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Abstract

Background—There is a paucity of prospective cohort studies evaluating neighborhood 

walkability in relation to the risk of death.

Methods—We geocoded baseline residential addresses of 13,832 women in the New York 

University Women’s Health Study (NYUWHS) and estimated the Built Environment and Health 

Neighborhood Walkability Index (BEH-NWI) for each participant circa 1990. The participants 

were recruited from 1985 to 1991 in New York City and followed for an average of 27 years. 

We conducted survival analyses using Cox proportional hazards models to assess the association 

between neighborhood walkability and risk of death from any cause, obesity-related diseases, 

cardiometabolic diseases, and obesity-related cancers.

Results—Residing in a neighborhood with a higher neighborhood walkability score was 

associated with a lower mortality rate. Comparing women in the top versus the lowest walkability 

tertile, the hazards ratios (and 95% CIs) were 0.96 (0.93–0.99) for all-cause, 0.91 (0.86–0.97) 

for obesity-related disease, and 0.72 (0.62–0.85) for obesity-related cancer mortality, respectively, 

adjusting for potential confounders at both the individual and neighborhood level. We found 

no association between neighborhood walkability and risk of death from cardiometabolic 

diseases. Results were similar in analyses censoring participants who moved during follow-up, 
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using multiple imputation for missing covariates, and using propensity scores matching women 

with high and low neighborhood walkability on potential confounders. Exploratory analyses 

indicate that outdoor walking and average BMI mediated the association between neighborhood 

walkability and mortality.

Conclusion—Our findings are consistent with a protective role of neighborhood walkability in 

obesity-related mortality in women, particularly obesity-related cancer mortality.
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Introduction

The prevalence of obesity in the U.S. has been increasing steadily, affecting nearly 40% of 

adults by 2018.1 Obesity predisposes individuals to a higher risk for a wide array of chronic 

diseases, including cardiovascular disease (CVD), diabetes, and at least 13 cancers.2–5 

Women may be more susceptible to obesity-related disease. For instance, among women, 

obesity-related cancers constitute 55% of all cancers diagnosed, a much higher percentage 

than the corresponding 24% among men.6,7 Modifiable lifestyle behaviors, such as engaging 

in physical activity, or even low-intensity physical activity such as walking, have been 

associated with a reduced risk of death from any cause, CVD, and some obesity-related 

cancers.8,9 However, individual-level interventions to increase physical activity are costly 

and may only have short-term effects,10 suggesting that interventions on a broader scale 

should be considered.

The built environment is defined as all the physical constituents of places where people 

live and work, such as buildings, streets, and open spaces. Evidence indicates that 

neighborhood walkability, which refers to a combination of urban characteristics that 

support pedestrian activity,11,12 can have an impact on outdoor physical activity, walking, 

and obesity.13,14 However, research on the extent to which neighborhood walkability 

reduces risk of death is inconsistent. While some studies have shown protective effects,15,16 

these were either ecologic in design or had short follow-up periods. Most of these 

studies lacked data on confounding factors at the individual level, and did not consider 

effect modifiers or mediators.15,17–21 In addition, some studies measured neighborhood 

walkability relying solely on a land use measure,16 or considered broader measures of 

neighborhood characteristics that encompassed neighborhood-level socioeconomic status 

(SES) and environmental factors in addition to, or in lieu of neighborhood walkability,22,23 

making the association difficult to attribute to neighborhood walkability. In this prospective 

cohort of women, we investigated the association between neighborhood walkability and 

risk of death, using a validated measure of neighborhood walkability at the individual level.
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Methods

Study Population

The New York University Women’s Health Study (NYUWHS) is a prospective cohort of 

14,274 women between the ages of 34 and 65 recruited at a mammography screening center 

in NYC between 1985 and 1991.24 Women were ineligible for enrollment if they had used 

hormonal medications or had been pregnant or lactating in the previous 6 months. Subjects 

completed a baseline and up to six follow-up questionnaires capturing socio-demographic, 

lifestyle, and health status. Addresses for active participants were updated during the process 

of active follow-up either through self-report or by accessing the National Change of 

Address (NCOA) database of the USPS. Lost participants were located using telephone 

directories, the National Death Index (NDI), and telephone calls to relatives. As of 31 

December 2016, participants in the cohort had an average follow-up of approximately 27 

years. This study was approved by the New York University School of Medicine and the 

Columbia Presbyterian Medical Center Institutional Review Boards.

