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BACKGROUND: Living in neighborhoods with higher levels of walkability has been associated with a reduced risk of obesity and higher levels of phys-
ical activity. Obesity has been linked to increased risk of 13 cancers in women. However, long-term prospective studies of neighborhood walkability
and risk for obesity-related cancer are scarce.

OBJECTIVES:We evaluated the association between long-term average neighborhood walkability and obesity-related cancer risk in women.
METHODS: The New York University Women’s Health Study (NYUWHS) is a prospective cohort with 14,274 women recruited between 1985 and
1991 in New York City and followed over nearly three decades. We geocoded residential addresses for each participant throughout follow-up and cal-
culated an average annual measure of neighborhood walkability across years of follow-up using data on population density and accessibility to desti-
nations associated with geocoded residential addresses. We used ICD-9 codes to characterize first primary obesity-related cancers and employed Cox
proportional hazards models to assess the association between average neighborhood walkability and risk of overall and site-specific obesity-related
cancers.
RESULTS: Residing in neighborhoods with a higher walkability level was associated with a reduced risk of overall and site-specific obesity-related
cancers. The hazards ratios associated with a 1-standard deviation increase in average annual neighborhood walkability were 0.88 (95% CI: 0.85,
0.93) for overall obesity-related cancer, 0.89 (95% CI: 0.84, 0.95) for postmenopausal breast cancer, 0.82 (95% CI: 0.68, 0.99) for ovarian cancer,
0.87 (95% CI: 0.76, 0.99) for endometrial cancer, and 0.68 (95% CI: 0.49, 0.94) for multiple myeloma, adjusting for potential confounders at both the
individual and neighborhood level. The association between neighborhood walkability and risk of overall obesity-related cancer was stronger among
women living in neighborhoods with higher levels of poverty compared with women living in areas with lower poverty levels (pInteraction = 0:006).

DISCUSSION: Our study highlights a potential protective role of neighborhood walkability in preventing obesity-related cancers in women. https://doi.
org/10.1289/EHP11538

Introduction
The prevalence of obesity in the United States has been increas-
ing steadily, reaching nearly 42% in adults by 2018.1 Obesity pre-
disposes individuals to a higher risk of at least 13 cancers.2–5

Among women, obesity-related cancers constitute 55% of all can-
cers diagnosed, a higher percentage than the corresponding value
among men (24%).6,7 Physical inactivity is a major risk factor for
obesity-related cancers in women.8–10 Even low-intensity exer-
cise in women has a protective effect against cancer risk.11,12

Yet, above 60% of Americans ≥25 years of age do not achieve
recommended levels of physical activity.13 Walking is an impor-
tant component of total physical activity and can constitute
moderate-intensity activity that contributes to meeting health rec-
ommendations.14,15 A major focus of active living research has
been on how the built environment—human-made surroundings
that provide the setting for human activities—can influence

health and disease.16–21 There is growing evidence that built
environment factors, such as neighborhood walkability, can fos-
ter outdoor walking.22,23 Neighborhood walkability refers to a
combination of urban characteristics in the neighborhood that
specifically support pedestrian activity and walking.24–26 For
instance, in previous literature a linear positive relationship was
found between residential density and walking for transport.27,28

Destination accessibility, which refers to density of accessible
businesses and other local resources,29 has also been positively
linked to walking behavior.30 However, evidence on the associa-
tion between neighborhood walkability and cancer risk from pro-
spective studies is limited. Studies that evaluate whether the
effect of neighborhood walkability is modifiable by other risk fac-
tors at the individual or neighborhood level are also lacking.

A few studies assessing the impact of neighborhoodwalkability-
related variables on cancer risk have yielded inconsistent findings.
A prospective cohort study measuring street connectivity and popu-
lation density with 2 y of follow-up showed no association with
overall cancer risk.31 Findings from the prospective Multiethnic
Cohort (MEC) showed that baseline neighborhood walkability was
inversely related to risk of postmenopausal breast cancer.32 In sub-
sequent analyses from the MEC, there was an inverse association
between increasing recreational facilities and colorectal cancer risk;
yet, a positive association was observed between increasing neigh-
borhood population density and colorectal cancer risk.33 One
ecologic study in NewYork City (NYC) reported an inverse associ-
ation of neighborhood walkability on the incidence of multiple my-
eloma. These studies were either ecologic in design,34 had a limited
follow-up time,31 or lacked data on important confounding factors
at both the individual and neighborhood level.31,32,34,35 In addition,
no study considered a time-weighted measure of neighborhood
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walkability based on residential history over time. Using mortality
data, we previously reported an inverse association between neigh-
borhood walkability at the time of recruitment and risk of death
from obesity-related cancers in the New York University Women’s
Health Study (NYUWHS).36 In the present study, we constructed
an average annual residential walkability score for each woman
using residential history throughout the cohort follow-up period
(1985–2016), accounting for changes in residential environments
and residential moves. We investigated the association between av-
erage annual neighborhoodwalkability during follow-up and risk of
any incident obesity-related cancer and site-specific obesity-related
cancers.

Methods

Study Population
The NYUWHS is a prospective cohort of 14,274 women between
34 and 65 years of age recruited at amammography screening center
in NYC between 1985 and 1991. Women were ineligible for enroll-
ment if they had previously used hormonal medications or had been
pregnant or lactating in the previous 6 months. Participants com-
pleted a baseline and up to six follow-up questionnaires mailed
every 3–5 y capturing data on sociodemographic factors, lifestyle
variables, and health conditions (Figure S1). Addresses were
checked and updated every 1–2 y during the process of active
follow-up, either through self-report, or by accessing the National
Change of Address database. Lost participants were located using
telephone directories and calls to participants or their next-of-kin.
Women who withdrew from active follow-up completed a request,
and we stopped contacting them. Participants were lost to follow-up
when we no longer had a valid contact (addresses or phone number)
available. As of 1 January 2017, participants in the cohort had an av-
erage follow-up of ∼ 23:9 y. This study was approved by the New
YorkUniversity School ofMedicine and the Columbia Presbyterian
Medical Center Institutional ReviewBoards.

