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Abstract

The Environmental Protection Agency created the National Walkability Index (Index) to compare
and analyze walkability among US communities. Index elements include design, distance to
transit, and diversity of land uses. Associations between the Index and walking behavior have not
been examined. This study describes associations between the Index and transportation and leisure
walking among US adults. Past week self-reported participation in transportation and leisure
walking among adults (n = 33,672) was obtained from the 2015 Cancer Control Supplement of
the National Health Interview Survey (NHIS) and analysis completed in 2019. Index scores were
linked to NHIS data based on the respondent’s residence and classified into least, below average,
above average, and most walkable communities. Associations between Index categories and
walking were examined with regression models. Overall, the Index was associated with a higher
likelihood of walking, especially for transportation. Transportation walking was more common in
areas with higher walkability (21.6%-51.6%, least to most walkable). Leisure walking was also
more common with greater walkability (48.4%-56.5%, least to most walkable). Transportation
and leisure walking by Index categories in urban areas were similar to the overall population;
however, it was not associated with walking in rural areas. US adults living in more walkable
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areas report more transportation and leisure walking, especially among urban areas. Consistent
with elements in the Index, associations were stronger for transportation than leisure walking.
Findings support the use of the Walkability Index by researchers, professionals, and other relevant
stakeholders as a viable indicator of walkability.
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1. Introduction

Despite the benefits of being physically active, 46% of US adults did not report enough
activity to meet the federal aerobic physical activity guideline in 2018 (Villarroel et al.,
2019). One way to increase physical activity is through increased walking, regardless of
whether the purpose is for transportation (to get from place to place) or leisure (for fun,
exercise, or relaxation). Step I/t Up! The Surgeon General’s Call to Action to Promote
Walking and Walkable Communities calls on Americans to be physically active and for
the nation to better support walking and walkability for everyone (U.S. Department of
Health and Human Services, 2015). Improving walkability means communities are created
or enhanced to make it safe and easy to walk, and pedestrian activity is encouraged for
everyone (Federal Highway Administration, 2008). Communities can implement multiple
strategies to help promote walkability, such as improved community design and supportive
programs, policies, and practices (Community Preventive Services Task Force, 2016).

Easy access to data on walkability can help guide public health, transportation, and planning
efforts to promote walking and walkability. In 2017, the Environmental Protection Agency
(EPA) created the National Walkability Index (Index) to make it easier for people to
examine, analyze, and compare neighborhood walkability using a free, easily accessed,

and transparent metric (Thomas and Zeller, 2017). The Index includes three elements—
design, distance to transit, and diversity, which are correlates of walking and commonly
used in urban planning and travel research (Ewing and Cervero, 2010). Given the elements
contained in the Index (Thomas and Zeller, 2017), we would expect it to be associated with
walking; however, no previous studies have examined this association.

Several factors may influence the association between the Index and walking, including
walking purpose and urban-rural status. The Index includes elements related to built
environment features that affect the likelihood of whether people will walk for transportation
(Ewing and Cervero, 2010; Thomas and Zeller, 2017) making it likely the Index will be
closely associated with transportation walking. However, it is less clear how the Index is
associated with walking for leisure, as it does not capture built environment features more
closely associated with leisure walking, such as pedestrian infrastructure and aesthetics
(Kang et al., 2017). Additionally, environmental correlates of physical activity, including
walking, may differ between urban and rural areas (Kegler et al., 2015; Whitfield et

al., 2019). Selection of Index elements was motivated by research on built environment
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moderators of travel behavior found in urban planning (Ewing and Cervero, 2010); however,
less is known about their usefulness in rural settings for predicting behavior.

