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Abstract: Few studies have comprehensively examined the nationwide trends in overall and abdomi-
nal obesity prevalence and related sociodemographic inequalities in Korea. In the Korea National
Health and Nutrition Examination Survey 1998-2018, we estimated the age-standardized prevalence
of overall (body mass index > 25 kg/m?) and abdominal obesity (waist circumference > 90 cm
men, >85 cm women) in each sociodemographic subgroup of Korean adults (aged 19-79 years). For
each survey year, weighted logistic regression was performed to estimate odds ratios (ORs) and 95%
confidence intervals (CIs) for the associations between obesity prevalence and sociodemographic
factors. During the study period, the prevalence of overall and abdominal obesity increased in men
(24.8% to 42.4%; 20.1% to 32.1%; respectively) but only a small change was observed in women (26.5%
to 26.0%; 22.7% to 20.9%; respectively). Obesity prevalence increased in all sociodemographic groups
of men but varied across groups in women. In women, income (4th vs. 1st quartiles in 2016-2018:
OR (95% CI) = 0.66 (0.56-0.78) overall obesity; 0.60 (0.51-0.71) abdominal obesity) and education
(college or higher vs. high school or less: 0.62 (0.54-0.72) overall obesity; 0.58 (0.50-0.68) abdominal
obesity) were inversely associated with obesity prevalence, and the gaps became more pronounced
since 2007. Our data suggest that the inequalities in obesity prevalence by sex and by socioeconomic
status have become more apparent over time in Korea.

Keywords: body fatness; adiposity; obesity; overweight; BMI; body mass index; health disparity

1. Introduction

The prevalence of obesity has increased globally during the past several decades,
leading to an era of epidemic obesity. Because obesity (overall as well as abdominal
obesity) increases risks of various chronic diseases, including cardiovascular disease [1],
type 2 diabetes mellitus [2], and cancer [3], an increase in obesity prevalence has contributed
to a rise in disease burden and related medical expenditures in many countries [4-7].

To date, the increase in obesity prevalence has been most extensively documented
in Western countries, including the US and European countries. In these populations,
obesity prevalence considerably increased from 1970 to 2000 and stabilized through the
early 2010s [8-11]. However, in other parts of the world, particularly Asian countries with
traditionally low obesity prevalence, an increasing trend in obesity prevalence has become
apparent only in recent decades [9,12]. South Korea (we refer to “Korea” throughout the
manuscript) is one of the Asian countries that has undergone extremely rapid economic
growth and Westernization during the past several decades. Since the 1980s, particularly
after the 1988 Seoul Olympics, globalization accelerated the introduction of fast-food chains,
such as McDonald’s and KFC, and other aspects of a Western-style diet [13-15]. With the
Westernization of lifestyle, characterized by the high consumption of high-calorie, animal-
based foods and low levels of physical activity, the obesity prevalence in Korea is likely to
have elevated [16]. To prevent further increase in obesity and related disease burdens in
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Korea, a comprehensive investigation of nationwide obesity transition and identification of
vulnerable populations is required.

Because few studies have examined obesity trends in Korea using more recent
data [17-21], little is known about the extent to which the obesity prevalence has changed
over time and the time period during which the slope has shifted. Little is also known
about the extent to which the obesity prevalence varies by sociodemographic groups and
whether the inequalities have changed over time. Previous studies suggested that the
obesity prevalence may differ by sociodemographic factors [22-24], as these factors may
influence the access to knowledge and resources required to practice a healthy lifestyle.

In this study, we examined the nationwide trends and inequalities in overall and
abdominal obesity among Korean adults in 1998-2018 using nationally representative, re-
peated health examination survey data. To further understand the factors that contributed
to the inequalities in obesity over time, we investigated the relationships of sociodemo-
graphic factors (sex, age, birth cohort, income, education, region, and occupation) with
obesity transition. We examined the associations with both overall and abdominal obesity
by evaluating changes in mean body mass index (BMI) and waist circumference (WC), as
well as obesity prevalence using binary cutpoints.

2. Materials and Methods
2.1. Study Population

This study included adult participants in the Korea National Health and Nutrition
Examination Survey (KNHANES) 1998-2018. The KNHANES is a nationally representative,
repeated cross-sectional survey aiming to assess the health and nutritional status of the
noninstitutionalized Korean population [25]. The KNHANES was conducted by the Korea
Centers for Disease Control and Prevention (KCDC) and the Korea Ministry of Health and
Welfare in 1998, 2001, 2005, and annually since 2007. Before 2007, the survey was conducted
approximately once every three years (Phase I in 1998, Phase II in 2001, Phase III in 2005),
each including about 35,000 participants. Since 2007, the survey has become an ongoing
program conducted every year, including about 10,000 participants per year over three-year
period (Phase IV: 2007, 2008, 2009; Phase V: 2010, 2011, 2012; Phase VI: 2013, 2014, 2015;
Phase VII: 2016, 2017, 2018), to provide timely statistics for monitoring health status of
the population. A stratified, multistage clustered probability-based sampling design was
used to select the sample units based on sex, age, and geographic area using household
registries. The KNHANES consisted of three distinct surveys: the health interview, health
examination, and nutrition survey. The health interview and health examination were
conducted at mobile examination centers. The health interview collected information on
sociodemographic factors, health behaviors, and medical history. Health examination
included anthropometric measurements and was performed by trained medical personnel
following standardized protocols. All surveys collected comparable data using similar
designs and sampling methods. At the time of enrollment, all participants in the survey
provided written informed consent. All procedures were approved by the Institutional
Review Board of the KCDC.

