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ABSTRACT

This systematic review examined the effect of built environment infrastructural changes (BEICs) on physical activity (PA), active transportation (AT) and sedentary
behavior (SB). A literature search resulted in nineteen eligible articles. On- and off-road bicycling and/or walking trails resulted in inconsistent effects on overall PA
and walking, and in predominantly positive effects on bicycling. More extensive BEICs led to mixed results, with mainly non-significant effects. However, positive
effects on bicycling were found for people living closer to BEICs. None of the studies assessed SB. Improved understanding of the potential of BEICs to increase PA
levels and decrease SB at population level asks for more high-quality, in-depth research, that takes into account the broader system.

1. Introduction

In recent decades, the prevalence of obesity has increased in most
countries and regions of the world (Wang et al., 2011). Public health
experts agree that the rapid rise in obesity cannot be explained by
changes in genes, biology and psychology at the individual level alone.
The explanation should also be sought in broader environmental, policy
and societal changes (Kaplan et al., 2000; Sallis and Glanz, 2009). As
the choices people make are partially shaped by the environments in
which they live, efforts to reduce obesity, type II diabetes and cardio-
vascular diseases by interventions at individual level need to be sup-
ported and augmented by a whole-system response that includes up-
stream health policies, infrastructural changes and legislation
(Lakerveld and Mackenbach, 2017; Rutter et al., 2017). Hence, re-
searchers and policy makers are increasingly interested in environ-
mental and policy interventions as strategies for population-wide im-
provements in physical activity (PA) and eating habits, in order to
reduce and prevent obesity and associated non-communicable diseases
(Chaix, 2009; Sallis and Glanz, 2009).

In recent years, a broad range of environmental interventions have
been implemented to improve PA levels, for example by installing
outdoor exercise equipment, reconstructing playgrounds and increasing
the amount of open green space (Cohen et al., 2012; Veitch et al.,
2012). In addition, a growing number of built environment infra-
structural changes (BEICs) aim to promote active transportation (AT) —
walking and bicycling for transportation. An example of a BEIC is the
implementation of a walking and bicycling trail, aiming to replace
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passive, sedentary, transportations by AT (Evenson et al., 2005). BEICs
have the potential to promote and sustain behavioral changes over a
longer period of time (Davies et al., 2011; Sallis and Glanz, 2009). The
built environment (BE) not only promotes or inhibits PA and AT, but
can also play a role in reducing sedentary behavior (SB). The SOS
(Systems of Sedentary behavior) framework emphasizes the role of the
built and natural environments in interrupting sedentary time (Chastin
et al., 2016), which is crucial in order to reverse the global trend toward
increased sedentary time (Ng and Popkin, 2012) and physical inactivity
(Kohl et al., 2012). Previous studies found that presence and proximity
of green spaces is negatively correlated with SB (O’donoghue et al.,
2016). Also, BEICs aiming to promote AT might evoke a modal shift
from sedentary motorized transportation to AT, leading to both a de-
crease in SB and an increase in PA.

Cross-sectional studies have found positive associations between the
BE and PA, mental health, physical health and well-being (e.g., Gao
et al., 2016; Sallis et al., 2016; Gubbels et al., 2016), but longitudinal
and experimental studies are necessary to detect causal relationships
between the BE and health outcomes. In general, it is hardly possible to
perform randomized controlled trials to evaluate large-scale policy and
environmental interventions, as researchers usually cannot influence
such interventions and participants cannot be randomly assigned to
intervention or control sites. Natural experimental studies might help to
overcome these problems. In this type of studies, the exposure to the
event or intervention of interest has not been manipulated by the re-
searcher (Craig et al., 2012). In the literature, the terms “natural ex-
periments” and “quasi-experiments” are inconsistently used. In both
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types of experiments, researchers cannot randomly assign participants
to an intervention or control condition. Typically, in quasi-experiments
researchers have a certain degree of control over the intervention, while
the intervention or event of a natural experiment occurs outside the
reach of researchers (Cook et al., 2002).

