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Objectives: This study aimed to analyze long-term trends in the contribution of each cause of death to socioeconomic
inequalities in all-cause mortality among Korean adults.
Methods: Data were collected from death certificates between 1990 and 2004 and from censuses in 1990, 1995, and
2000. Age-standardized death rates by gender were produced according to education as the socioeconomic position
indicator, and the slope index of inequality was calculated to evaluate the contribution of each cause of death to
socioeconomic inequalities in all-cause mortality.
Results: Among adults aged 25-44, accidental injuries with transport accidents, suicide, liver disease and
cerebrovascular disease made relatively large contributions to socioeconomic inequalities in all-cause mortality, while,
among adults aged 45-64, liver disease, cerebrovascular disease, transport accidents, liver cancer, and lung cancer did
so. Ischemic heart disease, a very important contributor to socioeconomic mortality inequality in North America and
Western Europe, showed a very low contribution (less than 3%) in both genders of Koreans.
Conclusions: Considering the contributions of different causes of death to absolute mortality inequalities, establishing
effective strategies to reduce socioeconomic inequalities in mortality is warranted.
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INTRODUCTION
Many empirical studies have reported socioeconomic
inequalities in mortality in Korea. Although there are
differences in the size and pattern of mortality
inequalities depending on the cause of death, research
results consistently show that the lower the
socioeconomic position (SEP), the higher the risk of
total mortality regardless of age and sex [1-5]. In 2005,
the risk of death for 20- to 64-year-olds with an
elementary school education or less was significantly
greater than for those with an undergraduate education
or more: 6.3 times higher among men, and 4.9 times
higher among women [6]. In order to improve
socioeconomic health inequalities, more aggressive
strategic intervention is required, and various strategies
are being tried in the United Kingdom, Sweden, and the
Netherlands [7,8]. In Korea, since 2005, “enhancement
of health equity” along with “extension of healthy life
expectancy” has been suggested as an overarching goal
of the Ministry of Health and Welfare based on a 2003
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report titled Health Plan 2010 [9]. However, specific
strategies or assignment selection are not sufficient to
achieve this goal.
In order to effectively decrease socioeconomic
inequalities in mortality, it is important to acknowledge
how much various causes of death contribute to the
socioeconomic mortality inequalities [10-12]. Research
on the contribution of causes of death to total inequalities
in mortality can suggest a basis for specific intervention
points. However, there are few studies that shed light on
this topic [13]. Although a recent report did assess the
contribution of causes of death to mortality inequalities
in Korea, the study could neither include the entire
Korean population nor address long-term tendencies
[13].
In Western countries, many studies have investigated
the contribution of causes of death to socioeconomic
inequalities in mortality. Kunst et al. [12] showed that
the contribution of ischemic heart disease was
substantial in northern European countries such as
England, Wales, Ireland, Finland, Sweden, Norway,
Denmark, and so on, but not in southern European and
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Table 1. Causes of death used in this study
KSCD codes

Terms in KSCD

Terms in this study

A15-A19
C16
C22
C34
C50
E10-E14
I20-I25
I60-I69
K70-K76
V01-V99
W00-X59
X60-X84

Tuberculosis
Malignant neoplasm of stomach
Malignant neoplasm of liver and intrahepatic bile ducts
Malignant neoplasm of bronchus and lung
Malignant neoplasm of breast
Diabetes mellitus
Ischemic heart diseases
Cerebrovascular diseases
Diseases of liver
Transport accidents
Other external causes of accidental injury
Intentional self-harm

Tuberculosis
Gastric cancer
Liver cancer
Lung cancer
Breast cancer
Diabetes mellitus
Ischemic heart diseases
Cerebrovascular diseases
Liver diseases
Transport accidents
Other accidental injuries
Suicides

KSCD: Korean Standard Classification of Diseases and Causes of Death. Other external causes of accidental injury [W00-X59] include falls, exposure
to inanimate mechanical forces, exposure to animate mechanical forces, accidental drowning and submersion, other accidental threats to breathing,
exposure to electric current, radiation and extreme ambient air temperature and pressure, exposure to smoke, fire and flames, contact with heat and hot
substances, contact with venomous animals and plants, exposure to forces of nature, accidental poisoning by and exposure to noxious substances,
overexertion, travel and privation, and accidental exposure to other and unspecified factors.

Table 2. Census population and number of deaths by socioeconomic position indicators in men and women aged
25 - 44 and 45 - 64
1990-1994
Census
population in
Deaths
1990
Men
Total
25-44 years old
Subtotal
Elementary or less
Middle or high
College or higher
45-64 years old
Subtotal
Elementary or less
Middle or high
College or higher
Women
Total
25-44 years old
Subtotal
Elementary or less
Middle or high
College or higher
45-64 years old
Subtotal
Elementary or less
Middle or high
College or higher

10 616 834 (100.0)

1995-1999
Census
population in
Deaths
1995

2000-2004
Census
population in
Deaths
2000

338 501 (100.0 11 790 947 (100.0)

347 501 (100.0) 12 744 927 (100.0)

7 266 188 (100.0)
701 455 (9.7)00
4 772 227 (65.7)0
1 792 506 (24.7)0

107 870 (100.0)
37 742 (35.0)0
59 045 (54.7)0
11 083 (10.3)0

7 904 817 (100.0)
409 004 (5.2)00
4 838 918 (61.2)0
2 656 895 (33.6)0

107 673 (100.0)
28 712 (26.7)0
64 585 (60.0)0
14 376 (13.4)0

8 269 651 (100.0)
280 158 (3.4)00
4 687 879 (56.7)0
3 301 614 (39.9)0

89 932 (100.0)
17 437 (19.4)0
56 505 (62.8)0
15 990 (17.8)0

3 350 646 (100.0)
1 321 312 (39.4)0
1 559 604 (46.5)0
469 730 (14.0)0

230 631 (100.0)
129 483 (56.1)0
82 018 (35.6)0
19 130 (8.3)00

3 886 130 (100.0)
1 163 736 (29.9)0
2 054 713 (52.9)0
667 681 (17.2)0

239 828 (100.0)
114 722 (47.8)0
102 522 (42.7)0
22 584 (9.4)00

4 475 276 (100.0)
1 057 498 (23.6)0
2 553 856 (57.1)0
863 922 (19.3)0

232 682 (100.0)
97 712 (42.0)0
110 889 (47.7)0
24 081 (10.3)0

138 593 (100.0) 12 679 934 (100.0)