Outcomes

We obtained causes of death in the cohort by record linkages to the NDI, Social Security 

Death Index searches, as well as next-of-kin contact via telephone calls. Availability 

of Social Security number for 97% of the cohort facilitated the linkages with NDI. 

Causes of death were determined using the criteria denoted by the International Statistical 

Classification of Diseases, Ninth and Tenth Revision (ICD-9 and ICD-10). The endpoints 

for our study were death from any cause, death from obesity-related disease, death from 

cardiometabolic disease, and death from obesity-related cancer (eTable 1–3, eAppendix).

Exposure: The Built Environment and Health Neighborhood Walkability Index (BEH-NWI)

A previously published report described the construction of the BEH-NWI in the NYUWHS 

and its validation.25 Briefly, addresses at enrollment were geo-coded to the street address 

level with residential neighborhood defined as a circle of 1-km radial buffer around the 

home. All census variables were derived for each buffer using areal weighting interpolation. 

The source geographies for the 1990 census variables were block groups. The score was 

composed of the following four items based on urban planning Active Design literature. 

Residential density was measured using Decennial Census and American Community 

Survey (ACS) data in 1990. Destination accessibility was captured using the National 

Establishment Time Series (NETS) data containing the Dun & Bradstreet (D&B) listing 

from 1990. Intersection density was measured for the NYC Tri-State Area using the 2007 

release of the Esri StreetMap Detailed Streets (2003 data ground date). Lastly, density of 

public transit was estimated using the Center for Transit-Oriented Development (CTOD) 

data for all active 1990 rail transit station stops within 1-km of each NYUWHS participant’s 

residential address. The values of the four measures were z-score-transformed across 

neighborhoods. The final BEH-NWI score was then calculated for each woman by summing 

the four 1990 z-scored components corresponding to her neighborhood.

We excluded participants with missing information on baseline BMI (n = 110), baseline 

residential address (n = 80), or unavailable GIS geocoding or the lack of NETS data 
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coverage for some states (n = 252). As a result, only addresses in NY and NJ had geocoded 

1-km radial buffers covered by NETS business establishments. Our final dataset included 

13,832 participants, which constitutes 97% of the initial NYUWHS cohort.

Additional Variables

We collected information on self-reported outdoor walking and occupational physical 

activity at recruitment and converted to metabolic equivalent task (MET)-hours per week. 

BMI was calculated using self-reported weight and height reported at baseline and follow-

up. History of diabetes was defined by self-reported use of diabetes medications or diagnosis 

of diabetes at either baseline or follow-up. We conducted an assessment of medical records 

in a subset of self-reported cases and found that 94% of self-reported cases were validated. 

Information on dietary intake was collected at baseline using a validated, semi-quantitative 

modified Block Food Frequency Questionnaire.26 We derived healthy dietary index DASH 

(Dietary Approaches to Stop Hypertension) developed from healthy dietary guidelines using 

the Fung et al. method.27 Neighborhood poverty rate (percent of population with a ratio 

of income to federal poverty level below 1), median household income, and percent of 

black population living in neighborhood from 1990 census data were used to describe 

neighborhood SES.

Statistical Analyses

We computed person–time for each participant from date of enrollment until either date of 

death or 31 December 2016, date of our last linkage to NDI. We used Cox proportional 

hazards (PH) models to compute hazard ratios (HR) describing the association between 

neighborhood walkability and risk for death from any cause, obesity-related disease, 

cardiometabolic disease, and obesity-related cancers. We used marginal Cox models for 

multivariate survival events with robust sandwich covariance matrix estimators to account 

for potential correlations within counties. The extent of the correlation of the risk of death 

at county level was evaluated using frailty models, which indicated a weak within-county 

correlation with mortality (eTable 4, eAppendix). The p-values of the cross-product term 

between neighborhood walkability index and the log function of survival time were 0.44–

0.92 for the outcomes of interest, indicating that the PH assumption was not violated. We 

modeled neighborhood walkability using tertiles, a dichotomized variable with median as 

the cut point, and a continuous variable that was scaled using the standard deviation (SD = 

3.11) of the neighborhood walkability measure.

