4, J.Y. SONG5, Y.H. SHIN5, J.M. YANG6,7,
S.W. LEE8,9, J. HWANG10, S.Y. RHEE11,12, D.K. YON8,12, J.I. SHIN1, Y.J. CHOI2
Department of Pediatrics, Severance Hospital, Yonsei University College of Medicine, Seoul, South Korea
Department of Pediatrics, Seoul National University Hospital, Seoul National University College of
Medicine, Seoul, South Korea
3
Department of Pediatrics, Korea University Anam Hospital, Korea University College of Medicine,
Seoul, South Korea
4
Department of Neuropsychiatry, Seoul National University Hospital, Seoul National University College
of Medicine, Seoul, South Korea
5
Department of Ophthalmology, Asan Medical Center, University of Ulsan College of Medicine,
Seoul, South Korea
6
Department of Ophthalmology, Dongguk University Ilsan Hospital, Goyang, South Korea
7
Department of Data Science, Sejong University College of Software Convergence, Seoul, South Korea
8
Department of Precision Medicine, Sungkyunkwan University School of Medicine, Suwon, South Korea
9
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, USA
10
Department of Endocrinology and Metabolism, Kyung Hee University School of Medicine, Seoul,
South Korea
11
Department of Endocrinology and Metabolism, Kyung Hee University School of Medicine, Seoul,
South Korea
12
Center for Digital Health, Medical Science Research Institute, Kyung Hee University Medical
Center, Kyung Hee University College of Medicine, Seoul, South Korea
1
2

Abstract. – OBJECTIVE: The impact of the
coronavirus disease 2019 (COVID-19) pandemic on weight gain in children and adolescents
remains unknown. We aimed to identify an estimated 15-year trend in mean body mass index (BMI) changes and prevalence of obesity and overweight among Korean adolescents
from 2005 to 2020, including the period of the
COVID-19 pandemic.
PATIENTS AND METHODS: We analyzed data
taken from a nationwide survey (Korea Youth Risk
Behavior Survey), between 2005 and 2020. Representative samples of one million Korean adolescents aged 13-18 years (n=1,057,885) were examined. The 15-year trends in mean BMI and proportion of obesity or overweight, and the changes due to the COVID-19 pandemic were analyzed.
RESULTS: The data of 1,057,885 Korean adolescents were analyzed (mean age: 14.98 years; females, 48.4%). The estimated weighted mean BMI
was 20.5 kg/m2 [95% confidence interval (CI), 20.420.5] from 2005 to 2008 and 21.5 kg/m2 (95% CI,
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21.4-21.6) in 2020 (during the COVID-19 pandemic). Although the 15-year trend of mean BMI gradually increased, the change in mean BMI before
and during the pandemic significantly lessened
(βdiff, -0.027; 95% CI, -0.028 to -0.026). The 15-year
(2005-2020) trend changes in the prevalence of
obesity and overweight were similar (obesity prevalence from 2005-2008, 3.2%; 95% CI, 3.1-3.3 vs.
obesity prevalence in 2020, 8.6%; 95% CI, 8.2-9.0;
βdiff, -0.309; 95% CI, -0.330 to -0.288).
CONCLUSIONS: The 15-year trend of overall
mean BMI and obesity and overweight prevalence demonstrated a significant increase; however, its slope decreased during the pandemic. These landmark results suggest the need for
the development of precise strategies to prevent pediatric obesity and overweight during the
COVID-19 pandemic.
Key Words:
COVID-19, BMI, Obesity, Overweight, Adolescent,
KYRBS.
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Trends in BMI changes among Korean children and adolescents

Introduction
The prevalence of obesity and overweight in
children and adolescents is increasing worldwide,
and the public health consequences are becoming
a major issue globally1,2. Obesity and overweight
are influenced by complex interactions among
diverse factors, such as lifestyle, physical activity,
and comorbidities3. Obese children, especially
adolescents, are likely to remain obese adults,
and the adverse physical and psychological effects related to obesity are likely to persist into
adulthood4. Therefore, it is important to identify
the rate of obesity in adolescents and childhood
for preventing adulthood obesity.
The coronavirus disease 2019 (COVID-19)
pandemic has drastically altered the behavioral
traits of people across society3,5. In line with government policies for social distancing, changes
such as school closures, disrupted dietary habits,
and decreased physical activity increased the risk
of weight gain6. Moreover, adolescents followed
an alternate schedule for online classes and cut
back on all activities outside their homes, including social gatherings7. Several scholars8 have reported the association of COVID-19 with weight
gain in adults. Although adolescents are expected
to gain more weight due to restricted activities,
such as online classes and social distancing, studies on this age group are lacking9.
Therefore, this study aimed to investigate an
estimated 15-year trend in mean body mass index
(BMI) changes and the prevalence of obesity and
overweight among one million Korean adolescents. We used data from the national representative Korea Youth Risk Behavior Survey (KYRBS)
disseminated from 2005 to 2020, including the
COVID-19 pandemic period. Additionally, we
evaluated the pandemic-related weight changes in
adolescents and compared the BMI trends of Korean adolescents during the pre-pandemic period
(2005-2009) and during the pandemic (2020).