124 326 (100.0)

10 629 433 (100.0)

143 752 (100.0) 11 711 815 (100.0)

322 614 (100.0)

7 014 159 (100.0)
1 262 816 (18.0)0
4 855 967 (69.2)0
895 376 (12.8)0

38 018 (100.0)
16 199 (42.6)0
19 236 (50.6)0
2583 (6.8)00

7 663 753 (100.0)
701 041 (9.1)00
5 400 186 (70.5)0
1 562 526 (20.4)0

37 937 (100.0)
11 022 (29.1)0
22 987 (60.6)0
3928 (10.4)0

8 099 255 (100.0)
412 888 (5.1)00
5 381 273 (66.4)0
2 305 094 (28.5)0

33 969 (100.0)
6935 (20.4)0
22 013 (64.8)0
5021 (14.8)0

3 615 274 (100.0)
2 590 140 (71.6)0
931 079 (25.8)0
94 055 (2.6)00

105 734 (100.0)
87 251 (82.5)0
16 994 (16.1)0
1489 (1.4)00

4 048 062 (100.0)
2 422 390 (59.8)0
1 441 136 (35.6)0
184 536 (4.6)00

100 656 (100.0)
75 806 (75.3)0
22 639 (22.5)0
2211 (2.2)00

4 580 679 (100.0)
2 196 374 (47.9)0
2 084 791 (45.5)0
299 514 (6.5)00

90 357 (100.0)
60 283 (66.7)0
27 065 (30.0)0
3009 (3.3)00

Mediterranean countries. This difference is referred to as
the north-south gradient. Huisman et al. [11] found the
contribution of cardiovascular disease to total death
inequality by education to be high in eight countries as
well. Even in the research done by Scania of Sweden,
cardiovascular disease inequality accounted for more than
50% of the differential in total deaths [10]. Mackenbach et
al. [14] stated that unlike in northern European countries,
cancer makes a large contribution in southern European
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countries, and accidents make a large contribution in
Eastern Europe. Research on the New Zealand population
[15] showed a greater contribution by cardiovascular
disease and a lower contribution by cancer.
Because the contributions of various causes of death to
total deaths in Korea are different than in other countries,
it is predicted that the contribution of causes of death to
socioeconomic inequalities is also different. This study
aimed to analyze long-term trends in the contribution of
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Table 3. Age-adjusted mortality rates per 5 years per 100 000 people and proportions of cause-specific mortality
in all-cause mortality among Korean men aged 25-44 and 45-64
Diseases
25-44 years old
Total
Transport accidents
Liver diseases
Other accidental injuries
Liver cancer
Cerebrovascular diseases
Suicides
Gastric cancer
Tuberculosis
Ischemic heart diseases
Diabetes mellitus
Lung cancer
45-64 years old
Total
Transport accidents
Liver diseases
Other accidental injuries
Liver cancer
Cerebrovascular diseases
Suicides
Gastric cancer
Tuberculosis
Ischemic heart diseases
Diabetes mellitus
Lung cancer

1990-1994
AMR (95% CI)

1995-1999
%

2000-2004

AMR (95% CI)

%

AMR (95% CI)

%

1637.8 (1627.7, 1647.9)
1295.7 (291.6, 299.8)
1236.2 (232.2, 240.1)
1224.4 (220.7, 228.0)
1105.0 (102.3, 107.6)
1190.8 (88.3, 93.2)
1172.2 (70.2, 74.2)
1164.2 (62.2, 66.3)
1150.2 (48.4, 52.0)
1145.5 (43.8, 47.2)
1128.4 (27.0, 29.7)
1126.1 (24.8, 27.5)

100.0
18.1
14.4
13.7
6.4
5.5
4.4
3.9
3.1
2.8
1.7
1.6

1454.9 (1446.0, 1463.8)
1266.3 (262.6, 269.9)
1192.9 (189.6, 196.2)
1153.4 (150.6, 156.2)
1185.4 (83.2, 87.7)
1177.1 (75.0, 79.2)
1129.1 (126.6, 131.7)
1148.2 (46.5, 49.8)
1133.1 (31.8, 34.5)
1138.9 (37.4, 40.4)
1130.5 (29.2, 31.9)
1123.7 (22.5, 24.8)

100.0
18.3
13.3
10.5
5.9
5.3
8.9
3.3
2.3
2.7
2.1
1.6

1112.3 (1105.0, 1119.6)
1145.5 (142.9, 148.1)
1136.6 (134.0, 139.1)
1193.3 (91.1, 95.4)
1170.6 (68.8, 72.5)
1165.8 (64.0, 67.6)
1145.4 (142.8, 148.1)
1139.4 (38.0, 40.8)
1121.6 (20.6, 22.6)
1143.1 (41.6, 44.5)
1126.9 (25.8, 28.1)
1119.7 (18.7, 20.7)

100.0
13.1
12.3
8.4
6.3
5.9
13.1
3.5
1.9
3.9
2.4
1.8

6867.1 (6838.8, 6895.4)
1392.2 (385.4, 398.9)
1818.6 (808.8, 828.3)
1342.9 (336.6, 349.3)
1636.7 (628.1, 645.3)
1852.3 (842.3, 862.3)
1193.6 (90.3, 96.9)
1572.3 (564.1, 580.4)
1197.5 (192.7, 202.3)
1175.5 (170.9, 180.0)
1226.8 (221.6, 231.9)
1396.8 (390.0, 403.6)

