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ABSTRACT

Objective: To examine the relationship between
socioeconomic status (SES) and type 2 diabetes using
the Korea National Health and Nutrition Examination
Survey (KNHANES) 2010-2012.

Design: A pooled sample cross-sectional study.
Setting: A nationally representative population survey
data.

Participants: A total of 14 330 individuals who
participated in the KNHANES 2010-2012 were included
in our analysis.

Primary outcome: Prevalence of type 2 diabetes.
Results: The relationship between SES and type 2
diabetes was assessed using logistic regression after
adjusting for covariates including age, gender, marital
status, region, body mass index, physical activity,
smoking and high-risk drinking behaviour. After
adjustment for covariates, our results indicated that
individuals with the lowest income were more likely to
have type 2 diabetes than those with the highest
income (OR 1.35; 95% Cl 1.08 to 1.72). In addition,
lower educational attainment was an independent factor
for a higher prevalence of type 2 diabetes in Korea.
Conclusions: These findings suggest the need for
developing a health policy to ameliorate socioeconomic
inequalities, in particular income and education-related
disparities in type 2 diabetes, along with risk factors at
the individual level. In addition, future investigations of
type 2 diabetes among Koreans should pay more
attention to the social determinants of diabetes in
order to understand the various causes of the
condition.

INTRODUCTION

Diabetes mellitus is a serious chronic condi-
tion that causes lower quality of life and devas-
tates health conditions." * The estimated
prevalence of diabetes in Korea is approxi-
mately 7.7% and it gradually becomes a life-
threatening chronic disease. In comparison
with other Organisation for Economic

Strengths and limitations of this study

= This study has affirmed the association between
socioeconomic status (SES) and type 2 diabetes
in the Korean population.

= Qur results show that a low income and low edu-
cational attainment are associated with a higher
prevalence of type 2 diabetes in Korean adults,
consistent with findings in Western populations.

m These findings suggest the need to pay more
attention to the social determinants for effective
management of type 2 diabetes.

= Causal inferences cannot be made between SES
and type 2 diabetes because of the cross-
sectional design of the study.

Cooperation and Development (OECD) coun-
tries, the recent estimated prevalence of dia-
betes in Korea is higher than the average
prevalence of type 2 diabetes among OECD
countries, which stands at 6.9%.°° The
increasing prevalence of diabetes in Korea is a
substantial public health issue because it con-
tinuously increases the economic and social
burden along with a rapid growth in mortality
and morbidity.® 7 Previous studies have sug-
gested that most Koreans diagnosed with dia-
betes have type 2 diabetes,” and the increasing
incidence of type 2 diabetes is closely asso-
ciated with a rapid growth in the ageing popu-
lation and a continuous change to a
westernised diet and lifestyle.” In addition to
diet and lifestyle factors, there is increasing evi-
dence to suggest a link between socio-
economic status (SES) and the prevalence of
type 2 diabetes.'”"* For instance, diabetes is
more prevalent among materially and socially
deprived individuals in developed countries."”
It has also been suggested that there is likely to
be a higher risk of diabetes in individuals who
are obese, physically inactive and have an
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unhealthy diet because these conditions are more
common among people with lower SES.'* While there is
an increasing need for a deeper understanding of the rela-
tionship between socioeconomic levels and health out-
comes, most existing Korean studies on type 2 diabetes
focus on clinical risk factors along with a strong emphasis
on health behaviours at the individual level.'™"”

This paper aims to assess the relationship between SES
and the prevalence of diabetes using the Korean
National Health and Nutrition Examination Survey
(KNHANES), which represents the whole Korean popu-
lation, with access to a large amount of sociodemo-
graphic information.

METHODS

Study population

This study used data from KNHANES 2010-2012, a
nationally representative population-based survey. The
survey was conducted by the Ministry of Health and
Welfare and the Korea Centre for Disease Control and
Prevention to examine the general health and nutri-
tional status of the Korean population.'® It consists of
four different components: health interview survey,
health behaviour survey, health examination and nutri-
tion survey. The survey information was collected by
face-to-face interview following agreement by the individ-
ual and a follow-up health examination was performed.
The 2010-2012 survey included a total of 25 534 indivi-
duals. For this analysis, 14330 individuals who
responded to sociodemographic questions in both the
health interview and health behaviour survey and partici-
pated in the health examination were identified.

