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ABSTRACT

BACKGROUND The number of people with metabolic syndrome (MetS) is increasing worldwide, and many socioeco-
nomic and environmental factors contribute to this.

OBJECTIVES The authors investigated tangible trends in the prevalence of MetS using the 2001 to 2020 versions of
the Korea National Health and Nutrition Examination Survey (KNHANES).

METHODS In these surveys, stratified multistage sampling designs were used to approximate the entire population.
Blood pressure, waist circumference, and lifestyle variables were examined in a standardized fashion. Metabolic bio-
markers were measured in a central laboratory operated by the Korean government.

RESULTS The age-adjusted prevalence of MetS increased significantly from 27.1% in 2001 to 33.2% in 2020. It was
more prevalent in men (25.8% —40.0%) but did not change in women (28.2% — 26.2%). Among the 5 MetS compo-
nents, the proportions of high glucose level and large waist circumference increased substantially by 17.9% and 12.2%
over 20 years, while high-density lipoprotein cholesterol levels increased significantly, resulting in a decrease in low
high-density lipoprotein cholesterol by 20.4%. Caloric intake derived from carbohydrates decreased from 68.1% to
61.3%, while fat consumption increased from 16.7% to 23.0%. Notably, sugar-sweetened beverage consumption showed
an almost 4-fold increase from 2007 to 2020, while physical activity levels decreased by 12.2% from 2014 to 2020.

CONCLUSIONS Glycemic dysregulation and abdominal obesity were key features contributing to the increased
prevalence of MetS observed in Korean men during the past 20 years. Rapid economic and socioenvironmental changes in
this period may be involved in this phenomenon. Understanding these changes in MetS could be valuable for other
countries undergoing such socioeconomic transformation. (JACC: Asia 2023;3:491-502) © 2023 The Authors.
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS

AND ACRONYMS

BMI = body mass index
BP = blood pressure

HDL-C = high-density
lipoprotein-cholesterol

KNHANES = Korea National

Health and Nutrition
Examination Survey

MetS = metabolic syndrome

SSB = sugar-sweetened
beverage

T2D = type 2 diabetes
TG = triglyceride

WC = waist circumference

etabolic syndrome (MetS) is an

atherogenic and diabetogenic

condition characterized by
abdominal obesity, insulin resistance, hyper-
tension, and dyslipidemia. Key lifestyle fea-
tures contributing to the development of
MetS are the increased consumption of
energy-dense, highly processed foods and a
decrease in physical activity as byproducts
of economic development and the remark-
able increase in electronic device use.

In the United States, the prevalence of
MetS showed an increasing tendency from
32.5% in 2011 to 2012 to 36.9% in 2015 to
2016." The prevalence of MetS has also been
increasing in many other countries, partic-
ularly in the Asia-Pacific and Latin American re-
gions, presenting a major challenge for public health
and health care professionals, in addition to causing

socioeconomic problems in those locations.*?
Indeed, the prevalence of MetS in the People’s Re-
public of China increased dramatically from 3.7% in
2000 to 2001 to 21.3% in 2009.* MetS is rapidly
increasing among Hispanic and Asian ethnic groups
in the United States, which is problematic because
of the substantial growth rates in these sub-
populations." A recent projection reported that by
2030 half of the population of the United States will
have obesity, and one-quarter of them will have
severe obesity.” The growth of metabolic disorders
based on obesity has become a serious problem with
a major financial burden on health-care systems in
most countries.®

Having MetS raises the risk for the development of
cardiometabolic disorders, such as type 2 diabetes
(T2D), cardiovascular diseases, and many types of
cancers.” The characteristics of MetS vary in different
countries for multiple reasons. Hence, investigating
the changing pattern of MetS in people living in
rapidly changing socioeconomic environments could
be helpful in guiding other countries facing similar
situations to set up appropriate strategies to tackle
this detrimental syndrome.

South Korea was a poor country after the Korean
War ended in 1953.° However, South Korea has
enjoyed strong economic growth since 1990. For
example, its gross domestic product increased from
US$283.47 billion in 2000 to US$1,638.26 billion in
2020.° It is well documented that socioeconomic
status affects lifestyles; therefore, it is essential to
understand how lifestyle changes affect MetS char-
acteristics, considering that other countries are
facing similar socioeconomic changes as observed in
South Korea.
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Here, we investigated changes in the features of
MetS using the 2001 to 2020 versions of the Korea
National Health and Nutrition Examination Survey
(KNHANES) by applying the harmonized definition of
the MetS with waist circumference (WC) defined by
Korean population criteria.'® Secular changes in life-
style and socioeconomic factors from these nation-
wide surveys were also examined because they might
potentially contribute to changes in MetS and its
components.

METHODS

STUDY COHORT. The KNHANES is a cross-sectional
national representative survey conducted annually
by the Korea Disease Control and Prevention Agency
since 2001 to evaluate the health and nutritional
status of the noninstitutionalized South Korean pop-
ulation." Details of the surveys performed in 2001
and 2005 have been described,”” and the survey
methods have been standardized since 2005.

