
American Journal of Public Health | January 2006, Vol 96, No. 1152 | Research and Practice | Peer Reviewed | Song et al.

 RESEARCH AND PRACTICE 

Objectives. We examined the association between socioeconomic status (SES)
and myocardial infarction and stroke subtypes, including the possible mediat-
ing influence of cardiovascular risk factors.

Methods. We evaluated data on 578756 Korean male public servants aged 30
to 58 years from August 1, 1990, to July 31, 2001.

Results. SES had inverse associations with mortality because of myocardial
infarction and stroke subtypes, which were not changed by an adjustment for, or
stratification by, cardiovascular risk factors. For nonfatal events, SES had posi-
tive, null, and inverse associations with myocardial infarction, ischemic stroke,
and hemorrhagic stroke, respectively. The association between SES and nonfa-
tal myocardial infarction depended on the presence of risk factors and was pos-
itive only among men who had cardiovascular risk factors. Case-fatality after
hospital admission for cardiovascular diagnoses was significantly lower among
higher SES groups, even after risk factor adjustment.

Conclusions. Inverse SES associations with cardiovascular diseases were not
mediated by cardiovascular risk factors among men who were undergoing eco-
nomic transition. Socioeconomically patterned access to medical care may partly
explain these socioeconomic gradients. (Am J Public Health. 2006;96:152–159.
doi:10.2105/AJPH.2005.061853)
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In developing countries and among re-
cently Westernized populations, a positive
association between SES and cardiovascular
disease risk factors has been reported.9,17–20 It
has been suggested that increases in house-
hold income resulted in greater caloric intake
and physical inactivity and thus increased
obesity and cardiovascular disease risk fac-
tors.21,22 Further clarification of the role of
cardiovascular risk factors in the association
between SES and cardiovascular diseases
will have implications for public health policy
in developing countries. Previous studies of
non-Western populations have not compre-
hensively examined this issue.5–8,18

We examined the association between SES
and myocardial infarction and ischemic and
hemorrhagic strokes by evaluating the role of
cardiovascular risk factors in explaining such
associations among a large cohort of South
Korean men. South Korea—a recently devel-
oped country—experienced rapid socioeco-
nomic growth during the last half century,

after the Korean War (1950–1953). There
has been a 40-fold increment in the gross na-
tional income per capita for the past 30 years
($10000 US dollars in 2000).23 Because of
the time lag between changes in SES and the
consequent changes in risk factors and im-
pact on cardiovascular disease occurrence,
Korea is a model that may predict a future
pattern of cardiovascular disease in develop-
ing countries.

METHODS

To evaluate the association between SES
and cardiovascular diseases, we examined
several types of data: periodic health exami-
nation, SES (determined by monthly salary),
medical service use, death benefits (from the
Korean National Health Service [KNHS]), and
nationwide death reports (from the Korean
National Statistical Office). All data were
linked with each individual’s resident registra-
tion number.

For several decades, socioeconomic status
(SES) has shown consistent inverse associations
with cardiovascular diseases in most industrial-
ized Western countries, where disadvantaged
groups experience a higher risk for cardiovas-
cular diseases.1–4 However, this inverse associa-
tion is not consistently observed in developing
or transitional countries. In contrast, positive as-
sociations—higher risk for cardiovascular dis-
eases among advantaged groups—have been
reported for coronary heart disease5–8 and
stroke8 in Hong Kong, Puerto Rico, and Pak-
istan, and some sub-Saharan African countries.

Lifestyle changes associated with stage of
SES development in any population may ex-
plain the varying associations between SES
and cardiovascular diseases that is observed
between countries.9,10 This hypothesis is sup-
ported by the reversal in the association be-
tween coronary heart disease mortality and
SES observed during the 20th century in
England and Wales11 and the greater decline
in coronary heart disease mortality among
higher SES groups during the latter part of
the century, which has widened the mortality
gap between different SES groups over time.12

Smoking, bad nutrition, and physical inactivity
are potential mechanisms for explaining these
trends,13 because earlier adoption of healthy
behaviors by people who had higher SES may
have caused differential declines in coronary
heart disease. Some researchers have pre-
dicted that an inverse association between
SES and coronary heart disease would emerge
in countries where such an association is not
currently seen.9,14 However, the SES inequity
in risk for cardiovascular diseases is not fully
accounted for by socioeconomic gradients of
classical risk factors in some studies,2,15,16

which suggests additional or alternative path-
ways underlie the association between SES
and cardiovascular diseases.
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Participants
Study participants were Korean male public

servants aged 30 to 58 years who underwent
mandatory periodic KNHS health examina-
tions between March and July 1990. The
KNHS provided all their health insurance.
Public servants aged 59 years or older were
excluded because, according to the law, those
who have lower SES should have retired at
age 59 years, and public servants aged 59
years or older who have relatively higher SES
were not appropriate for an examination of
socioeconomic inequality. Women were not
included because the number of female public
servants was small compared with male public
servants, and there was a different distribution
of age among female public servants.