Outcome
Our primary outcome was overall incident obesity-related cancer,
including each of the individual cancers that have been linked to
obesity2–5: breast cancer diagnosed after menopause, colorectal (co-
lon and rectal), pancreatic, endometrial (including uterine), ovarian,
renal, thyroid, liver, gallbladder, and esophageal cancers, as well as
meningioma and multiple myeloma (Table S1).3,4 Briefly, incident
cancer cases were ascertained by record linkages to statewide tumor
registries from New York, New Jersey, and Florida, where 86%–
95% of the study population resided over the years during the
follow-up. Self-reported data andmedical recordswere used for par-
ticipants who lived outside New York, New Jersey, or Florida or
moved out of these states indefinitely. Using medical records
obtained from reported cases, the diagnosis and cancer subtypes
were confirmed by a medical doctor on our team and coded by
trained personnel under supervision using the AJCC Cancer
Staging Manual (Eighth Edition).37 A capture–recapture analysis
showed the overall cancer ascertainment rate in our study to be
95%.38 For breast cancer, we also considered subtypes defined by
hormone receptor (estrogen and progesterone) status. Estrogen (ER)
and progesterone receptor (PR) receptor status was derived from
medical records, tumor block immunohistochemistry assays, and/or
tumor registry data. International Classification of Diseases, Ninth
Revision (ICD-9)39 codeswere assigned for tumor topography.

Exposure
A total of 401,239 addresses were geocoded throughout all follow-
up years, of which 98.8% (n=396,474) were considered to be of

an acceptable spatial quality and with no errors. A total of 33
women and their baseline addresses were excluded owing to miss-
ing addresses during all of their follow-up. We also excluded
women without body mass index (BMI) information (n=191) and
women with a history of cancer at baseline (n=810). After these
exclusions, 372,639 addresses and 13,240 participants remained.
We constructed annual population density [American Community
Survey (ACS) data 1990, 2000, and 2010] and destination accessi-
bility [National Establishment Time Series (NETS) data contain-
ing the Dun and Bradstreet data of 1990–2014] derived from
census tract-level data from date of enrollment until year of loss to
follow-up, withdrawal from active follow-up, death, date of first
incident obesity-related cancer, or 1 January 2017 [date of our last
linkage to the National Death Index (NDI) and tumor registries],
whichever came first. The NETS is an annual census of business
establishments, nonprofits, or public-sector organizations that are
compiled in the Dun and Bradstreet database for each year from
1990 onward.40 For population density, we used the 1990 ACS
data for years prior to 1990, and we carried forward the value in
2010 for years after 2010. We interpolated population density
measures between 1990 and 2000, as well as between 2000 and
2010, using the slope between decennial years.41–43 For instance,
to obtain values for time points 1991–1999, we first ran a linear
regression between years (1990–2000) and population density to
obtain the slope estimating the difference in population density
associated per year. Then, we estimated the year-specific popula-
tion density by adding the product of the slope and the number of
years since 1990 to the population density 1990 value. For destina-
tion accessibility, we used the 1990 destination accessibility value
for years prior to 1990, and we carried forward the value in 2014
for years after 2014 until end of follow-up. An alternate exposure
characterization for sensitivity analyses was conducted with ex-
trapolated data: for population density, we ran a linear regression
between years (2000–2010) and population density to estimate the
data for years after 2010, whereas for destination accessibility, we
similarly first ran a linear regression between years (1990–2014)
and destination accessibility, and then estimated the data for years
after 2014.

We calculated z-scores for both annual population density and
destination accessibility across data from all women and follow-
up years. For both annual population density and destination
accessibility, we calculated z-scores by subtracting the ACS U.S.
national census tract average in 2010 from the value associated
with a given follow-up year for each participant and dividing it
by the standard deviation (SD) from the ACS in 2010. The neigh-
borhood walkability score was then calculated by summing the
two z-scores for each given follow-up year. Last, we averaged
for each individual the annual neighborhood walkability score
throughout all follow-up years, creating an average annual neigh-
borhood walkability score for each participant (Figure S2). In our
prior work, we constructed and validated the Built Environment
and Health Neighborhood Walkability Index (BEH-NWI) using
four items, including population density, destination accessibility,
street connectivity, and rail transit density, described previ-
ously.29 Owing to data being unavailable for street connectivity
and rail transit density for multiple follow-up years, we character-
ized annual neighborhood walkability using population density
and destination accessibility throughout all follow-up years the
study was active. The baseline two-item walkability scores were
highly correlated with the original baseline four-item composite
BEH-NWI score (Pearson correlation coefficient, q=0:76).

Additional Variables
Using self-reported data on amount (miles, blocks, or minutes) of
outdoor walking per week collected at baseline, we calculated
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metabolic equivalent task (MET)-hours per week. MET-hours
were assigned according published guidelines specified elsewhere
assuming that walking at a 3:0mph (∼ 4:8 km=h) requires 3.3
METs of energy.44,45 Self-reported height and weight at baseline,
as well as weight throughout each follow-up wave, were used to
calculate BMI. Information on dietary intakewas collected at base-
line using a validated, semi-quantitative modified Block Food
Frequency Questionnaire. We estimated a healthy dietary index—
using Dietary Approaches to Stop Hypertension (DASH)—a diet
that is rich in fruits, vegetables, whole grains, and low-fat dairy
foods, developed from healthy dietary guidelines using the Fung
et al. method,46 given that it has been associated with estimates of
obesity and obesity-related cancers.47,48 Because the main focus in
this study was obesity-related cancers, we deemed it appropriate to
use the DASH diet score in our analyses.49,50 Neighborhood pov-
erty rate (percentage of neighborhood population with a ratio of
income to federal poverty level of <1) from the 1990 census data
was used to describe baseline neighborhood-level socioeconomic
status (SES).

Statistical Analyses
We computed person-time for each participant from date of enroll-
ment until either date of cancer diagnosis, death, or 1 January 2017
(date of our last linkage to NDI and tumor registries), whichever
came first. We further censored womenwho stopped responding to
active follow-up, were lost to follow-up, or withdrew from active
follow-up and who last resided outside New York, New Jersey, or
Florida at the year theymoved out of the three states (n=243) or at
their last follow-up questionnaire response (n=1,004), whichever
came last, given that we did not have data on their cancer status for
later years. For women who last resided in NewYork, New Jersey,
or Florida, if they did not respond to active follow-up, were
lost to follow-up (n=228), or withdrew from active follow-up
(n=1,788), no censoring was applied because we could ascertain
their cancer status through state linkages, assuming that those who
were lost to follow-up or who withdrew from active follow-up did
not move out of the three states in later years. Average annual
walkability was estimated using residential history until the end of
the study for nonrespondents in the three states—given that we
continued sending participant questionnaires and their addresses
were confirmed through the U.S. Postal Service—or at last contact
for those who were lost to follow-up or who withdrew from active
follow-up. Therefore, the follow-up period for which we had cancer
data could be longer than the period for which we had walkability
exposure data for thosewhowere lost to follow-up orwhowithdrew
from active follow-up last residing in the three states (New York,
New Jersey, and Florida). Participants who had a nonobesity-related
cancer of any type prior to an obesity-related cancer were censored
at the date of first cancer diagnosis. We used Cox proportional haz-
ard (PH) models to compute hazard ratios (HRs) and 95% confi-
dence intervals (CIs) assessing the association between average
annual neighborhood walkability and risk of any first primary inci-
dent obesity-related cancer, and we reported estimates for site-
specific cancers with ≥30 cases. We also tested for linearity using
survival models with cubic splines (for which we extracted both
nonlinearity p-values and effect p-values) and found that associa-
tions between walkability and cancer risk did not deviate from line-
arity for all outcomes (p>0:05), with the exception of renal cancer
(p=0:021; Table S2). Thus, we modeled average neighborhood
walkability using quartiles, as a dichotomized variable with the me-
dian as the cut point, and as a continuous variable that was scaled
using the SD=5:9 and interquartile range ðIQRÞ=7:2 of the aver-
age neighborhood walkability measure. The data indicated that the
PH assumption was not violated; the p-values associated with the
cross-product term between the scaled neighborhood walkability