Previous systematic reviews evaluated the effects of several types of
changes in the BE on PA levels and found that infrastructural inter-
ventions targeting AT in particular can lead to increased PA (Mayne
et al.,, 2015; Smith et al.,, 2017). One recent systematic review con-
cluded that the evidence on the effect of the BE on PA is not strong
enough to draw conclusions (MacMillan et al., 2018). However, these
reviews included a broad range of BE interventions, such as park im-
provements, infrastructural changes and changes to the public transport
infrastructure. The heterogeneity of these interventions makes it diffi-
cult to evaluate the actual effect on PA and/or AT. Focusing on BEICs
aiming to promote PA and/or AT may lead to more clarity regarding the
effectiveness of this specific type of interventions. In addition, previous
systematic reviews included participants in all age ranges, while bar-
riers and facilitators to engage in PA and/or AT are different for dif-
ferent age groups. Also, none of the previous reviews searched for
studies reporting SB.

The current review builds on the main outcomes of Mayne's and
Smith's review by assessing the specific effectiveness of different types
of BEICs that aim the promotion of PA and/or AT to clarify the effec-
tiveness of this type of interventions in adults. Therefore, the aim of this
systematic review is to update and specify the evidence in this field of
research by reviewing experimental studies that have examined the
effects of different types of infrastructural interventions on PA, AT and
SB in adults.

2. Methods
2.1. Search and selection procedure

A literature search was conducted using PubMed and Web of
Science to identify articles examining the effects of BEICs on PA, AT
and/or SB, published up to February 2018. The following keywords/
terms were included in the search: adult AND built environment OR
changes in built environment OR infrastructure OR changes in infra-
structure OR path OR trail OR bicycle path OR footpath AND motor
activity [MeSH] OR physical activity OR active travel* OR active
transport*, OR walking OR bicycling OR exercise OR sport OR seden-
tary OR sedentary behavior OR natural experiment* OR quasi experi-
ment*. Searches were not restricted by date of publication.

Studies were eligible if: (1) they were a quasi- or natural experiment
and had a pre-post design, (2) the BEIC directly targeted the increase of
AT and/or transport-related PA (3) PA and/or AT and/or SB was re-
ported, (4) these were assessed in adults, and (5) the articles were
written in English. Studies were excluded if they (1) examined BEICs
that were not directly aimed to increase transport-related PA and/or
AT, such as the implementation of playgrounds, parks or public transit,
the placement of fitness equipment, or other non-infrastructural inter-
ventions, (2) evaluated health promotion programs or behavior change
programs, (3) concerned qualitative research, systematic reviews,
conference proceedings or grey literature (4) included children or
adolescents younger than 18 years. After duplicates had been removed,
titles of all records were screened independently by two reviewers
(XXX, XXX). Articles selected by one or both researchers were subjected
to abstract screening. Again, both reviewers (XXX, XXX) performed this
screening independently, and ineligible studies were removed from the
sample. Disagreements between reviewers about eligibility for full-text
assessment were resolved by discussion, which was necessary in five
cases. The full texts of the remaining articles were assessed by one re-
searcher (XXX). Reference lists from selected studies were hand-sear-
ched for additional articles not retrieved by the electronic search.

One reviewer (XXX) extracted the following information from each
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included study: author(s), publication year, study location, description
of intervention, study population, study design, control sites, PA out-
come measures, AT outcome measures, measuring methods, timing of
the measurements and main findings.

2.2. Risk of bias assessment

The quality of the included studies was assessed using the adapted
version of A Cochrane Risk of Bias Assessment Tool: for Non-
Randomized Studies of Interventions (ACROBAT-NRSI), by following
the detailed scoring protocol. The adapted version of the ACROBAT-
NRSI, including signaling questions, was constructed and published by
Benton et al. (2016). Aspects which were adapted are specific for the
field of natural experiments and quasi-experiments, such as control site
selection and measuring exposure to intervention. In addition, the as-
sessment of internal validity was supplemented with the assessment of
two other types of validity (statistical conclusion validity and construct
validity). The following domains of bias were included in the risk of
bias assessment: Bias due to confounding, bias in selection of partici-
pants into the study, bias in measurement of interventions, bias due to
departures from intended interventions, bias due to missing data, bias
in measurement outcome and bias in the selection of reported results
(Table 1). We were aware that the ACROBAT-NRSI might set the bar of
methodological acceptability too high, leading to downgrading of evi-
dence from natural experiments (Humphreys et al., 2017), but never-
theless considered this tool suitable for comparing the included studies
with each other, rather than judging them by the absolute score. A
random 33% sample of the included studies were assessed for the risk of
bias assessment by two researchers. The results of the assessments were
compared and discussed until consensus was reached. The remaining
included studies were assessed accordingly by one researcher (XXX).