Potential confounders adjusted for included age at enrollment (years), educational 

attainment (high school or less, college or vocational school, and graduate school), 

race–ethnicity (non-Hispanic white, non-Hispanic African-American, Hispanic, or other), 

smoking (ever vs. never smoker), average daily alcohol intake dichotomized into above 

or below the Recommended Dietary Allowance (RDA: 14g/day), menopausal status (yes/

no), parity (yes/no), neighborhood poverty rate (continuous variable), and percent of 

black population living in neighborhood at baseline (continuous variable). We included 

individuals with missing information on alcohol consumption (15.8%), smoking status 

(9.5%), education level (18.5%), and race–ethnicity (12.2%) as a recoded category for 

unknowns in our models. Sensitivity analyses included 1) models additionally adjusted 
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for DASH score (n = 13,567) and occupational physical activity (n = 10,467), including 

participants with available data only; 2) models adjusted additionally for neighborhood 

median household income; 3) analyses with multiple imputation of missing data on the 

covariates; 4) analyses accounting for competing risks from different death events to 

estimate the marginal probability of an event in the presence of other competing events; and 

5) Generalized Estimating Equations (GEE) with logit link (for binomial distribution) and 

autoregressive correlation matrix. In order to assess whether the association was influenced 

by history of moving during follow-up, we conducted additional sensitivity analyses, first 

restricting the analyses to women who never moved (n = 6,440); and secondly, censoring 

women when they moved (n = 7,392), refused to continue participation (n = 1,804), or 

were lost to follow-up (n = 283) in full cohort analyses. We further evaluated the main 

associations using analyses employing propensity scores matching women with higher 

neighborhood walkability to women with lower neighborhood walkability (determined by 

the median) for the above-mentioned potential confounding factors and history of moving 

during the follow-up period.

We conducted stratified analyses by potential effect modifiers including age, obesity 

(BMI ≥ 30), menopausal status, DASH score (dichotomized at the median healthy diet 

adherence), smoking status, parity, and neighborhood median household income. We tested 

for multiplicative interaction using the p-value for the cross-product between dichotomized 

walkability and each of the potential effect modifiers. We also explored whether the 

association between dichotomous walkability and risk of death was mediated by outdoor 

walking, average BMI (mean BMI across baseline and all follow-up questionnaires), 

and/or history of diabetes using 1) the difference method developed by Spiegelman et 

al.28 accommodating for multiple mediators using clustered Cox PH models, and 2) the 

product method using accelerated failure time models (AFT) as it does not require a rare-

outcome assumption and accommodates for exposure–mediator interactions. All analyses 

were implemented using SAS (version 9.4; SAS Institute Inc., Cary, NC).

Results

Participants were on average 50.9 years of age at enrollment. The majority of women 

in the cohort were white (79%), educated beyond high school (68%), parous at the time 

of enrollment (69%), and resided in the NYC area (85%) (Table 1). Baseline BMI was 

the lowest at the highest walkability tertile. Women were followed up for 27.4 years 

on average, accumulating a total person–time of 378,617 years in the cohort (eTable 5, 

eAppendix). Person–years associated with baseline address accounted on average for 68% of 

the NYUWHS follow-up time, although by the end of 2016, 53% of the women had moved 

from their reported baseline address. A total of 31% women had died (n = 4,338) by the 

end of 2016. The most common causes of death were cardiovascular disease (n = 1,481, 

34%), cancer (n = 1,460, 34%) and neurodegenerative diseases (n = 377, 8.7%) (eTable 

1, eAppendix). A total of 3,102 (72%) deaths were due to obesity-related diseases, 1,509 

(35%) were due to cardiometabolic diseases, and 793 (18%) were due to obesity-related 

cancers. The most common obesity-related cancer deaths were from breast (n = 240, 5.5% of 

all deaths) and pancreatic cancers (n = 137, 3.2%).
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Baseline neighborhood walkability score was inversely associated with the risk of death 

from any cause, obesity-related disease, and obesity-related cancer (Table 2, Model 2). 

