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INTRODUCTION

The World Health Organization declared the coronavirus dis-

ease 2019 (COVID-19) disease outbreak to be a pandemic on 
March 11, 2020. To mitigate the spread of the disease, social 
distancing measures, including school closures and lock-
downs, were implemented.1 In South Korea, the first case of 
COVID-19 was confirmed on January 20, 2020, and by March, 
schools were closed.2 This unprecedented social scenario re-
sulted in decreased physical activity and alterations in dietary 
patterns. These lifestyle changes were followed by increased 
prevalences of obesity and obesity-related comorbidities.3 A 
meta-analysis reported that globally, the body weight of people 
increased during the COVID-19 outbreak.1 Similarly, Auriem-
ma, et al.4 reported that the prevalences of obesity and diabe-
tes mellitus increased among adults. Meanwhile, Milic, et al.5 
reported that metabolic-associated fatty liver disease became 
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highly prevalent among patients with post-acute COVID-19 
syndrome. Non-alcoholic fatty liver disease (NAFLD) compris-
es the entire spectrum of liver disease induced by excessive fat 
accumulation in the liver.6 Among obesity-associated comor-
bidities, NAFLD is emerging as a leading cause of chronic liver 
diseases, such as liver fibrosis and cirrhosis, with an increasing 
prevalence globally.6 Moreover, NAFLD is associated with all-
cause mortalities, including liver-related deaths, cardiovascu-
lar diseases, and diabetes mellitus.7 Our previous study demon-
strated that the prevalences of generalized obesity, abdominal 
obesity, and NAFLD increased among Korean children and 
adolescents before the pandemic.8 Kim, et al.2 reported that 
levels of fasting glucose, total cholesterol, and triglycerides in-
creased among Korean children during the COVID-19 out-
break. However, there are limited investigations on changes in 
the prevalences of obesity and NAFLD during the COVID-19 
outbreak among Korean children and adolescents.

The public health impact of COVID-19 may differ between 
rural and urban areas.9-11 Compared to urban areas, rural areas 
have healthcare limitations and inadequate access to telemedi-
cine owing to inadequate internet facilities.9,11 Additionally, the 
proportion of rural residents with major vulnerabilities, such as 
old age and disabilities, is higher.9 Conversely, having a dense 
population and being a transportation hub are risk factors for 
viral spread in urban areas. Additionally, the impact of social 
distancing differs between urban and rural areas.11 Park, et 
al.11 reported that reductions in mobility were greater in urban 
areas than in rural areas in Western Pacific countries, includ-
ing South Korea, owing to poor adherence to social distancing 
in rural areas.

Therefore, this study aimed to investigate changes in the 
prevalences of obesity, abdominal obesity, and NAFLD among 
Korean children and adolescents during the COVID-19 out-
break using data from the Korea National Health and Nutrition 
Examination Survey (KNHANES). Our objectives were 1) to 
investigate changes in the prevalences of obesity, abdominal 
obesity, and NAFLD during the COVID-19 outbreak among 
Korean children and adolescents and 2) to compare differ-
ences between urban and rural areas in relation to the effects of 
COVID-19 on obesity, abdominal obesity, and NAFLD among 
Korean children and adolescents.

MATERIALS AND METHODS

Ethical considerations
This study was performed as per the Declaration of Helsinki 
and was approved by the Institutional Review Board of Yonsei 
University Gangnam Severance Hospital (IRB, 3-2022-0115). 
Informed consent was obtained from all the participants.

Study design and participants
This cross-sectional study involved the investigation of data 

procured from 2018 to 2020 with the objective of comparing 
patterns before and during COVID-19. Among the 23461 par-
ticipants included in the KNHANES 2018–2020, 1582 partici-
pants were 10–18 years of age (Fig. 1). After excluding those with 
missing data on anthropometry, alanine aminotransferase 
(ALT) levels, fasting blood glucose levels, hemoglobin A1c lev-
els, diabetes mellitus status, and/or hepatitis B/C virus infec-
tion status, 1428 participants were eligible for study enroll-
ment. Participants were considered to be diabetic if they had 
a known history of diabetes, fasting glucose level ≥126 mg/dL, 
and/or hemoglobin A1c level ≥6.5%.

