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Abstract 

Despite increasing awareness of walkable neighborhoods’ health benefits, the relationship between walkability and 
mental health remains unclear. This study examined the relationship between walkability and depression in West 
Virginia which has the highest rate of depression according to 2023 CDC report. Increasing neighborhood walkability 
was hypothesized to result in a reduction in mental health encounters. Using the most recent census tract boundaries 
in West Virginia (N = 546), National Walkability Index (NWI) scores were aggregated from 2019 block group data to 
tract-level averages. Depression prevalence was obtained from CDC PLACES, and population data were sourced from 
the U.S. Census Bureau. Multiple imputations were applied to address missing data as the result of mismatches between 
the 2019 NWI and 2024 tract boundaries, and regression analyses were conducted using both imputed and complete-
case datasets. In the imputed model, no significant association was found between walkability and depression (β = 0.03, 
p = 0.631). However, the complete-case model revealed a small but statistically significant positive relationship between 
walkability and depression (β = 0.04, p = 0.046). Population showed a consistent inverse association with depression 
in both models. Contrary to prior assumptions, higher walkability was associated with increased depression in the 
complete-case analysis. These findings highlight the complex relationship between the built environment and mental 
health and suggest that walkability alone may not be protective against depression. Future studies should incorporate 
additional contextual and sociodemographic factors while examining such a relationship. 
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1. Introduction

Mental health issues remain highly prevalent and severe all over the world.[1] Nearly 19.86% of adults in the United 
States suffer from mental illness and West Virgina has have the highest rate of depression in the nation, being 29% in 
2023.[2] Depression is a significant risk factor contributing to several physical and mental health issues, like lack of 
energy, physical pain, fatigue, loss of interest, low self-esteem, anxiety, sleep disturbance, cognitive function, mobility 
disability, and social withdrawal.[3], [4] Comorbid medical conditions such as diabetes, hypertension, chronic 
obstructive pulmonary disease, and coronary artery disease can be aggravated by depression. As a coping mechanism, 
depression can also lead to self-destructive behavior.[5], [6] Thus, it is important for various professionals to prioritize 
interventions and strategies to decrease the rate of depression, especially in areas where this issue is severe.  

One of the influential sectors where experts can potentially help reduce the rate of depression is the built environment 
(BE).[7] Numerous researchers have established the extraordinary benefits of the BE on overall community well-
being,[8] including reducing mental health issues.[9], [10] A systematic literature review by Sokale et al[11] identified 
617 articles published in English from 2000-2018 examining associations between BE attributes (i.e., greeneries, 
walkability, land use mix, public transportation, traffic safety and aesthetics, street illumination, garbage disposal) and 
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depression. Results, including 13 final articles, showed that studies assessed different BE attributes; however, all 
reported a relationship between depression and at least one BE attribute. A protective association between green spaces 
and depression was reported in four out of six papers, while no consistent association was found between other BE 
attributes (e.g., walkability and transportation) and depression.[11] A study by Pellizzari et al[12] assessed the 
relationship between park access and quality and various health metrics and found a significant negative association 
between neighborhood quality concerns and depression. Focusing on other attributes of the BE, a scoping review by 
Warner et al[13] investigated the definition of walkability and its association with depression and anxiety symptoms. 
They found that the composite/overall walkability score of five out of 13 included articles was significantly associated 
with depression and anxiety outcomes.[13] Also, Guo et al[14] found out that the walkability of neighborhoods had a 
negative association with depressive symptoms, regardless of the activity levels of individuals. These studies turn 
attention more toward considering the walkability of the BE as a crucial factor that potentially could mitigate the rate 
of depression.[11]  

Walkability, as a well-known attribute of the BE, contributes significantly to people’s overall well-being.[15] Several 
studies have shown the benefits of neighborhoods with a high rate of walkability in addressing multiple health 
outcomes, as it enables the population to have physical activity[16] at no cost[17] and reach to meaningful destinations 
safely,[18] like groceries, shops, parks, public places, etc.[19] According to multiple studies, physical activity not only 
enhances the physical function of individuals but also acts as a healing tool to decrease depressive symptoms.[20] Many 
people choose active transportation as a means of physical activity.[21] A study by Chupak et al[21] exhibited a 
significant negative association between walkability and pedestrian and cyclist crash count across all census tracts in 
South Carolina. Thus, it is crucial to create a walkable neighborhood to provide people with free physical activity 
opportunities that are safe and secure. 

