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Abstract

The Association between 

Parameters of Socioeconomic 

Status and Hypertension in Korea: 

from the cohort of Korean Genome 

and Epidemiology Study

Chan Soon Park

Department of Internal Medicine

The Graduate School

Seoul National University Hospital

Introduction:

We investigated the association between socioeconomic status and hypertension in 

Korea, a country that has experienced a dynamic socioeconomic transition. We 
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analyzed participants of a prospective cohort study—the Korean Genome and 

Epidemiology Study—enrolled between 2001 and 2003. 

Methods:

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). 

Results:

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 = 0.106). 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 0.754 (0.547–1.037), 0.621 (0.452–0.854), and 0.559

(0.374–0.835), compared with the shortest education group. There was no 

significant association between incident hypertension and income across higher 
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income groups: 0.981 (0.708–1.360), 0.769 (0.538–1.100), and 0.664 (0.439–

1.007), compared with the lowest income group. 

Conclusion:

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.

Keywords: Social Class; Education; Income; Hypertension; Incidence; Prevalence

Student Number: 2015-21970
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INTRODUCTION

Hypertension is an important risk factor for cardiovascular disease and carries 

significant morbidity worldwide (1,2). Globally, 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 prevalence of 

hypertension is predicted to increase over the next decade (3), it is important to 

establish the risk factors for hypertension.

Socioeconomic status (SES) is an established clinical indicator of 

cardiovascular disease; and in developed countries an inverse correlation between 

these variables has been reported (4,5). However, studies in populations from 

developing countries have found a range of correlations between SES and 

hypertension (6-8). The Republic of Korea has experienced dramatic 

westernization and economic growth over recent decades. However, there are no 

published reports of a comprehensive investigation into the association between 

SES, the prevalence 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 prevalence of 

hypertension and evaluated the potential role of obesity. We also evaluated the 
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effect of a number of SES parameters on the incidence of hypertension after a 4-

year follow up.
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METHODS

Study sample

The Korean Health and Genome study, supported by the Korea National Institute 

of Health, is a prospective cohort study designed to survey the prevalence and risk 

factors of chronic disease 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 sphygmomanometer 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 recordings were 

systolic BP ≥ 140 mmHg and diastolic BP ≥ 90 mmHg (24), or when they were 

prescribed anti-hypertensive medication. 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 survey. We defined an additional 
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prehypertension group in subjects 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 (≤ 6 years), 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 considering the reported national income 

data of first semester of 2001 (25). Marital status was classified as unmarried, 

married or other, which included widowed and divorced. Participant residential 

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/m2), normal weight (BMI between 18.5 and 22.9 

kg/m2), overweight (BMI between 23 and 24.9 kg/m2), or obese (BMI ≥ 25 kg/m2). 

Diabetes was defined as HbA1c ≥ 6.5% in a person previously diagnosed with 

diabetes mellitus or taking hypoglycemic medication.
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We defined cardiovascular disease as the summation of coronary artery 

disease, myocardial infarction, cerebrovascular accident, peripheral artery disease, 

and congestive heart failure. Low physical activity was defined as mild intensity 

activity ≤ 3 hours per week, such as walking, biking, or playing table tennis.

Statistical analysis

Data were described as mean ± standard deviation for continuous variables, and as 

numbers and frequencies for categorical variables. For comparisons across groups, 

the χ2 test or Fisher’s exact test was used for categorical variables and the unpaired 

Student’s t-test was applied to continuous variables. For the analysis 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 indicating 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 Declaration 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-
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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.
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RESULTS

Baseline characteristics of the study population

Among 7,260 subjects, we excluded subjects whose data on education or social 

income level were not available in the baseline survey (n = 171). As shown in 

Table 1, subjects with hypertension were older, had a shorter education duration 

and lower social income, and had more comorbidities, such as diabetes mellitus 

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 duration 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 females 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 correlation with BMI in males and the negative 

correlation in females were reproduced across all income levels.
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Table 1. Baseline characteristics of subjects

Parameters

All 
participants

(n = 7,089)

Without 
hypertension

(n = 4,284)

With 
hypertension

(n = 2,805)

P value

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 11.9

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
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High 17.2 19.7 13.5

Marital status, % < 0.001

Unmarried 1.3 1.4 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 4.9 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 3.4 0.122