Prevalence of diabetes

The survey classified the diabetic conditions of the sub-
jects using three different measures. First, participants
were asked whether or not they had a diabetic condition
and whether they had ever been diagnosed with diabetes
by a physician. Individuals who self-reported having been
diagnosed with diabetes by a physician were classified as
patients with diabetes. Second, individuals were classified
into diabetes, prediabetes and normal based on a fasting
glucose level of >126 mg/dL in the health examination.
Lastly, individuals who self-reported that they were receiv-
ing diabetic treatment were classified as having a diabetic
condition. Based on these three indicators for diabetes,
we recategorised all individuals into diabetic condition
and non-diabetic condition. Despite the richness of infor-
mation from the KNAHES, it did not have any informa-
tion on the type of diabetes. We therefore assumed that
respondents diagnosed with diabetes before the age of
29 years had type 1 diabetes, based on epidemiological
trends among the Korean population and previous sug-
gestions on the trend of diabetes in a national survey.®
These individuals were excluded from the study.
Respondents with any missing or no response values
(n=488) were also excluded for an accurate analysis.

Household income and education

The main indicators of SES in this study were household
income and education. In KNHANES, household income
quartiles were calculated based on equivalised income
(total household income divided by the square root of the
numbers of household members). With regard to educa-
tional attainment, the participants were asked the level at
which their education was completed, which was classified
into four educational categories: completion of elemen-
tary school, middle school, high school and postsecondary
school.

Covariates

Sociodemographic information such as age, marital
status, region and house ownership were included as cov-
ariates in the analysis model. Age was reclassified into
three categories as follows: young (30-44 years),
middle-aged (45—64 years) and older (65 years and over).
Marital status was categorised into single and married;
the single category included divorced and widowed indi-
viduals. In KNHANES, region was originally categorised
into 16 regions (Seoul, six metropolitan cities and nine
provinces). In this study we recategorised the 16 regions
into two regions (Metro Seoul and non-Metro Seoul), as
the uneven distribution of the population and resources
between Metro Seoul and non-Metro Seoul regions has
been previously discussed.'” The Metro Seoul region
includes Seoul, Incheon metropolitan city and Gyeonggi
province, which contain approximately half of the entire
Korean population. Housing possession was categorised
into owner and non-owner.

In addition, risk factors for diabetes such as increased
body mass index (BMI), physical inactivity, smoking and
alcohol intake were included. In KNHANES, respon-
dents’ height and weight were measured by trained
examiners and BMI was calculated and classified into
normal/underweight and obese based on the following
categories: obese (BMI >25 kg/m?), normal (BMI 18.5—
249 kg/m? and underweight (BMI <I8.5kg/m?).
Participation in physical activity was categorised into
moderate and vigorous activities. The participants were
also asked about their current smoking and high-risk
drinking behaviour. Current smoking behaviour was
categorised into currently smoking or not. In the
KNHANES survey, high-risk drinking behaviour was
defined by gender. Men who drank more than seven
cups of alcohol at a single event and more than twice a
week and women who drank more than five cups of
alcohol at a single event and more than twice a week
were classified as individuals with high-risk drinking
behaviour.”’

Statistical analysis

The relationship between SES and the prevalence of
type 2 diabetes was assessed using logistic regression
after sequential adjustment of covariates including age,
gender, marital status, region, BMI, physical activity,
smoking and high-risk drinking behaviour. Model 1
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adjusted for age and income while Model 2 adjusted for
age and educational attainment. Model 3 examined the
relation with both income and education while adjusting
for demographic characteristics. Model 4 adjusted for
health behaviours. Because the existing literature sug-
gests that there might be a gender-related difference in
the relationship between SES and health outcomes,*" *
we also performed a gender-stratified analysis. All ana-
lyses were conducted using Stata V.12 and the results are
reported as OR and 95% ClIs. Differences were consid-
ered significant at p<0.05, and population weight pro-
vided by KNHANES was applied to produce estimates

RESULTS

The characteristics of the individuals with diabetes are
shown in table 1. Among an estimated 27 378 600
respondents aged >30years, 2765586 individuals
(10.1%) were identified as having type 2 diabetes. A
higher prevalence of diabetes, approximately 53.3%, was
observed in respondents who were middle-aged (aged
45-64 years). The prevalence of diabetes was slightly dif-
ferent in men and women (55.5% of men vs 45.5% of
women). Type 2 diabetes was more prevalent in indivi-
duals with a lower educational attainment and lower
income. Of the patients with diabetes, 72.7% self-

representative of the Korean population.'® reported owning their own house while 27.3%
Table 1 General characteristics of individuals with type 2 diabetes
Type 2 diabetes Estimated population
Variables N % N % p Value
2 765 586 10.1 27 378 600 100

