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INTRODUCTION

We investigated the association between socioeconomic status and hypertension in Korea,
a country that has experienced a dynamic socioeconomic transition. We analyzed
participants of a prospective cohort study—the Korean Genome and Epidemiology Study—
enrolled between 2001 and 2003. We recruited 7,089 subjects who underwent a 4-year
follow up till 2007. Education and income levels, which are important parameters for
socioeconomic status, were stratified into 4 groups. Education level was defined as short
(< 6 years), mid-short (7-9 years), mid-long (10-12 years), and long (> 12 years). Monthly
income level was stratified as low (< 500,000 KRW), mid-low (500,000-1,499,999 KRW),
mid-high (1,500,000-2,999,999 KRW) or high (= 3,000,000 KRW). At baseline, 2,805
subjects (39.5%) were diagnosed with hypertension. Education and income levels were
inversely associated with the prevalence and incidence of hypertension (P < 0.001). In
multivariate analysis, a shorter duration of education was significantly associated with a
higher prevalence of hypertension (P < 0.001), but income level was not (P = 0.305).
During the follow-up, 605 subjects (14.2%) were newly diagnosed with hypertension. In
multivariate adjusted analysis, the hazard ratios (95% confidence interval) for incident
hypertension across the longer education groups were 0.749 (0.544-1.032), 0.639 (0.462-
0.884), and 0.583 (0.387-0.879), compared with the shortest education group. There was
no significant association between incident hypertension and income across higher income
groups: 0.988 (0.714-1.366), 0.780 (0.542-1.121), and 0.693 (0.454-1.056), compared
with the lowest income group. In conclusion, education and income levels are associated
with the prevalence and incidence of hypertension, but only education is an independent
prognostic factor in Korea.
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des. However, there are no published reports of a comprehen-
sive investigation into the association between SES, the preva-

Hypertension is an important risk factor for cardiovascular dis-
ease and carries significant morbidity worldwide (1,2). Global-
ly, 54% of stroke and 47% of ischemic heart disease cases can be
attributed to high blood pressure (BP). Approximately, 13.5% of
total premature deaths and 6.0% of disability-adjusted life years
have been attributed to high BP (1). Furthermore, as the preva-
lence of hypertension is predicted to increase over the next de-
cade (3), it is important to establish the risk factors for hyper-
tension.

Socioeconomic status (SES) is an established clinical indica-
tor of cardiovascular disease; and in developed countries an in-
verse correlation between these variables has been reported
(4,5). However, studies in populations from developing coun-
tries have found a range of correlations between SES and hy-
pertension (6-8). The Republic of Korea has experienced dra-
matic westernization and economic growth over recent deca-
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lence of hypertension and incident hypertension in Korea.

Education and income status are widely used as parameters
to stratify SES in Korea as well as in worldwide (9-14). Obesity is
regarded as a key confounding factor for SES (15), and levels of
obesity across SES were markedly heterogeneous and varied
with gender and time (16,17). Furthermore, obesity trends in
Korea have changed over time (18,19).

We investigated the association between SES and the preva-
lence of hypertension and evaluated the potential role of obesi-
ty. We also evaluated the effect of a number of SES parameters
on the incidence of hypertension after a 4-year follow up.

MATERIALS AND METHODS

Study sample
The Korean Health and Genome study, supported by the Korea
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National Institute of Health, is a prospective cohort study de-
signed to survey the prevalence and risk factors of chronic dis-
ease in Korea. The baseline study was performed between 2001
and 2003 and a follow-up survey was conducted every 2 years.
Subjects were recruited from urban and rural areas, Ansan and
Anseong, respectively. We obtained baseline and follow-up data
at 4 years for 7,260 subjects from the Korea National Institute of
Health. The details of the cohort have been published elsewhere
(20-22).

Definition of hypertension

Measurement of BP was taken using a mercury sphygmoma-
nometer following a standardized protocol (23). Blood pressure
was measured after a 5-minute rest period and 2 readings were
recorded from both arms in the sitting position. Mean systolic
and diastolic values were analyzed in this study.