Social history

Smoking 0.487

Never 57.6 58.0 57.1

Smoker 42.4 42.0 42.9

Alcohol 0.740
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Never 45.5 45.6 45.2

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

Low physical activity, % 46.4 43.9 50.3 < 0.001

Sleep time, hr 7.00 ± 2.35 6.94 ± 2.33 7.08 ± 2.38 0.017
All values are expressed as standard deviation or % of all participants.
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Fig. 1. The body mass index (BMI) level according to education for male (A) and 

female (B) subjects.
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Relation of education and social income with hypertension 

prevalence

Baseline patient characteristics stratified according to the education and income 

level are shown in Tables 2 and Table 3, respectively. The SES stratified according 

to the duration of education or income level was inversely associated with 

hypertension (both P < 0.001).
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Table 2. Baseline characteristics of subjects according to education level

Parameters
Short

(n = 2,309)

Mid-short

(n = 1,610)

Mid-high

(n = 2,183)

High

(n = 987)
P value

Demographic data

Age, yr 58.60 ± 7.66 51.08 ± 7.74 48.28 ± 7.32 47.84 ± 7.46 < 0.001

Men 28.5 47.3 57.1 76.7 < 0.001

Socioeconomic status

Income status, % < 0.001

Low 42.7 13.9 5.5 3.7

Mid-Low 40.5 42.8 22.8 16.0

Mid-High 13.5 33.0 45.4 40.1
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High 3.3 10.4 26.2 40.2

Marital status, % < 0.001

Unmarried 1.5 1.4 0.9 1.8

Married 82.1 93.3 95.3 95.1

Others 16.4 5.2 3.8 3.0

Urban area, % 18.1 42.2 68.6 76.3 < 0.001

Past medical history

Blood pressure, % < 0.001

Normal blood 

pressure

17.6 27.7 35.9 35.0
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Prehypertension 30.5 33.5 34.3 31.3

Hypertension 51.8 38.8 29.8 39.6

Hypertension 

awareness

36.0 30.6 29.6 36.3 0.011

Diabetes mellitus 8.0 5.8 5.1 6.9 0.001

Cardiovascular disease 4.1 3.3 2.6 2.9 0.037

Dyslipidemia 1.2 1.6 3.4 5.5 < 0.001

Chronic Lung disease 0.7 1.1 0.4 0.6 0.051

Chronic kidney disease 2.9 3.2 3.0 3.1 0.923

Social history
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Smoking < 0.001

Never 72.0 58.7 50.2 38.8

Smoker 28.0 41.3 49.8 61.2

Alcohol < 0.001

Never 60.2 43.8 37.2 32.1

Drinker 39.8 56.2 62.8 67.9

Lifestyle

Low physical 

activity, %

49.9 46.6 42.4 47.1 <0.001

Sleep time, hr 7.23 ± 2.38 6.96 ± 2.03 6.92 ± 2.57 6.67 ± 2.19 < 0.001

All values are expressed as standard deviation or % of all participants.
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Table 3. Baseline characteristics of subjects according to income level

Parameters
Low

(n = 1,367)

Mid-low

(n = 2,277)

Mid-high

(n = 2,223)

High

(n = 1,222)
P value

Demographic data

Age, yr 60.12 ± 7.43 53.80 ± 8.37 48.56 ± 7.24 47.08 ± 6.27 < 0.001

Men, % 32.7 45.8 54.2 59.7 < 0.001

Socioeconomic status

Education status, % < 0.001

Short 72.2 41.0 14.0 6.2

Mid-short 16.3 30.3 23.9 13.7

Mid-long 8.9 21.9 44.5 47.0

Long 2.6 6.9 17.5 33.1

Marital status, % < 0.001
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Unmarried 2.1 1.9 0.8 0.5

Married 78.8 89.3 95.5 96.8

Others 19.1 8.85 3.7 2.7

Urban area, % 11.6 29.2 68.5 82.2 < 0.001

Past medical history

Blood pressure < 0.001

Normal blood pressure 15.8 23.3 34.7 38.1

Prehypertension 30.7 33.6 33.2 31.0

Hypertension 53.5 43.1 32.2 30.9

Hypertension awareness 38.2 32.8 31.2 29.4 0.007

Diabetes mellitus 9.4 6.9 5.0 5.1 < 0.001

Cardiovascular disease 5.1 4.1 2.2 1.7 < 0.001

Dyslipidemia 1.5 1.8 3.2 4.0 < 0.001
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Chronic Lung disease 0.5 1.1 0.4 0.5 0.019