Compared to women in the bottom tertile of neighborhood walkability, those residing in 

the highest tertile had a 4% lower all-cause mortality rate [HR=0.96 (95% CI 0.93–0.99)], 

a 9% lower obesity-related mortality rate [HR=0.91 (95% CI 0.86–0.97)], and a 28% 

lower obesity-related cancer mortality rate [HR= 0.72 (95% CI 0.62–0.85)]. The inverse 

association was stronger among women who never moved from the baseline address. For 

instance, women who never moved and lived in the highest walkability tertile compared 

to the reference walkability group had a 17% lower all-cause mortality rate [HR=0.83 

(95% CI 0.80–0.86)], a 23% lower obesity-related disease mortality rate [HR=0.77 (95% 

CI 0.71–0.84)], and a 39% lower obesity-related cancer mortality rate [HR=0.61 (95% CI 

0.50–0.74)] (Table 2, Model 3). The pattern of effect estimates with censoring at moving 

time, at withdrawal from active follow-up, or at lost to follow-up, was similar (Table 2, 

Model 4). We found similar associations in models considering neighborhood walkability as 

a continuous and as a dichotomized variable. In contrast, we estimated no protective effect 

for the risk of death from cardiometabolic disease in any of the models.

The estimated protective effect for obesity-related mortality and obesity-related cancer 

mortality remained similar in models accounting for competing risks (eTable 6, eAppendix, 

Model 1), in GEE models (eTable 6, eAppendix, Model 2), in analyses adjusted additionally 

for median household income in neighborhood, in models adjusted for DASH score 

or occupational physical activity (eTable 7, eAppendix,), and when we used multiple 

imputation for missing covariates (eTable 6, eAppendix,, Model 2–4). The distribution of 

demographic and lifestyle variables in women who moved during follow-up was similar 

with that in women who did not move (eTable 8, eAppendix,). In analyses using propensity 

score matching to balance covariate distributions (including moving during the follow-up) 

among women with high and low level of neighborhood walkability, inverse associations 

between neighborhood walkability and risk of death were also consistent (eTable 10, 

eAppendix,). In exploratory analyses, we further evaluated the association of neighborhood 

walkability with the risk of death from specific obesity-related cancer types. The protective 

effects of neighborhood walkability on risk of death due to ovarian cancer, pancreatic cancer, 

and multiple myeloma were apparent, though the sample size was limited for each group 

(eTable 11, eAppendix,).

The inverse association between higher neighborhood walkability level and risk of death 

from any cause did not differ by age, obesity, menopausal status, DASH score, or smoking 

status (Figure 1). The association between neighborhood walkability and risk of death from 

any cause in parous women, with a hazard ratio of 0.89 (95% CI 0.85–0.93), differed 

from that in nulliparous women, with a hazard ratio of 1.05 (95% CI 0.98–1.12) (p-for 

interaction = 0.01, Figure 1). Similarly, the association between neighborhood walkability 

and risk of death from obesity-related diseases was stronger in parous women, with a hazard 

ratio of 0.87 (95% CI 0.81–0.93), compared to a hazard ratio of 1.02 (95% CI 0.93–1.12) 

in nulliparous women for obesity-related mortality (p-for interaction = 0.05, Figure 2). In 

contrast, the inverse association between neighborhood walkability and risk of death from 

obesity-related cancer did not differ by parity status (eFigure 1, eAppendix).
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We explored whether the association of neighborhood walkability and the risk of death was 

mediated by outdoor walking, diabetes, and BMI (eTable 12, eAppendix,). We identified 

mediation by average BMI, outdoor walking, and diabetes for the inverse association 

between neighborhood walkability and all-cause and obesity-related disease mortality. In 

mediation analyses for obesity-related cancer mortality, we identified mediation by both 

BMI and outdoor walking but not diabetes. These findings were consistent in analyses using 

accelerated failure time models (eTable 13, eAppendix,). Using this method, we additionally 

estimated mediation effects in the associations between neighborhood walkability and 

mean survival ratios under exposure mediator interactions. For instance, while accounting 

for exposure–mediator interaction in obesity-related cancer mortality, the natural indirect 

effect of average BMI and outdoor walking was apparent, consistent with a hypothesized 

mediation effect of these factors.