measure and the log function of survival time for overall and site-
specific cancers ranged from p=0:09 to p=0:72 (Table S3).

We determined potential confounders based on their associa-
tion with both neighborhood walkability and obesity-related can-
cer in our data as well as in the literature. In model 1, potential
confounders included age at enrollment (in years), baseline educa-
tional attainment (high school or less, college or vocational school,
and graduate school), race/ethnicity (non-Hispanic white, non-
Hispanic Black, Hispanic, and an Other category collapsing
Asians, Native Americans, or mixed races owing to smaller sample
size), and smoking (ever vs. never smoker). All sociodemographic
and lifestyle variables were self-reported at baseline. Women who
ever moved from baseline address were younger, had a lower aver-
age neighborhood walkability, and were less likely to die during
the follow-up,36 less likely to have cancer, and more likely to be
lost to follow-up or withdraw from active follow-up (Table S4).
Therefore, we controlled for ever moving residence (yes/no) as a
covariate that affects exposure and follow-up completion.51 We
additionally controlled for average daily alcohol intake dichotomized
into above or below the Recommended Dietary Allowance (RDA:
14 g=d) for women, menopausal status (yes/no), parity (yes/no), and
neighborhood-level poverty (continuous variable) (model 2, main
model).We employed in all models multiple imputation with 10 iter-
ations52–54 for missing information on alcohol consumption (15.7%),
smoking status (9.4%), education level (18.1%), and race/ethnicity
(12.3%). Given that BMI, diabetes, and outdoorwalkingwere consid-
ered potential mediators, we controlled for these factors in a separate
model to assess whether the association between neighborhoodwalk-
ability and cancer was attenuated (model 3). BMI was characterized
as baseline BMI and BMI change (the difference between the second
to last reported BMI before incident obesity-related cancer or end of
follow-up, andBMI at enrollment).

In addition, to assess the robustness of the findings from the
main model (model 2), we conducted several sensitivity and ex-
ploratory analyses, including a) models employing an average
neighborhood walkability measure based on extrapolated popula-
tion density for years after 2010 and extrapolated destination
accessibility for years after 2014 (n=13,240); b) analyses addi-
tionally censoring individuals at the year of loss to follow-
up (n=259) or withdrawal (n=1,904) from active follow-up
(n=13,240); c) analyses using a 3-y lag between the exposure and
outcome (n=12,852); d) exploratory analyses assessing a poten-
tial window of susceptibility using average walkability exposure
estimated at younger (n=10,746) and older ages (n=11,600),
with a cutoff of 60 years of age; e) analyses controlling additionally
for continuous DASH diet (n=12,996); f) analyses recoding as a
category missing values in lieu of multiple imputation; g) analyses
using a time-varying measure of the cumulative average annual
walkability calculated from baseline to each follow-up year; and h)
exploratory analyses for the main outcomes of interest (overall
obesity-related cancers as well as postmenopausal breast cancer)
using age as the timescale and stratifying by birth cohort in 10-y
intervals in models, which adjusts for calendar effects. The latter
analyses used time-on-study as the timescale with two slopes for
age to allow different effects for younger and older ages (using a
cutoff for themedian age of 51 y, or 60 y, respectively).55,56

Last, we conducted exploratory analyses assessing neighbor-
hood walkability in relation to risk of hormone receptor-defined
postmenopausal breast cancer; we considered breast cancer sub-
types based on ER and PR status employing Cox PH models
accounting for competing risks.57 For cancers with sufficient
sample size, we also conducted analyses stratified by potential
effect modifiers including age (dichotomized at the median age at
enrollment), BMI (dichotomized at the median BMI), DASH score
(dichotomized at the median healthy diet adherence), smoking
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status, parity, race/ethnicity (White, Black, Hispanic, or Other),
education level (high school or less, college/vocational school/
other, or graduate school) and neighborhood-level poverty at base-
line (dichotomized by median poverty). We tested for multiplica-
tive interaction using the p-value for the cross-product between
scaled continuous walkability and each of the dichotomized effect
modifiers. We additionally conducted stratified analyses by pres-
ence or absence of potential comorbid conditions (diabetes/no dia-
betes) or explanatory variables (above and below the median
outdoor walking level). All analyses were implemented using SAS
(version 9.4; SAS Institute Inc.).

Results
At baseline, the participants had an average age of 50.6 y, 78.5%
of participants were White, 68.8% had completed an education
level beyond high school, and 68.2% were parous (Table 1).
Women with the highest average neighborhood walkability quar-
tile had the lowest baseline BMI. Women were followed up for
an average of 23.9 y, accumulating a total person-time of
316,783.5 y in the cohort. On average, women had annual walk-
ability scores assigned for 93.2% of their total follow-up (Table
S5). Nearly 48.6% moved from the baseline residence at some
point during follow-up (Table 1). Those who moved from the
baseline address had walkability data assigned for 94.3% of their
follow-up time in the study (Table S5). Of the 13,240 women,
18.2% participants had a first obesity-related cancer (n=2,411)
by the end of 2016 (Table S1). The most common cancer was
postmenopausal breast cancer (n=1,269), followed by colorectal
cancer (n=343) and endometrial cancer (n=280).

Neighborhood walkability was inversely associated with risk of
obesity-related cancer in the NYUWHS (Table 2). Effect estimates
for site-specific cancers were reported for cancers with >30 cases.
For overall obesity-related cancer and postmenopausal breast
cancer, there was a significant pattern of decreasing risk with
increasing quartile of neighborhood walkability. In models adjusted
for individual-level and neighborhood-level covariates (model 2),
women with average neighborhood walkability in the top quartile
had a 26% lower risk of obesity-related cancer [HR=0:74 (95%CI:
0.65, 0.85)] and a 27% lower risk of postmenopausal breast cancer
[HR=0:73 (95%CI: 0.61, 0.87)], comparedwith womenwith aver-
age neighborhood walkability in the bottom quartile. Similarly,
when we considered average neighborhood walkability as a contin-
uous variable, for every 1-SD increase in average neighborhood
walkability, there was a 12% lower risk of overall obesity-related
cancer [HR=0:88 (95% CI: 0.85, 0.93)] and an 11% lower risk of
postmenopausal breast cancer [HR=0:89 (95%CI: 0.84, 0.95)].