Patients and Methods
Study Population
We used the 2005-2020 data from the KYRBS10,
supervised by the Korea Disease Control and
Prevention Agency (KDCA) and Ministry of Education, to establish and evaluate government
policies. Data were used to investigate health
behaviors of a national representative sample of
adolescents. The KYRBS selected the study pop-

ulation by applying a two-step stratification in the
order of school and class, with details specified
on the official website of the KDCA (http://www.
kdca.go.kr/yhs/). The participants completed a
web-based survey in computer laboratories at
their respective schools. The KYRBS sampling
procedures were performed to account for sample
weights, clustering, and stratification to provide
national representative estimates of the total Korean adolescent population10. These data were
voluntarily gathered with a response rate of over
95%10. All adolescents (age 12-18 years, middle-high school) in this database were included in
the present study. Participants with missing data
were excluded from the study. The study protocol
was approved by the KCDA and Sejong University (SJU-HR-E-2020-003).
Variable Definitions
Body mass index (BMI) was calculated from
the participant’s self-reported height and weight
and classified, using age- and sex-specific equations from the 2007 Korean national growth
charts, into: underweight (< 5th percentile), normal (5-84th percentile), overweight (85-94th percentile), and obesity (≥ 95th percentile)11. The areas of residence were classified as urban (Seoul,
Gyeonggi, Busan, Daegu, Incheon, Gwangju,
Daejeon, Ulsan, and Sejong) or rural (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam,
Gyeongbuk, Gyeongnam, and Jeju) areas12,13.
Smoking was defined as having smoked a cigarette at least once within the last 30 days14. Parents’ educational levels were determined based
on the highest educational level of either parent
(high school or lower, college or higher, and
unknown)10. Economic status and school performance were classified as high, middle-high,
middle, middle-low, or low. Parents’ educational
levels, economic status, and school performance
were self-reported15.
Statistical Analysis
We used KYRBS data (2005-2020) to calculate
the trend of mean BMI or proportion of obesity
and overweight, stratified by sex, grade, and area of residence. The primary endpoint was the
change in the mean BMI over a 15-year period,
and the secondary endpoints were the 15-year
trends for prevalence of obesity and overweight.
We aimed to evaluate the impact of COVID-19
pandemic on the trends of obesity prevalence
and compared these trends before and during the
pandemic.
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To stabilize the prevalence of obesity and
overweight, the pre-COVID-19 period was set
based on the KYRBS cycle of four consecutive
years. Weighted complex sampling analysis with
binary and linear logistic regression models and
Fisher’s exact tests were performed. The results
are presented as weighted odds ratios (ORs) with
95% confidence intervals (CIs) or weighted β-coefficients with 95% CIs. In linear regression,
the KYRBS cycle was included as a continuous variable [2005-2008, 2009-2012, 2013-2016,
2017-2019, and 2020 (COVID-19 pandemic)]. For
binary regression, the KYRBS cycle was included (2017-2019 vs. COVID-19 pandemic). All the
analyses were performed using SPSS version 25.0
(IBM Corp., Armonk, NY, USA) and R software
V.3.1.1 (R Foundation, Vienna, Austria)16-18. Statistical significance was defined as a two-sided
p-value of <0.05.
Patient and Public Involvement
None of the patients were directly involved in
designing the research question or conducting
the research. Patients were not asked for advice
on interpretation or writing of the results. There
were no plans to involve patients or the relevant
patient community in the dissemination of study
findings at this time.

