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Original Article

Objectives: Previous studies have shown that overweight (including obesity) has increased significantly in Korea in recent decades. 

However, it remains unclear whether this change has been uniform among all Koreans and to what extent socioeconomic and behav-

ioral factors have contributed to this increase. 

Methods: Changes in overweight were estimated using data from the 1998, 2001, 2005, 2007-2009, and 2010-2012 Korea National 

Health and Nutrition Examination Survey (n=55 761).

Results: Overweight increased significantly among men but not among women between 1998 and 2012. Changes in socioeconomic 

and behavioral factors over the time period were not associated with overall trends for both men and women. However, we found sig-

nificant differences in the prevalence of overweight relative to key risk factors. For men, overweight increased at a significantly greater 

rate among the non-exercising (predicted probability [PP] from 0.23 to 0.32] and high-calorie (PP from 0.18 to 0.37) groups compared 

to their active and lower-calorie counterparts, respectively. For women, overweight increased only among the non-exercising (PP 

from 0.27 to 0.28) and low-income (PP from 0.31 to 0.36) groups during this period. 

Conclusions: These findings suggest that programs aimed at reducing overweight should target Korean men and women in specific 

socioeconomic and behavioral risk groups differentially. 
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INTRODUCTION

More than 1.4 billion individuals are currently overweight or 
obese worldwide [1]. Although increases in excess weight 
have been documented most extensively in Western nations, 
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the increasing prevalence of overweight and obesity is a glob-
al problem. In the Republic of Korea (hereafter Korea), body 
mass index (BMI) is increasing at a rapid rate but patterns of 
weight change have not been uniform across society [2-5].

Increases in overweight and obesity in modern societies are 
often attributed to a complex interaction of environmental, 
social, and behavioral factors that promote the major determi-
nants of excess body fat: higher caloric intake and less physical 
activity [6,7]. Despite evidence to suggest that the increasing 
prevalence of overweight differs by age, gender, and socio-
economic status (SES) in Korea [2-5], few studies have ex-
plored how multiple risk factors are simultaneously implicated 
in overweight. This study extends previous research by investi-
gating profiles of social and behavioral factors associated with 
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trends in Korean overweight.
Using five waves (1998 to 2012) of nationally representative 

data from Korea, the objectives of this study are threefold. 
First, we document changes in overweight (including obesity) 
and several key socioeconomic and behavioral factors previ-
ously linked to elevated BMI. Second, we examine the degree 
to which changes in these socioeconomic and behavioral fac-
tors may have accounted for changes in overweight in men 
and women. Third, we investigate whether increases in over-
weight during the last 14 years differed with these socioeco-
nomic and behavioral risk factors.  

 

METHODS

Data
Data were derived from five waves of the Korea National 

Health and Nutrition Examination Survey (KNHANES) conduct-
ed by the Korean Ministry of Health and Welfare. The KNHANES 
is a stratified, multistage probability sample of the civilian non-
institutionalized population in Korea. Since 1998 (KNHANES I), 
data have been collected in 2001, 2005, 2007-2009 (hereafter 
referred to as 2009) and 2010-2012 (hereafter referred to as 
2012) to assess the current health and nutritional status of the 
Korean population. The KNHANES consists of four modules—
general health interview, risk behaviors, physical examination, 
and nutrition assessment—thus providing a comprehensive 
summary of the health of Koreans over time. Details of the 
study design, sampling, and response rates for the KNHANES 
I-V have been reported elsewhere [8]. 

The sample used for analysis includes adults aged 20 to 85 
with data on weight and height obtained from the anthropo-
metric examination (n=7935 in 1998, 6548 in 2001, 5433 in 
2005, 17 014 in 2009, and 19 243 in 2011). After excluding 
pregnant women (n=412), the final analysis sample includes 
55 761 subjects. All analyses take into account KNHANES sam-
ple weights based on primary sampling units, stratification, 
and respondent sampling for each interview. Human subjects 
approval was not required for this study because it used de-
identified data that were publically available.