In brief, a stratified multistage probability sam-
pling design was used with a selection made from
sampling units based on attributes such as
geographical area, sex, and age groups using house-
hold registries. Weights were assigned to each
respondent, enabling the results to represent the
entire population. This weighting method guarantees
unbiased point estimates of population parameters
for a population and its subsets."®

To minimize bias resulting from dropouts, the
noncompliers’ important demographics and other
characteristics were compared with those of the
completers. There were no differences between par-
ticipants and nonparticipants in all surveys. Among
124,801 people who participated in the 2001 to 2020
KNHANES, 98,489 (78.9%) respondents were =20
years of age and met the criteria of MetS with Korean-
specific WC criteria. The numbers and characteristics
of study subjects are presented in Table 1. All in-
dividuals in the study participated voluntarily and
gave informed consent. All surveys were approved by
the institutional review board of the Korea Disease
Control and Prevention Agency.

MEASUREMENT OF ANTHROPOMETRY, LIFESTYLE,
AND BIOCHEMICAL FACTORS. All surveys conduct-
ed anthropometric measurements in a standard
manner by well-trained examiners. The nutritional
survey data were collected by dietitians trained to use
a 1-day 24-hour recall. Physical activity data
were collected since 2014 through face-to-face in-
terviews by trained interviewers using the Global
Physical Activity Questionnaire. Detailed information
about the measurement of anthropometry, lifestyle,
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and biochemical parameters is provided in the
Supplemental Appendix.

DEFINITION OF MetS. According to the harmonized
definition for MetS,'° an individual may be diagnosed
as having this disorder if they have 3 or more of the
following criteria: 1) high WC (=90 cm for men
and =85 cm for women) based on the International
Obesity Task Force criteria for the Asia-Pacific popu-
lation'* and the Korean Society for the Study of
Obesity'®; 2) high serum triglyceride (TG) levels
(=150 mg/dL) or currently undergoing drug treatment
for dyslipidemia; 3) low high-density lipoprotein
cholesterol (HDL-C) levels (<40 mg/dL in men
and <50 mg/dL in women) or currently undergoing
drug treatment for dyslipidemia; 4) high blood pres-
sure (BP) (=130/85 mm Hg) or currently undergoing
antihypertensive drug treatment; and 5) high glucose
(=100 mg/dL) or currently undergoing glucose-
lowering drug treatment.

STATISTICAL ANALYSES. To evaluate the MetS
trends representing the Korean population, we first
applied sampling weights and then calculated the
age-standardized prevalence according to year. All
analyses were conducted after accounting for sam-
pling weights and complex survey designs such as
clustering and stratification. Direct age-adjustment of
the data was performed using the age- and gender-
specific structures of the estimated population
based on the 2020 population projections for South
Korea released by the Korean Statistical Information
Service to adjust for differences in results from a
change in the age structure in each year. To assess the
time trends in the MetS prevalence across all years,
we used the Jonckheere-Terpstra trend test. The
weighted chi-square test was used to compare dif-
ferences in prevalence over the intervals 2001 to 2010
and 2001 to 2020. The entire data are presented as the
mean + SE or prevalence (%). Statistical significance
was set at P < 0.05. All statistical analyses were per-
formed with STATA (version 17.0, StataCorp).

RESULTS

CHANGES FROM 2001 TO 2020. Over the 20 years,
height increased by 3.3 cm and body weight increased
by 4.7 kg, which raised the body mass index (BMI) by
0.7 kg/m? with a sex difference (ie, an increase of
1.5 kg/m? in men vs a decrease of 0.1 kg/m? in women)
(Table 1). The percentage of current smokers
decreased substantially in men by 24.8% over the 20
years, while it remained the same in women, which
was very low (5.7%). The percentage of people exer-
cising regularly decreased significantly from 56.1% in
2014 to 43.9% in 2020, and this decreasing pattern
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was similar in both sexes (Table 1, Supplemental
Table 1). In dietary assessment, carbohydrate con-
sumption decreased by 6.8%, while fat consumption
increased by 6.3% over the same period with similar
changing patterns in men and women (Table 1,
Supplemental Table 2B). Sodium intake decreased by
40.0%, with similar decreasing trends in both sexes.

METABOLIC SYNDROME. The age-adjusted preva-
lence of MetS increased significantly from 27.1% in
2001 to 33.2% in 2020, which is a 6.1% absolute
change over the recent 20 years with a marked dif-
ference between men and women (14.2% in
men; —2.0% in women) (Table 2, Supplemental
Table 3). Using the National Cholesterol Education
Program criteria'® for abdominal obesity, =102 cm in
men and =88 cm in women, the prevalence of MetS
changed from 11.4% in 2001 to 15.4% in 2020 (11.9% in
men; —1.5% in women).

Among the 5 MetS components, the high glucose
criterion increased the most over 20 years (a 17.9%
absolute increase). High WC and hyper-
triglyceridemia followed, with increases of 12.2%
(23.2% in men; 1.6% in women) and 3.8% (5.0% in
men; 1.6% in women), respectively. In contrast, the
proportions of low HDL-C and high BP criteria
decreased by 20.4% and 2.5%, respectively, over the
same period, with a greater decrease in women (11.7%
in men and 27.8% in women for HDL-C; 0.5% in men
and 5.1% in women for high BP).