In this study, we used the KNHANES data from Phase I through Phase VII: Phase I
(1998), Phase II (2001), Phase III (2005), Phase IV (2007-2009), Phase V (2010-2012), Phase
VI (2013-2015), and Phase VII (2016-2018). Of the 208,705 participants in the KNHANES I
to VII, we excluded those who were at age < 19 years (n = 52,632) or >80 years (n = 4242),
pregnant (n = 563), had missing information on BMI (n = 63,074) or WC (n = 163), had
BMI < 13 or >50 kg/m? (n = 2), and had WC < 40 or >140 cm (1 = 4). There was no
significant difference in the distribution of sociodemographic factors between those who
were included vs. excluded due to missing information on BMI and WC. After these
exclusions, a total of 88,025 participants (38,438 men and 49,587 women) were included in
the analysis (participant flow chart in Supplementary Figure S1). The numbers of male and
female participants according to survey years and sociodemographic factors are shown in
Supplementary Table S1.
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2.2. Overall and Abdominal Obesity

BMI (the ratio of body weight [kg] to height squared [m?]) and WC [1] were used as
measures of overall and abdominal obesity, respectively. Body weight, height and WC were
measured during health examination by trained medical staff following the standardized
protocols in all survey phases. Body weight was measured to the nearest 0.1 kg on a
calibrated balance-beam scale wearing a lightweight clothing or underwear without shoes
(GL-6000-20; CAS KOREA, Seoul, Korea). Height was measured to the nearest 0.1 cm in
the erect position using a stadiometer (SECA 225; SECA, Hamburg, Germany). WC was
measured to the nearest 0.1 cm at the midpoint between the lower margin of the rib cage
and the top of the iliac crest during minimal respiration (SECA 200, SECA). Based on the
Asia-Pacific regional guidelines of the World Health Organization (WHO) and International
Obesity Task Force (IOTF) [26], we defined overall obesity as BMI > 25 kg/m?. Because
the WHO guidelines recommend BMI > 30 kg/m? for non-Asian populations, we also
examined the obesity trends using BMI > 30 kg/m? cutpoint to increase comparability
of our results with global data. However, in stratified trend and association analyses, we
used BMI > 25 kg/m? cutpoint only because the prevalence of BMI > 30 kg/m? was very
low in our study population. Abdominal obesity was defined as WC > 90 cm for men
and WC > 85 cm for women [27]. In secondary analysis, we also examined the trends in
abdominal obesity using waist-to-height ratio (WHtR). Because there is no clear obesity
guideline for the WHtR cutpoint, we examined the mean WHtR.

2.3. Sociodemographic Variables

Sociodemographic information including age, sex, household income, education, re-
gion, and occupation were assessed through face-to-face interview. We categorized age
into 10-year intervals: 19-29, 30-39, 40-49, 50-59, 60-69, and 70-79 years. Birth cohort was
estimated by subtracting age from the calendar year of survey. Birth cohorts were then
categorized into seven groups: 1919-1939, 1940-1949, 1950-1959, 1960-1969, 1970-1979,
1980-1989, and 1990-1999. Income, education, region, and occupation were used as sur-
rogate measures of socioeconomic status (SES) [28,29]. Because SES is a complex trait not
adequately represented by a single variable, we used multiple variables that indicate the
accessibility to social capitals and healthcare services, as well as other resources and knowl-
edge required to practice healthy lifestyle. For income, equivalized monthly household
income ((monthly overall household income)//(household size)) was calculated to ac-
count for the differences in household’s size [30] and categorized into quartiles. Education
level was defined as the highest level of education completed by the individual as of the
date of the interview. Because the proportion of elementary and middle school graduates
was very small, we collapsed the categories into two groups: some high school or less,
and some college or higher. Region was categorized into Seoul (capital city), metropolitan
urban (Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, and Sejong), non-metropolitan
urban (dong), and rural areas (eup and myeon). Occupation was categorized into three
groups: physical laborer, non-physical laborer, and unemployed.

2.4. Statistical Analysis

To account for complex sampling design and adjust the data to represent the entire
Korean adult population, weighted analyses were performed using SURVEY procedures
(SURVEYFREQ, SURVEYMEANS, SURVEYREG, SURVEYLOGISTIC) in SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). We first investigated the temporal trends in overall and
abdominal obesity in 1998-2018. To examine the overall trends, we estimated the age-
standardized prevalence of overall and abdominal obesity, as well as the age-standardized
mean BMI and WC, in each survey phase from the KNHANES I (1998) to VII (2016-2018)
using the 2005 Korean Census population as the reference population. We also performed
weighted linear regression on obesity prevalence to estimate 3 coefficients indicating the
change in obesity prevalence per 1-unit increment in survey phase, adjusting for age. Tests
for trend were performed using the Wald test for continuous survey phase variables. In
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exploratory analysis, we also performed segmented regression analysis of interrupted time
series [31] to detect the time point in which the changes in obesity prevalence and slope of
obesity trend occurred. To examine the variation in obesity trends by sociodemographic
factors, we estimated the obesity prevalence separately by sociodemographic subgroups.
To examine the change in obesity prevalence by age and birth cohort, we estimated the
age-specific obesity prevalence within each birth cohort and longitudinally compared the
prevalence across the age within the same birth cohorts. Similarly, the difference between
birth cohorts was examined within the same age group. We tested for any difference among
categories using global F test. To examine the change in mean BMI and WC, all analyses
were repeated using BMI and WC as continuous variables.

Next, we investigated the inequalities in overall and abdominal obesity by socioeco-
nomic factors. Within each survey phase, we performed weighted multivariable logistic
regression to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the asso-
ciations between socioeconomic factors (income, education, region, and occupation) and
prevalence of overall and abdominal obesity, simultaneously adjusting for all sociodemo-
graphic factors under study. We repeated the analyses using weighted linear regression
for continuous BMI and WC variables. Because the obesity trends and associations with
sociodemographic factors varied by sex, we conducted all analyses separately by sex. All
statistical tests were two-sided, with an alpha level of 0.05.