Similar results were observed for endometrial cancer, although
the association was apparent only in the analysis with walkability
modeled as a continuous variable, likely owing to the smaller num-
ber of cases; for every 1-SD increase in average neighborhood
walkability, there was a 13% lower risk of endometrial cancer
[HR=0:87 (95% CI: 0.76, 0.99)]. For multiple myeloma, the risk
reduction was limited to the fourth quartile, such that women with
average neighborhood walkability in the top quartile had a 62%
lower risk of multiple myeloma [HR=0:38 (95% CI: 0.16, 0.91)],
compared with women in the bottom quartile, after adjusting for
potential confounders at both individual and neighborhood level
(model 2). When we considered the exposure as a continuous
variable, we observed that for every 1-SD increase in average

Table 1. Baseline characteristics by average annual neighborhood walkability (NW) quartiles in the NYUWHS, years 1985–2016 (n=13,240).

Baseline characteristics
NYUWHS total
(n=13,240)a

NW Q1
[−0:8, 0.9 (n=3,310)]

NW Q2
[0.9, 3.3 (n=3,310)]

NW Q3
[3.3, 8.1 (n=3,310)]

NW Q4
[8.1, 44.6 (n=3,310)]

Age at enrollment [y (mean±SD)] 50:6± 8:7 51:2± 8:5 51:6± 8:6 50:7± 8:9 49:1± 8:6
Baseline BMI [kg=m2 (mean±SD)] 24:9± 4:6 25:0± 4:3 25:4± 4:6 25:3± 4:8 23:9± 4:4
Education [N (%)]
High school or less 3,379 (31.2) 912 (32.5) 1,045 (39.1) 938 (35.8) 484 (17.7)
College/vocational/technical school/other 4,402 (40.6) 1,189 (42.4) 1,023 (38.3) 1,048 (40.0) 1,142 (41.7)
Graduate school 3,061 (28.2) 706 (25.2) 604 (22.6) 636 (24.3) 1,115 (40.7)
Race/ethnicity [N (%)]
Non-Hispanic White 9,115 (78.5) 2,513 (84.4) 2,185 (76.0) 2,017 (71.0) 2,400 (82.4)
Non-Hispanic Black 1,370 (11.8) 253 (8.5) 405 (14.1) 487 (17.2) 225 (7.7)
Hispanic 726 (6.3) 131 (4.4) 185 (6.4) 220 (7.8) 190 (6.5)
Other 397 (3.4) 81 (2.7) 101 (3.5) 116 (4.1) 99 (3.4)
Menopausal status [N (%)]
Premenopausal 6,896 (52.1) 1,632 (49.3) 1,542 (46.6) 1,722 (52.0) 2,000 (60.4)
Postmenopausal 6,344 (47.9) 1,678 (50.7) 1,768 (53.4) 1,588 (48.0) 1,310 (39.6)
Smoking status [N (%)]
Never smoker 5,692 (47.5) 1,556 (50.3) 1,433 (48.1) 1,443 (49.5) 1,260 (41.9)
Ever smoker 6,304 (52.6) 1,539 (49.7) 1,545 (51.9) 1,474 (50.5) 1,746 (58.1)
Parity at enrollment [N (%)]
No 4,212 (31.8) 627 (18.9) 795 (24.0) 1,078 (32.6) 1,712 (51.7)
Yes 9,028 (68.2) 2,683 (81.1) 2,515 (76.0) 2,232 (67.4) 1,598 (48.3)
Neighborhood poverty rate (mean±SD)b 10:8± 9:6 5:8± 6:0 9:9± 8:3 14:7± 10:6 12:9± 10:1
Outdoor walking [MET-hours

(mean±SD)]
6:8± 8:1 5:9± 6:9 6:0± 7:6 7:0± 8:7 8:2± 8:8

Alcohol intake (g/d) [N (%)]
≤14 9,906 (88.8) 2,667 (91.4) 2,564 (92.3) 2,383 (88.9) 2,292 (82.3)
>14 1,254 (11.2) 251 (8.6) 214 (7.7) 297 (11.1) 492 (17.7)

Moving from baseline residence [N (%)]c

No 6,804 (51.4) 1,295 (39.1) 1,529 (46.2) 1,779 (53.8) 2,201 (66.5)
Yes 6,436 (48.6) 2,015 (60.9) 1,781 (53.8) 1,531 (46.3) 1,109 (33.5)

Note: BMI, body mass index; MET, metabolic equivalent of task; NYUWHS, New York University Women’s Health Study; Q, quartile; SD, standard deviation.
aCohort total after restricting data set to women with available geocoded addresses in the continental United States, available BMI, and no baseline cancer. Daily alcohol intake was
missing in 2,080; race/ethnicity was missing in 1,632; education level was missing in 2,398; outdoor walking was missing in 2,679; and smoking status was missing in 1,244 women.
bPercentage of people in residential neighborhood living in baseline year with a ratio of income to federal poverty level (FPL) below 1. Census block groups aggregated to 1-km radial
buffers.
cMoving from baseline residence at any time during the follow-up.
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neighborhood walkability, there was a 32% lower risk of multiple
myeloma [HR=0:68 (95% CI: 0.49, 0.94)]. For ovarian cancer,
although there was no consistent evidence of a trend across

quartiles, for every 1-SD increase in average neighborhood walk-
ability, there was an 18% lower risk of ovarian cancer [HR=0:82
(95% CI: 0.68, 0.99)]. Except for thyroid cancer, the HR

Table 2. Obesity-related cancer HRs and 95% CIs based on neighborhood walkability (NW) in the NYUWHS, years 1985–2016 (n=13,240).

