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Obesity rates have risen dramatically in the
United States over the past few decades among
both adults' and children.? Although obesity
prevalence has increased in all parts of the
country and for all demographic groups, the
prevalence of obesity is higher in the US
South®” and among African Americans, His-
panics, and the educationally and economically
disadvantaged.®>®° Obesity and sedentary
lifestyles are estimated to result in more than
300 000 premature deaths per year in the
United States.'®" The obesity epidemic is
regarded as one of the leading health problems
facing the country and several federal initia-
tives such as the Centers for Disease Control
and Prevention’s “Communities Putting Pre-
vention to Work” or the First Lady’s “Let’s
Move” campaign aim to reverse childhood
obesity.

Ultimately, obesity is a result of imbalance
between energy intake and energy expendi-
ture.'? Physical activity (PA) provides one of
the main sources of energy expenditure.'® In
fact, the rising prevalence of obesity in the
United States has occurred concurrently with
general declines in the rates of PA associated
with a decrease in such factors as active trans-
portation (e.g., walking to work or school)
and an increase in sedentary leisure-time ac-
tivities such as television watching® and video
game playing,'*'® and a decrease in physical
activity in schools.'® Overall, it is estimated that
more than 50% of US adults fail to meet the
recommended levels of overall PA, with higher
prevalence of inadequate PA in the South.”
Evidence of inadequacy in PA among children
is also well documented.'”~2°

It is generally believed that PA is not just
a matter of personal choice, but also a function
of the built environment*~**~which refers
broadly to the collective availability of sidewalks,
parks, trails, recreational facilities, traffic safety,
and other neighborhood characteristics that
promote recreational PA as well as active
transport to work, school, or errands.?*-2°
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physical activity (PA) or obesity rates.

find a beneficial relationship.

There is also evidence that low-income neigh-
borhoods and minority communities have

less access to recreational facilities® and the
existing facilities available to them are of

a poorer quality.®' Thus, modifying built envi-
ronments to make them more PA-friendly is
widely advocated as a way to create healthier
and less obese communities.>* Concurrently
there has been a growing body of scientific
research on how various facets of the built
environment are associated with changes in PA
or obesity rates.*>=*° However, because of
the wide range of scientific journals in which
such studies are published, the heterogeneity
in types of built environments considered,

the different ways in which PA is defined or
measured, and the varying study populations
examined, it is increasingly difficult for policy-
makers and other stakeholders to keep abreast
of current findings.

The purpose of this study was to systemat-
ically review the literature examining the re-
lationship between built environments and PA
or obesity rates. We were interested in any
articles that focused on any aspect of the built
environment that also examined any form of

Objectives. We conducted a systematic review of the literature examining
the relationship between built environments (e.g., parks, trails, sidewalks) and

Methods. We performed a 2-step inclusion protocol to identify empirical
articles examining any form of built environment and any form of PA (or obesity
rate) as the outcome. We extracted data from included abstracts for analysis by
using a standard code sheet developed for this study.

Results. Of 169 included articles, 89.2% reported beneficial relationships—but
virtually all articles utilized simple observational study designs not suited for
determining causality. Studies utilizing objective PA measures (e.g., pedometer)
were 18% less likely to identify a beneficial relationship. Articles focusing on
children in community settings (-14.2%), those examining direct measures of
obesity (-6.2%), or those with an academic first author (-3.4%) were less likely to

Conclusions. Policymakers at federal and local levels should encourage more
rigorous scientific research to determine whether altered built environments
will result in increased PA and decreased obesity rates. (Am J Public Health.
2012;102:e7-e13. doi:10.2105/AJPH.2012.300740)

PA or direct measures of obesity. Our work
supplements previous reviews of the literature
that focused narrowly on body weight only,*®
a limited population (e.g., African Americans)>”
or other disadvantaged groups,>® or literature
(e.g., epidemiology only®?), and those that were
concerned entirely with how to best measure
built environments.>® In addition, previous
authors have examined how PA and obesity
are related to macro, political, economic, and
micro environments>° or the concept of “smart
growth” in the context of urban planning.>*
In our study, we were interested broadly in
determining whether built environment char-
acteristics are associated with decreases in
obesity or increases in various types of PA.
Moreover, we were interested in quantifying
the proportion of existing studies that focus
on Southern states, on children, or other vul-
nerable populations, and determining whether
such studies differ with respect to identifying
a benefit from built environments. Lastly, we
were interested in identifying any specific study
characteristics that are associated with finding
results that show improvements in PA or
obesity rates. Overall, our study helps identify
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gaps in the literature and provides a useful
synthesis for policymakers, urban planners,
public health professionals, and other stake-
holders concerned with maximizing the bene-
fits of built environments for the health of their
communities.