The KNHANES, which began in 1998, is a national-level, 
cross-sectional, representative survey involving a multistage, 
stratified, systematic sampling design. It is conducted by the Ko-
rea Centers for Disease Control and Prevention over 17 districts 
in both urban and rural areas with the objective of identifying 
health behaviors, nutrition status, and chronic disease preva-
lence. The survey has collected data on health behavior and nu-
tritional information using physical examinations and inter-
views. The survey has adopted a two-stage stratified sampling 
method with sampling units as the primary and households 
as the secondary sampling units, respectively.

Study variables
Data on age, sex, anthropometric measurements, and residen-
tial district were collected. The height of the participants was 
measured (±0.1 cm) using a portable stadiometer (range, 850–
2060 mm; Seriter, Holtain Ltd., Crymych, UK), and weight was 
measured (±0.1 kg) in an upright position using a calibrated 
balance beam scale (Giant 150N; HANA, Seoul, South Korea). 
Body mass index (BMI) was calculated as weight divided by 
height in meters squared. Waist circumference (WC) was mea-
sured at the narrowest point between the iliac crest and the 
lower borders of the rib cage at the end of expiration, and waist-

Excluded (n=154)
   • Missing anthropometric data (n=13)
   •   Missing ALT, fasting glucose, and 

hemoglobin A1c (n=125)
   • Diabetes mellitus (n=9)
   • HBV infection (n=2)
   • HCV infection (n=5)

KNHANES 2018–2020 (n=23461)

KNHANES 2018–2020 with sampling weight (n=19029)

Participants aged 10–18 years (n=1582)

1428 participants included (780 boys and 648 girls)

Fig. 1. Design and flowchart of the study population. KNHANES, Korea 
National Health and Nutrition Examination Survey; ALT, alanine amino-
transferase; HBV, hepatitis B virus; HCV, hepatitis C virus.
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to-height ratio (WHtR) was calculated as WC (cm)/height (cm). 
Height, weight, and BMI are presented as standard deviation 
score (SDS) values based on the 2017 Korean National Growth 
Charts.12 Children were classified as normal (<85th percen-
tile), overweight (85th to <95th percentile), or obese (≥95th 
percentile) according to BMI. Abdominal obesity was defined 
as WC >90th percentile using Korean waist reference data.13 
Additionally, we investigated the proportion of participants 
with WHtR >0.5.14 

Residential districts were classified into urban and rural ar-
eas based on administrative districts and populations. In Ko-
rea, district levels are named Dong, Eup, and Myeon. Dong 
was considered to be an urban area owing to its dense popula-
tion; Eup and Myeon were considered to be rural areas as they 
are more sparsely populated.

Laboratory analysis
Blood samples were drawn from an antecubital vein following 
8 hours of fasting. The serum levels of fasting glucose, total 
cholesterol, high-density lipoprotein-cholesterol (HDL-C), 
triglycerides, aspartate aminotransferase, and ALT were mea-
sured using Labospect 008AS (Hitachi, Tokyo, Japan). The 
Friedewald formula {low-density lipoprotein-cholesterol 
(LDL-C)=total cholesterol−[HDL-C+ (triglycerides/5)]} was ap-
plied to determine LDL-C values for serum samples with tri-
glyceride values ≤400 mg/dL. LDL-C was considered to be 
missing for samples with triglyceride values >400 mg/dL. This 
is owing to a reduction in the accuracy of the formula when tri-
glyceride levels are above 400 mg/dL.15 NAFLD was defined as 
elevated ALT levels (>26 U/L for boys and >22 U/L for girls) 
without hepatitis B or hepatitis C viral infection.16 Impaired 
fasting glucose was defined as fasting glucose levels between 
100–125 mg/dL.

