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Introduction: There are significant differences in physical inactivity in various geographical areas and among
demographic groups. Previous research suggests that walking is the most common form of physical activity;
however, not all built environments support walking for recreational or transportation purposes.
Objective: The purpose of this study was to assess the extent to which area-level factors, poverty rate and
racial distribution, are associated with aspects of the street-scale environment (i.e. sidewalk walkability and
physical disorder) using community audits.
Methods: Street segments were randomly selected from 210 block groups. Pairs of trained auditors walked
each street segment using an audit tool designed to capture aspects of the street environment. Multilevel
logistic regression was used to assess the degree of neighborhood (i.e. block group) variation in sidewalk
unevenness, sidewalk obstruction and the presence of physical disorder and the association with area-level
characteristics.
Results: 1780 street segments were audited. Block groups that were predominantly African–American were
38 times more likely to have a lot of unevenness, 15 times more likely to have many obstructions, and 12
times more likely to have physical disorder. Poverty rate was not independently associated with sidewalk
walkability; however, block groups with the highest poverty rates were 21 times more likely to have physical
disorder.
Conclusion: The results indicate that aspects of the built environment vary by characteristics of the
neighborhood. This suggests that there is a differential investment in community infrastructures and resources
in neighborhoods that are mostly African–American. This differential investment is likely to influence
disparities in rates of physical activity.

R
egular physical activity reduces the risk of various
diseases.1 Despite the well-known benefits of physical
activity, 23% of American adults report no physical activity

during their leisure time.2 Among adults who report participat-
ing in some physical activity, 53% do not engage in enough
physical activity to reduce health risks.2 In addition, there are
disparities in rates of physical activity with 61% of African–
American adults (compared with 50% of white adults) and 63%
of individuals in the lowest income group (compared with 50%
of individuals in the highest income group) not meeting
physical activity recommendations.2

Walking is a basic human behavior and has been publicised
recently as an excellent way to achieve the recommended amount
of daily physical activity.3 It is an activity that most people can
engage in, regardless of age or fitness level. Moreover, it is an
activity that does not require special skills or equipment and,
theoretically, can be performed within one’s neighborhood.

There is a growing body of evidence to suggest that the
environment in which people live can influence walking. For
example, people walk more in communities that have sidewalks
in good condition with few obstructions, provide destinations
and facilities that can be reached within walking distance and
are free from physical disorder (eg trash, abandoned build-
ings).4–7 Not all neighborhoods or environments provide the
same opportunities to engage in walking for either transporta-
tion or recreational purposes. Individuals living in low-income
and racial/ethnic minority communities experience dispropor-
tionate access to environmental features that support physical
activity.8 This disproportionate access may be associated with
the disparities in physical activity rates.

Most of the research assessing the difference in environ-
ments by race and income, however, has focused on perceived

access to places to be physically active as opposed to observed
access. Although the use of community audits to observe
characteristics of the built environment has increased, there is a
lack of studies assessing differences in observed characteristics
of street-scale environments (eg sidewalks) by area-level
factors (eg poverty level and racial distribution). Street-scale
data capture detailed information about an individual’s street,
an important consideration when developing interventions to
encourage individuals to walk more.

The purpose of this study was to assess the extent to which
area-level factors, poverty rate and racial distribution are
associated with aspects of the street-scale environment using
community audits. In particular, the objective of this study was
to: (a) examine the extent of the spatial variation of walkability
(unevenness and obstruction) of sidewalks and the presence of
physical disorder; (b) determine the association of walkability
and physical disorder with the contextual effect of block-group
poverty rate and racial distribution; and (c) determine whether
poverty rate and racial distribution explain any spatial
differences in walkability and physical disorder.

METHODS
This study was an ancillary of the Garden of Eden (GOE)
project, which was located in the St Louis metropolitan area.
GOE was a quasi-experimental study aimed at increasing fruit
and vegetable consumption through a community-run produce
market among low-income, African–American adults.9 We used
the location of GOE participants to select street segments

Abbreviations: DIC, deviance information criterion; GOE, Garden of
Eden; ICC, intraclass correlation; IOR, interval odds ratio; MOR, median
odds ratio
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nested within block groups. A street segment was defined as a
street between two intersections, including both sides. A
random sample of street segments stratified by block group
poverty rate (,10%, 10–19%, 20% or higher) and racial
distribution (proportion of African–American residents .50%,
proportion of white residents .50%) was selected as compar-
isons from both the city and the adjacent county. All selected
street segments were subsequently audited for walkability and
physical disorder.

