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Abstract. – OBJECTIVE: There is a lack of 
pediatric studies that have analyzed trends in 
mean body mass index (BMI) and the prevalence 
of obesity and overweight over a period that in-
cludes the mid-stage of the COVID-19 pandem-
ic. Thus, we aimed to investigate trends in BMI, 
overweight, and obesity among Korean adoles-

cents from 2005 to 2021, including the COVID-19 
pandemic.   

SUBJECTS AND METHODS: We used data 
from the Korea Youth Risk Behavior Web-based 
Survey (KYRBS), which is nationally representa-
tive of South Korea. The study included middle- 
and high-school students between the ages of 
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12 and 18. We examined trends in mean BMI and 
prevalence of obesity and/or overweight during 
the COVID-19 pandemic and compared these to 
those of pre-pandemic trends in each subgroup 
by gender, grade, and residential region.  

RESULTS: Data from 1,111,300 adolescents 
(mean age: 15.04 years) were analyzed. The es-
timated weighted mean BMI was 20.48 kg/m2 
(95% CI, 20.46-20.51) between 2005 and 2007, 
and this was 21.61 kg/m2 (95% CI, 21.54-21.68) 
in 2021. The prevalence of overweight and obe-
sity was 13.1% (95% CI, 12.9-13.3%) between 
2005 and 2007 and 23.4% (95% CI, 22.8-24.0%) 
in 2021. The mean BMI and prevalence of obesi-
ty and overweight have gradually increased over 
the past 17 years; however, the extent of change 
in mean BMI and in the prevalence of obesity 

and overweight during the pandemic was dis-
tinctly less than before. The 17-year trends in 
the mean BMI, obesity, and overweight exhibited 
a considerable rise from 2005 to 2021; however, 
the slope during the COVID-19 pandemic (2020-
2021) was significantly less prominent than in 
the pre-pandemic (2005-2019). 

CONCLUSIONS: These findings enable us 
to comprehend long-term trends in the mean 
BMI of Korean adolescents and further empha-
size the need for practical prevention measures 
against youth obesity and overweight.
Key Words:

COVID-19, SARS-CoV-2, Pandemic, Adolescent, 
BMI, Obesity, Overweight.

Introduction

According to a World Health Organization 
(WHO) report1, the number of young people who 
are obese has increased tenfold since 1975. Ado-
lescent obesity is on the rise and is connected to an 
increase in illnesses such type 2 diabetes mellitus, 
hypertension, non-alcoholic fatty liver disease, ob-
structive sleep apnea, and dyslipidemia2. Severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first reported in Wuhan, China in 
December 20193. The WHO declared COVID-19 
a pandemic in March 20203,4. Physical distancing 
was the most effective practice to prevent infec-
tious diseases before the advent of vaccines5,6. 
Hence, many countries implemented school clo-
sures, the canceling of physical education class-
es, and public sports centers closures7. Several 
studies7,8 reported that COVID-19 has negatively 
affected adolescents in terms of mental health, 
weight changes, and lifestyle. Moreover, according 
to the Centers for Disease Control and Prevention 
(CDC), obese adolescents are likely to experience 
worse COVID-19 outcomes9. This suggests that 
the prevention of adolescent obesity especially 
during the COVID-19 pandemic is essential from 
a public health perspective. Several studies3,10 re-
ported that mean adolescent body mass index 
(BMI) increased during the pandemic, but most 
studies3,10 analyzed data from the early stage of the 
pandemic in 2020. Only one study11, which used 
data up to April 2021, reflected the middle stage of 
the COVID-19 pandemic, but did not sufficiently 
explain the long-term trend of BMI. 

Given this background, we extended previous 
studies10 and investigated data collected from 2005 
to 2021, thus encompassing the middle stage of 

the pandemic. The present study aimed to present 
long-term trends involving BMI, overweight, and 
obesity among Korean adolescents and provide in-
formation regarding the current state of adolescent 
health for policy making to prevent youth obesity, 
particularly during pandemic-type episodes.