Statistical analysis
Sampling weights were considered in all analyses; sampling 
weights were considered to report representative estimates for 
the Korean population. Data were analyzed using SAS version 
9.4 (SAS Institute, Cary, NC, USA) for the complex survey de-
sign, with clustering, stratification, and unequal weighting of 
the KNHANES sample being accounted for. All continuous 
variables are expressed as weighted means with standard er-
rors, whereas categorical variables are expressed as weighted 
percentages with standard errors. We divided the participants 
into subgroups according to BMI, age, sex, and residential dis-
trict, and then analyzed the changes in the proportion of partic-
ipants with obesity, abdominal obesity, and NAFLD between 
2018–2019 and 2020. The participants were divided into sub-
groups according to age: 10–12 years (elementary school), 13–
15 years (middle school), and 16–18 years (high school). The 
differences between groups were tested using an independent 
two-sample t-test and analysis of variance (ANOVA) for contin-
uous variables and the Rao-Scott chi-square test for categorical 

variables. To clarify the association between NAFLD and obesity 
and abdominal obesity, logistic regression analyses were per-
formed with NAFLD as the dependent variable, and the Rao-
Scott chi-square test was used to compare the proportion of 
abdominal obesity between participants with NAFLD and 
those without. All p-values were calculated using a two-tailed 
t-test, and statistical significance was set at p<0.05.

RESULTS

Participant characteristics and the prevalence of 
obesity, abdominal obesity, and NAFLD
Among all participants, mean WC increased from 71.03 cm to 
72.88 cm, while mean WHtR increased from 0.44 to 0.45 from 
2018–2019 to 2020 (p=0.021 for WC and p=0.008 for WHtR) 
(Table 1). However, changes in the prevalences of obesity, ab-
dominal obesity, and NAFLD were not statistically significant. 

Table 1. Baseline Characteristics of the Participants (n=1428)

Variable
2018–2019
(n=1017)

2020
(n=411)

p value

Age, yr 14.36 (0.10) 14.18 (0.15) 0.312
Sex (male), % 51.95 (1.83) 54.37 (2.68) 0.455
Residential district (urban), % 87.94 (2.27) 90.73 (2.80) 0.456
Height SDS 0.31 (0.04) 0.32 (0.07) 0.923
Weight SDS 0.20 (0.05) 0.31 (0.08) 0.270
BMI SDS 0.06 (0.06) 0.19 (0.08) 0.186
BMI percentile 0.337

Normal, % 78.17 (1.73) 75.22 (2.39)
Overweight, % 8.13 (0.98) 11.03 (1.65)
Obesity, % 13.70 (1.46) 13.75 (2.00)

WC, cm 71.03 (0.45) 72.88 (0.66) 0.021
Abdominal obesity, % 11.66 (1.23) 15.47 (2.02) 0.091
WHtR 0.44 (0.00) 0.45 (0.00) 0.008
WHtR >0.5, % 14.21 (1.45) 18.86 (2.09) 0.059
AST, IU/L 20.62 (0.30) 22.05 (0.76) 0.081
ALT, IU/L 17.07 (0.71) 19.15 (1.11) 0.116
NAFLD, % 13.01 (1.23) 16.84 (1.87) 0.076
Abdominal obesity and NAFLD, % 5.96 (0.86) 8.49 (1.52) 0.122
Glucose, mg/dL 91.90 (0.26) 91.48 (0.56) 0.495
Impaired fasting glucose, % 11.79 (1.06) 11.46 (1.90) 0.882
Hemoglobin A1c, % 5.36 (0.01) 5.34 (0.02) 0.346
Total cholesterol, mg/dL 165.37 (1.02) 164.20 (1.52) 0.517
HDL-C, mg/dL 52.12 (0.38) 51.31 (0.60) 0.248
LDL-C, mg/dL 96.20 (0.94) 94.82 (1.30) 0.385
Triglycerides, mg/dL 89.06 (1.84) 95.03 (3.27) 0.110
SDS, standard deviation score; BMI, body mass index; WC, waist circumfer-
ence; WHtR, waist-to-height ratio; AST, aspartate aminotransferase; ALT, ala-
nine aminotransferase; NAFLD, non-alcoholic fatty liver disease; HDL-C, high-
density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol.
Continuous variables are presented as means (standard error) and categori-
cal data as percentages (standard error).
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In 2020, the prevalences of obesity, abdominal obesity, and 
NAFLD were 13.75%, 15.47%, and 16.84%, respectively. Chang-
es in the prevalences of obesity, abdominal obesity, and NAFLD 
were not significant in sex-specific analyses (Supplementary 
Table 1, only online).

