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Abstract

Background: Korea has achieved considerable economic growth more rapidly than most other countries, but
disparities in income level have increased. Therefore, we sought to assess the association between income
inequality and mortality across Korean cities.

Methods: Data on household income were obtained from the 2010-2012 Korean Community Health Survey and data
on all-cause mortality and other covariates were obtained from the Korean Statistical Information Service. The Gini
coefficient, Robin Hood index, and income share ratio between the 80th and 20th percentiles of the distribution were
measured for each community. After excluding communities affected by changes in administrative districts between
2010 and 2012, a total of 157 communities and 172,398 urban residents were included in the analysis.

Results: When we graphed income inequality measures versus all-cause mortality as scatter plots, the R square values
of the regression lines for GC, RHI, and 80/20 ratios relative to mortality were 0.230, 0.238, and 0.152, respectively. After
adjusting for other covariates and median household income, mean all-cause mortality increased significantly with
increasing GC (P for trend = 0.014) and RHI (P for trend = 0.031), and increased marginally with 80/20 ratio (P for
trend = 0.067).

Conclusions: Our data demonstrate that income inequality measures are significantly associated with all-cause
mortality rate after adjustment for covariates, including median household income across urban communities in Korea.

Background
In the past four decades, there has been great interest in
the relationship between income inequality and various
health indicators including life expectancy [1], self-rated
health status [2] and mortality [3]. Research so far sug-
gests that not only does absolute income influence health
but that the inequality of income distribution also has an
impact [4]. While this association has been studied across
a wide range of countries [5, 6], whether income data
are comparable and complete across all samples re-
mains in question [3]. Others have investigated the ef-
fect of income inequality on health across regions
within countries. However, most of these studies have
been conducted in developed countries such as the
United States [7], Canada [8], the United Kingdom [9],

other European countries [10, 11] and Japan [12]. Fur-
thermore, their results are not in agreement.
Korea has achieved considerable economic growth

more rapidly than most other countries, but disparities
in income and education have increased, especially after
the economic crisis in the late 1990s [13]. Furthermore,
health status varies greatly across regions because of
rapid urbanization. According to the Korean Statistical
Information Service (KSIS), the region with the highest
all-cause mortality in 2012 was Jeollanam-do (436.0 per
100,000) and the lowest was Seoul (339.7 per 100,000)
[14]. However, to our knowledge, few studies have investi-
gated how the association of mortality with income in-
equality varies by region in Korea. As mentioned above,
since most studies have been conducted using post-
industrialized countries’ data, investigating the relation-
ship between income inequality and health in emerging
nations like Korea may yield new insights. Thus, we* Correspondence: jcsw74@hanmail.net
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sought to assess the association between income inequal-
ity and mortality across urban communities in Korea.

Methods
Sources of data
Data on household income were from Korean Commu-
nity Health Survey (KCHS) and data on mortality rate
and control variables (community population, percent of
over 65 years in community population, ratio of social
welfare expenditure to the general budget, number of
physicians per 1,000 individuals, smoking rate, and
drinking rate) in 2010–2012 were from KSIS.
Data on household income were obtained from the

2010–2012 KCHS conducted in 253 communities: 167
urban communities and 86 rural communities. KCHS is
a nationwide health interview survey carried out by the
Korean Centers for Disease Control and Prevention
(KCDC) to estimate patterns of disease prevalence and
morbidity, as well as to understand the lifestyle and
health behaviors of adults aged 19 years and over [15].
The KCHS uses a multistage sampling design to obtain a
representative sample. Within each of the 253 communi-
ties, 90 primary sampling units (PSUs) corresponding to
smaller geographic entities were randomly selected; this
was followed by the random selection of five to eight
households within the PSU and in-person interviews with
all adults in those households [15]. The KCHS database of
surveys from 2010–2012 contained pooled data from
687,376 interviews (2010: 229,229; 2011: 229,226; 2012:
228,921). For this study to collect one household income
data in each household, the first members of each house-
hold (338,045 total subjects) were considered, and among
them, residents in cities (206,013) were selected. We ex-
cluded 16,908 individuals due to insufficient information
on income and excluded 16,707 whose household income
was less than the 5th percentile or higher than the 95th
percentile in their community to remove outliers and ex-
treme values. Finally, a total of 172,398 individuals were
included in the analysis. The protocol of community
health survey was reviewed and approved by the Institu-
tional Review Board of KCDC (2010–02–CON–22–P).
Written informed consent was obtained from all partici-
pants in the community health survey.
Data on mortality rate and other covariates in 2010–