3. Results
3.1. Trends of Overall and Abdominal Obesity in 1998-2018

Figure 1 shows the temporal trends in age-standardized prevalence of overall and
abdominal obesity in the KNHANES I (1998)-VII (2016-2018). The trends varied by sex.
In men, the age-standardized prevalence of overall obesity (BMI > 25 kg/m?) statistically
significantly increased during the study period, from 24.8% in Phase I to 42.4% in Phase
VII (f = 2.3, p for trend < 0.001) (Figure 1A). In women, however, there was a minimal
change in the age-standardized prevalence of overall obesity (26.5% to 26.0%; = —0.4,
p for trend = 0.007). The age-standardized prevalence of severe obesity (BMI > 30 kg/m?)
increased in both men (1.61% to 6.74%, 3 = 0.8, p for trend < 0.001) and women (2.94% to
5.12%, 3 = 0.3, p for trend < 0.001) (Figure 1B). In abdominal obesity, the age-standardized
prevalence increased in men (20.1% in Phase I to 32.1% in Phase VII; 3 = 1.6, p for trend
< 0.001) but slightly decreased in women (22.7% to 20.9%; 3= —0.7, p for trend < 0.001;
Figure 1C). In both overall and abdominal obesity, the age-standardized prevalence was
similar between men and women in Phase I (overall obesity: 24.8% men vs. 26.5% women;
abdominal obesity: 20.1% men vs. 22.7% women) but the gap between the two sexes
gradually increased over time (Phase VII: 42.4% men vs. 26.0% women for overall obesity;
32.1% men vs. 20.9% women for abdominal obesity). We observed similar results with
trends in mean BMI, WC, and WHItR: increasing trends in men (23.1 to 24.6 kg/ m2, 82.6 to
86.1 cm, 0.489 to 0.500, respectively) and a minimal change in women (23.1 to 23.1 kg/ m2,
779 to 77.1 cm, 0.499 to 0.486, respectively) during the study period (Supplementary
Figure 52).
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Figure 1. (A-C). Age-standardized prevalence of overall and abdominal obesity in Korean men
and women from KNHANES I (1998) to VII (2016-2018). This figure shows the age-standardized
prevalence of (A) overall obesity (BMI > 25 kg/m?), (B) severe obesity (BMI > 30 kg/m?), and (C)
abdominal obesity in Korean men and women in the KNHANES I-VII. Age-standardization was
performed using the 2005 Korean Census population as the reference population.
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Because the most change in obesity prevalence appeared to occur in Phase VI
(Figures 1 and 2), in exploratory analysis we performed a segmented regression anal-
ysis comparing prevalence and slope of obesity trend before vs. after the Phase VI. The
results are shown in Table S2. For overall obesity, the prevalence and slope of male and
female obesity trends did not significantly change in Phase VI. However, for abdominal
obesity, the slope of trend in male obesity prevalence significantly increased in Phase VI
(B = 0.041, p < 0.001).
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Figure 2. (A-D). Trends of overall and abdominal obesity prevalence by birth cohort and age in
Korean men and women from KNHANES I (1998) to VII (2016-2018). This figure shows the age-
specific prevalence of (A) overall obesity (BMI > 25 kg/ m?) in men, (B) abdominal obesity in men,
(C) overall obesity (BMI > 25 kg/ m?) in women, and (D) abdominal obesity in women by birth
cohort in KNHANES I-VILI. Tests for difference by birth cohorts were performed using global F tests
for categorical variable of birth cohorts.

To examine how obesity prevalence changed with age and birth cohort, we esti-
mated age-specific obesity prevalence within each birth cohort. Within birth cohorts, the
prevalence of overall and abdominal obesity generally increased with age in both men
(Figure 2A,B, respectively) and women (Figure 2C,D, respectively) (all p for trend < 0.001),
except for overall obesity among men at age >50 years. For a given age, overall and
abdominal obesity prevalence varied by birth cohort (all global F-test p < 0.001). In men,
the prevalence of overall and abdominal obesity was generally higher in younger birth
cohorts than in older birth cohorts. In women, the birth cohorts 1960-1979 had significantly
lower prevalence of overall and abdominal obesity compared with older birth cohorts
(1919-1959). Among the female birth cohorts 1970-1999, the obesity prevalence was not
statistically significantly different. Similar patterns of obesity trends by age and birth
cohort were observed using mean BMI and WC (Supplementary Figure S3).
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Table 1 presents the trends in prevalence of overall and abdominal obesity from phase
I to VII in each subgroup defined by sociodemographic factors. In men, the prevalence
of overall and abdominal obesity increased over time in all groups, with age-adjusted
(3 coefficients ranging 1.45-3.18 for overall obesity and 0.23-2.84 for abdominal obesity.
In women, the change in obesity prevalence largely varied by sociodemographic groups.
The prevalence of overall and abdominal obesity increased over time in women aged
70-79 years and those with some college or higher education (age-adjusted (3 range: 0.53
to 1.65), while the prevalence decreased in women aged 40-69 years and those with the
highest income level (age-adjusted 3 range: —0.58 to —3.19). Although the prevalence
of obesity increased in women with some college or higher education, the prevalence in
Phase VII was still higher among women with some high school or lower education (36.5%
vs. 18.4% overall obesity, 33.4% vs. 12.5% abdominal obesity). Similar associations with
sociodemographic factors were found with mean BMI and WC (Supplementary Table S3).

3.2. Assocation between Socioeconoic Factors and Obesity

Table 2 (for men) and Table 3 (for women) present the associations of socioeconomic
factors with prevalence of overall and abdominal obesity after mutual adjustment for
all sociodemographic factors under study. For men, there was no consistent pattern of
association between socioeconomic factors and obesity prevalence during the study period
(Table 2). In women, there were significantly inverse associations of income and education
with both overall and abdominal obesity prevalence, indicating lower obesity prevalence
in higher income and higher education groups (Table 3). The inequalities in female obesity
prevalence by income levels were not present in Phase I but became pronounced since
Phase IV. Women with higher income levels had significantly lower prevalence of overall
and abdominal obesity in the latest 4 surveys (KNHANES IV-VII), with OR ranging 0.61-
0.84 for overall obesity and 0.54-0.83 for abdominal obesity. The inequalities in obesity
prevalence by education levels (some college or higher vs. some high school or less) were
present from Phase I and persisted throughout the entire study period, with OR ranging
0.43-0.62 for overall obesity and 0.39-0.69 for abdominal obesity. In several survey years,
women living in rural and non-metro urban areas (vs. Seoul) and women who were
unemployed and in physical labor (vs. non-physical labor) had higher obesity prevalence.
To further examine the difference in obesity prevalence between rural vs. urban areas,
we compared the prevalence within the similar occupation types. Among women who
were unemployed or in physical labor, the obesity prevalence was consistently higher in
women living in rural and non-metro urban areas (vs. Seoul and metro-urban areas) and
the associations were statistically significant in Phase V (OR (95% CI) = 1.20 (1.05, 1.37)
overall obesity; 1.18 (1.02, 1.36) abdominal obesity) and Phase VI (1.26 (1.12, 1.42); 1.31
(1.13, 1.51); respectively) (Supplementary Table S4). Among women in non-physical labor,
similar obesity prevalence was observed by region. Similar patterns of associations with
socioeconomic factors were observed using mean BMI and WC (Supplementary Tables S5
and S6).