In terms of the 10-year interval changes, the
prevalence of MetS increased by 3.0% (0.8% absolute
increase) over the 2001 to 2010 period followed by a
19.0% increase (5.3% absolute increase) in the next
decade (Table 2, Supplemental Table 4, Supplemental
Figure 1). The high glucose and high WC criteria
increased by 92.3% and 47.7%, respectively, over 20
years. The low HDL-C criterion decreased by 41.6%
during the same time. The proportion of people tak-
ing antihypertensive, antidiabetic, or lipid-lowering
medications increased substantially from 2001 to
2020:10.1% —18.3%, 4.2% — 8.5%, and <1.0% —13.7%,
respectively (Supplemental Tables 4 and 5).

The serial changing patterns by sex are shown in
Figure 1. Since 2013, the prevalence of MetS showed
an increasing trend in men with no obvious trend in
women over the same period. Such a sex difference
appeared to be driven by a greater increase in the high
glucose levels, higher WC, and higher TG levels in
men than women (Supplemental Table 6). Of note,
the low HDL-C measure decreased in both sexes, but
there was a significantly greater decrease in women
(P < 0.05). The sex difference in the incidence of MetS
is increasing with time. In 2001, there was a 2.4%
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TABLE 1 Characteristics of the Study Population in the KNHANES 2001 to 2020
2001 2005 2007 2008 2009 2010 20m
(n =5,886) (n =5,349) (n = 2,815) (n = 6,436) (n =7,028) (n =5,766) (n =5,697)
Age, y 449 + 0.2 471+ 0.2 49.7 + 0.3 489 + 0.2 489 + 0.2 49.2 + 0.2 50.7 £ 0.2
Men 48.7 49.0 493 493 49.4 49.5 49.6
Height, cm 162.0 + 0.3 162.2 + 0.4 162.1+£ 0.5 162.8 £ 0.3 163.1+ 0.3 163.3 £ 0.3 163.4 £ 0.3
Men 169.0 + 0.3 168.9 £+ 0.4 168.9 £ 0.5 169.5 + 0.3 170.0 £ 0.3 170.2 £ 0.3 1703 £ 0.4
Women 155.6 £ 0.3 156.0 + 0.3 155.8 + 0.4 156.4 +£ 0.3 156.5 + 0.3 156.7 £ 0.3 156.9 +£ 0.3
Weight, kg 62.0 + 0.4 62.6 £ 0.5 625+ 0.6 62.8 £+ 0.4 63.1+04 632+ 05 63.5+ 05
Men 67.1+ 0.6 68.4 + 0.6 68.7 + 0.8 68.9 +£ 0.6 69.5 £ 0.5 69.8 + 0.6 69.9 + 0.7
Women 571+ 05 574 + 0.5 57.0 £ 0.6 571+ 04 575+ 04 573+ 0.5 57.7 £ 05
BMI, kg/m? 235+ 0.1 23.7 £ 0.1 237+ 0.2 23.6 £ 0.1 23.6 £ 0.1 23.6 £ 0.1 23.7 £ 0.1
Men 23.6 £ 0.2 239+ 0.2 24.0 £ 0.2 239+ 0.2 24.0 £ 0.2 24.0 £ 0.2 24.0 £ 0.2
Women 235+ 0.2 235+ 0.2 235+ 0.2 233 +0.2 234 + 0.2 233+ 0.2 234 + 0.2
Lifestyle
Current smoker 31.2 24.5 23.6 26.1 25.4 25.9 255
Men 58.4 45.0 42,5 45.9 45.0 46.3 45.5
Women 5.7 5.0 53 7.0 6.4 5.9 6.1
Regular drinker - - 339 36.2 371 36.7 36.0
Regular exercise - - - - - - -
Stress 337 34.0 26.5 28.0 30.4 27.7 27.1
Diet
Total energy, calories/d 1,927.4 + 35.1 2,019.2 + 36.1 1,830.0 £ 43.2 1,868.5 + 31.5 1,899.5 + 30.1 2,068.7 + 38.3 2,030.1 +37.8
CHO 68.1 66.2 69.0 68.8 68.5 67.9 67.4
Fat 16.7 18.1 16.3 16.6 17.0 17.6 18.0
Protein 15.1 15.7 14.7 14.5 14.5 14.6 14.6
SSB, g/d = = 121.7 £ 33.4 106.0 + 12.7 137.3 £18.5 229.2 + 443 228.1 +£39.8
Soda, g/d = = 253 + 8.1 19.4 £ 43 24.0 + 3.7 36.7 £ 6.1 424 +£15.2
Sugar-containing coffee, g/d — - 57.7 £24.2 46.1 £ 6.9 70.0 £ 14.6 120.4 + 35.8 115.0 + 20.5
Sodium, g 55+ 0.1 57+0.2 47 +0.2 4.9 + 0.1 49 + 0.1 51+0.1 51+0.2
Values are mean =+ SE or %. The age-standardized prevalence was calculated using the direct standardization method based on a 2020 population projection for South Korea. Rate of regular aerobic exercise:
percentage of people who spent time corresponding to each activity; more than 2.5 hours of moderate-intensity physical activity a week or more than 1 hour and 15 minutes of high-intensity physical activity a
week or mixing moderate- and high-intensity physical activity (1 minute of high intensity is equivalent to 2 minutes of moderate intensity). Rate of regular walking: percentage of people who walked for
exercise, for more than 10 minutes each time, more than 30 minutes each day, 5 days or more per week, over the past 1 week.
BMI = body mass index; CHO = carbohydrate; KNHANES = Korea National Health and Nutrition Examination Survey; SSB = sugar-sweetened beverage.