100.0
5.7
11.9
5.0
9.3
12.4
1.4
8.3
2.9
2.6
3.3
5.8

5948.3 (5924.4, 5972.3)
1382.0 (375.8, 388.1)
1680.4 (672.2, 688.6)
1249.5 (244.5, 254.5)
1552.2 (544.9, 559.5)
1692.7 (684.6, 700.8)
1169.8 (165.7, 174.0)
1421.8 (415.5, 428.2)
1128.1 (124.6, 131.6)
1221.7 (217.0, 226.3)
1251.9 (247.0, 256.8)
1399.0 (392.9, 405.1)

100.0
6.4
11.4
4.2
9.3
11.6
2.9
7.1
2.2
3.7
4.2
6.7

5024.0 (5003.5, 5044.6)
1249.8 (245.2, 254.4)
1504.4 (497.8, 511.0)
1187.0 (183.0, 191.0)
1506.5 (500.0, 513.1)
1551.6 (544.8, 558.3)
1237.9 (233.4, 242.4)
1328.4 (323.2, 333.6)
1182.2 (79.6, 84.9)
1255.5 (250.8, 260.1)
1255.6 (251.0, 260.2)
1372.4 (366.9, 378.0)

100.0
5.0
10.0
3.7
10.1
11.0
4.7
6.5
1.6
5.1
5.1
7.4

AMR: age-adjusted mortality rate, CI: confidence interval.

each cause of death to socioeconomic inequalities in allcause mortality among Korean adults, using absolute
and relative inequality measures.

deaths in the 45-64 age group totaled 999 888 (70.3%
men and 29.7% women).

II. SEP Indicator

METHODS
I. Research Data and Subjects
This study utilized death certificate data and the
national census data provided by the National Statistical
Office. In order to explore the trends from 1990 to 2004,
the authors used death data from all of those years,
inclusive, as well as census data from the years 1990,
1995, and 2000. The subjects were divided into two age
groups- 25-44 years old and 45-64 years old-based on
their ages when the national census took place.
Excluding those whose level of education and age are
unknown, the 25 - 44 age group during this period
included a total of 46 217 823 people (50.7% men and
49.3% women), and the 45-64 age group consisted of
23 950 067 people (48.9% men and 51.1% women).
Deaths in the 25-44 age group between 1990 and 2004
totaled 415 399 (73.5% men and 26.5% women), while

Level of education was used as the SEP indicator.
Because the levels of education in the death data between
1990 and 1992 were marked as “nonattendance”
“elementary school graduate” “middle and high school
graduate” and “college or higher” only, we could not
distinguish between middle school-only graduates and
high school graduates. Therefore, the subjects in this study
are classified as “elementary school graduate or less”
“middle school or high school graduate” and “college
graduate or higher.” Occupational class could be
considered an SEP indicator, but the index of accordance
for occupation information between census data and death
data turned out to be lower than that for level of education
[16].

III. Statistical Analysis
A) Mortality rates
In order to calculate the mortality rate, the population
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Table 4. Age-adjusted mortality rates per 5 years per 100 000 people and proportions of cause-specific mortality
in all-cause mortality among Korean women aged 25-44 and 45-64
Diseases
25-44 years old
Total
Transport accidents
Gastric cancer
Cerebrovascular diseases
Other accidental injuries
Suicides
Liver diseases
Liver cancer
Breast cancer
Tuberculosis
Diabetes mellitus
Lung cancer
Ischemic heart diseases
45-64 years old
Total
Transport accidents
Gastric cancer
Cerebrovascular diseases
Other accidental injuries
Suicides
Liver diseases
Liver cancer
Breast cancer
Tuberculosis
Diabetes mellitus
Lung cancer
Ischemic heart diseases

1990-1994

1995-1999

2000-2004

AMR (95% CI)

%

AMR (95% CI)

%

AMR (95% CI)

%

1599.2 (593.0, 605.5)
1159.9 (57.9, 61.8)
1149.3 (47.5, 51.1)
1148.4 (46.5, 50.2)
1147.8 (46.1, 49.5)
1132.1 (30.7, 33.4)
1128.8 (27.4, 30.2)
1121.8 (20.6, 23.0)
1121.0 (19.8, 22.2)
1119.7 (18.6, 20.8)
1110.9 (10.1, 11.8)
1113.1 (12.1, 14.0)
1119.7 (8.9, 10.5)

100.0
10.0
8.2
8.1
8.0
5.4
4.8
3.6
3.5
3.3
1.8
2.2
1.6

1525.3 (519.8, 530.7)
1157.7 (56.0, 59.5)
1140.9 (39.4, 42.5)
1139.9 (38.4, 41.5)
1134.0 (32.7, 35.4)
1149.6 (48.0, 51.2)
1122.6 (21.5, 23.8)
1115.3 (14.3, 16.2)
1124.1 (22.9, 25.2)
1111.1 (10.3, 11.9)
1119.1 (8.4, 9.9)
1112.9 (12.0, 13.8)
1118.3 (7.6, 9.0)

100.0
11.0
7.8
7.6
6.5
9.4
4.3
2.9
4.6
2.1
1.7
2.5
1.6

1428.1 (423.5, 432.7)
1133.6 (32.3, 34.9)
1134.3 (33.0, 35.6)
1128.5 (27.3, 29.7)
1116.2 (15.3, 17.1)
1159.5 (57.8, 61.2)
1117.3 (16.3, 18.2)
1111.5 (10.8, 12.3)
1126.2 (25.0, 27.3)
1116.6 (6.0, 7.2)
1118.9 (8.2, 9.5)
1112.4 (11.6, 13.2)
1117.8 (7.2, 8.5)

