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ABSTRACT

Background: To determine the priorities and resource allocation of community cancer-
related health policies, it is necessary to measure cancer-related health indicators and the 
burden of cancer by region. This study calculated the cancer-free life expectancy at the eup/
myeon/dong level (small administrative units in South Korea) for the first time, and analyzed its 
association with regional health insurance premiums.
Methods: We used aggregate data from the 2008–2017 National Health Information Database 
provided by the National Health Insurance Service. Cancer-free life expectancy was calculated 
by applying Sullivan's method to mortality and cancer prevalence by age group and sex for the 
10-year period in 3,396 eups/myeons/dongs. Correlation analyses were performed to analyze the 
relationship between cancer-free life expectancy and regional health insurance premiums.
Results: Cancer-free life expectancy in eups/myeons/dongs of metropolitan areas tended to be 
higher than in non-metropolitan areas. However, some eups/myeons/dongs of non-metropolitan 
areas showed quite a high cancer-free life expectancy, especially for females. The median 
values of differences between cancer-free life expectancy and life expectancy at the eup/myeon/
dong level (total: 1.6 years, male: 1.8 years, female: 1.4 years) indicated that a person's healthy 
life can be shortened by a number of years due to cancer. The association of cancer-free life 
expectancy by eup/myeon/dong with the regional health insurance premium was statistically 
significant (β = 1.0, P < 0.001) and more prominent for males (β = 1.3, P < 0.001) than 
for females (β = 0.5, P < 0.001). The relationship between the regional health insurance 
premium and the burden of cancer (life expectancy minus cancer-free life expectancy) was 
also statistically significant (β = 0.2 for the total population, β = 0.2 for males, and β = 0.1 for 
females, all P values < 0.001).
Conclusion: This study showed a significant regional gap with regard to cancer-free 
life expectancy and the burden of cancer at the eup/myeon/dong level. This work makes a 
meaningful contribution by presenting new and firsthand summary measures of cancer-
related health across small areas in Korea. The results will also help the authorities to 
evaluate the effectiveness of local cancer management projects in small administrative areas 
and determine regional priorities for implementing cancer control policies.
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INTRODUCTION

The National Health Plan (HP 2030), which was established to promote the health of the 
South Korean (hereafter, Korean) people and prevent diseases, is aimed at increasing healthy 
life expectancy (HLE) and improving health equity. A plan for reducing health inequality 
among regions should also be included in the Community Health Plan, which is adopted 
by each local government. To achieve these goals, life expectancy (LE) and HLE are used as 
summary evaluation indicators, and regular monitoring of these indicators is necessary.1 
LE is calculated based on the probability of death by age and measures the average number 
of years a person is expected to live and the overall health level of a population.2,3 However, 
a limitation of this index is that it cannot reflect the quality of life. HLE considers a 
combination of disease, quality of life, and death, and denotes the period for which a person 
is expected to survive in good health without a disability or health problem.1-3 An increase 
in LE should be accompanied by a corresponding rise in HLE to avoid risks for the national 
healthcare financing system, such as rising costs of long-term care due to longer periods 
of illness and poor health.1,3 Given that LE is continuing to increase in Korea alongside a 
rapid rise in the elderly population,4 it is necessary to consider HLE in tandem with LE when 
planning health policies.

HLE can be calculated using various indicators, such as health status (e.g., subjective health 
level, number of hospitalization and sick days, and cause of death) and disability level (e.g., 
daily living ability and activity limitations).1,3,5-8 Some Korean studies have also measured 
HLE using the EuroQol-5 Dimension (EQ-5D), an instrument that evaluates the quality of 
life via Community Health Surveys.3,9 Although various indicators can be used to estimate 
HLE, few studies have considered cancer, which has a serious disease burden in Korea. To the 
best of our knowledge, cancer-free LE, which is defined as the average number of years that 
individuals are expected to live without cancer, has never been calculated at the level of small 
administrative areas in Korea.

While cancer is still the highest ranking cause of death in Korea, the 5-year cancer survival 
rate (70.4%) is steadily increasing and the duration of illness due to cancer has also been 
prolonged.10 The public health field and local communities have been encouraged to 
establish a medical–public health–social welfare coordination model for effective cancer 
prevention, treatment, and post-treatment management according to the National Cancer 
Control Plan.11 To properly allocate resources to each stage (e.g., prevention, diagnosis, 
and curative and palliative care) for cancer control planning, an understanding of indicators 
related to the local or regional burden of cancer is required.12-14 Regions where cancer-related 
policies need to be preferentially implemented should be identified, and the effectiveness of 
those regional programs should be evaluated. While HLE (including cancer-free LE) has been 
calculated at the national and district level,3,15-17 scant data exist for cancer-free LE in small 
administrative areas, such as eups/myeons/dongs (i.e., towns, townships, and neighborhoods, 
respectively). For this reason, it can be difficult to understand which areas are particularly 
suffering from the burden of cancer and to establish specific strategies for cancer 
management in small administrative areas. To further increase the effectiveness of cancer-
related policies and cancer management programs in such areas, information on cancer-free 
LE is required at the eup/myeon/dong level.