While most research has considered walkability and physical and social health,[16], [18], [22], [23] a limited number of 
studies have investigated the association of neighborhood walkability and mental health issues, like depression.[24] To 
address this gap, the present study investigates the association between neighborhood walkability and depression 
prevalence at the census tract level. We selected one of the U.S. states with the highest reported rate of depression in 
2023 as the study setting, aiming to explore whether neighborhoods with higher walkability levels are associated with 
lower depression rates. Specifically, we asked: Is there a relationship between the walkability of neighborhoods and the 
prevalence of depression across census tracts in this high-burden state? To account for differences in population size, we 
included the total population at the census tract level as a control variable in our analysis, recognizing its potential 
confounding influence on both BE characteristics and health outcomes.  

2. Methods 

2.1. Study setting 

West Virginia (WV), with 546 census tracts, was selected as our study setting. WV contains a land area of 24,041.15 
square miles, as of 2020, and an estimated 2024 population of 1,770,071. 19.9% of the population is under 18 years of 
age, 21.5% is above 65, and 92.8% of the population is White. 

2.2. Measures 

 

Figure 1 National Walkability Index score categories 

Walkability of the built environment: To measure the walkability of the BE, we used National Walkability Index (NWI), 
developed by CDC EPA.[25] Specifically, based on three main factors of street intersection density, proximity to transit 
stops, and diversity of land uses, this measure ranks block groups a range from 1 to 20 (Figure 1) to determine their 
walkability level.[26]  
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Depression: To measure the rate of depression, we used publicly available data from the CDC PLACES, which provides 
local data for better health.[27] Specifically, the rate of depression was measured at the census tract level by using a 
self-report survey. Individuals were being asked if they had been diagnosed with depression by a health care provider 
at any time in their life (prevalence, Figure 2).  

 

Figure 2 Depression prevalence across census tracts in West Virginia 

Total population: Information regarding the total population of each census tract of WV was obtained from the US 
Census Bureau, which is a publicly available dataset.[28]  

2.3. Data Analysis 

 

Figure 3 National Walkability Index across census tracts in West Virginia  
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Using IBM SPSS Statistics Software, Version 29, descriptive statistical analyses were conducted to examine the 
distribution, central tendency, and variability of key variables, including depression prevalence, walkability index, and 
population size across census tracts. The NWI was originally available at the block group level. To align with other 
datasets used in this study, the NWI data were aggregated at the census tract level. This was accomplished by using a 
pivot table in Excel to calculate the average NWI score for all block groups nested within a tract (Figure 3). Also, since 
the most recent NWI available was from 2019, it did not fully align with the 2024 WV census tract boundaries. As a 
result, we encountered a considerable amount of missing data for NWI (N=175). Therefore, we decided to address this 
issue using imputation methods. Then we ran regression analysis to examine the relationship between the NWI and 
depression prevalence, controlling for population at the census tract level, using the imputed data. To compare the 
results, we also repeated the analyses using a complete-case approach, excluding census tracts with missing NWI values. 
Significant tests were considered at P<0.05. The study did not require institutional review board approval since the data 
were secondary and publicly available and aggregated at the census tract level. 

3. Results 

Descriptive data analyses are shown in Table 1. Across all census tracts in WV, the average NWI was 4.82 (SD = 3.50), 
with scores ranging from 0 to 12.83. A total of 371 census tracts had available NWI data. The mean prevalence of 
depression among adults was 28.31% (SD = 2.44), with tract-level rates ranging from 17.10% to 41.60% across all 546 
census tracts. The average population per tract was 2,624 residents (SD = 955.10), ranging from 644 to 5,822 
individuals. 

Table 1 Descriptive analysis 

Variables Objects M Std. dev. Min Max 

GeoIDs of Census Tracts 546     

National Walkability Index 371 4.82 3.50 0 12.83 

Depression 546 28.31 2.44 17.10 41.60 

Population 546 2624.418    955.10     644    5822 

 

Table 2 presents the results of the regression analysis using the imputation method to address missing NWI values. The 
analysis did not yield a statistically significant association between NWI and depression prevalence across WV’s census 
tracts (β = 0.03, p = 0.631). However, population was found to be a significant negative predictor of depression (β = -
0.0005, p < 0.001), indicating that tracts with higher populations were associated with slightly lower depression rates. 

