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In the United States roughly 34% of adults are
obese.1 Obesity increases the risk of many
chronic diseases including cardiovascular dis-
ease, diabetes, and some cancers.1–3 Further-
more, non-Hispanic Black people and less-edu-
cated individuals are more likely to be obese
compared with non-Hispanic White people and
more educated individuals.4,5

Given the high prevalence of obesity, recent
research has focused on the role the built
environment plays in influencing individual
physical activity, modes of transportation, and
health outcomes. Few studies have examined the
association between the built environment and
obesity across neighborhoods of varying racial
and socioeconomic composition. Rather, associa-
tions have been documented among varying
populations and geographic locations without
regard for contextual neighborhood factors.

Numerous features of the built environment
have been associated with physical activity (which
can prevent and reduce obesity), including resi-
dential density, land-use mix, urban sprawl, in-
tersection density, walkability, park availability,
and accessibility to physical activity-related re-
sources.6–13 One study found that neighborhoods
with higher socioeconomic status (SES) had an
increased likelihood of having1or more physical
activity facilities; more facilities were also asso-
ciated with an increased likelihood of achieving
moderate to vigorous physical activity.14 Land-
use mix, nearby destinations, and the presence of
sidewalks have been associated with less obe-
sity14–18 but little research has investigated dif-
ferences stratified by neighborhood characteris-
tics. Furthermore, few studies have developed
measurement models for walkability. The use
of a composite neighborhood walkability score
would reduce the likelihood of finding associa-
tions by chance alone (i.e., type I error). 19,20

To investigate the association between
neighborhood walkability and obesity, we
implemented an environmental audit in several
Baltimore neighborhoods that measures the
microscale features of the pedestrian environ-
ment.21 We hypothesized that individuals living
in neighborhoods with higher walkability would

have a lower prevalence of obesity than in-
dividuals living in neighborhoods with lower
walkability. Our secondary hypothesis was that
the association between neighborhood walkabil-
ity and obesity would differ by neighborhood
race and socioeconomic composition.

METHODS

The Healthy Aging in Neighborhoods of
Diversity across the Life Span (HANDLS) study
is a multidisciplinary, prospective epidemio-
logic study set in Baltimore City, Maryland. The
study objective is to examine the influence and
interaction of race and SES on the develop-
ment of cardiovascular health disparities
among urban-dwelling minority and lower SES
groups. Details of the study are presented
elsewhere.22 The HANDLS study was stratified
across 4 factors: age, gender, race, and SES.
Baseline recruitment included 3493 Black and
White adults aged 30 to 64 years of high- and
low-SES living in 12 neighborhoods across Bal-
timore. Each neighborhood was defined by the

boundaries of 2 to 5 census tracts. Data collec-
tion was implemented in 2 stages: (1) an in-home
household survey and (2) a physical examination
and medical history in mobile research vehicles.
Survey and medical information is confidential
and approved by the Medstar Research Institute.

Study Population

HANDLS participants were selected from 12
predefined Baltimore neighborhoods that were
likely to meet the age, race, gender, and SES
design specifications. Recruitment and sam-
pling contractors produced household listings
to identify residential dwellings in each neigh-
borhood. The contractors performed doorstep
interviews, identified eligible persons in each
household, selected 1 of 2 eligible persons per
household and invited the eligible candidates
to participate in HANDLS. Participants had to
be aged 30–64 years, have the ability to give
informed consent, perform at least 5 study
measures, and present valid picture identifica-
tion. Individuals were excluded from the study
if they were pregnant, within 6 months of
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active cancer treatment, or multiethnic indi-
viduals who did not identify strongly with
either the Black or White race.

Individual-Level Household Interview

Measures

Individual-level demographic measures from
the HANDLS in-home questionnaire included
self-reported age, gender, race, education, house-
hold income and general health status. Low-
SES was defined as having a household income
below 125% of the poverty threshold. General
health status was measured using the 12-item
Short Form Health Survey (SF-12).23 Perceived
crime was evaluated with 3, 5-point Likert scale
questions on how common serious crime, drug
and gang activity was in their neighborhood.
Participants also reported on the main mode of
transportation used for traveling outside of their
neighborhood from the following options: car,
someone else’s car, public transportation,
walking.

Neighborhood Census Measures

Neighborhood race and SES were determined
using data from the 2000 US Census. Neighbor-
hoods were classified as predominately Black
or White if 60% or more of the residents were
Black or White, respectively.24 Only 3 tracts
failed to meet these criteria and less than 2%
of the people in those tracts were not Black or
not White. Consequently, these racially mixed
tracts were classified by their racial majority.
Neighborhood SES was determined by the per-
centage of individuals in the tract living in
poverty. Census tracts with 25% or more of
residents living below the poverty threshold
were categorized as low-SES and those with less
than 25% living below the poverty threshold
were categorized as high-SES. These cut-points
were determined based on median percent
poverty for the census tracts included in the
study.