Block group selection
Block group poverty rate and racial distribution were obtained
from the 2000 United States census. Only predominantly
African–American or white block groups were considered in
the current study because 95% of the population residing in the
study area self-identified as either African–American or white.
As suggested by previous research, we used the percentage of
the population living below the United States federal poverty
line as a measure of area socioeconomic position and divided
the block groups into high (>20%) medium (10–19%) and low
(,10%) poverty.10 11 The study area comprised 898 block
groups. A stratified random sample of 210 block groups was
selected, with 60 from block groups with at least 20% of
individuals living in poverty and a proportion of African–
American residents greater than 50% (because GOE targeted
African–American adults living in predominantly high poverty
areas) and 30 from each remaining strata (table 1).

Street segment selection
Twenty-five per cent of the street segments nested within the
block groups were randomly selected to be audited from each
block group that had a minimum of five street segments. All
street segments were audited in block groups with five or fewer
segments. In an effort to capture residential street character-
istics, only street segments that were considered 50% or more
residential were audited. Residential was defined as more than
half of the street segment composed of commercial properties
(eg stores, restaurants). Such street segments were eliminated
and a replacement segment was audited.

Community audit tool development
The audit tool used in this study was developed by selecting
pertinent items from a tool measuring features of the street-
scale environment related to recreational and transportation-
based physical activity.12 The items were selected on the basis of
their interobserver reliability (kappas ranging from 0.62 to
0.90) and ability to capture variation across street segments.12

Our audit tool assessed the presence and walkability of
sidewalks and the presence of physical disorder. The presence
of sidewalks was measured as no sidewalk on either side of the
street, sidewalk on one side of the street or sidewalk on both
sides of the street. In the analysis, the presence of sidewalks
was dichotomised into one or both sides of the street versus no
sidewalks present. The walkability of the sidewalks was

measured using two items, one assessing the levelness and
condition of sidewalks (eg alignment, cracks, broken sections,
weeds) and one assessing the amount of artificial or natural
obstructions on sidewalks (eg garbage cans, cars, trees). Each of
these items was measured on a four-point scale, ranging from
none (1) to a lot (4). In the analysis, levelness and condition of
the sidewalks was dichotomised into ‘‘a lot or some uneven-
ness’’ versus ‘‘a little or no unevenness’’. Sidewalk obstructions
were dichotomised into ‘‘a lot or some obstructions’’ versus ‘‘a
little or no obstructions’’.

Three items assessed the physical disorder present on a street
segment. The first item was the number of abandoned
buildings or vacant lots on the street segment. This item was
a continuous variable that was categorised into none, a little
(one abandoned building or vacant lot), some (two or three) or
a lot (four or more) based on the distribution of the data
(ranging from 0 to 28, mean of 0.8). The next two items
measured the presence of trash and graffiti, broken windows or
abandoned cars on the street segment. Each of these items was
measured on a four-point scale, ranging from none (1) to a lot
(4). In the analysis, we dichotomised the presence of physical
disorder into ‘‘any’’ versus ‘‘none’’.

Pairs of trained auditors walked the selected streets during
daylight hours (from 08:00 to 17:00 hours) at varying times of
the day and days of the week. A comprehensive protocol for
data collection was used to train auditors, which included
operational definitions of the response scale for each item.12 All
audits were conducted between August 2004 and January 2005.

Statistical analysis
We used a multilevel logistic model to examine the spatial
variation in sidewalk walkability and physical disorder with
street segments nested within block groups. In the analyses, we
controlled for age of housing stock (cut-off post-1945 housing;
2000 United States Census) and location (city versus county) of
the block groups to account for the difference in age of
sidewalks, which may influence the condition.

We used restricted iterative generalised least squares13 and
Markov chain Monte Carlo methods. In the multilevel models,
the random components were assessed at the individual level
and the block group level. We found no evidence of extra
binomial variation using chi-square tests in an empty model,
suggesting that the logistic model is appropriate.