METHODS

We used a systematic review methodology
to identify and then extract information from
articles for further quantitative analysis. To
systematically review the literature examining
the relationship between built environment
and obesity rates or PA, we included articles
published from 1990 through April 2011. To
be as comprehensive as possible we enlisted
the help of a professionally trained library
science expert. We searched all the major
databases including MEDLINE, CINAHL Plus,
Econlit, PsycINFO, and Sociological Abstracts
with such search terms as “built environment,”

» «

“environment design,” “residence characteris-

» « » «

tics,” “open spaces,” “neighborhoods or neigh-
bourhoods,” and “public lands” to capture
articles that addressed the built environment.
Moreover, we used terms such as “physical
activity,” “motor activity,” “physical fitness,”
“walking,” “running,” “biking,” “recreation,” and
“exercise” to capture articles that addressed PA.
We also searched for terms such as “BMI” and
“obesity” to identify articles that examined direct
measures of body mass index (BMI; defined as
weight in kilograms divided by the square of
height in meters). We only considered English-
language, empirical publications that appeared in
peer-reviewed journals. Because of our focus on
evidence-based literature contributions, we ex-
cluded letters to the editor, policy briefs, executive
summaries of governmental reports, and sum-
maries of future research plans.

Our keyword search identified 2393 arti-
cles. We used a 2-step inclusion process out-
lined in Figure 1. In the first step, 2 indepen-
dent reviewers examined article titles and each
marked articles for elimination that did not
reveal a focus on some type of built environ-
ment and some measure of PA or obesity.
The broad nature of our search terms picked
up articles that were not intended because
of different uses of terminology in different
disciplines, (e.g., articles that looked at the
impact of sports arenas on land values,*° the

e8 | Systematic Review | Peer Reviewed | Ferdinand et al.

| SYSTEMATIC REVIEW |

Step 1: Title review

All articles within MEDLINE, CINAHL Plus, Econlit, PsycINFO, and
Sociological Abstracts databases spanning years 1990-2011 were
considered according to title content for inclusion.

A

2393 articles found based on
keyword search.

A 4

Rejected on title review if:

Letters to editors

Agency/governmental executive summaries
Summaries of future research plans
Commentaries

A 4

| 454 articles considered relevant as per title

| Step 2: Abstract review

285 articles rejected during abstract review

Not empirical
No built environment component
No PA or obesity rate component

A

A total of 169 abstracts were included.

Note. PA = physical activity

impact of the environment on aging,*" and the
activity of animals*?). In this first step we
sought a high level of sensitivity (erring on
the side of inclusion). Thus, if either reviewer
chose to include an article on the basis of the
title, it was selected for abstract review in step
2. We included a total of 454 titles (19%) once
this step was completed.

The next step was to screen the article
abstracts of the 454 studies identified in step
1. For this step, we focused on a high level of
specificity by excluding articles that did not
clearly have a focus on both a built envi-
ronment component and a PA component.

FIGURE 1—Steps to identify articles for the systematic review of literature examining the
relationship between built environments and physical activity or obesity rate.

Disagreements or uncertainty about inclu-
sion or exclusion was reconciled by group
discussion among the authors. We included
a total of 169 abstracts in the systematic
review and these are listed in Appendix A
(available as a supplement to this article at
http://www.ajph.org). These 169 articles
represented 194 individual analyses because
several papers presented 2 or more separate
analyses that fit our inclusion criteria.

