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Abstract
Background
This study aimed to quantify the contribution of narrowing the life expectancy gap between urban and rural areas to the overall life expectancy at birth in Korea and examine the age and death cause-specific contribution to changes in the life expectancy gap between urban and rural areas.

Methods
We used the registration population and death statistics from Statistics Korea from 2000 to 2019. Assuming two hypothetical scenarios, namely, the same age-specific mortality change rate in urban and rural areas and a 20% faster decline than the observed decline rate in rural areas, we compared the increase in life expectancy with the actual increase. Changes in the life expectancy gap between urban and rural areas were decomposed into age- and cause-specific contributions.

Results
Rural disadvantages of life expectancy were evident. However, life expectancies in rural areas increased more rapidly than in urban areas. Life expectancy would have increased 0.3–0.5 less if the decline rate of age-specific mortality in small-to-middle urban and rural areas were the same as that of large urban areas. Life expectancy would have increased 0.7–0.9 years further if the decline rate of age-specific mortality in small-to-middle urban and rural areas had been 20% higher. The age groups 15–39 and 40–64, and chronic diseases, such as neoplasms and diseases of the digestive system, and external causes significantly contributed to narrowing the life expectancy gap between urban and rural areas.

Conclusion
Pro-health equity interventions would be a good strategy to reduce the life expectancy gap and increase overall life expectancy, particularly in societies where life expectancies have already increased.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12939-023-01960-0.
Keywords
Age factorsChronic diseaseLife ExpectancyRural Population
List of abbreviations
	LE
	Life expectancy at birth

	LUA
	Large Urban Area

	SMUA
	Small-to-Middle Urban Area

	RA
	Rural Area

	UI
	Uncertainty interval

	OECD
	Organization for Economic Co-operation and Development




Background
Life expectancy at birth (LE) has consistently increased in South Korea (hereafter, Korea). Men’s LE has increased from 72.3 years in 2000 to 76.8 years in 2010 and 80.3 years in 2019, an increase of 4.5 and 3.5 years every decennial period. In the same period, women’s LE increased by 3.9 and 2.7 years (79.7 years in 2000, 83.6 years in 2010, and 86.3 years in 2019). This pattern differs from other countries, especially during the most recent decennial period [1]. For instance, during the first six years of the second decennial period in the United Kingdom, LE in men increased by roughly 0.8 years, from 78.6 (in 2010) to 79.4 years (in 2016). LE in women increased from 82.6 to 83.0 years during the same period [1]. LE in the United States stagnated during the 2010s [2].
One of Korea’s main health policy goals is eliminating regional health gaps. Improving overall health and achieving health equity between income levels and regions are the two overarching goals of the most recent Health Plan 2030 [3]. Since the 1990s, the mortality gap between urban and rural areas in Korea has continuously decreased. The mortality rate in urban areas was consistently lower than that in rural areas, according to a previous study that examined mortality trends in Korea for 20 years, starting in 1993 [4]. However, the mortality rate decreased more rapidly in rural areas than in urban areas, and the mortality gap between the two areas decreased. A more rapid reduction in avoidable mortality in rural areas, such as with cancer and cardiovascular diseases, has narrowed the mortality gap [5]. This situation in Korea offers a good opportunity to examine whether closing the life expectancy gap between urban and rural areas has increased overall life expectancy.
A previous study conducted in Korea found that inequality in self-rated health within a district increases with poorer self-rated health [6]. Recent research has argued that reducing inequality is critical for improving overall health, and understanding the epidemiology by age and cause of death is required to reduce health inequality [7]. However, Anand claimed that achieving health equity and enhancing overall health could constitute normative trade-offs [8]. Despite the theoretical and political justifications, few studies have empirically examined the effect of reducing health inequality at the overall health level.
This study aims to quantify the contribution of narrowing the LE gap between urban and rural areas in Korea to the country’s overall increase in LE. The differences between simulated and actual LEs were estimated when the rate of decrease in mortality in rural areas was equal to that in urban areas and when the decrease in mortality in rural areas was 20% greater than the actual rate. Decomposition analysis was also performed to examine age- and cause-specific contributions to reducing the urban-rural LE gap.

Methods
Data
This study used the 2000–2019 whole population and death statistics of Korea provided by Korean Statistics. Korean Statistics publicly releases population data based on resident registration and vital statistics through the Korean Statistical Information Service. Annual population data were obtained by calculating the average population in January and December of each year. Annual population statistics by sex, 5-year age group (0,1,5–9…100+), and district were acquired. In Korea, it is mandatory by law to file a death report with a doctor’s death certificate attached within one month of knowing about the death. The cause of death was included in the death reports, along with information such as sex, age, and residence. The Korean Standard Classification of Diseases and Causes of Death, Seventh Revision, based on the International Classification of Diseases, Tenth Revision, was used [9]. Using the MicroData Integrated Service of Statistics Korea, we obtained annual death data by gender/5-year age group/district/cause of death. Similar to previous studies, we reclassified the causes of death into 15 major categories based on the World Health Organization classification [10, 11]. Supplementary Table S1 lists the detailed classifications of the causes of death.