Discussion

In this prospective cohort study, we found that residing in a neighborhood with higher 

walkability level, as measured by the BEH-NWI, was associated with a lower risk of death 

from any cause, obesity-related illness, and in particular, obesity-related cancers. We also 

observed that the inverse association for the risk of death from any cause and obesity-related 

diseases was modifiable by parity status. Exploratory mediation analyses suggested that the 

associations were partly explained by BMI and outdoor walking.

Several previous studies have evaluated neighborhood walkability in relation to all-cause 

mortality and CVD mortality endpoints. Neighborhood walkability, as measured by 

WalkScore, was inversely related to CVD mortality in ecologic studies, particularly in 

women in one study,20 but only in models unadjusted for lifestyle, demographic or socio-

economic status covariates.20,21 Unlike WalkScore and other walkability measures, our 

measure captured neighborhood walkability prior to the mid-2000s, allowing us to assess its 

association with mortality in a cohort followed up since 1990. In another recent ecologic 

study using 4-year aggregate mortality data, neighborhood walkability was associated with 

CVD mortality but only in those living in medium or higher SES communities.19 Two 

prospective cohort studies of short follow-up time (5 years or less) found that urban 

residential environments, such as green and walkable spaces, were associated with reaching 

longevity.17,18 In a prospective study adjusting for socio-demographic variables, land use 

mix was related to a lower all-cause mortality with 5 years of follow-up but only in 

individuals ≥ 85 years of age.16 Overall, most of the studies conducted previously on 

neighborhood walkability and mortality were either ecologic studies, or were prospective 

studies with short follow-up time. The majority of these studies used a broad neighborhood 

measure that is not specific to neighborhood walkability and failed to adjust for potential 

confounders at both the individual and neighborhood level. In comparison, the present study 

addressed these concerns.

The strongest associations found with neighborhood walkability in the NYUWHS cohort 

were for obesity-related cancer mortality. Our study is the first prospective cohort study 

that reports this inverse association. Mounting evidence supports the hypothesis that walking 

is protective against developing obesity-related cancers.29–31 Consistent with this premise, 
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sitting for long periods of time has been linked to higher risk of cancer at any site in 

women, including multiple myeloma, and ovarian cancers.32 In our exploratory analyses, 

we found an inverse association between neighborhood walkability and risk of death from 

pancreatic cancer, ovarian cancer, and multiple myeloma, but sample size for these cancer 

cases was small. Interestingly, one ecologic study found that NYC neighborhoods with 

higher walkability were correlated with lower multiple myeloma incidence and mortality.15 

While mortality data for highly fatal cancers, such as pancreatic cancer, would reflect cancer 

incidence quite accurately, for cancers that are associated with long-term survival, the most 

useful endpoint to study etiology would be incidence. Our data warrant the need for future 

large studies using incidence as endpoint.

Cardiometabolic diseases and obesity-related cancers share both obesity and physical 

activity as risk factors. However, several studies that assessed neighborhood walkability 

in relation to cardiometabolic disease led to inconsistent findings.13,33–36 We did not observe 

an association between neighborhood walkability and risk of death from cardiometabolic 

disease. It is possible that the effect of medications on long-term survival could mask 

the association between neighborhood walkability and cardiometabolic incidence when 

mortality data are used. For instance, glucose control drugs such as metformin, have been 

shown to decrease risk of mortality in diabetes patients,37 and the use of beta-blockers or 

blood thinners38 can help prevent secondary cardiovascular events. In addition, there may 

be inaccuracy and uncertainty using data from death certificates to ascertain deaths due to 

CVDs,39 leading to non-differential misclassification of the outcome and a bias towards the 

null.