Measures
The main dependent variable for the study is overweight (in-

cluding obesity). Body weight was measured (to the nearest 0.1 
kg) using a standard balance beam scale with subjects wearing 
light clothing and no shoes. Height was measured using a ver-

tical stadiometer to the nearest 0.1 cm. Based on the World 
Health Organization (WHO) and US National Institutes of Health 
conventions [9], overweight is defined by BMI ≥25 kg/m2. Pre-
liminary analyses also examined obesity (BMI ≥30 kg/m2) as a 
separate outcome; however, the low prevalence of obesity in 
this population (2% to 4%) did not allow for robust compari-
sons among men and women, and associated risk factors.

Three measures of SES were included. Educational attain-
ment was categorized as less than high school education 
(coded 1) and high school or more education (coded 0). 
Household income was categorized based on year-specific 
quartiles and categorized as low income (lowest quartile; cod-
ed 1) and higher income (upper quartiles; coded 0). Marital 
status was categorized as married (coded 0) and non-married 
(coded 1). Occupational status was examined in preliminary 
analyses but did not have explanatory power independent of 
education and income. Alternative categorizations for educa-
tion and income were also considered but did not improve es-
timation. Behavioral factors were measured based on smok-
ing, diet, and exercise. Smoking status was categorized as cur-
rent smokers (coded 1) and non-smokers (coded 0); a category 
for former smokers did not have a significant effect and former 
smokers were subsequently included among non-smokers. 
Total caloric intake was assessed using 24-hour recall and a 
food intake questionnaire to quantify kcal/d. We used gender-
specific quartiles to categorize high caloric intake (highest 
quartile; coded 1) and non-high intake (lower quartiles; coded 
0). Physical activity was categorized as non-exercise (no re-
ported exercise; coded 1) and exercise (moderate or strenuous 
exercise; coded 0)—with exercise defined as engaging in >  30 
minutes of perceived exertion that produces increased respira-
tion, heart rate, or sweating once per week or more [10,11]. Fi-
nally, several factors potentially confounding the association 
between BMI and socioeconomic and behavioral factors were 
included in the analyses: Age (year) was included using both 
linear and quadratic terms and health status was included us-
ing two measures. First, chronic disease was measured as a di-
chotomous variable to indicate whether subjects had ever 
been diagnosed with any of the following conditions: hyper-
tension, diabetes, or heart disease. Diagnoses of cancer and 
chronic obstructive pulmonary disease were rare (<1%) and 
not included in this measure. Second, based on previous 
KNHANES research [12], disability was assessed by whether 
subjects reported any limitations in their daily activities (coded 
1 if any limitation noted). An adjustment for urban/rural resi-
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dence also was considered but subsequently omitted because 
it was not associated with the outcome.

Overall, there were few missing data for the study variables 
(≤3%). However, information on caloric intake and disability 
status was missing in approximately 14% of participants. Sensi-
tivity analyses showed that respondents with missing data on 
caloric intake and disability were not significantly different in 
terms of BMI from respondents without missing data and in-
cluding dichotomous indicators for these cases did not alter the 
results. Therefore, we imputed values for missing data on calor-
ic intake and disability to their respective modal categories 
(coded 0) that defined the majority of the sample—catego-
rized as non-high caloric intake (80%) and non-disabled (88%).

Statistical Analyses
Distributions of study variables are reported as weighted 

percentages for categorical variables and weighted means 
(standard errors) for continuous variables. Statistical tests for 
differences across year were calculated using Pearson’s chi-
squared tests for categorical variables and linear regression 
methods for time trends in continuous variables. Age-adjusted 
weighted logistic regression models were used to examine 
changes in overweight over time. Multivariate weighted logis-
tic regression models were then used to assess how the socio-
economic and behavioral factors mediate the associations be-
tween time and overweight. 

Finally, interaction terms were included for each socioeco-
nomic and behavioral factor by time to assess whether changes 
in overweight were moderated according to risk group. Com-
parisons were based on two-tailed tests and considered statis-
tically significant at p<0 .05. All analyses were performed using 
Stata version 12.1 (Stata Corp., College Station, TX, USA). 

RESULTS

Weighted distributions of the KNHANES study variables are 
reported for men (n=24 331) and women (n=31 430) in Table 1. 
Overall, the women had lower SES and fewer behavioral risk 
factors (with the exception of non-exercise) than the men, and 
changes over time are comparable: low education and non-ex-
ercising decreased from 1998 to 2012, whereas high-calorie 
diet, being diagnosed with chronic disease, and any physical 
disability increased during this period. For men, prevalence of 
high-calorie intake declined slightly between 1998 to 2009 and 
greatly increased in 2012 (19.2 to 28.7; p<0.001); low educa-

tion, low income, smoking, and non-exercise showed a signifi-
cant decrease over time, however, prevalence of chronic dis-
ease and physical disability increased. 