Subjects and methods

Study Population and Data Sources
We utilized data from the Korea Youth Risk 

Behavior Web-based Survey (KYRBS), which 
is nationally representative of South Korea. 
KYRBS has been conducted since 2005 under 
the direction of the Korea Disease Control and 
Prevention Agency (KDCA) and the South Ko-
rean Ministry of Education. To provide nation-
ally representative sampling and estimates of 
the total population of South Korea, the study 
population was chosen using two-step stratifi-
cation, sample clustering, and weights. Detailed 
methods are published elsewhere12,13. The study 
included middle- and high-school students be-
tween the ages of 12 and 18 years, and > 95% 
of the participants voluntarily participated in 
a web-based survey administered at schools14. 
Missing data were excluded from the analysis. 
Data from 1,111,300 adolescents were analyzed. 
KYRBS data were anonymous, and the study 
protocol was approved by Sejong University 
(SJU-HR-E-2020-003) and KDCA.

Covariate Definitions
Participants’ self-reported height, weight, 

age, and gender were used, and BMI was calcu-
lated using age- and sex-specific formulas from 
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the 2007 Korean national growth charts15. These 
charts separate BMI into four categories: under-
weight (<5th percentile), normal (5 to 84th percen-
tile), overweight (85 to 94th percentile), and obese 
(≥ 95th percentile). We divided the residential ar-
eas into urban and rural16,17. Smoking status was 
defined as having smoked a cigarette within a life-
time. Parents’ educational backgrounds were di-
vided into three categories: high school or lower, 
college or higher, and unknown; we used a higher 
academic degree for either parent. We classified 
self-reported economic status and school perfor-
mance as high, middle-high, middle, middle-low, 
or low12,13. 

Endpoints
This study aimed to determine whether the 

COVID-19 pandemic had an impact on the 17-
year trend of increases in mean BMI and the 
prevalence of obesity and/or overweight among 
Korean youths from 2005 to 2021. In addition, 
we examined the trend change in mean BMI and 
prevalence of obesity and/or overweight during 
the COVID-19 pandemic and compared these to 
that of pre-pandemic trends in each subgroup by 
gender, grade, and residential region. We estimat-
ed β, which indicates trends for the pre-pandemic 
period, and β, which indicates trends during the 
COVID-19 pandemic. The β difference indicates 
whether the trend changed before or during the 
pandemic.

Statistical Analysis
We evaluated changes in the proportion of 

obese and/or overweight people stratified by gen-
der, grade, and residence area using data from 
the KYRBS between 2005 and 2021. To obtain a 
stable estimate, the pre-COVID-19 period of the 
KYRBS cycle was divided into three consecutive 
years (2005-2007, 2008-2010, 2011-2013, 2014-
2016, and 2017-2019). We conducted a weighted 
complex sampling analysis with binomial and 
linear logistic regression models, for which the 
results are shown as weighted odds ratios (ORs) 
with 95% confidence intervals (CIs) or weighted 
beta-coefficients with 95% CIs. We examined the 
KYRBS cycles as a continuous variable [2005-
2007, 2008-2010, 2011-2013, 2014-2016, 2017-
2019, 2020 (early pandemic), and 2021 (mid-pan-
demic)] in a linear regression model and as a 
binary variable [last pre-pandemic (2017-2019) 
vs. COVID-19 pandemic (2020-2021)] in a bina-
ry regression model18. SAS (v.9.4; Institute Inc., 
Cary, NC, USA). and SPSS (v.25.0; IBM Corp., 

Armonk, NY, USA) were used for all analyses19. 
We defined statistical significance as two-sided 
p-values < 0.05. 

Results

The KYRBS comprised 1,111,300 adoles-
cents in total, with 52.5% of them being male 
(95% CI, 51.8-53.2%) and 47.5% female (95% CI, 
46.8-48.2%), between 2005 and 2021. The gen-
eral properties of the weighted and crude means 
are presented in Table I. The weighted estimat-
ed mean age was 15.04 years (95% CI, 15.03-
15.05%), with 467,703 (weighted percentage, 
42.0%) of respondents in middle-school (grades 
7-9th) and 644,257 (weighted percentage, 58.0%) 
in high-school (grades 10-12th). 

The prevalence of obesity changed between 
2005 and 2021 (Table II). The national weight-
ed prevalence of obesity was 5.6% (95% CI, 5.5-
5.8%) between 2005 and 2007 and was 13.5% 
(95% CI, 13.1-13.9%) in 2021. From 2005 to 2021, 
the slope for the prevalence of obesity was pos-
itive; however, before and during the pandemic, 
the slope of the rising trend dramatically dropped 
(βdiff, -0.264; 95% CI, -0.285 to -0.243). Similar 
trends were observed for gender, grade, and area 
of residence (Figure 1).