3. Results
3.1. Study selection

Fig. 1 shows the numbers of publications identified, screened, as-
sessed for eligibility and included. In total, 4163 articles were identified
through database searching and checking reference lists. After re-
moving duplicates, 3265 publications remained in the sample, 3170 of
which were excluded after title screening. Ninety-five abstracts were
reviewed, 47 of which were excluded (list provided in Supplementary
file 1). The full texts of the remaining 48 articles were assessed, and 19
articles were included in this systematic review.

3.2. Risk of bias

The risk of bias in the included articles varied from moderate
(Goodman et al., 2014; Heinen et al., 2017; Panter and Ogilvie, 2017)
to serious (Crane et al., 2017; Heesch et al., 2016; Heinen et al., 2015;
Panter et al., 2016; Parker et al., 2013; Rissel et al., 2015; Song et al.,
2017) and critical (Dill et al., 2014; Evenson et al., 2005; Fitzhugh
et al., 2010; Hirsch et al., 2017; Krizek et al., 2009; Parker et al., 2011;
Pazin et al., 2016; West and Shores, 2011, 2015) (Table 1). None of the
included articles scored low for risk of bias. Risk of bias was lowest in
the domains of “bias due to departures from intended interventions”
and “bias due to missing data”. Risk of bias was highest in the domains
of “bias in the selection of participants into the study”, “bias in mea-
surement outcome” and “bias in the selection of reported results”. A
fully justified sample size calculation was missing for most of the in-
cluded studies, except for Pazin et al. (2016). Outcome measurements
were assessed subjectively in the vast majority of the studies. Only
Goodman et al. (2014) and Crane et al. (2017) reported the results of
more than one follow-up. Study protocols were published for three out
of fourteen unique interventions (Rissel et al., 2013; Ogilvie et al.,
2010, 2012), making it difficult to judge whether analyses and outcome
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Additional records identified by
hand-searching reference lists.

Records identified through
database searching

(N=4152) (N=11)
\4 \4
Total number of records Duplicates excluded
(N=4163) —>| (N =898)
Titles screened Records excluded
—»
(N =3265) (N=3170)
A 4
Abstracts reviewed Records excluded
(N=95) > (N =47)
Full-text articles assessed for eligibility Records excluded
(N =48) —> (N=29)
Studies included in review
N=19)

Fig. 1. Flowchart of article selection.

measures used were pre-specified or were selected on the basis of the
results from multiple outcome measures, multiple analyses or the use of
multiple subgroups.

3.3. Study characteristics

The study characteristics of the 19 included studies are presented in
Table 2. In total, fourteen unique BEICs were evaluated. The studies
were divided into two categories, based on the magnitude of the BEICs.
A distinction was made between single on- and off-road bicycling and/
or walking trails and trails that were part of more extensive BEICs that
affected the total infrastructural system. Eleven studies were assigned
to the category on- and off-road walking and/or bicycling trails (Crane
et al., 2017; Dill et al., 2014; Evenson et al., 2005; Fitzhugh et al., 2010;
Heesch et al., 2016; Parker et al., 2011, 2013; Pazin et al., 2016; Rissel
et al., 2015; West et al., 2011, 2015). Eight studies were assigned to the
category of BEICs affecting total infrastructural system (Goodman et al.,
2014; Heinen et al., 2015, 2017; Song et al., 2017; Panter et al., 2016;
Panter and Ogilvie, 2017; Krizek et al., 2009; Hirsch et al., 2017). Three
BEICs were evaluated in multiple articles; the Connect2 project, UK
(Goodman et al., 2014; Panter and Ogilvie, 2017; Song et al., 2017), the
construction of a 25km off-road guideway for buses with parallel
walking and/or bicycling path in Cambridgeshire, UK (Heinen et al.,
2015, 2017; Panter et al., 2016) and the implementation of 2.4 km
cycling path in Sydney, Australia (Crane et al., 2017; Rissel et al.,
2015). Moreover, in three cases BEICs in the same city and context were
evaluated in two separate studies (Parker et al., 2011, 2013; West et al.,
2011, 2015; Krizek et al., 2009; Hirsch et al., 2017). These studies were
marked as unique interventions since they evaluated unique BEICs
during another time path.

