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Abstract

Background Noncommunicable diseases are major contributors to morbidity and mortality worldwide. Modifying
the risk factors for these conditions, such as physical inactivity, is thus essential. Addressing the context or circum-
stances in which physical activity occurs may promote physical activity at a population level. We assessed the effects
of infrastructure, policy or regulatory interventions for increasing physical activity.

Methods We searched PubMed, Embase and clinicaltrials.gov to identify randomised controlled trials (RCTs), con-
trolled before-after (CBAs) studies, and interrupted time series (ITS) studies assessing population-level infrastructure
or policy and regulatory interventions to increase physical activity. We were interested in the effects of these interven-
tions on physical activity, body weight and related measures, blood pressure, and CVD and type 2 diabetes morbidity
and mortality, and on other secondary outcomes. Screening and data extraction was done in duplicate, with risk of
bias was using an adapted Cochrane risk of bias tool. Due to high levels of heterogeneity, we synthesised the evi-
dence based on effect direction.

Results We included 33 studies, mostly conducted in high-income countries. Of these, 13 assessed infrastructure
changes to green or other spaces to promote physical activity and 18 infrastructure changes to promote active trans-
port. The effects of identified interventions on physical activity, body weight and blood pressure varied across studies
(very low certainty evidence); thus, we remain very uncertain about the effects of these interventions. Two studies
assessed the effects of policy and regulatory interventions; one provided free access to physical activity facilities and
showed that it may have beneficial effects on physical activity (low certainty evidence). The other provided free bus
travel for youth, with intervention effects varying across studies (very low certainty evidence).

Conclusions Evidence from 33 studies assessing infrastructure, policy and regulatory interventions for increas-
ing physical activity showed varying results. The certainty of the evidence was mostly very low, due to study

designs included and inconsistent findings between studies. Despite this drawback, the evidence indicates that
providing access to physical activity facilities may be beneficial; however this finding is based on only one study.
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Implementation of these interventions requires full consideration of contextual factors, especially in low resource

settings.
Trial registration PROSPERO 2018 CRD42018093429.

Keywords Physical activity, Noncommunicable diseases, Cardiovascular disease, Diabetes, Infrastructure, Policy,
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Background

Non-communicable diseases (NCDs), such as cardiovas-
cular diseases (CVDs) and type 2 diabetes, are a major
contributor to morbidity and mortality worldwide [1].
CVDs are the leading cause of death globally and account
for 17.9 million deaths annually. Similarly, the number of
premature deaths from type 2 diabetes, a risk factor for
CVD, has increased to 1.5 million deaths in 2019, while
422 million adults continue to live with type 2 diabetes
[2]. Of all premature deaths due to NCDs, more than 77%
occur in LMICs [3] and more than 80% of people living
with type 2 diabetes reside in LMICs [4, 5]. The World
Health Assembly, through its 2013 global monitoring and
evaluation framework for the prevention and control of
NCDs, called for a 25% reduction in NCD deaths, includ-
ing from CVDs and type 2 diabetes, in individuals aged
30-70 years by 2025 [6].

To achieve this, we need to address the modifi-
able risk factors for CVD and type 2 diabetes, which
include, among others, overweight and obesity, and
physical inactivity [7]. Indeed, action to address physi-
cal inactivity has been emphasised through the Global
Action Plan on Physical Activity 2018—-2030 (GAPPA):
more active people for a healthier world [8], with con-
crete guidance on necessary levels of physical activity
offered through WHO guidelines on physical activ-
ity and sedentary behaviour in 2020 [9]. Despite there
being a large body of evidence on the health benefits
of physical activity, implementing solutions for reduc-
ing physical inactivity remains a common public health
challenge globally [10, 11].

Population-level physical activity interventions
Population-level health interventions are policies or pro-
grammes that aim to mitigate the distribution of health
risk by addressing the underlying socioeconomic, envi-
ronmental, behavioral or cultural conditions in which
people live and work [12]. They target the whole popula-
tion or population groups regardless of variations in indi-
vidual risk status, thus addressing the underlying causes
of diseases and minimising exposure of the population to
the risk factors for those diseases [13, 14].

A wide-range of population-level health interven-
tions have been considered in efforts to increase physi-
cal activity or address barriers to physical activity [15].

These types of interventions require a political and
social approach, and they vary from superficial to radi-
cal approaches [14]. Superficial approaches depend more
on individual agency for behavior change and include,
for example, mass campaigns to promote physical activ-
ity. Radical approaches aim to change the context or cir-
cumstances, in which behavior occurs, by implementing
structural changes to social institutions and norms that
shape the behavior of individuals. Examples of radical
approaches include interventions addressing infrastruc-
ture (e.g. cycling lanes and outdoor gyms) and policies or
regulations (e.g. compulsory school or workplace physi-
cal activity policies, and guidelines for urban design and
planning).