In addition, a more extensive empirical analysis is required to assess whether the 
socioeconomic characteristics of a region affect the cancer-free LE of the people residing 
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within it. These investigations are necessary to develop policies that not only improve the 
cancer-related health status of local residents, but also alleviate inequality in cancer-related 
health among regions. Information on the relationship between regional socioeconomic 
characteristics and the cancer-free LE, as well as the burden of cancer, can assist in the 
selection of priority areas for cancer-related healthcare policies and may serve as a basis for 
local governments to establish and implement related programs.

In light of the necessity of calculating cancer related health indicators in small administrative 
units, the purpose of this study was to provide scientific evidence for developing policies to 
alleviate cancer-related health inequality among these areas by estimating cancer-free LE 
and the burden of cancer at the eup/myeon/dong level in Korea and examining the relationship 
between the socioeconomic characteristics of an area and its cancer-related indicators.

METHODS

Unit of analysis
The unit of analysis for this study is the eup/myeon/dong, the smallest-scale administrative unit 
in the classification of administrative districts in Korea. A total of 3,396 eups/myeons/dongs were 
reclassified from the 3,955 eups/myeons/dongs listed in the 2008–2017 Korea Administrative 
District Classification of the National Statistical Office. As it is regarded that 5,000 person-
years per region are the minimum necessary for a reliable and robust calculation of LE at 
birth,18 25 regions that had a population by sex of less than 500 for each year were integrated 
with a neighboring area, following the method used in prior studies.19,20 The other areas were 
rearranged according to changes in administrative districts over the 10-year study period.

Data and statistical analysis
We utilized the Eligibility Database (DB) and the Treatment DB of the National Health 
Information DB (NHID) provided by the National Health Insurance Service. We obtained 
data on population and deaths from the Eligibility DB to calculate mortality. A person alive as 
of January 1 was assumed to be a survivor of the previous year, and deaths in the population 
were tracked for the year. From the data of population and deaths, the mortality data for each 
year were generated at the eup/myeon/dong level by age (19 age groups: 0, 1–4, 5–9, 10–14, ..., 
85+ years) and by sex from 2008 to 2017. Prior Korean studies also employed this approach 
and presented small-area-level mortality metrics.19,20 The cancer prevalence rates from 
2008 to 2017 were calculated from the aggregate data (without any personal information) of 
hospitalization (more than once per year) or outpatient treatment (more than twice per year) 
for cancer from the Treatment DB. The International Classification of Diseases 10th revision 
(ICD-10) codes C00-C97, D45, D46, D47.1, D47.3, D47.4, and D47.5 were included, while 
excluding thyroid cancer. Cancer-free LE was calculated by applying Sullivan's method21 to 
the collected mortality and cancer prevalence data.

Income indices are regarded as indicators of the overall socioeconomic characteristics of a 
region. This study used health insurance premium data obtained from the NHID as a proxy 
index for income.22-25 Regional health insurance premiums were obtained by calculating the 
equivalized insurance premium per person by eup/myeon/dong during 10 years, reflecting the 
number of household members and the premium increase rate for each year (2008–2017). 
Because health insurance premiums are charged per household, all members of the same 
household have the same insurance premium. The equivalized insurance premiums by eup/
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myeon/dong were transformed into z-scores to present the national distribution of regional 
insurance premiums. This is the first study in Korea to employ national health insurance 
premiums at the small area level.

Correlation and regression analyses were performed to analyze the association of cancer-free 
LE and the regional burden of cancer with health insurance premiums by eup/myeon/dong. Data 
pre-processing, calculations of cancer-free LE and insurance premiums, and analyses of the 
correlations between them were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).

Ethics statement
The present study protocol was reviewed and approved by the National Health Insurance 
Service of Korea (NHIS-2021-1-215) and the Seoul National University Hospital Institutional 
Review Board (IRB No. E-2002-016-1098). The requirement for informed consent was 
exempted by the board. Aggregate data without any personal information from the NHIS 
were utilized for this study.

RESULTS

Table 1 shows the descriptive information of LE, cancer-free LE, LE minus cancer-free LE 
and standardized health insurance premiums in 3,396 eups/myeons/dongs in Korea. The median 
value of LE for the total population was 80.8 years, and the inter-quartile range (IQR), which 
represents the spread from the first quartile (Q1) to the third quartile (Q3) of data, was 79.8–
82.0 years. For males, the median LE by eup/myeon/dong was 77.2 years (IQR: 75.8–78.7 years), 
while the corresponding value for females was 84.3 years (IQR: 83.4–85.3 years). The median 
regional LE for females was approximately 7.1 years higher than that for males. The median 
cancer-free LE for the total population by eup/myeon/dong was 79.3 years (IQR: 78.3–80.3 
years). For males, it was 75.4 years (IQR: 74.0–76.7 years), and for females it was 82.9 (IQR: 
82.0–83.9 years). The median difference between LE and cancer-free LE, which reflects the 
burden of cancer, was 1.6 years for the total population by eup/myeon/dong, and the IQR of 
the difference ranged from 1.5–1.7 years. For males, the median difference between LE and 
cancer-free LE was 1.8 years (IQR: 1.7–2.0 years), and for females it was 1.4 years (IQR: 1.3–1.5 
years). The mean equivalized health insurance premium by eup/myeon/dong was KRW 57,879 
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Table 1. Descriptive statistics of LE at birth (unit: years), cancer-free LE (unit: years), and standardized health insurance premiums by eup/myeon/dong (n = 
3,396): findings from the National Health Information Database, 2008–2017
Variables Mean Minimum Median Maximum IQR (Q1–Q3)
LE