Cancer subtype
NW Q1

[−0:8, 0.9 (Ref)]
NW Q2

[0.9, 3.3 HR (95% CI)]
NW Q3

[3.3, 8.1 HR (95% CI)]
NW Q4

[8.1, 44.6 HR (95% CI)]

Per SD
(continuous NW)
HR (95% CI)a

Overall (any first incident obesity-related cancer)
Cases (n) 614 603 619 575 2,411
Model 1b Ref 0.94 (0.84, 1.05) 0.93 (0.83, 1.04) 0.76 (0.68, 0.86) 0.90 (0.86, 0.94)
Model 2c Ref 0.94 (0.84, 1.05) 0.92 (0.81, 1.03) 0.74 (0.65, 0.85) 0.89 (0.85, 0.93)
Model 3d Ref 0.94 (0.84, 1.05) 0.92 (0.82, 1.04) 0.77 (0.68, 0.88) 0.90 (0.86, 0.94)
Postmenopausal breast cancere

Cases (n) 336 311 311 311 1,269
Model 1b Ref 0.88 (0.76, 1.03) 0.84 (0.72, 0.99) 0.73 (0.62, 0.86) 0.89 (0.84, 0.95)
Model 2c Ref 0.89 (0.76, 1.05) 0.86 (0.72, 1.01) 0.73 (0.61, 0.87) 0.89 (0.84, 0.95)
Model 3d Ref 0.89 (0.76, 1.05) 0.86 (0.73, 1.02) 0.75 (0.63, 0.89) 0.90 (0.85, 0.96)
Colorectal cancer
Cases (n) 88 83 90 82 343
Model 1b Ref 0.88 (0.65, 1.19) 0.93 (0.69, 1.25) 0.82 (0.60, 1.13) 0.92 (0.82, 1.04)
Model 2c Ref 0.87 (0.64, 1.18) 0.91 (0.66, 1.25) 0.79 (0.56, 1.11) 0.91 (0.80, 1.03)
Model 3d Ref 0.87 (0.64, 1.19) 0.92 (0.67, 1.27) 0.83 (0.57, 1.17) 0.92 (0.82, 1.05)
Colon cancer
Cases (n) 69 63 79 64 275
Model 1b Ref 0.85 (0.60, 1.19) 1.04 (0.74, 1.44) 0.82 (0.58, 1.17) 0.94 (0.83, 1.07)
Model 2c Ref 0.84 (0.59, 1.19) 1.01 (0.71, 1.43) 0.80 (0.54, 1.17) 0.92 (0.80, 1.06)
Model 3d Ref 0.84 (0.59, 1.19) 1.03 (0.72, 1.46) 0.83 (0.57, 1.23) 0.94 (0.82, 1.08)
Rectal cancer
Cases (n) 19 20 11 18 68
Model 1b Ref 0.98 (0.52, 1.86) 0.52 (0.25, 1.11) 0.82 (0.42, 1.60) 0.87 (0.67, 1.14)
Model 2c Ref 1.00 (0.53, 1.90) 0.52 (0.23, 1.15) 0.77 (0.36, 1.61) 0.86 (0.65, 1.14)
Model 3d Ref 1.00 (0.53, 1.91) 0.53 (0.24, 1.17) 0.80 (0.38, 1.68) 0.86 (0.65, 1.15)
Cancer of the uterus and endometrium
Cases (n) 71 68 75 68 282
Model 1b Ref 0.96 (0.69, 1.34) 1.00 (0.72, 1.39) 0.80 (0.56, 1.13) 0.91 (0.80, 1.03)
Model 2c Ref 0.93 (0.66, 1.31) 0.93 (0.66, 1.33) 0.71 (0.49, 1.04) 0.87 (0.76, 0.99)
Model 3d Ref 0.93 (0.66, 1.30) 0.94 (0.66, 1.34) 0.77 (0.52, 1.12) 0.90 (0.79, 1.03)
Ovarian cancer
Cases (n) 29 34 43 32 138
Model 1b Ref 1.19 (0.72, 1.95) 1.43 (0.89, 2.31) 0.85 (0.51, 1.43) 0.85 (0.71, 1.02)
Model 2c Ref 1.20 (0.72, 1.98) 1.48 (0.89, 2.46) 0.84 (0.48, 1.47) 0.82 (0.68, 0.99)
Model 3d Ref 1.21 (0.73, 2.00) 1.50 (0.90, 2.49) 0.85 (0.48, 1.51) 0.83 (0.68, 1.00)
Pancreatic cancer
Cases (n) 28 29 27 24 108
Model 1b Ref 1.02 (0.60, 1.72) 0.95 (0.56, 1.64) 0.85 (0.48, 1.50) 0.92 (0.75, 1.13)
Model 2c Ref 0.97 (0.57, 1.64) 0.83 (0.47, 1.48) 0.70 (0.38, 1.30) 0.86 (0.69, 1.08)
Model 3d Ref 0.97 (0.57, 1.65) 0.86 (0.48, 1.52) 0.75 (0.40, 1.40) 0.88 (0.70, 1.11)
Multiple myeloma and malignant plasma cell neoplasms
Cases (n) 17 26 20 10 73
Model 1b Ref 1.41 (0.76, 2.62) 1.06 (0.55, 2.06) 0.55 (0.25, 1.24) 0.77 (0.58, 1.03)
Model 2c Ref 1.25 (0.67, 2.33) 0.77 (0.38, 1.55) 0.38 (0.16, 0.91) 0.68 (0.49, 0.94)
Model 3d Ref 1.26 (0.67, 2.34) 0.76 (0.38, 1.54) 0.40 (0.17, 0.94) 0.69 (0.50, 0.96)
Renal cancer
Cases (n) 18 26 16 13 73
Model 1b Ref 1.29 (0.70, 2.38) 0.73 (0.37, 1.46) 0.57 (0.27, 1.19) 0.80 (0.61, 1.05)
Model 2c Ref 1.28 (0.69, 2.37) 0.74 (0.36, 1.54) 0.61 (0.27, 1.36) 0.83 (0.62, 1.11)
Model 3d Ref 1.28 (0.69, 2.36) 0.74 (0.35, 1.53) 0.63 (0.28, 1.40) 0.85 (0.63, 1.14)
Thyroid cancer
Cases (n) 16 15 17 22 70
Model 1b Ref 0.95 (0.47, 1.93) 0.99 (0.50, 1.98) 0.98 (0.50, 1.92) 0.93 (0.73, 1.17)
Model 2c Ref 1.07 (0.52, 2.19) 1.30 (0.62, 2.71) 1.43 (0.69, 2.97) 1.03 (0.80, 1.31)
Model 3d Ref 1.07 (0.52, 2.18) 1.26 (0.60, 2.64) 1.35 (0.64, 2.81) 1.00 (0.78, 1.29)