Table III shows changes in the prevalence of 
obesity and overweight between 2005 and 2021. 
The national weighted prevalence of overweight 
and obesity was 13.1% (95% CI, 12.9-13.3%) from 
2005 to 2007 and 23.4% (95% CI, 22.8-24.0%) 
in 2021. Although the slope for the prevalence of 
overweight and obesity had been positive for 17 
years, the prevalence of these conditions dramati-
cally declined between the pre-pandemic and the 
pandemic periods (βdiff, -0.188; 95% CI, -0.204 
to -0.172).

Table IV illustrates the national crude mean 
and overall 17-year trend of mean BMI in Kore-
an adolescents from 2005 to 2021, including the 
COVID-19 pandemic period. Between 2005 and 
2007, the estimated national weighted mean BMI 
was 20.48 kg/m2 (95% CI, 20.46-20.51), and this 
was 21.61 kg/m2 (95% CI, 21.54-21.68) in 2021. 
Even though the mean BMI gradually increased 
over the past 17 years, the change in mean BMI 
during the pandemic was noticeably less than 
that before the pandemic. (βdiff, -0.031; 95% CI, 
-0.034 to -0.028). The slope difference remained 
constant regardless of the participants’ gender, 
grade, or neighborhood of residence.
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Discussion

This study conducted a long-term trend analy-
sis utilizing nationally representative survey data 
of over one million South Korean adolescents (n 
= 1,111,300) from 2005 to 2021 and examined the 
17-year trends in the prevalence of obesity and/
or overweight during the early and mid-pandemic 
period compared to the pre-pandemic period. The 
17-year trends in terms of total mean BMI exhib-
ited a considerable rise across different gender, 
age groups, and geographic regions, from 20.48 
kg/m2 in 2005-2007 to 21.61 kg/m2 in 2021. Sim-
ilar patterns were observed for the prevalence of 
obesity. However, during the COVID-19 pandem-
ic, the slope of the mean BMI and prevalence of 
obesity and/or overweight declined. Furthermore, 
a similar tendency was found in the analysis strat-

ified by age, gender, and area of residence. In 
particular, a decrease in the slope was noticeable 
in female and middle-school students. Therefore, 
trend analysis using long-term data can correctly 
inform about the impact of the pandemic on ado-
lescents’ obesity risk. 

Comparison with Previous Studies
Previous studies mainly focused on the short-

term trends of mean BMI between pre-pandemic 
and during pandemic periods3,7. Importantly, our 
study was a large-scale nationally representative 
study that compared long-term pre-pandemic 
trends in BMI and the prevalence of obesity and/
or overweight among adolescents with those of 
trends during the pandemic, which include not 
only the early stage but also the mid-stage of the 
pandemic from 2020 to 2021.

Table I. Baseline of participating Korean adolescents in the KYRBS, 2005-2021 (n =1,111,300).

BMI, body mass index; CI, confidence interval; IQR, interquartile range; KYRBS, Korea Youth Risk Behavior Web-based 
Survey.

Characteristic	 Weighted sample, 	 Crude sample, n (%) 
	 weighted mean (95% CI) 	 or median (IQR)
	 or weighted % (95% CI)