Although there are cross-sectional studies examining the association between walkability
and walking, to our knowledge, they do not include a large, nationally representative
sample or the recently developed, freely accessible, and transparent Index. Therefore, this
study sought to: (1) describe the sociodemographic characteristics associated with living in
different Index categories and (2) examine the association between the Index and walking
for transportation and leisure overall and by urban and rural residences. Understanding

the context (transportation or leisure) and areas (urban, rural) the Index associates with
walking may be useful to public health and transportation professionals, and other relevant
stakeholders, as they analyze and compare their communities’” walkability.

2. Methods

2.1. Survey and analytic sample

The National Health Interview Survey (NHIS) is a continuous cross-sectional survey of a
random sample of US households (https://www.cdc.gov/nchs/nhis/index.htm). NHIS uses
a multistage area probability design to create a nationally representative sample of the non-
institutionalized, civilian population. This study used data from the 2015 core questionnaire
and the Cancer Control Supplement that included questions on walking. The 2015 NHIS
sample adult response rate was 55.2% (National Center for Health Statistics, 2016).

The study also used data from EPA’s Index database (https://www.epa.gov/smartgrowth/
smart-location-mapping)). Use of restricted geocodes (block group identifiers, urban/rural
residence) required Index data linked to NHIS data at the Research Data Center. This
linkage allowed us to capture information from the block group surrounding where one
resides. The Research Ethics Review Board of the National Center for Health Statistics
approved all NHIS activities; all participants provided informed consent.

The 2015 NHIS sample size for sample adults aged =18 years was 33,672, including the
Cancer Control Supplement. Adults who were unable to walk (2.1%) or were missing
information on selected characteristics or walking behavior (12.2%) were excluded.

2.2. Measures

NHIS respondents were classified by sex, age group (18-24, 25-34, 35-44, 45-64, or 265
years), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or other race), and
highest level of education completed (< high school graduate, high school graduate, some
college, or college graduate). Census region (Northeast, Midwest, Northeast, South, or West)
and residence type (urban or rural) was assigned based on interviewed household location.
Urban—rural residence was determined from the Census Bureau’s 2010 urban definition,
which is primarily based on residential population density and densely developed territory
(Ratcliffe et al., 2016). Areas not defined as urban are classified as rural (Ratcliffe et al.,
2016).

2.2.1. Transportation and leisure walking—To assess transportation walking,
respondents were asked, “During the past 7 days, did you walk to get some place that took
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you at least 10 minutes?” To assess leisure walking, respondents were asked, “Sometimes
you may walk for fun, relaxation, exercise, or to walk the dog. During the past 7 days, did
you walk for at least 10 minutes for any of these reasons? Please do not include walking for
transportation.” Respondents who reported they walked (walkers) were subsequently asked
to report the frequency and average duration of the walks. For walkers, weekly minutes of
walking for each domain were calculated by multiplying the frequency by the duration of the
walks. Respondents who did not walk or who reported average durations of < 10 min were
categorized as nonwalkers.

2.2.2. National walkability index—Community was defined as the block group of

the respondent’s residence. Community walkability was defined as the block group value
from the Index (Thomas and Zeller, 2017). The development of the Index and indicators

in the Index (https://www.epa.gov/smartgrowth/smart-location-mapping#walkability) have
been previously published and are summarized here (Thomas and Zeller, 2017). The Index
ranks block groups according to their relative walkability based on equal weighting of three
influences in urban planning (design, distance, and diversity). The Index is based on four
indicators: intersection density (design), proximity to transit stops (distance), and a mix of
employment and household types (diversity) (Ewing and Cervero, 2010; Hajna et al., 2015;
Karmeniemi et al., 2018; Saelens et al., 2003; Thomas and Zeller, 2017; Van Holle et al.,
2012). In addition to their association with active transportation, these variables were chosen
because data at the block group level is available and consistent. This limited set of variables
also helps make the Index simple and easily understood.