difference in MetS prevalence between men and
women. It increased to 4.4% by 2010, and this sex gap
further increased to 13.8% by the 2020 KNHANES
survey. Age-standardized rates of MetS and its com-
ponents by sex (Supplemental Table 6) further sup-
port the notion of a gap between the sexes,
considering the increases in the percentages of men
with high glucose and high WC criteria, which were
130.3% and 105.0%, respectively. Moreover, the per-
centage change among women with low HDL-C
was —45.7%, whereas the same parameter for men
was —32.6%. In addition, aspartate aminotransferase
and alanine aminotransferase levels also increased in
men while remaining stable in women (Supplemental
Table 6). In all surveys, there was a tendency for men
to have a relatively higher prevalence of MetS in
those 20 to 59 years of age, but in subjects =60 years
of age, women had a higher prevalence than men
(Figure 2).

Continued on the next page

ASSOCIATION OF LIFESTYLE FACTORS WITH MetS.
There was a significant increase in sedentary time
spent per day, while concomitantly there was a sig-
nificant decrease in regular exercise over the past
years. Fat intake and consumption of sugar-
sweetened beverages (SSBs) have been increasing
significantly since 2007 (Figure 3, Supplemental
Table 7).

DISCUSSION

We performed a nationwide study to investigate the
MetS trends representing the entire South Korean
adult population. The age-adjusted prevalence of
MetS increased from 27.1% in the 2001 KNHANES to
33.2% in the 2020 KNHANES, applying the harmo-
nized definition using Asia-Pacific abdominal obesity
criteria (Central Illustration). The absolute increase in
MetS was 6.1% over the 20 years, 14.2% in men,
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TABLE 1 Continued
2012 2013 2014 2015 2016 2017 2018 2019 2020
(n =5,210) (n = 4,820) (n = 4,487) (n = 4,816) (n =5,774) (n =5,823) (n =5,947) (n = 6,023) (n =5,657)
511+ 0.2 49.1+ 0.2 50.8 £ 0.2 51.8 £ 0.2 511+ 0.2 51.7 £ 0.2 51.7 £ 0.2 52.0 £+ 0.2 525+ 0.2
49.6 49.8 49.8 49.8 50.1 50.1 50.3 50.3 50.4
163.6 £+ 0.4 163.6 £ 0.3 163.8 £+ 0.4 164.0 £ 0.3 1643 £ 0.3 164.6 £ 0.3 164.9 + 0.3 165.2 + 0.3 1653+ 0.3
170.6 + 0.4 170.5 + 0.4 170.8 + 0.4 171+ 04 170.9 + 0.3 171.4 £ 0.3 171.8 £ 0.3 1719 £ 0.3 1721+ 03
157.0 £ 0.3 1573 +£ 0.3 1573 £ 0.3 157.5 £ 0.3 157.7 £ 0.3 157.9 £ 0.3 158.3 +£ 0.3 158.7 £ 0.3 158.6 + 0.3
64.0 £ 0.5 63.6 £+ 0.5 63.6 £ 0.5 645+ 0.5 64.9 + 0.5 64.9 + 0.5 65.5 + 0.5 65.4 +£ 0.5 66.7 + 0.5
70.5 + 0.7 70.6 + 0.6 70.8 £ 0.7 7.7 £ 0.7 71.9 £ 0.6 722+ 0.6 72.8 £ 0.6 729 £ 0.6 749 £ 0.7
58.0 £ 0.6 57.8 £ 0.5 573+ 0.5 57.8 £ 0.5 58.4 + 0.5 58.2+ 0.5 58,5+ 0.5 58.6 + 0.5 59.0 £ 0.5
23.8 £ 0.2 23.7 £ 0.1 23.6 £ 0.1 239 £ 0.1 23.9 £ 0.1 239 £ 0.1 24.0 £ 0.1 239 + 0.1 242+ 0.2
241 +0.2 242+ 0.2 242+ 0.2 244 £ 0.2 245+ 0.2 245+ 0.2 246 +£0.2 246 £ 0.2 251+0.2
235+ 0.2 233+ 0.2 231+ 0.2 233+ 0.2 234+ 0.2 233+ 0.2 233+ 0.2 233+ 0.2 234+ 0.2
Lifestyle
243 22.7 229 21.4 224 21.0 21.4 20.5 19.7
421 40.7 421 38.0 38.9 36.9 36.1 35.0 33.6
7.0 57 4.7 5.2 6.0 5.0 6.6 6.0 57
353 34.6 34.6 35.8 36.2 36.2 36.2 36.2 36.0
- - 56.1 50.4 47.8 46.0 44.8 45.7 43.9
25.8 231 244 29.1 27.6 29.1 27.1 28.6 29.1
Diet
2005.8 +43.8 2,059.0 £+ 39.0 2,075.0 £+ 38.3 2,105.2 + 41.7 2,052.7 +£39.3 2,001.9 + 411 2,001.7 £ 36.9 1,943.1 + 36.8 1,906.1 + 38.2
66.7 66.4 65.7 65.6 64.8 64.5 63.8 62.4 61.3
18.6 19.2 19.8 19.9 20.1 20.4 20.9 22.0 23.0
14.7 14.4 14.5 14.5 15.1 15.2 15.3 15.6 15.7
239.2 £+ 27.1 290.8 + 27.2 315.5 + 34.3 361.6 + 43.8 332.1 4 35.1 317.7 £ 35.7 286.7 + 22.2 355.3 +38.2 358.3 +£37.7
38.7+59 47.6 £ 6.6 56.5 + 12.0 61.9 + 8.7 63.9 £11.2 573+ 124 434 £ 57 53.7+79 57.8 £10.4
126.9 + 21.6 161.1 + 23.4 174.5 £ 225 202.4 +37.8 151.2 + 24.1 147.9 +18.9 153.3 £ 17.7 199.8 + 31.2 194.8 + 28.1
4.8 +0.2 4.0 £ 0.1 3.9+0.1 41+0.1 35+0.1 35+0.1 34 +0.1 34+01 34+ 0.1