Results
From 2005 to 2020, a total of 1,057,885 adolescents were enrolled in the KYRBS, comprising 48.4% females, with a mean age of 14.98
years [standard deviation (SD): 1.74]. There were
545,460 (51.6%) participants in the 7-9th grade
(middle school) and 512,425 (48.4%) in the 1012th grade (high school). By area of residence,
573,274 (54.2%) participants lived in rural areas
and 484,611 (45.8%) lived in urban areas. Based
on their BMI, 53,197 (5.0%) participants were underweight (<5th percentile), 854,315 (80.8%) had
a normal weight (5-85th percentile), and 101,930
(9.6%) were overweight (85-95th percentile). Table
I presents the general characteristics of the study
population.
Table II illustrates the national crude mean
and overall, 15-year trend of the mean BMI in
Korean adolescents from 2005 to 2020, including
the COVID-19 pandemic period. The estimated
national weighted mean BMI was 20.5 (95% CI,
20.4-20.5) between 2005 and 2008, and 21.5 (95%
CI, 21.4-21.6) in 2020. Although the 15-year trend
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of the mean BMI showed a gradual increase over
time, the change in mean BMI before and during
the pandemic was significantly decreased (βdiff,
-0.027; 95% CI, -0.028 to -0.026). The difference
in the slope was consistent regardless of sex
(male: βdiff, -0.022; 95% CI, -0.025 to -0.019;
female: βdiff, -0.037; 95% CI, -0.040 to -0.035),
grade (7-9th grade: βdiff, -0.015; 95% CI, -0.017
to -0.013; 10-12th grade: βdiff, -0.032; 95% CI,
-0.034 to -0.030), and area of residence (rural:
βdiff, -0.031; 95% CI, -0.034 to -0.029; urban:
βdiff, -0.022; 95% CI, -0.025 to -0.020).
The changes in the prevalence of obesity and
overweight between 2005 and 2020 are shown
in Tables III and IV and Figure 1. The national
weighted prevalence of obesity was 3.2% (95%
CI, 3.1-3.3) between 2005 and 2008 and 8.6%
(95% CI, 8.2-9.0) in 2020. The proportion of
participants with obesity increased from 2005 to
2020; however, the slope of the increasing trend
was significantly decreased before and during
the pandemic (βdiff, -0.309; 95% CI, -0.330
to -0.288). This trend was consistent regardless
of sex, (male: βdiff, -0.265; 95% CI, -0.284 to
-0.246; female: βdiff, -0.511; 95% CI, -0.544 to
-0.478), grade (7-9th grade: βdiff, -0.241; 95% CI,
-0.272 to -0.210; 10-12th grade: βdiff, -0.316; 95%
CI, -0.368 to -0.310), and area of residence (rural:
βdiff, -0.339; 95% CI, -0.368 to -0.310; urban:
βdiff, -0.273: 95% CI, -0.304 to -0.242).
The national weighted prevalence of overweight and obesity was 11.8% (95% CI, 11.6-12.0)
between 2005 and 2008 and 21.4% (95% CI,
20.8-22.1) in 2020. The slope for the prevalence
of overweight and obesity had been positive
for 15 years, but the prevalence of overweight
and obesity between pre-pandemic and during
the pandemic had significantly decreased (βdiff,
-0.180; 95% CI, -0.194 to -0.166).

Discussion
Although several small studies on the shortterm trend of prevalence of pediatric obesity have
been reported9, this is the first large-scale national representative study to compare the long-term
trends in BMI changes and the prevalence of obesity and overweight among adolescents during
the COVID-19 pandemic period. In this study, the
15-year trends in overall mean BMI demonstrated
a significant increase, from 20.5 in 2005-2008 to
21.5 in 2020, across different sexes, age groups,
and areas of residence. However, the slope of the
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Table I. General characteristics of Korean adolescent participants in the KYRBS from 2005 to 2020 (total sample size =
1,057,885).
General characteristic
Total number, n (%)
Age, years, crude mean (SD)
Grade, crude number (%)
  7-9th grade (middle school)
  10-12th grade (high school)
Sex, crude number (%)
  Female
  Male
BMI, kg/m 2; crude number (%)
   Underweight (below 5th percentile)
  Normal (5-85th percentile)
  Overweight (85-95th percentile)
   Obese (above 95th percentile)
Region of residence, crude number (%)
  Rural
  Urban
   Smoking, crude number (%)
Highest educational level of parents, crude number (%)
   High school or lower
   College or higher
  Unknown
Economic level, crude number (%)
  High
  Middle-high
  Middle
  Middle-low
  Low
School performance, crude number (%)
  High
  Middle-high
  Middle
  Middle-low
  Low

Total crude sample, n (%)
1,057,885 (100.0)
14.98 (1.74)
545,460 (51.6)
512,425 (48.4)
512,520 (48.4)
545,365 (51.6)
53,197 (5.0)
854,315 (80.8)
101,930 (9.6)
48,434 (4.6)
573,274 (54.2)
484,611 (45.8)
228,273 (21.6)
381,258 (36.0)
516,598 (48.8)
160,029 (15.1)
82,133 (7.8)
276,907 (26.2)
476,776 (45.1)
175,335 (16.6)
46,734 (4.4)
129,114 (12.2)
268,672 (25.4)
300,760 (28.4)
248,238 (23.5)
111,101 (10.5)

BMI, body mass index; KYRBS, Korea Youth Risk Behavior Web-based Survey; SD, standard deviation.

increase in mean BMI and prevalence of obesity
and overweight decreased during the COVID-19
pandemic.
BMI is a simple and widely used method for
estimating body fat mass in men and women of
any age. In the Asia-Pacific region, adult obesity
is defined as a BMI of 25 or more, and overweight is defined as a BMI of 23-24.919. However,
considering the continuous increase in height
and weight in the pediatric population, obesity
is assessed using percentiles of BMI by sex and
age11. For adolescents, a BMI that is above the
95th percentile is considered obese, under the 5th
percentile is underweight, and between 85-94.5
is overweight11. Our study analyzed 15-years’
data, including the COVID-19 pandemic period
of 2020, thereby allowing perception of not only
the long-term trends but also the impact of the

pandemic on BMI changes. In a recent study9 on
BMI changes based on pediatric population-based
Kaiser Permanente Southern California electronic health record data, the COVID-19 pandemic
was associated with a significant weight gain in
the pediatric population, especially among the
youngest children. These results are similar to
the results of our study, though we found that
the slope was significantly decreased during the
pandemic.
In Korea, several studies on the prevalence of
pediatric obesity have been reported20. Although
one study21 reported that pediatric obesity was on
the rise until the early 2000s18, another showed
that the prevalence of overweight and obesity
among children and adolescents plateaued between 2001 and 201422. Consistent with our study,
another previous global study23 demonstrated a
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Table II. National weighted trend of mean BMI (95% CI) in the Korean adolescent population through the KYRBS between 2005 and 2020.
					

