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Background: The global public health burden of obesity has increased with socio-economic development.
The Korean Society for the Study of Obesity released the 2021 Obesity Fact Sheet to address trends in obesity
prevalence and comorbid conditions by different age groups.

Methods: Individuals =20 years old who underwent a health checkup provided by the Korean National Health
Insurance Service between 2009 and 2019 were included. The prevalence of obesity and abdominal obesity was
standardized by age and sex based on the 2010 population and housing census. The incidence of obesity-relat-
ed comorbidities was tracked from 2009 to 2019, and the incidence per 1,000 person-years was calculated using
Poisson regression adjusted for age and sex.

Results: Obesity and abdominal obesity prevalence has increased for the entire population over the past 11 years.
Obesity prevalence has risen rapidly in individuals in their 20s and 80s compared with other age groups. Addi-
tionally, class Il obesity prevalence in both men and women has significantly increased by nearly threefold. The
relative risk of developing type 2 diabetes, myocardial infarction, ischemic stroke, and cancers in people with
obesity or abdominal obesity is greater than in people without obesity or abdominal obesity. The relative risk
was higher in young and middle-aged individuals than in the older population.

Conclusion:The findings based on the 2021 Obesity Fact Sheet suggest the need to better understand obesity
characteristics according to age and sex and to establish individualized treatment strategies.
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INTRODUCTION

Obesity prevalence has increased substantially worldwide and is
being labeled a pandemic. In most countries, obesity-associated
disease burden continues to increase in public health and socio-
economic terms." The recent obesity epidemic is being called a
“global syndemic,” along with malnutrition and climate change, en-

compassing the most important health problems that humans and

environment face.” Increases in obesity are major metabolic risk
factors that contribute to increasing risk of non-communicable dis-
eases (NCDs), including cardiovascular disease, cancer, chronic re-
spiratory disease, and diabetes.** Furthermore, in recent years, obe-
sity has been recognized as a predictor of poor prognosis in patients
with coronavirus disease 2019 (COVID-19).¢ In response to these
public health challenges, tackling overweight and obesity with ap-

propriate strategies is a key challenge in reducing disease burden
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and premature mortality caused by NCDs in every country. There-
fore, better surveillance data on obesity and risk of obesity-related
disease are essential for research and healthcare policy.

Since 2015, the Korean Society for the Study of Obesity (KSSO)
has annually updated the Obesity Fact Sheets, based on representa-
tive data from the National Health Insurance Service (NHIS), to
report the national obesity status and its impacts. In Korea, up to
40% of the population is obese, defining obesity as a body mass in-
dex (BMI) of >25 kg/m? and obesity and abdominal obesity
prevalence has increased dramatically over decades.” Additionally,
compared with Western populations, Koreans are considerably
leaner, but more likely to develop obesity-related diseases for a giv-
en BMI level ®

The 2021 Obesity Fact Sheet presents trends in obesity and ab-
dominal obesity prevalence among Korean adults from 2009 to
2019 according to age and sex, and risk of major comorbidities,
such as type 2 diabetes mellitus (T2DM), cardiovascular diseases,
and cancers. This study sought to analyze differences in obesity
prevalence and comorbidity risk by different age groups to under-
stand age-specific differences and to develop targeted interventions
for those subgroups. Additionally, this fact sheet is intended to im-
prove obesity care and provide a valuable resource for establishing

national health policies in Korea.

METHODS

Data resource and study participants

This retrospective study used the National Health Checkup Da-
tabase provided by the Korean NHIS. The Korean NHIS is an in-
surer that manages the National Health Insurance program, which
contains medical information covering approximately 97% of Ko-
reans. The National Health Insurance Corporation (NHIC) pro-
vides a biannual health checkup program that includes anthropo-
metric measurements, blood tests, and health surveys, including
general health behaviors and disease diagnosis according to the In-
ternational Classification of Disease, 10th revision (ICD-10). De-
tailed information from the NHIS database has been described
elsewhere.”'® Information on individuals aged > 20 years who had
undergone at least one health checkup provided by the Korean
NHIC between January 1, 2009, and December 31, 2019, were as-
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sessed. The study protocol was approved by the Institutional Re-
view Board of the Kangbuk Samsung Hospital (No. KBSMC 2020-
05-002).

