Journal of Cancer Survivorship (2025) 19:1726-1738
https://doi.org/10.1007/511764-024-01584-5

=

Check for
updates

Physical activity among cancer survivors: do neighborhood walkability
and metropolitan size play a role?

Marie-Rachelle Narcisse' - Monica L. Wang?3* . Mario Schootman?® - Peter DelNero’ - Aviva G. Schwarz? -
Pearl A. McElfish®

Received: 2 November 2023 / Accepted: 2 April 2024 / Published online: 22 May 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract

Purpose To examine associations between walkability, metropolitan size, and physical activity (PA) among cancer survivors
and explore if the association between walkability and PA would vary across United States metropolitan sizes.

Methods This study used data from the 2020 National Health Interview Survey to examine independent associations of walk-
ability and metropolitan size with engaging in moderate-to-vigorous PA (MVPA) and to explore the effect modification of
metropolitan size using log-binomial regression. The dependent variable was dichotomized as < vs. > 150 min/week of MVPA.
The predictors were perceived walkability, a total score comprising eight neighborhood attributes, and metropolitan size. Covari-
ates included sociodemographic and health characteristics, geographic region, cancer type, and time since cancer diagnosis.
Results Engaging in 150+ min/wk of MVPA significantly increased among cancer survivors (n=3,405) who perceived
their neighborhoods as more walkable (prevalence ratio:1.04; p =0.004). Engaging in 150 4+ min/wk of MVPA signifi-
cantly increased among cancer survivors living in medium and small metropolitan areas vs. those living in large central
metropolitan areas (prevalence ratio:1.12; p =0.044). Perceived walkability levels were similar among cancer survivors in
nonmetropolitan areas vs. those living in large central metropolitan areas. Association between walkability and PA did not
significantly vary across metropolitan sizes.

Conclusions Perceived neighborhood walkability is positively associated with MVPA among cancer survivors, regardless
of metropolitan size.

Implications for Cancer Survivors Findings highlight the importance of investing in the built environment to increase walk-
ability among this population and translating lessons from medium and small metropolitan areas to other metropolitan areas
to address the rural-urban disparity in PA among cancer survivors.
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ber of cancer survivors is projected to increase to 26.6 mil-
lion by the year 2040 [1]. This growth is attributed to factors
such as population expansion, aging, enhanced early detec-
tion efforts, and advancements in medical treatments. Cancer
survivors, defined as individuals who have been diagnosed
with cancer and continue to live with it, often grapple with
a range of physical and mental health issues that can persist
for months or even years after their treatment [2-5].

The American Cancer Society advocates regular physical
activity (PA) for cancer survivors, backed by a substantial body
of evidence demonstrating the various health benefits of PA
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post-diagnosis [6]. These benefits include reduced cancer-spe-
cific and overall mortality, decreased cancer recurrence, fewer
comorbidities, and improved management of treatment side
effects, physical function, and overall quality of life [6-11].
A systematic review has shown levels of physical activity rec-
ommended in the 2018 Physical Activity Guidelines Advisory
Committee Scientific Report are associated with reduced risk
and improved survival for several cancers [12]. Despite these
advantages, only approximately 38.4% of adult cancer survivors
in the U.S. meet the recommended aerobic exercise guidelines
[13], and nearly 40% report no physical activity at all [13, 14].

Walkability, which refers to the degree to which the built
environment facilitates walking [15], has been associated with
increased PA in adults [16, 17], as well as lower body mass
index (BMI) [17-19], reduced risk of chronic diseases [19-22],
and improved mental health [23]. Nevertheless, studies inves-
tigating the influence of the neighborhood environment on
PA levels among cancer survivors have yielded mixed results.
Three studies linked PA participation to the design and acces-
sibility of the built environment [24—26]; however; two studies
found no significant association between the neighborhood-
built environment and PA among prostate and kidney cancer
survivors [27, 28]. Three studies identified the outdoor environ-
ment as central to cancer survivors’ PA of choice, with walking
being a preferred outdoor activity [29-31], but a study among
colorectal cancer survivors indicated the neighborhood environ-
ment as less critical than the home environment for moderate-
to-vigorous PA [32]. Finally, studies report conflicting results
on the association between PA and geographic location (i.e.,
urban versus rural) among cancer survivors [25].

Unlike the general adult population [33, 34], fewer studies
have examined environmental determinants of exercise among
cancer survivors [35]. This gap in knowledge is significant
because rural cancer survivors are known to have lower PA lev-
els and poorer overall health outcomes compared to their urban
counterparts [36, 37]. Furthermore, cancer survivors often face
additional barriers to engaging in PA due to cancer treatment-
related side effects (fatigue, insomnia, peripheral neuropathy,
pain, and psychosocial distress) [9, 38—42]. It is important to
note that findings on the built environment's influence on PA in
the general population may not always apply to cancer survivors
because they are typically older and have more chronic condi-
tions, and some features of the built environment may be more
or less relevant to their specific needs [43—45]. Rural residents
encounter additional challenges, such as the absence of sidewalks
on roads, which makes it more challenging for cancer survivors
to exercise safely. However, research on efforts to enhance walk-
ability is more common in urban areas compared to rural com-
munities [18]. This disparity needs to be urgently addressed as
the built environment (e.g., neighborhoods) is considered a social
determinant of health. Creating environments and neighborhoods
that promote health and safety to increase regular physical activ-
ity is an important objective of Healthy People 2030 [46].

