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Abstract 

 

Background: Housing prices are known to be a relevant indicator of the socioeconomic position 

of the neighborhood. In a society where the market system mainly drives housing prices, 

residents' spatial patterning is formulated according to their socioeconomic position.  

Methods: Dividing the 2013–2018 entire study period into three periods, we explored the 

geographical distribution of housing prices and all-cause mortality and their association in 

Seoul, where the country's capital city. The government authorities' data and 2015 census data 

were used for the study. We mapped the geographical distribution of housing prices and all-

cause mortality and investigated the changes in distribution. We conducted a pooled OLS and 

spatial panel regression analysis to estimate housing prices elasticity of all-cause mortality. We 

also explored the possible mediating role of housing prices on the educational composition's 

effect on all-cause mortality.  

Results: We found the common trends of increasing spatial patterning of housing prices and 

all-cause mortality. The magnitude of spatial patterning was far greater in housing prices than 

all-cause mortality. In a pooled OLS regression analysis, we found that a 1% increase in 

housing price was associated with a 0.11% reduction in all-cause mortality after controlling the 

explanatory variables. Attenuation in the regression coefficient's magnitude was found after 

adding the neighborhood's educational composition in the model. As a result of spatial panel 

analysis, we found a direction and scale similar to the housing price elasticity of all-cause 

mortality in the final pooled OLS model.  
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Conclusions: The results suggested that geographical health inequality in Korea's urban space 

mainly stemmed from the affinity of high socioeconomic position and the more developed 

spaces.  
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4 

 

Background 

 

In a society where housing is highly commercialized, the residence is mostly determined by 

people’s ability to mobilize their socioeconomic resources (1). Housing is a unique asset that 

generates revenue in the form of vested rent and provides housing services (2, 3). Housing 

systems, such as housing policies and the real estate market, and the social and physical 

environment jointly influence housing values (4, 5). Thus, housing value reflects both 

neighborhood and individual-level conditions, including neighborhood social status, wealth, 

and housing conditions (4). 

In many cities, economic inequality in urban areas is increasing (6-8). (9) asserted that 

problems that arise in cities turn into a product of capital accumulation and class conflict when 

the assumption is converted from “where you live affects your life” to the belief that “your life 

affects where you live.” (10) also argued that, to deal with urban health inequality, the question 

“where is power and who works?” should be asked. (11) stated that urban health inequalities 

stemmed from “systematically unequal distribution in power, prestige, and resources associated 

with relative position in the social hierarchy.” Taking the housing price into account would 

make it possible to examine cities’ health problems through the lens of health inequality. 

Korea is one of the countries that has experienced rapid economic growth since the 1960s 

(12). The capital Seoul has rapidly become urbanized. London developed from one million to 

eight million residents in approximately 130 years, while Bangkok took 45 years, and Seoul 

only 25 years (6). The state’s role was to promote industrialization by mobilizing political and 

economic means (13). Under the development ideology of the industrialization period, the 

authoritarian government united with economic power, while civil society and laborers were 
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excluded from discourse formation and development profit distribution (14). Survival through 

diligent household saving was prioritized over public welfare policies. The housing provision 

policy was implemented to alleviate the distribution conflict and grow the middle class, which 

has been friendly to the ruling powers. The fruits of economic growth were realized 

individually through housing market gains using savings as leverage (15). 

Korea’s housing system is highly market-driven, and housing accounts for a substantial 

portion of capital. As of 2019, real estate accounts for 75.5% of total wealth, which is much 

higher than other countries, of which housing accounted for 55.0% (16). High housing values 

are clustered in Seoul’s downtown area, especially in the southeastern part of the city 

(Gangnam area) and its surroundings (17). It contrasts with the United States and some 

European countries, where central urban districts are economically deprived and have been 

subject to gentrification in general (18). These areas attracted the above middle-class residents 

due to their dense upmarket physical and social environments, including excellent educational 

opportunities, convenient transportation, abundant consumption and cultural facilities, and 

stable housing asset values (17, 19, 20). 

The geographical distribution and changes in the neighborhood and individual 

socioeconomic position (SEP) can interactively cause intra-urban variation in health levels (11, 

21-25). Understanding Seoul’s processes is necessary to understand the health inequality of the 

country’s urban spaces because Korea’s other regions have mimicked what has happened in 

the capital (14). 

