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Abstract

Background: Evidence is mounting to suggest a causal relationship between the built environment and people’s
physical activity behaviours, particularly active transport. The evidence base has been hindered to date by restricted
consideration of cost and economic factors associated with built environment interventions, investigation of
socioeconomic or ethnic differences in intervention effects, and an inability to isolate the effect of the built
environment from other intervention types. The aims of this systematic review were to identify which
environmental interventions increase physical activity in residents at the local level, and to build on the evidence
base by considering intervention cost, and the differential effects of interventions by ethnicity and socioeconomic
status.

Methods: A systematic database search was conducted in June 2015. Articles were eligible if they reported a
quantitative empirical study (natural experiment or a prospective, retrospective, experimental, or longitudinal
research) investigating the relationship between objectively measured built environment feature(s) and physical
activity and/or travel behaviours in children or adults. Quality assessment was conducted and data on intervention
cost and whether the effect of the built environment differed by ethnicity or socioeconomic status were extracted.

Results: Twenty-eight studies were included in the review. Findings showed a positive effect of walkability
components, provision of quality parks and playgrounds, and installation of or improvements in active transport
infrastructure on active transport, physical activity, and visits or use of settings. There was some indication that
infrastructure improvements may predominantly benefit socioeconomically advantaged groups. Studies were
commonly limited by selection bias and insufficient controlling for confounders. Heterogeneity in study design and
reporting limited comparability across studies or any clear conclusions to be made regarding intervention cost.

Conclusions: Improving neighbourhood walkability, quality of parks and playgrounds, and providing adequate
active transport infrastructure is likely to generate positive impacts on activity in children and adults. The possibility
that the benefits of infrastructure improvements may be inequitably distributed requires further investigation.
Opportunities to improve the quality of evidence exist, including strategies to improve response rates and
representativeness, use of valid and reliable measurement tools, cost-benefit analyses, and adequate controlling for
confounders.
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Background

Physical activity is fundamental to human health and
wellbeing [1]. Insufficient physical activity is a major
contributor to the occurrence of non-communicable dis-
eases and is responsible for about 9% of premature mor-
tality globally [2, 3]. Increasing focus is being placed on
the role of the built environment in promoting physical
activity, recognising the sustained nature and potential
for broad reach of environmental interventions, and the
potential to promote substantial changes in population-
level physical activity [4]. Active transport also contrib-
utes to health-promoting levels of physical activity [5, 6].
In addition, replacing motorised trips with active forms
of transportation also brings numerous co-benefits, such
as reduced traffic congestion; improved air quality; and
reduced fatalities due to traffic, air pollution, and in-
activity [7-9]. Accordingly walking and cycling for trans-
port are particular behaviours of interest for researchers
and policy-makers alike.

A growing body of evidence shows clear associations
between the neighbourhood built environment and
physical activity behaviours [10, 11]. Specifically, system-
atic reviews of the literature have shown that environ-
ments characterised as more walkable (ie., facilitating
walking through higher destination accessibility, street
connectivity, presence and quality of active transport in-
frastructure, etc.) are associated with physical activity ac-
cumulation for both children and adults [12-27].

McCormack et al. [12] systematically examined the re-
lationship between physical activity and objectively-
assessed built environment, improving on earlier reviews
by only including cross-sectional studies that adjusted
for self-selection, and quasi-experiments. Findings
showed land use mix, connectivity and population dens-
ity and overall neighbourhood design (ie., walkability,
neighbourhood type) were “important determinants of
physical activity”. Similarly, Mayne et al. [14] systematic-
ally examined the impact of natural or quasi-
experimental studies of built environment changes on
physical activity. Findings showed greater impacts on
physical activity of interventions that were designed to
impact active transport. Stronger results were also re-
ported in papers where specific activity constructs (e.g.,
walking or cycling, rather than total physical activity)
were assessed.

Relationships may differ depending on the physical ac-
tivity construct of interest (e.g., active transport, such as
walking or cycling for transport, versus leisure time phys-
ical activity) and the type of intervention [12, 28, 29]. In
particular, environmental features may be more closely re-
lated to active transportation than overall physical activity
or recreational activity [12]. Indeed, reviews have consist-
ently shown associations between active transport and
built environments that are characterised as “walkable”,
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including aspects of active transport infrastructure
[14, 16, 30, 31]. Less is known with regard to cycling. A
systematic review showed cross-sectional associations
between cycling and the presence of dedicated cycle
routes or paths, separation of cycling from other traf-
fic, high population density, short trip distance, and
proximity of a cycle path or green space [18]. For chil-
dren, an association has been demonstrated between
cycling and the promotion of ‘safe routes to school’
[18]. Negative environmental factors were traffic dan-
ger, long trip distance, steep inclines and distance from
cycle paths. This review also demonstrated some evi-
dence for causality with statistically significant impacts
of new cycle routes on cycling prevalence from a lim-
ited number of studies [18]. Similarly in their system-
atic review, Yang et al. [19] observed modest increases
in cycling associated with high quality cycling infra-
structure improvements.