Physical activity interventions may directly improve
physical and mental health but they may also indirectly
affect health through influencing diet choices and smok-
ing behavior [16], which are additional factors influenc-
ing CVD and type 2 diabetes outcomes.

Existing reviews on population-level interventions
addressing NCD risk factors focus on dietary risk factors
at the population-level [12, 17-21]. Existing or ongoing
reviews on physical activity interventions focus on indi-
vidual’s clinical conditions, treatment and rehabilitation
[22-24], or on community, school or workplace set-
tings [15, 23, 25]. One review includes population-level
interventions but focuses on interventions that pro-
mote walking only [26]. Existing guidelines on PA focus
on individual-level recommendations for time spent in
PA across age groups rather than on recommendations
regarding population-level interventions [27].

This review thus aims to assess the effects of infra-
structure, policy or regulatory interventions for increas-
ing physical activity with the primary or secondary aim
to prevent cardiovascular diseases and type 2 diabe-
tes. Given the high burden of NCDs in LMICs and the
fact that most of these types of interventions are imple-
mented in high-income countries, we also aim to con-
sider the implications for low- and middle-income
countries (LMICs).

Methods

This protocol was registered with the PROSPERO Inter-
national prospective register of systematic reviews
(PROSPERO 2018 CRD42018093429) and was conducted
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according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses [28].

Eligibility criteria

Types of studies

Due to the ecological nature of research on population-
level interventions, we expected that much of the evi-
dence exists as non-randomized studies (NRS). We thus
included the following randomized and selected non-
randomized study designs: Randomized controlled tri-
als (RCTs), cluster RCTs, controlled before-after (CBA)
studies, and interrupted time-series (ITS) studies (see
definitions in the protocol). We included studies in any
language and regardless of their publication status.

Types of participants and setting

We included studies conducted in healthy populations of
any age or gender and not diagnosed with CVDs or dia-
betes; these populations could have presented with risk
factors for CVDs or diabetes. Studies that only included

Intervention
Intervention and comparison:

Intervention theory
Population-level health interventions
increase physical activity and as their
primary or secondary aim prevent
cardiovascular diseases or diabetes.

——————— <

Population:

Intervention design
Physical activity components:

General healthy Technology and infrastructure

Outcomes
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participants with a particular disease or condition were
excluded.

Types of interventions

The logic model (Fig. 1) details the types of interven-
tions eligible for this review: 1) Infrastructure interven-
tions that create physical spaces where people can engage
in physical activity through exercise where they live,
learn, work and play [29, 30] (e.g. green space interven-
tions such as outdoor gyms and parks, active transport
infrastructure such as walking and cycling lanes pub-
lic transport infrastructure); and 2) Policy and regula-
tory interventions which can help plan, promote, and
coordinate efforts to increase physical activity to be
implemented as routine practice [22] (e.g. policies on
compulsory school or workplace physical activity pro-
grammes such as national regulations for exercise in
schools). Interventions had to have been implemented
at the population level, i.e. at a governmental or politi-
cal jurisdiction level, which refers to certain population

Implementation and context

Implementation

« Implementation theory — that explains
causal mechanisms of implementation

« Implementation process — social
processes through which the intervention
is operationalised in an organization or
community

* Implementation agents — individuals/
organizations involved in deciding to
implement or implementing the

populations

PROGRESS-Plus

Framework: cycling lanes)
Place of ¢ Public transport infrastructure
residence Policy and regulations
Race/ethnicity/ * Compulsory school/workplace workouts
culture/language * Time-based automobile restrictions
Occupation * Regulations for urban design/planning
Gender/sex
Religion Comparison: no new intervention to
Education increase physical activity (“business as
Socioeconomic usual”)
status
Social capital Intervention delivery
Age Setting: Governmental or political
jurisdictions (e.g. cities , neighbourhoods)
Levels of implementation: Micro (e.g.
parks), Meso (e.g. municipalities), or Macro
(e.g. National/regional) A
Delivery agent:
Government bodies
NGOs
Faith-based organisations
Time-frame of delivery: Long-term (6
months) vs Short-term (<6 months)
L L y

* Green spaces (e.g. outdoor gyms and
parks)
* Active transport (e.g. walking paths and

Primary outcomes
Physical activity

Body Mass Index

Blood pressure
Cardiovascular morbidity
and mortality

Diabetes morbidity and
mortality

Secondary outcomes
Cost-effectiveness/cost-
benefit

Satisfaction

Safety issues

Adverse effects (e.g.
injuries, exacerbation of
existing health problems,
stigmatization of
overweight and obese
individuals)