Urban-rural definition
The urban-rural definition varies depending on the country and context, and no single representative definition exists [12]. A definition using the district of the administrative unit has the advantage of being the most used, easy to understand, and effective for comparisons of the results [12]. Korea’s districts have the lowest level of autonomous local governments and are classified into three categories: Gu, Si, and Gun (ordered by urbanity), mainly according to the population size. This study uses the Gu, Si, and Gun classification to define urban and rural areas in Korea. As of 2019, 114 Gus were classified as large urban areas (LUAs), 80 Sis as small-to-middle urban areas (SMUAs), and 82 Guns as rural areas (RAs). Population densities according to LUAs, SMUAs, and RAs are shown in Supplementary Table S2.

Statistical analysis
Considering the stagnation of the LE increase in several countries since 2010, we separated the entire study period into two segments: 2000–2009 and 2010–2019. This study used 100 years or older as the open age interval to calculate the LE [13]. In all analyses, using 2,000 randomly drawn samples by the Monte Carlo simulation approach, a 95% uncertainty interval (UI) was produced, with 2.5 and 97.5 percentiles as the boundary. The number of deaths by sex, year, area (LUAs, SMUAs, and RAs), age group, and cause of death was assumed to follow a Poisson distribution in the Monte Carlo simulation method. All the analyses were stratified according to sex.
We conducted a nonparametric simulation analysis. Two scenarios were proposed. In the first scenario, the difference between the simulated LE increase when age-specific mortality in RAs decreased was considered at the same rate as in LUAs, and the actual overall LE increase was estimated. In the second scenario, we estimated the difference between the simulated LE increase when the age-specific mortality decrease in RAs was 20% faster than the observed rate and the actual overall LE increase. A standard of 20% was chosen based on the relative difference between age-standardized all-cause mortality in patients with RAs and LUAs in 2019. The results in which the mortality rates in RAs and SMUAs declined at the same rate are also presented.
Finally, the LE gap between the LUAs and RAs was decomposed by age group and cause of death. The contour decomposition method was applied [14], an approach that considers the non-additive nature of the LE estimator. The difference between the two areas of the starting- and ending-point LEs and the difference in LE changes between the two areas were decomposed. In the sensitivity analysis, we decomposed the difference between SMUAs and RAs. In addition, considering the variability of urban-rural definitions, another decomposition analysis was performed by reclassifying LUAs, SMUAs, and RAs according to population density. Approximately 90% of the urbanization level was posited as the population density cut-off for categorizing regions into LUAs and SMUAs (corresponding to the top 60th percentile population density districts). Districts with populations in the top 30th percentile of population density were categorized as LUAs.


Results
The age distribution and log-transformed all-cause age-specific mortality rates for LUAs, SMUAs, and RAs in 2019 are shown in Fig. 1. Age distribution was inversely U-shaped in all areas. Compared with RAs, the age structure in urban areas was substantially lower for both sexes. In all three areas, the log-transformed age-specific mortality exhibited a J-shape. However, those in RAs had higher mortality rates in the young and middle-aged groups than those in LUAs and SMUAs. Additionally, the mortality gap was wider among men than among women. The age-specific population and mortality figures for all three areas in 2000, 2010, and 2019 are presented in Supplementary Tables S3 and S4, respectively. Approximately 60%, 32%, and 8% of the population belonged to LUAs, SMUAs, and RAs, respectively. However, LUAs, SMUAs, and RAs accounted for approximately 52%, 32%, and 16% of all fatalities, respectively.
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Fig. 1Age structure and log-transformed age-specific mortality by degree of urbanization in 2019: Findings from the Korean Statistical Information Services, Men and women
(A) Age structure by degree of urbanization in 2019, men (B) Log-transformed age-specific mortality by degree of urbanization in 2019, men (C) Age structure by degree of urbanization in 2019, women (D) Log-transformed age-specific mortality by degree of urbanization in 2019, women
LUA = Large Urban Areas; SMUA = Small-to-Middle Urban Areas; RA = Rural Areas