To assign the Index score, block groups first were ranked by each indicator into 20 quantiles.
Each indicator was then assigned a score from 1 to 20 where 20 corresponded to block
groups with the highest relative walkability. The block group ranked score for each indicator
was used to calculate the final Index score and were summed as follows: one-third of the
block group’s ranked score for intersection density (design), one-third of the block group’s
ranked score for proximity to transit stops (distance), one-sixth of the block group’s ranked
score for employment mix (diversity), and one-sixth of the block group’s ranked score for
employment and household mix (diversity). Block groups were then subdivided into the
following equal interval categories based on the Index score range (1-20):

. 1.00-5.75 Least walkable

. 5.76-10.50 Below average walkable
. 10.51-15.25 Above average walkable
. 15.26-20.00 Most walkable

2.3. Statistical analysis

Percentages were used to describe Index categories by demographic characteristics (sex, age
group, race/ethnicity, education level, and region). Chi-square tests were used to determine
whether the Index was associated with demographic characteristics. To determine where the
differences were, linear and quadratic contrasts and pairwise #tests were used to identify
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significant trends and differences by characteristic within each Index category. Other race/
ethnicity was not included in pairwise testing because of subgroup heterogeneity.

Separate models were estimated for transportation and leisure walking. Logistic regression
was used to examine associations between walking, a dichotomous variable, and Index
categories. Among walkers, linear regression was used to examine associations between
weekly walking minutes, a continuous variable, and Index categories. Given the approximate
lognormal distribution of weekly walking minutes among walkers, minutes were log-
transformed for analyses and subsequently back-transformed when reporting geometric
mean minutes. All models adjusted for demographic characteristics and included tests

for trends across Index categories. Because of renewed interest in place, e.g., geographic
locations, and rural health (Phillips and McLeroy, 2004), analyses were conducted overall
and stratified by urban—rural residence. Because no adults lived in the most walkable
community category in rural areas, analyses among rural adults were limited to the three
lesser categories.

SAS-Callable SUDAAN version 11.0 (Research Triangle Institute, Research Triangle Park,
NC) was used for all analyses, completed in 2019, to account for the complex sampling
design and to provide weighted estimates. Level of significance was £ < 0.05. Bonferroni
adjustments were used for multiple comparisons.

3. Results

3.1. National Walking Index and selected characteristics

3.2.

There was a significant association between walkability, assessed by the Index, and all
characteristics (P< 0.05). When examining the distribution of characteristics for each
Index category separately, the percentage of adults living in communities within each Index
category varied significantly across all selected characteristics overall (P< 0.05) (Table 1).
The highest percentage of adults living in least walkable communities was among each of
the following subgroups: women; adults aged 45 years or older; non-Hispanic white adults
(white); adults living in the South; and adults living in rural areas (Table 1). In comparison,
the highest percentage of adults living in most walkable communities was among each of
the following subgroups: adults aged 44 years or younger; Hispanic adults; adults who did
not graduate from high school, or who were a college graduate; and adults living in the
Northeast or West.

No adults living in rural areas lived in most walkable communities, and only 1% of adults
living in above average walkable communities lived in rural areas (Table 1). When stratified,
the percentages of adults living in least to most walkable communities by subgroup in urban
areas were similar to the overall group (Fig. 1a). Percentages of adults living in least to
above average walkable communities did not significantly vary by subgroup in rural areas
(Fig. 1b).

National Walking Index and walking prevalence

Overall, living in a community with a higher Index score was positively associated (P
< 0.05) with transportation walking (Table 2). A positive linear trend (P < 0.05) in
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transportation walking prevalence and the Index was observed ranging from 22% for

adults residing in least walkable communities to 52% for adults residing in most walkable
communities. After adjusting for selected characteristics, adults living in below average
walkable (aOR 1.18 [95% CI 1.05-1.33]), above average walkable (AOR 1.92 [1.66-2.33]),
and most walkable (AOR 2.88 [2.43-3.41]) communities were more likely to walk for
transportation compared with adults who lived in least walkable communities. Comparable
results were observed among adults in urban areas. However, the Index was not significantly
associated with transportation walking for adults in rural areas (Table 2).