Neighborhood Walkability

The Pedestrian Environment Data Scan
(PEDS) was implemented to evaluate the pe-
destrian walking environment for exercise and
transportation.21 The audit captures microscale
features that are frequently apparent to pedes-
trians but not easily captured in publicly avail-
able data and has been conceptualized into 4
sections: uses and design, pedestrian facilities,

road attributes and the walking/cycling envi-
ronment. The PEDS audit has demonstrated
moderate to high reliability for most items and
was comparable in reliability to other environ-
mental audits (j statistics>0.70).21

To implement the PEDS audit in neighbor-
hoods of HANDLS participants, pairs of trained
raters systematically assessed a 20% random
sample of street segments. The literature in-
dicates that a 20% sample is an appropriate
selection size for measuring physical features in
a neighborhood.25 In addition, roughly 30%
of street segments in HANDLS neighborhoods
were alley streets. Therefore, a 5% random
sample of alley streets was taken from each
neighborhood. These segments were sampled
separately to increase the likelihood of capturing
segments most often traveled by pedestrians;
alleys were determined less ideal for walking or
physical activity because of safety reasons. Street
segments were selected using geographic infor-
mation system technology and street files from
the US Census. Segments inaccessible to pedes-
trians, such as limited-access highways and
ramps, were not included for sample selection.
Auditors worked in pairs and discrepancies were
reconciled on-site. A 5% reliability sample was
conducted for each neighborhood where pairs of
raters assessed the same segments for quality
control purposes; j statistics were high, ranging
from 0.75 to 0.99 for most PEDS items.

Obesity and Physical Activity

Medical staff measured height and weight
using standard measurement tools when the
participant visited the mobile research vehicle.
Body mass index (BMI, defined as weight in
kilograms divided by height in meters squared)
was calculated from these measurements, and
obesity was defined as a BMI of 30 or higher.3

Physical activity was self-reported using the
Houston Physical Activity Scale for a subset of
HANDLS participants (n=717).26

Statistical Analysis

To construct a walkability score with data
from the PEDS audit, we conducted a confir-
matory factor analysis using the statistical
modeling program MPlus (Muthén & Muthén,
Los Angeles, CA).27 A 1-factor model for both
categorical and continuous dependent variables
was chosen with a weighted least-squares
mean and variance estimator. After reviewing

Spearman and Pearson correlation matrices for
PEDS data, 7 indicators were included in the
initial model (type of intersection, obstructions in
the sidewalk, connections to other sidewalks and
crosswalks, stop signs, absence of traffic control
devices, crosswalks and absence of amenities
such as mailboxes and benches). These were
chosen based on both empirical (inter-item
correlations‡0.40) and theoretical evidence
from previous literature.17, 28 For each iteration,
the adequacy of the model fit was evaluated
using the following statistics to assess the degree
of fit between the estimated and observed
variance/covariance matrix: c2 test, the relative
likelihood ratio (c2/df), the comparative fit index,
weighted root mean square residual (WRMR)
and the Tucker–Lewis Index. Based on the final
model, factors scores for walkability were de-
termined for each HANDLS neighborhood.

Participant characteristics were stratified
by tertiles of neighborhood walkability. The
percentage of obese individuals for each walk-
ability tertile was calculated using 1-way anal-
ysis of variance and stratified by neighborhood
race and SES.

Prevalence ratios were estimated using
multilevel (random-effects) log-binomial
models with a random intercept for each
neighborhood. The main exposure variable
was walkability, a latent construct comprised
of the PEDS variables identified by confirma-
tory factor analysis. Because there are not
standard cut-points for this scale, walkability
was categorized by tertiles (3 categories) to
estimate associations on a gradient of low to
high walkability. The main dependent variable
was obesity.

All regression models were adjusted for
individual-level variables (age, gender, race,
education, poverty status, and self-reported
health) and stratified by neighborhood race
and SES. To investigate possible mediation
pathways, the perception of crime, physical
activity and main mode of transportation were
assessed in independent regression models.
Adjustment for all 3 potential mediators in
the same model was also investigated. All
analyses were conducted using Stata version
10.0 (StataCorp LP, College Station, TX); the
generalized linear latent and mixed models
procedure. Participants with missing data for
primary outcomes were excluded from analy-
ses and evaluated for exclusion bias.
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RESULTS