Table 2 Regression between neighborhood walkability and depression across West Viginia’s census tracts using 
imputation 

 Coefficient SE t P>|t| [95% conf. interval] 

Neighborhood Walkability 0.03 0.07 0.49 0.631 -.1126399  .1811395 

Population 0.00 0.00 -4.39 0.000 -.0007026  -.000268 

 

Table 3 shows the results of the same regression analysis using a complete-case approach, excluding census tracts with 
missing walkability data. In this model, NWI was significantly associated with depression (β = 0.04, p = 0.046), 
suggesting that higher walkability is related to increased depression prevalence. Population remained a significant 
negative predictor (β = -0.0005, p < 0.001), consistent with the imputed model. 
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Table 3 Regression between neighborhood walkability and depression across West Viginia’s census tracts using a 
complete-case approach 

 Coefficient SE t P>|t| [95% conf. interval] 

Neighborhood Walkability 0.04 0.02 1.99 0.046 .000602  .0718498 

Population 0.00 0.00 -11.53 0.000 -.0006357  -.0004509 

4. Discussion 

The purpose of this study was to determine whether neighborhood walkability is associated with depression prevalence 
in different census tracts in WV, which has the highest rate of depression in 2023. The relationship between walkability 
and depression was not statistically significant when using imputation. However, using a complete-case analysis, there 
was a small but statistically significant positive correlation between higher walkability scores and depression 
prevalence. Both models consistently showed lower depression rates with larger populations.  

Our unexpected findings regarding the relationship between walkability and depression were both consistent with and 
divergent from previous research. While several studies have documented a negative association between certain 
features of the BE, such as access to green space and safe walkable infrastructure, and depression, others have reported 
no significant relationship between walkability and mental health outcomes.[29], [30] For instance, a study by Berke et 
al[31] found a significant association between walkability and depression in older men, while this relationship was not 
significant among women. The study adjusted for physical activity, income, age, ethnicity, education, the status of 
smoking, living alone or in a family, and chronic diseases. Conversely, a study found no association between the 
walkability of the neighborhood and depression in crude or adjusted analysis.[32] In addition, a scoping review 
conducted by Warner et al[33] revealed that only a subset of studies identified a significant association between 
composite walkability scores and depression or anxiety symptoms, highlighting the variability in measurement and 
context across studies.  

Our study had a number of strengths. First, we aimed to use the most up-to-date census tract boundaries in WV (N = 
546), despite the NWI being available only at the 2019 block group level. After aggregating NWI values from block 
groups to obtain tract-level scores, we encountered a mismatch between the 2024 census tracts and the 2019 NWI data, 
resulting in missing values for 175 tracts. To address this, we applied multiple imputations, a sophisticated statistical 
technique that enhances the robustness of our findings. Specifically, it allowed us to retain a larger sample size and 
reduce potential bias due to missing data. In addition, our study is among the first to consider a setting with the highest 
rate of depression to investigate. However, some limitations need to be acknowledged. First, considering walkability 
alone may not reveal the true associations and should be considered with a broader context of neighborhood quality 
(e.g., crime rate, safety, pedestrian facilities). Second, sociodemographic characteristics (e.g., race, ethnicity, education, 
income, poverty, employment status, renter occupied housing) need to be considered as a controlling variable alongside 
population. Third, our analyses did not account for the nested structure of census tracts within counties. All statistical 
analyses were conducted at the census tract level, without adjusting for potential clustering or contextual effects at the 
county level. To better understand how the BE influences mental health, future studies should consider incorporating a 
wider range of contextual and sociodemographic variables. Also, longitudinal or multilevel designs may provide more 
insight into causality and the interaction between individual-level outcomes and neighborhood characteristics over 
time  

5. Conclusion 

In conclusion, our results highlight the importance of considering neighborhood walkability within a broader context 
that includes environmental stressors, social factors, and demographic characteristics. While walkability is a valuable 
feature of the BE, its impact on mental health may vary by context and may be shaped by other unmeasured factors such 
as safety, crime, or socioeconomic disadvantage. 
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