Sample sizes of included studies ranged from 169 to 1906 partici-
pants (West et al., 2011; Song et al., 2017, respectively) of which two
studies (Parker et al., 2011, 2013) included both children and adults in
their systematic observations. We chose to keep these articles in our
review, as the studies reported that very few children were observed.
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Five studies did not provide the exact number of participants, as a result
of the study design (Fitzhugh et al., 2010; Hirsch et al., 2017; Krizek
et al., 2009; Parker et al., 2011, 2013).

The BEICs were completed between 2000-2007 and 2014, baseline
measurements were performed between 2000 and 2013 and follow-up
measurements took place between 2002 and 2014. Follow-up mea-
surements were executed between two and thirty months after opening
of the intervention. The time between the openings of the intervention
varied between and within studies. Six articles evaluating four unique
interventions had a twelve-month period or longer between initial
opening of the intervention site and follow-up measurement for all
participants (Crane et al., 2017; Fitzhugh et al., 2010; Heinen et al.,
2015, 2017; Panter et al., 2016; Pazin et al., 2016). In two studies, the
time between the opening of the intervention and follow-up measure-
ment was more than twelve months for at least a part of the sample
(7-21 months and 9-14 months, Goodman et al., 2014; Panter et al.,
2016, respectively). For the studies of Hirsch et al. (2017) and Krizek
et al. (2009), exact opening dates of the BEICs were not stated, but
given the amount of time between baseline and follow-up — 10 years —
we assumed that the follow-up measurement was performed more than
twelve months after the implementation of the BEICs.

Outcome measures included time spent walking, bicycling, mod-
erate physical activity (MPA), vigorous physical activity (VPA), mod-
erate-to-vigorous physical activity (MVPA), total PA, recreational PA,
recreational MVPA, recreational PA near home, number of bicyclists
and walkers, time spent walking on the commute, time spent cycling on
the commute, changes in commute mode share, journey stages in AT,
and numbers of bicycle and walking trips.

Outcome measures were divided into five categories; overall PA
(MPA, VPA, MVPA, total PA, recreational PA, recreational MVPA, re-
creational PA near home), walking (time spent walking in leisure time
or commuting, walking trips, number of walkers), bicycling (time spent
cycling in leisure time or commuting, bicycling trips, number of cy-
clists), walking and bicycling (active commute mode share, active
transport/ active commuting, walking and bicycling on the commute)
and SB (time spent sitting). Seven studies used objective measures to
assess PA and AT, three of which used direct observation (Fitzhugh
et al., 2010; Parker et al., 2011, 2013). Two studies evaluating one
intervention used electronic counters to count bikes (Crane et al., 2017;
Rissel et al., 2015). One used accelerometry and a Global Positioning
System (GPS) (Dill et al., 2014) and one used a mobile phone appli-
cation (Heesch et al., 2016). Subjective measurements included tele-
phone surveys, questionnaires, 7-day commute travel diaries and 7-day
recall instruments.

3.4. Results per type of intervention

Table 3 describes the effects of BEICs on PA, walking, cycling and SB
and the effect of proximity to the intervention on outcome measures,
per intervention type. Key findings are presented in Table 4.