We systematically classified all included
abstracts by using a standard coding sheet
specifically developed for this study (Appendix
B, available as a supplement to this article at
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http://www.ajph.org). For each abstract, we
collected information on journal type (e.g.,
public health, medicine, physical fitness), study
design, and study location. Because of our
interest in factors influencing PA and obesity
rates in the South, we noted whether a study
was conducted in 1 of the 17 states classified
by the US Census as southern (AL, AR, DC, DE,
FL, GA, KY, LA, MD, MS, NC, OK, SC, TN, TX,
VA, or WV). In addition, we collected in-
formation on each study’s sample size, main
outcome variable, and main findings. More-
over, we collected information about study
participants including their gender, race/eth-
nicity, age, geographic location (rural vs ur-
ban), and study setting (school, home or
community, hospitals). We also collected in-
formation about the method in which PA was
measured (e.g., self-reported, technologically
measured, or investigator observed) and the
types of PA examined (e.g., walking, running,
biking). We identified whether the studies
focused on physical activity, physical inactiv-
ity (e.g., screen time), or directly measured the
association of built environment with some
measure of body weight (e.g., BMI). Lastly, we
determined whether the article findings
showed a beneficial relationship between the
built environment characteristic and the out-
come variable. A beneficial relationship in-
cluded statistically significant findings that
were positive for positive outcomes (e.g., PA)
or negative for negative outcomes (e.g., in-
activity, weight gain, obesity risk).

We used descriptive analyses to examine the
distributions of each variable. We tabulated
frequencies for variables of interest and cross-
tabulated the variables measuring main out-
comes (e.g, PA, BMI) and various variables
representing study characteristics (e.g., a focus
on a Southern, pediatric, or minority popula-
tion). Next, we examined the relationship
between various study characteristics and
whether the conclusions of the study suggested
that there was a beneficial relationship between
the built environment and the outcome vari-
able. To do so, we developed a logistic re-
gression model where the dependent variable
was “finding a beneficial relationship.” In this
model, covariates included whether the study
included a Southern population, sample size,
whether PA data were objectively measured,
whether the study focused on a specific
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population, and other characteristics such as
journal type, outcome type, and location of first
author. We report adjusted odds ratios (ORs)
and marginal effects to assist in the interpreta-
tion of our findings. In the case of categorical
variables, a marginal effect represents the
difference in the probability of an outcome
occurring between a given category and the
reference group. All analyses were conducted
in Stata version 11 (StataCorp LP, College
Station, TX) and controlled for the nested
nature of analyses within papers. Statistical
significance was flagged at the P<.10; P<.05;
and P<.01 levels.

RESULTS

The number of included articles increased
steadily by year with a low of 1 article in 2001
to a high of 43 articles in 2010. Of the 169
articles reviewed, the majority were authored
by individuals at academic institutions (86.4%),
had an observational study design (100%),
were published in a public health or pre-
ventive medicine journal (73.4%), and uti-
lized self-reported PA data (85.2%; Table 1).
Overall, 24 articles (14.2%) containing 27
analyses were conducted in a Southern state.
Lastly, the vast majority of analyses (n=173
of 194; 89.2%) found a beneficial relation-
ship between the built environment and PA
or obesity.

The distribution of how various outcome
variables and differing study populations were
distributed among the included articles is pre-
sented in Table 2. The most common outcome
variable was general PA (125 out of 194
studies; 64.4%); and many of these studies
focused on a vulnerable population such as
children (68 of 194; 35.1%) or the elderly
(21 of 194; 10.8%). Direct measures of obesity
(e.g., BMI) were the main outcome variable in
47 studies (24.2%) and 7 of these analyses
focused on a Southern population (Table 2).
Despite the many articles that focused on other
vulnerable populations, very few studies fo-
cused on a minority race (n=10; 5.2%) or
rural population (n= 8; 4.1%).

In bivariate analysis (data not shown), if
PA was measured objectively (defined as mea-
sured technologically including by the use of
pedometers, or investigator observations) arti-
cles were less likely to find a beneficial

relationship (69% vs 93%; P<.001). In ad-
dition, articles that focused on elderly popu-
lations were marginally more likely to find
a beneficial relationship (100% vs 88%;
P=.09).