Age
Young 345 158 12.5 10 892 589 39.8 <0.001
Middle-aged 1474576 53.3 12122 164 44.3
Older 945 851 34.2 4 363 847 15.9

Sex
Men 1 536 256 55.5 13 477 425 49.2 <0.001
Women 1229 330 445 13901 175 50.8

Marital status
Married/partnered 2 145 967 77.6 22 242 029 81.2 0.001
Single 619618 22.4 5136 571 18.8

Education
Elementary school 1080 057 39.1 6 060 731 221 <0.001
Middle school 444 298 16.1 3280 320 12.0
High school 820 982 29.7 9505 375 34.7
Postgraduate 420 248 15.2 8532173 31.2

Income
Q1 807 879 29.2 4 494 685 16.4 <0.001
Q2 733076 26.5 7 554 779 27.6
Qs 646 824 23.4 7 783 332 28.4
Q4 577 807 20.9 7 545 804 27.6

Region
Non-Metro 1491 763 53.9 14 127 908 51.6 0.148
Metro-Seoul 1273 822 46.1 13250 692 48.4

House ownership
Yes 2 009 688 72.7 19 428 320 71.0 0.242
No 755 897 27.3 7 950 280 29.0

BMI
Normal/underweight 1438 949 52.0 17 878 573 65.3 <0.001
Obese 1 326 636 48.0 9500 026 34.7

Physical activity
Moderate—Yes 233 861 8.5 2410729 8.8 0.688
Moderate—No 2531725 91.5 24 967 871 91.2
Vigorous—Yes 632 725 22.9 8414982 30.7 <0.001
Vigorous—No 2132 860 771 18963 618 69.3

Smoking
Yes 726 243 26.3 7 069 758 25.8 0.745
No 2039 343 73.7 20 308 841 74.2

High-risk drinking
Yes 269 421 9.7 3 053 311 11.2 0.199
No 2496 164 90.3 24 325 289 88.8

BMI, body mass index.
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responded that they did not own a house. More than
52% of the respondents were in the normal BMI range
and 632 725 individuals with type 2 diabetes participated
in regular vigorous physical activity. In relation to
smoking and high-risk drinking behaviours, approxi-
mately 26% of individuals with diabetes were current
smokers and more than 9% had high-risk drinking
behaviours.

Table 2 shows the unadjusted and adjusted ORs for
the prevalence of diabetes in the Korean population as
the results of univariate and multivariate logistic regres-
sions. The lowest household income was associated with
a higher risk of diabetes across all different models. In
the age-adjusted prevalence of diabetes with income,
individuals in the lowest income group were more likely
to have type 2 diabetes than those in the highest income
group (OR 1.56, 95% CI 1.25 to 1.94). Although the
association between income and type 2 diabetes was
reduced with sequential adjustments, the lowest income
remained a significant determinant. In the fully adjusted
model (model 4), individuals in the lowest income quar-
tile were 35% more likely to have diabetes compared
with those in the highest income quartile. All levels of
educational attainment were significantly associated with
type 2 diabetes, showing a clear gradient from the lowest
to the highest education level. In addition to income
and education, sex, age, BMI and participation in vigor-
ous physical activity were associated with a lower preva-
lence of type 2 diabetes in the Korean population.

In the gender-stratified model (table 3), lower income
was associated with a higher prevalence of type 2 dia-
betes in women while there was no significant relation-
ship between income and type 2 diabetes in men.

DISCUSSION
Using nationally representative data, we assessed the
socioeconomic determinants of type 2 diabetes in the
Korean population. Our results show a pattern of higher
prevalence towards the lowest household income after
adjustment for various sociodemographic factors, sug-
gesting that income is a major determinant of type 2 dia-
betes among Korean adults. In previous studies income
level, a major reflection of economic status, was closely
associated with adverse health outcomes including the
prevalence of diabetes across studies and across cul-
tures.!! 2% For instance, individuals with a lower
income at both individual neighbourhood levels were at
higher risk of type 2 diabetes.'* ' In line with previous
studies, our findings also support the link between
income and the prevalence of type 2 diabetes, implying
that higher income is an indicator of having better
access to goods and services of greater monetary value
that leads to an affordable and healthier lifestyle.*®

It is worth noting that income was not a significant
factor associated with type 2 diabetes among Korean
men, whereas an inverse relationship between income
and the prevalence of type 2 diabetes was observed

among Korean women. The current literature has also
shown an inverse relationship between chronic condi-
tions such as obesity and diabetes and SES among
Korean women, but the reason for the different relation-
ship between income and type 2 diabetes by gender is
unclear. A possible explanation is the traditional percep-
tion that women are a lower social class than men. This
different perception on gender might lead women to be
more influenced by income in relation to health, health
behaviours and lifestyle.”® Further studies are needed to
provide a deeper understanding of gender-related differ-
ences in the relationship between income and type 2
diabetes.