Supplementary Fig. 1 shows the sex-specific annual LE trends for the three areas throughout the study. LE was higher in women than men throughout the study period and across all areas. According to urbanicity, in both sexes, LE was the highest in the order of LUAs, SMUAs, and RAs. The LE showed an upward trend, although the rate of increase was slower from 2010 to 2019 than from 2000 to 2009. Compared with LUAs and SMUAs, the LE increase rate in RAs was higher. Thus, the gap in LE between urban and rural areas narrowed. The gap was particularly narrow among women in the 2010s, who initially showed a lower LE gap between urban and rural areas than among men.
The total absolute and relative increases in LE are shown in Table 1, along with comparisons of the increases in the three areas by decade. In terms of absolute change, the total LE for men increased by 4.5 years (95% UI: 4.5, 4.6 years) and by 6.3% (95% UI: 6.2, 6.4%) between 2000 and 2009, and by 3.5 years (95% UI: 3.4, 3.5 years) and 4.5% (95% UI: 4.4, 4.6%) between 2010 and 2019. In all periods, absolute and relative increases rose from low to high urbanicity. Women showed similar trends to men. However, women’s absolute and relative increases were lower than men’s.
Table 1Absolute and relative increases in life expectancy by total and degree of urbanization for the 2000–2009 and 2010–2019 periods: Findings from the Korean Statistical Information Services, 2000–2019, Men and women


	 	2000–2009
	2010–2019

	 	Year 2000, yrs
(A)
	Year 2009, yrs
(B)
	Absolute
increase, yrs
(B)-(A)
	Relative 
increase, %
(B)-(A) / (A)
	Year 2010, yrs
(C)
	Year 2019, yrs
(D)
	Absolute
increase, yrs
(D)-(C)
	Relative 
increase, %
(D)-(C) / (C)

	Men
	 	 	 	 	 	 	 	 
	Total
	72.3
(72.2, 72.4)
	76.8
(76.8, 76.9)
	4.5
(4.5, 4.6)
	6.3
(6.2, 6.4)
	77.0
(76.9, 77.0)
	80.4
(80.4, 80.5)
	3.5
(3.4, 3.5)
	4.5
(4.4, 4.6)

	LUAs
	73.5
(73.4,73.5)
	77.5
(77.4,77.6)
	4.0
(3.9,4.2)
	5.5
(5.4,5.7)
	77.6
(77.5,77.7)
	80.9
(80.8,80.9)
	3.3
(3.1,3.4)
	4.2
(4.1,4.4)

	SMUAs
	71.3
(71.1,71.4)
	76.3
(76.2,76.5)
	5.1
(4.9,5.2)
	7.1
(6.9,7.4)
	76.4
(76.3,76.6)
	80.1
(80.0,80.2)
	3.7
(3.5,3.8)
	4.8
(4.6,5.0)

	RAs
	69.1
(68.9,69.3)
	74.6
(74.4,74.8)
	5.6
(5.3,5.8)
	8.0
(7.6,8.5)
	74.9
(74.7,75.1)
	79.0
(78.8,79.2)
	4.1
(3.8,4.3)
	5.4
(5.1,5.8)

	Women
	 	 	 	 	 	 	 	 
	Total
	79.6
(76.6, 79.7)
	83.6
(83.5, 83.7)
	4.0
(3.9, 4.1)
	5.0
(4.9, 5.1)
	83.8
(83.8, 83.9)
	86.4
(86.4, 86.5)
	2.6
(2.5, 2.7)
	3.1
(3.0, 3.2)

	LUAs
	79.9
(79.8,80.0)
	83.8
(83.7,83.9)
	3.8
(3.7,4.0)
	4.8
(4.6,5.0)
	83.9
(83.8,84.0)
	86.6
(86.5,86.6)
	2.7
(2.5,2.8)
	3.2
(3.0,3.3)

	SMUAs
	86.6
(86.5,86.6)
	83.4
(83.3,83.5)
	4.1
(4.0,4.3)
	5.2
(5.0,5.4)
	83.7
(83.6,83.8)
	86.3
(86.2,86.4)
	2.6
(2.4,2.7)
	3.1
(2.9,3.3)

	RAs
	78.5
(78.4,78.7)
	82.9
(82.7,83.1)
	4.4
(4.1,4.7)
	5.6
(5.3,5.9)
	83.3
(83.1,83.5)
	86.0
(85.9,86.2)
	2.7
(2.5,3.0)
	3.3
(3.0,3.6)


LUAs = Large Urban Areas; SMUAs = Small-to-Middle Urban Areas; RAs = Rural Areas
The numbers in parentheses indicate the boundary values of the 95% uncertainty interval