Age, years 	 15.04 (15.03-15.05)	 15.00 (14.00-16.00)
Grade
    7th-9th grade (middle school)	  40.7 (40.4-41.0)	 467,703 (42.0)
    10th-12th grade (high school)	 59.3 (59.0-59.6)	 644,257 (58.0)
Sex, male	 52.5 (51.8-53.2)	 573,137 (51.6)
Body mass index, kg/m2	 20.79 (20.78-20.81)	 20.32 (18.51-22.64) 
Body mass index, kg/m2		
    Underweight (below 5th percentile)	 8.2 (8.1-8.2)	 89,320 (8.0)
    Normal (5th-85th percentile)	  76.4 (76.2-76.5)	 846,119 (76.1)
    Overweight (85th-95th percentile)	 8.1 (8.0-8.1)	 90,941 (8.2)
    Obese (above 95th percentile)	 7.4 (7.4-7.5)	 84,950 (7.6)
Region of residence
    Rural	 54.1 (53.7-54.5)	 596,112 (53.6)
    Urban	 45.9 (45.5-46.3)	 515,218 (46.4)
Smoking	 21.2 (21.0-21.4)	 233,389 (21.0)
Highest educational level of parents
    High school or lower	  33.8 (33.5-34.1)	 389,146 (35.0)
    College or higher	 51.1 (50.8-51.4)	 543,449 (48.9)
    Unknown	  15.1 (14.9-15.2)	 178,735 (16.1)
Economic level
    High	 8.1 (8.0-8.2)	 87,875 (7.9)
    Middle-high	 27.0 (26.9-27.2)	 292,257 (26.3)
    Middle	 46.7 (46.6-46.9)	 523,783 (47.1)
    Middle-low	 14.3 (14.2-14.5)	 163,259 (14.7)
    Low	 3.8 (3.8-3.9)	 44,156 (4.0)
School performance
    High	 12.2 (12.1-12.3)	 135,997 (12.2)
    Middle-high	 25.5 (25.4-25.6)	 281,898 (25.4)
    Middle	 28.5 (28.4-28.6)	 317,293 (28.6)
    Middle-low	 23.4 (23.3-23.5)	 259,898 (23.4)
    Low	 10.4 (10.3-10.5)	 116,244 (10.5)
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Table II. 17-year trends in obesity from 2005-2021, during the COVID-19 pandemic.

CI, Confidence interval; OR, odds ratio. aWe examined the KYRBS cycles as a continuous variable [2005-2007, 2008-2010, 2011-2013, 2014-2016, 2017-2019, 2020 (early pandemic), and 2021 
(mid-pandemic)] in a linear regression model. bWe examined the KYRBS cycles as a binary vriable [last pre-pandemic (2017-2019) vs. COVID-19 pandemic (2020 to 2021)] in a binary regression 
model. Bold numbers indicate a statistically significant difference (p-values < 0.05).

	 2005-2007	 2008-2010	 2011-2013	 2014- 2016	 2017-2019	 2020	 2021	 Before the	 After the	 Trend 	 2017-2019 vs.
						      (early	 (mid 	 COVID-19 	 COVID-19	 difference, 	 2020-2021
						      pandemic)	 pandemic	 pandemic, 	 pandemic,	 βdif (95% CI)	 (COVID-19
	 	 	 	 	 	 	 	 β (95% CI)a	 β (95% CI)a	 pandemic),	 OR (95% CI)b

			 
Obesity, weighted mean % (95% CI)
    Overall	 5.6	 5.3	 6.1	 7.8	 10.6	 12.1	 13.5	 0.353	 0.089	 -0.264 	 1.236
	 (5.5-5.8)	 (5.1-5.4)	 (6.0-6.3)	 (7.6-8.0	 (10.4-10.8)	 (11.7-12.5)	 (13.1-13.9)	 (0.337-0.369)	 (0.075-0.103)	(-0.285--0.243)	  (1.194-1.280)

Sex, weighted % (95% CI)											         
      Male	 7.1	 6.8	 7.4	 9.4	 13.1	 15.6	 17.5	 0.338	 0.113	 -0.225	 1.315
	 (6.9-7.3)	 (6.6-7.0)	 (7.2-7.6)	 (9.2-9.6)	 (12.8-13.4)	  (15.1-16.1)	 (17.0-18.1)	 (0.320-0.357)	  (0.098-0.129)	 (-0.249--0.201)	 (1.266-1.365) 
    Female	 4.0	 3.6	 4.7	 6.0	 7.9	 8.4	 9.1	 0.392	 0.050	 -0.342	 1.117
	 (3.8-4.2)	 (3.4-3.7)	 (4.6-4.9)	  (5.8-6.2)	  (7.7-8.1)	  (7.9-8.8)	  (8.7-9.6)	  (0.366-0.417)	 (0.030-0.070)	(-0.374--0.310)	 (1.062-1.175)

Grade, weighted % (95% CI)
    7th-9th grade 	 5.2	 4.9	 5.7	 6.6	 8.8	 10.9	 12.1	 0.282	 0.120	 -0.162 	 1.346
      (middle school)	(5.0-5.4)	 (4.7-5.2)	 (5.5-5.9)	 (6.4-6.9)	 (8.5-9.1	 (10.3-11.5)	 (11.5-12.7)	 (0.257-0.307)	 (0.098-0.142)	 (-0.195--0.129)	 (1.274-1.422) 
    10th-12th grade	 6.0	 5.5	 6.5	 8.5	 11.8	 12.9	 14.4	 0.385	 0.074	 -0.311	 1.184
      (high school)	 (5.8-6.3)	 (5.3-5.7)	 (6.3-6.6)	 (8.3-8.8)	 (11.5-12.0)	  (12.4-13.4)	 (13.8-15.0)	 (0.365-0.406) 	 (0.057-0.091)	(-0.338--0.285)	 (1.136-1.235)