Chronic kidney disease 3.2 3.0 3.0 2.9 0.973

Social history

Smoking < 0.001

Never 66.8 59.3 55.0 49.3

Smoker 33.2 40.7 45.0 50.7

Alcohol < 0.001

Never 60.4 47.8 39.1 36.7

Drinker 39.6 52.2 60.9 63.3

Lifestyle

Low physical activity 54.7 49.8 41.9 39.5 <0.001

Sleep time, hr 7.27 ± 2.44 7.06 ± 2.29 6.88 ± 2.18 6.79 ± 2.61 < 0.001

All values are expressed as standard deviation or % of all participants.
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Table 4 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 analysis (P < 0.001); the duration of education consistently proved its 

prognostic value for prevalent hypertension in multivariate analysis (P < 0.001). In 

contrast, the predictability of the income level was limited in multivariate analysis 

(P = 0.106). When education 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 0.851 (0.711–1.018), 0.648 (0.541–0.775), 

and 0.729 (0.586–0.907) for mid-short, mid-long, and long education durations, 

respectively. Odds ratio across higher income were 0.937 (0.778–1.130), 0.796

(0.651–0.974), and 0.852 (0.679–1.069) for mid-low, mid-high, and high income 

level groups, respectively.
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Table 4. Prediction of prevalent hypertension at baseline survey

Multivariate analysis* OR 95% CI P value Multivariate analysis* OR 95% CI P value

Age 1.067 1.058–1.076 < 0.001 Age 1.072 1.063–1.081 < 0.001

Male 1.827 1.511–2.209 < 0.001 Male 1.705 1.417–2.052 < 0.001

Diabetes mellitus 1.114 0.874–1.420 0.384 Diabetes mellitus 1.110 0.871–1.415 0.398

Cardiovascular disease 2.067 1.434–2.979 < 0.001 Cardiovascular disease 2.000 1.389–2.880 < 0.001

Smoker 0.852 0.709–1.022 0.085 Smoker 0.852 0.710–1.023 0.087

Low physical activity 1.102 0.975–1.245 0.120 Low physical activity 1.108 0.981–1.253 0.100

Sleep time 0.997 0.988–1.006 0.523 Sleep time 0.998 0.989–1.007 0.662

BMI < 0.001 BMI < 0.001

Underweight 1 Underweight 1

Normal 2.825 1.570–5.084 Normal 2.758 1.534–4.956 0.001

Overweight 4.467 2.481–8.044 Overweight 4.303 2.393–7.739 < 0.001

Obesity 7.709 4.301–
13.817

Obesity 7.542 4.213–
13.502

< 0.001

Education < 0.001 Income 0.106

Short (reference) 1 Low (reference) 1
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Mid-short 0.851 0.711–1.018 0.077 Mid-low 0.937 0.778–1.130 0.497

Mid-long 0.648 0.541–0.775 < 0.001 Mid-high 0.796 0.651–0.974 0.027

Long 0.729 0.586–0.907 0.004 High 0.852 0.679–1.069 0.167

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 multivariate analysis.

OR = odds ratio, CI = confidence interval, BMI = body mass index.

*Education level and income level were analyzed exclusively to each other.
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Fig. 2 shows the prevalence of hypertension, stratified according 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 duration and low income, so the high prevalence of hypertension may 

not accurately reflect the clinical picture.



24

Fig. 2. Hypertension prevalence rate stratified according to education level and 

income level.
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The incidence of hypertension to education status and income

Data on blood pressure follow-up were collected and 13 subjects were excluded 

because their blood pressure was not recorded. Among the subjects without 

hypertension at baseline, 605 subjects (14.2%) were newly diagnosed with incident 

hypertension. Subjects with incident hypertension had more unfavorable baseline 

characteristics, such as older age, a shorter duration of education, lower income 

level, and higher BMI (Table 4). 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, 

lower 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 4, but were also significant risk factors of incident hypertension in the 

univariate analysis (Table 5).
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Table 5. Baseline characteristics according to the incident hypertension after 4-year 

follow-up

Parameters

Without 
incident 

hypertension
(n = 3,666)