Int. |. Environ. Res. Public Health 2021, 18, 4162 9of 19

Table 1. Prevalence of overall and abdominal obesity by sociodemographic factors in Korean men and women: the KNHANES I-VII.

Prevalence of Overall Obesity (%)

Men Women
Age- Age-

) . - I Il I v v VI VI : p for I II I v v VI VII ; p for
Sociodemographic Characteristics  (1998) 001 2005 709  (0-19 (315 ety AU Trend  a9m  coon ooy @09 ao-1) 319 ety AURD rend

19-29 years 185 24.8 24.8 30.3 283 313 38.0 2.65 <0.001 11.7 115 13.4 13.6 142 14.0 15.8 0.64 0.01

30-39 years 279 344 38.1 39.4 412 449 478 2.94 <0.001 204 19.6 19.0 16.5 215 18.8 21.0 0.26 0.29

A

ge 40-49 years 335 387 411 403 429 403 471 175 <0.001 29.9 34.1 29.0 272 292 245 267 —097 0.001
50-59 years 27.6 322 41.0 416 348 408 416 145 <0.001 425 406 431 382 35.1 33.1 312 217 <0.001
60-69 years 19.9 263 31.0 322 352 35.0 38.1 2.38 <0.001 38.8 462 471 47.0 431 403 383 ~131 <0.001
70-79 years 83 237 27.1 21.1 26.1 29.0 31.0 2.64 <0.001 347 363 373 39.8 37.6 41 445 1.65 <0.001

1st Quartile 22 317 33.7 35.1 32.0 37.0 409 2.32 <0.001 255 32.0 29.6 30.5 33.0 319 335 0.45 0.09

Income 2nd Quartile 248 295 326 359 382 406 414 2.59 <0.001 279 28.6 284 29.8 292 27.7 29.6 —0.52 0.05

3rd Quartile 24.0 335 35.6 383 363 38.0 435 2.29 <0.001 246 26.1 30.4 24.6 274 27.1 27.1 —0.39 0.13
4th Quartile 284 30.8 37.7 37.1 384 38.8 26 191 <0.001 241 24.1 2338 242 233 215 224 ~1.11 <0.001

Highschoolor — »5, 317 356 361 35.1 375 101 2.19 <0001 291 337 346 341 355 340 36.5 ~007 0.68

Education less

C‘}’llilgﬁzrm 24.8 31.0 33.9 36.8 377 38.7 436 2.25 <0.001 11.5 9.7 12.7 132 159 16.0 184 1.00 <0.001

Seoul 235 29.8 32.0 37.8 36.8 37.7 408 2.20 <0.001 253 249 241 25.1 2338 23.1 25.7 —0.80 0.003

Region Metro urban 279 309 342 343 352 37.3 39.4 1.69 <0.001 233 244 282 282 273 26.1 27.7 —0.36 0.15

N?r';‘;i“" 257 34.0 35.9 376 377 39.9 433 223 <0.001 24.1 27.1 262 27.1 2738 27.0 274 —047 0.04

Rural 219 295 37.9 35.0 342 389 455 3.18 <0.001 305 35.0 36.0 29.1 363 343 35.6 047 0.17

N"“l';’;‘g;s‘cal 2738 362 38.6 41.0 422 403 456 1.78 <0.001 135 9.8 135 143 17.7 17.6 16.8 0.31 0.28

Occupation
Physical labor 265 32.7 37.0 36.2 355 386 402 2.04 <0.001 313 345 325 315 327 305 326 —0.63 0.01

Unemployed 194 244 27.1 31.2 30.6 34.2 36.8 2.57 <0.001 24.6 27.5 29.5 28.8 29.5 28.0 313 —0.04 0.82




Int. |. Environ. Res. Public Health 2021, 18, 4162

10 of 19

Table 1. Cont.

Prevalence of Abdominal Obesity (%)

19-29 12.3 11.2 114 17.6 152 17.7 236 1.89 <0.001 75 6.8 8.0 8.5 8.7 8.8 8.1 0.18 0.36

30-39 16.0 23.1 216 231 267 286 354 2.84 <0.001 12.9 137 12.9 133 14.9 14.9 16.0 0.55 0.02

Age 40-49 273 286 26.7 276 26,5 293 343 1.15 <0.001 28 215 19.0 20.1 194 16.1 19.9 —0.58 0.03
50-59 284 272 375 30.7 27.0 293 32.1 023 051 386 377 376 362 297 237 245 —3.19 <0.001
60-69 24.0 26.9 327 325 316 296 35.7 1.23 <0.05 449 50.2 474 50.5 451 386 38.0 —2.38 <0.001

70-79 137 298 329 282 295 319 36.4 227 <0.001 407 458 448 471 444 47.7 499 1.13 0.02

1st Quartile 17.1 218 28 244 229 27.1 324 2,04 <0.001 23.1 267 26.5 2838 28.0 283 29.1 0.04 0.88

Income 2nd Quartile 19.0 18.6 245 258 254 276 32.0 1.85 <0.001 232 233 21.1 265 246 214 26.0 —0.67 <0.05
3rd Quartile 18.4 233 247 264 245 269 329 1.60 <0.001 19.8 217 262 208 26 209 212 —0.94 <0.001
4th Quartile 26 234 252 257 26.9 26.8 319 1.07 <0.001 204 19.8 18.8 219 18.8 17.5 182 ~135 <0.001

High school 20.1 27 28.3 27.0 26.3 28.8 33.2 1.39 <0.001 25.0 28.4 29.8 321 31.4 29.4 33.4 —0.54 <0.05