This study assessed the ecological association between neighborhood-level all-cause 

mortality and housing value. First, we explored the geographical distribution of housing prices 

and all-cause mortality in Seoul. Second, we estimated the housing price elasticity of all-cause 
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mortality using a pooled ordinary least squares (OLS) model. The educational composition was 

added to the model to explore the possible mediating role of housing prices in the pathway of 

educational composition on all-cause mortality. Third, a spatial fixed-effects regression 

analysis was performed, and the magnitudes of elasticity were compared with those from the 

pooled OLS model. 

 

Methods 

 

Data 

The six years of the entire study period (2013–2018) were divided into three discrete periods 

(2013–2014, 2015–2016, 2017–2018). The standard housing rental contract period in Korea is 

two years, so we assumed that population movement would mainly occur in two years. It is 

also known that if the relative risk is between 1.5 and 2.0, the empirical Bayes is not powerful 

when the denominator does not exceed 70 (26). When the two-year data were combined, 

expected deaths were less than 70 in 3.2% of all neighborhoods. We used several types of 

administrative data. The data on the number of populations and deaths by neighborhood were 

from the Ministry of Interior and Safety. The neighborhood-level annual population and death 

counts have been collected and published online (https://www.mois.go.kr/). We calculated the 

mid-term population by period/gender/neighborhood using the number of populations at the 

end of December every year. We used the housing price data of the Ministry of Land, 

Infrastructure, and Transport, which contains the entire real housing transaction price in the 

country. In Korea, all house sales contract information must, by law, be reported to the authority 

https://www.mois.go.kr/
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within one month of the contract’s date (27). The authority discloses the collected data through 

its website, and the disclosed information includes address, sale price, and contract date 

(https://rt.molit.go.kr/). The Seoul Metropolitan Government’s information disclosure system 

(Seoul Open Data Plaza, http://data.seoul.go.kr) was used to acquire the data on each 

neighborhood's characteristics. 

 

Unit of analysis 

The smallest administrative unit was set as the unit of analysis, the smallest unit to obtain 

the data used herein. It can also maximize comparability with previous Korean studies 

investigating the health gap at the small-area level (28-30). As of 31 Dec, 2018, 424 units 

were adjusted to 423 in consideration of administrative change. A neighborhood was assumed 

as the smallest administrative unit. 

 

Outcome variable 

  All-cause mortality was used as the outcome variable. All-cause mortality for each 

neighborhood was estimated using the sex-age-adjusted standardized mortality ratio (SMR). 

 

Variable of interest 

The variable of interest was the median value of housing prices in neighborhoods. We 

assumed the median housing price as an appropriate proxy for the local area’s SEP (31, 32). 

During the entire study period, there were a total of 928,405 housing transactions in Seoul. 

http://data.seoul.go.kr/
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Geographic coordinates were derived using the contract address. In 19,348 (2.1%) cases 

where the exact address was unclear, the coordinates were designated by the smallest 

administrative unit’s centroid. 

 

Explanatory variables 

  Previous studies have suggested that physical and social environments, population 

composition, health, and social services as urban living conditions that influence health 

outcomes (11, 23, 33-36). The physical environment includes transportation systems, housing, 

population density, pollution, and the social environment includes economic development, 

quality of education, social norms, and social capital (23, 25, 33, 34). We used four 

neighborhood-level factors (poverty rate, population density, business workers density, the 

number of nearby subway stations), and four district-level factors (the number of physicians 

per 1,000 population, particulate matter (PM) 10 annual concentration, park area per person, 

and local tax amount). 

  We estimated the poverty rate using the proportion of Basic Livelihood Security Program 

(BLSP) benefits recipients. The Korean government pays BLSP benefits to households whose 

income amount is below a certain standard, considering income, poverty, and dependent family 

size. As of 2018, the proportion of BLSP recipients is about 3.4% of the national population. 

In previous Korean studies, the proportion of BLSP beneficiaries was also used as a proxy for 

poverty (37, 38) because it is difficult to obtain the poverty level of neighborhoods directly. 

The population density and that of business workers were estimated using each neighborhood 

area (km2) as the denominator. The nearby subway station was set as the number of subway 

stations within a 10-minute walk. PM10 is the average annual district-level PM10 
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concentration in μg/m3. Local tax amounts had a strong relationship with the district’s SEP, 

and it was also related to the introduction of health policy introduction or health resource access 

(39, 40). Educational composition data for each neighborhood were obtained from the 2015 

Census data. Educational composition and poverty rates were adjusted for gender and age using 

an indirect standardization method in the same way as the outcome variable (41). 