Possible mechanisms that underlie the association of neighborhood walkability with obesity 

and obesity-related mortality include the potential effects of obesity and walking on 

hormone levels, chronic inflammation, or metabolic changes such as insulin resistance.40–44 

In mediation analyses, we found that BMI and outdoor walking partly mediated the 

association between neighborhood walkability and risk of death. Neighborhood walkability 

has been consistently inversely associated with BMI.13,45,46 Obesity was linked to increased 

risk of premature death from heart disease and cancer in women.47,48 Furthermore, walking 

has also been related to reduced risk of death from any cause in both healthy and unhealthy 

individuals.49,50 In our study, the association between neighborhood walkability and risk 

of death remained after controlling for these mediators. It is possible that while our data 

provided evidence for mediation by walking and obesity, there may be other effects of 

neighborhood walkability on mortality that were not captured such as strenuous outdoor 

physical activity via biking or running.

We observed consistent associations of neighborhood walkability and risk of death across 

all potential effect modifiers. Interestingly, we found that the inverse association between 

neighborhood walkability and risk of death from any cause and obesity-related disease 

was apparent only in parous women. It is not clear why the effects of neighborhood 

walkability were observed only in this group. Neighborhood walkability may have a stronger 

influence on walking in parous women than that in nulliparous women due to differences in 

lifestyle.51,52 In our study, we observed that the positive association between neighborhood 

walkability and self-reported outdoor walking was stronger in parous women compared to 
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that in nulliparous women (eTable 14, eAppendix,). Further research should investigate other 

factors that can explain effect modification by parity status.

There were several limitations in the study. We did not incorporate neighborhood walkability 

changes in residential addresses over time. However, baseline address captured long-term 

effects of neighborhood walkability, accounting for a substantial follow-up time in the 

cohort (18.3 years; 68% of follow-up time). We observed consistent associations in non-

movers and when we censored women when they moved. We acknowledge that similarly 

to all observational studies, our study might be susceptible to unmeasured confounding, 

including factors that may be related to choice of residential neighborhoods, and we did not 

have additional measures of socioeconomic status beyond educational attainment. However, 

analyses adjusting for additional potential confounders (median household income, healthy 

diet, and occupational physical activity) indicated congruent results. Other potential 

confounders not accounted for in the study, such as air pollution or crime, may have driven 

results towards the null as negative confounders of the association between walkable areas 

and mortality. We also note that we used data from 2003 instead of 1990 to characterize 

baseline intersection density. The spatial accuracy and network connectivity data of older 

street network shape files created before 2003 are often poor. We have previously described 

that the higher spatial and network connectivity accuracy of the more recent street network 

shape file may provide more accurate estimates of intersection density for an earlier time 

period.25

We acknowledge that these findings may not be generalizable to men or non-metropolitan 

areas. In the US, 84% of the population lives in Metropolitan Areas53 and worldwide, 3.6 

billion people live in urban spaces.54 These data underscore the relevance of conducting 

studies in urban areas where a sizeable proportion of the population walks on a daily 

basis. The wide range of neighborhood walkability allowed us to assess dose–response 

relationships, which could be obscured in studies focusing on populations with a limited 

range of neighborhood walkability. Potential measurement error in the self-reported 

mediator outdoor walking would underestimate the mediated effect. Similarly, the use of 

a 1km egocentric buffer may lead to uncertain geographic context problem but as a result 

of measurement error we expect it to be non-differential by outcome driving the results 

towards the null. Last, we acknowledge the limitation that baseline BMI and diabetes status 

might have been influenced by neighborhood walkability in residences prior to the baseline 

location, though our data indicated that participants likely resided at the baseline location 

for a long period of time. Future studies with longitudinal measurements of mediators and 

walkability should be conducted.

Our study has several strengths. The NYUWHS is a prospective cohort of large sample 

size and long follow-up. We were also able to adjust for a variety of confounders at 

both neighborhood and individual level. We conducted a number of sensitivity analyses 

to confirm the observed association. Our neighborhood walkability measure was validated 

and constructed using residential address at the individual level for each participant. The 

proportion of African–Americans (12%) in the present study is close to that of the national 

average, though future studies should be conducted including men in addition to using a 
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more diverse population. Last, the focus on women with more homogeneous risk factors 

should enhance the internal validity of the study.