Relationships may also differ by population group (e.g.,
children, adults) [15]. Associations for children seem
more complex than for adults, with inconsistencies in
relationships observed [32], although this may in part be
due to the limited evidence base. In their systematic
review and meta-analysis of built environments and
physical activity in children and youth, McGrath et al.
[15] reported adolescents’ physical activity was positively
associated with walkability features, play facilities, parks
and playgrounds, but these relationships were negative
for younger children. Even less is known with regard to
older adults, though one systematic review of quantita-
tive and qualitative research reported environmental as-
sociates of physical activity in this population, including
street lighting, destination accessibility, and pedestrian
infrastructure [22].

The quality of the built environment may be an im-
portant contributor to health inequalities, especially by
influencing opportunities for active transport. To the au-
thors” knowledge, only one systematic review published
to date has considered the impact that sociodemo-
graphic factors may have on the efficacy of built envir-
onment interventions [25]. In their systematic review,
Schiile et al. [25] included only studies that simultan-
eously considered at least one indicator of “neighbour-
hood socioeconomic position” (e.g., socioeconomic
status, SES) and adjustment for at least one individual
socioeconomic factor (ethnicity alone was not consid-
ered sufficient) in multilevel modelling of the relationship
between the built environment and health outcomes. Al-
most all the studies in this review showed interactions be-
tween “neighbourhood socioeconomic position” and the
built environment or individual characteristics, or between
the built environment and individual characteristics (in-
cluding “individual socioeconomic position”). However,
substantial heterogeneity in study design and reporting of
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results hindered any ability to generate clear insights.
Hopgood et al. [33] found that traffic calming intensity
was more common around less deprived schools in
Auckland, New Zealand, whereas Zhu et al. [34] found
that schools in Austin, Texas with higher proportions of
poor or Hispanic students had better sidewalks and walk-
ability. Interventions to improve the built environment
may also have important effects on health equity, for ex-
ample, improved infrastructure may be used more often by
residents with a higher educational or income level [35].

Transport infrastructure is expensive but given the
substantial economic burden caused by physical inactiv-
ity [3], built environment interventions that help people
get active and stay active may be attractive options from
a cost-benefit perspective. In terms of benefit:cost ratios,
active transport interventions tend to compare well to
other major transport investments, such as new roads or
public transport [36, 37]. Studies in this field use a range
of methodologies and processes to describe and evaluate
infrastructural interventions and to model economic
outcomes. Even so, findings from a 2008 systematic re-
view reported large positive benefit:cost ratios for walking
and cycling infrastructure interventions, with median
magnitudes of 5:1 [24]. An updated systematic review re-
ported benefit:cost ratios ranging between -39:1 to 59:1,
with positive ratios reported by 26 of the 32 studies in-
cluded (81%) [27]. More information is needed about spe-
cific infrastructural factors at a local level to guide specific
investment and planning decisions.

Often, changes in the built environment, experienced
either by changing residential location or by intervention
in a familiar setting, do not occur in isolation. For ex-
ample, infrastructural interventions may have associated
social media campaigns or supplementary programmes
to support behaviour change [38]. It is challenging, yet
important, to tease out the effect of built environment
changes on physical activity behaviours to enable effect-
ive decision making for planning and resourcing envir-
onmental change interventions. In one systematic review
all included studies that combined built environment
and physical activity promotion interventions were re-
ported as being effective in increasing activity, while only
half of the built environment intervention only studies
showed a positive impact on activity [13]. Only one
study in this review was concerned solely with physical
activity promotion, limiting comparability between the
intervention types.

Notwithstanding frequent calls for research to under-
stand causality [19, 21, 28, 39], until recently, the evi-
dence base has remained predominantly cross-sectional.
Likewise, despite calls for studies to improve specificity
by examining behaviour-specific environmental attri-
butes and improve objectivity in environmental mea-
sures [19, 39], numerous gaps still remain. The lack of
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evidence has been attributed to gaps in collaboration be-
tween disciplines (e.g., research, urban planning) [40],
cost of conducting quality research [41], and complex-
ities in evaluating interventions [42] and modelling their
effectiveness across population groups [43]. These are
substantial barriers, but there has recently been an in-
crease in studies utilising objective and behaviour-
specific measures where causality can be inferred (e.g.,
longitudinal studies, controlled trials).

Some of the difficulties faced in assessing this broad
evidence base include variable study quality, insufficient
(or no) quality assessment of articles included in reviews
[41], a narrow focus on specific population groups or be-
haviours of interest (restricting understanding from a
broader population health perspective), and the predom-
inance of cross-sectional studies (reducing ability to
understand causality). There is a dearth of systematic re-
views that: (a) consider cost and economic factors asso-
ciated with built environment interventions, (b) describe
socioeconomic or ethnic differences in intervention ef-
fects, or (c) where the ability to isolate the effect of the
built environment from other intervention types is
assessed.