This study used cross-sectional data from the 2020 National
Health Interview Survey of civilian adults including adult can-
cer survivors aged 18 and older in the U.S. Its primary objec-
tives were to: 1) Examine the association between perceived
neighborhood walkability and PA; 2) Examine the association
between metropolitan size and PA; and 3) Determine if the asso-
ciation between perceived walkability and PA differed based on
metropolitan size. The hypothesis was that sufficient PA would
be positively associated with perceived neighborhood walkabil-
ity, sufficient PA would be inversely associated with rural areas
(i.e., smaller metropolitan size), and the strength of the asso-
ciation between PA and walkability would vary depending on
the size of the metropolitan area. This hypothesis was proposed
because, in many communities, walking in the neighborhood is
the most accessible form of exercise. However, cancer survivors
may face hindrances due to the physical effects of cancer and its
treatment, and neighborhood characteristics can also affect walk-
ing rates (e.g., traffic, crime, sidewalks, destinations). Therefore,
the association between neighborhood factors and walking rates
may vary across different metropolitan sizes due to varying built
environments, population densities, and infrastructure.

Methods
National health interview survey

This study is a secondary analysis using the 2020 National
Health Interview Survey (NHIS) cross-sectional data, spe-
cifically the adult file. The NHIS is a household survey that
employs a complex, multistage probability sampling design,
which includes stratification and clustering, to accurately rep-
resent the civilian, noninstitutionalized population residing in
the 50 states and the District of Columbia at the time of the
survey. The National Center for Health Statistics (NCHS), part
of the U.S. Centers for Disease Control and Prevention, inter-
views one participant aged 18 or older from randomly selected
households. These interviews cover various aspects, including
demographics, health status, illness, disabilities, chronic condi-
tions, access to healthcare, and utilization of health services.

Due to the COVID-19 pandemic, NCHS transitioned from
face-to-face to telephone interviews from late March 2020
through June 2020. Data collection from July to December
2020 was primarily through face-to-face visits in areas with low
COVID-19 prevalence, with continued reliance on telephone
interviews in other regions [47]. For this study, the NHIS adult
data file was utilized to obtain a nationally representative sam-
ple of noninstitutionalized adults in the U.S. [48].

Study population

Within the adult NHIS file, 31,568 adults aged 18 and above
completed the interviews. Among them, 4,130 participants
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reported having been previously informed by a healthcare pro-
fessional that they had cancer. This excluded 34 participants
who either refused to answer or were uncertain. Furthermore,
pregnant participants (n=3) were excluded from the analysis, as
were individuals classified as having disabilities according to the
criteria set by the NCHS, based on the Washington Group Short
Set Composite Disability Indicator (n="722) [49, 50]. Research
indicates adults with disabilities exhibit distinct physical activity
levels compared to the general adult population. Consequently,
the final study sample consisted of 3,405 participants. See Fig. 1.

Measures
Dependent variable

Participants were asked eight questions about exercise, sports,
or physically active hobbies during leisure time. These eight
variables captured whether participants engaged in moderate
or vigorous intensity activities (resulting in moderate or large
increases in breathing or heart rate). From participants’ self-
reported responses, the NCHS derived a three-category vari-
able defined as inactive, insufficiently active (< 150 min/wk of
MVPA), and sufficiently active (150+ min/wk of MVPA). This
categorization reflects the recommended exercise guidelines for
cancer survivors of 150+ min/week of MVPA as established by
the American Cancer Society for aerobic exercise [51-53]. The
dependent variable was dichotomized as sufficiently active
vs. inactive/insufficiently active (the reference category).

Independent variables

Perceived walkability

This variable was derived from the responses to eight binary
questions concerning the ease of walking related to vari-

ous neighborhood characteristics, including traffic, crime,
road conditions, availability of shops, public transportation,

Fig.1 Study population

places for recreation, relaxing areas, and the presence of
sidewalks (refer to Table 1 for specific questions). A variable
ranging from O to 8 was created by summing the responses
to these eight survey items. Higher scores indicated a higher
level of perceived walkability. The internal consistency of
eight survey items captured by a Cronbach’s alpha of 0.71
is considered as acceptably reliable [54]. More information
on the perceived walkability variable can be found in a pub-
lished paper written by the first, second, and last author [17].

