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A B S T R A C T

Residential green space may be an environmental determinant of cardiovascular disease (CVD); however, lon
gitudinal evidence based on structural measures of green space in nationwide populations remains limited in 
South Korea. We investigated the association between the proportion of residential green space and incident 
CVD, with particular attention paid to variation by degree of urbanization. Data from the National Health In
surance Service–National Sample Cohort, including 321,999 participants without prior CVD who underwent 
health examinations between 2010 and 2012, were analyzed. Residential green space, quantified as the pro
portion of park area at the municipal level, was categorized into quartiles. Incident CVD was identified using ICD- 
10 codes for acute myocardial infarction (I21–I23), heart failure (I50), and cerebrovascular diseases (I60–I64). 
Cox proportional hazards models were used to estimate adjusted hazard ratios (aHRs) with adjustments for 
demographic, socioeconomic, behavioral, and clinical factors. A higher proportion of residential green space was 
associated with a lower risk of incident CVD. Individuals in the highest quartile was had a 17% lower risk of CVD 
compared with the lowest quartile (aHR = 0.83, 95% CI: 0.78-0.88), with a significant dose-response relationship 
across quartiles (p for trend <0.001). Among all area types, the inverse association between green space and CVD 
risk was statistically significant in the highest quartile, with a more consistent dose–response pattern observed in 
metropolitan areas. These findings suggest that greater residential green space contributes to a lower CVD risk, 
supporting the role of green environments in public health strategies for CVD prevention.

1. Introduction

Cardiovascular disease (CVD) remains a major global public health 
concern (Fuster et al., 2011; Chong et al., 2025), and is the second 
leading cause of death in Korea (Statistics Korea, 2025), accounting for a 
significant proportion of the national disease burden and healthcare 
expenditure (Kim and Han, 2023; Kang et al., 2025). Although tradi
tional risk factors such as hypertension, diabetes, and dyslipidemia are 
well established, increasing attention has been directed towards the role 
of individual living environments and residential characteristics in 
shaping cardiovascular health (Lai et al., 2023; Liu et al., 2024). In the 

context of accelerating urbanization, the quality of the residential 
environment has emerged as a key determinant of health disparities 
(Patil, 2014; Cacciatore et al., 2025).

Residential green space has been increasingly recognized as a 
modifiable environmental determinant of cardiovascular health (Yeager 
et al., 2018; Chen et al., 2020; Keith et al., 2024), as it constitutes an 
element of the built environment that can be influenced by urban 
planning and land-use policies. Green spaces can be modified at the 
community level and have been proposed to affect cardiovascular health 
through multiple pathways, including increased physical activity, stress 
reduction, enhanced social cohesion, and mitigation of environmental 
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hazards, such as air pollution and noise (Chen et al., 2020; Keith et al., 
2024).

Numerous international studies have reported an inverse association 
between green space exposure and the risk of CVD or mortality, often 
utilizing satellite-based vegetation indices, such as the Normalized Dif
ference Vegetation Index or Enhanced Vegetation Index 
(Twohig-Bennett and Jones, 2018; Orioli et al., 2019; Rojas-Rueda et al., 
2019; Yang et al., 2020; Liu et al., 2022; Paoin et al., 2023). These 
indices provide objective, spatially comprehensive measures of vegeta
tion presence or density (Gascon et al., 2016; Martinez and Labib, 2023); 
however, they predominantly capture the biophysical characteristics of 
vegetation and may inadequately reflect the structural or functional 
attributes of green spaces that are most relevant to everyday human use 
(Ye et al., 2019; Martinez and Labib, 2023). For example, 
satellite-derived greenness measures may encompass agricultural land, 
forested areas, or roadside vegetation that are difficult to access or use 
and, therefore, may not translate into health-promoting behaviors such 
as physical activity or social interaction.

Public parks, as green spaces explicitly designed for accessibility, 
represent a key component of urban green infrastructure associated with 
favorable health outcomes and health-related behaviors among local 
populations (Sugiyama et al., 2008; Maas et al., 2009). Nevertheless, 
large-scale longitudinal studies examining the association between 
administratively defined park areas and incident CVD remain limited, 
particularly in Asian countries characterized by high population density 
and rapid urbanization.