Participants were defined as hypertensive when BP record-
ings were systolic BP > 140 mmHg and diastolic BP > 90 mmHg
(24), or when they were prescribed anti-hypertensive medica-
tion. These criteria were also applied to diabetic and chronic
kidney disease participants. Incident hypertension was defined
as hypertension diagnosed at the 4-year follow-up in a subject
who had not diagnosed with hypertension in the baseline sur-
vey. We defined an additional prehypertension group in sub-
jects without hypertension where systolic BP > 120 mmHg or
diastolic BP > 80 mmHg, for additional risk stratification.

Socioeconomic status variables and other measurements
Education and income levels were used as parameters for SES.
The duration of education was stratified into 4 groups: short
(< 6years), mid-short (7-9 years), mid-long (10-12 years), or long
(= 12 years). Social income level was also classified into 4 groups
by quartiles according the monthly household income, defined
as low (< 500,000 KRW), mid-low (500,000-1,499,999 KRW), mid-
high (1,500,000-2,999,999 KRW) or high (> 3,000,000 KRW) (At
2001, 1 $ = 1,257 KRW). We classified the income level consid-
ering the reported national income data of first semester of 2001
(25). Marital status was classified as unmarried, married or oth-
er, which included widowed and divorced. Participant residen-
tial area was defined as urban (Ansan) or rural (Anseong).

We collected demographic, medical, and social behavioral
data by standardized questionnaires administered by trained
interviewers. The body mass index (BMI) was used to assess the
degree of obesity in participants. The BMI was calculated as
measured body weight (kg) divided by height (meters) squared.
Participants were stratified into the following groups based on
the BMI (26): underweight (BMI < 18.5 kg/m?), normal weight
(BMI between 18.5 and 22.9 kg/m?), overweight (BMI between
23 and 24.9 kg/m?), or obese (BMI > 25 kg/m?). Diabetes was
defined as HbAlc > 6.5% in a person previously diagnosed with
diabetes mellitus or taking hypoglycemic medication.

https://doi.org/10.3346/jkms.2016.31.12.1922

We defined cardiovascular disease as the summation of cor-
onary artery disease, myocardial infarction, cerebrovascular
accident, peripheral artery disease, and congestive heart fail-
ure. High physical activity was defined as high intensity activity
> 3 hours per week, such as climbing, running, farming, or play-
ing ballgames.

Statistical analysis

Data were described as mean + standard deviation for continu-
ous variables, and as numbers and frequencies for categorical
variables. For comparisons across groups, the j’ test or Fisher’s
exact test was used for categorical variables and the unpaired
Student’s #-test was applied to continuous variables. For the anal-
ysis of continuous variables between more than 2 groups, we
used the one-way analysis of variance and Scheffé’s post hoc
test. The log-rank test was applied to investigate the significant
predictor of the prevalence of hypertension and the incidence
of hypertension after the 4-year follow-up. Two-sided P values
< 0.05 were accepted as statistically significant. Factors indicat-
ing significant predictability in univariate logistic regression
were used in multivariate analysis. IBM SPSS Statistics version
22 was used to perform statistical tests (SPSS Inc., Chicago, IL,
USA).

Ethics statement

This cohort study was conducted in accordance with the Decla-
ration of Helsinki and approved by the institutional review board
of the Korea Centers for Disease Control and Prevention, Ajou
University Hospital (IRB approval No. AJIRB-CRO-06-039) and
Korea University Ansan Hospital (IRB approval No. ED0624).
This analysis was approved by institutional review board of Seoul
National University Hospital (IRB approval No.1607-102-776).
Written informed consent was obtained from all participants.