Trends in mean BMI

									
2017 to 2019
									
vs. 2020
					
2020
Pre-pandemic
Pandemic
Trend
(COVID-19
2005 to
2009 to
2013 to
2017 to
(COVID-19
trend, β
trend, β
difference,
pandemic), OR
2008
2012
2016
2019
pandemic)
(95% CI)a
(95% CI)a
βdiff (95% CI)
(95% CI)b
BMI, kg/m2; weighted mean
(95% CI)
  Overall

20.5 (20.4 to
20.5 (20.4 to
20.8 (20.8 to 21.3 (21.2 to
21.5 (21.4 to 0.030 (0.029 to 0.003 (0.002 to -0.027 (-0.028 to 1.016 (1.010 to
20.5)
20.5)
20.9)
21.3)
21.6)
0.031)
0.004)
-0.026)
1.022)
Sex										
  Male
20.8 (20.8 to
20.9 (20.8 to
21.2 (21.1 to 21.8 (21.8 to 22.3 (22.2 to 0.028 (0.027 to 0.006 (0.005 to -0.022 (-0.025 to 1.031 (1.026 to
20.9)
20.9)
21.2)
21.9)
22.3)
0.030)
0.007)
-0.019)
1.036)
  Female
20.0 (20.0 to
20.1 (20.0 to
20.5 (20.4 to 20.7 (20.7 to 20.6 (20.6 to 0.035 (0.033 to -0.002 (-0.003 to -0.037 (-0.040 to 0.991 (0.984 to
20.1)
20.1)
20.5)
20.8)
20.7)
0.037)
0.000)
-0.035)
0.999)
Grade, weighted % (95% CI)									
  7th-9th grade (middle school)
20.0 (19.9 to
20.0 (19.9 to
20.2 (20.1 to 20.6 (20.5 to 21.0 (20.9 to 0.021 (0.019 to 0.006 (0.005 to -0.015 (-0.017 to 1.032 (1.025 to
20.0)
20.0)
20.2)
20.6)
21.0)
0.022)
0.007)
-0.013)
1.039)
  10th-12th grade (high school)
21.1 (21.0 to
21.0 (21.0 to
21.4 (21.4 to 21.9 (21.9 to 22.0 (22.0 to 0.034 (0.032 to 0.002 (0.001 to -0.032 (-0.034 to 1.009 (1.000 to
21.1)
21.1)
21.5)
22.0)
22.1)
0.035)
0.003)
-0.030)
1.017)
Region of residence										
  Rural
20.4 (20.3 to
20.5 (20.5 to
20.8 (20.8 to 21.3 (21.3 to
21.5 (21.4 to 0.033 (0.031 to 0.002 (0.001 to -0.031 (-0.034 to 1.013 (1.006 to
20.4)
20.5)
20.9)
21.4)
21.5)
0.035)
0.004)
-0.029)
1.021)
  Urban
20.5 (20.5 to
20.5 (20.5 to
20.9 (20.8 to 21.3 (21.2 to
21.5 (21.4 to 0.026 (0.024 to 0.004 (0.002 to -0.022 (-0.025 to 1.020 (1.011 to
20.6)
20.6)
20.9)
21.3)
21.6)
0.028)
0.005)
-0.020)
1.029)
BMI, body mass index; CI, confidence interval; KYRBS, Korea Youth Risk Behavior Web-based Survey; OR, odds ratio. aEstimated β (95% CI) was derived using linear regression,
and this analysis included the KYRBS cycle (2005-2008, 2009-2012, 2013-2016, 2017-2019, and 2020) as a continuous variable. bEstimated OR (95% CI) was calculated using
binomial regression, and this analysis included the KYRBS cycle (2017-2019 vs. 2020) as a categorical variable. Numbers in bold indicate a significant difference (p < 0.05).
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Table III. National weighted prevalence and trend of obesity (95% CI) in the Korean adolescent population through the KYRBS between 2005 and 2020.
			

		

