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Did the increase in sitting time due G

to COVID-19 lead to obesity in adolescents?
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Abstract

Introduction: Since adolescent with obesity is closely linked with the incidence of cardiovascular disease, it is
important to identify the factors that increase the prevalence of adolescent with obesity and prevent it early. This
study aimed to examine which of the demographic and lifestyle factors including sitting hours per week for purposes
other than study had the greatest influence on Korean adolescents with obesity during the coronavirus disease 2019
(COVID-19) pandemic.

Methods: We used the Korean Youth Risk Behavior Web-based Survey (KYRBWS) data. The primary outcome was the
relationship between sitting hours and obesity during and after the COVID-19 pandemic. Multiple logistic regression
analysis was performed to examine which of the demographic and lifestyle factors including sitting hours per week
for purposes other than study had the greatest influence on Korean adolescents’ obesity status.

Results: The prevalence of obesity was significantly higher during the COVID-19 than before the COVID-19 (OR,
1.268, Cl:1.232-1.305). There was a significant increase in the OR for sitting hours per week for purposes other than
study (OR, 1.021,95% Cl, 1.019-1.024). Compared to low household income, the OR decreased for middle (OR=0.798,
95% CI:0.77,0.826) and high-income household students (OR, 0.833, 95% Cl: 0.803-0.865).

Discussion/Conclusion: The results of this study confirmed the relationship between sit-ting hours and obesity in
adolescents during the pandemic. To prevent adolescent with obesity, further studies are needed to focus on the
importance of promoting health policy in adolescents to avoid the continuous rising of its prevalence and needed to
understand whether the increase in obesity rates during the pandemic is a temporary trend.
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Introduction

Obesity among children and adolescents has increased
steadily and is emerging as a serious social problem [1, 2].
Children with obesity are approximately five times more
likely to be obese in adulthood than those who are not
obese, and approximately 80% of obese adolescents will
remain obese in adulthood [3]. A previous study shown
that childhood and adolescent with obesity increased
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apnea, asthma, benign intracranial hypertension, muscu-
loskeletal disorders, and psychological problems [8].

Therefore, it is important to identify the factors that
increase the prevalence of childhood or adolescent with
obesity and to prevent obesity early in life. It is well
known that healthy lifestyles and behaviors enhance the
immune system, reduce the risk of infections and inflam-
mation, and are effective in the prevention of various
chronic diseases [9].

The coronavirus disease 2019 (COVID-19) pandemic
has become the biggest public health challenge since
the Middle East respiratory disease (MERS) outbreak in
2015, posing a challenge to workplace safety and health
in Korea [10]. To prevent the early spread of COVID-
19, the government implemented social distancing poli-
cies at four levels, including working from home, closing
schools, starting online classes, limiting the number of
people in private gatherings, reducing business hours,
restricting large-scale indoor activities, and restricting
the use of sports facilities, such as water parks [11, 12].

It is assumed that the lifestyle of adolescents has nat-
urally changed, as these policies restrict people’s daily
lives. In particular, physical activity has decreased due
to social distancing, school closures, and home isolation
due to the risk of COVID-19 infection, which is expected
to negatively affect weight control. In Korea, it can be
inferred that teenagers’ physical activities would have
decreased further because physical education classes
were limited and sports facilities were also difficult to use.
This can be inferred that the sedentary life of adolescents
increases as active behavior decreases, which is thought
to lead to an increase in the prevalence of obesity.

Sedentary behavior was associated with greater
increases in BMI in adolescents, independent of MVPA
(moderate to vigorous physical activity). Preventing an
increase in sedentary behavior from childhood to adoles-
cence may contribute to reducing the number of children
classified as obese [13].

This study aimed to analyze the prevalence of obesity
changes caused by changes in sitting time during the
pandemic period and to suggest policies for appropri-
ate preventive measures due to the prolonged pandemic
period.

Methods
Study design
This study used the Korea Youth Risk Behavior Web-
Based Survey (KYRBWS) from the Korea Center for
Disease Control and Prevention to estimate national
representative values and extrapolate the findings to the
entire Korean population.

This study compared the prevalence of obesity among
the 2016—2019 participants (before COVID-19 pandemic
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group) with the 2020-2021 participants (during COVID-
19 pandemic group).