Similar to the results for transportation walking, the Index was significantly associated with
leisure walking prevalence (P < 0.05) (Table 2). A positive linear trend (P < 0.001) in leisure
walking prevalence was observed and ranged from 48% for adults residing in least walkable
communities to 57% for adults residing in most walkable communities. After adjusting for
selected characteristics, adults living in below average walkable (AOR 1.13 [1.01-1.27]) and
most walkable (AOR 1.25 [1.08-1.45]) communities were more likely to walk for leisure
compared with adults who lived in least walkable communities. For adults in urban areas,
adults living in most walkable communities were more likely (AOR 1.25 [1.06-1.47]) to
walk for leisure compared with adults who lived in least walkable communities. The Index
was not significantly associated with leisure walking among adults in rural areas (Table 2).

3.3. National Walking Index and walking minutes

Among transportation walkers, the Index was associated (P < 0.05) with weekly
transportation walking minutes (Table 3). Although weekly minutes was not significantly
different among adults living in least walkable (55 min), below average (55 min), and

above average walkable communities (61 min), after adjusting for selected characteristics,
weekly transportation minutes among adults living in most walkable communities was
higher (adjusted ratio = 1.26 [1.13-1.40]; 71 min) than among adults living in least walkable
communities. Similar results were observed among adults in urban areas; however, there was
no significant association between the Index and weekly minutes of transportation walking
among adults in rural areas (Table 3).

Among leisure walkers, weekly geometric mean walking minutes was 79 min among adults
living in least walkable, below average walkable, and above average walkable communities
(Table 3). However, geometric mean walking minutes (86 min) was higher (adjusted ratio
1.10 [1.01-1.31]) among adults living in most walkable communities compared to adults
living in least walkable communities. Similar results were observed among adults in urban
areas; however, there was no significant association between the Index and weekly leisure
walking minutes among adults in rural areas (Table 3).

4. Discussion

Overall, the National Walkability Index was associated with a greater likelihood of walking,
especially for transportation. Similar patterns of walking participation and weekly minutes
from least to most walkable communities were observed among adults living in urban areas,
although the Index was not significantly associated with walking participation or weekly
minutes among adults living in rural areas. Understanding in what context and in what
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areas the Index is associated with walking may be useful to public health and other relevant
professionals as they assess their communities’ walkability (Mayne et al., 2013; Stockton et
al., 2016). This study’s findings show the Index may help identify areas in which to target
policies, practices, or programs aimed at improving walkability (Community Preventive
Services Task Force, 2016). Once identified, community engagement and the planning
process, which may include further investigation of the influences in urban planning, can
occur to determine how to best improve walkability. Practitioners and other stakeholders can
use recommended evidence-based built environment strategies that combine transportation
with land use and environmental design interventions to improve walkability (Community
Preventive Services Task Force, 2016).

Our findings showed variations in the Index by selected characteristics (i.e., adults who were
<44 years, Hispanic, had less than a high school graduation or who were a college graduate,
who were from the North and West, and who resided in urban areas live in most walkable
communities) and these were consistent, with few exceptions, with past studies examining
subgroup variations in Walk Score (Hirsch et al., 2013; Tuckel and Milczarski, 2015). A
panel study found younger adults (aged 25-44 years), non-Hispanic blacks, and adults with
lower socio-economic status (annual household incomes less than $30,000) more likely
lived in very or extremely walkable communities, as measured by Walk Score (Tuckel and
Milczarski, 2015). In contrast, our study found Hispanics more likely lived in most walkable
communities. Another study found a higher proportion of females, Hispanics, and adults
with lower education levels were located in communities deemed a “Walker’s Paradise”
than less walkable communities (Hirsch et al., 2013). How the walkability measure was
derived provides one possible reason for inconsistencies between this study and others—
from urban planning principles (design, distance to transit, and diversity) in this study and
by access to amenities (Walk Score) in the other studies (Thomas and Zeller, 2017; Tuckel
and Milczarski, 2015). Future research may want to further examine the inconsistency of the
literature on socio-demographics patterns across different levels of walkability.