Note: Cox proportional hazard (PH) models were implemented for neighborhood walkability as predictor of first incident obesity-related cancer adjusted for covariates. Missing observa-
tions for covariates alcohol (15.7%), smoking status (9.4%), education level (18.1%), and race/ethnicity (12.3%) were included in the models using multiple imputation with 10 iterations.
Only cancer subtypeswith a number of first obesity-relatedmalignant cancer cases n>30 are shown in the table. A total of 316,783.5 person-years at risk were accrued throughout the study.
BMI, bodymass index; CI, confidence interval; HR, hazard ratio; NYUWHS, NewYork UniversityWomen’s Health Study; Q, quartile; Ref, reference; SD, standard deviation.
aContinuous neighborhood walkability variable scaled to the SD (SD=5:9).
bAdjusting for baseline age, race/ethnicity, education level, smoking status, and ever moving residence at any time during the study follow-up.
cAdjusting for covariates in model 1 and additionally for alcohol intake, menopausal status, parity, and percentage below the poverty level living in neighborhood.
dAdjusting for model 2 covariates and additionally for potential mediators outdoor walking, baseline BMI, and BMI change (the difference between the second to last reported BMI
before incident obesity-related cancer or end of follow-up and BMI at enrollment). Missing observations for outdoor walking (20.2%) were included in the models using multiple impu-
tation with 10 iterations.
eBreast cancer diagnosed after menopause. Twenty-one women had unknown menopausal status at breast cancer diagnosis that were treated as a postmenopausal diagnosis if age at di-
agnosis was >50 and treated as premenopausal if age at diagnosis was <50 years of age.
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estimates suggested a lower risk of other cancers comparing the
highest to the bottom quartile of average neighborhood walkabil-
ity, although the CIs were wide. HR estimates from analyses
using a dichotomized measure of average neighborhood walk-
ability were also consistent for the rest of the cancer subtypes.
When we adjusted for change in BMI and outdoor walking, the
associations remained, although attenuated (Table 2, model 3).
Similarly, findings from analyses with a time-varying measure of
neighborhood walkability were also consistent with an inverse
association for risk of obesity-related cancer (Table 3).

Analyses using an extrapolated average measure of neighbor-
hood walkability (Table S6, model 1) indicated very similar
inverse associations to those found using a carried forward mea-
sure of the exposure. Analyses censoring women at withdrawal
or at loss to follow-up also yielded almost identical results (Table
S6, model 2). When we used a 3-y exposure lag, the inverse asso-
ciations for overall obesity-related cancer, including postmeno-
pausal breast cancer and multiple myeloma, attenuated but
remained apparent (Table S6, model 3). In addition, higher levels
of average neighborhood walkability exposures measured at
younger and older age were both associated with lower risk of
obesity-related cancer and postmenopausal breast cancer (Table
S6, model 5). Analyses controlling for DASH diet (Table S6,
model 6), without imputation (Table S6, model 7), analyses
using different time scales (Table S7), and analyses scaling by
IQR in lieu of SD were consistent (Table S8). Last, in sensitivity
analyses assessing linearity using cubic splines, we found similar
linear associations between walkability with overall obesity-
related cancer risk (p<0:001) and postmenopausal breast cancer
(p=0:003) (Table S2).

The inverse association between neighborhood walkability
and risk of obesity-related cancer and risk of postmenopausal
breast cancer was apparent in every subgroup (Figures 1 and 2).
The association was stronger (Figure 1, p=0:006) in those who
lived at baseline in a neighborhood with a poverty level (percent-
age of neighborhood population with a ratio of income to federal
poverty level of <1) above the sample median value [HR=0:81

(95% CI: 0.75, 0.87)] compared with the association in those who
lived at baseline in a neighborhood with a poverty level lower
than the sample median [HR=0:94 (95% CI: 0.88, 1.00)]. A sim-
ilar pattern was also observed for postmenopausal breast cancer
(Figure 2, p=0:061) where the association was more apparent in
those who resided at baseline in areas with a higher poverty rate
[HR=0:81 (95% CI: 0.73, 0.90)] compared with that of those
who lived in an area with a lower poverty rate [HR=0:93 (95%
CI: 0.86, 1.01)]. For other obesity-related cancers, no apparent
interactions by sociodemographic lifestyle were observed on can-
cer risk (Tables S9–S12). A similar pattern of associations was
also found for diabetic and nondiabetic women, as well as for
women with higher and lower levels of outdoor walking (Table
S13). Last, we found that the association between higher neigh-
borhood walkability and lower risk of ER+=PR+ postmenopausal
breast cancer was more apparent than the association for other
subtypes of postmenopausal breast cancer, although the CI over-
lapped with CIs for other subtypes. Women in the highest quartile
of neighborhood walkability had a 33% [HR=0:67 (95% CI:
0.51, 0.88)] lower risk of ER+=PR+ postmenopausal breast can-
cer compared with those in the lowest quartile (Table S14).

Discussion
In this prospective cohort, we found that women who resided in
neighborhoods with higher walkability levels, as measured by
average destination accessibility and population density over
∼ 24 y of follow-up, had lower risk of obesity-related cancers,
particularly postmenopausal breast cancer. Moderate associations
were also found for endometrial cancer, ovarian cancer, and mul-
tiple myeloma. We also observed that the inverse association
between average neighborhood walkability and overall obesity-
related cancer risk was modified by neighborhood poverty level.

Previous epidemiologic studies assessing the effects of neigh-
borhood walkability on risk of cancer had major methodological
limitations. An ecologic study showed inverse correlations between
neighborhood walkability (measured as a 5-item scale including
land use, population density, intersection density, transit distance,
and ratio of retail building floor to retail land area) and incidence of
multiple myeloma in a NYC population.34 However, the unit of
analysis was at the ZIP code level, rendering the study susceptible to
ecological fallacy. Another study in an older adult population from
the University ofMichiganHealth andRetirement Study showed no
association with overall cancer incidence using residential density
and street connectivity as proxies for walkability.31 However, that
study had only 2 y of follow-up and did not differentiate obesity-
related cancers from other cancers. In the MEC study with long-
term follow-up, higher levels of baseline mixed land development
and urban environments were protective against postmenopausal
breast cancers in Hispanics and Asians.32 In the same cohort, neigh-
borhood obesogenic environment score, constructed using baseline
street connectivity and population density, was not associated with
risk of colorectal cancer after controlling for individual-level fac-
tors.35 In analyses taking into consideration residential changes over
time, increasing population density was associated with increased
risk of colorectal cancer, but increasing recreational and business
facilities were related to a lower risk.33 However, that study investi-
gated only the effects of changes in neighborhood with a limited
temporal resolution using three data points or 1–3 y measurement
windows. Importantly, previous studies either used a one-timemea-
surement of neighborhood variables31,32,34,35 or used a limited
quantity of data points that were not time weighted,33 potentially
leading to substantial measurement errors of exposure. Despite
these differences in study design and exposure assessment, our find-
ings were consistent with those reported in the MEC regarding the
inverse association between neighborhood walkability and breast

Table 3. Obesity-related cancer HRs and 95% CIs based on time-varying
neighborhood walkability (NW) sensitivity analyses (n=13,240).