Among the initial group of 615658 men,
we excluded 36902 men who had either
died or experienced myocardial infarction,
ischemic stroke, or hemorrhagic stroke before
August 1, 1990, (n=176) or whose monthly
salary data (n = 23 593) or other study
variables were missing (n=13133). Thus,
578756 men constituted the study sample.

Assessment of Socioeconomic Status
We assessed SES by monthly salary, which

reflected individual income and occupational
position. We used monthly salary data that
were updated in 1996. We classified study
participants into 4 SES levels according to the
quartile distribution of their monthly salary
in each 1-year age strata, because the grade
of monthly salary was correlated with each
participant’s age (r=0.42; P<.0001). For ex-
ample, a man who was in the lowest quartile
distribution of monthly salary among men his
age was classified into level I SES, and a man
who was in the highest quartile distribution of
monthly salary among men his age was classi-
fied into level IV SES. Level I men aged 30
years earned less than $729 a month, level 1
men aged 58 years earned less than $1241 a
month, level IV men aged 30 years earned
less than $926 a month, and level IV men
aged 58 years earned less than $2036 a
month (all salaries are in US dollars).

Assessment of Cardiovascular Risk
Factors and Other Variables

For each study participant, median values
for height, body weight, blood pressure, fasting

serum glucose, and total cholesterol levels
were calculated with the periodic health exam-
ination data from 1986, 1990, 1992, and
1994. Data obtained after a subject experi-
enced a study outcome event (myocardial in-
farction, ischemic stroke, or hemorrhagic
stroke) were excluded from the calculation of
mean values. At least 95% of study subjects
had these variables evaluated 2 or more times.

We categorized blood pressure (BP) into 3
groups: normal or prehypertension (systolic
BP<140 mmHg and diastolic BP<90 mmHg),
stage 1 hypertension (systolic BP=140–159
mmHg or diastolic BP=90–99 mmHg), and
stage 2 hypertension (systolic BP≥160 mmHg
or diastolic BP≥100 mmHg).24 We categorized
serum total cholesterol into 4 strata (<4.1,
4.1–5.1, 5.2–6.1, ≥6.2 mmol/L). We used 2
categories for fasting glucose level in accor-
dance with World Health Organization crite-
ria25 (<7.0, ≥7.0 mmol/L) and 4 categories
for body mass index (<20.0, 20.0–24.9,
25.0–29.9, ≥30.0 kg/m2).

We divided study subjects into 4 categories
for smoking (never smoked, ex-smoker, smoked
1–19 cigarettes per day, and smoked ≥20 cig-
arettes per day), 3 categories for alcohol intake
(none, often, and frequent), and 2 categories
for physical exercise (regular exercise vs. no ex-
ercise). Data on area of residence were catego-
rized as capital, large city, and other area in ac-
cordance with the administrative district.

Mortality and Morbidity Follow-up for
Myocardial Infarction, Ischemic Stroke,
and Hemorrhagic Stroke

Both fatal and nonfatal events caused by
myocardial infarction, ischemic stroke, and
hemorrhagic stroke that occurred after July 31,
1990, were included in our analysis. We used
International Classification of Diseases, 10th Re-
vision,26 codes to identify myocardial infarction
(121–124), ischemic stroke (163, 167.8), and
hemorrhagic stroke (161). We obtained data
on deaths of study subjects between August 1,
1990, and July 31, 2001, from the Korean Na-
tional Statistical Office’s nationwide death re-
port records and the KNHS’s death benefit rec-
ords. Data on all hospital admissions because
of myocardial infarction, ischemic stroke, and
hemorrhagic stroke between August 1990 and
July 2001 were obtained from KNHS medical
service use data. Easy access to hospital care

for public servants and the 11-year follow-up
period made it very likely that nonfatal myo-
cardial infarction and stroke patients were ad-
mitted to hospitals at some stage of their illness.