while no increase was observed in women. These data
indicate that one-third of Korean adults now have
multiple metabolic impairments.

The prevalence of MetS in the 2020 KNHANES
study was 33.2%, similar to the result of the 1999 to
2012 U.S. NHANES (at 34.2%).'” However, it should be
noted that a lower cutoff for high WC was used in our
analysis. A recent analysis using the 2015 to 2016 U.S.
NHANES data showed that among 17,048 participants
the overall prevalence of MetS was 34.7%; not
differing between men and women (35.1% Vs 34.3%,
P = 0.47)." Of note, there was a significant increase in
prevalence in the participants who indicated them-
selves as either “other” for race/ethnicity features or
as “Hispanic” for Hispanic/non-Hispanic attributes.

The most worrying finding is the dramatic increase
in the high glucose criterion: from 19.4% in 2001 to
37.3% in 2020. Considering the decrease in carbohy-
drate consumption in meals by Korean subjects, an
important contributing factor is probably the
increased consumption of sugar and SSBs observed
over the last 20 years (Table 1). Decreasing trends in
physical activity might have contributed to this.

Indeed, consumption of SSBs, mainly soda and sugar-
containing coffee, has increased by almost 200% from
2007 to 2020. In a large study involving Americans
and Europeans, a higher consumption of SSBs was
associated with a greater incidence of T2D, by 13% per
1 serving per day even after adjustment for
adiposity.'® A similar association between high SSB
consumption and increased T2D risk after adjusting
for BMI was found in Asian populations.'® In middle-
income countries, these trends of consuming pro-
cessed foods have been even more marked than in
South Korea.”° It is noteworthy that the consumption
of SSBs, soda, and sugar-containing coffee has
increased substantially with a greater increase in men
than women (Supplemental Table 2B). Over-
consumption of SSBs contributes to the development
of metabolic impairments in many ways.”" Glucose/
fructose molecules from SSBs are not only absorbed
rapidly, but also might play some role in activation of
the dopaminergic reward system in the brain induced
by hyperinsulinemia, resulting in the accumulation of
visceral fat and increased cardiometabolic risk.”
Moreover, excess fructose input more than the
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TABLE 2 Age-Standardized Rates of Metabolic Syndrome and Absolute Values of its Individual Components
2001 2005 2007 2008 2009 2010 201 2012 2013
Prevalence of MetS
MetS 27.1 29.0 27.0 28.0 283 27.9 27.9 26.8 26.8
High WC 25.6 27.4 29.4 27.9 25.8 25.1 27.9 24.7 222
High BP 41.4 40.3 32.8 34.6 37.0 371 39.1 38.7 36.4
High glucose 19.4 233 23.6 29.2 28.7 27.4 27.3 29.4 332
High TG 354 29.8 334 31.7 32.0 334 32.7 33.9 34.2
Low HDL-C 49.0 54.6 44.4 43.0 443 42.6 36.0 349 335
Absolute value
WC, cm 819 £ 03 81.6 + 0.4 82.6 + 0.6 81.8 + 0.4 814+ 0.4 813+ 0.4 817+ 0.4 814+ 0.4 80.8 + 0.4
SBP, mm Hg 125 +1 120 £1 Nng +£1 1ne £1 ng +£1 18 +1 119 +1 n9 +£1 N7 +1
DBP, mm Hg 78 £1 78 £1 77 £1 75+ 0 76 £ 0 75+0 76 £ 0 76 £ 0 75+ 0
FPG, mg/dL 97.8 + 0.7 955+ 0.9 952 +13 98.5 + 0.8 97.6 + 0.7 97.4 + 0.9 97.5 £ 0.9 98.1+ 0.8 99.4 + 0.8
HbA, % - - - - - - 5.73+ 0.03 5.73 £ 0.03 5.89 + 0.03
TG, mg/dL 141 +£3 138+5 134 +£5 137+ 4 138+ 4 136 £ 5 136 + 4 136 £ 5 138+5
HDL-C, mg/dL 46 + 0 45+ 0 48 £1 48 £ 0 48 £ 0 48 £ 0 50 £1 50 £1 51+1
Values are % or mean + SE. The age-standardized prevalence was calculated using the direct standardization method based on a 2020 population projection. There was a significant difference between 2001
KNHANES data and 2020 KNHANES data. P for trend obtained using the Jonckheere-Terpstra test for time trends across all years. °P < 0.05.
BP = blood pressure; DBP = diastolic blood pressure; FPG = fasting plasma glucose; HbA;. = glycosylated hemoglobin; HDL-C = high-density lipoprotein cholesterol; KNHANES = Korea National Health
and Nutrition Examination Survey; LDL-C = low-density lipoprotein cholesterol; MetS = metabolic syndrome; SBP = systolic blood pressure; TG = triglyceride; WC = waist circumference.