Cases (n) NW HR (95% CI)

Overall (any first incident obesity-related
cancer)

2,411 0.90 (0.86, 0.94)

Postmenopausal breast cancera 1,269 0.90 (0.85, 0.96)
Colorectal cancer 343 0.93 (0.92, 1.05)
Colon cancer 275 0.95 (0.82, 1.09)
Rectal cancer 68 0.85 (0.64, 1.14)
Cancer of the uterus (including

endometrium)
282 0.88 (0.77, 1.00)

Ovarian cancer 138 0.84 (0.69, 1.02)
Pancreatic cancer 108 0.88 (0.70, 1.10)
Multiple myeloma and malignant plasma

cell neoplasms
73 0.68 (0.49, 0.95)

Renal cancer 73 0.85 (0.63, 1.13)
Thyroid cancer 70 1.06 (0.82, 1.36)

Note: Time-varying Cox proportional hazard (PH) models were conducted to estimate
the obesity-related cancer risk or HR associated with a per unit difference in continuous
NW (SD-scaled), where SD= 5:9. Annual walkability was considered for data points
within the 31 y of follow-up. Models adjusted for covariates age, race/ethnicity, educa-
tion level, smoking status, alcohol intake, menopausal status, parity, percentage below
the poverty level living in neighborhood at baseline, and ever moving from baseline res-
idence at any time during follow-up. Covariates alcohol, smoking status, education
level, and race/ethnicity had missing observations and were included in the model using
multiple imputation with 10 iterations for missing covariates. A total of 316,783.5 per-
son-years at risk were accrued throughout the study. CI, confidence interval; HR, hazard
ratio; SD, standard deviation.
aBreast cancer diagnosed in menopause. Twenty-one women had unknown menopausal
status at breast cancer diagnosis that were treated as a postmenopausal diagnosis if age at
diagnosis was >50 and treated as premenopausal if age at diagnosis was <50 years of age.
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cancer, and with the ecologic study in NYC regarding multiple my-
eloma. To our knowledge, the present study is the first prospective
study on neighborhood walkability and risk of obesity-related can-
cer with a time-weighted average walkability construct based on a
trajectory of residential history. The availability of longitudinal data
on neighborhood walkability reduced measurement error and
enhanced the validity of our findings.

The results of our study contribute to the growing evidence of
how urban design affects the health and well-being of aging popu-
lations. Obesity and physical inactivity have each been associated
with increased risk of premature death and cancer in women,58,59
but individual-level interventions to increase physical activity
and reduce obesity are costly and have short-term effects.60–63
Neighborhood walkable spaces can promote walking behaviors,

physical activity, and reduce car dependency,64 which could lead
to subsequent improvements in preventing diseases attributed to
obesity.65–67 Mounting data suggests that neighborhood walkabil-
ity is linked to lower BMI22,68,69 and physical activity.70–72 Our
findings are consistent with previous studies linking walking to
lower risk of postmenopausal breast,73 endometrial,74 and renal75
cancers. After adjusting for BMI and outdoor walking in our study,
the associations were attenuated, as expected, but the inverse asso-
ciation remained. There may be other effects of neighborhood
walkability on physical activity, such as strenuous outdoor physi-
cal activity via biking or running. In addition, potential residual
confounding associated with measurement error from potential
mediators is possible. Possible mechanisms that underlie the asso-
ciation of neighborhood walkability with the risk of cancer include

Figure 1. HRs for obesity-related cancer risk based on neighborhood walkability by age, BMI, DASH score, smoking status, parity, poverty level, education
level, and race/ethnicity. HRs and 95% CIs are shown for stratified survival models assessing the association between continuous neighborhood walkability
(SD-scaled, SD=5:9) and obesity-related cancer risk by potential effect modifiers. Models were adjusted for all covariates (age, race/ethnicity, education level,
smoking status, alcohol intake, menopausal status, parity, percentage below the poverty level living in neighborhood at baseline, and ever moving from base-
line residence at any time during follow-up) except for the stratifying variable. Age was adjusted as a continuous variable in all models (including models
stratified by median age). The x-axis in the forest plot shows the untransformed HRs on the log-scale. HR estimates are represented by the squares, bars repre-
sent the 95% CIs of the estimates, and the whiskers represent the lower and upper confidence limits. Obesity-related cancers include breast cancer diagnosed af-
ter menopause, colorectal (colon and rectal), pancreatic, endometrial (including uterine), ovarian, renal, thyroid, liver, gallbladder, and esophageal cancers, as
well as meningioma, and multiple myeloma. pInteraction represents the p-value of the coefficient for the cross-product of continuous neighborhood walkability
and the effect modifier. Interaction models were computed treating effect modifiers as dichotomized variables. All interactions had 13,240 observations except
for analyses including dietary DASH score (n=12,996), smoking status (n=11,996), education level (n=10,842), and race/ethnicity (n=11,608), which were
restricted to nonmissing values. Note: %, percentage; BMI, body mass index; CI, confidence interval; DASH, Dietary Approaches to Stop Hypertension; FPL,
federal poverty level; HR, hazard ratio; NH, non-Hispanic.
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the potential effects of obesity and walking on hormone levels,
chronic inflammation, or metabolic changes, such as insulin resist-
ance.76–80 Future studies may also consider mediators measured at
themolecular level.

Our findings suggest that the relationship between neighbor-
hood walkability and obesity-related cancer could be primarily
driven by postmenopausal breast cancer. In our data, there was a
positive association between prevalence of some postmenopausal
breast cancer risk factors at the individual level (high educational
attainment, low parity) and walkability. On the other hand,

poverty rate was higher in the top walkability quartile in our
study. This is not uncommon in NYC given that an area with
high walkability can have a wide range of income levels and
include a high poverty rate. We found a stronger inverse associa-
tion between average neighborhood walkability and risk of
obesity-related cancer in women who resided in neighborhoods
with a higher poverty rate. Consistently, the effect of walkability
in women with lower educational attainment was stronger than
that in women with higher educational attainment, although the
effect modification was not apparent. Individuals who are