The results from the hypothetical scenario, in which the age-specific mortality decrease rate of RAs was the same as that of LUAs (Scenario 1) and 20% faster than the observed RAs decrease rate (Scenario 2), are shown in Table 2. In Scenario 1, men’s overall LE increased by 0.2 years less than the actual increase (95% UI: -0.2, -0.1 years), whereas in Scenario 2, men’s LE increased by 0.3 years more than the actual increase (95% UI: 0.2, 0.4) in 2000–2009. In women, narrowing the gap in age-specific mortality rates between urban and rural areas also led to larger LE increases during both periods, but the magnitudes were relatively small compared to men. When SMUAs and RAs simultaneously had steeper age-specific mortality decrease rates, the magnitudes of the LE increases were much larger (see Table 3). Relative hypothetical LE increase or decrease in 2010–2019 was greater than in 2000–2009 in all scenarios.
Table 2Absolute increase and difference from the observed increase in overall life expectancy in two hypothetical scenarios for the 2000–2009 and 2010–2019 periods: Findings from the Korean Statistical Information Services, 2000–2019, Men and women


	 	2000–2009
	2010–2019

	 	Year 2000, yrs
(A)
	Year 2009, yrs
(B)
	Absolute
increase, yrs
(B)-(A)
	Difference from the observed increase, yrs
	Year 2010, yrs
(C)
	Year 2019, yrs
(D)
	Absolute
increase, yrs
(D)-(C)
	Difference from the observed increase, yrs

	Men
	 	 	 	 	 	 	 	 
	Observed
	72.3
(72.2, 72.4)
	76.8
(76.8, 76.9)
	4.5
(4.5, 4.6)
	 	77.0
(76.9, 77.0)
	80.4
(80.4, 80.5)
	3.5
(3.4, 3.5)
	 
	Scenario 1
	 	76.7
(76.6, 77.8)
	4.4
(4.3, 4.5)
	-0.2
(-0.2, -0.1)
	 	80.3
(80.2, 80.4)
	3.3
(3.2, 3.4)
	-0.1
(-0.2, 0.0)

	Scenario 2
	 	77.2
(77.1, 77.2)
	4.9
(4.8, 4.9)
	0.3
(0.2, 0.4)
	 	80.7
(80.6, 80.7)
	3.7
(3.6, 3.8)
	0.3
(0.2, 0.3)

	Women
	 	 	 	 	 	 	 	 
	Observed
	79.6
(76.6, 79.7)
	83.6
(83.5, 83.7)
	4.0
(3.9, 4.1)
	 	83.8
(83.8, 83.9)
	86.4
(86.4, 86.5)
	2.6
(2.5, 2.7)
	 
	Scenario 1
	 	83.5
(83.4, 83.5)
	3.8
(3.7, 3.9)
	-0.1
(-0.2, -0.1)
	 	86.3
(86.3, 86.4)
	2.5
(2.4, 2.6)
	-0.1
(-0.2, 0.0)

	Scenario 2
	 	83.9
(83.8, 83.9)
	4.3
(4.2, 4.3)
	0.3
(0.2, 0.4)
	 	86.7
(86.6, 86.7)
	2.8
(2.8, 2.9)
	0.2
(0.1, 0.3)


In Scenario 1, age-specific mortality in rural areas (RAs) was hypothesized to decrease at the same rate as in large urban areas (LUAs). In Scenario 2, the age-specific mortality decrease in RA was hypothesized to be 20% faster than the observed rate
The numbers in parentheses indicate the boundary values of the 95% uncertainty interval



Table 3Absolute increase and difference from the observed increase in overall life expectancy in two hypothetical scenarios when the same mortality change rates in small-to-middle urban areas (SMUAs) and rural areas (RAs) were posited for the 2000–2009 and 2010–2019 periods: Findings from the Korean Statistical Information Services, 2000–2019, Men and women


	 	2000–2009
	2010–2019

	 	Year 2000, yrs
(A)
	Year 2009, yrs
(B)
	Absolute
increase, yrs
(B)-(A)
	Difference from the observed increase, yrs
	Year 2010, yrs
(C)
	Year 2019, yrs
(D)
	Absolute
increase, yrs
(D)-(C)
	Difference from the observed increase, yrs

	Men
	 	 	 	 	 	 	 	 
	Observed
	72.3
(72.2, 72.4)
	76.8
(76.8, 76.9)
	4.5
(4.5, 4.6)
	 	77.0
(76.9, 77.0)
	80.4
(80.4, 80.5)
	3.5
(3.4, 3.5)
	 
	Scenario 1
	 	76.3
(76.2, 76.4)
	4.0
(3.9, 4.1)
	-0.5
(-0.6, -0.4)
	 	80.0
(80.0, 80.1)
	3.1
(3.0, 3.2)
	-0.4
(-0.5, -0.3)

	Scenario 2
	 	77.7
(77.6, 77.8)
	5.4
(5.3, 5.5)
	0.9
(0.8, 0.9)
	 	81.2
(81.2, 81.3)
	4.2
(4.2, 4.3)
	0.8
(0.7, 0.9)