With incident 
hypertension

(n = 605)
P value

Demographic data

Age, yr 49.6 ± 8.1 53.4 ± 9.1 < 0.001

Men, % 46.6 49.4 0.192

Socioeconomic status

Education, % < 0.001

Short 23.6 40.3

Mid-short 23.1 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 37.4

Mid-high 36.6 27.6

High 20.6 12.2

Marital status, % 0.163

Unmarried 1.5 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
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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 45.3

Alcohol 0.184

Never 46.0 43.1

Drinker 54.0 56.9

Prehypertension at baseline, % 42.6 70.1 < 0.001

Body mass index, % < 0.001

Underweight 2.4 1.2

Normal 33.5 24.3

Overweight 28.6 26.0

Obesity 35.5 48.4

Lifestyle

Low physical activity, % 42.9 49.9 0.001

Sleep time, hr 6.9 ± 2.4 7.0 ± 2.0 0.738

All values are expressed as standard deviation or % of all participants.
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Table 6. Prediction of incident hypertension after 4-year follow-up

Multivariate analysis* HR 95% CI P value Multivariate analysis* HR 95% CI P value

Age 1.035 1.020-1.051 < 0.001 Age 1.039 1.024–1.055 < 0.001

Male 1.167 0.922-1.478 0.198 Male 1.073 0.858–1.341 0.538

Diabetes mellitus 1.200 0.781-1.842 0.406 Diabetes mellitus 1.189 0.775–1.824 0.428

Low physical activity 1.203 0.969-1.495 0.095 Low physical activity 1.191 0.958–1.481 0.116

Prehypertension 2.948 2.333-1.809 < 0.001 Prehypertension 2.890 2.290–3.648 < 0.001

BMI < 0.001 BMI < 0.001

Underweight 1 Underweight 1

Normal 1.809 0.697–4.693 0.223 Normal 1.796 0.693–4.650 0.229

Overweight 2.461 0.946–6.399 0.065 Overweight 2.423 0.934–6.291 0.069

Obesity 3.448 1.339–8.882 0.010 Obesity 3.423 1.331–8.804 0.011

Education 0.013 Income 0.099

Short (reference) 1 Low (reference) 1

Mid-short 0.754 0.547-1.037 0.083 Mid-low 0.981 0.708–1.360 0.910

Mid-long 0.621 0.452–0.854 0.003 Mid-high 0.769 0.538–1.100 0.151
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Long 0.559 0.374–0.835 0.004 High 0.664 0.439–1.007 0.054

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 multivariate analysis.

HR = hazard ratio, CI = confidence interval, BMI = body mass index.

*Education level and income level were analyzed exclusively to each other.
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Fig. 3 shows the incidence of hypertension simultaneously stratified by education and 

income level. In multivariate analysis, a serial risk reduction was observed in the long 

education group compared to the short education group (P = 0.013). In contrast, the 

association between income status and incident hypertension was weak in multivariate 

analysis (P = 0.099) (Table 4). When education level and income level were 

simultaneously 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 0.754 (0.547–1.037) for mid-short, 0.621 (0.452–0.854) for mid-long, and 

0.559 (0.374–0.835) for long education durations. Across higher income levels, these 

were 0.981 (0.708–1.360) for mid-low, 0.769 (0.538–1.100) for mid-high, and 0.664

(0.439–1.007) for high income levels. Body mass index was also found to be a valuable 

prognostic marker for incident hypertension (P < 0.001).
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Fig. 3. Hypertension incidence rate stratified according to education level and income 

level.
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DISCUSSION

This study demonstrates significant associations between education and hypertension and 

between income and hypertension, in terms of both prevalence and incidence of 

association. However, in multivariate logistic regression, only the association between 

education and hypertension was significant, unlike the association between income and 

hypertension.

In developed countries, an inverse association between SES and hypertension has been 

reported (4,9,27). However, the association between SES and hypertension in developing 

countries 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) reported 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 consistent 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 education 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 
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education durations, respectively (P = 0.011). But this statistical significance was 

clinically inconclusive because there was no linear association between hypertension 

awareness and SES even P value was less than 0.05 (Supplementary 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 addition, SES itself might affect blood pressure directly as chronic 

psychological stress via autonomic nervous system and hypothalamus-pituitary-adrenal 

axis (32,33).