Statistical Analysis
Study subjects who were admitted to a hos-

pital or who died as a result of myocardial in-
farction, ischemic stroke, hemorrhagic stroke,
or other causes of death were censored either
on the date of event or on July 31, 2001. We
used the SAS statistical package (SAS Institute
Inc, Cary, NC) to estimate hazard ratios (HR)
for myocardial infarction and stroke subtypes
by SES levels with Cox proportional hazard
regression analysis. We examined the associa-
tion between SES and cardiovascular disease
mortality and SES and nonfatal cardiovascu-
lar disease events separately. In addition to
deaths caused by cardiovascular disease, sub-
jects who had hospital admissions for nonfatal
events but later died of cardiovascular disease
were considered to be cardiovascular disease
deaths. Hospital admissions for nonfatal
events that did not result in a cardiovascular
disease death were considered to be nonfatal
cardiovascular disease events.

To assess the association between SES and
cardiovascular risk factors, we repeated the
analysis with models that did and did not ad-
just for cardiovascular risk factors. Because
we assessed SES with data from 1996, we re-
peatedly evaluated the association between
SES and cardiovascular disease mortality and
SES and nonfatal cardiovascular disease with
both exclusion and inclusion of those subjects
who were censored before SES assessment.

To evaluate the modification of the associa-
tion between SES and cardiovascular disease by
cardiovascular risk factor, we conducted strati-
fied analyses with the presence and the absence
of any cardiovascular risk factors (total choles-
terol ≥6.2 mmol/L, glucose ≥7.0 mmol/L,
blood pressure ≥140/90 mmHg, body mass
index ≥ 25 kg/m2, and current smoking). We
also examined whether SES–risk factor inter-
action was associated with myocardial infarc-
tion, ischemic stroke, and hemorrhagic stroke
by including product interaction terms into
models with the 2 variables. The product term
was calculated by multiplying the presence of a
risk factor and SES categorized as an ordinal
variable.
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TABLE 1—Cardiovascular Risk Factor Distribution, by Socioeconomic Status: Korean Male
Public Servants, 1990–2001

Level of Socioeconomic Status

I (Lowest) II III IV (Highest)

Subjects, no. 158 769 156 562 167 396 96 029

Cholesterol (mmol/L), %

< 4.1 21.4 19.1 18.8 18.7

4.1–5.1 43.7 43.4 44.2 43.8

5.2–6.1 25.4 26.9 26.8 27.5

≥ 6.2 9.5 10.6 10.2 10.0

Systolic/diastolic blood pressure (mmHg), %

< 140 and < 90 62.2 63.7 65.2 66.7

140–159 or 90–99 29.4 28.2 27.1 26.4

≥ 160 or ≥ 100 8.4 8.1 7.7 7.0

Body mass index (kg/m2), %

< 20 9.2 7.0 7.4 7.6

20–24 70.3 66.5 67.4 68.0

25–29 19.8 25.6 24.5 23.8

≥ 30 0.7 0.9 0.8 0.7

Glucose (mmol/L), %

< 7.0 96.4 95.8 96.5 97.2

≥ 7.0 3.6 4.2 3.5 2.8

Smoking status, %

Never 22.0 25.4 29.5 31.7

Former 12.8 14.4 15.2 16.0

Current (< 20 cigarettes/day) 48.9 41.2 40.0 39.0

Current ( ≥ 20 cigarettes/day) 16.4 18.9 15.2 14.3

Risk factors,a %

No 15.5 17.1 20.1 22.6

Yes 84.5 82.9 79.9 77.4

Number of risk factorsb

1–2 87.4 85.2 86.7 87.7

3–5 12.6 14.8 13.3 12.3

a Total cholesterol ≥ 6.2 mmol/L, glucose ≥ 7.0 mmol/L, blood pressure ≥ 140/90 mmHg, body mass index ≥ 25 kg/m2, or
current smoker.
bDistribution after excluding subjects who did not have risk factors.

To examine case-fatality of different SES
groups admitted to a hospital with myocardial
infarction, ischemic stroke, or hemorrhagic
stroke, we performed logistic regression anal-
ysis with and without the cardiovascular risk
factors included in the models. All tests were
2-sided, and the level of statistical significance
was set at P=0.05.