Changes in the prevalences of obesity, abdominal 
obesity, and NAFLD according to BMI
In BMI-specific analyses, the mean WHtR increased signifi-
cantly in all groups (Table 2). The proportion of participants 
with abdominal obesity increased from 75.55% to 92.68% in the 
obesity group between 2018–2019 and 2020 (p=0.002). Addition-
ally, the proportion of participants with WHtR >0.5 increased 
from 24.93% to 47.49% (p=0.012) in the overweight group and 
from 81.66% to 94.22% (p=0.025) in the obese group. In the 
obese group, the proportion of participants with NAFLD in-
creased from 45.76% to 62.52% (p=0.033), whereas those with 

both abdominal obesity and NAFLD increased from 40.68% 
to 57.82% (p=0.032). In the normal BMI group, the proportion 
of participants with abdominal obesity and NAFLD decreased 
from 0.07% to 0.00% (p<0.032).

The ANOVA test comparing data from 2018, 2019, and 2020 
in the obese group showed that the proportion of participants 
with abdominal obesity (p=0.031) and those with NAFLD (p= 
0.047) increased from 2018 to 2020 (Fig. 2).

Changes in the prevalences of obesity, abdominal 
obesity, and NAFLD according to age 
In the age-specific analysis, mean WC increased from 65.59 cm 
to 67.75 cm in those aged 10–12 years (p=0.026) and from 71.70 
cm to 74.72 cm in those aged 13–15 years (p=0.038) (Supple-
mentary Table 2, only online). Mean WHtR increased from 0.44 
to 0.45 in those aged 10–12 years (p=0.045) and 16–18 years 
(p=0.023) and from 0.43 to 0.45 in those aged 13–15 years (p= 
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Fig. 2. Changes in the proportions of abdominal obesity and NAFLD in children and adolescents according to BMI groups during the COVID-19 out-
break. (A) Changes in the proportions of abdominal obesity in children and adolescents according to BMI during the COVID-19 outbreak. (B) Changes 
in the proportions of NAFLD in children and adolescents according to BMI during the COVID-19 outbreak. The solid line represents the normal group, 
the narrow line represents the overweight group, and the dashed line represents the obesity group. NAFLD, non-alcoholic fatty liver disease; BMI, 
body mass index; COVID-19, coronavirus disease 2019.

Table 2. Proportions of Abdominal Obesity and NAFLD according to BMI Classification

Variable
Normal Overweight Obesity

2018–2019
(n=799)

2020
(n=297)

p value
2018–2019

(n=86)
2020

(n=52)
p value

2018–2019
(n=132)

2020
(n=62)