	Women
	 	 	 	 	 	 	 	 
	Observed
	79.6
(76.6, 79.7)
	83.6
(83.5, 83.7)
	4.0
(3.9, 4.1)
	 	83.8
(83.8, 83.9)
	86.4
(86.4, 86.5)
	2.6
(2.5, 2.7)
	 
	Scenario 1
	 	83.2
(83.2, 83.3)
	3.6
(3.5, 3.7)
	-0.4
(-0.5, -0.3)
	 	86.2
(86.1, 86.2)
	2.4
(2.3, 2.5)
	-0.3
(-0.4, -0.2)

	Scenario 2
	 	84.4
(84.3, 84.5)
	4.8
(4.7, 4.9)
	0.8
(0.7, 0.9)
	 	87.1
(87.0, 87.2)
	3.3
(3.2, 3.4)
	0.7
(0.6, 0.7)


In Scenario 1, age-specific mortalities in the SMUA and RA groups were hypothesized to decrease at the same rate as in the LUA group. In Scenario 2, the age-specific mortality decrease in SMUAs and RAs was hypothesized to be 20% faster than the observed rate
The numbers in parentheses indicate the boundary values of the 95% uncertainty interval



Figure 2 shows the results of the contour decomposition analysis of the LUAs and RAs. A positive direction indicated higher values in the LUAs, whereas a negative direction indicated higher values in the RAs. The ages 15–39 and 40–64 years were the main contributors to the LE gap between LUAs and RAs in men. Regarding the cause of death, external causes, diseases of the digestive and circulatory systems, and neoplasms contributed more than other causes (in 2000 and 2010). However, the mortality gap between LUAs and RAs in the young and middle-aged groups was narrow. Among the causes of death, external causes, digestive system diseases, and neoplasms have largely contributed to the reduction in mortality. Women’s LE gaps between LUAs and RAs were mainly noted at the ages of 15–39 and 40–64 years, and external causes and diseases of the circulatory system largely contributed to this gap. Women, similar to men, showed a narrowing of the LE gap, which young and middle-aged groups and external causes of death mostly drove. Supplementary Tables S5–S7 present the point estimates and 95% UI of the contour decomposition analysis.
[image: ]
Fig. 2Age- and cause-specific contribution to the life expectancy (LE) gap between large urban areas (LUAs) and rural areas (RAs) in 2000−2009 and 2010−2019: Findings from the Korean Statistical Information Services, Men and women
A positive direction indicates a higher LE in the LUAs and a negative direction indicates a higher LE in the RAs. The middle two panels represent the differences in LE changes between 2000−2009 and 2010−2019. The positive direction also indicates higher LE increases in the LUAs, and the negative direction indicates higher LE increases in the RAs.


Supplementary Figures S2 and S3 show the results of the sensitivity analysis. A pattern similar to that of the LE gap between the LUAs and RAs was observed when the gaps between the SMUAs and RAs were decomposed. However, each contribution was smaller because the magnitudes of the overall LE gaps between SMUAs and RAs were smaller than those between LUAs and RAs. The results of the decomposition analyses utilizing population density as the criterion for the new definitions of LUAs, SMUAs, and RAs are shown in Supplementary Figure S2. As seen in the primary findings, in the young and middle-aged groups, external causes, diseases of the digestive and circulatory systems, and neoplasms in men, and external causes and diseases of the circulatory systems in women accounted for the LE gaps between LUAs and RAs. The LE gap between LUAs and RAs decreased because of mortality.