For these reasons, we believe it is timely to re-examine
the evidence base, with a focus on updating and improv-
ing on previous reviews, by: (1) only including studies
where causality can be implied, (2) considering interven-
tion cost, (3) examining whether intervention effects dif-
fer by ethnicity or SES, (4) conducting rigorous article
quality assessment, (5) including all age groups and
physical activity behaviours, and (6) attempting to isolate
the effect of the built environment from other interven-
tions occurring in studies. Our aims are to: (1) conduct
a new systematic review to identify which environmental
interventions increase physical activity in residents at
the local level, with the goal of informing future policy
and practice in community design; and (2) to build on
the limited evidence base on the effectiveness of built
environment interventions for influencing health in-
equalities by systematically exploring the effectiveness of
these interventions by ethnicity and SES.

Methods

The review protocol was prepared following the PROS-
PERO International prospective register of systematic re-
views protocols [https://www.crd.york.ac.uk/prospero/]
and published on figshare [44].

Eligibility criteria

Articles were eligible if they reported a quantitative
empirical study (natural experiment or a prospective,
retrospective, experimental, or longitudinal research (in-
cluding repeated cross-sectional surveys)) investigating
the relationship between objectively measured built
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environment feature(s) and physical activity and/or
travel behaviours in children or adults. Qualitative stud-
ies, or those that did not measure change in both the in-
dependent and dependent variables were excluded. For
trials, no control group was required for the study to be
included in the review.

Information sources

A systematic search of Scopus, Ovid (all journals), Pro-
Quest Science, ProQuest Social Science, and the Trans-
port Research International Documentation database
(comprising the US Transportation Research Board’s
Transport Research Information Services database and
the Organisation for Economic Co-operation and Devel-
opment Joint Transport Research Centre’s International
Transport Research Documentation database), was con-
ducted by the lead author (MS) in June 2015. Databases
were identified in consultation with a subject-specific li-
brarian, and the wider research team comprising special-
ists in transport, built environments, physical activity,
active transport, epidemiology, and health. We acknow-
ledge the value of grey literature in some circumstances
but did not include studies reported in this form in this
study. We sought the most robust evidence available, en-
suring our methods were as robust and replicable as
possible [45], and reducing the risk of bias in outcome
reporting that may occur in the grey literature, for instance
in settings where funding for infrastructural work is at
stake. Bibliographies of included articles were also searched
for possible relevant articles (using the article title).

Search strategy

Keyword searches of article abstracts and titles were
conducted using three categories: 1) environments, 2)
physical activity or travel modes, and 3) natural experi-
ments, or prospective, retrospective, experimental, or
longitudinal. Search terms were identified from MeSH
subject headings in PubMed, previous similar reviews
[5, 12, 46], and the knowledge and expertise of the
research team. Test searches were conducted to gauge
the sensitivity and specificity of the search terms, and
amendments were made accordingly. Searches were
limited to English-language articles that were pub-
lished or in press, with no date restrictions. The final
search strategy is outlined in Additional file 1.

Study selection

Titles and abstracts of articles were screened by the lead
author and included if they met the eligibility criteria.
Where it was unclear whether articles met the inclusion
and exclusion criteria from the abstract and title, full-
text articles were sourced. Where bibliography searches
identified article titles as possibly relevant, article ab-
stracts were sourced and screened using the above
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criteria. All processes (ie., identification of articles, data
extraction, quality assessment) were duplicated by a co-
author (JH) with a random selection of 10% of each
dataset [47, 48]. Any disagreement was resolved through
discussion, and any necessary amendments made to each
process.

For the purposes of this examination, a relatively
broad definition of built environment was used, with the
aim of identifying and understanding the range of modi-
fiable factors in the external neighbourhood environ-
ment that may impact people’s physical activity or travel
behaviours. Accordingly, ‘built environment’ encom-
passed either interventions or changes occurring at the
individual level (e.g., due to moving), or at the local,
neighbourhood, or town scale. Measures were all ob-
jective and included geographic information systems-
derived variables (e.g., dwelling density, distance to
destinations), community infrastructural or streetscape
intervention typologies (e.g., shared spaces, naked
streets), natural or built aesthetic factors in the neigh-
bourhood environment (e.g., tree planting, signage,
wayfinding), and measures of other relevant environ-
mental supports for physical activity or active travel
(e.g., playground features). Recognising the contribu-
tion that public transport use can make to physical
activity accumulation [49, 50], studies assessing
changes in access to public transport (e.g., distance to
closest public transport stop, park-and-ride interven-
tions) were also eligible. As the focus was on being
able to isolate the effect of built environment features
or interventions, studies investigating aggregate mea-
sures (e.g., walkability, walk score), or studies combi-
ning infrastructural and “soft” (e.g., awareness
programmes, social media, organised programmes) in-
terventions where the effect of the infrastructural
intervention could not be isolated were not included.
Conversely, studies that included infrastructural and
soft interventions but where findings enabled the ef-
fect of the infrastructural intervention to be isolated
were included.