Total 80.9 72.9 80.8 87.6 79.8–82.0
Male 77.3 69.2 77.2 86.6 75.8–78.7
Female 84.4 76.8 84.3 93.9 83.4–85.3

Cancer-free LE
Total 79.3 71.9 79.3 85.3 78.3–80.3
Male 75.4 67.9 75.4 83.3 74.0–76.7
Female 83 75.8 82.9 92.3 82.0–83.9

Difference between LE and cancer-free LE (LE minus cancer-free LE)
Total 1.6 1.0 1.6 3.0 1.5–1.7
Male 1.9 1.0 1.8 3.9 1.7–2.0
Female 1.4 0.7 1.4 2.3 1.3–1.5

Regional standardized health insurance premiums
Equivalized (Korean won) 57,879 3,979 54,341 182,546 49,981–61,880
Standardized (z-score) 0.0 −3.9 −0.3 9.1 −0.6–0.3

LE = life expectancy, IQR = inter-quartile range.



(median value = KRW 54,341), and the difference between the maximum and minimum 
health insurance premiums by eup/myeon/dong was KRW 178,567 (IQR: KRW 49,981–61,880). 
The standardized health insurance premium by eup/myeon/dong ranged from -3.9 to 9.1 (mean 
= 0, median = −0.3, IQR: −0.6–0.3).

The maps in Figs. 1 and 2 show the national distributions of LE and cancer-free LE by 
eup/myeon/dong. Both LE and cancer-free LE tended to be higher in eups/myeons/dongs of 
metropolitan areas for the total population than in eups/myeons/dongs of non-metropolitan 
areas. Similar distributions were observed for LE and cancer-free LE of the male population. 
LE and cancer-free LE for females also tended to be higher in metropolitan areas, but 
those were also likely to be high for females in some eups/myeons/dongs in Gangwon-
do, Gyeongsangbuk-do, Gyeongsangnam-do, Jeollabuk-do and Jeollanam-do outside 
metropolitan areas.

To better understand the distribution of LE and cancer-free LE by eup/myeon/dong, the small-area-
level distributions of LE and cancer-free LE by metropolitan and provincial cities were considered 
(Fig. 3 and Supplementary Table 1). As shown in the national distributions (Figs. 1 and 2), the LE 
and cancer-free LE of eups/myeons/dongs in the metropolitan areas such as Seoul and Gyeonggi-do 
were higher than those in other provincial cities (median LE = 82.9 years in Seoul and 81.4 years 

5/13https://jkms.org https://doi.org/10.3346/jkms.2021.36.e269

Cancer-free Life Expectancy in Small Areas

72.9–78.8
78.8–79.5
79.5–80.0
80.0–80.4
80.4–80.8
80.8–81.3
81.3–81.8
81.8–82.3
82.3–83.2
83.2–87.6

69.1–74.6
74.6–75.5
75.5–76.0
76.0–76.6
76.6–77.2
77.2–77.8
77.8–78.4
78.4–79.1
79.1–80.3
80.3–86.5

76.8–82.5
82.5–83.1
83.1–83.6
83.6–83.9
83.9–84.3
84.3–84.7
84.7–85.1
85.1–85.6
85.6–86.3
86.3–93.9

A Total population B Males C Females

Fig. 1. National distributions of life expectancy at birth in 3,396 eups/myeons/dongs for (A) total population, (B) males, and (C) females, shown in 10 color 
groups with ranges for the categories determined by the deciles of life expectancy at birth: findings from the National Health Information Database, 2008–2017.
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groups with ranges for the categories determined by the deciles of cancer-free life expectancy: findings from the National Health Information Database, 2008–2017.



in Gyeonggi-do; and median cancer-free LE = 81.1 years in Seoul and 79.8 years in Gyeonggi-do) 
(Fig. 3A, B, and Supplementary Table 1). However, eups/myeons/dongs in Seoul and Gyeonggi-
do were also likely to have a larger difference between LE and cancer-free LE than other areas 
(median = 1.8 years in Seoul and 1.6 years in Gyeonggi-do) (Fig. 3C and Supplementary Table 1).