Definitions of obesity and abdominal obesity

Participant body weight (kg), height (cm), and waist circumfer-
ence (WC; cm) were measured by trained examiners. BMI (kg/m?)
was calculated by dividing weight (kg) by height squared (m?). We
defined obesity as BMI > 25 kg/m”* according to the Asia-Pacific
criteria of the World Health Organization guidelines. Obesity class-
es were defined using the 2020 KSSO Obesity Treatment Guide-
line as follows, class I obesity, BMI 25.0-29.9 kg/m?; class I obesi-
ty, 30.0-34.9 kg/m?; class III obesity, >35.0 kg/m’. Abdominal
obesity was defined as a WC >90 cm in men and > 85 cm in wom-

en according to the KSSO definition."

Definition of comorbidities

T2DM was defined as a fasting plasma glucose > 126 mg/dL or
at least one claim per year for an antidiabetic medication prescrip-
tion under ICD-10 codes E11-E14. Myocardial infarction was de-
fined according to ICD-10 code 120-121 and admission history
due to myocardial infarction. Ischemic stroke was defined as an
event-related hospitalization under ICD-10 code 163 or 164 and
claims for brain magnetic resonance imaging or brain computed
tomography. Cancer was defined as ICD-10 codes C16 for stom-
ach cancer, C18—C20 for colorectal cancer, C22 for liver cancer,
C73 for thyroid cancer, C34 for lung cancer, C61 for prostate can-

cer, and C50 for breast cancer.

Statistical analysis

Prevalence was presented using NHIS data with values standard-
ized for age and sex based on the 2010 population and housing
census from Statistics Korea. The incidence of obesity-related co-
morbidities was tracked from 2009 to 2019, and the incidence per
1,000 person-years was calculated using a Poisson regression model
adjusted for age and sex. Statistical analyses were conducted using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
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Figure 1. Prevalence of obesity (A) and abdominal obesity (B) over the last 11 years between 2009 and 2019. The grey, blue, and green lines represent the prevalence of

total population, men, and women, respectively.
RESULTS

Prevalence of obesity and abdominal obesity from 2009
t02019

Obesity prevalence has steadily increased over the past 11 years
between 2009 and 2019 for the total population; from 29.7% in
2009 to 36.3% in 2019 (Fig. 1A). Obesity prevalence has increased
significantly in men from 35.6% in 2009 to 46.2% in 2019, and
23.9% in 2009 to 27.3% in 2019 in women. The prevalence of ab-
dominal obesity increased between 2009 and 2019 in both sexes,
but most prominently in men; 19.0% vs. 23.9% in the total popu-
lation, 20.7% vs. 29.3% in men, and 16.2% vs. 19.0% in women
(Fig. 1B).

The prevalence of obesity in all classes has increased for the total
population over the past 11 years. The prevalence of class II obesity
in the total population, men, and women was 3.2%, 3.4%, and 3.1%
in 2009 and 5.4%, 6.3%, and 4.4% in 2019, respectively (Fig. 2A).
The prevalence of class III obesity has increased by nearly threefold
over the past 11 years from 0.30% in 2009 to 0.89% in 2019 in the
total population: 3.7 times in men (0.26% in 2009 to 0.96% in
2019) and 2.3 times in women (0.35% in 2009 to 0.81% in 2019)
(Fig. 2B).