Discussion
This study showed that LE in Korea increased in both men and women from 2000 to 2019, but the rate of increase decreased. In particular, the faster LE increase in the RA group contributed to a greater increase in overall LE in both sexes. The LE gap between urban and rural areas appeared mainly in young and middle-aged groups. External causes, circulatory and digestive system diseases, and neoplasms contributed significantly. However, these age groups and the causes of death contributed to a reduction in the LE gap throughout the study period.
Since the 2000s, LE in Korea has steadily increased. A previous study found that since the 1970s, LE in Korea has increased steadily and rapidly, exceeding the average increase rate of LE in member countries of the Organization for Economic Co-operation and Development (OECD) [15]. Previous research examining the increase in LE between 1998 and 2017 revealed that a major driver of the increase in LE was the decline in avoidable mortality from diseases such as cardiovascular diseases, neoplasms, and transport injuries [16]. The decrease in avoidable mortality was faster than that of all-cause mortality in Korea, and the rate of decrease was more prominent in RAs than in LUAs or SMUAs [4, 5].
This study found that faster increases in RAs and SMUAs enhanced the overall increase in LE in Korea than in LUAs. The LE estimator uses the age-specific probabilities of death and survival as factors [13]. Because of the non-additive nature of the LE estimator, previous research has shown that as LE increases, a greater mortality reduction is necessary further to increase the LE by one unit [17]. Thus, the increase in LE slows down or stagnates in countries where LE has already increased [17]. Therefore, reducing mortality rates in subgroups with relatively high mortality rates (in our study, people in less urbanized areas) would alleviate the stagnation of LE increases in many countries where LE has already increased. The large relative increase in the second scenario in 2010–2019, when the LE was higher than in 2000−2009, can confirm this argument. Furthermore, the effect was more pronounced when the proportion of the affected population was high.
There is an LE gap between urban and rural areas in Korea for both men and women. Previous studies identified compositional and contextual effects at the population level as the causes of variations in mortality between regions [18]. In particular, it is generally known that rural areas in many countries have a lower socioeconomic status than urban areas and are in more poverty, resulting in a mortality gap between urban and rural areas [19]. The rural mortality penalty has also been attributed to several factors, including poor access to healthcare, income inequality, poorer nutrition, unhealthy lifestyle choices, and residential selection in rural areas [19, 20]. Rural residents in Korea are more likely than urban residents to have a lower socioeconomic status and endure multifaceted poverty [21]. In addition, rural areas have a high proportion of older people aged over 80 years (see Fig. 1) and low rates of healthy behaviors [22].
The LE gap between urban and rural areas in Korea decreased for both men and women during the study period. External causes (in both sexes), neoplasms, digestive system diseases (in men), and circulatory system diseases (in women) were the key factors contributing to the narrowing of the LE gap. Among external causes and diseases of the digestive system, traffic accidents, intentional self-harm, and liver diseases showed a considerable decline in mortality (data available on request). According to a previous study, rural areas showed a higher absolute mortality reduction than urban areas, although their relative sizes were similar (rural areas: 54.6%, urban areas: 56.8%). The avoidable mortality rate decreased more rapidly, by 63.5% in urban areas and 61.6% in rural areas. The expansion of a centralized healthcare policy, improvement in material living standards in rural areas, and a special budget for areas with poor health and medical facilities were all nominated as causes of a similar relative decrease in mortality in urban and rural areas [5]. Further research is required to determine which policy factors or processes causally contribute to this decrease.
External causes of mortality (traffic accidents and intentional self-harm) and liver diseases, among the factors contributing to the reduction in mortality, are often socially determined and hence called social pathologies [23]. In Korea, a national traffic accident control policy was established in 1999, and extensive measures such as seatbelt use, speed limits, a campaign on drunk driving, and increased pedestrian safety were implemented nationally [24]. Korea’s suicide rate was among the highest among OECD countries and grew steadily from the 1990s to the early 2010s [25]. In 2004, the government established a central strategy for addressing suicide, updated every five years [26]. The regulation of paraquat effectively prevented suicides in rural areas, where the suicide incidence related to pesticide use was higher than that in urban areas [27]. Further, implementing the hepatitis preventive vaccine program was credited with declining liver disease-related mortality in Korea [28].
This study had some limitations. First, the population movements were not captured. It is well known that the population movement between urban and rural areas is active and that various life events are associated [29]. Given the situation in Korea, where there is an increasing issue of medical accessibility and various infrastructure shortages due to the diminishing rural population, it is possible that the reduction in the life expectancy gap between urban and rural areas is influenced by older people from rural areas relocating to urban areas in search of care from their families or medical facilities [30]. Therefore, the findings of this study should be interpreted as an outcome of estimating the health level of the regional population at that time rather than regarded as having aerial effects on health. Second, rather than using a single representative method, the definition of urban and rural areas varies by country and study purpose [12]. In a Korean study, the degree of urbanization was classified using Dong, Eup, and Myeon, one level lower local administrative unit than that of Gu, Si, and Gun [31]. However, districts (Gu, Si, and Gun) are the smallest politically independent units, relatively stable, and easy to compare with other research results. A similar pattern was observed when the districts were reclassified using population density in the sensitivity analysis. Third, even if every cause of death in Korea is documented under a physician’s diagnosis, it is possible that the cause of death was incorrectly or differently categorized depending on the period.

Conclusions
Narrowing the LE gap between urban and rural areas has contributed to an overall increase in LE in Korea. Decreases in premature and avoidable mortality, including mortality in the young and middle-aged groups and mortality from external causes, neoplasms, and diseases of the digestive and circulatory systems, mostly contributed to the narrowing of the LE gap between urban and rural areas. Efforts to reduce health inequalities would also improve society’s overall health, particularly when the health level has increased. It is necessary to identify the causes and pathways that contribute to the reduction of mortality in each area, as well as to pursue effective policy measures aimed at further narrowing the life expectancy gap between urban and rural areas.