Education orless

C‘}’ll:;ﬁ:r“ 17.9 215 19.4 23.9 23.8 25.9 31.9 1.81 <0.001 8.2 7.0 6.8 9.4 103 10.7 125 0.53 <0.05
Seoul 19.5 237 231 246 22 2838 33.0 1.65 <0.001 217 213 18.6 219 16.7 163 26 ~1.08 <0.001
Region Metro urban 202 19.9 26.5 26.1 276 264 296 1.06 <0.001 187 21.1 252 255 243 219 216 ~1.05 <0.001

N";‘r'l‘)’;ff“’ 19.6 232 26 249 232 26.6 327 1.70 <0.001 20.0 19.3 213 229 26 23 233 —0.46 0.05

Rural 17.9 222 26.0 26.6 279 273 358 2.20 <0.001 274 3238 284 30.5 329 293 312 —0.07 0.82

N"“l';’;‘g’rs‘cal 18.8 244 22,0 27.2 26.6 28.6 354 2.07 <0.001 78 49 79 10.0 122 113 11.1 0.14 0.53

Occupation

Physical labor  21.0 233 26.2 25.0 247 26.5 314 1.18 <0.001 255 263 27.0 2738 27.1 234 26.6 095 <0.001

Unemployed 162 18.0 23.0 249 24.0 27.0 30.2 1.72 <0.001 2.1 249 25.0 273 2538 252 288 034 0.06

Note: Overall obesity was defined as BMI > 25 kg/m?. Abdominal obesity was defined as waist circumference >90 cm in men and >85 cm in women. Values for obesity prevalence are not adjusted for age. 3
coefficients indicate the change in obesity prevalence per 1-unit increment in survey phase, adjusting for age. 3 coefficients were estimated using weighted linear regression models on obesity prevalence,
adjusting for age (19-29, 30-39, 4049, 50-59, 60-69, 70-79 years) as a continuous variable. Tests for trend were performed using Wald test for continuous survey phase variable.
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Table 2. Odds ratios (OR) and 95% confidence intervals (CI) for the associations of socioeconomic factors (income, education, region, occupation) with overall and abdominal obesity
prevalence in men: the KNHANES I-VIL

Overall Obesity
Socioeconomic Characteristics 1(1998) 11 (2001) III (2005) IV (2007-2009) V (2010-2012) VI (2013-2015) VII (2016-2018)
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

1st Quartile 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Income 2nd Quartile 111 (0.85 1.44) 0.88 (0.68,1.14) 0.96 (0.70,1.31) 1.03 (0.86,1.22) 1.24 (1.03, 1.50) 1.17 (0.98, 1.40) 0.99 (0.84,1.17)
3rd Quartile 1.07 (0.80, 1.44) 1.00 (0.77, 1.30) 1.07 (0.78,1.48) 1.12 (0.94, 1.34) 1.12 (0.92,1.36) 0.98 (0.83,1.17) 1.08 (0.93,1.26)
4th Quartile 1.29 (0.97,1.71) 0.89 (0.67,1.17) 121 (0.88,1.67) 1.05 (0.87,1.27) 1.23 (1.02, 1.49) 1.06 (0.90, 1.26) 1.04 (0.89,1.22)

. High school or less 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Education

College or higher 1.04 (0.84, 1.28) 1.02 (0.82, 1.28) 1.04 (0.78, 1.38) 0.98 (0.85, 1.14) 1.04 (0.89, 1.22) 1.06 (0.92,1.22) 1.05 (0.92,1.20)

Seoul 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Region Metro urban 1.25 (0.96, 1.63) 1.03 (0.76, 1.39) 1.07 (0.74, 1.55) 0.86 (0.71, 1.04) 0.93 (0.78, 1.10) 0.97 (0.81,1.15) 0.94 (0.80, 1.10)
Non-metro urban 1.10 (0.82,1.47) 1.16 (0.88, 1.53) 1.12 (0.78, 1.61) 0.95 (0.80, 1.12) 1.05 (0.89, 1.24) 1.08 (0.92,1.26) 1.10 (0.95, 1.26)
Rural 0.99 (0.75,1.32) 0.93 (0.69, 1.26) 1.25 (0.86, 1.84) 0.90 (0.75, 1.10) 0.97 (0.80, 1.19) 1.03 (0.84,1.26) 1.27 (1.02, 1.60)

Non-physical labor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Occupation Physical labor 1.02 (0.81,1.29) 0.87 (0.68,1.12) 1.03 (0.78,1.35) 0.87 (0.73,1.03) 0.82 (0.70, 0.96) 1.01 (0.87,1.18) 0.94 (0.82,1.08)
Unemployed 0.92 (0.67,1.27) 0.71 (0.50, 1.01) 0.85 (0.59,1.22) 0.86 (0.70, 1.06) 0.81 (0.65, 0.99) 1.06 (0.87, 1.30) 0.88 (0.74, 1.06)

Abdominal Obesity

1st Quartile 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Income 2nd Quartile 1.13 (0.86, 1.48) 0.82 (0.60, 1.13) 1.15 (0.84, 1.59) 1.07 (0.88,1.29) 1.12 (0.92,1.37) 1.02 (0.85,1.23) 0.93 (0.79, 1.10)
3rd Quartile 111 (0.84, 1.46) 1.01 (0.76, 1.34) 1.14 (0.78, 1.64) 1.10 (0.90, 1.35) 1.06 (0.86, 1.30) 0.93 (0.78,1.11) 0.98 (0.83,1.14)
4th Quartile 1.30 (1.00, 1.68) 1.00 (0.72,1.37) 1.28 (0.91, 1.79) 1.03 (0.84, 1.26) 1.22 (0.98,1.51) 0.95 (0.79,1.13) 091 (0.76, 1.08)

. High school or less 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Education

College or higher 1.18 (0.92,1.51) 1.22 (0.97, 1.55) 0.95 (0.67, 1.35) 1.06 (0.89, 1.26) 1.02 (0.85,1.22) 1.00 (0.85, 1.16) 0.99 (0.85, 1.16)