Metropolitan size status

This variable is based on participants’ county of residence.
It comes from the 2013 NCHS urban—rural classification
scheme for U.S. counties, which combines counties of into six
urban—rural categories: large central metro, large fringe metro,
medium metro, small metro, micropolitan, and non-core [55].
The categorization included on the NHIS dataset groups medium
and small metropolitan areas into a single category [47, 55].

Moderator variable

The four-level categorization of metropolitan size was also
explored as a potential moderator affecting the relationship
between perceived walkability (continuous) and PA
(dichotomous).

Covariates

The covariates included several demographic and health-
related variables and were chosen a priori based on putative
factors known to be associated with PA, neighborhoods as
place of residence/walkability (Age [years capped at 85],
age-squared, biological sex (male or female), race/ethnicity,
marital status, employment status, education level, nativity,
federal poverty level, number of children in the household,
self-reported health status, obesity status, number of chronic
conditions other than cancer, and geographic region), but

Adult sample aged > 18
N=31,568

* No=27,404
* Refused=20
* Don’t know=14

Excluded based on response:

Have you previously been informed
by a healthcare professional that
you had cancer?

Excluded based on exclusion
criteria:
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Table 1 Operational definition of measured variables

Dependent variable

Physical activity: This variable indicates whether respondents met the 2018 physical activity
guidelines for aerobic activity. Inactive: no activity; Insufficiently active: < 150 min/week;
Sufficiently active: 150+ min/week

Exposure
Perceived walkability is a sum of eight dichotomous variables (continuous)
1. Where you live, are there roads, sidewalks, paths or trails where you can walk?

2. Are there shops, stores, or markets that you can walk to?
3. Are there bus or transit stops that you can walk to?
4. Are there places like movies, libraries, or places of worship that you can walk to?
5. Are there places that you can walk to that help you relax, clear your
mind, and reduce stress?
6. Where you live, do most streets have sidewalks?
7. Does traffic make it unsafe for you to walk? Reverse coded

8. Does crime make it unsafe for you to walk? Reverse coded

Metropolitan size defined as NCHS urban-rural classification

Covariates
Age in years
Biological sex

Race/ethnicity

Nativity
Marital status

Education level

Region

Employment status

Federal poverty level 't

Health insurance coverage

Operational definition of variables '

Inactive/insufficiently active®
Sufficiently active

Yes

Yes

Large central metro ®
Large fringe metro
Medium and small metro
Nonmetropolitan [4]

Continuous (50-85+)

Male

Female

Non-Hispanic White *

Racial/ethnic minorities (Non-Hispanic
Black, Non-Hispanic Asian, American
Indian/Alaska Native, Non-Hispanic
other race, Hispanic)

Not born in U.S.
Born in U.S.

Single/widowed/separated
Married/partnered

<Bachelor’s degree (<HS: high school/
GED: General Educational Develop-
ment, some college, associate degree/
bachelor’s degree) *

> Bachelor's degree

Northeast ¥

Midwest

South

West [4]

Not employed last week or the past year/
never ¥

Employed last week or the past year

<199%
200-299%
300-399%
>400% *
No '}

Yes
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Table 1 (continued)

Cancer types

Time since cancer diagnosis

Health status

Obesity (BMI > 30)

Total chronic diseases: Respondents answered “Yes” to having any of these diseases

Multiple §

Breast

Female reproductive

Male reproductive

Digestive

Melanoma

Skin non-melanoma

Other

>?2 years

<2 years®

Excellent ¥

Very good

Good

Fair/poor

No®

Yes

Obesity, hypertension, type 2 diabetes,
asthma, arthritis, COPD, hepatitis,
coronary heart diseases, stroke, heart
attack, angina, dementia, cirrhosis,
kidney failure

National Health Interview Survey (NHIS, 2020). National Center for Health Statistics (NCHS) — Centers for Disease Control and Prevention
T Responses "Refused," "Not ascertained,” "Don't know" to all the factors questions were recoded as missing

T The federal poverty level was derived from the ratio of family income to the poverty threshold

¥ Chosen as reference category in regression analysis

also variables capturing cancer type and time since cancer
diagnosis [24, 56-59]. Additional details on the measure-
ment of covariates are available in Table 1.

Statistical analyses

To describe the study population, weighted percentages
were computed for categorical variables, and weighted
means (with 95% confidence intervals [CI]) were calculated
for continuous variables. The dependent variable, PA, was
examined across all sociodemographic and health-related
variables using the Rao-Scott Chi-square test [60] for cat-
egorical variables and the adjusted Wald F-Test for continu-
ous variables. These tests were selected to account for the
complex survey design of the NHIS [47, 61, 62].