In particular, when the median cancer-free LE in eups/myeons/dongs was 79.3 years, 95.8 percent 
of eups/myeons/dongs had a cancer-free LE above the median value in Seoul, while only 4.2 
percent were below the median (Supplementary Fig. 1B). In contrast, 21.9 percent of eups/
myeons/dongs had a cancer-free LE above the median value in Gyeongsangnam-do, while 
78.1 percent were below the median value (Supplementary Fig. 1B). Given that the median 
difference between the LE and cancer-free LE of all eups/myeons/dongs is 1.6 years, about 96.5 
percent of eups/myeons/dongs in Seoul showed a difference over 1.6 years. Conversely, only 
about 15.8% of eups/myeons/dongs in Gyeongsangnam-do showed a difference of more than 
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Fig. 3. Regional distributions of (A) LE at birth, (B) cancer-free LE, and (C) difference between LE and cancer-free LE for eups/myeons/dongs in 17 metropolitan/
provincial cities: findings from the National Health Information Database, 2008–2017. 
LE = life expectancy.



1.6 years (Supplementary Fig. 1C). For the large number of remaining eups/myeons/dongs in 
Gyeongsangnam-do, the difference between LE and cancer-free LE was less than 1.6 years 
(Supplementary Fig. 1C).

The correlations of regional standardized insurance premiums with LE and cancer-free LE 
by eup/myeon/dong are shown in Fig. 4A and B. The standardized health insurance premium by 
eup/myeon/dong was statistically significantly associated with LE (r = 0.6, P < 0.001) and cancer-
free LE (r = 0.6, P < 0.001) for the total population. Regression analyses also confirmed the 
statistically significant relationships of regional standardized insurance premiums with 
LE and cancer-free LE by eup/myeon/dong (β = 1.1, P < 0.001 for LE and β = 1.0, P < 0.001 for 
cancer-free LE) (Supplementary Table 2). While significant relationships were observed for 
males (r = 0.7, P < 0.001 and r = 0.7, P < 0.001, respectively), LE and cancer-free LE by eup/
myeon/dong did not show strong correlations with the standardized health insurance premium 
for females (r = 0.4, P < 0.001 and r = 0.3, P < 0.001, respectively) (Fig. 4A and B). Regression 
analyses also revealed statistically significant associations between the regional standardized 
health insurance premium and LE and cancer-free LE by eup/myeon/dong for male populations 
(β = 1.5, P < 0.001 for LE and β = 1.3, P < 0.001 for cancer-free LE) (Supplementary Table 2). 
For females, while the statistically significant relationship was confirmed, the regression 
coefficients were smaller than those for the total or male populations. In addition, the 
standardized health insurance premium by eup/myeon/dong was significantly associated with 
the difference between LE and cancer-free LE (β = 0.2, P < 0.001 for the total population) 
(Fig. 4C and Supplementary Table 2). All of these regression models have R-square values 
ranging from 0.1 to 0.5.

DISCUSSION

This study analyzed the relationships between regional health insurance premiums and 
cancer-free LE by eup/myeon/dong in Korea using data from the NHID. First, this study showed 
the existence of regional inequality in terms of LE, cancer-free LE and the burden of cancer (LE 
minus cancer-free LE) by eup/myeon/dong. This result is in line with studies15,20,24,26,27 that have 
found regional health inequalities by city/county/district or in urban versus rural areas in terms 
of LE or HLE. As shown in Figs. 1, 2, and 3, metropolitan cities, including Seoul and Gyeonggi-
do, tended to have higher LEs and cancer-free LEs compared to provincial areas. Previous 
studies15,24,26 have also generally shown a tendency for LE to be higher in large cities than in 
rural areas. This study added evidence that even in metropolitan and large areas, where LE and 
HLE are relatively high, there exist eups/myeons/dongs with poorer cancer-related health levels 
than those of eups/myeons/dongs located in rural or non-metropolitan areas (Fig. 3). In other 
words, information about small and vulnerable areas with a lower cancer-free LE, which could 
not have been observed through the analysis of wider administrative unit areas, was found by 
analyzing small administrative areas. These findings could facilitate the implementation of 
community-centered cancer control policies in areas that more urgently need them and help 
ensure that the effectiveness of the project is accurately communicated to the local residents.

A gender gap was also found in regional LE, cancer-free LE and burden of cancer. As in 
previous studies, females had higher LE and cancer-free LE than males. For males, LE and 
cancer-free LE by eup/myeon/dong (Figs. 1B and 2B) showed distributions very similar to LE 
and cancer-free LE for the total population (Figs. 1A and 2A), whereas LE and cancer-free LE 
for females (Figs. 1C and 2C) showed distributions that were slightly different from those of 
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the male population. For females, the eups/myeons/dongs with high LE and cancer-free LE were 
less strongly concentrated in metropolitan areas than those for males. This indicates that the 
proportion of female deaths (affecting female LE) and female cancer prevalence (affecting 
female cancer-free LE) were likely to be lower in non-metropolitan areas than those for males.
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Fig. 4. Correlations of standardized health insurance premium with (A) LE at birth, (B) cancer-free LE and (C) difference between LE and cancer-free LE in 3,396 
eups/myeons/dongs: findings from the National Health Information Database, 2008–2017. (A) Correlation of standardized health insurance premium with LE in 
3,396 eups/myeons/dongs for (a) total population, (b) males and (c) females; solid lines represent fitted regression lines. (B) Correlation of standardized health 
insurance premium with cancer-free LE in 3,396 eups/myeons/dongs for (a) total population, (b) males and (c) females; solid lines represent fitted regression 
lines. (C) Correlation of standardized health insurance premium with difference between LE and cancer-free LE in 3,396 eups/myeons/dongs for (a) total 
population, (b) males and (c) females; solid lines represent fitted regression lines. 
LE = life expectancy.