Trends in obesity

									
2017 to 2019
									 vs. 2020
					
2020
Pre-pandemic
Pandemic
Trend
(COVID-19
2005 to
2009 to
2013 to
2017 to
(COVID-19
trend, β
trend, β
difference,
pandemic), OR
2008
2012
2016
2019
pandemic)
(95% CI)a
(95% CI)a
βdiff (95% CI)
(95% CI)b
Obesity, weighted % (95% CI)									
  Overall
3.2
3.3
4.7
7.3
8.6
0.343
0.034
-0.309
(3.1 to 3.3)
(3.2 to 3.4) (4.6 to 4.9) (7.1 to 7.5)
(8.2 to 9.0)
(0.325 to 0.361) (0.023 to 0.046) (-0.330 to -0.288)
Sex									
  Male
5.1
5.1
7.0
10.6
12.7
0.303
0.038
-0.265
(5.0 to 5.3) (5.0 to 5.3) (6.8 to 7.2) (10.4 to 10.9) (12.2 to 13.2) (0.287 to 0.320) (0.028 to 0.048) (-0.284 to -0.246)
  Female
1.0
1.2
2.3
3.7
4.2
0.537
0.026
-0.511
(0.9 to 1.1)
(1.1 to 1.2) (2.2 to 2.4) (3.5 to 3.8)
(3.9 to 4.5)
(0.509 to 0.566) (0.009 to 0.044) (-0.544 to -0.478)
Grade, weighted % (95% CI)									
  7-9th grade (middle school)
2.4
2.6
3.4
5.2
6.8
0.300
0.059
-0.241
(2.3 to 2.5) (2.5 to 2.7) (3.3 to 3.5) (5.0 to 5.4)
(6.4 to 7.3)
(0.275 to 0.326) (0.041 to 0.077) (-0.272 to -0.210)
  10-12th grade (high school)
4.1
3.9
5.9
9.1
10.4
0.341
0.025
-0.316
(3.9 to 4.4) (3.7 to 4.1) (5.7 to 6.2) (8.8 to 9.4)
(9.8 to 11.0)
(0.317 to 0.365) (0.011 to 0.039) (-0.344 to -0.288)
Region of residence									
  Rural
3.0
3.2
4.8
7.3
8.4
0.367
0.028
-0.339
(2.9 to 3.2) (3.1 to 3.3) (4.6 to 4.9) (7.0 to 7.6)
(7.9 to 8.9)
(0.342 to 0.391) (0.013 to 0.043) (-0.368 to -0.310)
  Urban
3.4
3.3
4.7
7.2
8.9
0.315
0.042
-0.273
(3.2 to 3.5) (3.2 to 3.5) (4.5 to 4.9) (6.9 to 7.5)
(8.3 to 9.5)
(0.288 to 0.341) (0.025 to 0.059) (-0.304 to -0.242)

1.200
(1.132 to 1.272)
1.225
(1.163 to 1.291)
1.151
(1.052 to 1.260)
1.348
(1.237 to 1.468)
1.151
(1.067 to 1.242)
1.163
(1.075 to 1.258)
1.252
(1.147 to 1.366)

BMI, body mass index; CI, confidence interval; KYRBS, Korea Youth Risk Behavior Web-based Survey; OR, odds ratio. aEstimated β (95% CI) was derived using linear regression,
and this analysis included the KYRBS cycle (2005-2008, 2009-2012, 2013-2016, 2017-2019, and 2020) as a continuous variable. bEstimated OR (95% CI) was calculated using
binomial regression, and this analysis included the KYRBS cycle (2017-2019 vs. 2020) as a categorical variable. Numbers in bold indicate a significant difference (p < 0.05).
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Table IV. National weighted prevalence and trend of overweight or obesity (95% CI) in the Korean adolescent population through the KYRBS between 2005 and 2020.
		

			Trends in overweight or obesity

									
2017 to 2019
									vs. 2020
					
2020
Pre-pandemic
Pandemic
Trend
(COVID-19
2005 to
2009 to
2013 to
2017 to
(COVID-19
trend, β
trend, β
difference,
pandemic), OR
2008
2012
2016
2019
pandemic)
(95% CI)a
(95% CI)a
βdiff (95% CI)
(95% CI)b
Overweight or obesity,
weighted % (95% CI)										
  Overall
11.8
11.9
14.6
18.9
21.4
0.209
0.029
-0.180
1.171
(11.6 to 12.0) (11.7 to 12.1) (14.4 to 14.8)
(18.6 to 19.2) (20.8 to 22.1) (0.198 to 0.220) (0.021 to 0.037) (-0.194 to -0.166) (1.123 to 1.222)
Sex										
  Male
15.7
15.8
18.8
24.7
29.0
0.204
0.041
-0.163
1.248
(15.4 to 15.9) (15.6 to 16.1) (18.5 to 19.0) (24.3 to 25.0) (28.3 to 29.7) (0.194 to 0.215) (0.033 to 0.048) (-0.176 to -0.150) (1.201 to 1.296)
  Female
7.4
7.4
10.1
12.6
13.3
0.237
0.010
-0.227
1.057
(7.2 to 7.6)
(7.2 to 7.6)
(9.9 to 10.3)
(12.3 to 13.0) (12.7 to 13.8) (0.221 to 0.253) (0.000 to 0.020) (-0.246 to -0.208) (1.001 to 1.118)
Grade, weighted % (95% CI)
  7-9th grade (middle school)
9.8
10.0
11.5
14.5
18.3
0.162
0.053
-0.109
1.315
(9.5 to 10.0)
(9.7 to 10.2) (11.2 to 11.7)
(14.2 to 14.9) (17.5 to 19.1) (0.147 to 0.176) (0.042 to 0.065) (-0.128 to -0.090) (1.240 to 1.394)
  10-12th grade (high school)
14.3
13.8
17.5
22.7
24.5
0.219
0.018
-0.201
1.108
(13.9 to 14.6) (13.4 to 14.1) (17.1 to 17.8)
(22.2 to 23.2) (23.6 to 25.5) (0.204 to 0.234) (0.008 to 0.029) (-0.219 to -0.183) (1.046 to 1.174)
Region of residence										
  Rural
11.3
11.7
14.6
19.0
21.2
0.229
0.025
-0.204
1.147
(11.0 to 11.6) (11.5 to 12.0) (14.3 to 14.9)
(18.5 to 19.4) (20.4 to 22.0) (0.214 to 0.244) (0.015 to 0.036) (-0.222 to -0.186) (1.087 to 1.211)
   Urban
12.3
12.0
14.7
18.8
21.8
0.185
0.034
-0.151
1.204
(12.0 to 12.6) (11.7 to 12.3) (14.3 to 15.0)
(18.3 to 19.3) (20.8 to 22.8) (0.169 to 0.201) (0.021 to 0.047) (-0.170 to -0.132) (1.125 to 1.289)
BMI, body mass index; CI, confidence interval; KYRBS, Korea Youth Risk Behavior Web-based Survey; OR, odds ratio. †We defined Period I as 2009-2011; Period II, 2012-2014;
Period III, 2015-2017; Period IV, 2018-2019; and Period V, 2020. aEstimated β (95% CI) was derived using linear regression, and this analysis included the KYRBS cycle (20052008, 2009-2012, 2013-2016, 2017-2019, and 2020) as a continuous variable. bEstimated OR (95% CI) was calculated using binomial regression, and this analysis included the
KYRBS cycle (2017-2019 vs. 2020) as a categorical variable. Numbers in bold indicate a significant difference (p < 0.05).
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Figure 1. Nationwide trends and prevalence of obesity and
overweight among one million Korean adolescents from
2005 to 2020.