2012 were obtained from KSIS. KSIS collected various fi-
nancial and social data on 250 communities: 167 urban
communities and 83 rural communities. The data evalu-
ated included: a) age-standardized all-cause mortality
per 100,000 individuals, b) community population, c)
percent of over 65 years in community population (%),
d) ratio of social welfare expenditure to the general
budget (%), e) number of physicians per 1,000 individ-
uals, f ) smoking rate, and g) drinking rate.

KCHS and KSIS definitions of urban communities dif-
fered; in at least one instance, a community considered a
single entity by KCHS was defined as two by KSIS. Fur-
thermore, boundaries and names of some administrative
districts changed from 2010 to 2012. For example, Yeongi-
gun became Sejong city, the administrative capital, and
Changwon city was consolidated with Masan and Jinhae.
After excluding communities whose definitions differed be-
tween databases or changed over the study period, a total
of 157 urban communities were included.

Measure of household income and income inequality
Household income was measured through KCHS and
was defined as income before payment of taxes and re-
ceipt of benefits. We used three alternative measures of
income distribution: the Gini coefficient (GC), the Robin
Hood index (RHI), and the income share ratio between
the 80th and 20th percentiles of the distribution (80/20
ratio). The GC is calculated as the ratio of the area be-
tween the actual income distribution (the Lorenz curve)
and the diagonal enclosing the distribution curve to the
total area under the diagonal. Higher GCs mean greater
income inequality and range from 0, meaning perfect
equality, to 1, perfect inequality [3]. The RHI was esti-
mated from state-specific data on share of total house-
hold income arranged by tenths of the distribution. This
value approximates the share of total income that has to
be taken from those above the mean and transferred to
those below the mean to achieve equality in the distribu-
tion of incomes. The higher the value of the index, the
less egalitarian is the distribution of income [16]. The
80/20 ratio is calculated as the income earned by the top
20 % of households divided by the income earned by the

Table 1 General characteristics of urban communities

Variable 25th
percentile

50th
percentile

75th
percentile

Standard
deviation

GC 0.298 0.318 0.353 0.041

RHI 0.218 0.233 0.260 0.033

80/20 ratio 5.550 6.570 8.155 1.965

All-cause mortality rate
(/100,000)

378.5 416.3 441.7 48.8

Community population 165,980.8 280,277.0 363,011.0 143,540.9

Percent of over 65 years
in community population
(%)

8.9 10.8 13.8 4.1

Ratio of social welfare
expenditure (%)

23.9 30.9 44.6 12.2

Number of physicians
(/1,000)

1.6 2.0 2.8 2.5

Smoking rate (%) 22.0 24.0 25.0 2.7

Drinking rate (%) 56.0 59.0 61.0 4.9

GC; Gini coefficient, RHI; Robin Hood index, 80/20 ratio; 80th:20th percentile
share ratio
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poorest 20 % of households. Decile ratios (90/10, 80/20
and 50/50) are known to be simple and effective mea-
sures of income inequality. We used the 80/20 ratio ac-
cording to previous studies [17].