RESULTS

Baseline characteristics of the study population

Among 7,260 subjects, we excluded subjects whose data on ed-
ucation or social income level were not available in the baseline
survey (n = 171). As shown in Table 1, subjects with hyperten-
sion were older, had a shorter education duration and lower so-
cial income, and had more comorbidities, such as diabetes mel-
litus and cardiovascular disease. Interestingly, the association
between BMI and education was affected by participant gender
(Fig. 1). Male subjects had a higher BMI in longer education du-
ration groups than in the short education duration group (23.4
+3.1,24.3 £2.8,24.5+ 2.8, and 24.4 + 2.9, P < 0.001), while fe-
males had a lower BMI in longer duration groups (25.3 + 3.4,
24.8 +2.9,24.4 + 3.0,and 24.2 + 3.4, P < 0.001). The positive cor-
relation with BMI in males and the negative correlation in fe-
males were reproduced across all income levels.
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Table 1. Baseline characteristics of subjects

Al Without With
Parameters participants  hypertension  hypertension P value
(n=7089 (n=4284) (n=23805

Demographic data

Age, yr 52.22 + 8.83 50.17 + 8.36 55.34 + 8.60 < 0.001
Men, % 48.3 46.9 50.4 0.004
Socioeconomic status
Education, % < 0.001
Short 32.6 26.0 42.7
Mid-short 22.7 23.0 22.2
Mid-long 30.8 35.8 23.2
Long 13.9 15.3 1.9
Income, % < 0.001
Low 19.3 14.8 26.1
Mid-low 32.1 30.3 35.0
Mid-high 31.4 35.2 25.5
High 17.2 19.7 135
Marital status, % < 0.001
Unmarried 1.3 14 1.2
Married 90.5 91.9 88.4
Others 8.1 6.7 10.4
Urban area, % 47.2 54.5 36.1 < 0.001
Past medical history
Diabetes mellitus 6.5 49 8.8 < 0.001
Cardiovascular disease 3.3 1.9 5.3 < 0.001
Dyslipidemia 2.6 2.4 2.9 0.189
Chronic lung disease 0.7 0.7 0.7 0.859
Chronic kidney disease 3.0 2.8 34 0.122
Social history
Smoking 0.487
Never 57.6 58.0 57.1
Smoker 42.4 42.0 42.9
Alcohol 0.740
Never 455 45.6 452
Drinker 54.5 54.4 54.8
Body mass index, % < 0.001
Underweight 1.7 2.3 0.8
Normal 27.9 32.3 20.4
Overweight 26.6 28.3 23.8
Obesity 43.7 37.1 55.0
Lifestyle
High physical activity, % 19.7 16.6 24.5 < 0.001
Sleep time, hr 700+ 235 694 +233 7.08+238 0.017

All values are expressed as standard deviation or % of all participants.

Relation of education and social income with
hypertension prevalence

Baseline patient characteristics stratified according to the edu-
cation and income level are shown in Supplementary Tables 1
and 2, respectively. The SES stratified according to the duration
of education or income level was inversely associated with hy-
pertension (both P < 0.001).

Table 2 shows data adjusting multivariables exclusively to the
education and income level, as in previous studies (10,11). The
duration of the education and the income status proved their
predictive value for prevalent hypertension in univariate analy-
sis (P < 0.001); the duration of education consistently proved its
prognostic value for prevalent hypertension in multivariate anal-
ysis (P < 0.001). In contrast, the predictability of the income lev-
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Fig. 1. The body mass index (BMI) level according to education for male (A) and fe-
male (B) subjects.

el was limited in multivariate analysis (P = 0.305). When educa-
tion and income level were evaluated with other risk factors, odds
ratio according to the SES level were as follows: odds ratio across
longer education duration groups were 0.860 (0.719-1.030), 0.676
(0.562-0.812), and 0.755 (0.604-0.944) for mid-short, mid-long,
and long education durations, respectively. Odds ratio across
higher income were 0.976 (0.810-1.176), 0.849 (0.691-1.042), and
0.918 (0.728-1.157) for mid-low, mid-high, and high income lev-
el groups, respectively.

Fig. 2 shows the prevalence of hypertension, stratified accord-
ing to education and income levels. It demonstrates the inverse
relationship between SES and the prevalence of hypertension.
Only 36 people were classified as having a long education dura-
tion and low income, so the high prevalence of hypertension
may not accurately reflect the clinical picture.