Likewise, a broad approach was taken to defining
physical activity for this review — encompassing all types
and dimensions of self-reported or objectively assessed
physical activity (e.g., recreational walking, habitual
physical activity, moderate-to-vigorous physical activity).
Physical activity could be assessed retrospectively, pro-
spectively, using repeated cross-sectional surveys or dir-
ect observation, or before and after an intervention.
While acknowledging the limitations of recall, well-
designed retrospective studies offer a “plausible alterna-
tive to prospective longitudinal data collection” [51] due
to time efficiency, lack of panel attrition, cost effective-
ness, and quality of survey instruments (as earlier mea-
sures may be obsolete).
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Data extraction and quality assessment

A study-specific data extraction form (available in
Additional file 2) was generated from a previous system-
atic review of health impacts of new roads [52] and the
Effective Practice and Organisation of Care data collec-
tion form [53]. Data were extracted for all included arti-
cles across seven categories: general information,
population and setting, methods, participants, interven-
tion groups, outcome measures, and results. In addition,
data were extracted on whether the effect of the built
environment differed by ethnicity or SES. Studies were
eligible for the latter if they reported effect estimates
stratified by ethnicity or SES, or examined effect modifi-
cation/interactions between the intervention or exposure
variable and ethnicity or SES. Eligible measures of ethni-
city included self-reported or objectively assigned ethni-
city or race. Eligible measures of SES included income,
educational level, occupation and home ownership, as
well as composite indices such as those for deprivation.
SES could be measured at an individual or area level.
Area-level SES measures were only eligible if the SES
variable was calculated for a smaller area than the study/
intervention area (e.g., meshblock-level deprivation [54]
calculated in a community-wide project that included
multiple meshblocks).

Strength of evidence was determined using the Evalu-
ation of Public Health Practice Projects Quality Assess-
ment Tool (EPHPP) as employed in previous similar
reviews [5, 46], and adapted to improve the suitability
for assessing articles included in this review [46] as out-
lined in Additional file 3. EPHPP scoring criteria are
provided in Additional file 4. Adaptations were made as
a consequence of the duplicate quality assessment
process whereby the reviewers identified a number of
necessary clarifications to facilitate consistency in scor-
ing. These changes did not impact the final quality as-
sessment scores.

Summary measures, synthesis of results and quality
assessment/risk of bias across studies

The key outcomes of interest were physical activity (self-
reported, observed, or objectively assessed), active trans-
port (self-reported or observed), and visitation to or use
of a setting (e.g., counts of riders on new cycleways;
counts of playground users). Findings were collated for
each of these outcome measures and considered separ-
ately by population subgroups (children, adults). Find-
ings were also summarised in the context of study
quality to gauge risk of bias and understand the strength
of evidence provided.

Results
Figure 1 provides the flow diagram of articles included
and excluded from the review [55]. Of the 12,082 articles
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identified, 2282 were duplicates, 9757 were excluded at
title or abstract stage, and 43 were assessed at full text
stage. In total, 28 articles met the inclusion criteria for
this review.

Study characteristics

Key characteristics of studies included are provided in
Table 1. The majority of studies were controlled repeat
cross-sectional examinations (# = 8), followed by uncon-
trolled repeat cross-sectional studies and uncontrolled
longitudinal studies (both 7 =6). Almost three-quarters
(71%) of studies were conducted in the USA, with the
remainder from Australia (n =4), and Belgium, England,
Scotland, and New Zealand (all #=1). A majority of
studies focused on all age groups (n = 13) or adults only
(n=12). Three (11%) focused on children and no studies
focused specifically on older adults. Intervention types
varied widely, but predominantly involved infrastructural
interventions for facilitating walking and cycling (e.g., bi-
cycle boulevards, installation of cycle lanes, improving
sidewalks, etc.). Park and playground improvements or
development also featured regularly. Walking for leisure
or transport was assessed in seven studies, cycling in
two, and overall active transport in six studies. Where
observation of active transport occurred, two studies dir-
ectly observed cyclist counts only, and two undertook
counts of pedestrians and cyclists.

Quality assessment

Study quality assessment results are provided in Table 2.
Using the EPHPP criteria, only one study was rated as
strong (i.e., having no components with a weak rating),
and a majority (75%) were rated as weak. No studies
rated as moderate or strong assessed walking or cycling
separately from each other. Selection bias was the qual-
ity component most frequently rated as weak. In many
cases this was a consequence of undertaking direct ob-
servation of park users, where no measures of represen-
tativeness could be ascertained. In general, studies
lacked robust means of ensuring generalisability. The
use of direct observation made it difficult to fully control
for confounders. Relevant information on traffic and
street type was also frequently missing in studies that
assessed the effectiveness of streetscape interventions.
Of the studies where it was appropriate (i.e., where there
was a control/comparison group or site), 28% reported
on consistency between treatment conditions. Five stud-
ies noted distance between treatment sites, but no stud-
ies measured contamination directly. Cost of the
intervention was reported in seven studies, all of which
were conducted in the US. These ranged from
US$45,000 per park for implementation of fitness zones
to US$5.5 million for two major playfield renovations.
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Fig. 1 Pathway of articles included and excluded in review
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n = 2 no objective BE measures
n =1 no English full-text