A test for multicollinearity, based on the sample vari-
ance inflation factor (VIF), indicated no high correlation
between the independent variables (mean VIF 1.35; range:
1.03-2.26). Due to the high prevalence of MVPA (45%),
log-binomial regressions were fitted to assess the presence
of a statistically significant association between perceived
walkability and PA, as well as between metropolitan size
and PA. The estimated associations between exposure and
outcome were calculated as prevalence ratios (PR) instead
of odds ratios [63, 64]. The possibility of metropolitan
size acting as an effect modifier in the association between

@ Springer

walkability and PA was explored through moderation analy-
sis (a product term between walkability and metropolitan
size included in the regression model) and tested using the
adjusted Wald test. Model fit was assessed using Somers'
Delta [65], with a coefficient closer to 1 indicating a better
fit while adjusting for survey sampling weights.

NHIS complex survey design weights were applied to
ensure unbiased estimates of descriptive and regression
parameters and to account for variance in the weights [66].
Missing data constituted 4.9% of the total analytical sample;
therefore, complete case analyses were conducted as this
level of missingness would likely not influence the associa-
tions examined significantly or introduce large bias in the
analysis [67]. All analyses were performed using STATA/
SE 17 [68].

Results
Descriptive analysis

Table 2 provides an overview of the characteristics of the
entire study population, categorized by their physical activ-
ity (PA) outcomes: either insufficiently active (< 150 min/wk
of MVPA) or sufficiently active (> 150 min/wk of MVPA).
For these two categories, the percentages were 55% and
45%, respectively.
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The mean age of cancer survivors was 64.5 years (95%
CI: 63.9, 65.1), and 55.2% of them were female. The
majority of cancer survivors identified as White (84.1%),
and there were noticeable disparities in PA levels across
different racial/ethnic groups (p <0.05). Notably, the
proportion of Black and Hispanic cancer survivors who
reported being sufficiently active was significantly lower
than that of their White counterparts (33% and 39.1%
vs. 46.2%). Significant sex-differences in PA levels were
observed (p <0.05), with 42.6% of females and 48.0% of
males being sufficiently active.

Statistically significant disparities in PA levels were also
found in relation to metropolitan size and perceived walkability
scores (p<0.01). Among cancer survivors residing in
nonmetropolitan areas, 37.0% were sufficiently active, notably
lower than those living in large fringe and medium and small
metropolitan areas (47.7% and 46.6%, respectively). Moreover,
the mean perceived walkability score was 5.40 (95% CI: 5.26,
5.54) for cancer survivors who were sufficiently active and
4.94 (95% CI: 4.80, 5.07) for those not meeting the activity
guidelines, and this difference was statistically significant
(p<0.001).

There were significant differences in PA levels based on
cancer type (p<0.05). For instance, among cancer survivors
with non-melanoma skin cancer, 51% reported being suffi-
ciently active, a significantly higher percentage than among
cancer survivors with multiple types of cancer (38.9%).

Health indicators for sufficiently active cancer survivors
differed significantly from those who were not. For cancer
survivors who self-rated their health as fair or poor, only
24.6% were sufficiently active, which was considerably
lower than those who reported excellent health (67.8%)
(p<0.001). More than a third of cancer survivors with
obesity (37.8%) were sufficiently active, a proportion
that was significantly lower than those without obesity
(48.2%) (p<0.001). Additionally, sufficiently active cancer
survivors had a significantly lower average number of
chronic health conditions (2.5) compared to those who were
not (3.1) (p<0.001).

Regression analysis

After incorporating all covariates in the log-binomial
models, we found higher levels of perceived walkability
were positively associated with being sufficiently active
(adjusted prevalence ratio: 1.04; 95% CI: 1.01, 1.06;
p=0.004). Living in medium and small metropolitan areas
vs. living in large central metropolitan areas was
positively associated with being sufficiently active (adjusted
prevalence ratio: 1.12; 95% CI: 1.00, 1.24; p =0.044).
Notably, cancer survivors living in nonmetropolitan areas
and large fringe metropolitan areas reported similar levels
of perceived walkability as cancer survivors residing in

large central metropolitan areas. The model had a good fit,
as indicated by Somers' Delta (0.68; 95% CI: 0.67, 0.69;
p<0.001). Refer to Table 3 for details.

Notably, the association between walkability and PA did
not show significant variations based on metropolitan size
(Adjusted Wald Test: F3,570=0.64, p = 0.592).

Discussion

Based on previous research, we hypothesized that sufficient
physical activity (> 150 min/wk of MVPA) would be
positively associated with perceived neighborhood
walkability and negatively associated with metropolitan
size (i.e., smaller metropolitan size) and that the strength of
the association between PA and walkability would vary by
metropolitan size. This research represents an initial attempt
to explore how perceived walkability of neighborhoods,
metropolitan size (or size of metropolitan areas), and PA
levels are interconnected among a large and nationally
diverse group of cancer survivors. Results of our study
revealed that residing in a neighborhood where walkability is
more positively perceived is linked to an increased likelihood
of cancer survivors engaging in sufficient MVPA in the
U.S. Furthermore, the size of the metropolitan area also
plays a role in the likelihood of achieving sufficient PA, as
individuals living in medium and small-sized metropolitan
areas were more likely to achieve MVPA levels compared
with those residing in large central metropolitan regions.