3.4.1. On- and off-road bicycle and/or walking trails

Eleven studies evaluated the effects of on- and off-road bicycle and/or
walking trails on overall PA, walking and bicycling. The effects of on- and
off-road bicycle and/or walking trails on overall PA were mixed. Two stu-
dies reported increases in PA (West et al., 2011; Fitzhugh et al., 2010) and
two reported no significant changes (Dill et al., 2014; West et al., 2015).
One study reported decreases in VPA, but no changes in MVPA (Evenson
et al., 2015). Regarding walking, the results were mixed as well. Two stu-
dies reported increases in walking (West et al., 2011; Fitzhugh et al., 2010)
and three reported no significant changes (Dill et al., 2014; West et al.,
2015; Evenson et al., 2005). Eight studies reported bicycling of which the
majority reported increases in at least one outcome measure (Crane et al.,
2017; Heesch et al., 2016; Parker et al., 2011, 2013; Fitzhugh et al., 2010;
Rissel et al., 2015). One study reported decreases in bicycling (Dill et al.,
2014). None of the studies assessed SB.
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Table 2 (continued)

Timing follow-up

rement

method

™.

Control sites/exposure groups Outcome

Study population Study design

Description BEICs

Study location

Author, year

Baseline: 1990

Proportion of bicycle Subjective; US Census

proximity was used to represent commuters among all - The Census

An area-based measure of
exposure to intervention.

Repeat cross-sectional
with comparison

group

Adults living in Minneapolis/St.
street bicycle lanes (total of 14 Paul. Exact number not

Installation of on- and off-

Minneapolis,

Krizek et al.

Trails opened: During

study period
(1990-2000)

Minnesota, USA

(2009)

Transportation

commuters;

provided.

km and 25 km, respectively),

short lane striping.

Planning Package

Follow-up: 2000
Exposure: N.I.

Baseline: 2000
Trails opened:

Change in proportion Subjective; Census

Longitudinal repeated An area-based measure of

cross-sectional study.

Addition of two off-road paved Employees of 16 years and

paths (total length of 10.2
miles), transecting the city

north-south and east-west,

Minneapolis,

Hirsch et al.

proximity was used to represent of bicycle commuting 2000 and American

exposure to intervention.

older, living in one of the 116

selected tracts in the

Minnesota, USA

(2017)

Components were

Community Survey

2008-2012

constructed between

2000 and 2007

Minneapolis/St. Paul area.

including a dedicated bicycle/
pedestrian bridge over a busy

freeway.

Follow-up: 2008-2012
(5-year average)
Exposure: N.I.

Recent Physical Activity Questionnaire.

Behavioral Risk Factor Surveillance System; IPAQ = International Physical Activity Questionnaire; RPAQ =

BRFSS
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Four studies investigated the effect of proximity to the intervention
area on the outcomes (Crane et al., 2017; Pazin et al., 2016; West et al.,
2011, 2015). One study found that living closer to the intervention led
to more overall PA and walking (Pazin et al., 2016) and one study found
that living between 1.0 and 2.99 km from the intervention area was
associated with a higher increase of cycling compared with individuals
living closer (< 1.0km) or further away (> 3.0km) (Crane et al.,
2017). Two other articles did not report any significant interaction
(West et al., 2011, 2015).

3.4.2. Built environment infrastructural changes affecting the total
infrastructural system

Eight studies evaluated four unique BEICs affecting the total infra-
structural system. The implementation of traffic free bridges and an
informal boardwalk, and a busway with parallel walking and/or cycling
trail resulted mainly in non-significant and negative effects on overall
PA, walking, bicycling, walking and bicycling (Goodman et al., 2014;
Heinen et al., 2015, 2017; Panter et al., 2016; Panter et al., 2017; Song
et al., 2017). Two studies found positive effects. Hirsch et al. (2017) and
Krizek et al. (2009) both found increases in bicycling after the inter-
ventions.

For all four BEICs affecting the total infrastructural system, the in-
cluded studies tested whether proximity to the intervention area was
associated with changes in PA outcomes. All studies found non-sig-
nificant or positive associations between proximity to the intervention
area and PA outcomes. Proximity to the intervention was associated
with more overall PA and more walking and bicycling at the second
follow-up of Goodman et al. (2014), 9-21 months after the im-
plementation of the BEICs, but not at the first follow-up after 0-9
months (Goodman et al., 2014). Also, living closer to the busway and
the BEICs in Minnesota resulted in more bicycling and combined
walking and bicycling compared to living further away (Heinen et al.,
2017; Hirsch et al., 2017; Krizek et al., 2009).