Region of residence, weighted % (95% CI)											         
    Rural	 5.5	 5.3	 6.2	 7.9	 10.7	 12.0	 13.6	 0.370	 0.087	 -0.283	 1.220
	 (5.3-5.7)	 (5.0-5.5)	 (6.0-6.4)	 (7.6-8.1)	 (10.4-11.0)	 (11.4-12.5)	 (13.0-14.1)	 (0.347-0.394)	  (0.069-0.105)	(-0.313--0.253)	 (1.165-1.277) 
    Urban	 5.8	 5.3	 6.0	 7.7	 10.5	 12.3	 13.4	 0.330	 0.092	 -0.243	 1.258
	 (5.6-6.0)	 (5.1-5.5)	 (5.8-6.2)	 (7.5-8.0)	 (10.2-10.8)	 (11.7-12.9)	 (12.7-14.1) 	 (0.307-0.353)	 (0.070-0.115)	 (-0.272--0.214)	 (1.193-1.328)
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Previous studies3,7,20 concerning BMI change 
indicate a positive trend in weight gain in 2020 
compared to pre-pandemic. These results are 
similar to the results of our study; however, we 
demonstrated that the slope was significantly de-
creased during the COVID-19 pandemic21. Cer-
tain previous studies11 analyzed a small number 
of students or used biased data from students who 
visited pediatric endocrine clinics, whereas we 
used data on one million nation-wide adolescents. 
Although a study from China included 2021 data, 
it gathered data only after 2017, and these data 
from hospital sources might have been subject to 
selection bias11.

Mechanism
The prevalence of obesity is influenced by a 

variety of factors, including environmental and 
psychological factors. Firstly, regarding environ-
mental aspects, dietary behavior and physical ac-
tivity of adolescents are known to significantly af-
fect their weight22. Obesity is a result of excessive 
calorie intake, inactivity, and calorie-rich food 
consumption23. The majority of schools during 
the COVID-19 pandemic provided classes online, 

resulting in adolescents having fewer opportuni-
ties for physical activity and spending more time 
sitting3. A cross-sectional study identified that 
only 23.5% of youth participated in extracurricu-
lar sports, and 94.5% of children watched screens 
for 1.5 hours/day24. However, when comparing 
2019 and 2020, Korean adolescents undertook 
anaerobic exercise more frequently in 2020 than 
they did in 2019. This increase in anaerobic exer-
cise may have compensated for the decline in aer-
obic exercise during the COVID-19 pandemic25. 

For decades, dietary behavior changes, such 
as consuming fast food more frequently and eat-
ing more often, have been linked to adolescents’ 
weight increase22. However, the dietary behavior 
of youth seems to have changed during the pan-
demic. In Korea, adolescents consumed less fast 
food, fruit, and sweet drinks during the pandemic 
due to less eating out and an increased tenden-
cy toward health-seeking behavior25. Although 
existing adolescents’ lifestyles are linked to 
weight gain, changes in their lifestyle during the 
COVID-19 pandemic may partially compensate 
for these weight changes, which is also revealed 
in our results.

Figure 1. 17-year trends in body mass index, overweight, and obesity from 2005 to 2021 during the COVID-19 pandemic: a 
Korean national representative study.
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Table III. 17-year trends in overweight or obesity from 2005-2021 during the COVID-19 pandemic.

CI, Confidence interval; OR, odds ratio. aWe examined the KYRBS cycles as a continuous variable [2005-2007, 2008-2010, 2011-2013, 2014-2016, 2017-2019, 2020 (early pandemic), and 2021 (mid-
pandemic)] in a linear regression model. bWe examined the KYRBS cycles as a binary variable [last pre-pandemic (2017-2019) vs. COVID-19 pandemic (2020 to 2021)] in a binary regression model.
Bold numbers indicate a statistically significant difference (p-values < 0.05).