Differential effects by ethnicity or socio-economic status

Four studies investigated whether built environment ef-
fects differed by ethnicity/race or SES, using a range of
different approaches. The iConnect CBA study of new
walking and cycling routes in three UK municipalities
over two years found no significant interaction between
the intervention and education, income or employment
when using walking and cycling as the outcome [56].
When examining use of the infrastructure, lower educa-
tional level and income, but not ethnicity, were associ-
ated with less use. Compared with an annual income of
>£40,000, an income of <£20,000 was associated with a
23% lower likelihood of infrastructure use. Having less
than tertiary-level educational level, compared with ter-
tiary education, was associated with a 10-20% lower
likelihood of infrastructure use, though the effect was
only statistically significant at one-year (not two-year)
follow-up. People who were not working, who were re-
tired or were students (compared with working people)
were less likely to use the infrastructure at two-year

follow-up. Students were particularly unlikely to use the
infrastructure (relative ratio = 0.20) [35].

A randomized controlled trial of the effects of Los
Angeles park improvements informed by community
engagement found a significant increase in the num-
ber of white park users, but no significant changes
for black, Hispanic or other users [57]. Installation of
a one-mile bike lane in New Orleans was associated
with increases in mean daily cycling counts on the
intervention street for both whites (from 48.9 to
192.9/day) and blacks (from 22.8 to 61.3/day; results
for other racial/ethnic groups not reported), while
cycle counts on adjacent control streets dropped
post-intervention. The interaction of intervention,
time and race/ethnicity was not statistically significant
[58]. In a longitudinal study across several US cities,
the effect of change in neighbourhood recreational fa-
cility density on change in recreational physical activ-
ity (mean follow-up 3.2 vyears) did not differ
significantly by income or race/ethnicity [59].
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Table 2 Quality assessment of studies included in review
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Author; year Selection bias Study design Confounders Blinding Data collection Withdrawals Global score
Beenackers; 2012 Weak Moderate Strong Moderate Weak Weak Weak
Boarnet; 2005 Weak Moderate Weak Moderate Moderate N/A Weak
Brown; 2008 Weak Moderate Strong Moderate Strong Weak Weak
Clark; 2014 Weak Moderate Weak Moderate Strong N/A Weak
Cohen; 2012 Weak Moderate Moderate Moderate Strong N/A Moderate
Cohen; 2014 Weak Moderate Weak Moderate Strong N/A Weak
Cohen; 2015 Weak Moderate Weak Moderate Strong N/A Weak
D'Haese; 2015 Moderate Moderate Strong Weak Strong Moderate Moderate
Dill; 2014 Weak Moderate Strong Moderate Strong Moderate Moderate
Fitzhugh; 2010 Weak Moderate Weak Moderate Weak N/A Weak
Giles-Corti; 2013 Weak Moderate Strong Moderate Weak Moderate Weak
Goodman; 2014 Weak Moderate Strong Moderate Strong Weak Weak
Gustat; 2012 Moderate Moderate Moderate Moderate Weak N/A Moderate
Harduar-Morano; 2008 Strong Weak Weak Weak Weak N/A Weak
Knuiman; 2014 Weak Moderate Strong Moderate Weak Weak Weak
Lott; 1979 Weak Moderate Weak Moderate Weak N/A Weak
McDonald; 2013 Moderate Moderate Strong Moderate Moderate N/A Strong
Morrison; 2004 Weak Weak Weak Moderate Weak Moderate Weak
Parker; 2011 Weak Moderate Weak Moderate Weak N/A Weak
Parker; 2013 Weak Moderate Weak Moderate Weak N/A Weak
Quigg; 2011 Weak Moderate Strong Moderate Strong Strong Moderate
Ranchod; 2013 Weak Moderate Moderate Moderate Strong Strong Moderate
Roemmich; 2014 Weak Moderate Weak Moderate Strong N/A Weak
Shu; 2014 Weak Moderate Weak Moderate Weak N/A Weak
Tester; 2009 Weak Moderate Weak Moderate Strong N/A Weak
Veitch; 2012 Weak Moderate Weak Moderate Strong N/A Weak
West; 2011 Weak Moderate Weak Moderate Weak Weak Weak
West; 2015 Weak Moderate Moderate Moderate Weak Moderate Weak

Impact of built environment on physical activity, active
transport, or visitation/use of settings

Table 3 summarises the key findings in relation to the im-
pact of the built environment on physical activity, active
transport, and visits or use of settings. With the exception
of two studies showing no significant impact [60, 61], and
one finding a negative impact [62], all others reported a
significant positive impact on the outcomes of interest.
For those studies rated higher quality (i.e, moderate or
strong ranking using the EPHPP criteria), significant posi-
tive impacts were found for the following:

e Interventions involving multiple streetscape
improvements on active transport in children, and
on physical activity in adults [63, 64]

e Installation of park or playground equipment and
active transport and physical activity in adults
[57, 63]

e Multiple component park renovations on children’s
physical activity (for children of lower body size
only) [65]

e Temporary road closures and provision of play
equipment on children’s physical activity [66]

e Increased density of recreation facilities in the
neighbourhood on physical activity in adults [59]