4. Discussion
4.1. Main findings

This study systematically reviewed the available literature on the
effect of BEICs on PA and AT. In total, 19 articles were included and
assessed. We found that the implementation of single on- and off-road
bicycling and/or walking trails resulted in inconsistent effects on PA
and walking, but predominantly positive effects on bicycling. More
extensive BEICs such as the implementation of a bus lane with parallel
walking and bicycling trail and traffic-free bridges resulted also in
mixed results, predominantly non-significant effects. However, when
taking proximity to the intervention into account, bicycling seems to
increase after BEICs. None of the studies measured SB. The majority of
the studies was designed or executed before the effects of SB on several
health outcomes and cardio-metabolic risk (Ekelund et al., 2016) be-
came more evident and subsequently gained attention in studies. The
current state of evidence emphasizes the need to include SB into future
studies. Some undesirable effects were detected as well; four BEICs
resulted in decreases in overall PA, bicycling and/or walking and bi-
cycling. Overall, our findings partly support the results of previous
systematic reviews (Mayne et al., 2015; Smith et al., 2017), but what
our review adds is that the effectiveness of BEICs varies greatly across
intervention types and types of outcome measure. Not all infra-
structural interventions result in positive effects for PA and/or AT.
Studies specifically targeting PA and small interventions showed more
effects than those addressing more global and drastic infrastructural
changes such as the construction of a traffic-free bridges.

When interpreting these results, it is important to consider both the
effect of the magnitude of an intervention and the effect of the study
quality on the results. The magnitude of the BEICs varied among studies
in this review. On- and off-road bicycling and/or walking trails are
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SB

relatively small interventions, specifically targeting the promotion of
PA and AT. On the other hand, more extensive interventions typically
imply major changes to whole (infrastructural) systems (Rutter et al.,
2017). This type of BEIC may eventually lead to changes in PA, AT and
SB, but also to compensatory adaptive processes and feedback loops
that make it harder to assess clear mechanistic pathways and direct
effects (Hamid, 2009). Studies evaluating specific behavioral outcomes
of extensive interventions may give insights in details at the expense of
detecting more general changes in the broader system. Similarly,
evaluating specific behavioral outcomes of relatively small interven-
tions, such as bike counting at bike trails, increases the likelihood of
finding effects which may reflect a substitution of PA behaviors rather
than a change in overall PA.

We also found variation in the total risk of bias in the included
studies. As stated, due to the limitations of the assessment tool, the risk
of bias assessment was not used to determine the absolute risk of bias,
but to compare the study quality among the included studies. The risk
of bias in the studies evaluating on- and off-road walking and/or bi-
cycling trails was generally higher than that in the studies assessing
more extensive infrastructural interventions, especially in the domains
of outcome measurement bias and bias in the selection of reported re-
sults. We found that more recent articles tended to find more non-sig-
nificant results compared to older articles, while the quality of the ar-
ticles seems to improve over time. Studies with a higher risk of bias
were more likely to report significant changes in outcomes than studies
with a lower risk of bias.

In line with Craig's (2012) recommendations, recent studies in-
cluded in this review mainly reported on extensive BEICs and used
more refined and complex study designs, i.e. lower risk of bias.
Applying these more refined and complex designs seem to decrease the
possibility to detect significant changes in PA and AT. The effectiveness

active commuting

0/+
0/+

Results based on proximity to intervention
+
+

SB Overall PA Walking Bicycling Walking and bicycling/

active commuting
0/—

Overall PA Walking Bicycling Walking and bicycling/

(=]

é o + + : + + o | + + of extensive BEICs on PA and AT might therefore be underestimated
compared to studies evaluating the implementation of walking and/or
bicycling trails and using simpler and straightforward study designs.