Figure 2. HRs for postmenopausal breast cancer risk based on neighborhood walkability by age, BMI, DASH score, smoking status, parity, poverty level, edu-
cation level, and race/ethnicity. HRs and 95% CIs are shown for stratified survival models assessing the association between continuous neighborhood walk-
ability (SD-scaled, SD= 5:9) and postmenopausal breast cancer risk by potential effect modifiers. Models were adjusted for all covariates (age, race/ethnicity,
education level, smoking status, alcohol intake, menopausal status, parity, percentage below the poverty level living in neighborhood at baseline, and ever mov-
ing from baseline residence at any time during follow-up) except for the stratifying variable. Age was adjusted as a continuous variable in all models (including
models stratified by median age). The x-axis in the forest plot shows the untransformed HRs on the log-scale. HR estimates are represented by the squares,
bars represent the 95% CIs of the estimates, and the whiskers represent the lower and upper confidence limits. pInteraction represents the p-value of the coefficient
for the cross-product of continuous neighborhood walkability and the effect modifier. Interaction models were computed treating effect modifiers as dichotom-
ized variables. All interactions had 13,240 observations except for analyses including dietary DASH score (n=12,996), smoking status (n=11,996), education
level (n=10,842), and race/ethnicity (n=11,608), which were restricted to nonmissing values. Note: %, percentage; BMI, body mass index; CI, confidence
interval; DASH, Dietary Approaches to Stop Hypertension; FPL, federal poverty level; HR, hazard ratio; NH, non-Hispanic.
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relatively wealthier may be more likely to own cars or engage in
exercise regardless of neighborhood walkability, reducing the
effect of walkable neighborhoods. Unfortunately, we did not
have data on income at the individual level. Taken together, the
data suggest that effect of walkability on cancer risk in women
may be modifiable by neighborhood SES variables, but future
research is needed to confirm this observation.

Interestingly, we found a more apparent inverse association
between walkability and risk of ER+=PR+ breast cancers. Although
sample size was limited for receptor-defined breast cancer sub-
types, our findings are consistent with several prospective stud-
ies81,82 that reported stronger associations between physical
activity and ER+=PR+ breast cancers in postmenopausal women,
compared with the associations with other subtypes. Hormone
receptor-positive breast cancers tend to occur at older ages83 and
are more strongly associated with adult weight gain and obesity
in postmenopausal women84,85 and circulating steroid hor-
mones.84–86 Increased physical activity can reduce inflammation
and estrogen production by limiting androgen aromatization in
older women.87,88 In an NYUWHS study of control participants
from previous nested case–control studies of breast, endometrial,
and ovarian cancer, we observed that higher levels of neighbor-
hood walkability were associated with lower levels of androgens
and higher levels of sex hormone binding globulin at baseline,
suggesting a role of neighborhood walkability in hormone
levels.89 However, future studies are warranted to confirm these
findings and evaluate other mechanisms by which neighborhood
walkability is involved in the risk of obesity-related cancer.

In addition to postmenopausal breast cancer, we observed
inverse associations between neighborhood walkability and risk of
ovarian and endometrial cancer. Epidemiologic studies have consis-
tently shown that obesity and physical activity influence the risk of
postmenopausal breast cancer.90,91 Nonstrenuous activity has also
been linked to reduced breast cancer risk in postmenopausal
women.73,92 Endometrial and ovarian cancers are also heavily influ-
enced by adiposity. Physical activity, including walking, also was
inversely related to endometrial cancer74,93,94 and moderately
related to ovarian cancer.95–97 In terms of potential windows of sus-
ceptibility, the effect of walkability was observed at both younger
and older ages in our study. Given that most of the cases were diag-
nosed at older age, the data suggests that concurrent neighborhood
walkability at older ages may have an immediate beneficial effect.
Our findings are in agreement with the notion that walkable neigh-
borhoods are thought to promote aging in place.98–100

There are a few limitations in our study. First, we used an
adapted version of a 4-item neighborhood walkability measure29

without annual data on transit and street connectivity, which may
lead to nondifferential measurement errors. These data were
unavailable owing to the cost of collecting these data for each year
of follow-up and the inaccuracies in the national street network data
before the early 2000s. The reduced version of our exposure mea-
sure may not fully capture neighborhood walkability. Nonetheless,
the 2-item and 4-item walkability scores at baseline maintained a
high correlation (q=0:76). We did not interpolate transit stops
because no data supports that the number of transit stops increases
or decreases in a given neighborhood linearly across years. We
acknowledge that there is measurement error from using two items
to construct average annual walkability instead of using the four
items. However, the two measures at baseline were highly corre-
lated, suggesting that the walkability measure based on the two
items is a good proxy for the more comprehensive 4-item walkabil-
ity measurement. Although we were unable to adjust for access to
cancer screening services in our models, walkability is positively
correlated with poverty in our cohort and, in turn, potentially also
related to lower levels of cancer screenings, suggesting a lack of

adjustment for negative confounding and a potential bias toward the
null. We also acknowledge that women who withdrew from active
follow-up could have resided last in a state without a tumor registry
linkage, leading to incomplete cancer ascertainment among these
women at later years of follow-up. However, average walkability
was constructed taking into account a censoring for nonrespondent
womenwhomoved last to states for whichwe do not have a linkage.
Given that the recruitment was based on a visit at one mammog-
raphy center, the relatively homogenous NYUWHS sample may
not be representative of the U.S. female population; however, the
observed effect did not differ by race and ethnic background or edu-
cational attainment. We acknowledge as a limitation that data on
neighborhood poverty were available only at baseline, but evidence
suggests that people tend to move to neighborhoods with similar
SES characteristics.42,101,102 Future studies are needed to investigate
the interrelationship between neighborhood walkability and neigh-
borhood on the risk of health outcomes. Furthermore, although a
large proportion of the cohort participants were recruited in a highly
walkable setting (i.e., NYC), there was a wide range of walkability
level across participants, ranging from −0:8 to 44.6 average walk-
ability scores. Last, our sample sizes for specific cancerswere small,
limiting our ability to detect smaller effects or describe a dose–
response relationship.

This study has also several strengths. We constructed a time-
weighted measure of neighborhood walkability that considered
changes in the neighborhood environment and residential changes
over a follow-up period of 23 y on average. Our measure of neigh-
borhood walkability was grounded in urban design theory and
based on data collected uniformly across the United States since
1985. Moreover, detailed data was collected in our study, which
allowed us to control for potential confounders at both the individ-
ual and neighborhood level. Last, we included both overall
obesity-related cancer, as well as site-specific cancers, as out-
comes. Our study is unique in that the long-term follow-up allowed
us to study effects of walkability with potential long latency peri-
ods of cancer. Overall, these findings may help substantiate poli-
cies targeting the built environment as a preventive or palliative
measure to reduce obesity-related cancer risk in older women.

Conclusion
This study supports the hypothesis that residing in a more walk-
able neighborhood protects against the risk of overall obesity-
related cancers in women, specifically postmenopausal breast
cancer, as well as ovarian cancer, endometrial cancer, and multi-
ple myeloma. Further research is needed in more diverse popula-
tions to replicate our findings.
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