The incidence of hypertension to education status and

income
Data on blood pressure follow-up were collected and 13 sub-
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Table 2. Prediction of prevalent hypertension at baseline survey

Multivariate analysis* OR 95% Cl Pvalue Multivariate analysis* OR 95% Cl Pvalue
Age 1.067 1.058-1.076 < 0.001 Age 1.072 1.063-1.081 < 0.001
Male 1.763 1.459-2.130 < 0.001 Male 1.644 1.368-1.977 < 0.001
Diabetes mellitus 1.146 0.899-1.461 0.270 Diabetes mellitus 1.142 0.896-1.455 0.283
Cardiovascular disease 2.541 1.236-5.222 < 0.001 Cardiovascular disease 2.477 1.206-5.085 < 0.001
Smoker 0.883 0.736-1.059 0.178 Smoker 0.885 0.737-1.061 0.187
High physical activity 1.195 1.023-1.397 0.025 High physical activity 1.255 1.074-1.467 0.004
Sleep time 0.997 0.987-1.006 0.502 Sleep time 0.998 0.988-1.007 0.609
BMI < 0.001 BMI < 0.001
Underweight 1 Underweight 1
Normal 2.939 1.634-5.285 Normal 2.874 1.600-5.163 < 0.001
Overweight 4.626 2.570-8.325 Overweight 4.468 2.485-8.035 < 0.001
Obesity 8.075 4.508-14.466 Obesity 7.921 4.425-14.179 < 0.001
Education < 0.001 Income 0.305
Short (reference) 1 Low (reference) 1
Mid-short 0.860 0.719-1.030 0.102 Mid-low 0.976 0.810-1.176 0.799
Mid-long 0.676 0.562-0.812 < 0.001 Mid-high 0.849 0.691-1.042 0.117
Long 0.755 0.604-0.944 0.014 High 0.918 0.728-1.157 0.468

We used age, sex, history of diabetes mellitus, cardiovascular disease and chronic kidney disease, smoking and drinking history, prehypertension, physical activity, sleep time
and BMI to evaluate the association with prevalent hypertension in univariate analysis. Factors which showed significant association in univariate analysis were included in mul-

tivariate analysis.
OR = odds ratio, Gl = confidence interval, BMI = body mass index.
*Education level and income level were analyzed exclusively to each other.
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Fig. 2. Hypertension prevalence rate stratified according to education level and in-
come level.

jects were excluded because their blood pressure was not re-
corded. Among the subjects without hypertension at baseline,
605 subjects (14.2%) were newly diagnosed with incident hy-
pertension. Subjects with incident hypertension had more un-
favorable baseline characteristics, such as older age, a shorter
duration of education, lower income level, and higher BMI (Ta-
ble 3). The incidence rate of hypertension was 22.0% (short),
14.1% (mid-short), 10.6% (mid-long), and 9.2% (long) at each
education level (P < 0.001). The incidence rate of hypertension
across the higher income group was 21.8% (low), 17.5% (mid-
low), 11.1% (mid-high), and 8.8% (high) at each level (P < 0.001).
Factors such as older age, a shorter duration of education, low-
er income level, higher BMI, and longer time of high physical
activity were not only more frequently observed in subjects with
incident hypertension as shown in Table 3, but were also signif-
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Fig. 3. Hypertension incidence rate stratified according to education level and income
level.

icant risk factors of incident hypertension in the univariate anal-
ysis (Table 4).