oo + + ol ° Moreover, the results of the more simple and straightforward studies
are at greater risk of bias and therefore need to be interpret with cau-

i tion.
g | | One of the elements that were used to make the designs more re-
& o3+ +t o3 = fined is the assessment of individual-level exposure to the intervention.
Humphreys et al. (2016) described three possible methods to assess
exposure to the intervention area whereas the most practical and
] straightforward one is area-based exposure in which existing adminis-
‘3 g trative spatial boundaries are used to create groups. A more refined
s 5 method is to create exposure groups based on individually computed
.%o";.“ proximity to the intervention. The most sophisticated way to create
§ g groups based on exposure to BEICs is to assess individually calibrated
g 2 exposure, which determines whether exposure is likely to occur based
E “E . on pre-existing behavior. Remarkably, all negative outcomes that were
found for BEICs affecting the total infrastructural system were turned
T:u into non-significant or even positive effects when proximity was taken
| Eo into account. This emphasized on the need to measure proximity to the
B| 82 intervention area, especially in complex system changes.
5 &;:; g Furthermore, the amount of time between the BEICs and the follow-
g 9 £ up measurements might affect the results. Two studies assessing on- and
£ &9 —off road bicycling and/or walking trails had follow-up measure-
E| &= ments > 12 months after opening of the intervention area and both
_ found solely positive effects on overall PA, walking and bicycling
@ ; Y Tj g f (Crane et al., 2017; Fitzhugh et al., 2010; Pazin et al., 2016). For BEICs
Q9 9 o v s o . . .
g g " e affecting the total infrastructural system, two studies had a follow-
2 g S < . g é & E o up > 12 months. Although the outcomes were not consistent, none of
gz =8 8 22 =g ezgd 2 B S 2 the studies with a follow-up time longer than 12 months reported ne-
% 2 S=% -9 5 @ 5 8 8 =3 =3 53 @ gative results. This confirms previous indications that sufficient time
;‘i é 2 E 2 i G ; :Z) G T % ; 3 g 5 3 S ; ; between the BEICs and follow-up measurements are needed (Mayne
® g _;o: 228 ;; 8 55 - g :i % 28 § 3 5 5% etal, .2015). Also, multiple follow-up measurements enable to evaluate
% g E E :_; E % E FEFLSLS g 3 behavior cha.nges over time. . . o
S Another important factor affecting the quality of studies is the
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method and protocol used to measure PA and AT. Studies included in
this systematic review used questionnaires, systematic observations,
electronic bike counts or a combination of accelerometry and GPS to
assess PA and AT. Remarkably, all studies reporting counts for bicy-
cling, walking and/or PA found increased overall PA, walking and/or
bicycling levels after BEICs. However, three studies did not include a
control area in their observations (Crane et al., 2017; Parker et al.,
2011; Rissel et al., 2015) and the other two found decreased PA levels
in adjacent streets (Fitzhugh et al., 2010; Parker et al., 2013). This
suggests that the interventions led to changes in cycling routes rather
than a change in the AT behavior of residents. Individual-level, objec-
tive full-day PA measurements would be necessary to test this hy-
pothesis.

Although the use of accelerometry has resulted in better validity and
reliability when measuring PA compared to questionnaires, only one
study used accelerometers to assess PA (Dill et al., 2014). This study
found no effect of living in the intervention area on PA, but they only
assessed overall daily MVPA. Other researchers have reported that in-
consistencies in their findings may be due to measuring PA in only one
domain (e.g. overall PA or total MVPA) instead of measuring context-
specific PA patterns (Klinker et al., 2015). Context-specific PA patterns
can be defined as daily PA assessed in total and in different domains
throughout the day, with context referring to the domain in which
behavior occurs. Using context-specific objective measures enables re-
searchers to assess how and where PA or SB behavior takes place and
how PA in one domain relates to PA in other domains. It can identify
changes in PA or SB behaviors during the day that do not affect total
daily PA. In other words, measuring daily PA involves an increased risk
of “missing” changes in PA at specific moments in time that are po-
tentially compensated at other moments during the day, as the Activi-
tystat hypothesis suggests (Rowland, 1998). By measuring context-
specific PA and SB patterns, it is possible to identify these potentially
important changes in behavior while retaining the possibility to assess
potential compensation. Current objective PA monitors are limited in
terms of their capacity to identify context-specific behaviors. GPS log-
gers can add valuable information about places and contexts to PA
measurements, and the combination of accelerometry and GPS will
then help to overcome the limitation of current activity monitors in
identifying specific PA and SB behaviors (Atkin et al., 2016; Koohsari
et al., 2015).