When we controlled for all the various
article characteristics in a logistic regression,
studies that focused on a Southern state did not
differ from their counterparts with respect to
finding a beneficial relationship (Table 3).
However, in multivariable analysis, when
an article focused on children younger than
19 years (OR = 0.09; 95% confidence inter-
val [CI] = 0.02, 0.38; marginal effect —14.2%)
or had an academic lead author (OR=0.23;
95% CI=0.08, 0.70; marginal effect —3.4%),
there was a reduced likelihood of observing
a beneficial relationship. Compared with
studies that recruited community participants,
those that recruited participants from either
schools (OR=16.8; 95% CI=1.78, 159.6;
marginal effect +5.5%) or “other” settings
including hospitals and clinics (OR=12.9;
95% CI=3.22, 52.5; marginal effect +6.7%)
were more likely to find beneficial relationships
between the built environment and obesity
or PA.

There was no relationship between year of
publication and likelihood of finding a benefi-
cial outcome. However, the use of direct mea-
sures of body weight (e.g., BMI) as the main
outcome variable in a study was associated
with a reduced likelihood in finding a beneficial
relationship (OR=0.29; 95% CI=0.08, 1.09;
marginal effect —6.2%). Furthermore, studies
whose main outcome variable was active
transport (OR = 0.14; 95% CI=0.03, 0.66;
marginal effect —16.4%) or “inactivity” (OR =
0.05; 95% CI=0.01, 0.37; marginal effect
—39.9%) were less likely to observe a benefi-
cial relationship. Moreover, the use of objec-
tively measured PA data as opposed to self-
reported data was associated with a reduced
likelihood in finding a beneficial relationship
between the built environment and PA or
obesity rates (OR=0.10; 95% CI=0.03,
0.35; marginal effect —18.0%). Lastly, com-
pared with articles published in a public health
or preventive medicine journal, those pub-
lished in a physical fitness academic journal
were more likely to have a beneficial relation-
ship (OR=26.4; 95% CI=6.37, 109.8;
marginal effect +5.3%).
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TABLE 1—Descriptive Statistics of Articles Reviewed (n = 169) on the Relationship
Between Built Environments and Physical Activity or Obesity Rate: 2000-2011

Study location
Souther state
Non-Southern state
Nationwide
Non-US
Unknown
Study design
Experimental
Observational—quantitative
Observational—qualitative
Sample origination
School
Home or community
Other or unknown
Mode of PA data collection:
PA objectively measured (e.g., pedometer or investigator observed)
PA self-reported or other
Dependent variable
General physical activity
Park or trail use
BMI or obesity
Active transport
Inactivity
Study reported a statistically significant beneficial relationship
between the built environment and the outcome variable
Yes
No
Types of built environment
Parks
Sidewalks
Trails
Recreational facilities
School playgrounds
Traffic safety
Other or unknown

Variables No. (%)
First author from academia 146 (86.4)
Journal type
Public health or preventive medicine 124 (73.4)
Medicine or clinical 23 (13.6)
Physical fitness 21 (12.4)
Transportation or urban planning 1 (0.6)

24 (14.2)
25 (14.8)
20 (11.8)
60 (35.5)
40 (23.7)

0(0)
164 (97.1)
5 (2.9)

28 (16.3)
94 (55.6)
44 (28.1)

25 (14.8)
144 (85.2)

104 (61.5)
5 (3.0)
45 (26.6)
12 (1.1)
3(1.8)

173 (89.2)
21 (10.8)

30 (15.5)
21 (10.8)
13 (6.7)
47 (24.2)
5 (2.6)
27 (13.9)
51 (26.3)

Sample size in each study: mean = 12 598; median = 1318; SD = 65 187; range (min-max) = 10-616 007.
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Note. BMI = body mass index (defined as weight in kilograms divided by the square of height in meters); PA = physical activity.

DISCUSSION

The literature examining the association
between the built environment and PA or
obesity has grown in recent years. This ex-
pansion has corresponded to widespread
community initiatives aimed at increasing
people’s access to recreational centers, parks,
trails, and other green spaces in an effort to
increase PA and reduce obesity. In light of the
large recent growth in the literature, we sought
to systematically review the current state of
scientific work on this important topic. We
were particularly interested in identifying
whether existing studies are generalizable to
the US South where both poverty and obesity
are a major public health challenge.