Previous studies examining associations between walkability and transportation walking
found similar results to our results overall and for adults residing in urban areas (Hirsch et
al., 2013; Reyer et al., 2014; Tuckel and Milczarski, 2015; Vargo et al., 2012; Yang and
Diez-Roux, 2017); however, studies examining associations between walkability and leisure
walking observed different results (Hirsch et al., 2013; Tuckel and Milczarski, 2015; Yang
and Diez-Roux, 2017). For example, a study of US adults in a large metropolitan city used
free, publicly available data from Google to measure walkability and found adults in more
walkability areas were more likely to make more of their trips by walking (Vargo et al.,
2012). A study of German adults found walkability, based on the Neighborhood Quality of
Life Study Walkability Index (Frank et al., 2010), to be associated with weekly minutes and
trips of transportation walking (Reyer et al., 2014). Other studies also found walkability,
measured using Walk Score, positively associated with transportation walking prevalence
(Hirsch et al., 2013; Tuckel and Milczarski, 2015; Yang and Diez-Roux, 2017) and minutes
per week (Hirsch et al., 2013; Tuckel and Milczarski, 2015; Yang and Diez-Roux, 2017).

Unlike our study, studies that examined the association between walkability, measured using
Walk Score, and leisure walking found associations to be either not significant (Tuckel and
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Milczarski, 2015; Yang and Diez-Roux, 2017) or in the undesired direction (Hirsch et al.,
2013). Lack of positive associations between walkability, using Walk Score, and leisure
walking in previous studies is not surprising as more walkable areas, based on greater access
to destinations (Walk Score), may not be as relevant or play as important a role to walking
for fun, exercise or relaxation as it is to walking to get from place to place. Walkability in
this study was based on urban planning elements of which there may be some association
with leisure walking (Kang et al., 2017).

We found no significant association between the Index categories, which use a geographic
composite measure of diversity, design, and distance to transit, and walking behavior in
rural areas. Even with a sensitivity analysis with new Index quartiles based on the Index
range in rural areas, we found no significant association. Other studies have not reported
on this association; however, a study among rural women found no association between
Walk Score and moderate-to-vigorous physical activity (Lo et al., 2019). One reason may
be walkability is not associated with walking in rural areas; however, another reason

may be the elements in the Index, identified through urban planning research, may not
capture elements important to walkability in the rural setting. For these reasons and our
finding that 99% of rural-residence was in least walkable or below average walkable areas,
examining the association between the Index and walking in rural areas was challenging.
Rural settings can also be very heterogeneous in rurality, where settings span from small
towns to isolated geographic areas (Fan et al., 2015). Furthermore, there may be additional
rural-specific barriers to walking to consider. Additional research may help identify elements
for developing a rural-based walkability index that could be more closely associated with
walking, incorporate differences in rurality, and be useful for practitioners working among
rural settings. Future research on effect modification by variables other than urban-rural
status may be useful to practitioners and stakeholders working in urban or rural settings.

This study has several limitations. First, walking is based on self-report and subject to recall
and social-desirability biases (Sallis and Saelens, 2000). In particular, minutes spent walking
may be over- or under-estimated. However, there is no plausible reason for the biases

to differ among the Index categories. Furthermore, patterns for weekly walking minutes
were similar to walking prevalence. Survey response rates could contribute to response

bias if there was a systematic difference between responders and nonresponders. However,
NHIS data are weighted to adjust for nonresponse. Next, there were significant differences
between participants included and excluded from analyses. However, distribution differences
between the included sample and overall for each subgroup were < 1% and with imputed
missing data, there was minimal to no change in the odds ratio estimates and no change