100.0
7.8
8.0
6.7
3.8
13.9
4.0
2.7
6.1
1.5
2.1
2.9
1.8

2832.5 (2815.2, 2849.7)
1140.5 (136.6, 144.4)
1224.9 (220.1, 229.8)
1552.4 (544.8, 560.0)
1188.3 (85.2, 91.4)
1129.6 (27.8, 31.4)
1145.4 (141.5, 149.4)
1147.3 (143.3, 151.2)
1149.1 (46.8, 51.4)
1137.0 (35.0, 39.0)
1119.8 (116.3, 123.3)
1189.6 (86.6, 92.7)
1161.5 (58.9, 64.0)

100.0
5.0
7.9
19.5
3.1
1.0
5.1
5.2
1.7
1.3
4.2
3.2
2.2

2334.7 (2320.1, 2349.3)
1130.4 (126.9, 133.9)
1158.0 (154.2, 161.8)
1436.4 (430.2, 442.7)
1154.1 (51.9, 56.4)
1149.0 (46.8, 51.2)
1122.0 (118.6, 125.3)
1121.1 (117.8, 124.5)
1159.3 (56.9, 61.7)
1123.1 (21.6, 24.5)
1132.5 (129.1, 135.9)
1192.0 (89.2, 94.9)
1173.4 (70.8, 75.9)

100.0
5.6
6.8
18.7
2.3
2.1
5.2
5.2
2.5
1.0
5.7
3.9
3.1

1872.4 (1860.1, 1884.7)
1178.3 (75.8, 80.9)
1110.1 (107.1, 113.1)
1297.1 (292.3, 302.0)
1134.8 (33.1, 36.5)
1169.6 (67.2, 72.0)
1178.7 (76.2, 81.2)
1111.0 (108.0, 114.0)
1169.0 (66.6, 71.5)
1115.8 (14.7, 17.0)
1116.9 (113.9, 119.9)
1189.4 (86.8, 92.1)
1182.1 (79.6, 84.7)

100.0
4.2
5.9
15.9
1.9
3.7
4.2
5.9
3.7
0.8
6.2
4.8
4.4

AMR: age-adjusted mortality rate, CI: confidence interval.

of a given age group recorded in a given census year
(1990, 1995, and 2000) was the denominator, and the
number of people who died in the succeeding 5-year
period among those who had been of the relevant age in
the census year was the numerator. This method has
been applied in previous reports [4,17] in order to reduce
the risk of numerator-denominator bias. The mortality
rate was calculated based on direct standardization
methods; the national population from the census of the
year 2005 data was set up as standard population; and
the time periods were defined as 1990 - 1994, 1995 1999, and 2000-2004 based on the death data by gender.
The confidence interval was estimated assuming a
Poisson distribution of death cases.
Age-adjusted mortality rates by gender for main
causes of death were also calculated. The causes of death
in the death data are coded according to the Korean
Standard Classification of Diseases. Based on a previous
report [4], 12 causes of death with a high mortality rate
(11 causes for men, and 12 causes for women) were
selected after classifying them based on middle
classification (3 units). Terms for the causes of death in
the Korean Standard Classification of Diseases and those
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of this study were used for convenience, as organized in
Table 1.
B) Socioeconomic inequalities in mortality
In order to evaluate the extent of socioeconomic
inequalities in mortality, the slope index of inequality
(SII) and the relative index of inequality (RII) were
calculated. The SII is a slope of regression line that was
obtained by mapping the death rate onto the middle
value of each group’s population size after arranging the
population from lower to higher by SEP. The middle
value of each population size was calculated after setting
the total population size as 1 and was converted into an
accumulated value. The SII indicates the absolute health
gap between the person of hypothetically lowest rank
and highest rank. For example, if the SII is 100 people
per every 100 000 people, the absolute difference in risk
of death between those with the lowest SEP and those
with the highest is 100 people out of 100 000. The RII is
conceptualized as a value obtained by dividing the death
rate value of the highest SEP case with the death rate
value of the lowest case on the same regression line as
the SII. If the RII is 3, then that means death risk among
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Table 5. Slope index of inequality and relative index of inequality in cause-specific mortality by education among
Korean men aged 25 - 44 and 45 - 64
Diseases
25-44 years old
Total
Transport accidents
Liver diseases
Other accidental injuries
Liver cancer
Cerebrovascular diseases
Suicides
Gastric cancer
Tuberculosis
Ischemic heart diseases
Diabetes mellitus
Lung cancer
45-64 years old
Total
Transport accidents
Liver diseases
Other accidental injuries
Liver cancer
Cerebrovascular diseases
Suicides
Gastric cancer
Tuberculosis
Ischemic heart diseases
Diabetes mellitus
Lung cancer

1995 -1999

1990 -1994
SII

RII

SII

5249.8
734.1
987.9
690.1
240.5
236.4
278.6
145.5
243.2
96.8
110.9
51.6

16.07 (12.16, 21.22)
07.69 (6.08, 9.72)
56.16 (38.75, 81.38)
13.38 (10.37, 17.25)
08.64 (6.45, 11.56)
10.76 (8.31, 13.92)
21.21 (15.59, 28.87)
06.87 (5.00, 9.45)
86.75 (60.06, 125.29)
06.20 (4.57, 8.41)
43.04 (29.57, 62.65)
05.83 (4.05, 8.39)

6881.0
952.2
1183.0
749.3
264.6
319.8
677.7
133.7
243.7
109.7
191.0
74.7

6530.2
479.8
1305.7
515.9
386.1
407.1
150.7
560.9
317.6
-72.6
49.8
255.3

03.15 (2.39, 4.14)
03.35 (2.82, 3.98)
05.75 (4.85, 6.83)
04.70 (3.91, 5.65)
02.11 (1.65, 2.70)
01.93 (1.27, 2.92)
05.57 (4.40, 7.06)
03.55 (2.42, 5.20)
06.56 (5.01, 8.59)
00.78 (0.57, 1.05)
01.43 (0.92, 2.22)
02.61 (1.56, 4.35)