Seoul 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Region Metro urban 1.04 (0.78, 1.39) 0.76 (0.55, 1.05) 1.18 (0.84, 1.64) 1.04 (0.84, 1.30) 1.34 (1.09, 1.65) 0.88 (0.73, 1.06) 0.86 (0.72,1.03)
Non-metro urban 1.00 (0.71, 1.39) 0.90 (0.67,1.23) 0.93 (0.68, 1.28) 0.95 (0.76,1.19) 1.11 (0.90, 1.38) 0.95 (0.80, 1.13) 1.00 (0.85,1.17)
Rural 0.86 (0.62,1.20) 0.78 (0.54,1.13) 0.97 (0.68,1.39) 1.03 (0.81,1.31) 1.37 (1.08, 1.74) 0.93 (0.75,1.16) 1.14 (0.91, 1.42)

Non-physical labor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Occupation Physical labor 1.18 (0.90, 1.54) 0.99 (0.74,1.33) 1.13 (0.79, 1.63) 0.85 (0.70, 1.03) 0.86 (0.72,1.04) 0.88 (0.74,1.04) 0.81 (0.69, 0.95)
Unemployed 1.10 (0.79,1.52) 0.92 (0.63, 1.36) 1.13 (0.74,1.72) 0.88 (0.70, 1.09) 0.96 (0.76,1.22) 1.05 (0.84, 1.30) 0.83 (0.69, 1.01)

Note: Overall obesity was defined as BMI > 25 kg/ m?2. Abdominal obesity was defined as waist circumference >90 cm in men. Mutually adjusted for age (19-29, 30-39, 4049, 50-59, 60-69, 70-79 years), income
level (1st, 2nd, 3rd, 4th quartiles), education level (some high school or less, some college or higher), region (Seoul, metro urban, non-metro urban, rural) and occupation (non-physical labor, physical labor,
unemployed).
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Table 3. Odds ratios (OR) and 95% confidence intervals (CI) for the associations of socioeconomic factors (income, education, region, occupation) with overall and abdominal obesity
prevalence in women: the KNHANES I-VIIL.

Overall Obesity
Socioeconomic Characteristics 1(1998) 1I (2001) III (2005) IV (2007-2009) V (2010-2012) VI (2013-2015) VII (2016-2018)
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
1st Quartile 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Income 2nd Quartile 1.18 (0.96, 1.45) 0.88 (0.68,1.14) 1.00 (0.76,1.32) 0.94 (0.79,1.12) 0.87 (0.74,1.01) 0.82 (0.71, 0.96) 0.84 (0.73, 0.98)
3rd Quartile 1.00 (0.80, 1.25) 0.80 (0.62,1.04) 1.16 (0.90, 1.49) 0.77 (0.65, 0.91) 0.84 (0.71, 0.99) 0.80 (0.68, 0.93) 0.80 (0.68, 0.93)
4th Quartile 0.99 (0.78, 1.26) 0.86 (0.65, 1.14) 0.86 (0.64, 1.16) 0.76 (0.64,0.91) 0.71 (0.60, 0.85) 0.61 (0.52,0.73) 0.66 (0.56, 0.78)
) High school or less 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Education
College or higher 0.58 (0.44,0.78) 0.43 (0.32,0.59) 0.49 (0.36, 0.67) 0.55 (0.45, 0.67) 0.54 (0.46, 0.64) 0.62 (0.53,0.73) 0.62 (0.54,0.72)
Seoul 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Region Metro urban 0.89 (0.69, 1.14) 0.82 (0.64, 1.06) 1.10 (0.83,1.47) 1.09 (0.91,1.31) 117 (0.96,1.42) 1.07 (0.89, 1.28) 0.98 (0.84,1.15)
Non-metro urban 0.90 (0.73,1.11) 1.02 (0.79, 1.31) 1.06 (0.78,1.43) 1.15 (0.96, 1.38) 1.18 (0.99, 1.39) 1.20 (1.01, 1.42) 1.00 (0.86, 1.16)
Rural 0.90 (0.70, 1.15) 1.00 (0.76, 1.32) 1.27 (0.88, 1.82) 0.97 (0.80, 1.18) 1.40 (1.16, 1.70) 1.34 (1.10, 1.63) 1.15 (0.94,1.41)
Non-physical labor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Occupation Physical labor 121 (0.85,1.70) 1.71 (1.09, 2.69) 1.14 (0.74, 1.76) 121 (0.95, 1.55) 1.07 (0.86, 1.33) 1.00 (0.82,1.21) 1.37 (1.14, 1.65)
Unemployed 1.07 (0.76, 1.49) 1.42 (0.93,2.17) 1.25 (0.85, 1.83) 1.25 (1.01, 1.54) 1.14 (0.93, 1.39) 1.00 (0.83,1.19) 1.41 (1.20, 1.66)
Abdominal Obesity
1st Quartile 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Income 2nd Quartile 1.10 (0.89, 1.37) 0.91 (0.67,1.22) 0.77 (0.57,1.05) 0.85 (0.71,1.01) 0.83 (0.71,0.97) 0.65 (0.55,0.77) 0.87 (0.75, 1.00)
3rd Quartile 0.88 (0.69, 1.12) 0.85 (0.65,1.12) 1.07 (0.80, 1.44) 0.64 (0.55, 0.76) 0.78 (0.66, 0.92) 0.67 (0.57,0.79) 0.69 (0.59, 0.81)
4th Quartile 0.90 (0.71,1.14) 0.89 (0.65,1.21) 0.72 (0.51, 1.00) 0.69 (0.58, 0.83) 0.65 (0.54,0.78) 0.54 (0.44, 0.65) 0.60 (0.51,0.71)
. High school or less 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Education
College or higher 0.69 (0.48, 0.99) 0.48 (0.33, 0.69) 0.39 (0.25, 0.59) 0.53 (0.43, 0.65) 0.53 (0.43, 0.64) 0.58 (0.48, 0.70) 0.58 (0.50, 0.68)
Seoul 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Region Metro urban 0.80 (0.59, 1.07) 0.85 (0.64, 1.15) 1.26 (0.93, 1.70) 1.13 (0.89, 1.44) 1.60 (1.26,2.03) 1.28 (1.04, 1.57) 0.81 (0.67,0.99)
Non-metro urban 0.86 (0.66, 1.13) 0.81 (0.59, 1.09) 1.10 (0.78, 1.54) 111 (0.87,1.41) 143 (1.14, 1.79) 146 (1.20,1.77) 0.94 (0.79, 1.11)
Rural 0.81 (0.62,1.05) 1.01 (0.71,1.44) 0.99 (0.69, 1.42) 1.16 (0.91, 1.49) 1.74 (1.36,2.22) 157 (1.25,1.97) 1.05 (0.85,1.29)
Non-physical labor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Occupation K
Physical labor 141 (0.93,2.15) 211 (1.23,3.63) 1.19 (0.72,1.98) 1.20 (0.94, 1.54) 0.99 (0.78, 1.26) 0.98 (0.77,1.24) 135 (1.11, 1.65)
Unemployed 1.39 (0.92, 2.09) 2.00 (1.20, 3.34) 1.19 (0.74,1.92) 1.35 (1.07, 1.69) 1.08 (0.85,1.37) 1.12 (0.91, 1.40) 1.58 (1.33,1.88)