in significance across both walking domains in the overall sample. Third, this study may
have missed other factors (e.g., safety, security, comfort, car ownership) related to walking
(Doyle et al., 2006; Pate et al., 2018). For example, crime is a complex mix of perception
and prevalence and high-quality free national data were not available. Fourth, it may be
inaccurate to assume the block group is the area most associated with a person’s walking
behavior (Berrigan et al., 2015). For example, a study using GPS data indicated many people
spend much of their waking time in different Census geographies (Zenk et al., 2011); social
characteristics of these areas differ from the home census tract (Jones and Pebley, 2014).
Finally, different weighting of the components of the Index have not been explored. Future
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studies examining “activity space” and residential census geographies, as well as the effect
of applying different weights to the Index components, may enhance understanding of the
relationship between the Index and walking behavior.

This study has several of strengths. Richness of the data and large sample size enabled
multiple, stratified analyses of the Index and walking among US adults, controlling for a
number of selected characteristics. In addition, by conducting the analyses at the Research
Data Center, it was possible to obtain the geographic information needed to link walkability
with behavioral data and to stratify the analyses by urban-rural residence. Finally, this study
explores a measure of walkability which is readily available, accessible nationwide, and
easily understood.

5. Conclusions

US adults living in more walkable areas report more transportation and leisure walking,
especially among urban areas. Consistent with elements used in the Walkability Index,
associations were stronger for transportation than for leisure walking. Findings support the
use of the Walkability Index, a free, publicly available, standardized measure of walkability,
by researchers, professionals, and other relevant stakeholders as a viable indicator of
walkability.

References

Berrigan D, Hipp JA, Hurvitz PM, James P, Jankowska MM, Kerr J, Laden F, Leonard T, McKinnon
RA, etal., 2015. Geospatial and contextual approaches to energy balance and health. Ann. GIS 21,
157-168. [PubMed: 27076868]

Community Preventive Services Task Force, 2016. Physical Activity: Built Environment Approaches
Combining Transportation System Interventions With Land Use and Environmental Design.

Doyle S, Kelly-Schwartz A, Schlossberg M, Stockard J, 2006. Active community environments and
health: the relationship of walkable and safe communities to individual health. J. Am. Plann. Assoc
72,19-31.

Ewing R, Cervero R, 2010. Travel and the built environment. J. Am. Plan. Assoc 76, 265-294.

Fan JX, Wen M, Kowaleski-Jones L, 2015. Sociodemographic and environmental correlates of active
commuting in rural America. J. Rural. Health 31, 176-185. [PubMed: 25066252]

Federal Highway Administration, 2008. A Resident’s Guide for Creating Safe and Walkable
Communities, Washington, DC.

Frank LD, Sallis JF, Saelens BE, Leary L, Cain K, Conway TL, Hess PM, 2010. The development of
a walkability index: application to the Neighborhood Quality of Life Study. Br. J. Sports Med 44,
924-933. [PubMed: 19406732]

Hajna S, Ross NA, Brazeau AS, Belisle P, Joseph L, Dasgupta K, 2015. Associations between
neighbourhood walkability and daily steps in adults: a systematic review and meta-analysis. BMC
Public Health 15, 768. [PubMed: 26260474]

Hirsch JA, Moore KA, Evenson KR, Rodriguez DA, Diez Roux AV, 2013. Walk Score(R) and Transit
Score(R) and walking in the multi-ethnic study of atherosclerosis. Am. J. Prev. Med 45, 158-166.
[PubMed: 23867022]

Jones M, Pebley AR, 2014. Redefining neighborhoods using common destinations: social
characteristics of activity spaces and home census tracts compared. Demography 51, 727-752.
[PubMed: 24719273]

Kang B, Moudon AV, Hurvitz PM, Saelens BE, 2017. Differences in behavior, time, location, and built
environment between objectively measured utilitarian and recreational walking. Transp. Res. D
Transp. Environ 57, 185-194. [PubMed: 30220861]

Prev Med. Author manuscript; available in PMC 2021 October 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Watson et al.