Moreover, as the duration of illness due to disease or accidents is prolonged given the increase 
in LE and advances in medical technology,2 the gap between LE and HLE (reflecting years of 
healthy life lost from illness) is an important issue.1,28 This study indicated that the median 
value of cancer-free LE was lower than the median of LE by eup/myeon/dong (1.6 years for the 
total population, 1.8 years for males, and 1.4 years for females). The period during which a 
person can live a healthy life without hospitalization and outpatient treatment for cancer can 
be shortened by the abovementioned period and quality of life may be degraded due to the 
burden of cancer during that period. Notably, while eups/myeons/dongs in Seoul and Gyeonggi-do 
tended to have higher LE and cancer-free LE than those of eups/myeons/dongs in other cities, the 
differences between LE and cancer-free LE were larger in Seoul and Gyeonggi-do (Fig. 3 and 
Supplementary Table 1). Those who live in the regions known to have better socioeconomic 
conditions were likely to show a cancer survival for a longer time and lower cancer mortality 
rate,29,30 while it also means that the period for which a person survives from cancer could be 
a large burden of cancer. The variances of LE, cancer-free LE, and the burden of cancer by eup/
myeon/dong were also larger in Seoul and Gyeonggi-do than in other regions (Fig. 3). In other 
words, regional differences in health levels existed among eups/myeons/dongs within metropolitan 
cities, such as Seoul and Gyeonggi-do. A wider regional gap also existed in difference between 
LE and cancer-free LE for males than for females, indicating that the regional inequality in the 
burden of cancer was more prominent for males than females (Table 1).

In this study, the associations of the regional standardized health insurance premiums 
with LE, cancer-free LE, and the burden of cancer (LE minus cancer-free LE) by eup/myeon/
dong were statistically significant. Eups/myeons/dongs with a higher socioeconomic position 
(SEP), as reflected by a higher health insurance premium, tended to present higher LE and 
cancer-free LE than regions with the low SEP. Regional health insurance premiums also 
showed a significant association with the difference between LE and cancer-free LE by eup/
myeon/dong. Notably, this finding suggests that the gap between LE and cancer-free LE, 
which indicates the burden of cancer, was not necessarily larger in areas with a lower SEP. 
Rather, it tended to be greater in regions with a higher SEP, as quantified using insurance 
premiums. One explanation would be that cancer prevalence rates employed in this study 
for the calculation of cancer-free LE may reflect healthcare utilization and overutilization 
in regions with higher SEP and/or underutilization in regions with lower SEP. It might have 
contributed to the positive relationship between regional health insurance premiums and 
the burden of cancer. Another explanation would be that people living in eups/myeons/dongs 
with high health insurance premiums, compared to those who live in areas with low health 
insurance premiums, could experience a degradation in the quality of life caused by cancer 
for a longer period of time. People living in areas with high health insurance premiums 
may be more likely to have high LE and to extend their lifespan through early detection of 
cancer and appropriate treatment. Therefore, people living in regions with a higher SEP 
tend to have higher cancer-free LE, but a greater burden of cancer, compared to those living 
in regions with a lower SEP. Even though people with a higher SEP have an advantage in the 
early detection and treatment of cancer, it could be especially important for them to focus on 
cancer prevention to stay healthy for a longer period.

Finally, the associations of regional health insurance premiums with LE, cancer-free LE, 
and the burden of cancer were more prominent in males than females. Similar results have 
been reported in previous studies, which noted that household income or health insurance 
premiums did not significantly affect LE or HLE for females or showed a weaker correlation 
with LE in females than in males.7,25,31,32 In addition, some studies could not confirm a 
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significant relationship between LE of females and the regional deprivation index, which is 
a comprehensive indicator of the socioeconomic deficiency level of a region,1,33 while others 
found only weaker associations of LE with the regional deprivation index for females than 
for males.34 A possible reason for the weak correlation between LE and cancer-free LE for 
females by eup/myeon/dong and regional health insurance premiums is that the total mortality 
rates for females (the main factor determining LE) by eup/myeon/dong are generally lower and 
the variations of regional LE for females are smaller than those for the male population. 
Moreover, this study assumed that the same regional health insurance premium was 
applied equally to all members of the same household, since the premiums are charged on a 
household basis. Therefore, the health insurance premium may not fully reflect the regional 
socioeconomic status of females.