 

Statistical analysis 

  An indirect standardization method was applied to calculate the all-cause mortality as a sex-

age-adjusted SMR. The standard population was the total population of Seoul from 2015 to 

2016. Each neighborhood’s SMR was smoothed using the empirical Bayes method. If the main 

goal is smoothing the relative risk, the empirical Bayes method is known to yield results similar 

to those of the full Bayes method (26). We mapped the distribution of neighborhood-level 

housing prices and all-cause mortality in Seoul during the study period. Global and local 

Moran’s I value (42) were used to examine the degree of spatial clustering of the two variables. 

  The educational composition could only be obtained from the 2015 census data. We therefore 

performed a pooled OLS analysis using education level variables. We regressed unsmoothed 

SMR on housing prices and other explanatory variables. All variables were log-transformed to 

form a log-log model. The equation used in the pooled OLS analysis was as follows: 

ln(𝜇𝑖) = ∑ ln(𝑋𝑗𝑖)𝛽𝑗𝑗 + 𝑢𝑖 
 where 𝜇𝑖 is the unsmoothed SMR of neighborhood i, 𝑋𝑗𝑖 is the jth explanatory variable of 

neighborhood i, 𝛽𝑗 is the regression coefficient of the jth explanatory variable, and 𝑢𝑖 is an 
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error term of neighborhood i. 

A simple and robust Lagrange multiplier (LM) test using non-spatial regression models was 

performed to examine the existence of spatial autocorrelation (43). We also estimated the 

Global and Local Moran’s I values of the residuals of the non-spatial Poisson model. Previous 

studies have attempted to solve the spatial autocorrelation problem by including additional 

variables in the regression equation (44, 45). We organized data into time-series cross-sectional 

data and analyzed it using a space and time fixed-effects spatial Durbin error model (SDEM). 

SDEM is a combination of the spatially lagged-X (SLX) model that assumes the effect of the 

explanatory variables of the neighboring areas on the outcome variable of the area (spillover 

effect), and the spatial error model (SEM), which assumes the interaction between the 

unobserved variables in neighboring areas and the area (46-48). We believe that the local 

spillover effect was more appropriate as the outcome variable of the current study was a social 

aggregate (49, 50). We constructed the row-standardized queen contiguity spatial weights of 

order 1. R2 and pseudo-R2 values were used to determine the fitness of the models. The equation 

used in the spatial panel analysis was as follows: 

ln(𝜇𝑖𝑡) = ∑ ln(𝑋𝑗𝑖𝑡)𝛽𝑗𝑗 + ∑ 𝑊 × ln(𝑋𝑗𝑖𝑡)𝜃𝑗𝑗 + 𝛼𝑖 + 𝛾𝑡 + 𝑢𝑖𝑡 
𝑢𝑖𝑡 = 𝜆𝑊𝑢𝑖𝑡 + 𝜀𝑖𝑡 

 

where 𝜇𝑖𝑡 is the unsmoothed SMR of neighborhood i at time t, 𝑋𝑗𝑖𝑡 is the jth explanatory 

variable of neighborhood i at time t, W is the contiguity weight matrix, 𝜃𝑗 is the regression 

coefficient of the jth spatially lagged explanatory variable. 𝛼𝑖  is the fixed effects of 

neighborhood i, and 𝛾𝑡  is the fixed effects of time. 𝑢𝑖𝑡 is an error term of neighborhood i at 

time t, composed of spatial and non-spatial factors (𝜀𝑖𝑡 ). 𝜆  is the coefficient value for the 
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spatial error term. 

This study used the “splm” package in R 3.6.3 (https://www.r-project.org), and QGIS 3.12.1 

(https://www.qgis.org), GeoDa 1.14.0 (https://geodacenter.github.io) for the analysis. 