Figure 1 illustrates the age-adjusted prevalence of overweight 
for men and women. Consistent with the unadjusted distribu-
tions reported in Table 1, the predicted probability of overweight 
increased significantly among men (predicted probability [PP], 
0.25 to 0.35; p=0.013] but not among women (PP 0.28 to 0.28; 
p=0.159). After 2001, men exhibited significantly higher preva-
lence of overweight than women. 

Table 2 reports adjusted odds ratios (OR) and 95% confi-
dence intervals (CI) for changes in overweight for men and 
women. Results show that the prevalence of overweight in-
creased significantly from 1998 to 2001 (OR, 1.39; 95% CI, 1.21 
to 1.60), 2005 (OR, 1.49; 95% CI, 1.29 to 1.73), 2009 (OR, 1.57; 
95% CI, 1.39 to 1.77), and 2012 (OR, 1.58; 95% CI, 1.40 to 1.77) 
in men, and was independent of changes in age and/or health 
status. For women, however, we found no significant increase 
in the prevalence of overweight over time.

 Being married and exercise status were associated with 
overweight in men, but adjustment for SES and behavioral fac-
tors only marginally attenuated the associations between time 
and overweight in men. Among women, all SES indicators—
low education, low income and being married—were associat-
ed with overweight but did not help to explain the association 
between time and overweight. The prevalence of overweight 
was significantly lower in 2009 than 1998 when taking into ac-
count health behaviors. 
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Figure 1. Predicted probabilities (95% confidence interval) of 
overweight (including obesity) over time by gender. Korea Na-
tional Health and Nutrition Examination Survey, 1998 to 2012. 
p-values based on time trends using age-adjusted logistic 
regression models accounting for Korea National Health and 
Nutrition Examination Survey primary sampling units, stratifi-
cation, and respondent sampling weights.
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Table 1. Characteristics of participants by year, Korea National Health and Nutrition Examination Survey, 1998 to 2012 (n=55 761)

Variables
Men

1998 
(n=3589)

2001 
(n=2859)

2005 
(n=2320)

20091 
(n=7223)

20122 
(n=8340) p-value3

Age (SE, y) 42.1 (0.32 ) 45.6 (0.38 ) 42.7 (0.44 ) 43.6 (0.27) 44.7 (0.28) 0.44

Socioeconomic factors

   Low education 30.7 28.6 21.0 23.8 22.4 <0.001

   Low income 17.3 19.0 16.6 14.1 14.1 <0.001

   Not married 23.4 21.9 29.9 27.9 23.9 <0.001

Behavioral factors

   Current smoker 60.7 53.7 46 46.7 46.8 <0.001

   High-calorie diet 19.2 22.9 17.6 18.5 28.7 <0.001

   Non-exercise 72.3 67.2 56.1 55.9 42.8

Health status

   Chronic disease 8.9 12.7 16.5 18.7 20.2 <0.001

   Disability 5.4 5.3 7.0 11.0 7.9 <0.001

BMI status

   Overweight/obese4 26.0 32.5 35.1 36.3 36.1 0.07

Variables
Women

1998 
(n=4276)

2001 
(n=3632)

2005 
(n=3072)