p 
value

Height SDS 0.24 (0.05) 0.25 (0.08) 0.904 0.55 (0.12) 0.28 (0.18) 0.210 0.55 (0.12) 0.70 (0.15) 0.442
Weight SDS -0.29 (0.04) -0.23 (0.08) 0.499 1.34 (0.06) 1.21 (0.09) 0.233 2.34 (0.08) 2.53 (0.10) 0.139
WC, cm 66.92 (0.30) 68.08 (0.57) 0.075 78.69 (0.83) 80.84 (0.99) 0.097 89.90 (0.98) 92.74 (1.11) 0.054
Abdominal obesity, % 0.25 (0.19) 0.68 (0.51) 0.323 13.75 (4.58) 20.08 (6.00) 0.394 75.55 (4.50) 92.68 (3.13) 0.002
WHtR 0.41 (0.00) 0.42 (0.00) 0.020 0.48 (0.00) 0.50 (0.00) 0.002 0.54 (0.01) 0.56 (0.01) 0.031
WHtR >0.5, % 1.27 (0.39) 0.88 (0.53) 0.586 24.93 (5.31) 47.49 (7.29) 0.012 81.66 (3.81) 94.22 (3.09) 0.025
AST, IU/L 19.83 (0.27) 20.83 (0.76) 0.214 22.47 (1.29) 19.85 (0.83) 0.084 24.08 (1.28) 30.49 (3.20) 0.063
ALT, IU/L 13.61 (0.38) 14.82 (0.72) 0.141 25.60 (5.01) 18.02 (1.28) 0.143 31.77 (2.73) 43.74 (5.50) 0.052
Glucose, mg/dL 91.56 (0.28) 91.05 (0.57) 0.423 91.83 (0.91) 91.72 (1.43) 0.945 93.92 (0.71) 93.65 (0.93) 0.820
NAFLD, % 6.19 (0.95) 8.51 (1.69) 0.202 23.35 (5.33) 16.70 (5.83) 0.413 45.76 (4.70) 62.52 (6.25) 0.033
Abdominal obesity and NAFLD, % 0.07 (0.07) 0.00 (0.00) <0.001 4.07 (2.09) 4.92 (3.23) 0.818 40.68 (4.64) 57.82 (6.59) 0.032
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; SDS, standard deviation score; WC, waist circumference; WHtR, Waist-to-height ratio; AST, aspar-
tate aminotransferase; ALT, alanine aminotransferase.
Continuous variables are presented as means (standard error) and categorical data as percentages (standard error). 



273

Kyungchul Song, et al.

https://doi.org/10.3349/ymj.2022.0540

0.030). The proportion of abdominal obesity increased from 
8.25% to 14.11% in participants aged 10–12 years (p=0.034) and 
from 11.70% to 19.88% in those aged 13–15 years (p=0.037). 
The proportion of participants with WHtR >0.5 increased from 
12.69% to 22.52% in those aged 13–15 years (p=0.014). Howev-
er, changes in the prevalence of obesity and NAFLD were not 
statistically significant.

Changes in the prevalences of obesity, abdominal 
obesity, and NAFLD according to residential district
In the residential district-specific analyses, mean WC increased 
from 70.90 cm to 72.67 cm (p=0.042), and mean WHtR in-
creased from 0.44 to 0.45 (p=0.017) from 2018–2019 to 2020 for 
participants in urban areas (Table 3). Meanwhile, in rural ar-
eas, the proportion of participants with NAFLD increased from 
15.16% to 24.86% (p=0.044), and those with both abdominal 
obesity and NAFLD increased from 6.96% to 15.74% (p=0.040). 
The change in obesity prevalence was not statistically signifi-
cant in either group.

Association between abdominal obesity and NAFLD
The prevalence of abdominal obesity was 47.6% among partic-
ipants with NAFLD, while the corresponding value was 7.1% 
among those without NAFLD (p<0.001) (Supplementary Fig. 
1A, only online). The proportion of participants with WHtR 
>0.5 was 55.3% among the participants with NAFLD, while the 
corresponding value was 9.1% among those without NAFLD 
(p<0.001) (Supplementary Fig. 1B, only online).

In logistic regression analyses, odds ratios (ORs) [95% confi-
dence interval (CIs)] of being overweight and obese for NAFLD 

Table 3. Proportions of Obesity, Abdominal Obesity and NAFLD according to Residential District

Variable
Urban Rural

2018–2019 (n=866) 2020 (n=350) p value 2018–2019 (n=151) 2020 (n=61) p value
Height SDS 0.31 (0.04) 0.32 (0.07) 0.901 0.31 (0.13) 0.29 (0.14) 0.908
Weight SDS 0.18 (0.05) 0.28 (0.09) 0.311 0.37 (0.16) 0.55 (0.16) 0.416
BMI SDS 0.03 (0.06) 0.16 (0.09) 0.206 0.30 (0.17) 0.49 (0.17) 0.434
BMI percentile 0.565 0.222

Normal, % 79.17 (1.85) 76.49 (2.53) 70.85 (4.88) 62.82 (5.90)
Overweight, % 8.28 (1.02) 10.41 (1.71) 7.07 (3.42) 17.15 (6.29)
Obesity, % 12.55 (1.56) 13.11 (2.13) 22.07 (3.89) 20.04 (4.45)