To determine the spatial variation in sidewalk walkability
and physical disorder among block groups and its relative
importance to block group poverty rate and racial distribution,
we calculated three measures: (1) the intraclass correlation
(ICC); (2) median odds ratio (MOR); and (3) interval odds
ratio (IOR). The ICC is the percentage of the total variance
between block groups, namely ICC = [Vn]/[Vn+Vi] 6 100,
where Vn = block group variance and Vi = p2/3.13 A high
ICC indicates large spatial variance between block groups.

The MOR is defined as the median value of the odds ratio
between a block group most likely to have poor walkability and

Table 1 Number of block groups audited by racial distribution and poverty rate (n = 210)

Percentage of residents living in poverty

Proportion of
African–American residents
.50%

Proportion of
white residents
.50%

Low poverty rate (,10%) 30 30
Medium poverty rate (10–19%) 30 30
High poverty rate (>20%) 60* 30

*The number of block groups considered African–American, high poverty is higher because a majority of Garden of
Eden participants resided in these block groups and we wanted to ensure the capture of most of the block groups with
Garden of Eden participants.
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the presence of physical disorder and the block group least
likely to have poor walkability and the presence of physical
disorder when randomly picking out two block groups.14 The
MOR is the increase in likelihood a street segment would have
if it were instead located in a block group with a higher
likelihood of poor sidewalk walkability or with physical
disorder. The MOR is calculated as:

where

is the block group-level variance. If the MOR were 1.0, there
would be no differences among block groups in the probability
of having poor sidewalk walkability or physical disorder. If
there were strong differences among block groups, the MOR
would be large and the use of block groups would be important
in order to understand the probability of having poor sidewalk
walkability or physical disorder.

The IOR provides for a comparison of the importance of the
block group poverty rate (racial distribution) compared with
the variation remaining among block groups. The IOR80 is
defined as the interval centered on the median of the
distribution that comprises 80% of the values of the odds ratio.
The IOR80 is calculated as follows:

where b is the parameter estimate of the block group poverty
rate (racial distribution) and

is the block group-level variance. If the residual variation
among block groups is small, the interval will be narrow. If the
interval contains the value of one, the effect of block group
poverty rate (racial distribution) is not very strong compared
with the remaining residual block group variation.

We also calculated traditional odds ratios associated with all
block group-level variables. Based on Markov chain Monte
Carlo models, we calculated 95% credible intervals for all MOR,
IOR, and odds ratios using the posterior distribution of the area
variance.14 Multilevel models were developed and fit using the
multilevel modeling software MLwiN, version 2.0.2.15 We
calculated the deviance information criterion (DIC) for each
model as a measure of model fit. A model with its DIC being at
least 3 points lower than a second model is considered to have a
better fit.16

RESULTS
Sidewalk unevenness
A total of 1780 street segments within 210 block groups were
audited. After aggregating to the block group level, 635 street
segments (35.7%) did not have sidewalks on either side of the
street or did not have valid data. These street segments were
excluded from the analysis assessing sidewalk unevenness and
obstructions leaving 1140 street segments available for analysis.
Of street segments with sidewalks, 12.6% were reported as
having a lot of unevenness (table 2). Poverty rate and racial
distribution was not available for 18 street segments.

Of the total variance, 74.6% was between block groups based
on an empty logistic model (table 3). The MOR was 14.24 (95%
credible interval 7.77; 34.18) suggesting large spatial variation
between block groups in sidewalk unevenness. After controlling
for the age of housing stock and living in the city of St Louis or
the adjacent county, the ICC was reduced to 67.4%, indicating
that both variables explained 13.2% of the variance in sidewalk
unevenness between block groups. Next, we added poverty rate
to the logistic model and the ICC and MOR were similar to the
model without this variable. This suggests that poverty rate was
unable to explain much of the variance in sidewalk unevenness
between block groups. Next, we added whether a block group
was predominantly African–American or white. This reduced
the ICC and MOR to 61.1% and 8.68, respectively. Block groups
that were predominantly African–American were 29.69 times
more likely to have street segments with a lot of unevenness.
The IOR for both block group racial distribution and poverty
rate were large, suggesting that other factors should be
considered in understanding differences in block group-level
sidewalk unevenness.