RESULTS

The cohort comprised 6204326 person-
years of follow-up. During a mean 10.7 years

(SD=1.3) of follow-up, there were 3881 my-
ocardial infarction, 5573 ischemic stroke, and
3079 hemorrhagic stroke cases, which gave
us crude incidence rates of 0.63, 0.90, and
0.50 per 1000 person-years, respectively.

Table 1 shows the mixed patterns of risk
factor distributions according to the SES
level. Elevated blood pressure and current
smoking tended to decrease with an incre-
ment in SES, and total cholesterol level, body
mass index, and fasting blood glucose levels
showed somewhat inconsistent patterns. Al-
though the proportion of subjects who had

any of the risk factors increased with lower
SES, the proportion that had more than 2 of
the risk factors was higher among men in
the mid-SES level than among men in the
lowest or the highest SES levels.

Table 2 shows the HRs for cardiovascular
disease mortality associated with SES. There
was a consistent inverse association indepen-
dent of cardiovascular risk factors between
SES and mortality from myocardial infarc-
tion, ischemic stroke, and hemorrhagic stroke
in both unstratified and stratified models.
However, the inverse association between
SES and mortality from ischemic stroke was
stronger among men who did not have ele-
vated cardiovascular disease risk factors,
which is shown by the larger trend per incre-
ment in SES. The HR was 0.54 (95% confi-
dence interval [CI]=0.39, 0.74) among
those who did not have risk factors versus
0.78 (95% CI=0.72, 0.84) among those
who had 1 or more risk factors. Adjustment
for the cardiovascular risk factors in the un-
stratified analysis (model 3) did not attenuate
the age-adjusted associations (model 1) or
the age, height, exercise, alcohol, and area of
residence adjusted HRs (model 2). Analysis
after the exclusion of subjects who were cen-
sored before monthly salary data were up-
dated (first 6 years of follow-up) did not re-
sult in materially different findings (data not
shown).

Table 3 and Figure 1 show the HRs for
nonfatal cardiovascular disease events associ-
ated with SES. These associations were not
consistent between the disease categories or
between the overall and stratified models. In
overall models, SES showed a weak positive
association with myocardial infarction (trend
in cardiovascular-adjusted HR=1.04; 95%
CI=1.01, 1.08), and there was no association
with ischemic stroke (HR=1.02; 95% CI=
0.99, 1.05) and an inverse association with
hemorrhagic stroke (HR=0.96, 95% CI=
0.91, 1.00). Analysis after the exclusion of
subjects who were censored before 1996 did
not result in materially different findings (data
not shown). In stratified models, an inverse
but not significant association between SES
and nonfatal myocardial infarction events was
observed among men who did not have car-
diovascular risk factors, and a positive associ-
ation was observed among men who had risk
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TABLE 2—Adjusted Hazard Ratios (95% Confidence Intervals) for Mortality From Myocardial Infarction,
Ischemic Stroke, and Hemorrhagic Stroke in Overall and in Stratified Models, by Level of Socioeconomic Status:
Korean Male Public Servants, 1990–2001

Level of Socioeconomic Status

I (Lowest) II III IV (Highest) Trenda

Myocardial infarction (N = 1117)

Overall modelb

Model 1 1 0.81 (0.69, 0.94) 0.72 (0.62, 0.84) 0.69 (0.57, 0.83) 0.87 (0.83, 0.93)

Model 2 1 0.80 (0.69, 0.93) 0.72 (0.62, 0.85) 0.70 (0.58, 0.85) 0.88 (0.83, 0.93)

Model 3 1 0.81 (0.69, 0.94) 0.77 (0.66, 0.89) 0.75 (0.62, 0.91) 0.90 (0.85, 0.96)

Stratified modelc by the number of risk 

factors (RF)d for each subject (interactione

P = 0.4360)

RF = 0 1 0.64 (0.36, 1.11) 0.55 (0.32, 0.95) 0.65 (0.35, 1.20) 0.84 (0.69, 1.02)

RF ≥ 1 1 0.82 (0.70, 0.97) 0.76 (0.65, 0.89) 0.73 (0.59, 0.89) 0.89 (0.84, 0.95)

Ischemic stroke (N = 785)

Overall modelb

Model 1 1 0.69 (0.58, 0.82) 0.56 (0.47, 0.67) 0.41 (0.32, 0.54) 0.75 (0.70, 0.80)