Conclusion

In conclusion, our results are consistent with the hypothesis that neighborhood walkability 

is protective against risk of all-cause mortality, obesity-related disease mortality, and 

particularly obesity-related cancer mortality in women. Our findings suggest possible 

avenues of inquiry for research into urban health interventions to lessen obesity morbidity 

and mortality.
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Figure 1. 
Hazard Ratios (HR) for Risk of Death from Any Cause comparing High and Low 

Neighborhood Walkability (NW) by Age, Obesity, Menopausal Status, DASH Score, 

Smoking Status, Parity, and Poverty Level.
a Stratified models were conducted to assess the association between dichotomized NW (as 

measured by high and low median level) and risk of death from any cause by potential 

effect modifiers. Models adjusted for all covariates (age, race–ethnicity, education level, 

smoking status, alcohol intake, menopausal status, parity, percent of black population in 

neighborhood, and percent below the poverty level living in neighborhood at baseline). Note 

that stratified analyses did not adjust for the stratified effect modifier. The x-axis in the forest 

plot shows the untransformed hazard ratios on the log-scale.
b P-value of the coefficient for the cross-product of dichotomized NW and the effect 

modifier is shown. Interaction models were computed treating effect modifiers as 
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dichotomized variables. All interactions had 13,832 observations except for analyses 

including dietary DASH score (n = 13,567) and smoking status (n = 12,523) which were 

restricted to non-missing values.
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Figure 2. 
Hazard Ratios (HR) for Risk of Death from Obesity-related Disease comparing High and 

Low Neighborhood Walkability (NW) by Age, Obesity, Menopausal Status, DASH Score, 

Smoking Status, Parity, and Poverty Level.
a Stratified models were conducted to assess the association between dichotomized NW (as 

measured by high and low median level) and risk of death from obesity-related disease by 

potential effect modifiers. Models adjusted for all covariates (age, race–ethnicity, education 

level, smoking status, alcohol intake, menopausal status, parity, percent of black population 

in neighborhood, and percent below the poverty level living in neighborhood at baseline). 

Note that stratified analyses did not adjust for the stratified effect modifier. The x-axis in the 

forest plot shows the untransformed hazard ratios on the log-scale.
b P-value of the coefficient for the cross-product of dichotomized NW and the effect 

modifier is shown. Interaction models were computed treating effect modifiers as 
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dichotomized variables. All interactions had 13,832 observations except for analyses 

including dietary DASH score (n = 13,567) and smoking status (n = 12,523) which were 

restricted to non-missing values.
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Table 1.

Baseline Characteristics by Tertiles of Neighborhood Walkability (N=13,832).

Neighborhood Walkability Tertiles

Baseline Characteristics NYUWHS Total 
(n=13,832)

Q1 [−6.19, −1.52] 
(n=4,610)

Q2 [−1.52, 0.63] 
(n=4,608)

Q3 [0.63, 11.31] 
(n=4,614)

Age at Enrollment (in years), N (%)

      ≤40 1,842 (13) 505 (11) 561 (12) 776 (17)

      40–50 4,673 (34) 1,415 (31) 1,403 (31) 1,855 (40)

      50–60 4,638 (34) 1,736 (38) 1,595 (35) 1,307 (28)

      >60 2,679 (19) 954 (21) 1,049 (23) 676 (15)

      Mean (SD) 50.9 (8.7) 51.8 (8.5) 51.7 (8.8) 49.1 (8.6)

BMI (kg/m2), N (%) 
a

      <18.5 251 (1.8) 50 (1.1) 60 (1.3) 141 (3.1)

      18.5–25 8,024 (58) 2,603 (57) 2,392 (52) 3,029 (66)

      25–30 3,786 (27) 1,376 (30) 1,420 (31) 990 (22)

      >30 1,771 (13) 581 (13) 736 (16) 454 (9.8)

      Mean (SD) 24.9 (4.6) 25.2 (4.4) 25.6 (4.7) 24.0 (4.5)

MET-hours per Week, mean (SD) 
a

      Outdoor Walking 6.8 (8.0) 5.7 (6.7) 6.4 (8.8) 8.2 (8.3)

      Occupational Physical Activity 59.5 (44) 54.8 (41) 57.2 (44) 66.7 (45)

Education, N (%) 
a

      High School or Less 3,557 (32) 1,369 (36) 1,497 (41) 691 (18)

      College/Vocational/Technical School/
Other

4,571 (41) 1,547 (40) 1,427 (39) 1,597 (42)