Sidewalk obstruction
Of the 1780 street segments, 635 segments did not have
sidewalks on either side of the street and no valid data were
available for three segments, leaving 1138 street segments
available for analysis. Of the total variance, 56.8% was between
block groups based on an empty logistic model (table 4). The
MOR (7.22) and ICC (56.8%) suggested large spatial variation
between block groups in sidewalk obstruction. Controlling for
the age of housing stock and living in the city of St Louis or the
adjacent county reduced the ICC by 7.5%. Next, we added
poverty rate to the logistic model, which increased the spatial
variation between block groups based on the increased ICC and
MOR. Adding racial distribution did not contribute to the
model; however, block groups in which the population was
predominantly African–American were 15.05 times more likely
to have street segments that were observed to have a lot of
obstruction after controlling for the age of housing stock and
block group location. The model containing both racial
distribution and poverty rate showed that only 11.5% of the
variance between block groups in sidewalk obstruction was
explained by these variables. The IOR for both variables were large

Table 2 Area characteristics for sidewalk condition and physical disorder

Sidewalk unevenness
(a lot) (n = 1122)

Sidewalk obstruction
(a lot) (n = 1120)

Physical disorder
(any) (n = 1780)

Total 141 (12.6%) 65 (5.8%) 933 (53.0%)
Poverty rate

,10% 9 (2.9%) 10 (3.2%) 224 (31.6%)
10–19% 34 (11.5%) 17 (5.7%) 238 (53.04%)
20+% 98 (19.0%) 38 (7.4%) 471 (78.0%)

Racial distribution
.50% African–American 126 (20.6%) 54 (8.8%) 618 (67.9%)
.50% White 15 (3.0%) 11 (2.2%) 315 (37.0%)
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suggesting that other variables need to be considered to under-
stand differences in block group-level sidewalk obstruction.

Physical disorder
Of the 1780 street segments, data were available for 1762
segments. Of the total variance, 69.9% was between block
groups (table 5). The MOR (13.80) and ICC (69.9%) suggest
large spatial variation between block groups in physical
disorder. Controlling for the age of housing stock and living
in the city of St Louis or the adjacent county reduced the ICC
only marginally. Next, we added poverty rate to the logistic
model, which explained 15.3% of the variance in disorder
between block groups. The racial distribution at the block group
level reduced the spatial variation in disorder to an ICC of
61.5%, but important spatial variation remained based on the
median and IOR. The model containing poverty rate and racial
distribution explained 28.3% of the variance in disorder. Again,

poverty rate and racial distribution explained only a portion of
the variation in street segment disorder.

DISCUSSION
Previous research suggests that characteristics of the built
environment, such as walkability and disorder, influence rates
of walking and overall physical activity behavior. This study
builds on previous research by demonstrating that some of the
variability in characteristics of block groups is explained by
racial distribution and poverty rates. This variability in block
groups may contribute to disparities in rates of physical activity
behavior. There remains, however, a large amount of variability
unaccounted for between block groups. Some research has
shown that the social environment (eg fear of crime, neighbor-
hood social cohesion) influences physical activity.7 17–19 Therefore,
interventions to address physical inactivity will need to consider
more than the physical environment and the possibility of an

Table 3. Measures of association and variation in sidewalk unevenness (a lot versus some/none) based on multilevel logistic
regression*

Empty model

Model with
age of housing
stock and block
group location

Model with
poverty rate

Model with
racial
distribution

Model with
poverty rate
and racial
distribution

Measures of association
Odds ratio

Poverty rate 10–19% vs ,10% 4.30 (0.63–25.00) 4.46 (0.92–27.71)
Poverty rate 20+% vs ,10% 7.55 (1.03–47.17) 4.52 (0.95–33.30)
.50% AA vs .50% white 37.90 (10.26–249.20) 29.69 (9.80–103.43)

Interval odds ratio
Poverty rate 10–19% vs ,10% 0.03–551.76 0.07–273.37
Poverty rate 20+% vs ,10% 0.06–969.25 0.07–277.22
.50% AA vs .50% white 0.58–2464.81 0.48–1819.70

Measures of variation or
clustering
Block group variance 7.8199 6.7879 7.1967 5.3197 5.1723
PCV % N/A N/A 26.0 221.6 223.8
Median odds ratio (95% CrI) 14.24 (7.77–34.18) 11.88 (6.62–22.58) 12.79 (6.90–28.31) 8.95 (4.93–18.28) 8.68 (5.16–16.79)
ICC % 74.6 67.4 68.6 61.8 61.1
DIC 579.76 571.28 546.29 535.05 535.01

AA, African–American; CrI, credible interval; DIC, deviance information criterion; ICC, intraclass correlation; PCV, proportional change in variance relative to model
with age of housing stock and block group location.
*All models except the empty model contain the variables of age of housing stock and block group location in St Louis City or County.