 

Results 

 

The characteristics of neighborhoods by period are reported in Table 1. The median 

population in 2013–2014 was 24,108, the minimum value was 1,495.5, and the maximum value 

was 673,374.5. The interquartile range (IQR) was 12,879.8. The median number of deaths in 

2013–2014 was 185, and the minimum and maximum were 8 and 492, respectively. The 

median population tended to decrease, but the median number of deaths increased. In 2013–

2014, the median housing price was 366.6 million KRW (IQR 171.5 million KRW, 1 million 

KRW is approximately 900 US dollars as of Nov. 2020). The minimum was 135.5 million KRW, 

and the maximum was 1,480 million KRW. The median housing price increased by 13.3% in 

2015–2016 compared to 2013–2014 and 21.4% in 2016–2017 compared to 2014–2015. The 

IQR also rose significantly from 171.5 in 2013–2014 to 301.0 in 2017–2018. This difference 

seems mainly due to the rise in prices in neighborhoods where housing prices were already 

high (Supplementary Figure 1). Compared to each decile’s value in 2013–2014, the rate of 

increase was greater in the high housing price decile (A). In the comparison between the 

boundary value for each decile and the median value (50 percentile), the higher decile boundary 

value increased more (B). 

  The mapped distribution and histogram of smoothed SMR in Seoul during the study period 

https://www.r-project.org/
https://geodacenter.github.io/
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is depicted in Figure 1. In 2013, the mean value of the smoothed SMR was 1.07, and the 

standard deviation (SD) was 0.16, all of which decreased with time. The maximum and 

minimum SMR value was 2.86 in 2013–2014, 2.30 in 2015–2016, and 2.57 in 2017–2018. 

During the entire study period, the southeastern part of Seoul and its surroundings showed a 

relatively lower SMR than the other parts of Seoul. The northern region and some western parts 

showed clustered higher SMR than other areas. 

  The ratio of each decile value of SMR in 2013–2014 to the value for each decile in 2015–

2016 and 2017–2018 is presented in Supplementary Fig 2. All ratios decreased with time, 

especially in the high mortality deciles (A). The ratio of the SMR for each decile to the median 

value was also shown by period (B). The ratio between the 10-40 percentiles and the median 

value did not change significantly with time. However, the ratio decreased substantially in the 

60-90 percentiles and median. 

  The geographical median housing price distribution for each period is mapped in Figure 2. 

Housing prices were high in the southeastern part and its surroundings, and low housing prices 

were observed in the northern and some western parts of Seoul. The degree of clustering 

measured by Global Moran’s I increased (0.515 in 2013–2014 and 0.541 in 2017–2018). The 

marginal and joint distribution of log-transformed housing prices and SMR for each period are 

shown in Supplementary Figure 3. SMR and housing prices showed a negative correlation. The 

Pearson correlation coefficients (r) were the smallest at -0.456 in 2013–2014 and the largest at 

-0.538 in 2015–2016. 

Each neighborhood’s educational composition in 2015 is mapped and the Global and Local 

Moran’s I at each educational level is estimated in Supplementary Figure 4. We found a similar 

spatial pattern between tertiary education proportion and housing price. We also found mirror 
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images of primary and tertiary education. Global Moran’s I values were 0.557 in primary 

education, 0.614 in secondary education, and 0.572 in tertiary education. Pearson correlation 

coefficients among neighborhood-level educational composition and housing price are shown 

in Supplementary Table 1. Primary and secondary education variables showed a significant 

negative association with the median housing price variable (-0.690 in primary education, -

0.794 in secondary education). In contrast, the tertiary education variable showed a positive 

association (r = 0.741). 

The results of Global and Local Moran’s I values for the z-transformed residuals of SMR 

estimated using the Poisson regression model are presented in Supplementary Figure 5. 

Compared to 2013–2014, Global Moran’s I value increased in 2015–2016 and 2017–2018 

(0.170 in 2013–2014, 0.269 in 2015–2016, and 0.258 in 2017–2018). In the LM test, spatial 

autocorrelations were significant in all-cause mortality (Supplementary Table 2). However, 

significant spatial autocorrelation disappeared after the neighborhood’s educational 

composition was added to the model (Model 4) in 2015–2016. 

The results of the pooled OLS regression analysis are reported in Table 2. In Model 1, the 

1% increase in housing price was associated with a 0.20% decrease in all-cause mortality (95% 

confidence interval (CI) -0.22 to -0.18). In Models 2 and 3, the regression coefficient attenuated 

after adding the other neighborhood and district-level explanatory variables, but was still 

significantly associated with the mortality decrease. When the educational composition 

variable was added to the model (Model 4), the magnitude of regression coefficient of the 

housing price variable was -0.05 (95% CI -0.08 to − -0.03). 