The final model included 4 indicators: con-
nections to other sidewalks and crosswalks, the
presence of stop signs, obstructions in the
sidewalk, and designated crosswalks (Figure 1).
Thus, walkability in this study refers to the
connectivity and ease of transportation for
pedestrians in a neighborhood. All estimates
were significant (P<.05) with loadings ranging
in magnitude from 0.480 to 0.895. The c2

value was 2.31 with 2 degrees of freedom
(P=.316). This yielded a relative likelihood
ratio (c2/df) of 1.16 where values less than 3
indicate good fit. In addition, the comparative
fit index and Tucker–Lewis Index were high
(0.979 and 0.969, respectively) and the WRMR
was less than 1 (WRMR=0.278). Walkability
factor scores for HANDLS neighborhoods
ranged from –0.809 to 0.752 with a mean
score of zero. Overall, the results supported the
hypothesized model for walkability.

Significantly more Black people resided in
medium-walkability neighborhoods (86%)
with the majority of White people residing in
low-walkability neighborhoods (65%; P<.001;
Table 1). Individuals above the poverty
threshold were significantly more likely to
reside in low-walkability neighborhoods
(P<.001). Reporting the use of a car as a main
mode of transportation was significantly more
frequent among those that lived in low-walk-
ability neighborhoods (P<.001). Of the total
participant population, 43% were obese and
29% were overweight. A higher percentage of
obese participants resided in low-walkability
neighborhoods (45%) compared with high-
walkability neighborhoods (38%; P=.004).
Significantly more individuals in predomi-
nately Black neighborhoods resided in me-
dium-walkability neighborhoods although
more individuals in low-SES neighborhoods
resided in high-walkability neighborhoods
(P<.001). There was no difference in age,
gender, health insurance, education, or self-
reported health by neighborhood walkability
(P >.05).

Among individuals residing in predomi-
nately White neighborhoods, mean BMI was
lower for participants that lived in high-walk-
ability neighborhoods (P =.016; Table 2). A
similar significant association was shown for

individuals living in high-SES neighborhoods
(P<.001). There was no significant association
between obesity and neighborhood walkability
for individuals residing in predominately Black
and low-SES neighborhoods (P >.05).

Overall, there was no significant association
between neighborhood walkability and obesity
after adjustment for demographic characteris-
tics (Table 3). Among individuals living in pre-
dominately White neighborhoods, residing in
a high walkability neighborhood (highest tertile
of walkability) was associated with a significantly
lower prevalence of obesity compared with
individuals living in neighborhoods with poor
walkability (lowest tertile) (prevalence ratio
[PR]=0.58; P<.001). A similar association for
obesity was found among individuals residing in
high- and low-SES neighborhoods (PR=0.80;
P=.004 and PR=0.83; P=.046, respectively).
There was no significant association among
individuals residing in predominately Black
neighborhoods.

For individuals residing in low-SES neigh-
borhoods, the association between walkability
and obesity became insignificant after addi-
tionally adjusting for main mode of trans-
portation (PR=0.85; P=.060); in a similar
approach, independently adjusting for the per-
ception of crime did not alter significance
findings for the association between walkability
and obesity in these neighborhoods. Further-
more, in predominately White and high-SES
neighborhoods, controlling for perceived crime

and main mode of transportation did not
significantly attenuate prevalence ratio esti-
mates and associations remained significant.

Among individuals residing in low-SES
neighborhoods, the association between walk-
ability and obesity was significantly attenuated
after controlling for physical activity (PR=1.06;
P=.753) in this small subset of participants
(n=281). Conversely, controlling for physical
activity did not significantly alter prevalence
ratio estimates for individuals residing in pre-
dominately White or high-SES neighborhoods.

DISCUSSION

Previous literature suggests that several at-
tributes of walkability are associated with
physical activity and obesity,6–18 but few studies
have examined these associations by neighbor-
hood characteristics such as race and SES.14 Our
findings indicated that among individuals resid-
ing in predominately White or high-SES neigh-
borhoods, a highly walkable neighborhood was
associated with lower obesity compared with
individuals living in poorly walkable neighbor-
hoods after controlling for demographic vari-
ables and investigating possible intermediate
variables.

There are 2 key explanations for these
findings. First, national data have shown that
White people report more leisure-time physical
activity compared with Black people.29 Thus,
individuals living in predominately White

FIGURE 1—Standardized factor loadings (with SEs) for indicators of walkability.
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neighborhoods may be more likely to observe
or socialize with active neighbors and, conse-
quently, be more likely to engage in physical
activity in an effort to maintain or lose weight.
Prior research has indicated that observing the
exercise habits of peers and neighbors may be
beneficial for improving individual physical ac-
tivity behaviors.30–32 In these neighborhoods,
a walkable neighborhood environment may
promote and increase the likelihood of activity
and, subsequently, lower obesity. In contrast,

there was no association between neighborhood
walkability and obesity among individuals re-
siding in predominately Black neighborhoods.
This may be because few individuals inclined to
engage in activity, regardless of the environment.
One reason for less activity may be concern for
neighborhood safety.30,33,34 A study conducted
in Los Angeles and Louisiana determined that
Blacks more often perceived their neighborhood
as unsafe and that this neighborhood perception
was most strongly associated with less frequent

utilitarian walking.35 Indeed, the perception of
crime in HANDLS was more often reported
among individuals residing in highly walkable,
predominately Black neighborhoods; thus, crime
may negate any univariate association between
walkability and obesity in these neighborhoods.