20091

 (n=9675)
20122

(n=10 775) p-value3

Age (SE, y) 43.3 (0.39) 45.6 (0.37) 44.4 (0.4) 45.8 (0.27) 47.0 (0.26) <0.001

Socioeconomic factors

   Low education 46.3 42.4 37.3 37.4 36.2 0.001

   Low income 19.7 20.9 20.2 17.2 18.7 0.012

   Not married 30.0 28.0 34.5 32.3 28.8 <0.001

Behavioral factors

   Current smoker 6.3 5.4 4.8 6.7 7.1 0.001

   High-calorie diet 17.5 18.4 16.5 26.3 25.7 <0.001

   Non-exercise 83.7 75.4 76.2 72.7 59.1 <0.001

Health status

   Chronic disease 10.4 13.9 17.4 19.6 21.2 <0.001

   Disability 9.4 8.1 10.2 17.6 10.8 <0.001

BMI status

   Overweight/obese4 26.4 29.4 28.2 27.6 28.6 0.42

Categorical variables are presented as percentages and continuous variables as means (SE). Distributions are weighted by Korea National Health and Nutrition 
Examination Survey primary sampling units, stratification, and respondent sampling weights. 
SE, standard error; BMI, body mass index.
12007-2009 is referred to as 2009.
22010-2012 is referred to as 2012.
3p-values calculated by Pearson’s chi-squared tests for categorical variables and linear regression for time trends in continuous variables.
4Overweight/obese is defined as BMI ≥25 kg/m2.



Jin Hee Shin, et al.

314

Table 2. Adjusted OR (95% CI) for overweight (including obesity) over time, Korea National Health and Nutrition Examination 
Survey, 1998 to 2012

Men

Adjusted1 SES2 Behavioral3 SES and behavioral4

Year

   1998 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

   2001 1.39 (1.21, 1.60) 1.40 (1.21, 1.61) 1.38 (1.20, 1.59) 1.38 (1.20, 1.59)

   2005 1.49 (1.29, 1.73) 1.50 (1.29, 1.74) 1.45 (1.25, 1.69) 1.45 (1.25, 1.69)

   20095 1.57 (1.39, 1.77) 1.57 (1.39, 1.77) 1.53 (1.36, 1.72) 1.52 (1.35, 1.72)

   20126 1.58 (1.40, 1.77) 1.57 (1.39, 2.77) 1.51 (1.33, 1.71) 1.49 (1.31, 1.69)

Socioeconomic factors

   Low education 0.87 (0.79, 0.97) 0.87 (0.79, 0.97)

   Low income 0.91 (0.80, 1.03) 0.89 (0.79, 1.01)

   Not married 0.76 (0.67, 0.86) 0.77 (0.68, 0.88)

Behavioral factors

   Current smoker 0.92 (0.85, 1.00) 0.93 (0.85, 1.00)

   High-calorie diet 1.07 (0.97, 1.17) 1.07 (0.98, 1.18)

   Non-exercise 0.90 (0.83, 0.97) 0.89 (0.83, 0.97)

Women

Adjusted1 SES2 Behavioral3 SES and behavioral4

Year

   1998 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

   2001 1.05 (0.94, 1.19) 1.11 (0.99, 1.25) 1.04 (0.93, 1.18) 1.10 (0.98, 1.24)

   2005 0.98 (0.86, 1.12) 1.06 (0.93, 1.21) 0.98 (0.85, 1.11) 1.05 (0.92, 1.20)

   20095 0.89 (0.80, 0.99) 0.99 (0.89, 1.09) 0.88 (0.79, 0.97) 0.97 (0.87, 1.07)

   20126 0.92 (0.83, 1.02) 1.04 (0.94, 1.16) 0.89 (0.80, 1.00) 1.00 (0.91, 1.12)

Socioeconomic factors

   Low education 1.72 (1.56, 1.90) 1.73 (1.57, 1.92)

   Low income 1.11 (1.01, 1.22) 1.13 (1.03, 1.24)

   Not married 0.91 (0.83, 0.99) 0.91 (0.83, 1.00)

Behavioral factors

   Current smoker 1.11 (0.94, 1.30) 1.07 (0.90, 1.26)

   High-calorie diet 1.08 (1.00, 1.17) 1.08 (0.99, 1.17)

   Non-exercise 0.90 (0.83, 0.98) 0.88 (0.81, 0.96)