The association between walkability and PA did not vary
by metropolitan size of cancer survivors’ residence.

Findings from this study are consistent with results from
studies of perceived walkability and PA in adult populations.
The positive association between neighborhood walkability and
PA among adults has been established using a range of meas-
urements for PA and walkability [19, 33, 34, 69-72]. Using the
same measures of perceived walkability and PA as in this study,
our previous research [17] found higher walkability associated
with greater odds to engage in adequate PA among a nationally
representative sample of U.S. adults with obesity.

This article adds new insights, as previous literature on
neighborhood walkability and PA in cancer survivors has
been limited to smaller samples, specific types of cancer
(e.g., prostate [27], breast [25, 30, 31] or kidney cancer
[26]), or specific geographic areas which limit the external
validity of these studies’ findings. For example, a recent
study by Stevens et al. (2023) investigated whether social
and built environment factors relate to leisure-time PA
among 219 rural cancer survivors and explored whether
survivors’ stage of change for exercise moderated these
associations. Similar to our results, study findings dem-
onstrated that the built environment is associated with
PA and additionally emphasized the role of family and
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Table 2 Comparing insufficiently active vs. sufficiently active cancer survivors

Physical activity Statistical significance

Overall sample Insufficiently active Sufficiently active
(< 150 min/week) (=150 min/week)

Weighted % Weighted %
(95% CI) (95% CI)
Or Or
Means Means
(SE) (SE)
55.0 45.0
(52.8,57.1) (42.9,47.2)
Perceived walkability (0-8) F(q,572)=26.6; p <0.001
Means 5.02 4.94 5.40
(4.92,5.13) (4.80, 5.07) (5.26,5.54)
Metropolitan size F2.96, 1695.50) = 3:925 p=0.009
Large central metro 242 53.9 46.1
(21.7,26.9) (49.5,58.2) (41.8,50.5)
Large fringe metro 26.3 52.3 47.7
(23.4,29.3) (47.8,56.7) (43.3,52.2)
Medium and small metro 314 534 46.6
(28.1,35.0) (49.9,56.9) (43.1,50.1)
Nonmetropolitan 18.1 63.0 37.0
(16.0,20.4) (57.5,68.2) (31.8,42.5)
Age in years Fq, 572=10.5; p=0.001
Means 64.5 65.4 63.4
(63.9,65.1) (64.6,66.3) (62.2,64.3)
Biological sex F(,572=6.04; p=0.0143
Male 44.8 52.0 48.0
(42.8,46.9) (48.6,55.3) (44.7,51.4)
Female 552 57.4 42.6
(53.1,57.2) (54.6,60.2) (39.8,45.4)
Race/ethnicity F2.01,1661.97 = 2735 p=0.044
Non-Hispanic White 84.1 53.8 46.2
(81.9,86.0) (51.5,56.1) (51.5,56.1)
Non-Hispanic Black 6.1 67.0 33.0
(5.1,7.4) (58.0,74.9) (25.1,42.0)
Hispanic 6.5 60.9 39.1
(5.1,84) (49.7,71.1) (28.9,50.3)
Non-Hispanic other" 3.2 50.9 49.1
(25,4.2) (37.7,64.0) (36.0,62.3)
Nativity F (1. 572=0.058; p=0.809
Not born in U.S. 8.9 56.1 43.9
(6.7.9.7) (46.6,65.1) (34.9,53.4)
Born in U.S. 92.0 54.9 45.1
(90.3,93.3) (52.6,57.1) (42.9,47.4)
Marital status F(1, 572=2.6170; p=0.106
Single/widowed/separated 31.7 57.4 42.6
(29.8,33.6) (54.1,60.7) (39.3,45.9)
Married/partnered 68.3 53.8 46.2
(66.4,70.2) (51.0,56.7) (43.3,49.0)
Education level F 285, 1631.12) =43.64; p <0.001
<HS: High school/GED: General Educational 35.7 68.0 32.0
Development (33.3,38.1) (63.9,71.9) (28.1,36.1)
Some college 14.6 61.7 38.3
(13.2,16.2) (56.4,66.8) (33.2,43.6)
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Table 2 (continued)