Model 2 1 0.69 (0.58, 0.83) 0.57 (0.48, 0.68) 0.42 (0.32, 0.55) 0.75 (0.70, 0.81)

Model 3 1 0.67 (0.56, 0.80) 0.59 (0.49, 0.71) 0.44 (0.34, 0.58) 0.77 (0.71, 0.83)

Stratified modelc by the number of risk 

factors (RF)d for each subject (interaction 

P = 0.0267

RF = 0 1 0.54 (0.26, 1.12) 0.26 (0.12, 0.60) 0.19 (0.05, 0.63) 0.54 (0.39, 0.74)

RF ≥ 1 1 0.71 (0.59, 0.85) 0.61 (0.51, 0.74) 0.46 (0.35, 0.61) 0.78 (0.72, 0.84)

Hemorrhagic stroke (N = 1312)

Overall modelb

Model 1 1 0.71 (0.62, 0.82) 0.60 (0.52, 0.69) 0.52 (0.44, 0.63) 0.80 (0.75, 0.84)

Model 2 1 0.74 (0.64, 0.85) 0.63 (0.55, 0.73) 0.57 (0.47, 0.69) 0.82 (0.77, 0.86)

Model 3 1 0.76 (0.66, 0.88) 0.68 (0.59, 0.78) 0.63 (0.52, 0.76) 0.85 (0.80, 0.89)

Stratified modelc by the number of risk 

factors (RF)d for each subject (interactione

P = 0.9573)

RF = 0 1 0.82 (0.43, 1.56) 0.35 (0.16, 0.75) 0.84 (0.41, 1.71) 0.83 (0.65, 1.06)

RF ≥ 1 1 0.74 (0.64, 0.85) 0.67 (0.58, 0.77) 0.58 (0.48, 0.70) 0.83 (0.78, 0.88)

aFor the increment of socioeconomic status to the next higher level.
bIn model 1, age was adjusted. In model 2, age, height, physical exercise, alcohol consumption, and area of residence were adjusted. In model 3, cardiovascular risk factor profiles (smoking status,
cholesterol level, glucose level, body mass index, and blood pressure level) were added to model 2.
cAge, height, physical exercise, alcohol consumption, and area of residence were adjusted.
d Total cholesterol ≥ 6.2 mmol/L, glucose ≥ 7.0 mmol/L, blood pressure ≥ 140/90 mmHg, body mass index ≥ 25 kg/m2, or current smoker.
eProduct term for the interaction test was calculated by multiplying the presence of a risk factor and socioeconomic status categorized as an ordinal variable.

factors. For hemorrhagic stroke, the inverse
association was stronger among men who did
not have cardiovascular risk factors. The
SES–risk factor interaction was statistically
significant for myocardial infarction and hem-
orrhagic stroke. Because inconsistent findings
were observed for SES associations with car-
diovascular disease mortality and nonfatal
cardiovascular disease events, the possibility

that SES was differentially associated with
case-fatality and cardiovascular disease inci-
dence was examined. In logistic regression
model, the odds for case-fatality among men
who had been admitted to a hospital for myo-
cardial infarction, ischemic stroke, or hemor-
rhagic stroke were inversely associated with
SES (Table 4, model 1) and did not change
after adjustment for risk factors (model 3).

DISCUSSION

The associations between SES and cardio-
vascular risk factors among our cohort of
Korean male public servants were not the
same as those in Western populations, which is
similar to results from previous studies con-
ducted in less developed countries.19,20 Among
Western populations, where consistent inverse
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TABLE 3—Adjusted Hazard Ratios (95% Confidence Intervals) for Nonfatal Events of Myocardial Infarction,
Ischemic Stroke, and Hemorrhagic Stroke in Overall and in Stratified Models, by Level of Socioeconomic Status:
Korean Male Public Servants, 1990–2001

Level of Socioeconomic Status

I (Lowest) II III IV (Highest) Trenda

Myocardial infarction (N = 2764)

Overall modelb

Model 1 1 1.23 (1.11, 1.36) 1.16 (1.05, 1.29) 1.02 (0.90, 1.15) 1.01 (0.98, 1.05)

Model 2 1 1.25 (1.13, 1.39) 1.18 (1.07, 1.31) 1.05 (0.93, 1.20) 1.02 (0.99, 1.06)