Age-specific prevalence of obesity and abdominal obesity
from 2009 to 2019

Over the past 11 years, obesity prevalence showed an increasing
trend in all age groups (Supplementary Fig. 1). In 2019, the obesity
prevalence was the highest in people in their 70s among the total
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Figure 2. Prevalence of class Il obesity (A) and class Il obesity (B) in 2009 and in
2019. The circles represents the fold increase in obesity prevalence in 2019 com-
pared to in 2009.

population (40.5%). The obesity prevalence in people in their 20s
and over 80 years old was low when compared to other age groups,
but it has been rising relatively steeply between 2009 and 2019;
from 18.5% to 28.9% in people in their 20s, and from 22.9% to
32.5% in people in their 80s or older.

Obesity prevalence in men increased in all age groups, particu-
larly in men > 80 years: 18.5% in 2009 and 28.4% in 2019 (Supple-
mentary Fig. 2A). However, compared with other age groups, the
obesity prevalence among men > 70 years was relatively low in
2019 (Fig. 3A). In 2019, 52.2% of men in their 30s and 50.8% of
men in their 40s were obese. The change in the obesity prevalence
in women was generally more gradual than in men: however, it in-

creased among women in their 20s and 30s (Supplementary Fig.
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Figure 3. Age-specific prevalence of obesity (A) and abdominal obesity (B) stratified by sex between 2009 and 2019.

2B). The obesity prevalence among women in their 20s increased
from 8.6% in 2009 to 16.8% in 2019, whereas among women in
their 50s and 60s it changed from 32.7% to 30.2% and from 41.4%
to 37.6%, respectively. Unlike men, obesity among elderly women
in their 60s and 70s was significantly higher than in women in their
20s and 30s—2.2 times higher in women in their 60s than in wom-
en in their 20s (37.6% vs. 16.8%) in 2019 (Fig. 3A).

Opver the past 11 years, the abdominal obesity prevalence steadi-
ly increased in all age groups except among people in their 60s
(Supplementary Fig. 3). However, it increased significantly in peo-
ple in their 20s and 30s, from 9.0% to 15.6% and from 15.8% to
24.6%, respectively. Unlike obesity prevalence, abdominal obesity
showed an increasing trend with age that was high even among
people > 80 years.

Abdominal obesity prevalence in men increased regardless of age
over 11 years, and the increasing trend was most evident in men in
their 20s and 30s (Supplementary Fig. 4A). Abdominal obesity
mostly increased during the transition period from the 20s to the
30s; for example, in 2019, it was 22.6% in men in their 20s and
32.4% in men in their 30s (Fig. 3B). The increase in abdominal
obesity prevalence in women was more moderate than in men and
it also increased with age (Supplementary Fig. 4B). Among women

in their 20s, abdominal obesity prevalence nearly doubled from
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4.4% in 2009 to 8.6% in 2019, although it decreased in women in
their 60s. Abdominal obesity among elderly women in their 60s
and 70s increased significantly compared with women in their 20s
and 30s, which was 3.4 times higher among women in their 60s
than in women their 20s (29.0% vs. 8.6%) in 2019 (Fig. 3B).

Risk of major comorbidities related to obesity

The relative risk of T2DM, myocardial infarction, and ischemic
stroke was 2.6, 1.2, and 1.1 times higher, respectively, in people with
obesity than in people without obesity (Supplementary Fig. 5).
Compared to adults without abdominal obesity, the relative risk of
T2DM, myocardial infarction, and ischemic stroke was 2.6, 1.3, and
1.2 times higher, respectively, in adults with abdominal obesity than
people without abdominal obesity (Supplementary Fig. S).

The relative risk of thyroid cancer in men with obesity was 1.5 times
higher than in men without obesity (Supplementary Fig. 6A). In
men with abdominal obesity, the relative risk of thyroid cancer was
1.5 times higher than in men without abdominal obesity. The rela-
tive risk of liver and colorectal cancer was also 1.2 times higher
(Supplementary Fig. 6B). In obese women, the relative risk of liver
and thyroid cancer was 1.2 times higher than in women without
obesity (Supplementary Fig. 7A). In women with abdominal obe-

sity, the relative risk of liver, colorectal, and thyroid cancer was 1.2
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1.3 times higher than in women without abdominal obesity (Sup-
plementary Fig. 7B).