Page 10

Karmeniemi M, Lankila T, Ikaheimo T, Koivumaa-Honkanen H, Korpelainen R, 2018. The built
environment as a determinant of physical activity: a systematic review of longitudinal studies and
natural experiments. Ann. Behav. Med 52, 239-251. [PubMed: 29538664]

Kegler MC, Alcantara I, Haardorfer R, Gemma A, Ballard D, Gazmararian J, 2015. Rural
neighborhood walkability: implications for assessment. J. Phys. Act. Health 12 (Suppl. 1), S40-
S45. [PubMed: 25155646]

Lo BK, Graham ML, Folta SC, Paul LC, Strogatz D, Nelson ME, Parry SA, Carfagno ME, Wing
D, etal., 2019. Examining the associations between walk score, perceived built environment,
and physical activity behaviors among women participating in a community-randomized lifestyle
change intervention trial: strong hearts, healthy communities. Int. J. Environ. Res. Public Health
16.

Mayne DJ, Morgan GG, Willmore A, Rose N, Jalaludin B, Bambrick H, Bauman A, 2013. An
objective index of walkability for research and planning in the Sydney metropolitan region of New
South Wales, Australia: an ecological study. Int. J. Health Geogr 12, 61. [PubMed: 24365133]

National Center for Health Statistics, 2016. 2015 National Health Interview Survey (NHIS) Survey
Description.

Pate R, Berrigan D, Buchner D, Carlson S, Dunton G, Fulton J, Sanchez E, Troiano R, Whitehead J,
et al., 2018. Actions to improve physical activity surveillance in the United States. In: Perspectives
N. (Ed.), NAM Perspectives. National Academy of Medicine, Washington, DC.

Phillips CD, McLeroy KR, 2004. Health in rural America: remembering the importance of place. Am.
J. Public Health 94, 1661-1663. [PubMed: 15451725]

Ratcliffe M, Burd C, Holder K, Fields A, 2016. Defining rural at the U.S. Census Bureau:

American Community Survey and Geography Brief. U.S. Department of Commerce Economics
and Statistics Administration, U.S. Census Bureau.

Reyer M, Fina S, Siedentop S, Schlicht W, 2014. Walkability is only part of the story: walking for
transportation in Stuttgart, Germany. Int. J. Environ. Res. Public Health 11, 5849-5865. [PubMed:
24886755]

Saelens BE, Sallis JF, Frank LD, 2003. Environmental correlates of walking and cycling: findings from
the transportation, urban design, and planning literatures. Ann. Behav. Med 25, 80-91. [PubMed:
12704009]

Sallis JF, Saelens BE, 2000. Assessment of physical activity by self-report: status, limitations, and
future directions. Res. Q. Exerc. Sport 71 (Suppl. 2), 1-14.

Stockton JC, Duke-Williams O, Stamatakis E, Mindell JS, Brunner EJ, Shelton NJ, 2016.
Development of a novel walkability index for London, United Kingdom: cross-sectional
application to the Whitehall 11 Study. BMC Public Health 16, 416.

Thomas J, Zeller L, 2017. National Walkability Index User Guide and Methodology. Environmental
Protection Agency.

Tuckel P, Milczarski W, 2015. Walk Score(TM), perceived neighborhood walkability, and walking in
the US. Am. J. Health Behav 39, 242-256. [PubMed: 25564837]

U.S. Department of Health and Human Services, 2015. Step It Up! The Surgeon General’s Call to
Action to Promote Walking and Walkable Communities. U.S. Department of Health and Human
Services, Office of the Surgeon General, Washington, DC.