Second, individuals living in high-SES
neighborhoods may drive cars more often for
daily transportation (e.g., to work, stores) than
do individuals living in low-SES neighbor-
hoods. We found that 64% of individuals
residing in high-SES neighborhoods reported
using a car as their main mode of transporta-
tion compared with 36% of individuals in low-
SES neighborhoods. Therefore, high-SES
neighborhoods that are conducive for walking
may facilitate more leisure activity and, sub-
sequently, lower obesity. The measures used to
capture this activity may not have been sensi-
tive enough. In contrast, individuals living in
low-SES neighborhoods may walk for trans-
portation out of necessity. Fifty-one percent of
individuals in low-SES neighborhoods reported
either walking or using public transportation
most often and those who reported walking or
using public transportation had significantly
lower BMI compared with those who drove
cars. Indeed, there was no significant associa-
tion between walkability and obesity after
controlling for mode of transportation. Eco-
nomic factors can have a strong impact on how
the built environment is developed.36 For
example, low-SES neighborhoods are more likely
to have public transportation routes within
walking distance of residential areas. Further-
more, individuals in these neighborhoods may
commute longer distances to reach jobs in areas
of economic prosperity, which translates to
greater active transport.

Although few studies have examined asso-
ciations between walkability and obesity strat-
ified by neighborhood characteristics, reports
in the literature have been consistent in finding
that, even after controlling for individual-level
SES, living in an economically deprived neigh-
borhood increases the likelihood of being
obese or having a high BMI.37–39 Similar
associations for neighborhood race have been
documented,37 although the literature has been
less consistent. Two studies found no association
between neighborhood race and obesity,39,40

and 1 study found that neighborhood racial iso-
lation was significantly associated with obesity

TABLE 1—Participant Characteristics Stratified by Neighborhood Walkability: HANDLS

Study, Baltimore, MD, 2004–2008

Participant Measures Overall, %

Low Walkability

(n = 1231), %

Medium Walkability

(n = 1143), %

High Walkability

(n = 1116), % P

Demographics

Race

White 39.7 64.5 13.7 39.2 < .001

Black 60.3 35.6 86.3 60.8

Mean age, y 47.7 47.6 47.9 47.7 .787

Female 54.5 53.6 56.2 53.9 .382

Above poverty threshold 58.9 63.7 58.4 53.9 < .001

Health insurance (yes) 65.8 67.9 64.8 64.8 .192

< High school education 27.0 29.0 24.7 27.3 .066

Self-reported health

Poor to good 67.8 69.8 66.9 66.5 .17

Very good to excellent 32.2 30.2 33.1 33.5

Main mode of transportation

Walking/public transit 36.5 31.7 38.9 39.1 < .001

Car 63.5 68.3 61.2 60.9

Health outcomes and behaviors

BMI,a kg/m2

Normal (< 25.0) 28.4 27.2 25.2 32.7 .004

Overweight (25.0–29.9) 29.0 28.0 29.8 29.3

Obese (‡ 30.0) 42.7 44.8 45.0 38.0

Physical activityb

Inactive to moderately active 55.1 60.5 39.6 60.9 < .001

Active 44.9 39.5 60.4 39.1

Neighborhood characteristics

Neighborhood race

Predominately White 36.1 55.6 5.2 46.2 < .001

Predominately Black 63.9 44.4 94.9 53.9

Neighborhood SES

High 55.3 64.3 55.0 45.6 < .001

Low 44.7 35.7 45.0 54.4

Note. BMI = body mass index; HANDLS = Healthy Aging in Neighborhoods of Diversity across the Life Span; SES = socioe-
conomic status. BMI was defined as weight in kilograms divided by height in meters squared. Sample size was n = 3493.
aIncludes approximately 77% of household interview participants.
bReported for a subset of HANDLS participants (n = 717).
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among Black residents only.41 This research
suggests that the effects of neighborhood-level
race and SES may be at least partially mediated
through differential access to health-promoting
or health-constraining environments and re-
sources.32 Indeed, previous literature indicates
that physical activity resources are less likely to
be located in lower-SES and minority neighbor-
hoods.14 In addition, 1 study determined that
residing in high- versus low-walkability neigh-
borhoods increased weekly physical activity but
found no difference by neighborhood income.20

Despite these previous and current findings,
some caution in interpretation should be noted.
Adjusting for individual-level demographics may,
in fact, be an overadjustment and result in
overestimation if these demographic variables
are antecedent to the exposure and not true
confounders.