In addition to income, there was a higher prevalence
of type 2 diabetes among individuals with lower educa-
tional attainment. Lower educational attainment has
been considered as a predictor affecting poor health
outcomes and management of chronic disease.?” ** For
instance, a recent study on SES and the incidence of dia-
betes suggested that higher educational attainment was
associated with a lower risk of diabetes.”® Our finding is
in line with previous findings that might support an
interrelated pathway between education and health.
Education level is a marker of the ability to turn infor-
mation into practical behaviours, with the ultimate goal
to prevent or manage chronic diseases.” In this sense, it
is plausible that a higher education level supports the
improvement of health by increasing health knowledge
and motivating healthy behaviours.” *' In addition,
higher educational attainment is closely linked to a
better physical and social environment. For example,
lower educational attainment is in part associated with
lower levels of social support and more adverse physical
and environmental exposures.”® Furthermore, a better
education usually implies more opportunities in the
labour force market and raises more income, which
closely influence healthy behaviours for chronic disease
management.” Overall, our finding that type 2 diabetes
is more prevalent among individuals with lower educa-
tional attainment could be due to the fact that lower
educational attainment possibly limits information and
resources linking to healthy behaviours and environ-
ment exposures.”*

It is well known that type 2 diabetes is a chronic disease
influenced by multiple factors."® Although physiological
and genetic factors—which are considered to be major
risk factors in the existing literature—play an important
role in the prevalence of type 2 diabetes, the role of social
and economic conditions needs to be understood.'” After
adjusting for BMI, physical activity and unhealthy beha-
viours such as smoking and high-risk drinking, which are
the major modifiable lifestyle factors,” our results showed
that the effect of income and educational attainment
remained quite stable. This finding may imply that type 2
diabetes could be driven by income and education level
rather than by individual risk behaviours. In a similar study
using a Canadian national survey, the effect of income also
persisted after adjustment for various individual risk
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Table 3 Gender-stratified multivariate logistic regression analysis for socioeconomic status and type 2 diabetes

Men (estimated N=13 477 425)

Women (dstimated N=13 901 175)

OR 95% ClI p Value OR 95% ClI p Value

Age

Young (30—44) 0.17 0.11 to 0.24 <0.001 0.23 0.15 t0 0.36 <0.001

Middle aged (45-64) 0.70 0.55 to 0.88 0.002 0.59 0.46 t0 0.74 <0.001
Income

Q1 1.22 0.87 to 1.72 0.244 1.68 1.18 to 2.38 0.006

Q2 0.88 0.66 to 1.16 0.351 1.55 1.13t0 2.12 0.004

Q3 0.97 0.75 to 1.27 0.850 1.31 0.92 to 1.88 0.133
Education

Elementary school 1.27 0.92t0 1.77 0.152 2.41 1.48 to 3.92 <0.001

Middle school 1.52 1.11 t0 2.10 0.010 1.84 1.10 to 3.07 0.020

High school 1.43 1.10to0 1.85 0.008 1.68 1.06 to 2.66 0.028
Marital status

Single 1.18 0.84 to 1.65 0.334 0.76 0.61 to 0.93 0.009
Region

Metro-Seoul 1.04 0.85to 1.29 0.686 1.08 0.88 to 1.32 0.468
House ownership

Yes 1.03 0.80 to 1.31 0.846 0.96 0.76 to 1.21 0.724
BMI

Obese 1.45 1.1910 1.78 <0.001 2.58 2.16 to 3.09 <0.001
Physical activity

Moderate 1.10 0.80 to 1.52 0.556 0.76 0.54 to 1.07 0.128

Vigorous 0.73 0.59 to 0.90 0.004 0.80 0.60 to 1.07 0.118
Smoking

Yes 1.16 0.95 to 1.41 0.151 0.96 0.62 to 1.47 0.655
High-risk drinking

Yes 1.00 0.74 t0 1.33 0.979 0.83 0.37 to 1.87 0.836

BMI, body mass index.

factors, suggesting that individual risk behaviours do not
extensively explain the prevalence of diabetes as health
and health behaviours are continuously shaped by socio-
economic conditions.'” This consistent finding may
enable us to conclude that an increasing awareness of
social determinants is useful for understanding the poten-
tial contributions for the incidence and management of
type 2 diabetes.'?