The results of the spatial panel analysis are reported in Table 3. In Model 5, the regression 

coefficient for housing prices was -0.05 (95% CI -0.07 to -0.02), in which the magnitude was 
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similar to the results in Model 4. The magnitude of the regression coefficients in poverty and 

population density was relatively large and significant. Among the spatially lagged variables, 

the housing price and subway station variables showed a statistically significant association. In 

Model 6, we added district-level explanatory variables and found that magnitude and direction 

of the association were not significantly changed. 

 

Discussion 

 

  Calculating the smoothed SMR for each neighborhood in Seoul revealed that the average 

and the variance decreased over time, but the spatial patterning increased. Housing prices were 

also spatially more clustered. Using the pooled OLS model, the all-cause mortality decreased 

by approximately 0.11% as the housing price increased by 1%. After adding the educational 

composition to the model, the magnitude of the housing price effect was attenuated (a 1% 

increase in housing prices was related to a 0.05% mortality decrease). When including 

educational composition and housing prices simultaneously in the model, the spatial 

autocorrelation was not statistically significant. When we used the fixed-effects SDEM, a 1% 

increase in housing prices was related to a 0.05% decrease in all-cause mortality. 

  The use of a neighborhood-level SEP has several advantages. It can be used for all ages and 

can be similarly applied to gender (51). It is also relatively more stable than income or job 

indicators, mainly reflecting current circumstances (51, 52). It is also possible to include those 

excluded when using traditional occupational-based indicators (53). A single variable, housing 

prices closely related to the level of wealth, was used as a proxy for the neighborhood-level 
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SEP. Wealth is regarded as a source of economic security and power and can function as a 

buffer against economic shocks (51). A single variable measure is relatively easy to calculate, 

and it can be estimated every year to ensure continuity. Previous studies conducted in Korea 

mainly used the deprivation index as a regional SEP indicator (28, 30, 54). However, if a single 

index that can explain the specific association is used, the process of determining the urban 

health level would be better understood. 

  The average and variance of all-cause mortality were found to decrease simultaneously. In 

particular, the forces to lower mortality in areas with high mortality have led to a reduction in 

dispersion. Two recent studies presented mixed results in changes in the variance of all-cause 

mortality. (55) observed time-series changes in German state-level mortality during a 25-year 

study period and found that mortality levels converged despite large economic gaps between 

regions. On the other hand, a study conducted in Scotland revealed that lifespan variation 

increased during 1981–2011 (53). The first reason for the decrease in mortality variation could 

be the weaker association between housing prices and mortality as the former increase. (56) 

suggested the Preston curve, which demonstrated a log-linear relationship between regional 

gross domestic product per capita and life expectancy. As of 2017, the average life expectancy 

in Seoul was 82.57 years, 80.18 years for males, and 85.01 years for females. In the situation 

where the declining force of all-cause mortality was saturated, it is possible that the mortality 

in areas where the SEP was relatively high and the mortality was low stagnated, whereas the 

mortality decreased when the SEP was low. Another possible cause is residential mobility. The 

housing market plays a key role in determining where urban residents live (57, 58). In particular, 

when housing prices rise rapidly, residents with low SEP are less likely to be able to afford to 

purchase or rent houses, and they can be excluded from those areas involuntarily (57). Seoul 
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has a much higher housing price and living cost than other regions. In addition, the rate of 

increase in housing prices has been steeper in Seoul than in other regions. In 2010, real estate 

assets were a significant indicator of movement outside Seoul (59). Therefore, we speculate 

that the movement of low SEP outside Seoul as housing price rises could induce a decrease in 

mortality variation. The application of social and public health policies or health systems can 

be another potential cause (60). 