	 2005-2007	 2008-2010	 2011-2013	 2014- 2016	 2017-2019	 2020	 2021	 Before the	 After the	 Trend 	 2017-2019 vs.
						      (early	 (mid 	 COVID-19 	 COVID-19	 difference, 	 2020-2021
						      pandemic)	 pandemic	 pandemic, 	 pandemic,	 βdif (95% CI)	 (COVID-19
	 	 	 	 	 	 	 	 β (95% CI)a	 β (95% CI)a	 pandemic),	 OR (95% CI)b

			 
Obesity, weighted mean % (95% CI)
    Overall	 13.1	 12.3	 13.7	 16.2	 19.9	 22.3	 23.4	 0.256	 0.068	 -0.188	 1.188
	 (12.9-13.3)	 (12.0-12.5)	 (13.5-13.9)	 (16.0-16.4)	 (19.7-20.2)	 (21.8-22.8)	 (22.8-24.0)	 (0.244-0.268)	 (0.057-0.079)	 (-0.204--0.172)	 (1.156-1.222)

Sex, weighted % (95% CI)											         
      Male	 15.0	 14.4	 15.2	 17.9	 23.0	 27.1	 29.0	 0.252	 0.105	 -0.147	 1.306	
	 (14.7-15.3)	 (14.1-14.7)	 (14.9-15.5)	 (17.6-18.2)	 (22.7-23.4)	 (26.5-27.8)	 (28.-29.7)	  (0.238-0.266)	  (0.093-0.118)	 (-0.166-0.128)	 (1.267-1.346) 
    Female	 10.9	 9.9	 12.0	 14.3	 16.6	 17.0	 17.3	 0.268	 0.017	 -0.251	 1.042
	 (10.6-11.2)	 (9.6-10.1)	 (11.8-12.3)	 (14.0-14.6)	 (16.3-16.9)	 (16.4-17.7)	 (16.7-17.9)	 (0.251-0.286)	 (0.001-0.032)	 (-0.274--0.228)	  (1.002-1.085)

Grade, weighted % (95% CI)
    7th-9th grade 	 12.8	 12.1	 13.7	 15.0	 17.9	 21.4	 22.5	 0.196	 0.099	 -0.097	 1.292	
      (middle school)	 (12.4-13.1)	 (11.8-12.5)	 (13.4-14.0)	 (14.7-15.4)	 (17.5-18.3)	 (20.6-22.3)	 (21.7-23.3)	 (0.178-0.213)	 (0.082-0.116)	 (-0.121--0.073)	  (1.238-1.350) 
    10th-12th grade	 13.3	 12.4	 13.7	 16.9	 21.1	 22.8	 24.0	 0.291	 0.051	 -0.240	 1.133	
      (high school)	 (13.0-13.6)	 (12.1-12.6)	 (13.5-14.0)	 (16.6-17.2)	 (20.9-21.6)	 (22.2-23.5)	 (23.3-24.7)	 (0.276-0.306)	 (0.038-0.064)	(-0.260--0.220)	 (1.096-1.171)	

Region of residence, weighted % (95% CI)											         
    Rural	 12.7	 12.3	 13.7	 16.2	 20.1	 22.1	 23.3	 0.276	 0.064	 -0.212	 1.172	
	 (12.3-13.0)	 (11.9-12.6)	 (13.4-14.0)	 (15.9-16.5)	 (19.7-20.4)	 (21.4-22.8)	 (22.6-24.1)	 (0.259-0.292)	 (0.050-0.078)	(-0.234--0.190)	  (1.130-1.215) 
    Urban	 13.5	 12.3	 13.7	 16.2	 19.8	 22.5	 23.5	 0.232	 0.074	 -0.158	 1.211
	 (13.2-13.9)	 (12.0-12.6)	 (13.4-14.0)	 (15.9-16.6)	 (19.4-20.2)	 (21.7-23.4)	 (22.6-24.4)	 (0.216-0.248)	 (0.056-0.091)	 (-0.182--0.134)	 (1.160-1.265)
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Table IV. 17-year trends in mean BMI from 2005-2021 during the COVID-19 pandemic.

CI, Confidence interval; OR, odds ratio. aWe examined the KYRBS cycles as a continuous variable [2005-2007, 2008-2010, 2011-2013, 2014-2016, 2017-2019, 2020 (early pandemic), and 2021 (mid-
pandemic)] in a linear regression model. bWe examined the KYRBS cycles as a binary variable [last pre-pandemic (2017-2019) vs. COVID-19 pandemic (2020 to 2021)] in a binary regression model.
Bold numbers indicate a statistically significant difference (p-values < 0.05).