Statistical analysis
All statistical analyses except scatter plots were per-
formed using SPSS version 15.0 (SPSS, Inc., Chicago, IL,
USA). Scatter plots of all-cause mortality versus income
inequality measures (GC, RHI, and 80/20 ratio) were
graphed using Stata version 10 (Stata Corp, College Sta-
tion, TX, USA). Analysis of covariance (ANCOVA) was

used to compare mean all-cause mortality rates accord-
ing to the quartiles of income inequality measures.
Model 1 was not adjusted for any variable. Model 2 was
adjusted for community population, percent of over
65 years old in community population (%), ratio of social
welfare expenditure to the general budget, number of
physicians per 1,000 individuals, smoking rate, and
drinking rate. Model 3 was adjusted for Model 2 vari-
ables plus median household income. Statistical signifi-
cance was set at p < 0.05.

Results
General characteristics of urban communities
Table 1 shows general characteristics of the 157 urban
communities. The median value of GC, RHI, and 80/20
ratio were 0.318, 0.233, and 6.570, respectively. The me-
dian value of all-cause mortality per 100,000 was 416.3
and that of the community population was 280,277.0.

Correlation of income inequality measures with all-cause
mortality
When we graphed income inequality measures versus
all-cause mortality as scatter plots, the R square values
of the regression lines for GC, RHI, and 80/20 ratios
relative to mortality were 0.230, 0.238, and 0.152, re-
spectively (Fig. 1).

All-cause mortality rates according to quartiles of income
inequality measures
Table 2 lists all-cause mortality rates according to quar-
tiles of income inequality measures. After adjusting for
covariates such as community population, percent of over
65 years old in community population, ratio of social wel-
fare expenditure to the general budget, number of physi-
cians per 1,000 individuals, and smoking and drinking rates
(Model 2), mean all-cause mortality increased significantly
with increasing income inequality (GC: P for trend < 0.001,
RHI: P for trend < 0.001, 80/20 ratio: P for trend < 0.001).
After additionally adjusting for median household income
(Model 3), mean all-cause mortality increased significantly
with increasing GC (P for trend = 0.014) and RHI (P for
trend = 0.031), and increased marginally with 80/20 ratio
(P for trend = 0.067).

Discussion
This study examined whether income inequality mea-
sures are associated with all-cause mortality across
urban communities in Korea. The results suggest that
income inequality is positively associated with all-cause
mortality after adjustment for covariates, including me-
dian household income.
Previous studies have found a significant association be-

tween income inequality and health indicators [3–7, 9,
18], while others have reported no significant relationship

Fig. 1 Scatter plot between all-cause mortality and income
inequality measures
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between the two [8, 12, 19, 20], and still others find that
the association varies among subgroups [10, 21]. In our
results, the significant association between income in-
equality measures and all-cause mortality remained after
adjustment for median household income. However, it is
difficult to directly compare these studies because they
differ greatly in population characteristics, geographic
units of analysis, methods of analysis, and measures of in-
come and inequality [7].
Several plausible mechanisms may link income in-

equality and health. First, income inequality limits pub-
lic spending on infrastructure and important services
that promote health such as education, public welfare,
health care, highways, the environment, and housing
[22]. Second, wide income disparities intensify social
hierarchies, increasing class conflict and reducing social
cohesion and social capital such as civic trust and asso-
ciated activities that promote health [23]. Third, income
inequality is related to psychosocial processes that are
damaging to health, such as perception of a low position
on the socioeconomic hierarchy [24]. These mecha-
nisms are not mutually exclusive but rather are likely to
reinforce each other, and may operate to a greater or
lesser extent at different geographic levels of income in-
equality [18].
A variety of income inequality measures have been used

in previous studies. While GC is the most popular meas-
ure, the Atkinson index, coefficient of variation, decile

ratios, RHI, proportional total income earned, Sen poverty
measure, generalized entropy index, and Kakwani progres-
sive index have also been used [25]. Studies on whether
the choice of income inequality measure affect conclu-
sions on the health effects of income inequality have
yielded conflicting results [4, 26]. In a cross-sectional eco-
logical study in the United States [3], RHI was strongly as-
sociated with cause-specific mortality, while GC was not.
In our data, the R square value of the regression line for
RHI versus all-cause mortality was greater than that for
other income inequality measures (0.238 versus 0.230 for
GC and 0.152 for 80/20 ratio). However, income inequal-
ity measures are not directly comparable because they
each provide a qualitatively different perspective [25]. For
example, GC is more closely correlated with the propor-
tion of income received by households in the poorest de-
cile and RHI is correlated with income received by most
of the population [3].
Because of its rapid economic development, inequality