Values are presented as adjusted OR (95% CI).  
OR, odds ratio; CI, confidence interval; SES, socioeconomic status.
1Adjusted for age, age2, chronic disease (hypertension, diabetes, and heart disease), and disability status.
2Adjusted for age, age2, chronic disease (hypertension, diabetes, and heart disease), disability, education, household income, and marital status. 
3Adjusted for age, age2, chronic disease (hypertension, diabetes, and heart disease), disability, smoking, diet, and exercise. 
4Adjusted for age, age2, chronic disease (hypertension, diabetes, and heart disease), disability, education, household income, marital status, smoking, diet, and 
exercise.
52009 refers to 2007-2009 data. 
62012 refers to 2010-2012 data.
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Figure 2 displays the results from the statistically significant 
interactions tested in the full models accounting for age, health 
status, socioeconomic factors, and health behaviors. The preva-
lence of overweight increased faster among non-exercising 
men compared to exercising men from 1998 to 2012, whereas 
it increased more from 1998 to 2005 among non-exercising 
than exercising women, and less for non-exercising women af-
ter 2005. Men with high-calorie diets had significantly greater 
increases in the prevalence of overweight (primarily from 1998 
to 2001) than men with non-high-calorie diets. Low-income 
women had significantly greater increases in the prevalence of 
overweight from 1998 to 2001 than non-low-income women; 
however, after 2001, the prevalence of overweight was stable. 
The prevalence of overweight declined among women who 
were physically active and had higher household income.  

DISCUSSION

Excess body weight is a major risk factor for chronic disease 
and disability and is now a global public health epidemic [13]. 
Overweight (including obesity) is a multifactorial condition 
that can be attributed to a complex combination of environ-
mental, social, and behavioral factors. Individually, no single 
factor is alone responsible for causing overweight, but the 
complex interrelationship among them could create condi-
tions sufficient for the current obesity epidemic. Our study re-
affirms findings on sex-specific changes in the prevalence of 
overweight in Korea [2-5] and provides new evidence of how 
SES and behavioral factors are related to the increasing preva-
lence of overweight across time.  

Using nationally representative data of Korean adults from 
1998 to 2012, we examined the trends in SES, behavioral fac-

Figure 2. Predicted probabilities (95% confidence interval) for overweight (including obesity) over time by gender for key risk 
factors, Korea National Health and Nutrition Examination Survey, 1998 to 2012. Results based on signigicant interactions in the 
fully-adjusted logistic regression models that accounted for Korea National Health and Nutrition Examination Survey primary 
sampling units, stratification, and respindent sampling weights. (A) Exercise, (B) diet, (C) exercise, and (D) income.
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tors, and health status as well as the prevalence of overweight 
over time. We found increases in overweight among men but 
not among women, at the same time that greater increases 
were noted in exercise in men rather than women. However, it 
should be noted that we did not have detailed information on 
physical activity associated with work, home, and transporta-
tion in the KNHANES data. It is likely that globally, people are 
less active today than they were decades ago and that this de-
cline in physical activity is a key contributor to the global obesi-
ty epidemic. Exercise, as defined in the study, represents only a 
small part of daily physical activity. Consistent with our findings, 
previous studies have shown that exercise in the form of sports 
and leisure activity has increased slightly over time [14-16]. 

After taking into account age, SES, behavioral factors, and 
health status, the prevalence of overweight still showed a sig-
nificant increase in men, while the prevalence for women was 
stable. These findings are consistent with previous studies in 
Korea [2-4] and from other Asian countries [17,18]. However, 
we also showed that differences in education, household in-
come, marital status, smoking, caloric intake, exercise, and 
health status could not explain these patterns for either men 
or women. This appears inconsistent with previous studies. An 
earlier study conducted by Yoon et al. [5] reported that SES 
was associated with overweight in both men and women after 
adjustment for age and behavioral factors, including exercise 
and diet, with an increase in the prevalence of overweight in 
higher-income men and less educated women. However, that 
study focused on a particular period of time, not on trends 
over time in overweight. The results of another study using se-
rial data from 1998 to 2007 showed that higher SES was asso-
ciated with overweight in men, whereas in women, lower SES 
was associated with overweight with no adjustment for 
health-related behavioral factors [4]. One possible explanation 
of this finding is that the relationship between SES and over-
weight may be influenced by behavioral factors, although we 
are unable to fully determine the association between behav-
ioral factors and SES. Additional factors—social attitudes to-
ward body shape [19,20]—may have played a role in the pat-
terns we observed. 