7305.0
676.7
1391.0
495.3
492.5
618.5
283.2
403.9
254.7
16.1
225.6
425.9

RII

2000 - 2004
SII

RII

021.58 (15.11, 30.82)
009.58 (7.10, 12.91)
107.97 (69.21, 168.44)
025.05 (17.69, 35.47)
009.86 (7.37, 13.20)
018.14 (13.09, 25.15)
023.42 (15.97, 34.35)
005.90 (4.35, 8.02)
169.41 (107.41, 267.21)
007.48 (5.38, 10.40)
106.53 (66.55, 170.52)
008.55 (5.85, 12.51)

5652.6
564.4
915.6
471.2
217.7
296.5
670.2
85.6
170.3
142.0
187.3
82.6

014.10 (10.08, 19.72)
008.50 (6.32, 11.41)
086.42 (56.71, 131.69)
017.96 (12.99, 24.83)
006.08 (4.61, 8.01)
010.27 (7.23, 14.61)
013.23 (10.00, 17.51)
003.15 (2.46, 4.04)
102.03 (64.29, 161.93)
004.71 (3.43, 6.47)
065.78 (41.32, 104.72)
007.16 (4.78, 10.74)

003.77 (2.69, 5.29)
006.01 (5.05, 7.15)
008.03 (6.49, 9.95)
007.43 (6.13, 9.00)
002.62 (1.94, 3.55)
002.77 (1.73, 4.43)
004.74 (3.88, 5.80)
003.36 (2.14, 5.29)
008.67 (6.29, 11.94)
001.10 (0.75, 1.62)
002.66 (1.57, 4.50)
003.84 (2.24, 6.61)

6886.8
532.5
1169.5
396.9
437.7
641.6
453.4
306.1
189.6
123.7
322.9
465.0

004.17 (2.95, 5.89)
009.03 (7.53, 10.84)
009.54 (7.77, 11.71)
008.29 (6.75, 10.19)
002.55 (1.85, 3.52)
003.50 (2.25, 5.45)
006.42 (5.30, 7.79)
003.09 (2.00, 4.78)
010.60 (7.57, 14.85)
001.64 (1.10, 2.44)
003.56 (2.18, 5.82)
004.59 (2.66, 7.91)

SII: slope index of inequality (deaths per 5 years per 100 000 people), RII: relative index of inequality.

people with the lowest SEP is 3 times higher than that of
people with the highest SEP. In this research, with the
currently used methods as a reference [15], regression
analysis was used after applying the age-adjusted death
rate value into the middle value of each SEP group, and
the SII was calculated by figuring out the slope of the
regression line. The RII was obtained by using Poisson
regression analysis based on the middle value of SEP.
C) Contribution of cause of death to socioeconomic
mortality inequalities
The contribution of cause of death to socioeconomic
inequalities in mortality is calculated by figuring out
how much the SII of the cause takes up in the SII of the
total mortality as a percentage. The formula is given
below:
Absolute level of the contribution of the cause of death
to total inequalities in mortality =
[(SII for the relevant cause of death) / (SII of total
mortality) * 100]

RESULTS
The distribution of the number of total subjects and
deaths by education level is presented in Table 2. Among
men of both age groups, with the largest number were
middle or high school graduates. This was likewise true
among women aged 25-44, but among women aged 4564, those with an elementary education or less
comprised the biggest population. For those with an
elementary education or less, mortality was higher than
in the general population.
The mortality rate in the year 2000-2004 was about
1112 per 100 000 in men aged 25-44 and 5024 per 100
000 in men aged 45-64 (Table 3). Mortality in women
was lower than in men: 428 per 100 000 for those aged
25 - 44 and 1872 per 100 000 for those aged 45 - 64
(Table 4). The total mortality rate of both men and
women showed a tendency to decrease. Most mortality
rates for individual causes of death showed a tendency to
decrease, as well.
In the year 2000-2004, the most frequent causes of
death were transport accidents, suicide, and liver disease
for men aged 25-44, and cerebrovascular disease, liver
disease, liver cancer, lung cancer, and stomach cancer
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Table 6. Slope index of inequality and relative index of inequality in cause-specific mortality by education among
Korean women aged 25-44 and 45-64
Diseases
25-44 years old
Total
Transport accidents
Gastric cancer
Cerebrovascular diseases
Other accidental injuries
Suicides
Liver diseases
Liver cancer
Breast cancer
Tuberculosis
Diabetes mellitus
Lung cancer
Ischemic heart diseases
45-64 years old
Total
Transport accidents
Gastric cancer
Cerebrovascular diseases
Other accidental injuries
Suicides
Liver diseases
Liver cancer
Breast cancer
Tuberculosis
Diabetes mellitus
Lung cancer
Ischemic heart diseases

1990 -1994

1995 -1999

2000 - 2004

SII

RII

SII

RII

SII

RII

1118.0
73.6
70.0
87.0
92.1
54.6
67.9
39.0
-5.9
60.2
28.7
15.9
19.0

07.35 (5.71, 9.47)
03.56 (2.87, 4.42)
04.67 (3.56, 6.14)
07.66 (5.69, 10.31)
07.20 (5.62, 9.23)
06.13 (4.22, 8.90)
13.75 (9.65, 19.60)
07.19 (5.19, 9.96)
01.01 (0.73, 1.39)
23.55 (17.20, 32.24)
14.11 (9.07, 21.93)
04.24 (2.91, 6.17)
07.31 (4.67, 11.46)

1814.8
155.7
75.2
146.5
120.0
181.1
84.8
40.3
13.6
69.3
51.1
25.0
38.7

09.35 (6.67, 13.10)
07.43 (5.60, 9.86)
03.30 (2.36, 4.62)
13.23 (8.85, 19.77)
09.20 (6.62, 12.78)
08.87 (6.03, 13.05)
24.70 (17.59, 34.67)
08.49 (5.72, 12.59)
01.47 (1.08, 2.00)
34.14 (19.74, 59.05)
65.78 (43.37, 99.78)
03.77 (2.56, 5.57)
23.08 (12.53, 42.51)