  According to the results of the current study, the spatial patterning of housing prices and all-

cause mortality increased, especially housing prices. (61) argued that socioeconomic resource 

distribution was one of the most important causes of spatial health inequality. Neighborhood 

differences are not naturally formed but are shaped through various social and economic 

processes (62, 63). Since the late 1960s, urbanization in Korea has progressed along with 

industrialization led by the central government. Rapid urbanization leads to an increase in the 

overall economic level, but it also creates socioeconomic inequalities within the city (11). The 

development of the southeastern part of Seoul began in the 1960s, and the middle class rushed 

into the area. The changes in the proportion of those who received tertiary education among 

the district’s population on a 10-year basis are shown in Supplementary Figure 6. Between 

1975 and 1985, the proportion of tertiary education in the southeastern part of Seoul, indicated 

in red, increased sharply. This rate solidified between 1985 and 1995. The rich educational and 

cultural environments that were constructed to promote the internal migration of the middle 

class at the time of development brought educational capital inheritance to the next generation 

and a stable housing asset value (17). As affluence became visible, the southeastern part of 

Seoul became the object of desire and was imitated across the country (14). Some previous 

studies argued that the composition and contextual effect division is a false dualism, and they 
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mutually reinforce each other (10, 22, 64). Thus, spatial clustering potentially solidifies over 

time and affects residents’ health by itself (34, 65). Future studies should explore the effect of 

spatial patterning on health level. 

  Access to health-protecting resources, such as health care, better nutrition, and hygiene, 

seems to be determined depending on education level (66, 67). There are also differences in 

health-related knowledge, health behaviors, and attitudes to potential health threats (68). 

Fundamental cause theory explains that differences in health outcomes arise due to relative 

differences in access to resources according to the social hierarchy (69, 70). (71) found that 

residences of Seoul’s power elites were clustered in the city’s southeastern area. Considering 

the evident health inequality according to the SEP in Korea (72, 73), Seoul’s geographical 

health inequalities seem to appear through the high SEP population’s affinity for a better 

environment sorted by housing price. 

  In addition to housing prices, variables related to place development or composition changes, 

such as poverty rate or population density, significantly influenced the mortality rate. A 

previous study revealed that a higher population density lowered the region’s health levels (74). 

However, in Seoul, the supply of large residential complexes, such as high-rise apartments, has 

been closely related to areal development. This raises the importance of developing the area 

and the composition change in determining the spatial patterning of mortality levels. 

The current study has some limitations. First, additional variables may affect mortality. For 

example, the region’s informal reciprocity level affects health, but this variable could not be 

included in the study. We utilized a fixed-effect spatial panel analysis to minimize the omitted 

variable bias. Second, this study adopted an ecological design using time-series cross-sectional 

data. The disadvantage of an ecological study is that it is impossible to partition the influence 
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of factors at various levels. (75) also emphasized the importance of individual-level factors in 

small-area studies. However, the purpose of this study was not to sharply separate the effect of 

contextual and compositional factors. Rather, it was to clarify neighborhood-level mortality 

and SEP’s geographical distribution and their association under the implicit assumption that 

compositional and contextual factors reinforce each other. It should be noted that the results 

should be explained at the group level. Third, internal migration is considered to be one of the 

major factors affecting mortality variation. Due to data limitations, the change in population 

composition according to neighborhood SEP changes could not be captured. Fourth, a 

neighborhood was used as the smallest administrative unit. Setting an administrative unit as 

such may differ from the residents’ perception or actual living circumstances. However, using 

an administrative unit can aid policy decisions or resource allocation (65). Furthermore, the 

effect of various definitions of the neighborhood was not substantively significant on health 

inequality estimates (76). Fifth, actual transaction data were used to estimate the median 

housing price of the neighborhood. It has the advantage of being able to better measure the 

actual value of the house rather than the appraisal data. However, since it only includes the 

housing in which the transaction was made, it can over- or under-represent a specific type of 

housing. 

 

Conclusions 

  This study explored the geographical distribution of all-cause mortality and housing prices 

and estimated the elasticity of housing prices to all-cause mortality. There were differences in 

change patterns in these, but an increase in spatial patterning was common. The association 

between housing prices and all-cause mortality was significant. When the educational 
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composition and housing prices were added to the model simultaneously, spatial 

autocorrelation was not significant, and the effect of housing prices attenuated, indicating its 

potential mediating role in the educational composition’s effect on all-cause mortality. This 

study is meaningful in explaining some of the health gap mechanisms that occur in the current 

urban space of Seoul. Based on this research, the mechanism should be further clarified, and 

the basis for policy intervention should be prepared. In future studies, spatial patterning effects 

on health level accounting for population movement should be investigated. 
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Table 1. Characteristics of study subjects by period. 