WC, cm 70.90 (0.49) 72.67 (0.71) 0.042 71.99 (1.14) 74.93 (1.31) 0.091
Abdominal obesity, % 10.69 (1.30) 14.28 (2.12) 0.127 18.75 (3.28) 27.14 (5.37) 0.160
WHtR 0.44 (0.00) 0.45 (0.00) 0.017 0.45 (0.01) 0.46 (0.01) 0.098
WHtR >0.5, % 13.10 (1.53) 17.82 (2.21) 0.069 22.25 (4.15) 29.04 (4.96) 0.288
AST, IU/L 20.68 (0.32) 22.07 (0.83) 0.119 20.20 (0.88) 21.84 (0.94) 0.200
ALT, IU/L 17.16 (0.79) 19.03 (1.21) 0.196 16.45 (1.15) 20.29 (1.92) 0.084
Glucose, mg/dL 91.81 (0.27) 91.40 (0.61) 0.531 92.54 (0.99) 92.28 (0.75) 0.837
NAFLD, % 12.71 (1.32) 16.02 (2.00) 0.152 15.16 (3.33) 24.86 (4.12) 0.044
Abdominal obesity and NAFLD, % 5.82 (0.91) 7.75 (1.54) 0.257 6.96 (2.29) 15.74 (4.88) 0.040
NAFLD, non-alcoholic fatty liver disease; SDS, standard deviation score; BMI, body mass index; WC, waist circumference; WHtR, Waist-to-height ratio; AST, as-
partate aminotransferase; ALT, alanine aminotransferase.
Continuous variables are presented as means (standard error) and categorical data as percentages (standard error).

were 3.52 (2.04–6.05) and 14.10 (9.47–21.00), respectively (Sup-
plementary Table 3, only online). Additionally, the ORs (95% 
CIs) of abdominal obesity and WHtR >0.5 for NAFLD were 
11.82 (8.03–17.40) and 12.30 (8.54–17.73), respectively.

DISCUSSION

Our data highlight increased prevalences of abdominal obesi-
ty among obese Korean children and adolescents and in indi-
viduals aged 10–15 years. The prevalence of generalized obe-
sity increased among children and adolescents aged 13–15 
years. In addition, the prevalence of NAFLD increased among 
obese children and adolescents and among individuals in rural 
areas. The prevalences of both abdominal obesity and NAFLD 
increased in children and adolescents with obesity and in those 
residing in rural areas. Abdominal obesity was positively relat-
ed to NAFLD in logistic regression analysis and independent 
two-sample t-tests.

In our study, WC and WHtR increased among all participants, 
and the prevalence of abdominal obesity increased among 
obese participants and those aged 10–15 years; however, BMI 
SDS and the proportion of obesity did not change significantly. 
According to our previous study, before the COVID-19 outbreak, 
the prevalences of obesity and abdominal obesity increased 
from 6.55% to 11.64% and from 5.97% to 10.51%, respectively, 
from 2007 to 2018 among Korean children and adolescents.17 
Several studies have demonstrated the effects of the COVID-19 
outbreak on obesity among children and adolescents. A study 
conducted in Italy reported that the prevalence of obesity in-
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creased from 23.2% to 27.4% among children and adolescents 
during the COVID-19 outbreak.18 Similarly, another study con-
ducted in Italy reported that the mean BMI SDS increased 0.07, 
and the mean WC increased by 4.4 cm among obese adoles-
cents during the COVID-19 outbreak.19 In Israel, a cohort study 
reported that the prevalence of obesity increased from 10.5% 
to 12.3% during the COVID-19 outbreak among children and 
adolescents,20 while in China, the prevalence of obesity in-
creased from 10.5% to 12.9%.21 

In Korea, a population-based study reported that body weight 
increased during the COVID-19 outbreak.22 A KNHANES-based 
study reported that the prevalence of obesity increased among 
Korean men.23 A Korean study that investigated children who 
visited outpatient clinics in 2019–2020 reported that BMI SDS 
increased during the COVID-19 outbreak.2 Another Korean 
retrospective cohort study reported that BMI SDS increased by 
0.219, and the prevalence of overweight or obese children in-
creased from 23.9% to 31.4% during the COVID-19 outbreak.24 
In another retrospective study, the proportion of overweight or 
obese children increased from 24.5% to 38.1% during the CO-
VID-19 outbreak.25 More studies, including those encompass-
ing data from 2021–2022, are required to clarify changes in the 
prevalence of obesity and abdominal obesity among children 
and adolescents. 