This study has some limitations. In general, HLE varies depending on the type of health 
information and health status criteria used to calculate life expectancy. To calculate cancer-
free LE, this study used information on hospitalization (more than once a year) or outpatient 
treatment (more than twice a year) for cancer disease from the Eligibility and Treatment 
DBs in the NHID. The cancer prevalence used in our study might be underestimated because 
we included patients who are actively involved in cancer treatment after cancer diagnosis 
and could not consider groups that have not been treated for cancer for various reasons in a 
community. It is also possible that the cancer prevalence could be overestimated if the events 
of hospitalization and outpatient treatment for cancer were caused by early diagnosis process 
of the suspected cancer rather than actual cancer treatment. Therefore, it may be difficult 
to compare the results of this study with those of other works that calculated cancer-free LE 
by using other cancer-related information or applying different criteria. Careful attention is 
therefore required to interpret the results of such studies. In addition, robust calculations of 
LE and cancer-free LE require data with at least 5,000 person-years from all regions.18 This 
study integrated the data of 25 regions with annual average populations by sex of less than 
500 in 2008–2017 with those of neighboring regions, and as a result, the actual information 
of these regions was replaced by the LE and cancer-free LE of the adjacent areas. However, 
we were careful to integrate the data of regions that showed very similar socioeconomic and 
environmental characteristics by tracking changes in administrative district information.

Despite these limitations, this study produced valuable information on cancer-free LE 
and the burden of cancer at the eup/myeon/dong level in Korea. Moreover, this is the first 
study in Korea utilizing national health insurance premiums at the eup/myeon/dong level as a 
neighborhood SEP indicator. The significance of this work lies in its creation of the necessary 
foundation to determine regional priorities for implementing cancer-related regional health 
policies within small administrative areas and to evaluate the effectiveness of regional cancer 
management programs.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Regional distributions of LE, cancer-free LE, and difference between LE and cancer-free LE 
for eups/myeons/dongs in 17 metropolitan/provincial cities: findings from the National Health 
Information Database, 2008–2017 (Unit: years)

Click here to view
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Supplementary Table 2
Result of regression analyses on the association between standardized health insurance 
premium and (A) LE, (B) cancer-free LE and (C) difference between LE and cancer-free LE in 
3,396 eups/myeons/dongs: findings from the National Health Information Database, 2008–2017 
(Unit: years)

Click here to view

Supplementary Fig. 1
Proportions of eups/myeons/dongs according to median values of (A) LE, (B) cancer-free LE 
and (C) difference between LE and cancer-free LE for total population in 17 metropolitan/
provincial cities: findings from the National Health Information Database, 2008–2017.

Click here to view

REFERENCES

	 1.	 Kim BR, Yoon TH. The association between socioeconomic deprivation and life expectancy and healthy 
life expectancy by region in Korea. Korean J Health Educ Promot 2017;34(5):29-40. 
CROSSREF

	 2.	 OECD/EU. Health at a glance: Europe 2016 - state of health in the EU cycle. https://ec.europa.eu/health/
sites/default/files/state/docs/health_glance_2016_rep_en.pdf. Updated 2016. Accessed March 20, 2021.

	 3.	 Khang YH, Yun SC, Bahk J, Kang HY, Kim I, Seo S. Developing Indicators for Evaluating and Monitoring the 
Health Plan 2020 Using the National Health Information Database of the National Health Insurance Service in Korea. 
Seoul, Korea: Korea Health Promotion Institute; 2016.

	 4.	 Yang S, Khang YH, Harper S, Davey Smith G, Leon DA, Lynch J. Understanding the rapid increase in life 
expectancy in South Korea. Am J Public Health 2010;100(5):896-903. 
PUBMED | CROSSREF

	 5.	 Byun YC, Lee SK, Park SJ, Lee MK. Regional Differences in Health Expectancy in Korea and Policy Suggestions. 
Seoul, Korea: Korea Institute for Health and Social Affairs; 2011.

	 6.	 Lee JY, Ock M, Kim SH, Go DS, Kim HJ, Jo MW. Health-adjusted life expectancy (HALE) in Korea: 
2005–2011. J Korean Med Sci 2016;31 Suppl 2:S139-45. 
PUBMED | CROSSREF

	 7.	 Kwon TY, Lim JY, Park Y. Health life expectancy in Korea based on sample cohort database of National 
Health Insurance Services. Korean J Appl Stat 2017;30(3):475-86. 
CROSSREF

	 8.	 Jo MW, Seo W, Lim SY, Ock M. The trends in health life expectancy in Korea according to age, gender, 
education level, and subregion: using quality-adjusted life expectancy method. J Korean Med Sci 2018;34 
Suppl 1:e88. 
PUBMED | CROSSREF

	 9.	 Ock M, Han JW, Lee JY, Kim SH, Jo MW. Estimating quality-adjusted life-year loss due to 
noncommunicable diseases in Korean adults through to the year 2040. Value Health 2015;18(1):61-6. 
PUBMED | CROSSREF

	10.	 Korea Central Cancer Registry, National Cancer Center. Annual Report of Cancer Statistics in Korea in 2017. 
Goyang, Korea: Korea Central Cancer Registry, National Cancer Center; 2019.