Fig. 3 shows the incidence of hypertension simultaneously
stratified by education and income level. In multivariate analy-
sis, a serial risk reduction was observed in the long education
group compared to the short education group (P = 0.030). In
contrast, the association between income status and incident
hypertension was weak in multivariate analysis (P = 0.161) (Ta-
ble 4). When education level and income level were simultane-
ously evaluated with other risk factors, hazard ratios according
to SES level were as follows: hazard ratios for the prevalence of
hypertension across longer education durations were 0.757
(0.546-1.048) for mid-short, 0.676 (0.482-0.947) for mid-long,
and 0.637 (0.416-0.976) for long education durations. Across

higher income levels, these were 1.054 (0.758-1.465) for mid-low,

http://jkms.org 1925
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Table 3. Baseline characteristics according to the incident hypertension after 4-year
follow-up

Without incident ~ With incident
Parameters hypertension hypertension Pvalue
(n = 3,666) (n = 605)
Demographic data
Age, yr 49.6 + 8.1 534 £ 91 < 0.001
Men, % 46.6 49.4 0.192
Socioeconomic status
Education, % < 0.001
Short 23.6 40.3
Mid-short 231 23.0
Mid-long 37.2 26.8
Long 16.1 9.9
Income, % < 0.001
Low 13.6 22.8
Mid-low 29.2 374
Mid-high 36.6 27.6
High 20.6 12.2
Marital status, % 0.163
Unmarried 15 1.3
Married 92.2 90.2
Others 6.4 8.5
Urban area, % 57.9 33.9 < 0.001
Past medical history
Diabetes mellitus 4.6 7.0 0.013
Cardiovascular disease 1.9 2.3 0.443
Dyslipidemia 2.4 2.3 0.900
Chronic lung disease 0.7 0.7 0.956
Chronic kidney disease 2.8 3.0 0.757
Social history
Smoking 0.084
Never 58.4 54.7
Smoker 41.6 453
Alcohol 0.184
Never 46.0 431
Drinker 54.0 56.9
Prehypertension at baseline, % 42.6 70.1 < 0.001
Body mass index, % < 0.001
Underweight 24 1.2
Normal 8856 24.3
Overweight 28.6 26.0
Obesity 8515 48.4
Lifestyle
High physical activity, % 19.7 32.7 < 0.001
Sleep time, hr 6.9+ 24 7.0+ 20 0.738

All values are expressed as standard deviation or % of all participants.

0.883 (0.606-1.287) for mid-high, and 0.806 (0.519-1.253) for high
income levels. Body mass index was also found to be a valuable
prognostic marker for incident hypertension (P < 0.001).

DISCUSSION

This study demonstrates significant associations between edu-
cation and hypertension and between income and hyperten-
sion, in terms of both prevalence and incidence of association.
However, in multivariate logistic regression, only the associa-
tion between education and hypertension was significant, un-
like the association between income and hypertension.

1926  http://jkms.org

In developed countries, an inverse association between SES
and hypertension has been reported (4,9,27). However, the as-
sociation between SES and hypertension in developing coun-
tries is disputed. One study showed that educational background
was not associated with hypertension in China (6). In Ghana, a
positive association between income and hypertension was
observed (28). Minh et al. (8) found that wealthy men carried a
higher risk of hypertension while Vathesatogkit et al. (10) re-
ported that longer education was associated with a significant
risk reduction in incident hypertension in Thailand.

These differences might be explained by the different social
environment in the countries studied. Our results were consis-
tent with those of an earlier study conducted in Korea where
education status was strongly associated with hypertension (11,
29). We also found that education status had a risk reduction
effect on incident hypertension, unlike income status.

SES is regarded as an important clinical indicator because it
reflects awareness and knowledge of hypertension (30). In our
study, the difference in hypertension awareness among educa-
tion groups was statistically significant across the duration of
education: 36.0%, 30.6%, 29.6%, and 36.3% for short, mid-short,
mid-long, and long education durations, respectively (P = 0.011).
But this statistical significance was clinically inconclusive be-
cause there was no linear association between hypertension
awareness and SES even P value was less than 0.05 (Supplemen-
tary Table 2).

In the subgroup analysis, there was no statistically significant
difference in the incidence of hypertension between subjects
whose income improved or deteriorated. We postulated that
there were other factors which could explain the association
between the incidence of hypertension and SES in Korea; they
might be dietary intake or metabolic syndrome (31). In addi-
tion, SES itself might affect blood pressure directly as chronic
psychological stress via autonomic nervous system and hypo-
thalamus-pituitary-adrenal axis (32,33).