2011.4
114.0
67.0
141.0
93.9
228.7
100.6
43.4
28.6
55.8
75.5
20.3
43.9

008.13 (5.66, 11.69)
007.86 (5.52, 11.17)
002.44 (1.78, 3.34)
018.92 (12.91, 27.71)
011.08 (6.96, 17.65)
007.26 (5.13, 10.26)
038.19 (24.67, 59.11)
008.62 (5.56, 13.35)
001.45 (1.06, 1.98)
020.36 (10.53, 39.35)
116.39 (61.94, 218.69)
002.16 (1.43, 3.27)
018.22 (9.68, 34.28)

1375.7
111.4
204.5
368.6
76.3
28.6
40.3
4.5
-75.4
42.4
24.9
3.4
-48.9

02.56 (1.77, 3.71)
03.09 (2.49, 3.82)
03.93 (2.59, 5.96)
02.74 (1.64, 4.57)
02.89 (2.43, 3.42)
03.97 (2.65, 5.95)
02.44 (1.74, 3.40)
02.19 (1.48, 3.24)
00.39 (0.31, 0.50)
03.57 (2.69, 4.73)
02.31 (1.19, 4.51)
01.54 (0.96, 2.49)
01.09 (0.66, 1.80)

1641.4
154.1
141.0
446.2
46.1
38.9
91.0
60.3
-64.6
24.4
125.4
16.8
39.3

02.96 (2.08, 4.22)
04.27 (3.40, 5.36)
03.54 (2.49, 5.02)
04.19 (2.55, 6.89)
03.79 (2.95, 4.88)
02.82 (2.19, 3.64)
03.25 (2.18, 4.83)
02.68 (1.75, 4.12)
00.58 (0.46, 0.74)
03.67 (2.73, 4.94)
04.37 (2.30, 8.31)
02.11 (1.34, 3.34)
01.96 (1.20, 3.19)

1475.6
96.3
72.0
347.3
44.6
67.6
83.1
86.0
-42.9
21.6
147.2
33.4
58.4

003.13 (2.22, 4.42)
004.94 (3.92, 6.23)
002.59 (1.88, 3.58)
004.90 (3.16, 7.62)
004.56 (3.48, 5.98)
003.03 (2.46, 3.73)
004.03 (2.85, 5.70)
003.14 (1.98, 4.97)
000.71 (0.55, 0.91)
003.93 (2.66, 5.80)
006.58 (3.59, 12.07)
002.42 (1.58, 3.72)
003.05 (1.80, 5.17)

SII: slope index of inequality (deaths per 5 years per 100 000 people), RII: relative index of inequality.

for men aged 45 - 64 (Table 3). Mortality caused by
suicide continuously increased. For men aged 45-64, the
percentage of deaths caused by such diseases as
ischemic heart disease, diabetes, and lung cancer had a
tendency to increase. The percentage of deaths caused
by transport accidents was at its highest in the years
1995-1999.
Among women aged 25-44, suicide, stomach cancer,
transport accidents, and cerebrovascular disease were the
most common causes of death. In women aged 45-64,
the most frequent causes of death were cerebrovascular
disease, diabetes, liver cancer, and stomach cancer
(Table 4). As with men, women’s suicide mortality rate
continuously increased both in absolute terms and as a
percentage of all deaths. Mortality from breast cancer
and ischemic heart disease also showed a tendency to
increase in women aged 45-64. Transport accidents
made up a higher percentage of total deaths in 19951999 than in the other periods.
The size of socioeconomic mortality inequalities
showed different tendencies from the mortality rate. The
size of the SII by education level increased among men
aged 25-44 and 45-64 and among women aged 45-64
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in 1995-1999 compared to the 1990-1994 period, and
then it decreased in 2000-2004, but not to the level of
1990 -1994. The RII increased the most in the year
1995 -1999 in both men and women aged 25 - 44.
However, the RII for both men and women aged 45-64
increased throughout the study period. (Table 5,6).
The diseases with the highest SII in 2000-2004 were
(in descending order) liver disease, suicide and transport
accidents among men aged 25-44, and liver disease,
cerebrovascular disease, transport accidents, lung cancer,
and suicide among men aged 45 - 64; this order is
different from the order of most frequent causes of death
(Table 5). The diseases with the highest RII were
tuberculosis, liver disease, and diabetes in men aged 2544, and tuberculosis, liver disease, transport accidents
and other accidental injuries in men aged 45-64. Among
men aged 25 - 44, both the SII and the RII of most
diseases showed a tendency to be the highest in the years
1995-1999. In the 45-64 age group, the RII showed a
tendency to increase most of the time, and the SII for
transport accidents, liver disease, and liver cancer was
highest in 1995-1999.
In women aged 25 - 44, suicide, cerebrovascular
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Figure 1. Contribution of causes of death to socioeconomic inequalities in all-cause mortality by education among
men (A) and women (B) aged 25 - 44 and 45 - 64.

disease, transport accidents, and liver disease had the
highest SII, as did cerebrovascular disease, diabetes,
transport accidents, liver cancer, and liver disease in
women aged 45-64 (Table 6). The RII was highest for
(in descending order) diabetes, liver disease,
tuberculosis, and cerebrovascular disease in women 2544, and diabetes, transport accidents, cerebrovascular
disease, and other accidental injuries in women 45-64.
In the older age group, breast cancer disproportionately
affected the highly educated, but the absolute size of SII
seemed to decrease. Ischemic heart disease in both men
and women aged 45-64 also disproportionately affected
those with high education in 1990-1994, but after the
year 1995 it was more likely to affect those with low
education (Table 5,6).
In men 25 - 44, liver disease, suicide, transport
accidents, and other accidental injuries, in all three
periods, contributed the most to total mortality
inequalities by education (Figure 1). In the year 20002004, liver disease, cerebrovascular disease, transport
accident, lung cancer, and suicide showed a high
contribution among men aged 45-64. In 45-64 years
old, the contribution of cancer was demonstrated to rise
compared to men 25-44. It was stomach cancer in 19901994, liver cancer in 1995-1999, and lung cancer in
2000-2004, respectively, which contributed the most.
The contributions of suicide, cerebrovascular disease,
and ischemic heart disease to total inequalities by
education showed a tendency to increase, but that of
liver disease and stomach cancer decreased. In men aged