Discussion

The aims of this systematic review were to provide an
update on the evidence for the impact of the built
environment on physical activity behaviours, and to
systematically explore the effectiveness of these inter-
ventions by ethnicity and SES. Drawing from best
practice, we took a systematic approach to identifying
and screening literature, data extraction, and quality
assessment of relevant literature.
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Table 3 Key findings and strength of evidence® for impact of built environment on physical activity, active transport, and visitation
or use of settings

Intervention
mechanism

Intervention medium

Active transport
(total walking, total
cycling, walking or
cycling for transport)

Physical activity

(total physical activity,
moderate physical activity,
moderate-to-vigorous
physical activity, recreational
physical activity)

Visitation/use of settings

Adults  Children All Adults Children  All ages Adults  Children All ages
ages
Active transport Bicycle boulevard/bike lane 1[62] ~ [62] 11058, 193]
infrastructure installation 91]
Multiple streetscape components for  1[92] 17+ [64] 11190, 92] 11192, 95]
walking or cycling (including two or  ~* [63]  1[85] 1 [63]
more of: crosswalk and sidewalk
improvements, improved and
covered bike parking, installation of
traffic calming features (raised
platforms, zebra crossings) and
parking bays; creating safe places to
walk)
New greenways ~[90]°  1[89] 1198 1189]
~ [60]
Traffic free bridges and boardwalks 1[56] 1156]
Wayfinding and distance signage on ~ [61]
community trails
Parks and Installation of fitness equipment/ 571 114 57,
playgrounds playground equipment ~+ [63] 63]
Multiple component park 1090] ~* 651 111086, 96, 1111088, 96,
renovations (including two or more 971 97]
of: new equipment, walking track, ~ [88]
fencing, landscaping, surfaces, lights)
Removal of seating 1094] ~ [94] 1194]
Retrofiting existing green space into 187] 1871
pocket parks
Temporary road closures and play 17" [66]
equipment
Walkability Access to/availability of public transit  1[71] 1(86]
components Destination accessibility 111069, 10691
71]
Land-use mix 711
Recreation facility density 1 [59]
Residential density 170]
~ [71]
Street connectivity 1711 1170}

Strength of evidence determined by quality assessment rating of each study using a modified version of the Evaluation of Public Health Practice Projects Quality
Assessment Tool (EPHPP) as described in the supplementary information (Additional File 3)

PEffect for school transport mode only

“Moderating effect of body size, whereby intervention was effective in increasing activity in children of lower body size, and decreased activity in children of
higher body size

*Moderate evidence

**Strong evidence

~ Inconsistent results or no impact of built environment on physical activity behaviour(s) or visitation/use of setting(s)

| Negative impact of built environment on physical activity behaviour(s) or visitation/use of setting(s); weak evidence

1 Positive impact of built environment on physical activity behaviour(s) or visitation/use of setting(s); weak evidence

Findings showed a consistent positive effect of walk-
ability components, provision of quality parks and play-
grounds, and installation of or improvements in active

transport infrastructure on active transport, physical ac-
tivity, and visits or use of settings. Impacts on activity di-
mensions were observed in line with expectations (e.g.,
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walkability components were related to active transport)
[14]. Additionally, some interesting patterns emerged
whereby improvements in non-specific activity dimen-
sions occurred, such as installation of fitness or play-
ground equipment increasing active transport to that
setting, and improving the streetscape for walking and
cycling increasing physical activity behaviours beyond
active transport. Positive impacts were observed for chil-
dren and adults alike, although there was a paucity of re-
search including older adults. Taken together, these
findings provide new evidence for the substantial prom-
ise that built environment interventions hold for im-
proving physical activity behaviours across a population
and are in keeping with previous systematic reviews
[12-27]. There remains a substantial gap in understand-
ing relationships with cycling behaviours. None of the
studies rated as strong or moderate quality assessed cyc-
ling independently of other active transport modes.

Most analyses found no statistically significant differ-
ences in intervention effect by ethnicity or SES. How-
ever, one study found that new walking and cycling
routes were used more by people with higher incomes,
higher educational level and by people who were cur-
rently employed. Another study of park improvements
found increased number of white users, but no signifi-
cant change for black, Hispanic or other park users. Al-
though these two studies provide a limited basis from
which to draw inferences, the possibility that infrastruc-
ture improvements may predominantly benefit socioeco-
nomically advantaged groups warrants further exploration
in future evaluations.

As identified in previous reviews, there was substantial
variability in the methodology, measures, and analytical
processes used to evaluate the impact of environmental
interventions. Overall, this made comparisons between
studies and intervention delivery approaches difficult. In
part, this variability may be a by-product of the signifi-
cant differences in intervention typologies and associated
research designs. There remains, however, a need for im-
proved study quality, which may mitigate this somewhat
(e.g., consistent application of objective assessment of
physical activity, including appropriate control condi-
tions, employment of strategies to improve response
rates, adequate consideration of confounders, etc.). Our
quality assessment rated three-quarters of included stud-
ies as weak. Studies were frequently limited by lack of
representativeness and generalisability.