Table 4 Measures of association and variation in sidewalk obstruction (a lot versus some/none) based on multilevel logistic
regression*

Empty model

Model with
age of housing stock
and block group
location

Model with
poverty rate

Model with
racial distribution

Model with
poverty rate and
racial distribution

Measures of association
Odds ratio

Poverty rate 10–19% vs ,10% 1.38 (0.33–6.00) 0.85 (0.15–3.96)
Poverty rate 20+% vs ,10% 1.46 (0.25–8.07) 0.55 (0.06–3.23)
.50% AA vs .50% white 15.05 (4.18–77.32) 13.69 (4.15–51.58)

Interval odds ratio
Poverty rate 10–19% vs ,10% 0.03–67.50 0.03–25.76
Poverty rate 20+% vs ,10% 0.03 to 74.45 0.02–16.55
.50% AA vs .50% white 0.42–543.54 0.45–413.86

Measures of variation or clustering
Block group variance 4.3278 4.0050 4.6197 3.9263 3.5465
PCV % N/A N/A 6.7 22.0 211.5
Median odds ratio (95% CrI) 7.22 (3.76–13.83) 6.69 (3.49–13.30) 7.71 (3.99–16.36) 6.57 (3.43–15.35) 5.98 (3.38–10.16)
ICC % 56.8 54.9 58.4 54.4 51.9
DIC 416.78 416.40 403.44 392.85 394.65

AA, African–American; CrI, credible interval; DIC, deviance information criterion; ICC, intraclass correlation; PCV, proportional change in variance relative to model
with age of housing stock and block group location.
*All models except the empty model contain the variables of age of housing stock and block group location in St Louis City or County.
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interaction between the physical environment and the social
environment.

The results of this study suggest there is a differential
investment in community infrastructures and resources in
neighborhoods that are mostly African–American or primarily
low income. The objectives of this study were threefold. First,
the extent of spatial variation of walkability of sidewalks and
the presence of physical disorder was examined. Spatial
variation was present for each of the walkability variables
(i.e. unevenness and obstructions) as well as physical disorder
between block groups. Second, the presence of an association
between walkability and physical disorder and the contextual
effect of block-group poverty rate and racial distribution was
assessed. Poverty rate was unable to explain much of the
variance in sidewalk walkability between block groups; how-
ever, racial distribution contributed independently to the
variation in sidewalk walkability. Poverty rate and racial
distribution contributed independently to the variation in
physical disorder. Finally, spatial differences in walkability
and physical disorder by poverty rate and racial distribution
were assessed. Sidewalk unevenness and the number of natural
or artificial obstructions are greater in neighborhoods that are
predominantly African–American, whereas physical disorder is
greater in neighborhoods that are predominantly African–
American and neighborhoods experiencing higher poverty rates
than in primarily white neighborhoods with a lower percentage
of individuals living in poverty.

Limitations of the study
First, in this study, we defined an individual’s community as a
block group. Defining an individual’s community is difficult
because it probably varies from person to person and

neighborhood to neighborhood. Moreover, the distance a
person is willing to walk, for recreational or transportation
purposes, is likely to be different depending on various
individual characteristics. The block group is, however, the
lowest geographical unit for which the United States Census
tabulates and presents income and racial data. Statistical power
is also maximised when examining neighborhoods (or, in our
case, block groups) by using many block groups with few street
segments.20 The method of using block groups, therefore, allows
us to capture variability within a small geographical area and
across many different areas.