Moreover, evidence regarding potential heterogeneity in the car
diovascular health effects of green space across different levels of ur
banization remains scarce. Metropolitan, urban, and rural areas differ 
substantially in population density, land-use patterns, and environ
mental exposure, and these contextual factors may influence the asso
ciation between green space and cardiovascular health. However, many 
previous studies have not systematically evaluated whether or how the 
relationship between green space and incident CVD varies according to 
the degree of urbanization.

Therefore, this study aimed to investigate the association between 
residential green space and the incidence of CVD in a nationwide 
population-based cohort, using the proportion of park area as an indi
cator of accessible green space. We further assessed whether this asso
ciation differed by level of urbanization through stratified analyses for 
metropolitan, urban, and rural areas.

2. Materials and methods

2.1. Data source and study population

We used data from the National Health Insurance Service–National 
Sample Cohort (NHIS-NSC), a nationwide database from South Korea, 
covering the period from 2002 to 2019. The NHIS-NSC is a population- 
based cohort of approximately one million individuals selected through 
stratified random sampling to represent the Korean population by age, 
sex, and income level (Lee et al., 2017). The database contains detailed 
information on eligibility, health examinations, healthcare utilization, 
and mortality, supporting long-term follow-up.

The initial NHIS-NSC population from 2002 to 2019 included 
1,137,861 individuals. From this population, 448,029 participants aged 
≥19 years who underwent at least one national health examination 
between 2010 and 2012 were selected. The date of each participant's 
health examination was defined as the index date. Participants were 
followed from the index date until the occurrence of CVD, death, or 
December 31, 2019, whichever came first. To ensure the assessment of 
incident CVD, 29,292 individuals with a history of CVD before the index 
date were excluded. In addition, 1854 participants who developed CVD 
within one year of the index date were excluded to minimize potential 
reverse causation. After excluding 11 individuals with missing data on 
exposure variable and 9482 individuals with missing covariate data, 

407,390 individuals remained in the eligible analytic population. To 
assess potential selection bias due to incomplete covariate data, we 
compared baseline characteristics between included and excluded par
ticipants (Supplementary Table S1). The primary analysis included 
321,999 participants who did not change their residential area during 
follow-up (Fig. 1), to ensure the stability of area-based exposure 
assessment. Residential relocation was defined as a change in residential 
area type during follow-up. To maintain consistency in urbanicity 
classification, the primary analysis was restricted to participants who 
remained in the same residential area category throughout follow-up. To 
evaluate the robustness of the findings, supplementary analyses were 
conducted using the full analytical population regardless of residential 
relocation (Supplementary Table S2 and S3).

This study was reviewed and approved by the Institutional Review 
Board of Gachon University Gil Medical Center (IRB No. GBIRB2025- 
278), which waived the requirement for informed consent.

2.2. Assessment of residential green space

Administrative divisions in South Korea are organized hierarchically 
into municipalities, classified as cities (Si in Korean), counties (Gun), and 
districts (Gu). In this study, residential green space was assessed at the 
municipal level, encompassing to 230 administrative units based on the 
national classification system for the baseline period. Residential green 
space was operationalized as the municipality-level park-area propor
tion (total designated park area ÷ total land area within the municipal 
boundary). For each participant, the park-area proportion from the 
baseline year was linked to their baseline municipality.

Data on park areas were obtained from the Korean Statistical Infor
mation Service (KOSIS), which annually compiles nationwide statistics 
on urban and county planning facilities classified as spatial facilities 
under national land-use planning regulations (https://kosis.kr) (Korea 
Land and Geospatial Informatix Corporation, 2024). Within the KOSIS 
database, park areas comprise all land officially designated as parks 
within municipal boundaries. These designated park types encompass 
urban natural parks, national urban parks, small parks, children's parks, 
neighborhood parks, historical parks, cultural parks, waterfront parks, 
cemeteries, sports parks, urban agriculture parks, disaster prevention 
parks, and other parks established under local ordinances (Korea Land 
and Geospatial Informatix Corporation, 2024). These data were 
collected and published annually, providing a standardized measure of 
park development across administrative districts.