	 2005-2007	 2008-2010	 2011-2013	 2014- 2016	 2017-2019	 2020	 2021	 Before the	 After the	 Trend 	 2017-2019 vs.
						      (early	 (mid 	 COVID-19 	 COVID-19	 difference, 	 2020-2021
						      pandemic)	 pandemic	 pandemic, 	 pandemic,	 βdif (95% CI)	 (COVID-19
	 	 	 	 	 	 	 	 β (95% CI)a	 β (95% CI)a	 pandemic),	 OR (95% CI)b

			 
Obesity, weighted mean % (95% CI)
    Overall	 20.48	 20.46	 20.61	 20.90	 21.30	 21.50	 21.61	 0.039	 0.008	 -0.031 	 1.020
	 (20.46-20.51)	 (20.43-20.48)	 (20.59-20.64)	 (20.87-20.93)	 (21.27-21.34)	 (21.44-21.56)	  (21.54-21.68)	 (0.037-0.041)	 (0.006-0.010)	(-0.034--0.028)	 (1.015-1.024)

Sex, weighted % (95% CI)											         
      Male	 20.83	 20.86	 20.91	 21.22	 21.83	 22.29	 22.51	 0.036	 0.015	 -0.021 	 1.038
	 (20.80-20.87)	 (20.83-20.89)	 (20.88-20.94)	 (21.19-21.26)	 (21.79-21.87)	(22.22-22.36)	 (22.45-22.58)	 (0.035-0.038)	 (0.013-0.016)	 (-0.023--0.019)	 (1.034-1.042) 
    Female	 20.09	 20.00	 20.28	 20.55	 20.72	 20.64	 20.64	 0.046	 -0.003 	 -0.049 	 0.991
	 (20.06-20.12)	 (19.97-20.03)	 (20.26-20.31)	 (20.52-20.58)	 (20.69-20.76)	(20.59-20.70)	 (20.58-20.70)	 (0.044-0.049)	 (-0.006--0.001)	(-0.053--0.045)	 (0.985-0.997)

Grade, weighted % (95% CI)
    7th-9th grade 	 19.89	 19.84	 20.00	 20.16	 20.48	 20.86	 20.96	 0.028	 0.013	 -0.015	 1.036
      (middle school)	(19.86-19.92)	  (19.81-19.88)	 (19.97-20.03)	 (20.13-20.19)	 (20.44-20.52)	(20.78-20.94)	 (20.87-21.04)	 (0.026-0.030)	 (0.011-0.016)	 (-0.018--0.012)	 (1.030-1.042) 
    10th-12th grade	 20.95	 20.87	 21.04	 21.38	 21.82	 21.90	 22.03	 0.044	 0.005	 -0.039	 1.012	
      (high school)	(20.93-20.99)	 (20.84-20.91)	 (21.01-21.07)	 (21.35-21.41)	 (21.78-21.86)	 (21.82-21.98)	 (21.94-22.11)	 (0.042-0.046)	 (0.003-0.007)	(-0.042--0.036)	 (1.006-1.017)	

Region of residence, weighted % (95% CI)											         
    Rural	 20.41	 20.44	 20.61	 20.89	 21.31	 21.47	 21.61	 0.043	 0.008	 -0.035	 1.019
	 (20.37-20.45)	 (20.40-20.49)	 (20.57-20.64)	 (20.86-20.93)	 (21.26-21.35)	 (21.39-21.55)	 (21.53-21.70)	 (0.040-0.045)	 (0.005-0.010)	 (-0.039--0.031)	 (1.013-1.024) 
    Urban	 20.56	 20.47	 20.62	 20.91	 21.29	 21.53	 21.61	 0.035	 0.008	 -0.027 	 1.022
	 (20.52-20.60)	 (20.43-20.50)	 (20.58-20.66)	 (20.87-20.95)	 (21.24-21.34)	(21.44-21. 64)	 (21.50-21.72)	 (0.032-0.037)	 (0.005-0.011)	 (-0.031--0.023)	 (1.015-1.029)
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Finally, with regard to psychological aspects, 
adolescent obesity and mental health have a bi-di-
rectional relationship. Among US teenagers, sui-
cide-related behaviors, negative emotions, and 
sentiments of grief and hopelessness, increased 
significantly from 2009 to 201926. Depression and 
anxiety activate the hypothalamus-pituitary-ad-
renal axis, increasing the release of cortisol and 
thereby exacerbating obesity27. In addition, the rate 
of adolescents experiencing anxiety, depression, 
and stress increased during the early pandemic28.  
Nonetheless, in response to the pandemic, popula-
tion level resilience in mental health may be devel-
oping. The COVID-19 crisis and the ensuing lock-
down limitations caused an increase in the average 
level of psychological anguish from March to April 
2020; however, the degree of distress had returned 
to mid-March levels by June 202029. Mental stress 
had increased in the early COVID-19 pandemic 
but may have decreased mid-pandemic. Therefore, 
the psychological effect of the pandemic decreased 
during the mid-pandemic period, which may ex-
plain why the mean BMI during the pandemic was 
lower than expected.