Sampling is paramount when conducting
observational studies intended to determine

the effects of neighborhood walkability. An
almost universal problem is overcoming
neighborhood self-selection where individuals
choose, or are limited to, neighborhoods with
certain attributes (e.g., poor walkability) based
on individual characteristics (e.g., low SES) that
are likely related to the outcome.42 Rather
than using regression methods to control for
the effects of SES, a few recent studies have
attempted to sample high- and low-walkability
neighborhoods with the caveat that these neigh-
borhoods included a homogenous population
with respect to SES and geographic location.43,44

Although measures of walkability differed in
these studies, both found positive associations for
physical activity and utilitarian walking. Oakes
et al. note, though, that walkability was not
meaningfully related to overall mean miles
walked or increased physical activity.43 To as-
sess the effect of neighborhood income, a
more recent study recruited participants from

high- versus low-walkability and high- versus
low-SES neighborhoods.20 Again, participants
were more active if they lived in high-walkability
neighborhoods but, in contrast to the current
results, there was no difference by neighborhood
SES. Although the parent study for our analysis
was not designed to sample neighborhoods
based on level of walkability, the results do
suggest that the effect of neighborhood walk-
ability on obesity differs by neighborhood
characteristics. Teasing out the effects of neigh-
borhood race and SES is difficult because these
factors may be proxies for other underlying
variables. Nevertheless, it is important to docu-
ment these differences for intervention and
policy purposes.

Major strengths of this study were objective
measures of the pedestrian environment and
individual-level outcome measures. The PEDS
audit measured the walking environment for
transportation and physical activity at the
microscale, thus capturing information that is
not available through national databases. Con-
firmatory factor analysis was used to reduce
random measurement error in each PEDS item.
Although perceived measures can be informa-
tive, identifying aspects of the environment
that can be directly intervened on is crucial for
support from public officials and urban plan-
ners. Obesity was objectively measured, which
is the preferred measurement method for
large epidemiologic studies. Furthermore, the
stratified sampling design enabled us to com-
pare associations by neighborhood character-
istics.

Nevertheless, this study had some limita-
tions. First, the study was cross-sectional which
limits the ability to make causal statements
about observed associations. Second, census
tract boundaries were used to approximate
neighborhoods, which creates the potential for
measurement error in environmental attributes
located in a participant’s neighborhood.
Third, the length of exposure to certain neigh-
borhood characteristics is unknown, thus,
associations may not reflect the walkability
characteristics measured in this study. How-
ever, it is unlikely that mobile individuals move
to drastically resource-different neighborhoods
because of financial limitations and social
preferences.45 Fourth, physical activity was self-
reported for only a few HANDLS participants.
Nevertheless, because the physical activity

TABLE 2—Body Mass Index Stratified by Neighborhood Walkability: HANDLS Study,

Baltimore, MD, 2004–2008

Neighborhood

Characteristics

BMI, Mean 6SD

P

Low Neighborhood

Walkability

Medium

Neighborhood Walkability

High Neighborhood

Walkability

Overall 30.1 67.7 30.5 68.1 29.3 67.6 .007

Neighborhood race

Predominately White 30.4 67.8 30.8 67.6 29.0 67.8 .016

Predominately Black 29.6 67.6 30.4 68.1 29.5 67.5 .059

Neighborhood SES

High 30.5 67.6 30.8 67.7 28.9 67.1 < .001

Low 29.2 67.9 30.1 68.6 29.6 68.0 .349

Note. BMI = body mass index; HANDLS = Healthy Aging in Neighborhoods of Diversity across the Life Span; SES = socio-
economic status. BMI was defined as weight in kilograms divided by height in meters squared. Sample size was (n = 2616).