Overall sample

Physical activity

Statistical significance

Insufficiently active

Sufficiently active

(< 150 min/week) (> 150 min/week)
Associate degree/bachelor’s degree 33.7 48.3 51.7
(31.7,35.8) (44.9,51.7) (48.3,55.1)
> Bachelor's degree 16.0 34.1 65.9
(14.7,17.4) (30.0,38.5) (61.5,70.0)
Region F2.99,171238y=1.87; p=0.132
Northeast 17.3(15.3,19.4)  53.7(48.4,59.0) 46.3(41.0,51.6)
Midwest 22.9(20.8,25.0) 56.9(52.2,61.4) 43.1(38.6,47.8)
South 38.8(36.2,41.4) 56.9(53.3,60.4) 43.1(39.6,46.7)
West 21.1(18.8,23.6)  50.4(45.9,54.9) 49.6(45.1,54.1)
Employment status past 12 months F (4, 572=13.41; p<0.001
Not employed last week or the past year/never 54.0 58.5 41.5
(51.8,56.1) (55.6,61.4) (38.6,44.4)
Employed last week or the past year 46.0 50.8 49.2
(43.9,48.1) (47.7,53.9) (46.1,52.3)
Federal poverty level (%) F(3.08,1705.23=16.5; p < 0.001
<199% 219 65.8 342
(20.0,23.9) (60.8,70.5) (29.5,39.2)
200-299% 14.0 61.9 38.1
(12.6,15.6) (55.9,67.5) (32.5,44.1)
300-399% 14.1 58.3 41.7
(12.8,15.6) (52.8,63.6) (36.4,47.2)
>400% 50.0 41.7 52.6
(47.7,52.3) (36.4,47.2) (49.7,55.6)
Health insurance coverage Fq,572=7.24; p=0.007
No 32 71.7 28.3
(24,4.3) (59.3,81.5) (18.5,40.7)
Yes 96.8 54.4 45.6
(95.7,97.6) (52.2,56.6) (43.4,47.8)
Cancer types F (674, 3856.26)=2.3173 p=0.025
Multiple 133 61.1 38.9
(12.0,14.8) (55.5,66.4) (33.6,44.5)
Breast 14.0 58.1 41.9
12.6,15.6) (52.1,63.8) (36.2,47.9)
Female reproductive 7.6 61 39
(6.5,8.9) (52.7,68.7) (31.3,47.3)
Male reproductive 9.2 56.1 439
(8.2,10.4) (49.4,62.7) (37.3,50.6)
Digestive 5.0 53.1 46.9
(4.0,6.2) (41.4,64.4) (35.6,58.6)
Melanoma 11.6 50.2 49.8
(10.3,13.0) (43.9,56.4) (43.6,56.1)
Skin non-melanoma 22.6 49.0 51.0
(20.9,24.4) (44.6,53.4) (46.6,55.4)
Other 16.6 56.1 43.9
(15.0,18.4) (50.8,61.2) (38.8,49.2)
Time since cancer diagnosis F(. 572)=0.645; p=0.422
> 2 years 88.3 55.3 44.7
(86.3,89.7) (53.0,57.6) (42.4,47.0)
<2 years 11.7 52.4 47.6
(10.3,13.2) (45.5,59.2) (40.8,54.5)

Health status

F2.96, 1692.38 = 50.18; p < 0.001

@ Springer



1734

Journal of Cancer Survivorship (2025) 19:1726-1738

Table 2 (continued)

Overall sample

Physical activity

Statistical significance

Insu

(< 150 min/week)

fficiently active Sufficiently active
(=150 min/week)

Excellent 14.0
(12.6,15.6)
Very good 343
(32.3,36.4)
Good 33.1
(31.0,35.4)
Fair/poor 18.5
(16.8,20.5)
Obesity (BMI>30)
No 69.6
(67.5,71.6)
Yes 30.4
(28.4,32.5)
Chronic conditions (0-12)
Means 2.8
(2.7,2.9)

322 67.8
(26.9,37.9) (62.1,73.1)
46.9 53.1
(43.4,50.5) (49.5,56.6)
61.6 38.4
(57.6,65.5) (34.5,42.4)
75.4 24.6
(70.9,79.5) (20.5,29.1)
F i, 57=16.87; p <0.001
51.8 48.2
(49.3,54.3) (45.7,50.7)
62.2 37.8
(57.8,66.4) (33.6,42.2)
3.1 25 F 1, 572 = 63.6; p <0.001
(3.0,3.2) (2.5,2.6)

National Health Interview Survey (NHIS, 2020). National Center for Health Statistics (NCHS) — Centers for Disease Control and Prevention

Statistical significance was based on Rao-Scott Chi-Square test of independence (for categorical variables) and adjusted F-Test for continuous

variables. Alpha=0.05

"Non-Hispanic American Indian/Alska Native and Non-Hispanic Asian groups have been recoded as “Non-hispanic other” due to small percent-

ages in each of these categories

Table 3 Association between perceived walkability, metropolitan
size, and physical activity among cancer survivors in the U.S."