The main finding of our review is that a high
percentage of studies have identified a beneficial
relationship between the built environment
and PA or obesity. Furthermore, studies that
included populations from the South had sim-
ilar positive findings. Despite these promising
results, we also found that virtually all studies
in the existing literature employed obser-
vational study designs that severely limit
researchers’ ability to determine if the rela-
tionship between the built environment and
desirable outcomes are indeed causal. Among
these observational studies was one that used a
match—control design (at the neighborhood
level) and objectively examined PA as well
as self-reported screen time.*® Given its study
design, it is perhaps better able to suggest
causality. It is encouraging that this study,
although it focused on a unique inner-city
pediatric population,*? found positive findings
including increased PA and decreased reported
TV and video watching following the opening
of a new schoolyard.

Our analysis also found that studies that
focused on children (compared with adults)
that were recruited from the community were
less likely to report a “positive” result.**~*¢
Although more in-depth analysis is required to
explain this discrepancy, it is possible that the
relationship between the built environment
and child PA may be moderated to a greater
extent than for adults by certain intangible
characteristics. For example, an extensive
number of studies have found that parental
perceptions of neighborhood safety and quality
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TABLE 2—Number of Studies With Given Outcomes and Populations on the Relationship Between Built Environments
and Physical Activity or Obesity Rate: 2000-2011

Main Outcome Variable, No. of Articles (%)

Variable No. of Articles (%) General PA Park or Trail Use Direct Measures of BMI or Obesity Active Transport Inactivity
Focus on a Southern state 27 (13.9) 17 1 7 2 0
Focus on a minority race 10 (5.2) 9 0 0 0 1
Focus on a rural location 8 (4.1) 5 0 2 1 0
Focus on children 68 (35.1) 42 0 16 9 1
Focus on elderly 21 (10.8) 14 1 5 0 1
Studies not focusing on above populations 78 (40.2) 51 3 20 3 1
Total analyses 194 (100) 125 (64.4) 5 (2.6) 47 (24.2) 14 (1.2) 3(1.5)

Note. BMI =

are strong predictors of child PA and obesity
risk.*”° We speculate that availability of PA
facilities may not be as useful to children as to

TABLE 3—Predictors of “Beneficial” Relationships in Studies Examining the Built
Environment and Obesity or Physical Activity:

body mass index (defined as weight in kilograms divided by the square of height in meters); PA = physical activity. Totals may not add up to 100% because categories of vulnerable
populations are not mutually exclusive. The sample contained 169 articles including 195 analyses.

adults as long as there are parental concerns
about neighborhood safety. On the other hand,
we found that studies that focused on children

2000-2011

Article Finds a Statistically Significant Beneficial Relationship

Variable

0dds Ratio (95% Cl) Marginal Effect, %

Focus on a Southern state
Sample size
PA data objectively measured®
Study focused on children (aged < 19 y)
Study focused on overweight or obese populations only
Academic first author
Sample drawn from
Home or community (Ref)
School
Other or unknown
Outcomes variable
General PA (Ref)
Park or trail use
Direct measures of obesity (BMI)
Active transport
Inactivity
Journal type
Public health or preventive medicine (Ref)
Medicine or clinical
Physical fitness
Transportation or urban planning
Year

2.35 (0.37, 14.4) 23
1.15 (0.78, 1.70) 0
0.10%** (0.03, 0.35) -18.0
0.09%** (0.02, 0.38) 142
2.24 (0.36, 14.1) 28
0.23*** (0.08, 0.70) -34
1.00
16.8%* (1.78, 159.6) +55
12.9%+* (3.22, 52.5) 6.7
1.00
1.43 (0.12, 16.8) 11
0.29* (0.08, 1.09) 6.2
0.14** (0.03, 0.66) -16.4
0.05*** (0.01, 0.39) -39.9
1.00
6.78 (0.69, 66.5) 4.1
264+ (6.37, 109.8) +53

.0 (0.99, 1.01) 0
1.16 (0.87, 1.53) +0.5

Notes. BMI =

*P<.1; **P<.05; ***p<.01.
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body mass index (defined as weight in kilograms divided by the square of height in meters); Cl =
interval; PA = physical activity. The sample contained 194 analyses clustered within 169 articles.
“Technologically measured (e.g., pedometer) or investigator observed.

confidence

in school settings were more likely to find a
beneficial result associated with the built envi-
ronment than studies recruiting from other
settings. This raises the question of whether
school-related built environments have a larger
impact on children’s PA than community-based
built environment. This may be the case be-
cause, in a school setting, PA can be mandated
as part of the physical education curriculum;
furthermore, in a school setting, issues about
neighborhood safety are presumably of less
concern to parents. Nevertheless, this line of
inquiry may be a useful direction of future
research.