Low physical activity appeared to be related to higher risk of prevalence and 

incidence of hypertension in the univariate analysis, but not in the multivariate analysis, 

as shown in Table 2 and Table 4. This seems to be different compared to the existing 

knowledge; there might be protective effects of physical 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 reported to have a higher amount of work time physical 

activity and a lower SES level in Korea (37). As we did not have the information about 

the type of physical activity, it might be a confounder in this study.

In addition to multivariate analysis of the overall cohort, we also performed

subgroup analysis according to whether the subjects were male or female. In male group, 
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education level was independently related with hypertension prevalence (OR 0.924, 

0.654, and 0.771 for mid-short, mid-long, and long education durations compared to 

short duration, P = 0.003) and hypertension incidence (OR 0.834, 0.542, and 0.430 for 

mid-short, mid-long, and long education durations compared to short duration, P = 

0.006). In female group, education duration was still significantly associated with 

hypertension prevalence (OR 0.887, 0.745, and 0.552 for mid-short, mid-long, and long 

education durations compared to short duration, P < 0.001). Though there was still a 

tendency, prognostic implication for hypertension incidence was attenuated in 

multivariate analysis of female group (OR 0.834, 0.542, and 0.430 for mid-short, mid-

long, and long education durations compared to short duration, P = 0.472). We also 

performed additional subgroup analysis according to the age. Interestingly, hypertension 

incidence of subjects < 50 years were higher in male (13.6% vs 8.7%, P < 0.001), but 

incidence of those ≥ 50 years were higher in female (16.7% vs 10.3%, P = 0.051). These 

findings were accordant to previous reports from the Korea National Health and 

Nutritional Examination Survey (38). 

There are several limitations in our study. Firstly, we only included subjects 

who underwent a 4-year follow-up. People with poor compliance or deteriorating general 

medical condition who could not complete the 4-year follow-up, were not included 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. 
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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 (39), 

however, both cities are relatively 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 higher 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 

prognostic factor for hypertension, when the effect of obesity is taken into account.
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초   록

배경:

한국은 단기간에 사회경제적 변혁을 경험한 나라로, 우리는 전향적 코호트인

한국 유전체 역학연구 (2001 년 - 2003 년에 대상자 모집)에서의 자료를

바탕으로 한국에서의 고혈압과 사회경제적 요인과의 관계를 분석하였다.

방법:

2007년도까지 4년 동안 7,089 명의 대상자가 관찰되었는데, 기존에 중요한

사회 경제적 지표로 알려진 교육 및 소득 수준에 따라 대상자들은 각각

4단계로 나뉘어 분석되었다. 교육 기간에 따라 최단 (6년 이하), 단 (7-9년), 

장 (10-12년), 최장 (12년 이상) 기간으로 분류하였고, 월 수입에 따라 최저

(월 50만원 미만), 저 (월 50만-149만 9999원), 고 (월 150만-299만 9999원), 

최고 (월 300만원 이상) 집단으로 분류하였다.
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결과:

등록 당시, 2,805 명의 대상자 (39.5%)가 고혈압을 가지고 있었다. 교육 기간과

소득 수준은 각각 모두 고혈압의 유병률과 발생률과 음의 상관관계를 가지고

있었다 (P < 0.001). 다변량 분석 시에도 교육 기간은 고혈압의 발생률과

유의미한 관계를 가지고 있었으나 (P < 0.001), 소득 수준은 그러지 못하였다.

관찰기간 동안 605 명 (14.2%) 의 대상자가 추가로 고혈압이 발병하였다.

고혈압의 발병과 관련된 다변량 분석에서, 최단기간 집단을 기준으로 교육

기간이 길어질수록 발병 위험도는 각각 0.754 (0.547–1.037), 0.621 (0.452–0.854), 

and 0.559 (0.374–0.835) 로 유의미한 결과를 보였다. 반면, 소득 수준은

최저수입 집단을 기준으로 소득이 많을수록 발병 위험도가 각각 0.981 (0.708–

1.360), 0.769 (0.538–1.100), and 0.664 (0.439–1.007) 으로, 유의미한 결과를

보여주지 못하였다. 

결론:
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교육 및 소득 수준이 모두 고혈압의 유병률과 발병률과 관련이 있었지만,

교육 기간만이 다변량 분석에서 유의한 위험인자였다.

주요어: Social Class; Education; Income; Hypertension; Incidence; Prevalence

학번: 2015-21970
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