The primary outcome was the difference in obesity
prevalence due to increased sitting hours per week for
purposes other than study before and during COVID-
19. We will define the prevalence of obesity as the pro-
portion of a sample of obese adolescents in that year.
Increased sitting time means an increase in annual sitting
time for purposes other than study of adolescents. Sub-
group analyses on obesity status were conducted accord-
ing to biological sex, school grade, average sleep hours
per week, whether to skip breakfast more than five days a
week, smoking status, household income, academic level,
region, and sitting hours per week for purposes other
than study.

Data and study population

This study analyzed serial cross-sectional data from the
KYRBWS, a survey of middle- and high-school students,
to understand the current status and trends of health
behaviors, such as smoking, drinking, physical activity,
diet, mental health, awareness of damage and safety, and
oral health of Korean adolescents. This survey is a gov-
ernment-approved statistical survey (approval number:
11758) and has been conducted annually since 2005. All
participants provided informed consent to participate
in the KYRBWS and were guaranteed anonymity and all
methods were carried out in accordance with relevant
guidelines and regulations.

A sample of middle- and high-school students rep-
resenting the whole country was obtained using strati-
fied multi-stage sampling, and students were surveyed
anonymously during regular class time based on a self-
filling web [14]. Average sleep hour per week, skipping
breakfast more than 5 days a week and Sitting hour per
week for purposes other than study were answered based
on the adolescents’ memory, and the household income,
and GPA were answered by the subjective criteria of the
adolescents. And we confirmed that sleep hour, skip-
ping breakfast, smoking status, sitting hour, household
income, GPA and region are factors associated with ado-
lescent obesity. The risk of obesity decreases as sleep time
increases and breakfast is not skipped [15, 16]. And indi-
viduals who smoke more have lower BMI compared to
infrequent or non smokers [17]. In addition, the shorter
the sitting time, the higher the household income, the
lower the risk of obesity, and the lower the GPA, the
higher the BMI [13, 18-20].

Our study population consisted of adolescents aged
12-18 years from the KYRBWS 2016 to 2021. We
excluded adolescents with missing monthly age, height,
and weight information. Sitting time was added to the
following questions: sitting time per week for purposes
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other than study. This includes watching TV, play-
ing games, using the Internet, chatting, and sitting on a
move. Obesity was assessed by measuring the BMLI. It is
one of the most widely used and recommended methods
for determining the obesity status of children and ado-
lescents [21]. BMI was calculated by dividing the body
weight in kilograms by the body height in meter square.
Age- and sex-adjusted BMI Z scores were obtained using
a Korean National Growth Chart [22]. Adolescents were
considered obese if their BMI was in the 95th percen-
tile, and overweight was defined as follows: 85th percen-
tile < BMI<95th percentile for age and sex.

Statistical analysis

The outcome variable of this study was the effect of
changes in sitting time before and after the pandemic on
adolescents with obesity behavior. Categorical and con-
tinuous variables were compared between the groups
using the chi-squared test and t-test. Multiple logistic
regression analysis was performed to examine which of
the demographic and lifestyle factors including sitting
hours per week for purposes other than study had the
greatest influence on obesity prevalence. We also esti-
mated the odds ratio (OR) and 95% confidence interval
(CI) of the OR. Responses that had logical errors and
those that were outliers were processed as missing values,
and observations with missing data were excluded from
the analysis. Statistical significance was set at P <0.05.
Because the KYRBWS data included multi-level sam-
pling, layering, and clustering, we analyzed it by applying
weights. Responses with logical errors or outliers were
processed as missing values.

Results

General information on study observation

Table 1 presents participants adolescents with an average
age of about 15 years, with about 50% each females and
males. Approximately more than about 95% of the stu-
dents lived in metropolitan or city areas, and only about
5% lived in rural areas. Household income level, GPA,
smoking status, and region were used as variables.

Comparison of adolescents with obesity before and during
COVID-19

Table 2 and Fig. 1 present a comparison of adolescents
with obesity from 2016 to 2021. In both males and
females, the prevalence of obesity increased during
the COVID-19 pandemic. The prevalence of obesity
by region increased significantly during the COVID-
19 pandemic in metropolitan and city areas, but the
prevalence of obesity among students living in rural
did not increase.
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Comparison of adolescents’sitting time before and during
COVID-19

Table 3 and Fig. 1 present adolescents’ sitting hours per
week for purposes other than study from 2016 to 2021. Sit-
ting hours per week for purposes other than study increased
significantly from 7.43 h per week in 2019 to 9.20 h per
week in 2020 when the COVID-19 pandemic began. Sitting
time increased significantly at the onset of the COVID-19
pandemic in all subgroups by sex and region.