Model 3 1 1.22 (1.10, 1.35) 1.22 (1.10, 1.35) 1.11 (0.98, 1.26) 1.04 (1.01, 1.08)

Stratified modelc by the number of risk 

factors (RF)d for each subject 

(interactione P=0.0136)

RF = 0 1 1.02 (0.68, 1.54) 0.81 (0.54, 1.21) 0.75 (0.46, 1.23) 0.90 (0.77, 1.04)

RF ≥ 1 1 1.29 (1.16, 1.43) 1.26 (1.13, 1.40) 1.13 (0.99, 1.29) 1.05 (1.01, 1.09)

Ischemic stroke (N = 4849)

Overall modelb

Model 1 1 1.10 (1.02, 1.19) 1.05 (0.98, 1.13) 0.95 (0.86, 1.04) 0.99 (0.96, 1.02)

Model 2 1 1.12 (1.03, 1.21) 1.09 (1.01, 1.17) 1.00 (0.91, 1.10) 1.01 (0.98, 1.03)

Model 3 1 1.08 (1.00, 1.17) 1.11 (1.02, 1.19) 1.03 (0.94, 1.14) 1.02 (0.99, 1.05)

Stratified modelc by the number of risk 

factors (RF)d for each subject 

(interactione P=0.5434)

RF = 0 1 0.99 (0.71, 1.37) 1.00 (0.74,1.37) 0.97 (0.67, 1.39) 0.99 (0.89, 1.11)

RF ≥ 1 1 1.14 (1.05, 1.23) 1.12 (1.04, 1.21) 1.05 (0.95, 1.15) 1.02 (0.99, 1.05)

Hemorrhagic stroke (N = 1811)

Overall modelb

Model 1 1 0.96 (0.85, 1.08) 0.82 (0.72, 0.92) 0.81 (0.70, 0.94) 0.92 (0.88, 0.96)

Model 2 1 1.01 (0.89, 1.14) 0.87 (0.77, 0.99) 0.89 (0.76, 1.03) 0.95 (0.91, 0.99)

Model 3 1 1.00 (0.88, 1.13) 0.89 (0.78, 1.01) 0.91 (0.78, 1.05) 0.96 (0.91, 1.00)

Stratified modelc by the number of risk 

factors (RF)d for each subject 

(interactione P=0.0290)

RF = 0 1 0.86 (0.55, 1.35) 0.50 (0.31, 0.81) 0.69 (0.41, 1.16) 0.82 (0.69, 0.97)

RF ≥ 1 1 1.03 (0.91, 1.17) 0.93 (0.82, 1.06) 0.94 (0.80, 1.10) 0.97 (0.93, 1.02)

aFor the increment of socioeconomic status to the next higher level.
bIn model 1, age was adjusted. In model 2, age, height, physical exercise, alcohol consumption, and area of residence were adjusted. In model 3, cardiovascular risk factor profiles (smoking status,
cholesterol level, glucose level, body mass index, and blood pressure level) were added to model 2.
cAge, height, physical exercise, alcohol consumption, and area of residence were adjusted.
dTotal cholesterol ≥ 6.2 mmol/L, glucose ≥ 7.0 mmol/L, blood pressure ≥ 140/90 mmHg, body mass index ≥ 25 kg/m2, or current smoker.
eProduct term for the interaction test was calculated by multiplying the presence of a risk factor and socioeconomic status categorized as an ordinal variable.

associations between SES and cardiovascular
disease have been found, SES also has been
inversely associated with risk factor profiles,27,28

which might explain at least some of the in-
verse SES and cardiovascular disease gradient.
In our study, body mass index and blood cho-
lesterol were more adverse, and blood pres-
sure and smoking habits tended to be better,
among subjects who had higher SES.

However, in spite of the mixed profiles of
socioeconomic gradients in cardiovascular
risk factors, SES had inverse associations with
mortality from myocardial infarction, ischemic
stroke, and hemorrhagic stroke, and adjust-
ment for cardiovascular risk factors and fur-
ther examination of the role of risk factors
by stratified analysis did not change the asso-
ciation of SES with cardiovascular diseases.

These findings support previous reports that
the association between SES and cardiovascu-
lar diseases might not be fully mediated by
socioeconomic inequality in the cardiovascu-
lar risk factor profile.2,15,16

Previous studies of SES and cardiovascular
diseases have not separately examined the as-
sociations of SES with cardiovascular disease
mortality and nonfatal cardiovascular disease
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Note. RF = risk factors.
aI = lowest; IV = highest.