Due to the nature of the complexity of SES,* it is not
clear which dimension of SES mainly shapes type 2 dia-
betes.'” The existing literature shows mixed findings on
the role of income and education on the prevalence of
type 2 diabetes. One study examining the association
between diabetes and SES (with a combination of house-
hold income and educational attainment) indicated that
individuals who had completed college education and
had a higher income were approximately 30% less likely
to have diabetes than those of lower SES.'” Other
studies suggest that education plays a stronger role in
type 2 diabetes, while another study suggested that the
gross effect of education disappeared after adjustment
for sociodemographic factors and income in the analyt-
ical model.”® *" Further studies are needed to under-
stand the structural link between income/education and
type 2 diabetes in order to provide more evidence on
the effective management of type 2 diabetes among the
Korean population.

The higher prevalence of type 2 diabetes among lower
income and education groups is a particular problem
because it can aggravate the cycle of inequality.®® First,
increasing the financial burden of healthcare cost
further deteriorates the personal economic condition.*
Even though the Korean National Health Insurance pro-
vides universal healthcare coverage for healthcare ser-
vices, individuals still share high levels of out-of-pocket
payments for physician services and prescriptions.’’ It is
possible that disadvantaged individuals with diabetes
encounter an excessive burden of healthcare cost as they
already have financial difficulties. Also, it is possible that
disadvantaged individuals have limited access to the
necessary resources for the management of diabetes.*
This includes adequate housing, healthier food and
essential healthcare services.'? Thus, diabetes decreases
an individual’s productivity at work or limits their partici-
pation in the labour force and educational opportun-
ities.*! These limited opportunities have a greater effect
on individuals with lower income and education, which
can ultimately lead to further material and social depriv-
ation.” *! In order to prevent exacerbating the causes of
the causes, improving the prevention and management
of diabetes with the lens of social determinants of health
requires a population-based and multilevel approach.® **

To our knowledge, there is little in the Korean litera-
ture on the relationship between SES and the
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prevalence of type 2 diabetes at the population level.
Our study contributes to the literature, highlighting the
role of income and education on the prevalence of type
2 diabetes. While numerous studies have analysed the
risk factors for type 2 diabetes, our study is an original
contribution to the literature because we have investi-
gated the importance of socioeconomic determinants in
relation to the prevalence of type 2 diabetes among the
Korean population.

Despite several meaningful findings of our study, there
are a number of limitations. First, the cross-sectional
design of our study limits assumptions of causality, at
least with respect to the association of social determi-
nants (mainly income) with type 2 diabetes. Also, we
cannot exclude reverse causality in the observed find-
ings—that is, pre-existing diagnosed diabetes may cause
reduced income due to loss of job, for instance, hence
causing reduced income. In addition, we were unable to
distinguish between type 1 and type 2 diabetes. However,
our exclusion of adults aged <30 years probably mini-
mised new-onset type 1 diabetes,” and therefore our
findings are most likely applicable to patients with type 2
diabetes. Finally, the KNHANES is a self-reported survey
and therefore prone to measurement error and recall
bias as well as to reporting heterogeneity in self-reported
health. For example, individuals with less educational
attainment are less likely to recall their sociodemo-
graphic and health information.” ** Also, patients with
non-severe symptoms of diabetes were not able to iden-
tify their diabetic condition. For accurate analysis to
overcome these recognised limitations, we used the vari-
able of diabetic condition diagnosed by a physician.”
Further studies should consider the use of administrative
or registry-based data.

CONCLUSION

The findings of our study show that SES, particularly
income and educational attainment, are important
factors in a higher prevalence of type 2 diabetes, regard-
less of various sociodemographic factors that may con-
found or mediate these associations. The growing
prevalence of type 2 diabetes and widening of the gap
between better off and worse off individuals become
substantial issues in Korea. Strategies for diabetes pre-
vention and management should therefore focus on
social determinants in addition to risk factors at the indi-
vidual level. Our findings suggest that, in future investi-
gations of the cause of type 2 diabetes among Koreans,
attention should be paid to social determinants of
health such as income and education.
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