Interestingly, high physical activity appeared to be related to
higher risk of incident hypertension, as shown in Table 4. This
seems to be the opposite direction of association compared to
the existing knowledge; there might be protective effects of phys-
ical activity onto cardiovascular disease, including hypertension
(34,35). However, there was a debate that influence on blood
pressure was different according to the type of physical activity;
work time physical activity or leisure time physical activity (36).
In addition, low leisure type physical activity group was report-
ed to have a higher amount of work time physical activity and a
lower SES level in Korea (35). As we did not have the informa-
tion about the type of physical activity, it might be a confounder
in this study.

There are several limitations in our study. Firstly, we only in-
cluded subjects who underwent a 4-year follow-up. People with
poor compliance or deteriorating general medical condition

https://doi.org/10.3346/jkms.2016.31.12.1922
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Table 4. Prediction of incident hypertension after 4-year follow-up

Multivariate analysis* HR 95% Cl Pvalue Multivariate analysis* HR 95% Cl Pvalue
Age 1.034 1.019-1.050 < 0.001 Age 1.038 1.023-1.053 < 0.001
Male 1.183 0.936-1.496 0.152 Male 1.092 0.875-1.364 0.436
Diabetes mellitus 1.192 0.775-1.832 0.425 Diabetes mellitus 1.179 0.767-1.811 0.453
High physical activity 1.305 0.996-1.711 0.054 High physical activity 1.343 1.026-1.759 0.032
Prehypertension 2.893 2.293-3.651 < 0.001 Prehypertension 2.890 2.290-3.648 < 0.001
BMI < 0.001 BMI < 0.001
Underweight 1 Underweight 1
Normal 1.872 0.723-4.851 0.197 Normal 1.855 0.717-4.800 0.203
Overweight 2.636 1.015-6.843 0.047 Overweight 2.598 1.002-6.738 0.050
Obesity 3.604 1.400-9.282 0.008 Obesity 3.576 1.390-9.199 0.008
Education 0.030 Income 0.161
Short (reference) 1 Low (reference) 1
Mid-short 0.749 0.544-1.032 0.077 Mid-low 0.941 0.714-1.366 0.941
Mid-long 0.639 0.462-0.884 0.007 Mid-high 0.780 0.542-1.121 0.179
Long 0.583 0.387-0.879 0.010 High 0.693 0.454-1.056 0.088

We used age, sex, history of diabetes mellitus, cardiovascular disease and chronic kidney disease, smoking and drinking history, prehypertension, physical activity, sleep time
and BMI to predict incident hypertension by logistic regression in univariate analysis. Factors which showed significant association in univariate analysis were included in multi-

variate analysis.
HR = hazard ratio, Cl = confidence interval, BMI = body mass index.
*Education level and income level were analyzed exclusively to each other.

who could not complete the 4-year follow-up, were not includ-
ed in this analysis, therefore we cannot exclude the possibility
of selection bias. Secondly, data about education and income
were collected only as categorical variables, not by continuous
variables; this may have an effect on the statistical significance
of SES stratification. Thirdly, direct asking of income level might
result in incorrect answering. However, the data we had was
similar to the data from the Statistics Korea (25), which reported
median level of monthly income as 1,973,587 KRW. Finally, we
classified the residential area as urban (Ansan) or rural (Anseong)
according to an earlier study (38), however, both cities are rela-
tively large and a simple binary classification could bias the
analysis.

In conclusion, our analysis supports that SES is significantly
associated with hypertension. This study has showed that the
subjects in Korea with a longer duration of education and high-
er income level demonstrated a lower prevalence and incidence
of hypertension over a 4-year follow up. We finally conclude
that socioeconomic status, as defined by education level but
not by income level, is a significant and independent prognos-
tic factor for hypertension, when the effect of obesity is taken
into account.
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