plateauing of BMI and obesity trends in children
and adolescents20. According to our study, the
trend of increasing prevalence was maintained
during the pre-pandemic period and pandemic periods; however, the slope of this increase
notably declined during the pandemic. In other
words, Korean adolescents gained less weight
during the pandemic period, which is in contrast
with previous studies24,25 which showed a notable
increase in children’s weight gain during the
COVID-19 pandemic. Thus, this is a distinctive
and significant finding of our study, and to the
best of our knowledge, this is the only study with
this finding. In fact, previous studies found that
preschool and school-aged children had greater
pandemic-associated increases in BMI than adolescents did26. In other words, adolescents, who
were examined in this study, were less affected
by pandemic-associated increases in BMI.
With urbanization, rapid socio-economic transition, decreased physical activity, and altered nutritional habits, BMI has substantially increased
over time3,27,28. During the COVID-19 pandemic,
the considerable reduction in physical activity,
as well as longer periods of sedentary behavior
caused by the social distancing regulations, may
have been the causes for weight gain29. Dietary
habit changes have been another factor contributing to increased body weight gain. Additionally,
increased time spent indoors owing to social distancing norms, unhealthy eating patterns, including delivered food or fast food, have been more
common among adolescents30. However, these
factors do not explain our finding of a less steep

slope of the prevalence of obesity or overweight
during the pandemic period. Accordingly, further
research is necessary to elucidate the causes of
this inclination.
The greatest strength of this study is the analysis of trends based on the KYRBS data of one
million Korean adolescents, which is the only database of BMI changes since the outbreak of the
COVID-19 pandemic. Globally, researchers31,32
have been unable to investigate BMI or obesity,
due to various measures implemented to combat
the COVID-19 pandemic, such as lockdowns.28,29
This national representative survey was possible
because the data for the survey were collected in
a non-face-to-face manner prior to the pandemic. Data were collected from adolescents going
through puberty through anonymous self-reported online questionnaires completed at school
computer laboratories, due to the sensitivity of
the survey content. Thus, the long-term trends
observed in this study were not biased by differences in the survey methods.
The present study had some limitations. First,
data were collected from the adolescent population of a single country (South Korea). Nonetheless, the study showed that the trend of BMI
changed during the pandemic compared to before
the pandemic. Additionally, the study included only one-year data of the pandemic period;
however, 2020 was the year that witnessed the
greatest impact of COVID-19, since restrictions
such as social distancing were imposed during
the first outbreak. Finally, this study was based
on self-reported answers, and we did not conduct
actual measurements or objective assessments.
However, the reliability of the KYRBS data used
in our study has been confirmed, and the kappa
value for allergic diseases has been reported to
be 0.74-0.8033.

Conclusions
This is the first large-scale national representative study comparing the long-term trends in BMI
and the prevalence of obesity and overweight
among one million adolescents, including the
period of the COVID-19 pandemic. The 15-year
trends in overall mean BMI and proportion of
obesity and overweight demonstrated a significant increase; however, the slope of the increase
in BMI decreased during the COVID-19 pandemic, irrespective of sex, age, and area of residence.
These landmark results provided an improved ep4089
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idemiological understanding of pediatric obesity
during the COVID-19 pandemic and suggest the
need for the development of precise strategies to
prevent pediatric obesity and overweight during
the COVID-19 pandemic.