45-64 the contribution of transport accidents to total
inequalities increased in 1995-1999 compared to 19901994, and then it decreased in 2000-2004.
In 2000 - 2004, the largest contributions to total
mortality inequalities came from suicide, cerebrovascular disease, transport accidents, liver disease, and
other accidental injuries among women aged 25-44, and
among the older group of women, the largest contributions came from cerebrovascular disease, diabetes,
transport accidents, liver cancer and liver disease (Figure
1). In 1990-1994 and 1995-1999 the contribution of
stomach cancer was higher than that of liver cancer, but
the contribution of stomach cancer decreased
consistently and was lower than that of liver cancer in
2000-2004. The contribution of suicide, diabetes, and
ischemic heart disease has increased. The contribution of
cerebrovascular disease and transport accidents was
highest in the year 1995-1999. Women, in contrast to
men, showed a lower contribution of liver disease to the
total mortality inequalities and a higher contribution of
cerebrovascular disease. The contribution of stomach
cancer was higher in women, and those of liver cancer
and lung cancer were higher in men.

DISCUSSION
This study showed that, despite the decrease in
Korea’s national mortality rate, socioeconomic
inequalities in mortality by education have not decreased
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even in absolute terms. The main sources of
socioeconomic inequalities in mortality were suicide,
accidental injuries (including transport accidents), liver
disease, and cerebrovascular disease among both men
and women aged 25-44; liver disease, cerebrovascular
disease, transport accidents, lung cancer, and suicide
among men aged 45-64; and cerebrovascular disease,
diabetes, transport accidents, liver disease and liver
cancer among women aged 45-64. The contributions of
suicide and ischemic heart disease had a tendency to
rise, and the contribution of transport accidents was
higher in 1995-1999 compared to the other periods.
The RII shows a tendency to increase as the mortality
rate decreases, whereas the SII shows the opposite trend
[18-20]. However, the SII is not only related to the
mortality rate, but also the size of the RII [18]. Thus, just
because the mortality rate decreases, it doesn’t
necessarily follow that the SII decreases; this varies
depending on the characteristics of disease epidemics
and whether or not there is a strategic effort to decrease
the socioeconomic mortality inequalities. This study also
found that diseases with high mortality rates and those
with a high SII showed different trends. After the year
1990-1994, the national total mortality rate consistently
decreased in both men and women, but the increase in
relative mortality inequality meant that the absolute
mortality inequality didn’t decrease. This demonstrates
that strategic intervention on mortality inequalities is
urgent.
The pattern of the contribution of various death causes
to socioeconomic mortality inequalities in Korea was
different from that of northern or western European
countries. The biggest difference involved ischemic
heart disease. According to the research of Mackenbach
et al. [14], which studied a population aged 30-74, this
was the disease with the biggest contribution to total
mortality inequalities in Finland, Sweden, and Norway,
and it accounted for about 30%. This tendency was
found to be similar in western Europe and New Zealand
[10-12]. However, in this study, the percentage that
ischemic heart disease contributed to total mortality
inequalities was less than 3%. This indicates that any
strategic interventions undertaken in Korea to decrease
socioeconomic mortality inequalities should be different
from those undertaken in other countries.
Korea’s ischemic heart disease mortality rate,
however, is increasing, and the pattern of inequality
associated with ischemic heart disease is changing as
well [4]. Among both women and men aged 45 - 64,
ischemic heart disease caused higher mortality in those
of higher education in the year 1990-1994, but it caused
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higher mortality-and increased inequality-in those of
lower education in the years 2000-2004. Among adults
aged 25-44, the inequality was disadvantageous to those
of lower education and the size of the inequality also
increased. This result is similar to that of Khang et al.
[4], and this reflects on the fact that the distribution of
risk factors of ischemic heart disease is changing by
generalizing the westernized diet in Korea. It is predicted
that if this tendency continues, both mortality caused by
ischemic heart disease and the inequality associated with
it will rise.
Along with ischemic heart disease, suicide was a
leading cause of death whose contribution to total
mortality inequalities is increasing rapidly. Especially
among women aged 25-44 whose SII of total mortality
is consistently rising, suicide contributed significantly to
the increase in total mortality inequalities. The national
suicide mortality rate has been showing a tendency to
increase since the early 1990s, with especially noticeable
upsurges during the Korea’s economic crisis of 1998 and
during the credit crisis of 2003 [21]. Macroscopic
socioeconomic changes can cause changes in mortality
rates [22,23]. During this period, not only did the suicide
mortality rate increase, but socioeconomic inequality in
suicide mortality increased in both relative and absolute
terms. This aspect explains the high and increasing
contribution of suicide to absolute mortality inequalities
and suggests that the aftermath of the negative
socioeconomic changes had a greater effect on
socioeconomically disadvantaged groups. In some
countries that went through similar socioeconomic
changes, the suicide rate did not rise, thanks to the social
system and policy-related actions [23]. Thus, it is
imperative to seek a new direction and appropriate
suicide prevention policies.
Transport accidents accounted for 5-10% of total
mortality inequalities in 2000-2004. The subjects and
research methods of this study were somewhat different
from those of previous studies, but considering that
research done in the U.S.A. and Sweden [10,24] found
that mortality by transport accidents contributed less
than 2% to the total mortality inequality, the contribution
of transport accidents in Korea seems to be relatively
large. Korea ranks third out of 26 countries in accident
death rate, and the RII is also large [26] hence, the high
SII and high contribution to total inequalities. Inequality
in transport accident mortality made a particularly high
contribution to total inequalities in the year 1995-1999.
This could be seen as a result of a rapid increase in
relative inequality in that period, although death rate
from transport accidents showed a tendency to decrease
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afterward. Borreli et al. [26], who studied the relationship
between deaths from transport accidents and education