Note: Overall obesity was defined as BMI > 25 kg/ m?. Abdominal obesity was defined as waist circumference >85 cm in women. Mutually adjusted for age (1929, 30-39, 4049, 50-59, 60-69, 70-79 years),
income level (1st, 2nd, 3rd, 4th quartiles), education level (some high school or less, some college or higher), region (Seoul, metro urban, non-metro urban, rural) and occupation (non-physical labor, physical
labor, unemployed).
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4. Discussion

Using nationally representative, repeated survey data from 1998 to 2018, this study
comprehensively examined the nationwide obesity transition and its associations with
sociodemographic factors in Korean men and women. In men, the prevalence of overall
and abdominal obesity increased in all sociodemographic subgroups. Throughout the
study period, the obesity prevalence in men was similar among the subgroups, indicating
little inequality in Korean men. However, in women, the obesity trends varied among
sociodemographic subgroups. Decreasing trends in obesity prevalence were observed
in certain age groups (40-69 years) of women and in women with high income levels,
while increasing trends were observed in others. Further, women with higher income and
education levels had lower obesity prevalence and the gap between the groups became
more pronounced over time, indicating an increasing inequality in obesity by SES in Korean
women. Because obesity is an important risk factor for many chronic diseases, our data
suggest that the inequalities in the burden of diseases are also likely to increase in the
future, particularly among women.

While most studies have focused on the cross-sectional differences in obesity preva-
lence among different subgroups [22-24,32], our study examined the temporal trends
in obesity inequalities. During the 20-year period (1998-2018), we observed an obesity
transition in Korea as summarized in Supplementary Figure 54 (4A for overall obesity and
4B for abdominal obesity), a shift from the “low prevalence, little inequality” stage to the
“higher prevalence, greater inequality” stage. Korea has undergone a remarkable change in
its economy and lifestyle during the study period. Immediately after the Korean War in
1950-1953, the food insecurity and undernutrition were important public health problems
in Korea. However, with rapid industrialization and globalization, various fast-food chains
and western-style diet have become widely available particularly since the 1990s. Our
findings suggest that such changes may have unequally influenced the populations of
different sex, age, birth cohort, and SES, leading to the increased inequalities over time.
The inequality between high vs. low SES are also observed in other Organization for
Economic Cooperation and Development (OECD) member countries with higher obesity
prevalence such as the US [32]. The access to resources and knowledge may influence
individual’s ability to maintain healthy weight [33,34]. Today, healthy food options and
lifestyles are often more costly options [35]. Further, obese individuals are at higher risk
of chronic diseases [36,37], social stigma [38—41], and depression [41-45]. The vicious
cycle of obesity may negatively influence the job accessibility and economic status in the
obese individuals [46-48], strengthening the relationship between SES and obesity. As we
observed in the present study, many OECD member countries have also reported greater
socioeconomic inequalities in obesity among women than among men [32]. The difference
may be partly explained by stronger relationships of obesity with unemployment and
social stigma in women (vs. men) [46,49]. Among the populations of lower SES, men and
women may also have different occupation types and lifestyle patterns. The commonly
held occupations in lower SES are the high activity, physical labor jobs among men but
unemployment and service jobs among women. In our study population, we observed
that 67% of lower SES men were physical laborers, whereas 48% and 20% of lower SES
women were unemployed and service workers, respectively, in Phase VII. Among unem-
ployed/physical labor women, the difference in obesity prevalence was also observed
between rural/non-metro vs. Seoul/metro urban areas. The higher obesity prevalence
in rural /non-metro areas may be partly due to the remaining differences in SES and the
limited accessibility to diverse food sources, sports facilities, and healthcare services in
rural areas. The rural/urban inequalities are also observed in many other countries [50-52]
and thus more research is needed to understand the role of region (rural vs. urban) in
obesity transition. Further, the different inequality patterns by SES in men vs. women may
indicate that the factors contributing to obesity development may also differ by sex.

In the present study, we also identified the sex inequalities in obesity among Korean
adults. During the study period, the overall and abdominal obesity prevalence increased
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by about 70% and 60%, respectively, in men. The changes we observed over the 20-year
period is likely to be clinically significant. However, in women only a small change was
observed, leading to an increased gap between the two sexes over time. In 1998, both
overall and abdominal obesity prevalence were about 2% higher in women compared with
men but the pattern rapidly reversed, with the prevalence in men consistently being higher
since 2005. In 2016-2018, the difference in obesity prevalence between men and women
increased to 16.4% for overall obesity and 11.2% for abdominal obesity. The discrepancy
in obesity trends between men and women may be partly explained by the differences
in trends of total energy intake and energy expenditure. In Korean men, the total energy
intake increased from 2196 to 2489 kcal/d in the KNHANES I-VI [53], while the percentage
of men achieving the recommended level of physical activity decreased [54]. The increase
in total energy intake in men was primarily driven by an increased consumption of sugar-
sweetened beverages [53] and an increased frequency of eating out [55]. In Korean women,
the percentage of women achieving the recommended level of physical activity decreased,
but there was no change in total energy intake (1753 to 1754 kcal/d). The decrease in
activity levels among Korean men and women may be partly due to the shift in occupational
structure (e.g., shift from physical labor to non-physical, clerical jobs), as well as the changes
in lifestyle. The proportion of population participating in physical labor jobs decreased
during the study period (58% to 41% in men, 38% to 30% in women), while the proportion
of population participating in non-physical labor jobs increased (19% to 29% in men, 10%
to 22% in women) (Supplementary Table S1). In women, the proportion of unemployed
population has also decreased, possibly mitigating the effects of decreasing activity levels.
Other factors including social pressure for thin body shape and fertility rate reduction
may also have influenced the obesity prevalence in women. In the present study, we also
observed that the male obesity prevalence was particularly higher in younger (vs. older)
birth cohorts. Younger birth cohorts are more likely to have exposed to the obesogenic
lifestyles such as high-calorie diet, prolonged sedentary time, and inadequate exercise
from the early life. The exposure to the obesogenic lifestyles from the early childhood
and adolescence may help establish these behaviors through the adulthood, increasing the
lifelong risk of obesity. These findings suggest that the past and current obesity prevention
policies and interventions have not been successful in men, particularly among younger
generations of men [56]. On the contrary, it is possible that the yearning for a slimmer body
shape and losing weight [57,58] may play a role in counteracting the effects of lifestyle
change in young Korean women. Further studies are needed to better understand the
differential effects of birth cohort in men vs. women. A formal age-period-cohort analysis
may also help clarify the role of birth cohort effects in obesity transition among Korean
adults.