An increase in the prevalence of abdominal obesity and 
NAFLD in our study might be associated with lifestyle changes 
during the COVID-19 outbreak. A meta-analysis reported that 
physical activity decreased among people during the COVID-19 
outbreak.26 Clemete-Suárez, et al.27 reported that increased in-
take of high caloric foods and decreased intake of vegetables 
could be risk factors for the increase in the prevalence of obesity 
and chronic disease during the COVID-19 outbreak. A Chinese 
study reported that intake of fresh vegetables, fruits, and soy-
bean products decreased during the pandemic.28 In Korea, a 
population-based study reported a decrease in physical activi-
ty and sleep time and an increase in unhealthy dietary habits, 
such as fast-food and sugary soda consumption, among adults 
during this period.29 Park, et al.22 reported that physical activ-
ity decreased among Koreans during the COVID-19 outbreak. 
However, our previous studies have reported increases in the 
prevalences of abdominal obesity, NAFLD, and metabolic syn-
drome with an increase in the intake of calories and fat in Ko-
rean children and adolescents even before the COVID-19 out-
break.8,17,30 Therefore, more studies are required to investigate 
lifestyle changes associated with the prevalences of obesity and 
NAFLD among children and adolescents to elucidate the effect 
of the COVID-19 outbreak.

In our study, the adverse trend for abdominal obesity was 
significant among young children. This result was in contrast 
to our previous study in which the adverse trend of abdominal 
obesity was more significant among adolescents aged 16–18 
years than among children aged 10–15 years during 2009–2018.8 
A US study reported that children aged 2–5 years had a 26% in-

crease in the rate of obesity, compared to those aged 6–12 years, 
during the COVID-19 outbreak.18 A Chinese study reported that 
increases in BMI SDS and the prevalence of obesity during the 
COVID-19 outbreak were more apparent in younger children 
aged 6–11 years than in adolescents aged 12–17 years.31 In Isra-
el, an elevation of BMI SDS was more obvious among children 
aged 2–6 years than those aged 6–18 years.20 Adverse changes 
in the prevalence of obesity among young children might be 
associated with more prominent lifestyle changes since they 
may be more vulnerable to environmental changes than ado-
lescents.31 For instance, the effects of decreased physical ac-
tivity due to school closing might be more apparent in young 
children, particularly since school is an important avenue for 
physical education in this age group.31,32

In the current study, adverse trends for NAFLD and abdom-
inal obesity were prominent among obese children and adoles-
cents. In our previous study, an adverse trend of NAFLD was ap-
parent among children and adolescents with normal BMI, while 
abdominal obesity adverse trends were apparent among obese 
children and adolescents.8 During the COVID-19 outbreak, the 
development and aggravation of fatty liver was more prominent 
during lockdown, compared to the pre-social distancing period, 
in a Korean multicenter study.33 Before the COVID-19 out-
break, the prevalence of NAFLD increased from 8.2% in 2009 
to 12.1% in 2018 among Korean children and adolescents.8 In 
this study, adverse trends for abdominal obesity and NAFLD 
were more apparent in children and adolescents with normal 
BMI than those with obesity. Contrastingly, a longitudinal study 
in the US reported that BMI increased during the COVID-19 
outbreak, which could cause adverse metabolic changes, and 
was more prominent in children with obesity than in those with 
normal BMI.32 A cohort study also reported that increases in 
BMI were more prominent in children with pre-existing obesity 
than those at a healthy weight.34 Thus, in the current study, the 
increased prevalence of NAFLD in children and adolescents 
with obesity may be related to the adverse trends in BMI and 
abdominal obesity seen in obese children during the COVID-19 
outbreak.8 Further studies investigating the differential effects 
of COVID-19 on the liver of children with varying BMI are still 
needed.