In most cases, blinding was not described in studies.
Following the scoring protocol of the EPHPDP, this earned
a “Moderate” rating. It is worth noting there are ethical
issues to be considered with participant blinding (such
as informed consent), and that these can sometimes
conflict with quality assessment criteria, where blinding
is desirable to reduce bias associated with participant
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self-report or reactivity [67]. We chose to retain this cat-
egory for consistency with the EPHPP and previous re-
search that has used this tool. An indepth consideration
of the issues surrounding the evaluation of blinding in
quality assessment is beyond the scope of this review,
but should be taken into account in future reviews in
this field.

Few studies comprehensively controlled for con-
founders. While sex and age were commonly controlled
or stratified for in analyses, only some included robust
measures of SES or ethnicity. Depending on study de-
sign, area-level SES (and ethnicity characteristics) may
suffice in order to mitigate challenges around collecting
these data at the individual level. In their systematic re-
view, Schule et al. [25] recommended the use of compar-
able characteristics of neighbourhood-level SES in
studies of the built environment, recognising the need to
“disentangle health impacts and identify vulnerable
neighbourhoods and population groups”.

Issues around contamination and consistency across
intervention sites were rarely considered and were not
controlled for in any analyses. Future studies would also
benefit from considering neighbourhood self-selection as
a possible confounder. In their systematic review,
McCormack et al. [12] reported “an attenuation in asso-
ciations between built environment characteristics and
physical activity after accounting for neighbourhood
self-selection”. Likewise, baseline activity was rarely con-
trolled for in analyses. One recent study to consider this
factor revealed that existing cycling behaviour, as well as
distance to the intervention site, was associated with in-
creased use of a new bike path in Australian adults [68].

Overall, there was a lack of research specific to chil-
dren or older adults. It is possible that the adult-centric
approach to characterising built environments may not
be sufficiently capturing environments that matter to
younger populations. For example, in their earlier re-
view, Sugiyama et al. [29] found no link between route
safety and traffic features and adults’ utilitarian and rec-
reational walking, while these factors have previously
been linked with children’s active transport [32]. A re-
cent systematic review showed that where youth physical
activity was geo-located (i.e., with global positioning sys-
tems devices and geographic information systems),
greater proportions of activity took place in streets and
urban venues than in green spaces [15].

In keeping with Hunter et al. [13], reporting of inter-
vention costs was uncommon in the studies included in
this review. The lack of clear and consistent reporting of
intervention cost limited any ability to determine
whether a relationship existed between expenditure and
behaviour change, and whether costs differed signifi-
cantly between intervention types. This may also lead to
bias in studies of benefit:cost analyses for built
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environment interventions because only a small portion
of evidence is presented, and it is not clear why some
studies report costs and other don’t [24, 27]. Moreover,
the low quality of evidence found overall negatively im-
pacts confidence in estimations of cost-effectiveness of
built environment interventions [41]. Given that the
costs of included interventions varied widely (ranging
from USD45,000 to USD5.5 million in the current
study), it is essential that clear reporting of intervention
costs occurs, and that intervention studies also include a
cost-benefit component.

Compared with infrastructural interventions, reloca-
tion studies are less hindered by infrastructural cost.
RESIDE is perhaps the first study of its kind — a natural
experiment involving longitudinal data collection with
new residents of new housing developments [69]. The
study commenced in 2003 prior to participants moving,
with follow-up data collection occurring with partici-
pants approximately 12 months after their baseline (pre-
moving) survey. Improvements in walkability (specific-
ally, objectively-assessed destination accessibility, resi-
dential density, street connectivity, and access to/
availability of public transit) were associated with in-
creases in physical activity and use of active transport
[69-71]. This important study demonstrates the value of
well-designed residential relocation studies.

The substantial inconsistency in timing and number of
follow-up measures post exposure (i.e., through inter-
vention or moving) limits a clear understanding of the
impact of the built environment on physical activity. In
their systematic review of natural or quasi-experiments,
Mayne et al. [14] found that stronger impacts on phys-
ical activity were found where studies included longer
follow-up times. This phenomenon was observed in the
iConnect study, in which no effect on behaviour was ob-
served one year after a major environmental interven-
tion, but significant changes were found at the two-year
follow-up [56]. Pragmatic and economic factors may
limit the feasibility of repeated and longer-term follow-
up periods in this research field, but where possible this
should be encouraged.

Finally, it is possible that publication bias affected the
balance of studies included in this review. In general,
registration or public release in other forms of study
protocols prior to the publication of findings provides a
check on selective reporting of study results.