	11.	 National Cancer Center. National Cancer Control Programs. https://www.ncc.re.kr/main.
ncc?uri=manage01_1. Updated 2020. Accessed December 30, 2020.

	12.	 Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA, Brenner H, et al. Global, regional, and 
national cancer incidence, mortality, years of life lost, years lived with disability, and disability-adjusted 
life-years for 32 cancer groups, 1990 to 2015: a systematic analysis for the global burden of disease study. 
JAMA Oncol 2017;3(4):524-48. 
PUBMED | CROSSREF

11/13https://jkms.org https://doi.org/10.3346/jkms.2021.36.e269

Cancer-free Life Expectancy in Small Areas

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2021.36.e269&fn=jkms-36-e269-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2021.36.e269&fn=jkms-36-e269-s003.doc
https://doi.org/10.14367/kjhep.2017.34.5.29
http://www.ncbi.nlm.nih.gov/pubmed/20299661
https://doi.org/10.2105/AJPH.2009.160341
http://www.ncbi.nlm.nih.gov/pubmed/27775251
https://doi.org/10.3346/jkms.2016.31.S2.S139
https://doi.org/10.5351/KJAS.2017.30.3.475
http://www.ncbi.nlm.nih.gov/pubmed/30923491
https://doi.org/10.3346/jkms.2019.34.e88
http://www.ncbi.nlm.nih.gov/pubmed/25595235
https://doi.org/10.1016/j.jval.2014.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27918777
https://doi.org/10.1001/jamaoncol.2016.5688


	13.	 Burnet NG, Jefferies SJ, Benson RJ, Hunt DP, Treasure FP. Years of life lost (YLL) from cancer is an 
important measure of population burden--and should be considered when allocating research funds. Br J 
Cancer 2005;92(2):241-5. 
PUBMED | CROSSREF

	14.	 Go DS, Kim YE, Radnaabaatar M, Jung Y, Jung J, Yoon SJ. Regional differences in years of life lost in Korea 
from 1997 to 2015. J Korean Med Sci 2018;34 Suppl 1:e91. 
PUBMED | CROSSREF

	15.	 Lim HK, Kang HY, Kim I, Khang YH. Spatio-temporal analysis of district-level life expectancy from 2004 
to 2017 in Korea. J Korean Med Sci 2021;36(2):e8. 
PUBMED | CROSSREF

	16.	 Kim I, Bahk J, Yun SC, Khang YH. Income gaps in self-rated poor health and its association with life 
expectancy in 245 districts of Korea. Epidemiol Health 2017;39:e2017011. 
PUBMED | CROSSREF

	17.	 Bahk J, Kim YY, Kang HY, Lee J, Kim I, Lee J, et al. Using the National Health Information Database of the 
National Health Insurance Service in Korea for monitoring mortality and life expectancy at national and 
local levels. J Korean Med Sci 2017;32(11):1764-70. 
PUBMED | CROSSREF

	18.	 Toson B, Baker A. Life Expectancy at Birth: Methodological Options for Small Populations. London, UK: Office for 
National Statistics; 2003.

	19.	 Kim I, Chang Y, Kang HY, Kim YY, Park JH, Khang YH. Use of the National Health Information database 
for estimating town-level mortality in Korea: comparison with the National Administrative data, 
2014–2017. J Korean Med Sci 2019;34(23):e168. 
PUBMED | CROSSREF

	20.	 Kim I, Lim HK, Kang HY, Khang YH. Comparison of three small-area mortality metrics according to 
urbanity in Korea: the standardized mortality ratio, comparative mortality figure, and life expectancy. 
Popul Health Metr 2020;18(1):3. 
PUBMED | CROSSREF

	21.	 Jagger C, Oyen H, Robine J. Health Expectancy Calculation by the Sullivan Method: a Practical Guide. 4th ed. 
Newcastle upon Tyne, UK: Newcastle University Institute of Ageing; 2014.

	22.	 Bahk J, Kang HY, Khang YH. Inequality in life expectancy in Korea according to various categorizations of 
the National Health Insurance premiums as a marker of income. Yonsei Med J 2020;61(7):640-3. 
PUBMED | CROSSREF

	23.	 Chun SY, Kim W, Park EC. Disparities in avoidable hospitalization by income in South Korea: data from 
the National Health Insurance cohort. Eur J Public Health 2019;29(2):225-31. 
PUBMED | CROSSREF

	24.	 Lim D, Bahk J, Ock M, Kim I, Kang HY, Kim YY, et al. Income-related inequality in quality-adjusted life 
expectancy in Korea at the national and district levels. Health Qual Life Outcomes 2020;18(1):45. 
PUBMED | CROSSREF

	25.	 Khang YH, Bahk J, Lim D, Kang HY, Lim HK, Kim YY, et al. Trends in inequality in life expectancy at 
birth between 2004 and 2017 and projections for 2030 in Korea: multiyear cross-sectional differences by 
income from national health insurance data. BMJ Open 2019;9(7):e030683. 
PUBMED | CROSSREF