TABLE 3—Adjusted Associations Between Walkability and Obesity: HANDLS Study,

Baltimore, MD, 2004–2008

Walkability Score Overall, PR (95% CI)

Neighborhood Race, PR (95% CI) Neighborhood SES, PR (95% CI)

White (n = 10) Black (n = 24) High (n = 16) Low (n = 18)

Low 1.00 1.00 1.00 1.00 1.00

Medium 1.05 (0.90, 1.23) 1.09 (0.92, 1.29) 1.00 (0.87, 1.14) 0.89 (0.76, 1.00) 1.14 (0.98, 1.32)

High 0.88 (0.75, 1.03) 0.58 (0.46, 0.73) 1.00 (0.88, 1.14) 0.80 (0.68, 0.93) 0.83 (0.68, 1.00)

Note. CI = confidence interval; HANDLS = Healthy Aging in Neighborhoods of Diversity across the Life Span; PR = prevalence
ratio; SES = socioeconomic status. Adjusted for individual-level age, gender, race, poverty status, education, and self-reported
health. Sample size was n = 2541.
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measure did not capture utilitarian walking, an
important factor in this line of research, a sepa-
rate transportation question was used as a proxy
for information on walking habits. Fifth, there
may be other population-level factors that in-
fluence obesity but were not accounted for in
these analyses. For example, variation between
neighborhoods in the availability of healthy food
may impact obesity status in this population.
Given increases in total energy consumption46

and the low prevalence of physical activity
among adults,47 it is important to understand
how neighborhood walkability and healthy food
availability interact and influence obesity in
neighborhoods of varying characteristics. Finally,
the use of multilevel models makes conclusions
on possible intermediate variables difficult
given that the variance structures of the neigh-
borhood- and individual-level variables are
different; caution should be taken when inter-
preting potential mediating pathways.

The literature on walkability and obesity
continues to grow. Although early work is
promising, there are methodological issues that
should be challenged in the future. First, the
environmental determinants of obesity are
numerous and few studies have incorporated
comprehensive models to account for both
energy expenditure and energy intake (i.e.,
environmental supports for physical activity
and healthy dietary intake). Second, most
previous studies were cross-sectional, which
severely limits the ability to imply causal
associations; experimental or longitudinal
studies are needed. Third, formative research
should be used to establish the most appropri-
ate neighborhood spatial scale for varying
demographic and geographic populations.
Fourth, few studies have explored walkability
beyond the scope of neighborhoods (e.g.,
workplace). Finally, improvements in the con-
ceptualization of walkability are warranted.
Numerous attributes of walkability have been
associated with obesity; future work should
further define walkability for varying popula-
tions and geographic areas.

In our population, high walkability was
associated with lower obesity among individ-
uals living in high-SES and predominately
White neighborhoods. A thorough under-
standing of the underlying mechanisms in
which these associations operate is needed.
At the very least, individual physical activity

recommendations and weight-management
guidelines should recognize neighborhood
walkability as an important enabler or inhib-
itor to meeting these guidelines. j

About the Authors
At the time of the study Sarah Stark Casagrande and
Tiffany L. Gary-Webb were with the Department of
Epidemiology, Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland. Joel Gittelsohn is with the
Department of International Health, Johns Hopkins
Bloomberg School of Public Health. Alan B. Zonderman
is with the Laboratory of Personality and Cognition and
Michele K. Evans is with the Laboratory of Cellular and
Molecular Biology at the National Institute on Aging,
Baltimore, Maryland.

Correspondence should be sent to Sarah Stark Casa-
grande, PhD, Social and Scientific Systems, 8757 Georgia
Ave, Silver Spring, Maryland, 20910 (e-mail: scasagrande@
s-3.com). Reprints can be ordered at http://www.ajph.org by
clicking the ‘‘Reprints/Eprints’’ link.

This article was accepted April 19, 2010.

Contributors
S. Stark Casagrande designed the study, supervised all
aspects of implementation, performed data analyses, and
led the writing. J. Gittelsohn, A. B. Zonderman, and M. K.
Evans contributed to the study design and supervision.
T. L. Gary-Webb contributed to the study design, su-
pervised the study, and assisted with the writing. All
authors conceptualized ideas, interpreted findings and
reviewed drafts of the manuscript.

Acknowledgments
The Healthy Aging in Neighborhoods of Diversity across
the Life Span study was supported by the Intramural
Research Program of the National Institutes of Health,
National Institute on Aging. Data collection for walk-
ability measures was supported by the Center for a Liv-
able Future at the Johns Hopkins Bloomberg School of
Public Health (Innovation Grant 1602500081). T. I.
Gary-Webb was funded by a grant from the National
Heart, Lung, and Blood Institute (K01-HL084700). In
addition, we would like to thank Andrea Livi Smith for
her help with training the data collectors to implement
the PEDS audit.

Human Participant Protection
This project was approved by the Johns Hopkins
Bloomberg School of Public Health institutional review
board.

References
1. Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks
JS, Koplan JP. The continuing epidemics of obesity and
diabetes in the United States. JAMA. 2001;286(10):
1195–1200.

2. Calle EE, Rodriguez C, Walker-Thurmond K, Thun
MJ. Overweight, obesity, and mortality from cancer in
a prospectively studied cohort of U.S. adults. N Engl J
Med. 2003;348(17):1625–1638.