Acknowledgements
This work was presented at the autumn meeting of the Korean Society for Equity in Health 2022. The author thanks the participant’s helpful and constructive comments.

Authors’ contributions
KIH is soley responsible for study conception and design, data collection, analysis and interpretation of results, and manuscript preparation.

Funding
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korean government (MSIT) (RS-2023-00212260).

Data availability
The datasets analyzed in this study are publicly available on the National Statistical Portal of the Korean Statistical Information Service (https://​kosis.​kr/​index/​index.​do).

Declarations
Ethics approval and consent to participate
This research was exempted from ethics review because this study used secondary data based on administrative data released to the public by Statistics Korea.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


References
	1.
Raleigh V. Trends in life expectancy in EU and other OECD countries: why are improvements slowing? Paris: OECD Publishing; 2019.

	2.
Woolf SH, Schoomaker H. Life Expectancy and Mortality Rates in the United States, 1959–2017. JAMA. 2019;322(20):1996–2016.CrossrefPubMedPubMedCentral

	3.
Ministry of Health and Welfare. The 5th National Health Plan (Health Plan 2030, 2021–2030). Seoul: Korea Health Promotion Institue; 2022.

	4.
Choi M, Yoon T. Trends in Amenable Mortality to Health Care across the Districts in Korea from 1993 to 2013. J Crit Social Welf. 2015;49:404–35.

	5.
Choi MH, Moon MH, Yoon TH. Avoidable mortality between Metropolitan and Non-Metropolitan Areas in Korea from 1995 to 2019: a descriptive study of implications for the National Healthcare Policy. Int J Environ Res Public Health. 2022;19(6).

	6.
Kim I, Bahk J, Yun S-C, Khang Y-H. Income gaps in self-rated poor health and its association with life expectancy in 245 districts of South Korea. Epidemiol Health. 2017;0(0):e2017010–0.

	7.
Bennett JE, Pearson-Stuttard J, Kontis V, Capewell S, Wolfe I, Ezzati M. Contributions of diseases and injuries to widening life expectancy inequalities in England from 2001 to 2016: a population-based analysis of vital registration data. Lancet Public Health. 2018;3(12):e586–e97.CrossrefPubMedPubMedCentral

	8.
Anand S. The concern for equity in health. J Epidemiol Community Health. 2002;56(7):485–7.CrossrefPubMedPubMedCentral

	9.
Vital Statistics Division Statistics Korea, Shin H-Y, Kim J, Lee S, Park MS, Park S, et al. Cause-of-death statistics in 2018 in the Republic of Korea. J Korean Med Assoc. 2020;63(5):286–97.Crossref

	10.
Han C. Changes in mortality rate of the general population during the COVID-19 pandemic: an interrupted time series study in Korea. Int J Epidemiol. 2022;51(5):1396–407.CrossrefPubMed

	11.
World Health Organization. The International Statistical classification of Diseases and Health related problems ICD-10: Tenth Revision. Volume 1: Tabular List. Geneva: World Health Organization; 2004.

	12.
Smith KB, Humphreys JS, Wilson MG. Addressing the health disadvantage of rural populations: how does epidemiological evidence inform rural health policies and research? Aust J Rural Health. 2008;16(2):56–66.CrossrefPubMed

	13.
Preston S, Heuveline P, Guillot M. Demography: measuring and modelling population processes. MA, USA: Wiley-Blackwell; 2000.

	14.
Jdanov DA, Shkolnikov VM, van Raalte AA, Andreev EM. Decomposing current mortality differences into initial differences and differences in Trends: the Contour Decomposition Method. Demography. 2017;54(4):1579–602.CrossrefPubMed

	15.
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.CrossrefPubMedPubMedCentral

	16.
Bahk J, Jung-Choi K. The contribution of avoidable mortality to the Life Expectancy gains in Korea between 1998 and 2017. Int J Environ Res Public Health. 2020;17:18.Crossref

	17.
Olshansky SJ, Carnes BA, Desesquelles A. Demography. Prospects for human longevity. Science. 2001;291(5508):1491–2.CrossrefPubMed

	18.
Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic context and health outcomes: a critical review. J Epidemiol Community Health. 2001;55(2):111–22.CrossrefPubMedPubMedCentral

	19.
Singh GK, Siahpush M. Widening rural-urban disparities in all-cause mortality and mortality from major causes of death in the USA, 1969–2009. J Urban Health. 2014;91(2):272–92.CrossrefPubMed

	20.
James W, Cossman JS. Long-term Trends in Black and White Mortality in the Rural United States: evidence of a race-specific rural mortality penalty. J Rural Health. 2017;33(1):21–31.CrossrefPubMed