capacity for glucose metabolism in the liver might
contribute to increases in endogenous glucose pro-
duction and lead to prediabetes and fatty liver dis-
ease.”” Thus, consuming SSBs raises the risk of
developing noncommunicable chronic diseases and
increases mortality.**

In 2015, the World Health Organization recom-
mended that added sugar should account for <10% of
total daily energy intake”* and the consumption of it
should be discouraged particularly in adolescents and
young adults.”® In addition, several countries have
initiated a policy for improving tax design, suggesting
that administrative bodies could play a greater role in
supporting taxation of SSBs.?®

Based on the current serial data from the KNHANES
surveys, another concern is the increase in WC. The
BMI of men and women also increased: 2 out of 5 men
and one out of 4 women in 2020 were categorized as
having obesity, defined by a BMI =25 kg/m?, the
obesity cutoff suggested by World Health Organiza-
tion for Asians and adopted by the Korean Society for
Study of Obesity (Supplemental Table 8).>*7 The
rapid increase in obesity in Korea, which was more
prominent in men than women, seems to result from
the shift to unfavorable dietary habits and decreased
physical activity associated with advances in seden-
tary modes of transportation.'® Notably, dietary fat
consumption has increased from 16.7% to 23.0% over
the recent 20 years, even though total energy intake
has not changed significantly (Supplemental
Table 2A). In addition, regular physical activity has

Continued on the next page

decreased substantially from 56.1% in 2014 to 43.9%
in 2020. Men showed a greater reduction in regular
aerobic exercise than women during 2014 to 2020
(Supplemental Table 1). The dramatic increase in the
accessibility and use of the Internet and personal
electronic devices is also likely to have contributed to
sedentary lifestyles.?®

High WC is an indicator of an increased accumula-
tion of visceral adipose tissue that serves as an active
endocrine organ releasing various bioactive mediators
that deteriorate glucose regulation and lipid meta-
bolism and aggravate insulin resistance and chronic
inflammation, all contributing to increased cardio-
vascular risk.”® Therefore, to reduce the obesity prev-
alence—particularly abdominal visceral adiposity—it
will be important to facilitate national education pro-
grams and government policies to encourage people
to improve the overall quality of their diet and
increase their physical activity levels.

Among the 5 MetS components, the prevalence of
high TG also increased by 3.8%. Carbohydrate con-
sumption decreased in this period by 6.8% but re-
mains high by international guidelines.*° Indeed, fat
consumption increased from 16.7% to 23.0% over the
same period. These undesirable lifestyle changes to-
ward a high-fat diet with reduced physical activity are
common in many less developed or developing
countries.?! Clearly, because South Koreans have had
a higher carbohydrate intake than recommended, a
decrease in carbohydrate intake and an increase in fat
intake may, at first glance, appear as desirable
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TABLE 2 Continued
2014 2015 2016 2017 2018 2019 2020 Percent Change P for Trend
Prevalence of MetS
26.4 29.3 31.2 28.1 29.9 31.6 33.2 2.5° <0.001
23.6 29.8 30.1 27.5 28.4 34.4 37.8 47.7° <0.001
35.4 37.0 39.7 37.5 38,5 38.0 38.9 -6.0° <0.001
325 33.1 35.2 33.7 35.1 36.1 37.3 92.3° <0.001
353 35.2 38,5 36.2 36.6 37.1 39.2 10.7° <0.001
317 327 323 30.3 30.4 25.7 28.6 -41.6° <0.001
Absolute value
812 + 0.4 82.8 + 0.4 83.0 + 0.4 81.9 + 0.4 823+ 0.4 83.9+ 0.4 847 + 0.4 3.4° <0.001
N7 +1 N8 +1 18 +1 N8 +1 18 +1 18 +1 N8 +1 —5.4° <0.001
75+ 0 75+ 0 76+ 0 76 £ 0 76+ 0 76 £ 0 76 £ 0 -23 0.021
99.4 + 0.9 99.9 + 1.0 100.3 +£1.0 99.8 + 0.9 100.3 + 0.8 100.3 + 0.8 100.7 £ 0.8 2.2° <0.001
5.74 + 0.03 5.65 + 0.03 5.66 + 0.03 5.64 + 0.03 5.66 + 0.03 5.75 + 0.03 5.76 + 0.03 0.5 <0.001
137 +5 139 £5 145 + 6 136 + 4 137 + 4 132+ 4 13745 -26 0.668
51+1 51+1 5141 5141 51+1 53 41 52 +1 12.7° <0.001
changes in terms of a balanced diet. However, Notably, the prevalence of the low HDL-C criterion