FIGURE 1—Adjusted hazard ratio for nonfatal events of (a) myocardial infarction,
(b) ischemic stroke, and (c) hemorrhagic stroke by level of socioeconomic status and
stratified by presence and absence of major cardiovascular risk factors.

events. Although our findings of different as-
sociations between SES and cardiovascular
disease mortality and SES and nonfatal car-
diovascular disease events require confirma-
tion in other studies, it is clear that there was
a discrepancy between the observed associa-
tion between SES and cardiovascular disease

mortality and SES and cardiovascular disease
morbidity, and the degree of discrepancy was
different by disease categories.

Our finding of an inverse association be-
tween SES and cardiovascular disease case-
fatality among men who were admitted to a
hospital for cardiovascular disease diagnoses

suggests that variation in quality of medical
care, despite national health insurance for all
SES groups, might explain the differences in
the associations observed with each cardio-
vascular disease outcome. Some studies have
suggested that the inequality in accessibility
or effective use of medical services before or
after the occurrence of cardiovascular disease
may contribute to the socioeconomic inequal-
ity in cardiovascular diseases.29,30 Men who
have higher SES might be expected to receive
medical service more easily and quickly (and
perhaps get better quality care) at the onset
of cardiovascular disease symptoms. Presence
of any risk factor might have made higher-
SES men more alert to even mild symptoms
of cardiovascular disease, and thus they had
a higher prevalence of morbidity but better
survival and lower mortality than lower-SES
groups. Contrasting associations of SES with
myocardial infarction mortality (inverse) and
nonfatal myocardial infarction events (posi-
tive) among men who had any cardiovascular
risk factors supports this explanation.

Differences between SES associations with
mortality and nonfatal events were more
marked for myocardial infarction and ischemic
stroke than for hemorrhagic stroke. Both myo-
cardial infarction and ischemic stroke survival
may be improved by earlier diagnosis and in-
tervention, but this is less likely for hemor-
rhagic stroke, which often has sudden onset
and is unlikely to be markedly influenced by
medical care. Consequently, it is plausible that
some of the SES gradient in risk for cardiovas-
cular disease mortality is explained by SES
variation in access to and quality of medical
care. However, because we could not examine
the association between SES and cardiovascu-
lar diseases according to the severity of the
cardiovascular disease or by the difference in
recognition of cardiovascular risk factors across
SES groups, further investigation is needed to
determine whether medical care factors are re-
sponsible for our findings.

The similarity of ischemic stroke and myo-
cardial infarction and their associations with
SES is congruent with the similarity of ische-
mic stroke and coronary heart disease time
trends compared with hemorrhagic stroke. We
have shown that ischemic stroke time trends
are very similar to coronary heart disease time
trends within Britain, and hemorrhagic stroke
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TABLE 4—Adjusted Hazard Ratios (95% Confidence Intervals [CIs]) for Risk of Subsequent
Death Among Men Admitted to Hospitals for Cardiovascular Diseases, by Level of
Socioeconomic Status: Korean Male Public Servants, 1990–2001

Level of Socioeconomic Status

Modela I (Lowest) II III IV (Highest) Trendb

Myocardial infarction 

(n=211/2975)c

Model 1 1 0.85 (0.60, 1.22) 0.64 (0.44, 0.93) 0.64 (0.39, 1.04) 0.83 (0.72, 0.96)

Model 3 1 0.86 (0.59, 1.24) 0.65 (0.44, 0.96) 0.67 (0.41, 1.11) 0.85 (0.73, 0.98)

Ischemic stroke 

(n = 580/6102)c

Model 1 1 0.74 (0.59, 0.92) 0.57 (0.46, 0.72) 0.49 (0.36, 0.67) 0.77 (0.71, 0.85)

Model 3 1 0.73 (0.59, 0.92) 0.57 (0.45, 0.72) 0.48 (0.35, 0.67) 0.77 (0.71,0.85)

Hemorrhagic stroke 

(n=691/2911)c

Model 1 1 0.74 (0.59, 0.92) 0.78 (0.63, 0.98) 0.68 (0.51, 0.91) 0.89 (0.82, 0.97)