Age-specific risk of obesity-related major comorbidities

A more pronounced increase in the relative risk of T2DM was
found in younger people with obesity and abdominal obesity com-
pared to those without obesity and abdominal obesity (Fig. 4A).
The relative risk of T2DM of adults with obesity was higher than
in adults without obesity (5.9 times higher [20s and 30s], 2.7 times
[40s and 50s], 1.8 times [60s and 70s], and 1.6 times [ > 80 years
old]). The relative risk of T2DM in adults with abdominal obesity
was higher than in adults without abdominal obesity (5.1 times
higher [20s and 30s], 2.7 times [40s and 50s], 1.8 times [60s and
70s], and 1.4 times [ > 80 years old]). Similar patterns were observed
for myocardial infarction (Fig. 4B) and ischemic stroke (Fig. 4C).
The incidence of both myocardial infarction and ischemic stroke
was 1.7 times higher in people in their 20s and 30s with obesity, and
1.8 times higher in people in the same age group with abdominal
obesity than in people without either obesity or abdominal obesity,
respectively. The relative risk of obesity-related comorbidities at
two life transition points, defined by Korean NHIS as ages 40 and
66 years,"” also showed similar trends (Supplementary Fig. 8).

DISCUSSION

The prevalence of obesity and abdominal obesity has steadily in-
creased over the past 11 years among the total population. In par-
ticular, class III obesity prevalence has increased nearly threefold
over the past 11 years (from 0.30% to 0.89%). Globally morbid
obesity increased consistently. A recent study predicted that nearly
1 in 2 adults in the United States of America would have obesity
(BMI > 30kg/m?), and nearly 1 in 4 adults will have severe obesity
(BMI > 35 kg/m?) by 2030." Severe obesity is predicted to become
the most common BMI category among the population in this
study. Increases in class II and III obesity is not only observed in
Western countries." In a study in Taiwan using the Nutrition and
Health Survey, which is a nationally representative sample, the prev-
alence of overweight and mild obesity (BMI of 27.0-29.9 kg/m?)
was stabilized from 1993-1996, 20052008, and 2013-2014, but
the prevalence of moderate obesity (BMI of 30.0-34.9 kg/m?) and
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morbid obesity (BMI > 30.0 kg/m?) increased sharply, from 11.8%,
17.9%, to 22.0% and 0.4%, 0.6%, to 1.4%, respectively."® Although
the association of class I obesity and mortality was controversial
with issues of the obesity paradox, class II or III obesity is known
to be related to higher mortality.'® In this respect, policies for obesi-
ty should be addressed to avoid a global epidemic of severe obesity
in the future.

Obesity prevalence by age shows an upward trend in all age
groups, especially among people in their 20s and 80s. Although
obesity prevalence is lower in those groups than in other age
groups, there has been a clear upward trend since 2009. In particu-
lar, obesity increased the most during the transition period from
the 20s to the 30s. The prevalence of abdominal obesity is also in-
creasing, and significantly increased in people in their 20s and 30s.
In the 20s group, both abdominal obesity and obesity prevalence
were lower than in other age groups, and the prevalence of abdomi-
nal obesity was high among people in their 80s or older, while the
prevalence of obesity was low. It can be inferred that obesity preva-
lence decreases after age 80, but abdominal obesity prevalence in-
creases, accompanied by weight loss due to muscle loss.

We found that age-stratified obesity prevalence differed by sex.
For example, the prevalence of obesity and abdominal obesity in
women consistently increased with age. The obesity and abdomi-
nal obesity prevalence among elderly women was significantly
higher than in young women: 2.2 times and 3.4 times higher
among women in their 60s than in women in their 20s, respective-
ly. However, abdominal obesity prevalence in men significantly in-
creased during the transition period from the 20s to the 30s, and it
stabilized beyond that. Moreover, the increasing trend was most
evident in men in their 20s and 30s; therefore, abdominal obesity
prevalence among men in their 30s became higher than in men in
their 40s starting in 2018. Regarding obesity, a steep prevalence in-
crease during the transition period from the 20s to the 30s was also
observed, and more than half of men in their 30s and 40s were
obese, resulting in the highest prevalence of obesity among adult
men. This phenomenon may be more strongly associated with en-
vironmental, social, and lifestyle changes in the transition period
than other biological and genetic factors.