Municipalities were ranked according to the proportion of park area 
and categorized into quartiles (Q1–Q4), with Q1 representing the lowest 
and Q4 the highest. The cut-points for these quartiles were defined as 
follows: Q1 ≤ 2.61%, Q2 > 2.61% to ≤5.18%, Q3 > 5.18% to ≤9.27%, 
and Q4 > 9.27%. For stratified analyses, quartiles were re-defined 
within metropolitan, urban, and rural areas (i.e., area-specific quartiles).

2.3. Assessment of cardiovascular disease outcome

The primary outcome of this study was the incidence of CVD during 
the follow-up period. Incident CVD was defined as the first hospitali
zation with a primary diagnosis of CVD, identified using International 
Classification of Diseases, 10th Revision (ICD-10) codes. Specifically, the 
outcomes included acute myocardial infarction (I21–I23), cerebrovas
cular diseases (I60–I64), and heart failure (I50). To improve the speci
ficity of outcome ascertainment, only inpatient diagnoses were 
included.

CVD incidence was identified using administrative health records 
based on ICD-10 diagnostic codes, and only the first hospitalization for 
CVD occurring during follow-up was considered in the analysis. Par
ticipants with a history of CVD before the start of follow-up were 
excluded to ensure that all observed events represented newly diagnosed 
cases.
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2.4. Covariates

Covariates were selected based on prior literature and their potential 
association with both residential green space and CVD risk. The cova
riates included age, sex, residential area, household income level, 
disability status, smoking status, and Charlson Comorbidity Index (CCI) 
(Charlson et al., 1987; Drosdowsky and Gough, 2022).

Residential areas were categorized into metropolitan, urban, and 
rural areas based on the administrative classification at the municipal 
level. Districts (Gu) within metropolitan cities, including the capital city 
of Seoul and the six major metropolitan cities (Busan, Daegu, Incheon, 
Gwangju, Daejeon, and Ulsan), were classified as metropolitan areas, 
while cities (Si) were within provinces and counties (Gun) were classi
fied as urban and rural areas, respectively. Household income levels 
were determined using health insurance premium levels and categorized 
into tertiles. Smoking status was categorized as never smoked, former 
smokers, or current smokers. Participants were subsequently classified 
into three groups according to weekly frequency (0–1, 2–3, or ≥4 times 
per week). Comorbidity burden was assessed using the CCI calculated 
from the baseline health information.

2.5. Statistical analysis

The baseline characteristics of the study population were summa
rized according to quartiles of residential green space. Continuous var
iables were summarized as means (standard deviations), whereas 
categorical variables are expressed as frequencies and percentages. The 
association between residential green space proportion and incident 
CVD was examined using Cox proportional hazards regression models. 
The results are presented as hazard ratios (HRs) with 95% confidence 
intervals (CIs), with the lowest quartile of the park area proportion using 
the reference category. Three sequential models were constructed: (1) 
Model 1, unadjusted; (2) Model 2, adjusted for age and sex; and (3) 
Model 3, fully adjusted, including residential area, household income 
tertiles based on health insurance premium levels, disability status, 
smoking status, and CCI. These sequential models were applied to the 
overall population analysis; in stratified analyses by residential area, 
residential area was not included as a covariate.