Our observation of lower obesity prevalence in women (vs. men) is a unique fea-
ture of obesity transition in Korea compared with those observed in other countries at
similar stages of economic development [59]. Particularly in East Asian countries such
as Korea, women experience strong stigma and social pressure demanding for thinner
body shapes [60-62]. The discrepancy between the perceived body image and the actual
weight is also stronger in Korean women compared with Korean men, as well as compared
with women from other countries [63-65]. Furthermore, the increased exposure to social
media as well as the celebrities (e.g., K-Pop stars) with slender body shapes in Korea may
exacerbate the yearning for and pressure of being thin in young women [66].

In the present study, we also observed that, within birth cohorts, the obesity prevalence
increased with age, especially in women. The biological processes of ageing [67-71]
include decreased metabolism, reduced muscle mass, and a concomitant increase in whole-
body fat mass [71,72]. In women, the hormonal fluctuation and the changes in body fat
distribution also occur during the peri- and post-menopausal period. At menopause,
ovaries stop producing estrogens, a key hormone that involves in regulation of metabolism,
lipolysis/lipogenesis, locomotor activity and energy expenditure [69]. The shift in the ratio
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of reproductive steroids such as estrogen and adrenal androgen can also increase the risk
of abdominal obesity and visceral fat accumulation in lower body parts [73-75].

The present study has several limitations. First, we defined overall obesity based
on BMI, which is calculated using body weight and height. While obesity indicates
excessive body fat, BMI does not distinguish body fat from muscle mass and thus may
lead to an inaccurate estimation of obesity prevalence in the population. Particularly, in
elderly population, BMI may be a poor proxy for adiposity. However, in the present study;,
we observed similar trends and associations using WC and WHItR, suggesting that our
findings with BMI-based measures are likely to represent those with adiposity. Second, we
defined overall obesity as BMI > 25 kg/m? following the WHO guidelines for Asia-Pacific
population. Therefore, our results should be interpreted with caution when comparing with
findings from other populations because our results also include participants who would
have been classified as overweight using other guidelines commonly used in Western
countries (BMI > 30 kg/ m?). Third, many subjects (n = 63,243) were excluded due to
missing anthropometric measurements, primarily from the first three surveys (Phase I-III).
We cannot exclude the possibility of selection bias if the missingness occurred differentially
in obese vs. non-obese populations. However, we confirmed that the distributions of
sociodemographic factors were similar between those who were included vs. excluded
from our analysis. Fourth, we used income, education, region, and occupation as surrogate
measures of SES. It is possible that our study did not fully capture the complex trait of SES,
such as subjective social class and relative poverty. Lastly, we were not able to examine the
obesity prevalence and trends prior to 1998 because the nationwide obesity surveillance
such as the KNHANES was not available prior to 1998. Pilot national nutrition surveys
conducted in 1969-1989 included a small number of households and were restricted to
specific regions and age groups. Based on these earlier surveys, it is likely that the obesity
prevalence in Korean adults used to be very low due to the insufficient nutritional intake
and the prevalence started to increase after the 1970s [14,76], as the food shortage and
undernutrition were highly prevalent until the 1970s [76].

The present study also has important strengths. First, we used nationally representa-
tive data applying sampling weights in all analyses. Second, our study included the entire
survey phases of the KNHANES with the most recent survey from 2018. Therefore, this
is the largest and the most recent study to investigate the secular trends and inequalities
in obesity prevalence among Korean adults, allowing most comprehensive examination
of nationwide obesity transition. By including more recent data through 2018, we were
able to identify additional findings. While earlier studies of KNHANES [18,21] suggested
that the male obesity prevalence reached a plateau since 2010, our study observed a further
increase in the prevalence in 2013-2018. Our segmented analysis further supported that
the male abdominal obesity prevalence has not leveled off, showing a steeper increasing
slope in 2013-2018. Second, the anthropometric data were collected by direct measurement
rather than self-report and thus the information is expected to be more accurate. We also
evaluated both overall and abdominal obesity as these factors independently influence
disease risk. Lastly, we stratified the analyses of obesity trends by various demographic and
socioeconomic factors and identified the contribution of these factors to obesity inequalities
in Korea. In these analyses, we observed distinct patterns of obesity transition in different
sociodemographic groups, providing evidence of the need for targeted public health plans
and customized obesity prevention strategies.

5. Conclusions

In conclusion, the prevalence of overall and abdominal obesity increased over time
in Korean men but not in Korean women from 1998 to 2018. While in men, the obesity
prevalence increased in all groups, in women, the prevalence decreased in groups with high
income levels. The inequalities in obesity prevalence between men vs. women and between
women at low vs. high socioeconomic levels have also become more apparent in recent
years. Our data suggest that targeted, customized preventive strategies (e.g., precision
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nutrition policy), particularly in the susceptible populations, are needed to prevent further
increases in obesity and related disease burdens in Korea. Further studies are also needed
to investigate the related mechanisms and preventive strategies that reduce the SES and
sex inequalities in obesity prevalence.
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