	21.
Kim H, Park J, Go N, Jin N, Kim J. A study of the Urban-Rural Poverty gap by applying definition of Multidimensional Poverty to Korean Welfare Panel Data, 2005–2011. Health and Social Welfare Review. 2014;34(1):5–51.Crossref

	22.
Kim I, Bahk J, Kim YY, Lee J, Kang HY, Lee J, et al. Comparison of District-level smoking prevalence and their income gaps from two National Databases: the National Health Screening database and the Community Health Survey in Korea, 2009–2014. J Korean Med Sci. 2018;33(6):e44.CrossrefPubMedPubMedCentral

	23.
Rogers RG, Hackenberg R. Extending epidemiologic transition theory: a new stage. Soc Biol. 1987;34(3–4):234–43.PubMed

	24.
Yang BM, Kim J. Road traffic accidents and policy interventions in Korea. Inj Control Saf Promot. 2003;10(1–2):89–94.CrossrefPubMed

	25.
Kwon JW, Chun H, Cho SI. A closer look at the increase in suicide rates in South Korea from 1986–2005. BMC Public Health. 2009;9:72.CrossrefPubMedPubMedCentral

	26.
Park C, Jee YH, Jung KJ. Age-period-cohort analysis of the suicide rate in Korea. J Affect Disord. 2016;194:16–20.CrossrefPubMed

	27.
Cha ES, Chang SS, Gunnell D, Eddleston M, Khang YH, Lee WJ. Impact of paraquat regulation on suicide in South Korea. Int J Epidemiol. 2015.

	28.
Jang JW. Current status of liver diseases in Korea: liver cirrhosis. Korean J Hepatol. 2009;15(Suppl 6):40–9.Crossref

	29.
Riva M, Curtis S, Norman P. Residential mobility within England and urban-rural inequalities in mortality. Soc Sci Med. 2011;73(12):1698–706.CrossrefPubMed

	30.
Boyle P, Norman P, Rees P. Does migration exaggerate the relationship between deprivation and limiting long-term illness? A scottish analysis. Soc Sci Med. 2002;55(1):21–31.CrossrefPubMed

	31.
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.CrossrefPubMedPubMedCentral



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Contributions of the life expectancy gap reduction between urban and rural areas to the increase in overall life expectancy in South Korea from 2000 to 2019


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12939_2023_1960_Fig2_HTML.png
(A) Men
2000 2000-2009 2009
15 30
10 25
05 20
e . .
-‘0 ° -
-05 -20 -05
0-14 15-39 40-64 65-79 280 0-14 15-39 40-64 65-79 280 0-14 15-39 40-64 65-79 280
2010 2010-2019 2019
30 15 30
25 10 25
20 05 20
15 001 e —= '
10 -05 10
08! -20 -05
0-14 15-39 40-64 65-79 280 0-14 15-39 40-64 65-79 280 0-14 15-39 40-64 65-79 280
‘Age group, years. Age group, years Age group, years
(B) Women
2000 2000-2009 2009
30 15 30
25 10 23
20 0s 20
15
| 10
1.0 -05
- -- o B
00| -- 15 0 —_--
05 20 05 1
0-14 1539 40-64 6579 280 014 1599 4054 6579 280 014 1539 4064 6579 280
2010 2010-2019 2019
30 15 30
25 10 25
20 05 20
15 0.04- _----- 15
10 -05 10
0s -1.0 0S5
00 —_-- s 00 —_--
-05. 20 05
0-14 15-39 40-84 65-79 280 0-14 15-39 40-64 65-79 280 0-14 15-39 40-84 65-79 280

Age group, years

Age group, years

Age group, years

Certain infectious and parasitic diseases
Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism
Diseases of the circulatory system

Diseases of the digestive system

Diseases of the genitourinary system

Di of the musculc | system and connective tissue

Diseases of the nervous system

Diseases of the respiratory system

Endocrine, nutritional, and metabolic diseases

External causes of mortality

Mental and behavioural disorders

Neoplasms

Others

Pregnancy, childbirth, and the puerperium

Symptoms, signs, and abnormal clinical and laboratory findings






OEBPS/css/envelope.png





OEBPS/images/12939_2023_1960_Fig1_HTML.png
(A)

0.100

0.075

Population Proportion

0.025

0.000

(©)

Age structure in 2019, men

= LUA
— SMUA

DT R TR TR T TN ETTTLLL

Y S

Age Group, years

Age structure in 2019, women

(B)

Log-transformed age-specific mortality in 2019, men

Log(Mortality)
&
o

75 = LUA
~— SMUA

N T T Y X IR T TEL,

Age Group, years

(D)

Log-transformed age-specific mortality in 2019, women

XX T T XTI LTI TEL.

Age Group, years

R T T YT YT Y YY)

Age Group, years





OEBPS/css/sidebar.gif