To explore potential mediating pathways, we examined the associ
ations between residential green space and physical activity and body 
mass index (BMI) defined according to Asia-Pacific criteria (World 

Health Organization, 2000), and assessed changes in effect estimates 
after additional adjustment for these variables (Supplementary Table S4 
and S5). We further constructed models by sequentially adding physical 
activity and BMI to the fully adjusted model (Supplementary Table S6). 
To address potential residual confounding by area-level socioeconomic 
status, we conducted sensitivity analyses incorporating a 
municipality-level Area Deprivation Index (ADI). The ADI was con
structed using four indicators reflecting area-level deprivation: the 
proportion of single-person households, households without a car, older 
adults aged ≥65 years, and individuals with less than a high school 
education. Each component was standardized using z-scores and 
aggregated into a composite ADI score, which was subsequently cate
gorized into quartiles. Furthermore, shared frailty Cox proportional 
hazards models with a municipality-level random effect were fitted to 
account for clustering within municipalities and unobserved area-level 
heterogeneity (Supplementary Table S7).

The index date was defined as the date of the baseline national health 
examination conducted between 2010 and 2012. Annual park-area 
proportion data, obtained from KOSIS, were assigned according to 
each participant's index year and incorporated as a time-varying co
variate, with values updated annually throughout the follow-up period. 
To minimize potential reverse causation, outcome ascertainment 
commenced one year after the index date. Participants were followed 
from one year after the baseline examination until the first occurrence of 
a CVD event, death, or the end of follow-up in 2019, whichever came 
first. Participants who did not experience an event were censored at the 
end of the follow-up.

To examine whether the association between the proportion of res
idential green space and CVD risk varied by the degree of urbanization, 
analyses were stratified by residential area type. All statistical analyses 
were performed using the SAS ver. 9.4 (SAS Institute Inc., Cary, NC, 
USA).

3. Results

A total of 321,999 participants were included in the analysis and 
categorized into quartiles (Q1–Q4) according to the proportion of park 
areas at the municipal level (Table 1). The mean age of participants was 
48.5 ± 13.5 years, and the sex distribution was nearly equal, with 50.3% 
men and 49.7% women. Participants in the lowest quartile (Q1) of 
residential green spaces were predominantly residents of metropolitan 

Fig. 1. Flowchart of the study population 
The index date was defined as the date of the first health screening examination during the baseline period (2010–2012).
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areas (65.6%), whereas those in higher quartiles were more likely to 
reside in urban areas, with a more balanced distribution between urban 
(49.4%) and metropolitan (47.2%) areas observed in the highest quar
tile (Q4), and only a small proportion of participants residing in rural 
areas overall (8.3%).

In the analyses of the overall population using Cox proportional 
hazards models, higher residential green space was associated with a 
reduced risk of incident CVD (Table 2). In the unadjusted model (Model 
1), compared with those for Q1, the HRs for incident CVD were 0.92 
(95% CI: 0.87–0.97) for Q2, 0.85 (95% CI: 0.80–0.90) for Q3, and 0.73 
(95% CI: 0.68–0.77) for Q4, indicating a stepwise decrease in risk with 
increasing residential green space proportion (p for trend <0.0001). 
After adjustment for age and sex (Model 2), the inverse association 
remained statistically significant for Q3 (aHR = 0.89, 95% CI: 
0.84–0.95) and Q4 (aHR = 0.82, 95% CI: 0.77–0.87), while the associ
ation for Q2 was marginal (p = 0.0578).

In the fully adjusted model (Model 3), a graded inverse association 
was observed, with significantly lower risks in Q2 (aHR = 0.92, 95% CI: 
0.87–0.98), Q3 (aHR = 0.87, 95% CI: 0.82–0.93), and Q4 (aHR = 0.83, 
95% CI: 0.78–0.88) compared with Q1. A significant linear trend per
sisted, indicating a consistent dose–response relationship, with each 
quartile increase in residential green space being associated with a 6% 
reduction in CVD risk (p for trend <0.0001). These findings remained 
consistent after additional adjustment for physical activity and BMI 
(Supplementary Table S6). CVD outcomes were categorized into acute 
myocardial infarction, heart failure, and cerebrovascular disease to 
examine differences across specific conditions. Similar inverse associa
tions were observed for heart failure and cerebrovascular disease, with 
significant linear trends across quartiles (p for trend = 0.0004 
and < 0.0001, respectively). The magnitude of association was generally 
comparable to that observed for overall CVD (Supplementary Table S8). 
The results remained robust after additional adjustment for area-level 
socioeconomic status using the ADI and after accounting for clustering 
at the municipality level using shared frailty models (Supplementary 
Table S7).