Predictors Prevalence Ratios (95%

Confidence Intervals)'

Perceived walkability 1.04%*

(1.01, 1.06)
Metropolitan size
Large central metro Reference
Large fringe metro 1.03

(0.91, 1.16)
Medium and small metro 1.12%

(1.00, 1.24)
Nonmetropolitan 0.98

(0.085, 1.14)

National Health Interview Survey (NHIS, 2020). National Center for
Health Statistics (NCHS) — Centers for Disease Control and Prevention
"The dependent variable is physical activity: Sufficiently active vs.
inactive/insufficiently active (reference group). ''Prevalence ratios
adjusted for age in years, biological sex, race/ethnicity, nativity, mari-
tal status, education level, employment status, federal poverty level,
health insurance coverage, cancer types, time since cancer diagnosis,
health status, obesity, and other chronic conditions

' p<0.001, ** p<0.01, * p<0.05

friends' social support, home environment for exercise,
and aesthetic attributes of the neighborhoods as having the
strongest associations with PA. Moreover, Stevens et al.’s

@ Springer

research showed a stronger positive association between
social and built environmental factors and PA among rural
cancer survivors in the action or maintenance stages of
change vs. those in the precontemplation, contemplation,
or preparation stages. However, the study was limited to
cancer survivors living in a rural county in Pennsylvania;
thus, findings may not be generalizable to other populations
of cancer survivors [24].

Previous research has investigated the built environment
and PA among survivors with a specific type of cancer. In
a study conducted by Trinh and colleagues (2016) using
the Alberta Cancer registry of kidney cancer survivors in
Canada between 1996-2010, a combination of residential
and commercial land use, as measured by the presence of
shops within walking distance from ones’ home, was linked
to adequate PA. However, no connection was seen between
PA levels and built environments characteristics deter-
mined through geographic information systems (GIS) [28].

Using the same registry, Tabaczynski et al. (2020) exam-
ined correlates of the built (GIS-based measures such as
median household income, population/park/local road/
intersection density, and number of shopping and recrea-
tion centers) and perceived environments (nine self-reported
measures such as traffic, neighborhood aesthetics, walking
distance to shops, access to exercise attire) with aerobic and
strength PA (separately and combined) among 651 kidney
cancer survivors. They found survivors living at walking
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distance to shops and with access to workout attire (two out
of nine perceived environment factors examined) were more
likely to meet the aerobic-only guidelines, and those with
access to workout attire were more likely to meet the com-
bined guidelines. Notably, the nine built environmental GIS
factors studied were not significantly associated with meet-
ing either of the PA guidelines [26]. Associations between
PA and geographic location (living in an urban area versus
living in rural/remote areas based on self-report or coun-
try-defined zip codes) were also not found to be significant
among 574 female breast cancer survivors who participated
in three different PA intervention studies in Australia. These
findings exemplify the dissonance between the built environ-
ment (GIS) vs. perception of the built environment and their
potential differential influence on PA [25].

In a smaller study of 165 prostate cancer survivors (mean
age 68.3) in Edmonton, Alberta, Canada, McGowan et al.
found no association between PA and built environment
measures, including 500 m buffer walkability and 1000 m
buffer walkability [27]. One possible reason for the apparent
positive links between walkability and PA as revealed in
our research could be that neighborhood walkability and
the opportunity for outdoor activity play a significant
role in promoting walking, a form of PA often preferred
by cancer survivors [40, 73, 74]. Supporting this idea, a
smaller survey of cancer survivors conducted by Lesser and
colleagues in 2021 showed the majority (83.3%) indicated
outdoor recreational areas (28.1%) and general residential
neighborhood (26.3%) as their preferred locations for
engaging in PA [29].

Other studies on metropolitan size and PA have yielded
somewhat mixed findings across different study samples.
Metropolitan size has been positively associated with
sufficient PA and with both leisure and transportation
walking among U.S. adults using past years of NHIS data
[75]. Using 2015 NHIS data, Whitfield (2019) reported
both leisure and transportation walking were less common
among rural compared to urban dwellers [76]. With
respect to the specific types of walking, the study reported
differences between urban and rural dwellers in the built
environment features associated with transportation walking,
but no difference between rural and urban residents in built
environment features associated with leisure walking.
Likewise, Mama et al. (2020) reported a significant
difference in sufficient PA between rural and urban cancer
survivors, with urban cancer survivors 2.6 times more likely
to meet aerobic PA recommendations (95% CI 1.1-6.4)
compared to rural cancer survivors in a sample of 591 cancer
survivors drawn from a state cancer registry in Central
Pennsylvania [36].