level, stated that subjects of lower SEP have more fatal
transport accidents because they do not have the
financial means to buy new cars, because they rarely use
protective gear like a seat belts, and because there is a
higher possibility that they live in regions with a higher
risk of traffic accidents. However, more studies are
needed in order to determine why the RII of national
traffic accidents increased so rapidly in 1995-1999, and
why it shows a consistent tendency to grow.
Liver disease contributed the most to total SII in men,
although it tends to decrease in terms of its contribution
to total inequality. The main risk factor for liver disease
is hepatitis B and hepatitis C infection. The risk of
chronic hepatitis B developing into liver cirrhosis varies
according to age, sex, drinking habits, the extent to
which the liver is fiberized, the extent to which the
hepatitis B is duplicated, whether or not the patient is
infected with HCV, HDV, or HIV, etc. [27]. According to
the 2009 National Health and Nutrition Survey, the rate
of infection with the hepatitis B antigen among Koreans
aged 30 and above is 4.5% in men and 3.4% in women.
The researchers were unable to determine whether the
rate of hepatitis B infection is higher in groups of lower
SEP [28]. However, considering studies from other
countries [29,30] which have found people of
socioeconomically disadvantaged status to have higher
rates of infection, studies about inequalities of hepatitis
B virus infection according to age in Korea is needed.
Among women, the contribution of cerebrovascular
disease and diabetes to total death inequalities was
higher than among men. Despite the fact that the
absolute death rate from cerebrovascular disease and
diabetes is not higher in women than men, the reason its
contribution turned to be high is that death rates from
liver disease and accidents are relatively low in women
compared to men. This gender difference may be
explained by the distribution of risk factors for liver
disease and accidents. Women are involved in less social
activity, there are fewer women who earn their living by
driving, most industrial accidents happen to men [31],
the infection rate for hepatitis B is lower in women, the
heavy drinking rate is much lower in women [28], and
so on. All of these differences have an effect on the
occurrence rate of liver disease and accidents and their
contribution to mortality inequalities.
Diseases such as liver disease, cerebrovascular
disease, stomach cancer, and liver cancer, whose
contribution to the total mortality inequalities is high in
Korea, are known to be diseases whose occurrence in
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adults is related to exposure to risk factors in childhood
[32]. Among people aged 45-64, the contribution of
these diseases was about 40%. Other researchers have
found that the more living standards improve, the less
frequently these diseases occur, and this study bears out
that observation as well. However, in order for the
decrease in occurrence rate to lead to a decrease in the
absolute contribution, there must be an effort to lessen
the relative inequality of exposure to the risks during
childhood.
Among adults aged 45-64, the contribution of cancer
was relatively high. Kim [33] used 2001 cancer
registration data to investigate the social differentials in
the occurrence and fatality rate of cancer between those
receiving free medical care due to poverty and the highincome group. The relative ratio of cancer occurrence
was found to be 1.11, but once cancer occurred, the
death risk of the former group was 3.09 times higher
than that of the latter group. Among Korean cancer
patients, income-based inequalities were observed in the
use of both outpatient and inpatient medical services,
medical fees, and the type of medical facility used [34].
In addition, inequalities in early cancer screening [35]
and in the stage at which cancer was diagnosed during
screening [36] were reported. All of these inequalities-in
particular, the inequalities in medical use-should be
given significant weight in the policy-making process.
This research used the SII and RII as tools to measure
socioeconomic mortality inequalities. While relative risk
ratio or risk difference are comparable between two
groups only, the SII and RII can compare three or more
groups to make one value index after considering the
death rate of each group. And the SII and RII take into
account the size of each group population [37].
This study has some limitations. It used unlinked data
with the possibility of a numerator-denominator bias.
However, according to a study by Kim and Khang [38],
when the education level is divided into three categories
(elementary school or less, middle or high school
graduate, college or higher), the accordance rate was
89.4%, and the kappa value was 0.75, which was
considered substantial. Khang et al. [16] reported that the
reliability was very high when they divided the
population into the three aforementioned categories.
Thus, numerator-denominator bias can be presumed to
have had little effect on these results. In addition, we
tried to minimize the numerator-denominator bias by
analyzing death data based on age when the census was
taken. Thus, when the number of people who were 2544 years old in the year 1990 is used as denominator, the
numerator was the number of deaths in 1990 -1994
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among those who were aged 25-44 in the year 1990
only, not in the succeeding years.
This study provides a way to establish priorities in
terms of national socioeconomic mortality inequalities
policy, and suggests specific and direct evidence. Korea,
whose death structure is different from other countries,
needs to establish policies on health inequality that
consider the current national situation. Unlike Europe,
whose policy priority is ischemic heart disease, Korea
should give priority to diseases such as accidental
injuries, liver disease, and cerebrovascular disease in
order to decrease socioeconomic inequality in mortality
among Korean adults. For suicide and diabetes, whose
contribution to the total inequality is continuously
increasing, more aggressive measures should be sought.
In order to decrease socioeconomic health inequality,
both upstream solutions (for the fundamental root causes
of health inequality) and downstream solutions (for risk
factors according to the socioeconomic status) are
necessary. This research presents data that can be used as
grounds for selecting which diseases to concentrate on
for downstream solutions. The seriousness of the
situation has to be recognized: despite the consistent
decrease in the death rate, socioeconomic mortality
inequalities by education are not decreasing even in
absolute terms. In conclusion, based on the result of this
research, Korea should establish policies that have more
specific goals and that are more effective in decreasing
socioeconomic health inequalities.
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