increased fat consumption from animal sources®” and  decreased from 49.0% in 2001 to 28.6% in 2020. Both
the replacement with saturated fatty acids, rather a reduction in carbohydrate intake and an increase in
than with unsaturated fatty acids, might be harmful, unsaturated fat intake might have contributed to the
ultimately requiring attention regarding car- increase in HDL-C levels.>* More specifically, the
diometabolic diseases.** consumption of food containing unsaturated fat, such

FIGURE 1 Serial Trends in Metabolic Syndrome and Its Components in Korea

Metabolic syndrome High waist circumference High blood pressure
50 50 70
60
40 40
50
<30 y ) 30 =
g ON  ——o—on N e _B\ 40 W
3 o~ - -
El b
5 20 20 30
A~
20
10 { —O—Total P for trends < 0.001 10 { —O—Total P for trends < 0.001 —O—Total P for trends < 0.001
~O—Male P for trends < 0.001 ~O—Male P for trends < 0.001 10 { —O—Male P for trends < 0.001
Female P for trends < 0.001 Female P for trends < 0.001 Female P for trends < 0.001
0 0 0
> & Q& QX D O X2 B b O D > & & Q V3 O X2 B b 9O D S P S & Q D OV O > B L0 d &0 D
AT T T T T S T AT T T T T T T AT T T T T T T T
High glucose High triglycerides Low HDL-cholesterol
50 60 70
10 50 60
50
S 40 ) -
30 40
g 30
£ 20 30
& 20
20
10 | —O—Total P for trends < 0.001 —O—Total P for trends < 0.001 —O—Total P for trends < 0.001
Male P for trends < 0.001 1o Male P for trends < 0.001 10 Male P for trends < 0.001
Female P for trends < 0.001 Female P for trends < 0.001 Female P for trends < 0.001
0 0 0
>y & d & Q O O > o QO & 9 N > & & & DN O O X B LA 9D > & & & Q N O X B L0 A& & 9D
NI SIS SN NN NSNS NSNS NSNS NN NN NI NSNS S N NN NI NN
L S S S S S M S S S S S S M S S QU S S S S S R S S S A A
Year Year Year

The age-adjusted prevalence of metabolic syndrome increased significantly from 27.1% in 2001 to 33.2% in 2020, which is a 6.1% absolute change over the recent 20
years, with a marked difference between men and women (14.2% in men; —2.0% in women). Among the 5 metabolic syndrome components, high glucose increased
the most over 20 years (a 17.9% absolute increase). High waist circumference and hypertriglyceridemia followed, with increases of 12.2% (23.2% in men; 1.6% in
women) and 3.8% (5.0% in men; 1.6% in women), respectively. By contrast, the proportions of low high-density lipoprotein (HDL) cholesterol and high blood
pressure criteria decreased by 20.4% and 2.5%, respectively, over the same period with a greater decrease in women (11.7% in men and 27.8% in women for HDL
cholesterol; 0.5% in men and 5.1% in women for high blood pressure).
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FIGURE 2 Prevalence of Metabolic Syndrome by Sex and Age in Korea
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In all surveys, there was a tendency for men aged 20 to 59 years to have a relatively higher prevalence of metabolic syndrome, but in subjects =60 years of age, women
had a higher prevalence than men. This was prominent in high waist circumference (WC) and hypertriglyceridemia. Low high-density lipoprotein cholesterol (HDL-C)

was more common in women than men in all age groups. BP = blood pressure; TG = triglyceride.
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FIGURE 3 Correlation Analyses Between Metabolic Syndrome and Lifestyle Factors
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National Health and Nutrition Examination Survey.