Conflict of Interest

The Authors declare that they have no conflict of interests.

Funding

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korean government (NRF-2021R1I1A2059735). The funders had no role
in the study design, data collection, data analysis, data interpretation, or writing of the report.

References
1) Collaboration NRF. Worldwide trends in bodymass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416
population-based measurement studies in 128·9
million children, adolescents, and adults. Lancet
2017; 390: 2627-2642.
2) Kim SY. Nationwide COVID-19 vaccination coverage and COVID-19 incidence in South Korea,
January 2022: a national official report. Life Cycle 2022; 2: e2.
3) Lee SW, Lee J, Moon SY, Jin HY, Yang JM, Ogino S, Song M, Hong SH, Abou Ghayda R, Kronbichler A, Koyanagi A, Jacob L, Dragioti E,
Smith L, Giovannucci E, Lee IM, Lee DH, Lee
KH, Shin YH, Kim SY, Kim MS, Won HH, Ekelund
U, Shin JI, Yon DK. Physical activity and the risk
of SARS-CoV-2 infection, severe COVID-19 illness and COVID-19 related mortality in South
Korea: a nationwide cohort study. Br J Sports
Med 2021. bjsports-2021-104203. doi: 10.1136/
bjsports-2021-104203. Epub ahead of print.
4) Zheng M, Lamb KE, Grimes C, Laws R, Bolton K,
Ong KK, Campbell K. Rapid weight gain during
infancy and subsequent adiposity: a systematic
review and meta-analysis of evidence. Obes Rev
2018; 19: 321-332.
5) Lee SW, Kim SY, Moon SY, Yang JM, Ha EK, Jee
HM, Shin JI, Cho SH, Yon DK, Suh DI. Estimating
COVID-19 Infection and Severity Risks in Patients
with Chronic Rhinosinusitis: A Korean Nationwide
Cohort Study. J Allergy Clin Immunol Pract 2021;
9: 2262-2271.e2262.
6) Lee SW, Yuh WT, Yang JM, Cho YS, Yoo IK, Koh
HY, Marshall D, Oh D, Ha EK, Han MY, Yon DK.
Nationwide Results of COVID-19 Contact Tracing
in South Korea: Individual Participant Data From
an Epidemiological Survey. JMIR Med Inform
2020; 8: e20992.

4090

7) Han E, Tan MMJ, Turk E, Sridhar D, Leung GM,
Shibuya K, Asgari N, Oh J, García-Basteiro AL,
Hanefeld J, Cook AR, Hsu LY, Teo YY, Heymann D, Clark H, McKee M, Legido-Quigley
H. Lessons learnt from easing COVID-19 restrictions: an analysis of countries and regions
in Asia Pacific and Europe. Lancet 2020; 396:
1525-1534.
8) Marchitelli S, Mazza C, Lenzi A, Ricci E, Gnessi
L, Roma P. Weight Gain in a Sample of Patients
Affected by Overweight/Obesity with and without
a Psychiatric Diagnosis during the Covid-19 Lockdown. Nutrients 2020; 12.
9) Woolford SJ, Sidell M, Li X, Else V, Young DR,
Resnicow K, Koebnick C. Changes in Body Mass
Index Among Children and Adolescents During
the COVID-19 Pandemic. JAMA 2021; 326: 14341436.
10) Noh H, An J, Kim MJ, Sheen YH, Yoon J, Welsh
B, Koh HY, Han MY, Yon DK. Sleep problems increase school accidents related to allergic diseases. Pediatr Allergy Immunol 2020; 31: 98103.
11) Kim K, Yun SH, Jang MJ, Oh KW. Body fat percentile curves for Korean children and adolescents: a data from the Korea National Health and
Nutrition Examination Survey 2009-2010. J Korean Med Sci 2013; 28: 443-449.
12) Yoo HW, Jin HY, Yon DK, Effenberger M, Shin
YH, Kim SY, Yang JM, Kim MS, Koyanagi A, Jacob L, Smith L, Yoo IK, Shin JI, Lee SW. Non-alcoholic Fatty Liver Disease and COVID-19 Susceptibility and Outcomes: a Korean Nationwide
Cohort. J Korean Med Sci 2021; 36: e291.
13) Yoo IK, Marshall DC, Cho JY, Yoo HW, Lee SW.
N-Nitrosodimethylamine-contaminated ranitidine
and risk of cancer in South Korea: a nationwide
cohort study. Life Cycle 2021; 1: e1.
14) Shin YH, Shin JI, Moon SY, Jin HY, Kim SY, Yang
JM, Cho SH, Kim S, Lee M, Park Y, Kim MS, Won
HH, Hong SH, Kronbichler A, Koyanagi A, Jacob L, Smith L, Lee KH, Suh DI, Lee SW, Yon
DK. Autoimmune inflammatory rheumatic diseases and COVID-19 outcomes in South Korea: a nationwide cohort study. Lancet Rheumatol 2021; 3:
e698-e706.
15) Lee SW, Moon SY, Yon DKJA, Asthma, Disease
R. Epidemiological and clinical characteristics
of 5,628 patients with coronavirus disease 2019
in South Korea: A nationwide multicenter study.
Allergy, Asthma & Respiratory Disease 2021; 9:
136-140.
16) Lee SW, Yang JM, Yoo IK, Moon SY, Ha EK, Yeniova A, Cho JY, Kim MS, Shin JI, Yon DK. Proton
pump inhibitors and the risk of severe COVID-19:
a post-hoc analysis from the Korean nationwide
cohort. Gut 2021; 70: 2013-2015.
17) Lee SW, Yang JM, Moon SY, Kim N, Ahn YM,
Kim JM, Shin JI, Suh DI, Yon DK. Association between mental illness and COVID-19 in South Korea: a post-hoc analysis. Lancet Psychiatry 2021;
8: 271-272.