Association between obesity before and during COVID-19
The estimated OR (with 95% CI) for obesity prevalence is
shown in Table 4. A multiple logistic regression analysis
model was used to examine the relationship between the
likelihood of obesity and factors. The prevalence of obe-
sity was significantly higher during the COVID-19 pan-
demic than before the COVID-19 pandemic (OR, 1.268;
95% CI: 1.232-1.305), even after adjusting for covariates.

There was a significant increase in the OR for sitting
hours per week for purposes other than study (OR, 1.021;
95% CI, 1.019-1.024). Compared to low-income house-
hold students, the OR decreased for middle- (OR, 0.798;
95% CI, 0.77-0.826) and high-income household stu-
dents (OR, 0.833; 95% CI: 0.803—-0.865).

Discussion

According to the results of this study, during the COVID-
19 period, the sitting time of Korean adolescents signifi-
cantly increased, and the prevalence of obesity increased.
This obesity prevalence demonstrated a tendency to
increase in statistically significant manner after the pan-
demic, even when the effects of demographic covariates,
such as sex, grade, and region, were analyzed using mul-
tivariate logistic regression.

To the best of our knowledge, this is the first study
in Korea that addresses the changes in obesity rates by
measuring the amount of physical activity during sitting
time before and after the COVID-19 pandemic. Previous
studies in Korea have demonstrated that the longer the
sitting time for purposes other than the study, the higher
the prevalence of obesity [23]. Another study in Korea
showed that adolescents’ high weight tends to be associ-
ated with a low frequency of physical education classes,
and adolescents who sit for more than two hours a day
are more likely to be obese [24, 25]. The finding that a
decrease in physical activity due to increased sitting time
increases obesity in adolescents is consistent with the
results of our study.

Previous studies before the COVID-19 pandemic have
shown that adolescents gain weight during summer
vacation, suggesting that they have decreased physical
activity, increased sitting behavior, increased access to



Page 4 of 8

(2023) 23:5

Kim et al. BMC Pediatrics

810 S80L 610 857l 610 24 ) 80€l  ¢C0 el 0 LYSL mo
€60 67  €€0 (Sly 620 S8y 670 SL9Y  LE0 SLSh 670 Vi 3|PPIW
wo SLoY  LY0 S86E  9€0 996 LE0 L0V 1¥0 oy LE0 (43 ybiH  3wodul pjoyasnoy
(@s ‘ueaw) yaam sad
(L00F £19) (L00F ¢9) (C00F€9) (CO0FST9) (CO0F £29) (C00F€9) inoy daays abesany
620 €08 €0 STLE 670 696€ 80 75€e 8C0 ole  [T0 6187 )9am / shep /-5
620 619 €0 SLT9 600 LEY9 870 8799 870 ¥S89 L0 181/ Joam /shep -0 1sepjeauq buiddys
710 Wy SLo LSV 6L0 859 70 1S9 20 919 170 71’9 yjuow / | ueyy aiop
¥10 8566  SLO €966 610 wee 0 66 70 ¥8€6 170 98°¢6 Yiuow / suoN sniejs bupjows
LT0 9y LE0 €Sy €0 95y 0 vy €70 657 £€0 56 leany
SL0 €SSk 940 SISk L0 9Ury  SL0 STvy ¥L0 ©Ovr L0 434 ease 31D
v/L0 1005 S0 YE0S  ¥L0 8905 €40 LO'LS €40 8E'LS 690 v9'LS ueyjodonapy uoibay
810 Yol 0 6Lzl 610 SOEL  8L0 alel 610 6£€Ll 8l0 8Tl mo1
2o 8¥ve  CC0 S9¥T  1T0 ¢§6ve 610 6v'ST 610 5967 8L0 9I'sT 3|ppIw 19Mmo1
120 €OLE 170 9L0¢ 120 lzog 0 Svec  C0 7887 610 18T 3IPPIN
4] L0ZZ €20 l0eC  T0 80CC 170 80CC 70 [T 610 slee a|ppiw 1addn
910 ¥86 910 oL ¥l0o €6 ¥L0 186 SLO 886  ¥l0 oLol ybIH VdD
€l sgsl €l 819l ¢l S691 o€l 6T/l 6E1 g/l S¥L 1181 [ooyds Ajuo-spin
Tl LSPL o pEL 6T/l €€ (A (811 L o8l S¥l el jooyds Ajuo-shog
€51 8569 €51 €599 651 $859 191 89 9l €L€9  S9l 29 Jooyds xas-paxi adfj jooyds
870 v/9L 820 ge9l €0 o8l LE0 8/6L 870 S8l 870 718l apeib ,zL
LT0 6591 /20 90/l 920 SY9L 600 8L/l 80 668l /T0 Y6/ apesb 11
ST0 €961 870 6891 970 LUl ST0 €651 S0 vILL 820 o8l apesb 01
970 619l ST0 859Gl [T0 8591 /T0 ST9L SC0 906l 970 Se9l apesb
970 98/l [T0 9L 970 SESL LT0 LSL 970 8€SL €20 6Evl apesb
870 669l 670 88/l 870 666l ST0 9S¥L 970 88¥l  SC0 Uyl apesb apeib jooyds
L1l 98y Sl olgy ¢l 808y ¥l sy LT 08y €L L6/Y deway
LLL Yol  SLL CIC 61S vl 86'lS /[T 6615 el 60'7S ale x9S
(YOOF LTSL) YOOFLLSL) (SOOF £0'S1) (FOOFSLSL) (FOOFELSL) (FOOF L'SL) ajewsy
(YOOF¥TSL) (YOOFTSL) (Y0O0F60SL) (FOOF LLSL) (POOFSLSL) (FOOFCLSL) slew
(€00F TSl (00F6LSL) (C00F80SL) (C00F9LSL) O0F¥LGL) O0F LLSL) (as ‘veaw) aby
(E00F L9LD) (E00FS'12) (E00FSELD) (E00FCELD) (E00F VT LO) (E00F L'LD) (as ‘veaw) |Ng
LLYS 60815 690'£S ¥€2'65 198’19 LS9 (N) 1eaoL
as pUERIEY] as g as U4 as FIVERIEN as pUEMIEY] as JUddId
Lzoz 0zoz 6102 810¢ L10T 910T