Stratified analyses by the degree of urbanization revealed hetero
geneity in the association between residential green space and CVD 
incidence (Table 3). In metropolitan areas, higher residential green 
spaces were consistently associated with a lower risk of CVD, demon
strating the most pronounced dose–response pattern among the three 
area types. Compared with Q1, the adjusted HRs were 0.90 (95% CI: 
0.82–0.98) for Q2 and 0.84 (95% CI: 0.76–0.92) for Q3 and 0.80 
(0.73–0.88) for Q4, with a significant linear trend across quartiles (p for 
trend <0.0001). In urban areas, only participants in Q4 showed a 
significantly lower risk of CVD compared with Q1 (aHR = 0.84, 95% CI: 
0.77–0.92), although the overall linear trend remained significant (p for 
trend = 0.0003). In rural areas, only participants in Q4 of residential 
green space showed a lower risk of CVD (aHR = 0.84, 95% CI: 
0.72–0.98), while associations in intermediate quartiles were not sta
tistically significant. Nevertheless, a significant linear trend was 
observed (p for trend = 0.0128).

4. Discussion

In this nationwide, population-based cohort study with extended 
follow-up, a higher proportion of residential park areas was associated 
with a reduced risk of incident CVD. This inverse association remained 
robust after comprehensive adjustment for demographic factors, socio
economic status, health-related behaviors, and comorbidity burden, as 
well as in sensitivity analyses. Although inverse associations were 
observed across metropolitan, urban, and rural areas, both the magni
tude and pattern of this association varied according to the degree of 
urbanization.

Stratified analyses based on urbanicity further clarified these dif
ferences. In metropolitan areas, increasing levels of residential green 
space were associated with a clear and monotonic decrease in CVD risk, 
demonstrating a pronounced dose–response relationship across green 
space quartiles. In urban areas, the inverse association was less consis
tent across intermediate quartiles, with a significantly reduced risk 
observed only in the highest quartile, despite a statistically significant 

Table 1 
General characteristics of the study population by quartiles of green space proportion.

Variable Overall (n = 321,999) Green space level

Q1 (Lowest) Q2 Q3 Q4 (Highest)

N % N % N % N % N %

Age, mean ± (SD) 48.5 (13.5) 49.3 (13.4) 48.6 (13.6) 48.3 (13.5) 47.7 (13.3)
Sex

Male 162,034 50.3 40,168 49.9 40,709 51.2 41,385 50.4 39,772 49.8
Female 159,965 49.7 40,369 50.1 38,765 48.8 40,737 49.6 40,094 50.2

Urbanicity
Metropolitan 141,981 44.1 52,838 65.6 23,980 30.2 27,453 33.4 37,710 47.2
Urban 153,391 47.6 18,935 23.5 45,606 57.4 49,426 60.2 39,424 49.4
Rural 26,627 8.3 8764 10.9 9888 12.4 5243 6.4 2732 3.4

Income level
Low 70,530 21.9 18,636 23.1 16,771 21.1 18,148 22.1 16,975 21.3
Middle 125,460 39.0 32,452 40.3 30,434 38.3 32,187 39.2 30,387 38.0
High 126,009 39.1 29,449 36.6 32,269 40.6 31,787 38.7 32,504 40.7

Disability status
Without disability 306,592 95.2 76,500 95.0 75,621 95.2 78,075 95.1 76,396 95.7
With disability 15,407 4.8 4037 5.0 3853 4.8 4047 4.9 3470 4.3

Smoking status
Never 198,981 61.8 50,122 62.2 48,941 61.6 50,835 61.9 49,083 61.5
Former 45,967 14.3 11,000 13.7 11,489 14.5 11,610 14.1 11,868 14.9
Current 77,051 23.9 19,415 24.1 19,044 24.0 19,677 24.0 18,915 23.7