Strengths and limitations

This systematic review focused on physical activity be-
haviours and use or visitation of settings, and did not in-
clude more distal health measures such as body size
[72]. While these outcomes are unquestionably import-
ant, this approach was taken recognising that: (a) a sub-
stantial period of time exists between sustained activity
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behaviours and manifestation of associated health out-
comes, and (b) studies in this field rarely examine effects
of the built environment on activity behaviours for a suf-
ficient period of time to expect meaningful changes in
health outcomes that are downstream from improved
physical activity behaviours.

The broad inclusion criteria used here are a strength,
drawing on studies across all quality assessment categor-
ies as well as considering findings in light of study qual-
ity. However, the exclusion of grey literature could have
been a limiting factor, in that it is possible that signifi-
cant new lines of inquiry might have been overlooked.

While acknowledging the important role of percep-
tions on the relationship between the built environment
and activity behaviours [73, 74], this review focused only
on objectively assessed built environment features. The
association between the built environment and activity
varies, depending on whether perceived or objective
measures are used [73, 75-77]. Moreover these differ-
ences are not consistent, and vary along with individual
factors such as education level, income, body size, and
physical activity [74, 78]. Individuals who are more phys-
ically active may be more familiar with their local envir-
onment, and more aware of both positive and negative
features, than those who are less active [79]. In the inter-
est of providing clear and direct information to inform
policy and practice that was not complicated or hindered
by individual perceptions, we chose to focus on objective
measures of the environment. Future reviews may con-
sider replicating the current study with a focus on per-
ceived environmental features only, while others may
undertake the task of considering both objective and
subjectively-assessed environments. There is an emer-
ging body of research that simultaneously considers both
objective and subjective measures of the environment in
relation to physical activity [76]; offering challenges and
opportunities for future reviews in this area.

Our focus was on being able to isolate the effect of
specific built environment features or interventions, thus
studies that employed aggregate measures (e.g., neigh-
bourhood walkbability) were excluded from this review.
A range of robust studies exist in the field that have uti-
lized aggregate measures [80, 81]. The exclusion of this
research limits an understanding of the combination of
features that encompass a pedestrian or cyclist friendly
environment. However, this approach was taken in the
interest of generating specific findings that could be
translated into policy and practice. Measures that com-
bine variables may be difficult to interpret, if it is not
possible to determine which components are most ef-
fective. Future reviews with differing aims could con-
sider including aggregate scores, and might extend this
to broader aggregate concepts such as obesogenic
environments [82].



Smith et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:158

There have been calls for more systematic approaches
in reviews in this field [83]. This study employed robust
systematic procedures following best practice, and im-
proved on existing reviews by conducting quality assess-
ment of articles, considering article quality when
summarising results, including literature for children
and adults, excluding cross-sectional studies, and
attempting to isolate the effect of the built environment
from other interventions occurring in studies. With the
intent of providing evidence from the most robust evi-
dence possible and undertaking a process that was as
replicable as possible, as well as drawing from existing
high quality reviews in this field [12, 14, 16, 30, 31, 46],
this review did not include grey literature or involve for-
wards citation searches. Future reviews may undertake
these processes to capture an evidence base that is as
broad and up-to-date as possible [45, 84]. Although our
global quality assessment score does not include mea-
sures of study contamination, consistency, health equity,
or intervention cost, these factors were systematically
considered and presented in the context of understand-
ing the overall quality of studies presented in this
review.

Conclusion

The systematic and comprehensive approach to examin-
ing study quality and contextualising findings in light of
study quality in this review adds strength to the evidence
base for the positive impact of built environments on
physical activity behaviours, active transport, and visits
to/use of activity settings. Improving neighbourhood
walkability, quality of parks and playgrounds, and pro-
viding adequate active transport infrastructure is likely
to generate positive impacts on activity in children and
adults. Specifically, findings from the current review sug-
gest that the following show promise for increasing ac-
tive transport and physical activity levels in children and
adults: multiple streetscape components for walking or
cycling (including two or more of: crosswalk and side-
walk improvements, improved and covered bike parking,
installation of traffic calming features (raised platforms,
zebra crossings) and parking bays; creating safe places to
walk); bike boulevard/lane installation; new greenways;
traffic free bridges and boardwalks; installation of fit-
ness/playground equipment; multiple park renovations
(including two or more of: new equipment, walking
tracks, fencing, landscaping, surfaces, lights); removal of
park/playground seating; retrofitting existing spaces into
pocket parks; temporary road closures and play equip-
ment; access to and availability of public transport;
higher residential, destination, and recreation density; in-
creased street connectivity; and increased land use mix.
The strongest evidence existed for multiple streetscape
components (adult PA, child AT), installation of fitness
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equipment (adult PA and AT), temporary road closures
and play equipment (child PA), and recreation facility
density (adult PA).

Numerous limitations in the evidence base exist. In
particular, the possibility that the benefits of infrastruc-
ture improvements may be inequitably distributed re-
quires further investigation. Notwithstanding the
significant challenges in terms of research design, many
opportunities to improve the quality of evidence are
clear, including strategies to improve response rates and
representativeness, use of valid and reliable measure-
ment tools, cost-benefit analyses, and adequate control-
ling for confounders.
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