uoneAlssqO \A_U_\ﬁm JO uonewlIoju| |eiau=s) | 9jqelL



Page 5 of 8

(2023) 23:5

Kim et al. BMC Pediatrics

1591 ¢X 8y Buisn pazAjeue a1am sa|geliea ,

/0 061 980 6L€l 690 ¥8€l /0 sel €60 soct SL0 89°LL Ausaqo
6%7100 /0 0EY8 980 198 690 9198 ¥/°0 81798 €60 S6'/8 SL0 €88 SUON leiny
60 VLEL 60 L0CL 60 9ClL L0 7801 SC0 €C0lL ¥C0 €C6 Ausaqo
1000 > 6C0 9’98 6C°0 €6'/8 60 ¥/'88 L0 91'68 SC0 1168 0 L1°06 SUON ease Q1D
0€0 90€lL 9C0 Lo¢l €C0 9901 €C0 ¢S50l [440] 896 LC0 6,8 Ausaqo
1000 > 0€0 7698 90 66'/8 €0 7¢'68 €0 8768 cco ce06 Lo Lcle SUON uepjodonap uoibay
Lc0 Sl'6 0co 9€'8 00 Gl'8 Lc0 708 8L°0 9L L10 €69 Ausaqo
1000 > LC0 5806 00 7916 0c¢0 816 120 96°16 810 Y6 L1°0 L0'€6 SuoN djewaf
LC0 SLL SC0 6551 €C0 8¢l [440) GEEL €C0 oeet [44) clll Ausaqo
1000 > LC0 8¥7'¢8 S0 L¥'¥8 €C0 98 o 5998 €C0 0£'/8 o 8888 SUON SleN X3S
10 67 ¢l 610 clel 810 JAORN /10 180l 91’0 €00l 91’0 cl'e Ausaqo
1000 > L0 1598 610 88'/8 810 €688 L1°0 6168 91’0 668 910 8806 SUON |elol
QONeAd  MIPIS  JUDId  MIPIS  JUDIdd  MIPIS  JUBDI_d M PIS  JUDIDd  MIPIS  JUdIdd LI PIS  JuIdudd
X414 0coc 61L0C 8L0T £10T 9lL0c