Van Holle V, Deforche B, Van Cauwenberg J, Goubert L, Maes L, Van de Weghe N, De Bourdeaudhuij
I, 2012. Relationship between the physical environment and different domains of physical activity
in European adults: a systematic review. BMC Public Health 12, 807. [PubMed: 22992438]

Vargo J, Stone B, Glanz K, 2012. Google walkability: a new tool for local planning and public health
research? J. Phys. Act. Health 9, 689-697. [PubMed: 21946250]

Villarroel MA, Blackwell DL, Jen A, 2019. Tables of Summary Health Statistics for US Adults: 2018
National Health Interview Survey. National Center for Health Statistics.

Whitfield GP, Carlson SA, Ussery EN, Watson KB, Berrigan D, Fulton JE, 2019. National-level
environmental perceptions and walking among urban and rural residents: informing surveillance of
walkability. Prev. Med 123, 101-108. [PubMed: 30878571]

Prev Med. Author manuscript; available in PMC 2021 October 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Watson et al. Page 11

Yang Y, Diez-Roux AV, 2017. Adults’ daily walking for travel and leisure: interaction between attitude
toward walking and the neighborhood environment. Am. J. Health Promot 31, 435-443. [PubMed:
27756817]

Zenk SN, Schulz AJ, Matthews SA, Odoms-Young A, Wilbur J, Wegrzyn L, Gibbs K, Braunschweig
C, Stokes C, 2011. Activity space environment and dietary and physical activity behaviors: a pilot
study. Health Place 17, 1150-1161. [PubMed: 21696995]

Prev Med. Author manuscript; available in PMC 2021 October 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Watson et al.

Page 12

149.7%|
ssn  las.oxfss 45.1% 16757 1%] 62 bacet
42.5% :
0.0%57 55
20%
11.2% 10.6%]11.7% 10.9%| 9.9 [10.5%12.0%]12.6%] 127%h11.5% o |5 a% .55 [11:4%[12.2%]11.0%|
%
> S Q& (Y N > > 5] & e & > & < )
* & S & & S & X
<3 I & R & & & F &0
< R STEELE
& & & NWC R S
& & ') & & ) NG
*é& \’«"& R «,& o £
A. Adults residing 9 o &
in urban areas Oleast Walkable O Below Average Walkable @ Above Averag lkabl @ Most bl
1005 19% 12% 0.8% 1.8% 0.9% 1.1% 0.6% 1.3% 0.9% 0.4% 02% 5.7% 0.8% 0.9% 0.8% 1.6% 3.4% 0.0% 1.0% 0.5%
— hs el
29.1% 130.3%30.8%
133.3% 133.4%{33.3%) 304% 31.2%)34 5| 33.3%32.7%) 2a.8% 2.4%|32.2 33.6%)
80% 39.7% 5% 42.7%| 8.7%|
144.9%)
60% _— | ||
40%
65.7%) 65.4%65.9%| 68.7%0 > 2| 82%]64.2% l65.8%]66.9%) 69.5%) 70.1%}66.7%67.1% 66.4%]68.6
58.6% & I57.2%) 59.7%)
51.7%
20%
%
A o o Y S > » "ol & & & > < & & & > o
4 ¢ & LAY S A S 3 F & & & F &
<9 S ¢\°6‘ & DA N Q‘\"Q Q}"Q’b Q}"Q Q}" ";’(\ (bbo (9\\0’ b‘)‘b & \s,\ ‘700 &
& & & %é\ oo\Q’ 06& ‘gﬂ’ ©
S &'
& & & & & # (5}\
N 0& & N
N & W

B. Adults residing

in rural areas OlLeast Walkable OBelow Average Walkable DAbove Average Walkable (% listed above bar)

Fig. 1.

D?stribution of the National Walkability Index categories among US adults by sex, age
group, race/ethnicity, education level, and Census region, stratified by urban-rural residence.
Note: Each characteristic was significantly associated with the Index (p < 0.05). Therefore,
for each Index category pairwise and trend tests, where applicable, were conducted.
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