Charlson Comorbidity Index
0 214,309 66.6 52,801 65.6 52,895 66.6 54,451 66.3 54,162 67.8
1 72,390 22.5 18,397 22.8 17,951 22.6 18,611 22.7 17,431 21.8
2 22,463 7.0 5893 7.3 5531 7.0 5758 7.0 5281 6.6
≥3 12,837 4.0 3446 4.3 3097 3.9 3302 4.0 2992 3.7

Incidence of cardiovascular diseases
No 313,341 97.3 78,056 96.9 77,230 97.2 79,973 97.4 78,082 97.8
Yes 8658 2.7 2481 3.1 2244 2.8 2149 2.6 1784 2.2

Green space quartiles were defined based on the distribution of the residential proportion of park areas among total national green space.
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Table 2 
Association between green space quartiles and cardiovascular disease incidence using Cox proportional hazard models.

Variable Cardiovascular diseases

Events Person-years Incidence rate Model 1 p-value Model 2 p-value Model 3 p-value

HR (95% CI) aHR (95% CI) aHR (95% CI)

Green space levela

Q1 (Lowest) 2481 690,788.4 3.59 1.00 ​ - ​ ​ 1.00 ​ - ​ ​ 1.00 ​ - ​ ​
Q2 2244 681,507.0 3.29 0.92 (0.87 - 0.97) 0.0031 0.95 (0.89 - 1.00) 0.0578 0.92 (0.87 - 0.98) 0.0070
Q3 2149 704,764.9 3.05 0.85 (0.80 - 0.90) <0.0001 0.89 (0.84 - 0.95) 0.0001 0.87 (0.82 - 0.93) <0.0001
Q4 (Highest) 1784 686,461.6 2.60 0.73 (0.68 - 0.77) <0.0001 0.82 (0.77 - 0.87) <0.0001 0.83 (0.78 - 0.88) <0.0001
Trend per quartile increaseb ​ 0.90 (0.89 - 0.92) <0.0001 0.94 (0.92 - 0.96) <0.0001 0.94 (0.92 - 0.96) <0.0001
Age ​ ​ ​ ​ ​ ​ ​ ​ 1.09 (1.09 - 1.09) <0.0001 1.09 (1.09 - 1.09) <0.0001
Sex
Male ​ ​ ​ ​ ​ ​ ​ ​ 1.00 ​ - ​ ​ 1.00 ​ - ​ ​
Female ​ ​ ​ ​ ​ ​ ​ ​ 0.60 (0.57 - 0.62) <0.0001 0.73 (0.69 - 0.77) <0.0001
Urbanicity
Metropolitan ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.82 (0.77 - 0.88) <0.0001
Urban ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.91 (0.85 - 0.97) 0.0029
Rural ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1.00 ​ - ​ ​
Income level
Low ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.99 (0.93 - 1.05) 0.6808
Middle ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.90 (0.85 - 0.95) 0.0003
High ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1.00 ​ - ​ ​
Disability status
Without disability ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.77 (0.72 - 0.82) <0.0001
With disability ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1.00 ​ - ​ ​
Smoking status
Never ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.57 (0.53 - 0.60) <0.0001
Former ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.58 (0.54 - 0.61) <0.0001
Current ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1.00 ​ - ​ ​
Charlson Comorbidity Index
0 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.66 (0.61 - 0.71) <0.0001
1 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.73 (0.68 - 0.79) <0.0001
2 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.84 (0.77 - 0.92) <0.0001
≥3 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1.00 ​ - ​ ​

Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: additionally adjusted for urbanicity, income level, disability status, smoking status, and Charlson Comorbidity Index.
a Estimated from Cox proportional hazards models treating green space quartiles as categorical variables.
b Estimated from a separate Cox proportional hazards model treating green space quartiles as an ordinal variable to assess linear trend.
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linear trend. A similar pattern was observed in rural areas, where only 
the highest quartile exhibited a significantly lower risk of CVD, although 
the linear trend across all quartiles remained significant. Collectively, 
these findings suggest that residential green space may be associated 
with lower CVD risk across diverse residential contexts, while indicating 
that both the magnitude and the dose–response pattern of the associa
tion may differ according to the level of urbanization.