  
2013–2014 

(N=423) 

2015–2016 

(N=423) 

2017–2018 

(N=423) 

 Variables 
Median  
(Min, Max) 

IQR 
Median  
(Min, Max) 

IQR 
Median  
(Min, Max) 

IQR 

Neighborhood-level       

Population, n 
24108 
(1495.5, 

673374.5) 

12879.8 
23706.0 
(943.0, 

666213.0) 

12312.5 
23613.0 
(1010.0, 

672340.0) 

12863.2 

Death, n 
185 

(8, 492) 
96 

192 

(10, 497) 
113 

194 

(12, 573) 
118 

Housing price, 

1 million KRW 

366.6 

(135.5, 

1480.0) 

171.5 

415.5 

(140.0, 

1530.0) 

236.0 

504.6 

(135.0, 

2565.0) 

301.0 

Poverty 
0.71 

(0.01, 6.19) 
0.51 

0.93 

(0.01, 6.42) 
0.70  

0.99 

(0.01, 6.04) 
0.73 

Population density, 

inhabitants/km2 

24782.8 

(742.7, 

65563.0) 

17927.3 

24329.1 

(703.7, 

63438.6) 

17426.2 

24071.6 

(753.7, 

60116.7) 

17783.3 

Business workers, 

employees/km2 

6169.85 

(318.8, 

105533.3) 

7048.5 

6813.3 

(341.0, 

120243.9) 

7641.2 

6859.7 

(391.6, 

110341.9) 

7188.8 

Subway stations, n 
3 

(1, 17) 
4 

3 

(1, 17) 
4 

4 

(1,17) 
4 

Primary education   
0.98 

(0.13,1.99) 
0.42   

Secondary education   
0.97 

(0.13,1.52) 
0.36   

Tertiary education   
0.95 

(0.35,1.82) 
0.36   

District-level       

Doctors, no. of 

doctors/1,000 

inhabitants 

2.1 

(0.8, 12.3) 
2.7 

2.5 

(1.0, 12.3) 
2.6 

2.2 

(1.0, 13.9) 
2.3 

PM10 concentration, 𝜇𝑔/𝑚3 

45.5 

(42.0, 48.5) 
2.5 

47.0 

(42.0, 52.0) 
3.0  

42.5 

(36.0, 48.5) 
3.8 

Park area, 

m2 per se 

11.0 

(3.4, 69.5) 
15.7 

11.2 

(3.4, 71.0) 
16 

11.5 

(3.5, 70.7) 
15.8 

Total amount of local 

tax, 1 million KRW 

343204.0 

(175219.5, 

2064262.5) 

386485 

417424.0 

(211867.0, 

2862131.5) 

403339.5 

477003.5 

(229249.0, 

3014322.0) 

490568.5 

Notes. KRW = Korean Won; PM = Particulate matter.
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Table 2. Housing price elasticity of all-cause mortality: Results of a pooled OLS regression analysis. 