We also assessed whether changes in weight over time were 
uniform across the population. Our results suggested that in-
creases in overweight from 1998 to 2012 in Korea differed 
among key socioeconomic and behavioral risk groups, with 
some differences in these patterns by gender. For men, increas-
es in the prevalence of overweight were most pronounced 

among those with behavioral risk factors. We found that the 
prevalence of overweight increased significantly faster among 
men who did not engage in exercise and among those who 
consumed high-calorie diets compared to exercising men and 
those with lower-calorie diets. These findings are consistent 
with early studies that have shown the importance of main-
taining a healthy lifestyle for men [21-23]. These patterns are 
concerning, given the context of increased exposure to pro-
cessed and unhealthy foods in Korea and a built environment 
that facilitates convenience and discourages daily physical ac-
tivity [24,25]. 

For women, trends in overweight were influenced by a com-
bination of socioeconomic and behavioral factors. The preva-
lence of overweight increased among non-exercising women 
relative to exercising women during this fourteen-year period 
(1998 to 2012). We also found that women with low income 
had significantly greater increases in the prevalence of over-
weight from 1998 to 2012 than women with higher levels of 
income. Conversely, we found some evidence to suggest that 
the prevalence of overweight declined among women who 
were physically active and among those with higher house-
hold income. However, it is a noticeable finding that the preva-
lence of overweight increased slightly among exercising wom-
en in 2012. These countervailing trends may help explain why 
several studies, including this, showed no aggregate changes 
in the prevalence of overweight among Korean women. These 
results underscore the importance of identifying the socioeco-
nomic and behavioral characteristics of women who are at in-
creasing risk of being overweight to inform effective public 
health policy and practice. 

A seemingly counterintuitive finding was that, in 1998, the 
prevalence of overweight was lower among adults who had 
high-calorie diets (in men), high levels of income (in women), 
and were sedentary (both men and women) relative to their 
counterparts. We suspect that this finding could be attribut-
able to selection bias in the 1998 KNHANES data and the dif-
ferences in trends in overweight by age subgroups [3].First, 
the sample from the 1998 KNHANES had a greater portion of 
men aged 20 to 39, who have a lower prevalence of over-
weight compared to other age groups; we assume this age 
group may have had a relatively higher calorie intake than 
older age groups. Next, an earlier study by Khang and Yun [2]
that examined time trends in overweight according to age 
group reported that the prevalence of overweight increased 
significantly between 1998 and 2007 in all age groups in men 
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(aged 20-39, 40-59, and 60 or older), whereas in women, there 
was no significant time trends in any age group except those 
aged 60 or older, who showed a significant increase in the 
prevalence of overweight [3]. Considering that adults aged 65 
or older were economically inactive because of the Korean of-
ficial retirement age and that Korean elderly women were 
more likely to be poor than elderly men [26], it is possible that 
women with lower income are at risk for overweight, as shown 
in our results.       

Study Strengths and Limitation
Strengths of this study include the large, nationally repre-

sentative sample of Korean adults, objective measures of 
height and weight, and the availability of numerous individu-
al-level measures of demographic characteristics, SES, health 
behaviors, and health status. Despite these strengths, we also 
acknowledge several limitations. First, the repeated cross-sec-
tional design of the KNHANES I-V means that it is difficult for 
us to draw inferences about the causal pathways between the 
associated risk factors and overweight. Second, as mentioned 
earlier, the results of this study may be influenced by selection 
bias. Also, response rates for KNHANES declined from approxi-
mately 85% in 1998 to 65% in 2007 and may have underesti-
mated the prevalence of overweight in women and disadvan-
taged groups [27]. Finally, there may have been measurement 
errors in the assessment of physical activity (over-reporting) 
and caloric intake (under-reporting) that could decrease the 
observed associations between these risk factors and over-
weight. It should also be acknowledged that these two behav-
ioral factors are crudely measured. Therefore, we remain cau-
tious in our conclusions from this study and await further re-
search to validate the findings.

This study provides the first evidence of how changes in the 
prevalence of overweight have been associated with the 
changes in SES and health behaviors in Korean men and wom-
en between 1998 and 2012. We found that factors such as ed-
ucation, income, smoking, caloric intake, and exercise could 
not account fully for the changes in the prevalence of over-
weight. However, increases in the prevalence of overweight 
occurred disproportionately among specific risk groups in 
both men and women. Although the prevalence of obesity is 
still low among Korean men and women (about 4%), results 
from this study suggest that further long-term prospective co-
hort studies with multiple risk factors, measured with finer in-
struments, are required to better understand the complex 

mechanism of obesity and develop effective health care for 
overweight and obesity. 
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