3. National Task Force on the Prevention and Treat-
ment of Obesity. Overweight, obesity and health risk.
Arch Intern Med. 2000;160:898–904.

4. Centers for Disease Control and Prevention. National
diabetes surveillence system. Available at: http://www.
cdc.gov/diabetes/statistics/index.htm. Accessed Septem-
ber 2006.

5. Centers for Disease Control and Prevention. Trends
in overweight and obesity. Available at: http://www.
cdc.gov/nccdphp/dnpa/obesity/trend/index.htm. Ac-
cessed September 2006.

6. Atkinson JL, Sallis JF, Saelens BE, Cain KL, Black JB.
The association of neighborhood design and recrea-
tional environments with physical activity. Am J Health
Promot. 2005;19(4):304–309.

7. Berke EM, Koepsell TD, Moudon AV, Hoskins RE,
Larson EB. Association of the built environment with
physical activity and obesity in older persons. Am J Public
Health. 2007;97(3):486–492.

8. Cohen DA, McKenzie TL, Sehgal A, Williamson S,
Golinelli D, Lurie N. Contribution of public parks to physical
activity. Am J Public Health. 2007;97(3):509–514.

9. Frank LD, Schmid TL, Sallis JF, Chapman J, Saelens
BE. Linking objectively measured physical activity
with objectively measured urban form: findings from
SMARTRAQ. Am J Prev Med. 2005;28(2 Suppl. 2):
117–125.

10. Handy SL, Cao X, Mokhtarian PL. The causal
influence of neighborhood design on physical activity
within the neighborhood: evidence from Northern Cal-
ifornia. Am J Health Promot. 2008;22(5):350–358.

11. Humpel N, Owen N, Leslie E. Environmental factors
associated with adults’ participation in physical activity:
a review. Am J Prev Med. 2002;22(3):188–199.

12. Kaczynski AT, Henderson KA. Parks and recreation
settings and active living: a review of associations with
physical activity function and intensity. J Phys Act Health.
2008;5(4):619–632.

13. Wen M, Kandula NR, Lauderdale DS. Walking for
transportation or leisure: what difference does the
neighborhood make? J Gen Intern Med. 2007;22(12):
1674–1680.

14. Gordon-Larsen P, Nelson MC, Page P, Popkin BM.
Inequality in the built environment underlies key health
disparities in physical activity and obesity. Pediatrics.
2006;117(2):417–424.

15. Ewing R, Schmid T, Killingsworth R, Zlot A,
Raudenbush S. Relationship between urban sprawl and
physical activity, obesity, and morbidity. Am J Health
Promot. 2003;18(1):47–57.

16. Li F, Harmer PA, Cardinal BJ, et al. Built environ-
ment, adiposity, and physical activity in adults aged 50-
75. Am J Prev Med. 2008;35(1):38–46.

17. Booth KM, Pinkston MM, Poston WS. Obesity
and the built environment. J Am Diet Assoc. 2005;
105(5 Suppl. 1):S110–117.

18. Papas MA, Alberg AJ, Ewing R, Helzlsouer KJ, Gary
TL, Klassen AC. The built environment and obesity.
Epidemiol Rev. 2007;29:129–143.

19. Frank LD, Sallis JF, Saelens BE, et al. The de-
velopment of a walkability index: application to the
neighborhood quality of life study. Br J Sports Med.
2010;44:924–933.

20. Sallis JF, Saelens BE, Frank LD, et al. Neighborhood
built environment and income: examining multiple health
outcomes. Soc Sci Med. 2009;68:1285–1293.

RESEARCH AND PRACTICE

e6 | Research and Practice | Peer Reviewed | Casagrande et al. American Journal of Public Health | Published online ahead of print December 16, 2010



21. Clifton K, Livi Smith AD, Rodriguez D. The de-
velopment and testing of an audit for the pedestrian
environment. Landsc Arch Urban Plan. 2006;80(1-2):
95–110.

22. National Institute on Aging. Healthy aging in
neighborhoods of diversity across the life-span. Available
at: http://handls.nih.gov. Accessed September 15, 2006.

23. Jenkinson C, Layte R, Jenkinson D, et al. A shorter
form health survey: can the SF-12 replicate results from
the SF-36 in longitudinal studies? J Public Health Med.
1997;19(2):179–186.

24. Morland K, Wing S, Diez RA, Poole C. Neighbor-
hood characteristics associated with the location of food
stores and food service places. Am J Prev Med. 2002;
22(1):23–29.

25. Boarnet MG, Day K, Alfonzo M, Forsyth A, Oakes M.
The Irvine-Minnesota inventory to measure built envi-
ronments: reliability tests. Am J Prev Med. 2006;30(2):
153–159.