61-JIAOD Bulnp pue 210429 A1IS300 UM SIUSISI|0pe JO uosledwo) g ajqel



Kim et al. BMC Pediatrics (2023) 23:5 Page 6 of 8
14 9.50
13 9.00
8.50
12
8.00
11
7.50
10
7.00
9 6.50
8 6.00
2016 2017 2018 2019 2020 2021
s obesity rate sitting hour per week for purposes other than study
Fig. 1 Trend of adolescents with obesity rate with sitting hour per week for purposes other than study
Table 3 Comparison of adolescents'sitting hour per week for purposes other than study before and during COVID-19
2016 2017 2018 2019 2020 2021
Mean StdErr Mean StdErr Mean StdErr Mean StdErr Mean StdErr Mean  Std Err
Total 6.67 0.03 6.88 0.03 7.82 0.04 743 0.03 9.20 0.04 872 0.04
Sex Male 6.46 0.04 6.68 0.04 7.73 0.05 7.46 0.05 9.18 0.05 8.85 0.05
Female 6.89 0.04 7.0 0.04 792 0.05 739 0.04 9.22 0.05 8.58 0.05
Region Metropolitan 654 0.04 6.75 0.04 7.70 0.05 7.28 0.04 9.00 0.05 845 0.05
City area 6.78 0.05 7.02 0.05 793 0.05 7.58 0.05 9.39 0.06 8.93 0.06
Rural 6.96 013 713 013 8.09 0.14 7.65 0.11 9.53 0.16 9.54 0.14

harmful snacks, no plans, de-creased self-monitoring,
and irregular sleep patterns. [26-28]. The lockdown
period of COVID-19 can be considered as a type of
vacation, and previous studies considered the lockdown
period as an early summer vacation, suggesting that the
child with obesity rate increases in proportion to the
number of months of closure, resulting in rapid increase
of new obesity cases [23, 24]. As classes were switched
non-face-to-face due to Covid-19, the screen time of ado-
lescents increased, which further exacerbated their sit-
ting habits [29, 30].

The negative relationship between a family’s financial
status and obesity prevalence in adolescents has been
steadily reported in the past [31, 32]. This study also
con-firmed that the obesity prevalence in adolescents
in the group with low-income household was higher
than that in the group with high-income household. As
the economy became more difficult due to COVID-19,

many people lost their jobs, or their incomes decreased
[33]. Therefore, it can be inferred that the prevalence of
obesity in adolescents increased because of the increase
in households whose family financial status deteriorated
during the pandemic.

This study is meaningful in that it analyzes several
variables, such as gender, grade, and housing income,
including adolescents’ sitting time, and investigates
whether each variable affects the increase in the prev-
alence of obesity among adolescents during Covid-
19. However, there are some limitations to the use of
secondary data. First, memory bias may have existed
because the data used in the study relied on the mem-
ory of the respondents and not observational data.
Second, as the number of participants in the survey
changed every year, it was not possible to confirm
the change in individual students before and after the
pandemic.
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Table 4 Obesity multiple logistic regression
OR (95% Cl) Ps?
Sex Male 1 [Reference] <.0001
Female 0.523 0.509 0.537
Grade 7th grade 1 [Reference] <.0001
8th grade 0.946 0.905 0.989
9th grade 1.044 0.997 1.093
10th grade 1.206 1.149 1.264
11st grade 1.295 1.235 1.359
12nd grade 1422 1.354 1492
Covid Before Covid 1 [Reference] <.0001
During Covid 1.268 1.232 1.305
Average sleep hour per week 0.982 0.973 0.992 0.0005
Skipping breakfast more than 5 days a week 0-4 / week 1 [Reference] 0.0225
5-7 / week 1.03 1.004 1.056
Smoking status None / month 1 [Reference] <.0001
More than 1/ month 0.809 0.768 0.852
Household income High 0.833 0.803 0.865 <.0001
Middle 0.798 0.77 0.826
Low 1 [Reference]
Sitting hour per week for purposes other than study 1.021 1.019 1.024 <.0001
GPA High 0.612 0.581 0.645 <.0001
Upper middle 0.704 0673 0.736
Middle 0.779 0.747 0.813
Lower middle 093 0.892 0.971
Low 1 [Reference]
Region Metropolitan 0.781 0.737 0.828 <.0001
City area 0.805 0.759 0.853
Rural 1 [Reference]

OR, Odds ratio
2 Calculated using multiple logistic regression analysis

Conclusion

The prevalence of obesity among teenagers in Korea
increased during the COVID-19 pandemic. There-
fore, a policy is needed to provide adolescents liv-
ing in a low-income household with programs to
practice a healthy life at home. Further studies are
needed to determine whether the increased obesity
rate during the pandemic is a temporary trend and to
provide obesity preventing strategies based on vari-
ous fac-tors for adolescents by maintaining healthy
lifestyles.
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