It is also important to note that certain study
characteristics, many of which are suggestive of
higher scientific rigor, were associated with
a decreased likelihood of finding a beneficial
relationship between the built environment
and PA or obesity. For example, studies that
utilized more objective measures of PA (e.g.,
use of a pedometer rather than respondent
recall) were less likely to identify a desirable
relationship between the built environment
and PA.5""%3 Furthermore, studies that were
led by an academic author, as opposed to an
author from industry, a special interest group,
or a nonprofit entity, were less likely to report
a desirable relationship as well.>*~>7 Lastly,
studies that examined direct measures of body
weight as an outcome variable (e.g., BMI) were
less likely than studies that focused on PA to
find an effect by the built environment being
studied. Although it is conceivable that studies
examining BMI failed to have long enough
time periods for an effect to be realized, it is
worrisome that authors that examine the “holy
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grail” measure are finding beneficial relation-
ships significantly less often. Although outside
the scope of our analysis, issues related to the
interplay between the food environment and
obesity may have influenced this finding.”®
Clearly, there are many psychosocial,>® eco-
nomic,%° and quality of life® benefits of
establishing greenways in communities; based
on the current empirical evidence, it is less clear
that reducing obesity is one of them.

Overall, our findings indicate a major op-
portunity for researchers to pursue studies that
employ more scientifically rigorous tools when
studying the effect of the built environment
and ensuing health outcomes. A need for
higher-quality evidence should become a pri-
ority. Recognizing that experimental studies are
potentially not feasible in many situations, re-
searchers should look for opportunities to
employ quasiexperimental designs.®*®* One
example of such designs is the difference-in-
difference approach that seems particularly
applicable for the study of environmental
changes such as the addition of a greenway to
a neighborhood. The difference-in-difference
approach is frequently used to study the impact
of policy changes in situations not amenable to
randomized controlled trials and it examines
differences in the outcome of interest for an
intervention group before and after the inter-
vention and compares this with the difference in
the outcome for a comparison or “control group”
over the same time period. The current litera-
ture is replete with cross-sectional studies and
a shift to more natural experiments and longi-
tudinal studies is warranted to more plausibly
investigate whether there is actually a causal
effect of built environment on PA and BML

Lastly, despite the need for more rigorous
studies, our review of the literature also iden-
tified considerable gaps. For example, very
little research has been done with a specific
focus on minority populations especially with
regard to their use of parks, school play-
grounds, and active transport. This finding is
consistent with Casagrande et al.>” who spe-
cifically reviewed studies of the built environ-
ment that focused on African American pop-
ulations. Studies of rural populations are also
lacking, especially on park or trail use, school
playgrounds usage, and inactivity. Moreover,
very few studies that focused on the elderly
examined whether active transportation (e.g.,
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walking instead of driving to nearby stores,
medical appointments) is a viable option for
facilitating PA. Without a stronger scientific
basis, and more rigorous studies on populations
and concepts that are currently absent from the
literature, we risk allocating scarce public
health resources to a potentially worthy pursuit
on which we have limited information.

Despite the new information provided by
our study, there are several limitations worth
mentioning. First, we recognize that our search
protocol could have potentially missed some
studies that were worthy of inclusion. To
minimize this possibility, we enlisted the assis-
tance of a library science expert, experimented
with various differing search terms, and cali-
brated our approach to err on the side of
including articles in step 1 of our search.
Second, it is possible that some information that
our code sheet was intended to measure was
not listed in the abstract of some published
studies. Although we tried to carefully restrict
our extracted variables to items most scientific
abstracts would include, we recognize that
some information may have been missed.
Lastly, our sample size of 169 articles and 194
analyses limited our ability for more complex
statistical analysis that includes a larger number
of covariates. This is especially true given that
so few articles focused on particular populations
or were drawn from certain settings. As a result
of this limited power, we were limited in our
analytical options. As the literature continues to
grow, especially with more scientifically rigorous
studies, future work will be able to further
tease out the relationship between the built
environment and PA or obesity among different
types of studies. ®
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