	26.	 Bahk J, Kang HY, Khang YH. Life expectancy and inequalities therein by income from 2016 to 2018 across 
the 253 electoral constituencies of the National Assembly of the Republic of Korea. J Prev Med Public Health 
2020;53(2):143-8. 
PUBMED | CROSSREF

	27.	 Kim I, Kang HY, Khang YH. Life expectancy in areas around subway stations in the Seoul metropolitan 
area in Korea, 2008–2017. J Korean Med Sci 2020;35(44):e365. 
PUBMED | CROSSREF

	28.	 Salomon JA, Wang H, Freeman MK, Vos T, Flaxman AD, Lopez AD, et al. Healthy life expectancy 
for 187 countries, 1990–2010: a systematic analysis for the Global Burden Disease Study 2010. Lancet 
2012;380(9859):2144-62. 
PUBMED | CROSSREF

	29.	 Kwak M, Kim C. Disparities by age, sex, tumor stage, diagnosis path, and area-level socioeconomic 
status in survival time for major cancers: results from the busan cancer registry. J Korean Med Sci 
2017;32(12):1974-83. 
PUBMED | CROSSREF

	30.	 Kim W, Jang S, Chang YJ. Regional differences in access to clinical trials for cancer in Korea. Qual Improv 
Health Care 2021;27(1):20-5. 
CROSSREF

12/13https://jkms.org https://doi.org/10.3346/jkms.2021.36.e269

Cancer-free Life Expectancy in Small Areas

http://www.ncbi.nlm.nih.gov/pubmed/15655548
https://doi.org/10.1038/sj.bjc.6602321
http://www.ncbi.nlm.nih.gov/pubmed/30923494
https://doi.org/10.3346/jkms.2019.34.e91
http://www.ncbi.nlm.nih.gov/pubmed/33429472
https://doi.org/10.3346/jkms.2021.36.e8
http://www.ncbi.nlm.nih.gov/pubmed/28330335
https://doi.org/10.4178/epih.e2017011
http://www.ncbi.nlm.nih.gov/pubmed/28960027
https://doi.org/10.3346/jkms.2017.32.11.1764
http://www.ncbi.nlm.nih.gov/pubmed/31197985
https://doi.org/10.3346/jkms.2019.34.e168
http://www.ncbi.nlm.nih.gov/pubmed/32620133
https://doi.org/10.1186/s12963-020-00210-7
http://www.ncbi.nlm.nih.gov/pubmed/32608209
https://doi.org/10.3349/ymj.2020.61.7.640
http://www.ncbi.nlm.nih.gov/pubmed/30260368
https://doi.org/10.1093/eurpub/cky198
http://www.ncbi.nlm.nih.gov/pubmed/32103763
https://doi.org/10.1186/s12955-020-01302-6
http://www.ncbi.nlm.nih.gov/pubmed/31272989
https://doi.org/10.1136/bmjopen-2019-030683
http://www.ncbi.nlm.nih.gov/pubmed/32172547
https://doi.org/10.3961/jpmph.20.050
http://www.ncbi.nlm.nih.gov/pubmed/33200592
https://doi.org/10.3346/jkms.2020.35.e365
http://www.ncbi.nlm.nih.gov/pubmed/23245606
https://doi.org/10.1016/S0140-6736(12)61690-0
http://www.ncbi.nlm.nih.gov/pubmed/29115079
https://doi.org/10.3346/jkms.2017.32.12.1974
https://doi.org/10.14371/QIH.2021.27.1.20


	31.	 Chetty R, Stepner M, Abraham S, Lin S, Scuderi B, Turner N, et al. The association between income and 
life expectancy in the United States, 2001–2014. JAMA 2016;315(16):1750-66. 
PUBMED | CROSSREF

	32.	 Woo H. Income and life expectancy. Health Soc Welf Rev 2011;31(2):60-94. 
CROSSREF

	33.	 Hong JM, Lee SH, Shin HS. Variation in life expectancy by area deprivation: magnitude and trends in 
Korea, 2000–2011. Health Soc Sci 2013;34(1):273-98.

	34.	 Woods LM, Rachet B, Riga M, Stone N, Shah A, Coleman MP. Geographical variation in life expectancy at 
birth in England and Wales is largely explained by deprivation. J Epidemiol Community Health 2005;59(2):115-20. 
PUBMED | CROSSREF

13/13https://jkms.org https://doi.org/10.3346/jkms.2021.36.e269

Cancer-free Life Expectancy in Small Areas

http://www.ncbi.nlm.nih.gov/pubmed/27063997
https://doi.org/10.1001/jama.2016.4226
https://doi.org/10.15709/hswr.2011.31.2.60
http://www.ncbi.nlm.nih.gov/pubmed/15650142
https://doi.org/10.1136/jech.2003.013003

	Cancer-free Life Expectancy in Small Administrative Areas in South Korea and Its Associations with Regional Health Insurance Premiums
	INTRODUCTION
	METHODS
	Data and statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Fig. 1

	REFERENCES