issues are drawing increasing concern in Korea. Inequality
including disparities in health status has become more
serious after the foreign currency crisis in 1997, which in-
tensified polarization of income and wealth [13]. As most
research has focused on health disparities according to
SES [27], few have examined them across regions. To our
knowledge, only one study [28] investigated regional
health disparities, and found that the association between
GC and self-rated health was significant across 16 regions

Table 2 All-cause mortality rates according to quartiles of income inequality measures

Income inequality measures Model 1a Model 2b Model 3c

GC Q1 (0.245–0.298) 382.9 (369.0–396.8) 382.5 (369.0–396.1) 398.4 (386.5–410.4)

Q2 (0.299–0.317) 392.5 (378.7–406.4) 394.8 (383.1–406.5) 396.4 (386.6–406.2)

Q3 (0.318–0.353) 412.6 (398.9–426.3) 413.4 (402.6–424.2) 407.6 (398.4–416.8)

Q4 (0.354–0.449) 441.1 (427.3–455.0) 440.1 (424.2–456.1) 428.1 (414.5–441.8)

P for trend <0.001 <0.001 0.014

RHI Q1 (0.175–0.218) 379.6 (366.0–393.2) 381.3 (367.8–394.9) 400.7 (388.3–413.1)

Q2 (0.219–0.233) 395.6 (382.0–409.3) 394.5 (383.2–405.9) 395.9 (386.3–405.5)

Q3 (0.234–0.260) 410.1 (396.4–423.7) 412.6 (401.8–423.3) 406.3 (397.1–415.5)

Q4 (0.261–0.339) 443.1 (429.6–456.6) 441.7 (426.3–457.2) 427.1 (413.6–440.6)

P for trend <0.001 <0.001 0.031

80/20 ratio Q1 (3.25–5.53) 379.2(364.–393.) 387.9 (375.9–399.8) 399.6 (389.1–410.0)

Q2 (5.57–6.56) 400.9(386.–415.) 405.8 (394.4–417.2) 405.7 (396.1–415.2)

Q3 (6.57–8.13) 416.1(402.–430.) 411.0 (400.2–421.8) 410.7 (401.6–419.7)

Q4 (8.18–12.49) 432.9(418.–447.) 426.2 (413.0–439.4) 414.4 (403.0–425.9)

P for trend <0.001 <0.001 0.067

GC; Gini coefficient, RHI; Robin Hood index, 80/20 ratio; 80th:20th percentile share ratio
aNon-adjusted
bAdjusted by community population, Percent of over 65 years in community population (%), ratio of social welfare expenditure to the general budget, number of
physicians per 1,000 population, smoking and drinking rate median household income
cAdjusted by Model 2 variables plus median household income
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(the largest administrative district level) in Korea. Our
examination on the community level, the smallest munici-
pal unit capable of autonomous policy implementation,
found a similar association.
This study had some limitations. First, we used only

contextual variables. The contextual approach in the
study of health behaviors and outcome might have stat-
istical artifacts [29]. Further study should attempt to in-
corporate multi-level analysis of income inequality and
mortality. Second, whether we adjusted for appropriate
demographic variables that may also influence health
status is unclear, as no consensus on this question has
yet been reached. Other inequality studies have adjusted
for such variables as social capital, unemployment, per-
ceived control and the proportion of the population
without a high school education. While we adjusted for
those variables for which data was available, other fac-
tors may still have confounding effects.
In conclusion, our data demonstrate that income in-

equality measures are significantly associated with all-
cause mortality across urban communities in Korea.
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