 Model 1  Model 2  Model 3  Model 4  

Variable 
Coefficient 
(95% CI) P-value 

Coefficient 
(95% CI) P-value 

Coefficient 
(95% CI) P-value 

Coefficient 
(95% CI) P-value 

Intercept 1.17 

(1.07,1.28) <0.001 
1.30 

(1.12,1.48) <0.001 
0.83 

(0.34,1.32) <0.001 
-0.06 

(-0.57,0.44) 0.803 

Neighborhood-level         

ln(Housing price) -0.20 
(-0.22,-0.18) <0.001 

-0.15 
(-0.17,-0.13) <0.001 

-0.11 
(-0.13,-0.08) <0.001 

-0.05 
(-0.08,-0.03) <0.001 

ln(Poverty)   
0.07 

(0.06,0.07) <0.001 
0.07 

(0.06,0.08) <0.001 
0.02 

(0.01,0.04) 0.002 

ln(Population density)   
-0.03 
(-0.04,-0.01) <0.001 

-0.04 
(-0.05,-0.02) <0.001 

-0.04 
(-0.05,-0.03) <0.001 

ln(Business workers)   
0.01 

(0.00,0.02) 0.057 
0.02 

(0.01,0.03) <0.001 
0.02 

(0.01,0.03) <0.001 

ln(Subway stations)   
0.01 
(0.00,0.02) 0.162 

0.01 
(-0.01,0.02) 0.280 

0.00 
(-0.01,0.01) 0.855 

ln(Primary education)       
0.10 
(0.06,0.14) <0.001 

ln(Tertiary education)       
-0.15 
(-0.20,-0.10) <0.001 

District-level         

ln(Doctors)     
0.03 
(0.01,0.05) <0.001 

0.02 
(0.01,0.04) 0.003 

ln(PM10 concentration)     
0.32 
(0.21,0.43) <0.001 

0.33 
(0.22,0.44) <0.001 

ln(Park area)     
-0.02 
(-0.03,-0.01) 0.001 

-0.01 
(-0.02,0.01) 0.276 

ln(Local tax)     
-0.07 
(-0.09,-0.05) <0.001 

-0.04 
(-0.06,-0.02) <0.001 

R-squared 0.283  0.381  0.419  0.463  

Notes. Model 1 includes the intercept and housing prices in the model. In Model 2, we added the neighborhood-level variables (poverty rate, population density, business 
workers density, the number of nearby subway stations) to Model 1. In Model 3, we further added the district-level variables (the number of physicians per 1,000 population, 
PM10 annual concentration, park area per person, local tax) to Model 2. In Model 4, the educational composition was added to Model 3. 

PM = Particulate matter.  
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Table 3. Housing price elasticity of all-cause mortality: Results of a spatial panel analysis. 

Variable 

Model 5   Model 6   

Coefficient 

(95% CI) 
P-value 

Coefficient 

(95% CI) 
P-value 

Neighborhood-level     

  ln(Housing price) 
-0.05 
(-0.07,-0.02) <.001 

-0.04 
(-0.07,-0.02) 0.001 

  ln(Poverty) 
0.09 
(0.08,0.10) <.001 

0.09 
(0.08,0.10) <.001 

  ln(Population density) 
-0.05 
(-0.06,-0.03) <.001 

-0.05 
(-0.06,-0.04) <.001 

  ln(Business workers) 
0.02 
(0.00,0.03) 0.005 

0.02 
(0.01,0.03) 0.001 

  ln(Subway stations) 
-0.02 

(-0.04,0.00) 0.013 
-0.03 

(-0.04,-0.01) 0.005 

  W x ln(Housing price) 
-0.05 
(-0.09,-0.01) 0.012 

-0.04 
(-0.08,0.00) 0.074 

  W x ln(Poverty) 
0.02 

(0.00,0.04) <.001 
0.02 

(0.00,0.04) 0.036 

  W x ln(Population density) 
0.06 
(0.04,0.09) 0.120 

0.05 
(0.03,0.08) <.001 

  W x ln(Business workers) 
-0.01 
(-0.03,0.01) 0.505 

0.00 
(-0.02,0.02) 0.890 

  W x ln(Subway stations) 
0.04 
(0.02,0.07) 0.002 

0.04 
(0.01,0.07) 0.005 

District-level     

  Doctors   0.01 
(-0.01,0.03) 0.286 

  PM10 concentration   -0.04 
(-0.18,0.10) 0.544 

  Park area   -0.02 

(-0.03,0.00) 0.006 

  Local tax   -0.03 
(-0.05,-0.01) 0.007 

Pseudo R-squared 0.676   0.679   

Notes. We adjusted the neighborhood-level variables (poverty rate, population density, business workers density, 
and the number of nearby subway stations) and the mean values of adjacent neighborhoods in Model 5. We further 
adjusted the district-level variables (the number of physicians per 1,000 population, PM10 annual concentration, 
park area per person, and local tax) in Model 6. 

PM = Particulate matter; W = Spatial weight matrix. 
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Figures 

 

Figure 1. Mapped distribution (A) and histogram (B) of SMR deciles in Seoul during the study period.  

Notes. The solid black line in the lower panel indicates the normal distribution using the mean and SD of SMR. 

SD = Standard deviation; SMR = Standardized mortality ratio. 
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Figure 2. Mapped distribution (A) and spatial patterning (B) of neighborhood-level housing prices in Seoul by study period. 

Notes. Housing prices in 1 million KRW. 
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Mapped distribution (A) and histogram (B) of SMR deciles in Seoul during the study period. Notes. The
solid black line in the lower panel indicates the normal distribution using the mean and SD of SMR. SD =
Standard deviation; SMR = Standardized mortality ratio. Note: The designations employed and the
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part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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