The context in which infrastructural interventions are delivered and
received is also crucial for the ability to explain how the impact of an
intervention differs in different settings. In this case, “context” includes
any factors which are external to the intervention, but which may ob-
struct or enhance its effects (Moore et al., 2014). To determine the
relevance and translatability of results, researchers should carefully and
systematically describe the context in which the intervention was de-
veloped, applied and evaluated (Campbell et al., 2007). In the current
review, the variety of contexts in which the infrastructural interven-
tions were delivered and the insufficient ways in which they are de-
scribed might explain the variance in results (Atkin et al., 2016).
Therefore, future studies should specifically report the context in which
BEICs take place. Further, eleven out of fifteen unique interventions
took place in the USA and Australia and all three unique interventions
in Europe were executed in the UK. Previous research has shown that
AT is much more common in Europe than in North America, Australia
and the UK (Bassett et al., 2008; Pucher and Buehler, 2008). European
countries such as Germany, Denmark and The Netherlands are more
compact, leading to smaller trip distances, which might be important in
the choice between active and passive transportation (Pucher and
Buehler, 2008). The higher prevalence of AT makes it more difficult to
detect significant increases in AT as result of BEICs. Therefore, when
designing future experiments in these European countries, researchers
should consider this complexity and design high quality studies to be
able to detect changes in PA, AT and SB behavior.

Health and Place 53 (2018) 135-149

4.2. Strengths and limitations

In this study, we used a systematic strategy to identify eligible ar-
ticles. The selection process was done by two reviewers separately.
Also, this review has focused on the effects of BEICs on PA, AT and SB
among adults, rather than including a broad range of interventions in
the BE and or social initiatives and a variety of participants, e.g. chil-
dren and elderly people. A first limitation is that the specificity of the
research question led to only a small number of eligible articles. In
addition, articles published in transport- journals might not be added to
the health-related databases which were searched for this review. This
could potentially lead to missing articles. We tried to limit this issue by
checking the references of included studies and other relevant sys-
tematic reviews.

Further, even though the search focused on infrastructural inter-
ventions only, we found a lot of variation in the magnitude, content and
context of interventions that may have had an important impact on our
results. This underlines the need for a better description of the context
in which an intervention was effective or not. Also, outcome measures
differed tremendously among the included studies, which made it im-
possible to compare them directly and to calculate effect sizes.

Finally, the specificity of this review led to the exclusion of public
transport interventions such as the implementation of light rails or
shared bike systems. There is evidence that public transport interven-
tions can lead to an increase of PA and AT levels (Miller et al., 2015;
Rissel et al., 2012). However, motives and barriers to engage in public
transport differ from those that are associated with infrastructural
changes in that they do not only include physical barriers and percep-
tual barriers which are found in AT and PA (Manaugh et al., 2017), but
also service barriers and information barriers (Peck, 2010).

4.3. Recommendations

This systematic review has discussed several important factors that
influence the quality of quasi-experiments and natural experiments.
Lower quality studies may show effects that do not represent actual
changes in PA, AT and SB. Although it is challenging and expensive,
there is need for high-quality experiments in the future, using objective,
context-specific PA measurements. This is necessary to detect changes
in PA, AT and SB patterns other than changes in overall PA, AT and SB
levels. Also, future studies should consider to not only use multiple
groups based on proximity to the intervention, but also to determine
individual-level proximity and actual exposure to the intervention (or
intervention area), using objective measurements. In addition, the
context in which interventions are implemented should be described
more in detail to make it possible for researchers and policy makers to
determine the relevance and transferability of results to other places
and contexts.

4.4. Conclusion

This systematic review found that BEICs can lead to changes in
overall PA and AT, with the most promising results for bicycling.
However, the current state of evidence is inconclusive. Improved un-
derstanding of the potential of BEICs to increase PA levels and decrease
SB at population level asks for more high-quality, in-depth research,
while taking into account the broader system in which the intervention
takes place. Even though the quality of quasi-experiments and natural
experiments seems to improve over time, the following methodological
improvements should be considered when designing a natural experi-
ment: the use of objective context-specific PA, AT and SB measure-
ments, provision of detailed descriptions of the context in which in-
terventions take place, inclusion of multiple groups based on proximity
to the intervention, and assessment of individual-level exposure and
proximity to the intervention.
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