Model 3 1 0.75 (0.59, 0.94) 0.78 (0.62, 0.98) 0.71 (0.53, 0.96) 0.90 (0.82, 0.98)

aIn model 1, age was adjusted in the logistic regression model. In model 3, age, height, physical exercise, alcohol
consumption, area of residence, and cardiovascular risk factor profiles (smoking status, cholesterol level, glucose level, body
mass index, and blood pressure level) were adjusted.
bFor the increment of socioeconomic position to next higher level.
cNumber of events, death per admission.

has shown long-term consistent declines.31

Other evidence suggests that risk factors for is-
chemic stroke are very similar to those for
coronary heart disease, whereas risk factors
for hemorrhagic stroke differ. For example,
blood pressure is a stronger predictor of hem-
orrhagic than ischemic stroke,32 and circulat-
ing cholesterol level is positively associated
with ischemic stroke and coronary heart dis-
ease but shows no consistent association with
hemorrhagic stroke.33 Hemorrhagic stroke
shows a stronger influence of childhood SES
(indexed by father’s social class or number of
siblings34 or height35,36) than coronary heart
disease or ischemic stroke do.

Strengths and Limitations of the Study
The major strength of our study was the

wide range of risk factor data and the large
number of myocardial infarction and ischemic
and hemorrhagic stroke events, which made
it possible to evaluate the association be-
tween SES and cardiovascular diseases with
sufficient statistical power in the subgroup
analyses.

However, some potential limitations need
to be considered. Although we had no direct
comparison data on income levels, the mean

level of monthly health insurance premium
per the insured, which can be a proxy of in-
come level, was higher for public servants
($15.40) than for private-sector employees
($11.50) or the self-employed ($12.80) in
1990.37 Examining socioeconomic inequality
among a cohort of male civil servants might
have underestimated cardiovascular disease
risk differentials compared with a study of the
general population, because the poorest peo-
ple were excluded from our sample. We also
could not examine socioeconomic inequality
among women.

We do not believe that inadequate mea-
surement of SES explains our results, because
a previous Korean cohort study that used
monthly salary as an indicator of SES showed
socioeconomic mortality differentials for sev-
eral causes of death in accordance with other
studies.38

Inaccurate diagnosis of myocardial infarc-
tion and stroke subtype might have caused
misclassification bias. Although we did not
perform an independent validation of morbid-
ity data sources, a study that used the same
KNHS data showed a diagnostic accuracy of
83.4% for ischemic stroke,39,40 85.7% for
hemorrhagic stroke, and 85.6% for myocar-

dial infarction.39 In those studies with the
same cohort (N=15600 male public ser-
vants), 626 stroke and 258 myocardial in-
farction medical insurance claims filed be-
tween 1993 and 1997 were evaluated.

Because we examined outcome events with
death data and hospitalization data, outpa-
tient cases were not examined. Therefore, the
generalizability of our results is limited to all
myocardial infarction and stroke patients, in-
cluding undiagnosed or outpatient cases. We
could not adjust for hypertension, hyperlipi-
demia, and diabetes medicine use. However,
we tried to reduce possible bias by averaging
the values of blood pressure, cholesterol, glu-
cose, and weight, which were measured re-
peatedly between 1986 and 1994.

Our study could not examine whether
other unmeasured risk factors or mecha-
nisms—including adult or childhood psychoso-
cial environmental effects, conventional car-
diovascular risk factors earlier in life, or other
biological factors (e.g., hemostatic function)—
mediated the inverse association between
SES and cardiovascular diseases among men
who did not have risk factors.

Conclusions
Unfavorable SES increased the risk for car-

diovascular disease mortality, and the associa-
tion was independent of the cardiovascular
risk factor measured. However, the different
associations between SES and nonfatal car-
diovascular disease events, according to the
presence or the absence of cardiovascular
risk factors, suggests that the presence of risk
factors may modify the risk for cardiovascular
disease events. Significantly reduced case-
fatality after admission to a hospital among
men who had higher SES suggests that in-
equality in medical service use may have
partly contributed to the socioeconomic in-
equality in cardiovascular disease mortality.
To prevent the anticipated socioeconomic in-
equality in burden of cardiovascular diseases
in countries where socioeconomic disparity in
cardiovascular risk factor distribution is not
distinct, further research is needed to eluci-
date and eliminate modifiable mechanisms
between SES and cardiovascular disease,
such as inequality in medical service use,
while not neglecting the role of traditional
cardiovascular risk factors.
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