Second, although the tool used previously demonstrated
moderate reliability, capturing differences in neighborhood
environments using auditors has several limitations. The
condition of the physical environment may depend on the
time of day, day of the week or month of the year. The auditors
in this project started auditing in late summer when people are
outside more and finished in the winter months when people
tend to be inside more. The order of block groups audited was
arbitrary and mixed (i.e. African–American and white as well
as low-income and high-income block groups were audited
during the same time periods). In addition, the auditors walked
the street segments Monday to Saturday from 08:00 hours until
dark. Although sidewalk conditions probably do not vary
greatly on a day-to-day or week-to-week basis, the number of
obstructions or the amount of physical disorder may depend on
the time of day or season of the year. Previous research has
assessed the potential effect of interviewer characteristics and
found that locals rated neighborhood characteristics different
from non-locals.21 Therefore, because we did not use local
community members to audit, our results may be biased away
from the null. As all segments were audited by individuals who
had similar backgrounds the differences between block groups
are, however, not likely to be a function of interviewer bias.

Third, whereas research suggests that the characteristics of
the built environment, such as walkability and disorder,
influence rates of walking and overall physical activity
behavior, it is unclear from this study if the variability in block
group walkability and physical disorder influence walking for
recreational and/or transportation purposes. It is also unclear
how other characteristics of neighborhood environments
influence walkability and physical disorder. For example, an
assessment of social disorder (eg the presence of gangs) may

Table 5 Measures of association and variation in disorder (any versus none) based on multilevel logistic regression*

Empty model

Model with
age of housing stock
and block group
location

Model with
poverty rate

Model with
racial distribution

Model with
poverty rate and
racial distribution

Measures of association
Odds ratio

Poverty rate 10–19% vs ,10% 6.24 (2.10–21.56) 5.39 (2.08–14.13)
Poverty rate 20+% vs ,10% 21.14 (6.45–99.09) 13.93 (3.78–50.00)

.50% AA vs .50% white 12.18 (5.92–29.78) 10.72 (4.37–25.05)
Interval odds ratio

Poverty rate 10–19% vs ,10% 0.08–465.01 0.10–284.62
Poverty rate 20+% vs ,10% 0.28–1575.09 0.26–735.95
.50% AA vs .50% white 0.19–775.22 0.20–566.32

Measures of variation or clustering
Block group variance 7.635 6.696 5.673 5.265 4.804
PCV % N/A N/A 215.3 221.4 -28.3
Median odds ratio (95% CrI) 13.80 (9.09–21.68) 11.68 (7.83–18.02) 9.61 (6.45–14.94) 8.84 (6.11–13.43) 8.02 (5.43–12.06)
ICC % 69.9 67.1 63.3 61.5 59.4
DIC 1540.0 1537.3 1519.3 1512.3 1508.3

AA, African–American; CrI, credible interval; DIC, deviance information criterion; ICC, intraclass correlation; PCV, proportional change in variance relative to model
with age of housing stock and block group location.
*All models except the empty model contain the variables of age of housing stock and block group location in St Louis City or County.

What this paper adds

Previous research has identified several characteristics of the
physical environment that influence physical activity behavior.
The results of this study suggest that differences exist in these
characteristics (eg the quality and condition of sidewalks,
presence of physical disorder) by area-level racial distribution
and poverty rate.
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indicate that walkability and physical disorder is directly
related to the presence of social disorder, and as such policies
to improve neighborhood environments may need to start by
addressing social disorder.

Practical implications
There are currently many efforts to address disparities in physical
inactivity between African–American and white communities.
Many efforts have, however, focused on changing individual
behavior. The findings from this study suggest that efforts to
address physical inactivity in African–American communities
must address the inequality in environmental access to opportu-
nities to be physically active. This is consistent with previous
research that identified a lack of physical activity settings (eg
parks) in low-income and racial/ethnic minority communities, a
pattern referred to as deprivation amplification.8

As is similar in other urban settings, the pattern of deprivation
amplification in the St Louis area has been building over the past
50 years. With the advent of urban sprawl, many white, middle-
income residents and businesses moved to suburban areas (i.e. St
Louis County). This flight to the suburbs was the start of a
shrinking tax base and subsequent financial difficulties in the city.
The subsequent change in demographics (eg fewer people living in
the city) contribute to the differential investment in community
infrastructures. As such, efforts to increase physical inactivity
need to address the geographical inequities that are reflective of
broader social inequities based on race, income, culture and
political power. Therefore, strategies should not only include
improving sidewalks and cleaning up streets, but also developing
policies to improve the economic stability in neighborhoods with
few resources.
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Policy implications

To address physical inactivity, policies and programmes need
to be developed that ensure equal access to opportunities to
engage in physical activity.
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