However, other studies have reported no difference
in sufficient PA by metropolitan size or walkability
among cancer survivors. Using 2006-2010 NHIS data,

Weaver et al. (2013) reported sufficient PA did not differ
significantly between rural (18.8%) and urban (22.8%)
cancer survivors [77], although physical inactivity (defined
as no PA) was significantly higher in rural compared to
urban cancer survivors (rural 50.7% vs. urban 38.7%).
One possible explanation for the null associations is that
some cancer survivors may prefer to be active indoors
or at home, depending on the kind of cancer and cancer
treatment they received. For example, Lawrence et al.
(2017) monitored activity and GPS location in a sample
of 31 colorectal cancer survivors ages 50 and over in Nova
Scotia, Canada and identified the home environment as
the main location for moderate-to-vigorous PA, with
a relatively small share of MVPA taking place in the
environment outside the home [32]. Another explanation
for variation in study findings may include differences in
study samples and measures; compared to our study of a
nationally representative sample of adult cancer survivors,
other study samples focused on older age groups [27,
32], were cancer-type specific [27, 32, 78], were gender-
specific [27], were location-specific in non-U.S. locations
[27, 32, 78], were drawn from locations offering limited
variability in built environment features [27, 32, 36, 78],
or were limited to a dichotomous measure of metropolitan
size (urban vs. rural) [36], compared to our study’s use of
six different categories of metropolitan size.

Strengths and limitations

It is important to evaluate the study’s results while
considering its strengths and limitations. This research
marks the initial attempts to explore PA in cancer survivors
based on their perception of neighborhood walkability
using a composite scale of eight neighborhood attributes.
This research also delves into PA patterns among cancer
survivors with a focus on the size of metropolitan areas,
distinguishing between medium and small, large fringe, and
large central metropolitan area residency, within a nationally
representative sample of cancer survivors in the U.S. This is
an important strength because findings from our study are
generalizable to U.S. cancer survivor populations, whereas
previous comparable studies are small-scale studies with
limited external validity or studies with simple convenience
design which increases risk of selection bias. Study data
are from a large, nationally representative random sample
of adult cancer survivors in the U.S., and we had sufficient
variability to consider metropolitan size, where previous
studies have examined urban vs. rural as a binary variable.

Limitations of the study include the cross-sectional
survey design, which limits inferences of causality and
directionality of the observed associations. With respect
to measures, PA was assessed via self-report and may
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vary from studies using more objective measures [79, 80].
Additionally, self-reported PA may be overestimated [80]
and subject to variations in interpretation [81] or social
desirability bias reporting [82]. Our measure of perceived
walkability [17] has not been validated across different
racial and ethnic groups [17], and responses based on
perceived walkability may vary based on comfort level
and security [16]. Moreover, findings from this study are
limited to perceived neighborhood walkability. It is plausible
that objective measures of traffic, crime, road conditions,
shops, public transportation, places for recreation, relaxing
areas, and presence of sidewalks captured with GPS or GIS
technologies would have yielded different results—in terms
of magnitude of associations and statistical significance—
in relation to MVPA levels among cancer survivors.
Furthermore, other important aspects of MVPA such as
exercise preferences, adherence, and maintenance were not
considered in this study [30, 31, 35].

Policy implications

Findings of this research have important implications for
crafting interventions aimed at facilitating moderate-to-
vigorous physical activities among cancer survivors. Based
on our findings, policies curbing environmental barriers
(such as traffic, crime, poor road conditions and sidewalks,
and limited public transportation) and promoting places
for recreation and relaxation to improve cancer survivors’
perception of walkability and facilitate physical activity in
neighborhoods are recommended. The results underscore
the significance of dedicating resources to enhance the urban
infrastructure for better walkability. They also emphasize the
need to extract insights from medium and small metropolitan
areas (e.g., walkable community models) and apply them to
various metropolitan areas to address the physical activity
gap between cancer survivors living in medium and small-
size metropolitan areas vs. those living in large central
metropolitan areas. Since the average age of cancer survivors
was 65 years in our study population, policy recommendations
promoting retirement in medium and small metropolitan
communities may be an attractive strategy more amenable to
the physical activity needs of cancer survivors.

According to the World Health Organization, 30-50%
of cancers are preventable [83]. Prevention of cancer
will not only be achieved by pressing cancer survivors
to adhere to regular MVPA but will depend on action on
the social determinants of health such as the built envi-
ronments and neighborhoods. This will necessitate bold
actionable strategies across different sectors of the govern-
ment (e.g., health, urban planning). The potential positive
long-term ramifications are great: reduce inequality in

@ Springer

the occurrence of cancer and advance the cause of health
equity in the U.S. [84].

Conclusion

Perceived neighborhood walkability is positively associated
with MVPA activities among cancer survivors, irrespective
of U.S. metropolitan size. Future studies should assess
the dissonance between the built environment captured
by GPS/GIS-based measures and perception of the built
environment so that cancer survivors’ perception of their
neighborhood environment aligns better with what is in
their neighborhood. Future research could consider the
potential moderating effects of other moderating variables
such as time since diagnosis, cancer type, chronic
diseases, and health status. These variables are unique
to cancer survivors and can provide additional insights
into the design of future interventions to increase PA.
Additional research on MVPA preferences, adherence,
and maintenance among cancer survivors is warranted.
Finally, since this survey was administered during the
COVID-19 pandemic, future studies could investigate
whether the associations found in this study have perdured
post-pandemic.
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