In our study, the prevalence of NAFLD increased with ab-
dominal obesity in obese children and adolescents and in those 
residing in rural areas; however, the prevalence of obesity did 
not increase significantly. Abdominal obesity was found to be 
strongly associated with NAFLD. Although obesity is typically 
defined in terms of BMI, considering the metabolically healthy 
obese and metabolically unhealthy normal weight (MUNW) 
people, an alternative definition of obesity using WC or body fat 
percentage is required to assess the risk factors of obesity.35-37 
MUNW patients have a normal BMI coupled with metabolic 
abnormalities, such as abdominal obesity, insulin resistance, 
and/or dyslipidemia, which are associated with NAFLD in chil-
dren and adolescents.8,38 Dobson, et al.39 reported that MUNW 
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participants had a higher proportion of NAFLD than meta-
bolically healthy obese participants. Junge, et al.40 reported 
that the association of insulin and hemoglobin A1c levels with 
WC was stronger than that of body weight and BMI in children 
and adolescents. Therefore, close monitoring of NAFLD is re-
quired in children and adolescents with abdominal obesity, as 
well as in those with generalized obesity. 

In our study, the prevalences of both abdominal obesity and 
NAFLD in children and adolescents increased in rural areas, 
while the corresponding values did not change significantly in 
urban areas. A Chinese study reported that the prevalence of 
obesity increased more in rural areas than in urban areas be-
tween 2020, and the highest value occurred during 2014–2019 
among children and adolescents.31 Another Chinese study re-
ported that during the COVID-19 outbreak, the prevalence of 
obesity among adolescents increased from 13.4% to 15.0% in 
rural areas, and increased from 15.1% to 15.8% in urban areas.41 
The reason why the prevalences of abdominal obesity and 
NAFLD increased more in rural areas than urban areas may be 
the associated higher vulnerability for COVID-19 infection in 
rural areas compared to that in urban areas owing to fewer 
physicians, poor social health services, and inadequate access 
to telemedicine.9 This vulnerability might contribute to the in-
creased prevalences of abdominal obesity and NAFLD through 
decreased physical activity or harmful effects of COVID-19 in-
fection on the liver.9,42 Additionally, an increase in family time 
during the COVID-19 outbreak owing to the work-from-home 
set-up of parents in urban areas might have facilitated focused 
childcare, which may have resulted in a positive effect on obe-
sity and NAFLD in children.43 Meanwhile, a US study reported 
that the proportion of people with increased body weight dur-
ing the COVID-19 outbreak was higher in urban areas than in 
rural areas.44 Further studies are required to clarify the differ-
ences in the effects of COVID-19 on obesity and obesity-related 
comorbidities between rural and urban areas.

This study has some limitations. First, this was a retrospective 
cross-sectional study investigating only South Koreans. Sec-
ond, we did not consider lean and fat mass in our definitions of 
“obese” and “overweight.” Third, imaging studies and liver bi-
opsies were not performed to diagnose NAFLD. Fourth, the 
factors associated with obesity and NAFLD, such as physical ac-
tivity and nutritional status, were not considered in this study 
owing to incomplete data and varying survey methods that 
changed every year. Fifth, only the year 2020 was considered 
to be impacted by COVID-19 in this study because KNHANES 
2021 and 2022 have not been released yet. 

In conclusion, this study demonstrated an increased preva-
lence of abdominal obesity and NAFLD and a relationship be-
tween disease prevalence and the COVID-19 outbreak among 
Korean youth. This adverse trend was more apparent in young 
children and obese children and adolescents. Moreover, the 
trend of abdominal obesity and NAFLD has been worsening 
steadily in the recent decade, even before the COVID-19 out-

break. Our findings suggest that close monitoring of WC and 
liver enzymes should continue during the COVID-19 outbreak. 
Additionally, further studies investigating changes in factors 
associated with abdominal obesity and NAFLD, as well as other 
obesity-related comorbidities, including data from 2021 and 
2022, are required to clarify the metabolic effect of the COV-
ID-19 outbreak among children and adolescents.
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