These findings are consistent with previous epidemiological studies 
reporting beneficial associations between green space exposure and 
cardiovascular health outcomes (Kondo et al., 2018; Yeager et al., 2018; 
Chen et al., 2020; Liu et al., 2022, 2024), many of which have relied on 
satellite-derived vegetation indices. Such studies have demonstrated 
reduced risks of cardiovascular morbidity and mortality associated with 
higher levels of greenness (Chen et al., 2020; Liao et al., 2022). By 
examining incident CVD over an extended follow-up period, the present 
study builds on this literature and further substantiates the relevance of 
the residential green environment as a contextual factor in CVD 
prevention.

A key contribution of this study is the operationalization of resi
dential green space as the proportion of administratively designated 
park areas at the municipal level. In contrast to satellite-based greenness 
indices, which may include agricultural land, forested regions, or other 
vegetated areas that are not readily accessible, park areas represent 
planned green infrastructure intended for routine public use. Although 
many prior studies have relied on satellite-derived greenness measures, 
several studies have also used park-based or administratively defined 
indicators (Dalton and Jones, 2020; Seo et al., 2019), capturing com
plementary aspects of green space exposure. By focusing on the pro
portion of designated park areas within residential settings, our 
approach provides a more policy-relevant measure of green space 
exposure. This distinction is particularly relevant in densely populated 
settings, where designated parks are more likely to capture meaningful 
opportunities for physical activity, stress reduction, and social interac
tion (Kaczynski and Henderson, 2008).

This measurement approach enhances the policy relevance of the 
findings, as park areas are directly modifiable through urban planning 
and land-use decisions. However, this measure should be interpreted as 
a structural indicator of greenness provision. It does not capture park 
quality, accessibility, usability, or actual park use, and therefore may 
only partially reflect the green space environments that residents 
experience in daily life.

Although the inverse association between residential green space 
and CVD risk was directionally consistent across levels of urbanization, 
variation was observed in the magnitude and pattern of the association 
according to the residential context. In metropolitan and urban areas, 
where environmental stressors such as air pollution, noise, and high 
population density are more prevalent, incremental increases in park 
availability may yield meaningful marginal benefits for cardiovascular 
health. In rural areas, although higher levels of residential park area 
tended to be associated with reduced CVD risk, the dose–response 
pattern across intermediate exposure categories was less clearly defined. 
This pattern may reflect differences in the types of green environments 
available in rural settings, including non-designated green spaces not 
captured by administratively defined park metrics.

Several plausible mechanisms may underlie the observed associa
tions, including increased opportunities for physical activity, improve
ments in mental well-being, reduced exposure to air pollution and noise, 
and enhanced social interaction (Sugiyama et al., 2008; Aerts et al., 
2018; Zuo et al., 2024). In the present cohort, smoking status was one 
of the strongest predictors of incident CVD, and the inverse association 
between residential green space and CVD risk remained robust after 
adjustment for smoking and other covariates, suggesting that the 
observed relationship is not fully explained by differences in smoking 
status. Nevertheless, smoking may still contribute to the green 
space–CVD relationship, as greener neighborhoods could be associated 
with lower smoking prevalence through healthier social norms and 
reduced chronic stress. Although these mechanisms were not compre
hensively evaluated in this study, supplementary analyses suggested 
that physical activity may partially explain this association, whereas 
BMI appeared to play a limited role. These findings suggest that resi
dential green space may operate as a population-level preventive factor 
that complements, rather than replaces, individual-level behavioral 
interventions.

This study has several strengths. First, we used a nationally repre
sentative population-based cohort with long-term follow-up allowed for 
a robust assessment of incident CVD. Second, by restricting the primary 
analysis to participants who did not change residential area type during 
follow-up, we improved the consistency of exposure classification, 
although residential moves within the same area type may still have 
occurred. In addition, stratified analyses by residential area type 
allowed for a more nuanced interpretation of the contextual differences 
in the association between residential green space and CVD risk. 