26. Jurca R, Jackson AS, Lamonte MJ, et al. Assessing
cardiorespiratory fitness without performing exercise
testing. Am J Prev Med. 2005;29(3):185–193.

27. Muthen LK, Muthen BO, eds. Mplus User’s Guide.
5.2 ed. Los Angeles: Muthen & Muthen; 2008.

28. Saelens BE, Handy SL. Built environment correlates
of walking: a review. Med Sci Sports Exerc. 2008;
40(7 Suppl):S550–566.

29. Centers for Disease Control and Prevention. Preva-
lence of physical activity, including lifestyle activities
among adults–United States, 2000-2001. MMWR Morb
Mortal Wkly Rep. 2003;52(32):764–769.

30. Hooker SP, Wilson DK, Griffin SF, Ainsworth BE.
Perceptions of environmental supports for physical ac-
tivity in African American and white adults in a rural
county in South Carolina. Prev Chronic Dis. 2005;
2(4):A11.

31. Kowal J, Fortier MS. Physical activity behavior
change in middle-aged and older women: the role of
barriers and of environmental characteristics. J Behav
Med. 2007;30(3):233–242.

32. Sallis JF, King AC, Sirard JR, Albright CL. Perceived
environmental predictors of physical activity over 6
months in adults: activity counseling trial. Health Psychol.
2007;26(6):701–709.

33. Eyler AA, Matson-Koffman D, Young DR, et al.
Quantitative study of correlates of physical activity in
women from diverse racial/ethnic groups: The Women’s
Cardiovascular Health Network Project–summary and
conclusions. Am J Prev Med. 2003;25(3 Suppl. 1):93–
103.

34. Hoehner CM, Brennan Ramirez LK, Elliott MB,
Handy SL, Brownson RC. Perceived and objective envi-
ronmental measures and physical activity among urban
adults. Am J Prev Med. 2005;28(2 Suppl. 2):105–116.

35. Scott MM, Dubowitz T, Cohen DA. Regional differ-
ences in walking frequency and BMI: What role does the
built environment play for Blacks and Whites? Health
Place. 2009;15(3):882–887.

36. Frank LD. Economic determinants of urban form:
resulting trade-offs between active and sedentary forms
of travel. Am J Prev Med. 2004;27(3 Suppl):146–153.

37. Boardman JD, Saint Onge JM, Rogers RG, Denney
JT. Race differentials in obesity: the impact of place. J
Health Soc Behav. 2005;46(3):229–243.

38. Janssen I, Boyce WF, Simpson K, Pickett W. In-
fluence of individual- and area-level measures of socio-
economic status on obesity, unhealthy eating, and phys-
ical inactivity in Canadian adolescents. Am J Clin Nutr.
2006;83(1):139–145.

39. Mobley LR, Root ED, Finkelstein EA, Khavjou O,
Farris RP, Will JC. Environment, obesity, and cardiovas-
cular disease risk in low-income women. Am J Prev Med.
2006;30(4):327–332.

40. Robert SA, Reither EN. A multilevel analysis of race,
community disadvantage, and body mass index among
adults in the US. Soc Sci Med. 2004;59(12):2421–2434.

41. Chang VW. Racial residential segregation and
weight status among US adults. Soc Sci Med. 2006;63(5):
1289–1303.

42. Oakes JM. The (mis)estimation of neighborhood
effects: causal inference for a practicable social epidemi-
ology. Soc Sci Med. 2004;58(10):1929–1952.

43. Oakes JM, Forsyth A, Schmitz KH. The effects of
neighborhood density and street connectivity on walking
behavior: the Twin Cities walking study. Epidemiol
Perspect Innov. 2007;4:16.

44. Saelens BE, Sallis JF, Black JB, Chen D. Neighbor-
hood-based differences in physical activity: an environ-
ment scale evaluation. Am J Public Health. 2003;93(9):
1552–1558.

45. Williams DR. Race, socioeconomic status, and
health. The added effects of racism and discrimination.
Ann N Y Acad Sci. 1999;896:173–188.

46. Centers for Disease Control and Prevention. Trends
in intake of energy and macronutrients–United States,
1971-2000. MMWR Morb Mortal Wkly Rep. 2004;
53(4):80–88.

47. Crespo CJ, Keteyian SJ, Heath GW, Sempos CT.
Leisure-time physical activity among US adults. Results
from the Third National Health and Nutrition Examina-
tion Survey. Arch Intern Med. 1996;156(1):93–98.

RESEARCH AND PRACTICE

Published online ahead of print December 16, 2010 | American Journal of Public Health Casagrande et al. | Peer Reviewed | Research and Practice | e7