Several studies have focused on the effect of events in the transi-

tion period, such as leaving the parental home, entering college or
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employment, and marriage."”"® A study showed that the transition
into employment increased obesity prevalence, especially in young-
er men in Korea.”® The 2019 Obesity Fact Sheet revealed that obe-
sity prevalence was higher among people working in longer hours,**
and it may be related to work behavior in the transition period. Ac-
cording to a report using Korea National Health and Nutrition Ex-
amination Survey (KNHANES) data in 2019, the subjective obesi-
ty awareness rate of young adults (19-39 years) with obesity was
high at 91.8%, but the weight loss attempt rate was 60.2%. With re-
spect to dietary behaviors related to obesity, the rate of skipping
breakfast (44.7%, 27.5%, and 5.1%), the rate of eating out more
than once a day (38.1%, 30.4%, and 4.3%), and the rate of exces-
sive energy intake (20.3%, 13.9%, and 9.6%) were significantly
higher in young adults than in middle-aged (4064 years) and el-
derly (> 65 years) adults.> More comprehensive studies are need-
ed to identify the environmental and social factors related to differ-
ences or changes in health behaviors in the young adult population,
and these should be accompanied by supportive efforts from soci-
ety and the government.

This study focused on the burden of obesity-related comorbidi-
ties stratified by age groups. The incidence of obesity-related co-
morbidities among young people was lower than among middle-
aged and elderly people, however, the increase in relative risk in
obese people compared with people without obesity and abdomi-
nal obesity was more prominent in young adults. For example, the
relative risk of T2DM in people with obesity was 5.9 times higher
in young adults versus 2.7 times higher in middle-aged adults com-
pared with the same age group without obesity. Because the in-
creases in the prevalence of all obesity classes were greater in young
adults than middle-aged and elderly adults,” the impact of obesity
on comorbidities in young adults will be increasingly strong. Once
comorbidities develop, young adults tend to show improper man-
agement and low adherence to medical therapy in T2DM manage-

t** and secondary prevention for coronary heart disease.**

men
Therefore, a global public health priority should be preventing and
treating obesity in young adults to decrease the risk of related co-
morbidities and mortality.

This study has some limitations. First, when we assessed the
prevalence of obesity and abdominal obesity, many related factors

could not be considered. Second, the subjects of NHIS were differ-
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ent according to age. Before 2019, the subjects for health checkups
provided by NHIS among the 20s—30s were limited to only benefi-
ciaries of company medical insurance. This might result in weaken-
ing the representation of the young age group. Third, we assessed
the incidence rate of comorbidities standardizing by age and sex,
however, we could not adjust for several confounding factors for
each comorbidity. However, the overall population of Korea who
underwent national health checkups are representative of the entire
Korean population; hence, we provide valuable data on national
health statistics on obesity and abdominal obesity trends and their
impact on comorbidities by stratifying age and sex.

In conclusion, based on the 2021 Obesity Fact Sheet findings,
obesity and abdominal obesity prevalence in the entire population
has increased over the past 11 years. Particularly, class III obesity
has increased by nearly threefold. Age-stratified obesity prevalence
differed by sex, and obesity and abdominal obesity prevalence in-
creased steeply among men during the transition period from the
20s to the 30s. The relative risk of obesity-related comorbidities in
obese people compared to people without obesity and abdominal
obesity was higher in young and middle-aged people than in the el-
derly. These findings suggest a need to better understand obesity
characteristics according to age and sex and to establish individual-

ized treatment strategies.
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