Public Health Implications
According to studies30, adolescent obesity 

readily progresses to adult obesity, and adult obe-
sity is linked to several comorbidities, such as can-
cer, diabetes, and cardiovascular disease. Addi-
tionally, according to the CDC, obese adolescents 
may experience severe COVID-19 outcomes9. In 
the event of a pandemic, ESPEN specialists rec-
ommend supplying obese patients who frequently 
experience key micronutrient deficiencies several 
supplements, including vitamins (vitamins A, B6, 
B12, C, D, and E and folate) and trace elements 
(zinc, selenium, and copper), to strengthen their 
immune systems31. The government should assist 
individuals in obtaining inexpensive, wholesome 
diets, particularly for families with low socioeco-
nomic status backgrounds. Furthermore, the gov-
ernment should support local schools in extending 
opening hours for gyms, playgrounds, and sports 
fields so that adolescents can engage in more 
physical activity. Hospitalists and parents should 
routinely measure children’s weight and height 
and plot them on growth charts to calculate BMI 
and assess patterns. In addition, the government 
should strengthen physical activity guidelines for 
adolescents to support and encourage them to be 
physically active. 

Analyzing global policy, we suggest that the gov-
ernment should focus on adolescents’ obesity issues 

and phasing online assessment methods as an effec-
tive monitoring method for children’s growth and 
development. In addition, considering the hereditary 
nature of obesity, prevention policies should be im-
plemented for both adolescents and parents32.

Strengths and Limitations
The significance of this study is that it used large-

scale, population-based, nationwide adolescent data 
to examine trends in BMI changes, particularly 
during the early and middle stages of the COVID-19 
pandemic. It is usually difficult for researchers to 
obtain individual data during a pandemic, but we 
were able to acquire our data by using non-face-
to-face methods, which were not affected by lock-
downs28. Due of the sensitive nature of the survey’s 
subject matter, data were collected using anony-
mous self-reported online questionnaires filled out 
in school computer labs. As a result, the long-term 
trends observed in this study were not biased by dif-
ferences in the survey methods. 

However, this study has certain limitations. 
First, the data were collected only from the South 
Korean adolescent population. Further studies are 
needed to confirm the impact of the COVID-19 
pandemic on youth BMI in other countries. Sec-
ond, because only adolescents attending school 
were allowed to participate, it might not be rep-
resentative of all Korean youth between the ages 
of 12 and 18 years. However, only approximately 
1.8% of those between the ages of 12 and 18 do 
not attend school in Korea12,13. Finally, since the 
variables of this study (e.g., weight and height) 
were self-reported, findings may be subject to re-
call and social desirability bias. To address this 
issue, the KYRBS should add additional survey 
questions, such as waist circumstance12,13.

Conclusions

This study, which included data from the ear-
ly and middle stages of the COVID-19 pandem-
ic, was a large-scale, nationally representative 
study examining long-term trends in BMI and the 
prevalence of obesity and overweight among one 
million adolescents. Trends in mean BMI, obe-
sity, and overweight showed a considerable rise 
from 2005 to 2021; however, the rise during the 
COVID-19 pandemic (2020-2021) was less than 
expected given the regression before the pandem-
ic (2005-2019). Our findings help comprehend the 
long-term trends in Korean adolescents’ BMI and 
echo the need for effective preventive measures 
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to reduce obesity. This study urges follow-up re-
search to examine how specific variables changed 
before and after the epidemic to pinpoint the caus-
al variables that affect adolescent obesity. 
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