      Graduate School 3,146 (28) 922 (24) 737 (20) 1,487 (39)

Race/Ethnicity, N (%) 
a

      Non-Hispanic White 9,545 (79) 3,483 (85) 2,846 (72) 3,216 (79)

      Non-Hispanic African-American 1,436 (12) 343 (8.3) 685 (17) 408 (10)

      Hispanic 755 (6.2) 183 (4.4) 279 (7.0) 293 (7.2)

      Other 413 (3.4) 109 (2.7) 172 (4.3) 132 (3.3)

Menopausal Status, N (%)

      Premenopausal 7,017 (51) 2,128 (46) 2,145 (47) 2,744 (60)

      Postmenopausal 6,815 (49) 2,482 (54) 2,463 (54) 1,870 (41)

Smoking Status, N (%) 
a

      Never Smoker 5,898 (47) 2,036 (48) 2,152 (53) 1,710 (41)

      Ever Smoker 6,625 (53) 2,214 (52) 1,933 (47) 2,478 (59)

Parity at Enrollment, N (%)

      No 4,363 (32) 874 (19) 1,167 (25) 2,322 (50)

      Yes 9,469 (69) 3,736 (81) 3,441 (75) 2,292 (50)

NYC Resident, N (%)

      No 2,046 (15) 1,862 (40) 182 (4.0) 2 (0.0)
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Neighborhood Walkability Tertiles

Baseline Characteristics NYUWHS Total 
(n=13,832)

Q1 [−6.19, −1.52] 
(n=4,610)

Q2 [−1.52, 0.63] 
(n=4,608)

Q3 [0.63, 11.31] 
(n=4,614)

      Yes 11,786 (85) 2,748 (60) 4,426 (96) 4,612 (100)

Neighborhood Poverty Rate (% Below 1.00 FPL), 

mean (SD) 
b,c

12.4 (8.9) 7.0 (6.0) 14.7 (8.3) 15.3 (9.4)

Neighborhood Black Population Percent, mean (SD) 
c

17.2 (24) 13.4 (21) 23.8 (30) 14.5 (19)

Neighborhood White Population Percent, mean (SD) 
c

69.1 (26) 77.6 (22) 60.4 (29) 69.3 (24)

Neighborhood Household Median Income, mean 

(SD) 
c,d

38.7 (14) 47.2 (15) 32.1 (7.9) 36.9 (12)

Population Count, mean (SD) 
c 46.6 (33) 15.8 (11) 42.6 (17) 81.4 (25)

Population Density, mean (SD) 
c 16.2 (12) 5.4 (3.6) 14.0 (5.4) 29.3 (9.4)

Alcohol Intake, N (%) 
a,e

      Below RDA (≤14 g/day) 10,353 (89) 3,714 (93) 3,506 (93) 3,133 (81)

      Above RDA (>14 g/day) 1,298 (11) 302 (7.5) 253 (6.7) 743 (19)

DASH Score, N (%) 
f

      Below Median (≤24) 7,391 (55) 2,521 (56) 2,510 (56) 2,360 (52)

      Above Median (>24) 6,176 (46) 2,018 (45) 2,003 (44) 2,155 (48)

a
Daily alcohol intake was missing in 2,181; race/ethnicity was missing in 1,683; education level was missing in 2,558; smoking was missing in 

1,309; MET-hours for walking was missing in 2,817; MET (Metabolic Equivalent of Task)-hours for occupational physical activity was missing 
in 3,365; and MET-hours for total physical activity (strenuous, moderate, or mild) was missing in 3,143 women. Q1 (Quantile 1 or Tertile 1); Q2 
(Quantile 2 or Tertile 2); Q3 (Quantile 3 or Tertile 3). BMI (Body Mass Index).

b
Percent of population residing in neighborhood in 1989 with a ratio of income to federal poverty level (FPL) below 1.

c
Census block groups aggregated to 1-km radial buffers. Population count and density are represented in thousands.

d
1989 median household income in thousands of US dollars.

e
Recommended Dietary Allowance (RDA)

f
DASH (Dietary Approaches to Stop Hypertension) score was missing in 265 women
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