In these correlation analyses, the prevalence of metabolic syndrome had a negative association with regular exercise and positive associations
with fat intake and sugar-sweetened beverage (SSB) consumption and sedentary time (*P < 0.05). SSB consumption was investigated from
2007 Korea National Health and Nutrition Examination Survey, and sedentary time and regular exercise were assessed from 2014 Korea

as fish and olive oil, has been increasing in South
Korea.>® In particular, the prevalence of low HDL-C
decreased dramatically in women. Although sex dif-
ferences in HDL-C are generally expected,*° studies of
the South Korean population reported that fat intake
affects HDL-C to a greater extent in women than in
men.>” In fact, total daily energy intake decreased by
7.0% in women but increased by 3.7% in men over the
same time frame, while the increase in energy intake
from fat was greater in women than in men (46.0% vs
30.2%, P <0.05). On the one hand, sociocultural
changes in South Korea favoring gender equality and
the increase in women’s employment might have
contributed to a rise in HDL-C in women via their
increased financial independence.?®:3°

There were dramatic changes in physical activity
and dietary patterns over 20 years. Sedentary time
spent per day increased significantly while regular
exercise decreased significantly. It is noteworthy that
consumption of SSBs, mainly soda and sugar-
containing coffee, has increased almost 4-fold from
2007 to 2020 (Figure 3). In the correlation analyses,
MetS and its several components had negative asso-
ciations with regular exercise and positive

associations with fat intake and SSB consumption and
sedentary time. These findings suggest that
increasing SSB and fat consumption and decreasing
physical activity have contributed to the increasing
trend of MetS over the last 20 years.

On the other hand, people with a high BP signifi-
cantly decreased by 6.0%. Traditionally, Koreans
were used to eating a high-salt diet; however, over
the recent 20 years, daily salt consumption has
decreased significantly (5.5 g in 2001 to 3.4 g in 2020)
due to the national campaign encouraging the DASH
(Dietary Approaches to Stop Hypertension) diet.*°
The increasing use of refrigerators and freezers has
reduced the consumption of salted food.

STUDY STRENGTHS. A strength of this study is the
important significance of presenting nationwide
trends of MetS for 20 years using large-scale nation-
ally representative data. Another strength is the
consistency of the data observed, confirming its trend
applicability for other populations. Understanding
changes in the prevalence of MetS and its compo-
nents in South Korea—a country that has undergone
rapid economic and socioenvironmental changes
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CENTRAL ILLUSTRATION Important Sex Differences in MetS Trends in Korea

Percent Change in Metabolic Syndrome and its Components by Sex
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Park D, et al. JACC: Asia. 2023;3(3):491-502.

The age-adjusted prevalence of metabolic syndrome (MetS) increased significantly from 27.1% in 2001 to 33.2% in 2020 with a marked difference between men
(14.2%) and women (—2.0%). Such a sex difference appeared to be driven by a greater increase in the high glucose levels, higher waist circumference (WC), and higher
triglyceride (TG) levels in men than in women. In all surveys, there was a tendency for men 20 to 59 years of age to have a relatively higher prevalence of MetS than
women, but in subjects =60 years of age, women had a higher prevalence than men. BP = blood pressure; HDL-C = high-density lipoprotein cholesterol.

during this period—could be valuable for other
countries undergoing such socioeconomic trans-
formation, in helping to develop effective strategies
against the development of atherogenic and diabe-
togenic dysmetabolic profiles.

STUDY LIMITATIONS. This is an analysis of cross-
sectional surveys; secular changes of MetS at the in-
dividual level cannot be determined. Second, these
data could not confirm the causal relationship be-
tween changes in lifestyle and MetS due to the limi-
tations of the survey design. However, it can be
inferred that the increased consumption of sugar and
SSBs and decreasing trends in physical activity over
the last 20 years might have contributed to the
increasing trend of MetS, particularly the high
glucose, high TG, and high WC components, because
the secular data about diet and physical activity were
obtained from the same KNHANES determining MetS
components. Third, single-day 24-hour recall was
used for the assessment of dietary intake, which was

not able to capture within-individual variation.
Fourth, there might be socioenvironmental events
that we could not recognize, and these may act as
potential confounding factors. Despite these limita-
tions, this study has the important significance of
presenting nationwide trends of MetS for 20 years
using nationally representative data.

CONCLUSIONS

The prevalence of MetS in South Korea has increased
significantly during the past 20 years. Unfavorable
lifestyle changes such as a rapid increase in con-
sumption of SSBs and energy-dense foods and phys-
ical inactivity might be key mediating factors for the
evolving features of MetS. The consumption of pro-
cessed foods and SSBs is increasing worldwide at an
alarming rate. The problematic use of electronic de-
vices induced by the rapid dissemination of smart-
phones is leading to dramatically decreased physical
activity globally. Thus, concerted efforts among
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policymakers, health care professionals, and public
health educators should be made to induce favorable
behavioral changes that can lead to improved meta-

bolic health.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: The prevalence
of MetS in South Korea has increased significantly during the past
20 years. Glycemic dysregulation and abdominal obesity are key
features contributing to this increase in men. Unfavorable life-
style changes such as a rapid increase in consumption of pro-
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cessed foods such as SSBs and a dramatic decrease in physical
activity induced by problematic use of smartphones and elec-
tronic devices seem to be key mediating factors for the evolving
features of MetS in South Korea.

TRANSLATIONAL OUTLOOK: Concerted efforts among pol-
icymakers, health care professionals, and public health educators
should be made to induce favorable behavioral changes that can
lead to improved metabolic health of citizens of middle-income
countries undergoing a similar socioeconomic transformation.
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