Table 3 
Association between green space quartiles and cardiovascular disease stratified by urbanicity.

Variable Cardiovascular diseases

N % Events Person-years Incidence rate aHR (95% CI) p-value

Metropolitan Green space levela ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Q1 (Lowest) 37,013 26.1 1059 317,995.9 3.59 1.00 ​ - ​ ​
Q2 36,415 25.6 835 312,229.2 3.29 0.90 (0.82 - 0.98) 0.0210
Q3 34,088 24.0 710 292,658.2 3.05 0.84 (0.76 - 0.92) 0.0002
Q4 (Highest) 34,465 24.3 712 295,771.8 2.60 0.80 (0.73 - 0.88) <0.0001
Trend per quartile increaseb ​ ​ ​ ​ ​ 0.93 (0.90 - 0.96) <0.0001

Urban Green space levela ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Q1 (Lowest) 38,281 25.0 1127 328,522.7 3.59 1.00 ​ - ​ ​
Q2 40,660 26.5 1037 349,949.7 3.29 0.92 (0.85 - 1.01) 0.0652
Q3 36,797 24.0 969 316,842.0 3.05 0.92 (0.85 - 1.01) 0.0651
Q4 (Highest) 37,653 24.5 805 324,163.0 2.60 0.84 (0.77 - 0.92) 0.0001
Trend per quartile increaseb ​ ​ ​ ​ ​ 0.95 (0.92 - 0.98) 0.0003

Rural Green space levela ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Q1 (Lowest) 5846 22.0 306 49,567.8 3.59 1.00 ​ - ​ ​
Q2 7058 26.5 368 59,883.9 3.29 0.95 (0.82 - 1.11) 0.5149
Q3 6109 22.9 326 51,388.8 3.05 0.89 (0.76 - 1.04) 0.1307
Q4 (Highest) 7614 28.6 404 64,549.0 2.60 0.84 (0.72 - 0.98) 0.0215
Trend per quartile increaseb ​ ​ ​ ​ ​ 0.94 (0.90 - 0.99) 0.0128

Adjusted for age, sex, income level, disability status, smoking status, and Charlson Comorbidity Index.
a Estimated from Cox proportional hazards models treating green space quartiles as categorical variables.
b Estimated from a separate Cox proportional hazards model treating green space quartiles as an ordinal variable to assess linear trend.
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However, this study has some limitations. Individual-level information 
on park use and green space-specific physical activity was unavailable, 
limiting our ability to assess behavioral pathways underlying the 
observed associations. Second, park-area proportion was measured at 
the municipal level and may not reflect individual access to parks within 
municipalities. The proportion of park areas remains a relatively crude 
proxy for green space availability. This measure does not capture 
important qualitative and functional aspects of green space, such as park 
quality, accessibility, usability, maintenance, and safety, nor does it 
reflect individual-level park use. Third, this study was unable to account 
for other types of green spaces beyond designated public parks, which 
may also contribute to cardiovascular health. Finally, the possibility of 
residual confounding cannot be entirely excluded. Socioeconomic status 
is an important potential confounder, as individuals with higher socio
economic status are more likely to reside in greener environments and 
engage in healthier behaviors (Pinault et al., 2021). In this study, both 
individual-level income and area-level deprivation were adjusted for in 
the analyses. Nevertheless, as with all observational studies, residual 
confounding related to unmeasured or imperfectly measured socioeco
nomic factors may persist.

Despite these limitations, this study provides robust evidence that 
greater residential green space is associated with a reduced risk of CVD, 
particularly in more urbanized settings. The observed variation in as
sociations across levels of urbanicity suggests that the health benefits of 
green space may be more pronounced in densely built environments, 
where natural spaces is often limited. These results highlight the 
importance of integrating neighborhood green infrastructure into 
population-based strategies for CVD prevention.
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BMI Body mass index
CCI Charlson Comorbidity Index
HR Hazard ratio
CI Confidence interval
ADI Area Deprivation Index
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