Trends in BMI changes among Korean children and adolescents
18) Lee SW. Methods for testing statistical differences between groups in medical research: statistical standard and guideline of life cycle committee. Life Cycle 2022; 2: e1.
19) Woo A, Lee SW, Koh HY, Kim MA, Han MY, Yon
DK. Incidence of cancer after asthma development: 2 independent population-based cohort
studies. J Allergy Clin Immunol 2021; 147: 135143.
20) Kim JH, Moon JS. Secular Trends in Pediatric
Overweight and Obesity in Korea. J Obes Metab
Syndr 2020; 29: 12-17.
21) Nam GE, Kim YH, Han K, Jung JH, Rhee EJ, Lee
WY. Obesity Fact Sheet in Korea, 2020: Prevalence of Obesity by Obesity Class from 2009 to
2018. J Obes Metab Syndr 2021; 30: 141-148.
22) Nam HK, Kim HR, Rhie YJ, Lee KH. Trends in
the prevalence of extreme obesity among Korean children and adolescents from 2001 to 2014. J
Pediatr Endocrinol Metab 2017; 30: 517-523.
23) Chung A, Backholer K, Wong E, Palermo 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.
24) Brooks CG, Spencer JR, Sprafka JM, Roehl KA,
Ma J, Londhe AA, He F, Cheng A, Brown CA,
Page J. Pediatric BMI changes during COVID-19
pandemic: An electronic health record-based retrospective cohort study. EClinicalMedicine 2021;
38: 101026.
25) Chang TH, Chen YC, Chen WY, Chen CY, Hsu
WY, Chou Y, Chang YH. Weight Gain Associated with COVID-19 Lockdown in Children and Adolescents: A Systematic Review and Meta-Analysis. Nutrients 2021; 13.
26) Jenssen BP, Kelly MK, Powell M, Bouchelle Z,
Mayne SL, Fiks AG. COVID-19 and Changes in
Child Obesity. Pediatrics 2021; 147.

27) Lee SW, Kim SY, Moon SY, Yoo IK, Yoo EG, Eom
GH, Kim JM, Shin JI, Jeong MH, Yang JM, Yon
DK. Statin Use and COVID-19 Infectivity and Severity in South Korea: Two Population-Based Nationwide Cohort Studies. JMIR Public Health Surveill 2021; 7: e29379.

28) Choi MJ, Yang JW, Lee S, Kim JY, Oh JW, Lee J,
Stubbs B, Lee KH, Koyanagi A, Hong SH, Ghayda RA, Hwang J, Dragioti E, Jacob L, Carvalho
AF, Radua J, Thompson T, Smith L, Fornaro M,
Stickley A, Bettac EL, Han YJ, Kronbichler A, Yon
DK, Lee SW, Shin JI, Lee E, Solmi M. Suicide associated with COVID-19 infection: an immunological point of view. Eur Rev Med Pharmacol Sci
2021; 25: 6397-6407.
29) Yang S, Guo B, Ao L, Yang C, Zhang L, Zhou J,
Jia P. Obesity and activity patterns before and
during COVID-19 lockdown among youths in China. Clin Obes 2020; 10: e12416.

30) Lim S, Lim H, Després JP. Collateral Damage of
the COVID-19 Pandemic on Nutritional Quality
and Physical Activity: Perspective from South Korea. Obesity (Silver Spring) 2020; 28: 1788-1790.

31) Hwang J, Park SH, Lee SW, Lee SB, Lee MH,
Jeong GH, Kim MS, Kim JY, Koyanagi A, Jacob
L, Jung SY, Song J, Yon DK, Shin JI, Smith L.
Predictors of mortality in thrombotic thrombocytopenia after adenoviral COVID-19 vaccination:
the FAPIC score. Eur Heart J 2021; 42: 40534063.
32) Yoo HW, Shin JI, Yon DK, Lee SW. COVID-19
Morbidity and Severity in Patients With Nonalcoholic Fatty Liver Disease in South Korea: A Nationwide Cohort Study. Clin Gastroenterol Hepatol 2022; e1217-e1218.

33) Bae J, Joung H, Kim JY, Kwon KN, Kim YT, Park
SW. Test-retest reliability of a questionnaire for
the Korea Youth Risk Behavior Web-based Survey. J Prev Med Public Health 2010; 43: 403-410.

4091