A\

intervention, or who are the target of the
intervention

Implementation strategies — all methods
used to ensure intervention is adopted
and sustained

Implementation outcomes — including
adoption, uptake, acceptability,
implementation cost, penetration,
sustainability and dissemination to other

contexts j

Context

/

Geographical e.g. climate, infrastructure
Epidemiological e.g.rates of obesity, CVD,
Diabetes

Socio-cultural e.g. cultural norms
regarding physical activity and body image
Socio-economic e.g. income, employment
or educational status

Socio-cultural e.g. attitudes towards
people who do not exercise

Legal e.g. building regulations

Political e.g. political climate, lobbyism
Financial )

/

Fig. 1 Logic model detailing the intervention components as well as the implementation and context factors that could affect the ability of the
intervention to achieve the desired outcomes
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or geographic areas with a defined legal authority such
as cities, provinces, or countries. Interventions delivered
one-on-one, in a small group format, or solely delivered
in specific settings such as individual schools or work-
places (rather than at the level of a governmental or polit-
ical jurisdiction) were excluded.

We included studies that compared the intervention of
interest with no new intervention to enable or increase
physical activity or with existing interventions to pro-
mote physical activity (i.e. “business as usual”).

Studies with complementary interventions (co-inter-
ventions) were included if these were delivered in both
groups.

Types of outcome measures
We included studies that assessed at least one of our pri-
mary or secondary outcomes of interest, outlined below.

Primary outcomes

1- Physical activity: measures of population-level
physical activity, e.g. duration, frequency, and pro-
portion of people active or meeting specific physical
activity recommendations. Physical activity measures
could be related to walking, cycling, as well as with
leisure time physical activity.

2- Body weight and related measures (e.g. BMI)

3- Blood pressure

4- CVD morbidity (e.g. incidence, prevalence, hos-
pitalisation)

5- Diabetes morbidity (e.g. incidence, prevalence,
hospitalisation)

6- CVD mortality

7- Diabetes mortality

Secondary outcomes

8- Costs and cost-effectiveness (as reported by study
authors or by cost-related sub-studies of included
studies)

9- Satisfaction or dissatisfaction with the interven-
tion or control as reported by the population tar-
geted by the intervention

10- Any report that the intervention impacts on
equity issues (e.g. accessibility; safety for specific
population groups; considering the PROGRESS-
PLUS factors: Place of Residence, Race/Ethnicity,
Occupation, Gender, Religion, Education, Socio-
economic Status, and Social Capital, and Plus rep-
resents additional categories such as Age, Disability,
and Sexual Orientation) [31]
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11- Any report of safety issues (e.g. accessibility of
parks at night; street lights)

12- Any reports of adverse effects (e.g. injuries, exac-
erbation of existing health problems, stigmatization
of obese or overweight individuals, exacerbation of
body image issues)

Search strategy

To identify relevant records, we searched three data-
bases from their inception to February 2018 (PubMed,
Embase and Web of Science). We updated the search in
February 2020 in one key database (PubMed) which had
retrieved most of the relevant records in the previous
search. No restrictions on language or publication status
were applied. We searched ClinicalTrials.gov in Novem-
ber 2021 for the recent initiation of relevant studies. The
detailed search strategies are available in Additional file 1.
We also screened the reference lists of included studies
and of systematic reviews identified through the search.

Data collection
Study selection and data extraction
All titles and abstracts were screened in Rayyan (https://
rayyan.qcri.org/) by one reviewer to determine eligibil-
ity against the review inclusion criteria. For every novice
reviewer taking part in screening, an initial 100 studies were
screened independently and in duplicate by an experienced
reviewer. If any relevant studies were excluded by the nov-
ice, these were discussed, and an additional 100 studies were
screened in duplicate. Duplicate screening continued until
the novice reviewers were proficient. Full-texts of potentially
eligible records were screened independently and in dupli-
cate using the Covidence platform [32], except for the trial
registry results which were screened by one reviewer only.
Disagreements regarding eligibility were resolved through
discussion and involvement of a third reviewer, if necessary.
We used EndNote software [33] to manage retrieved
records and to remove duplicate reports of the same study.
All records related to the same study were grouped together
so that the unit of study of the review was the unique study.
We extracted data independently and in duplicate in
Covidence [32], and discrepancies were resolved through
discussion or arbitration by a third author, if necessary.

Risk of bias assessment

We assessed the risk of bias in included studies indepen-
dently and in duplicate using the Cochrane ‘Risk of bias’
tool, as modified by Cochrane EPOC, with separate criteria
for controlled studies (RCTs, c-RCTs, CBAs and ¢-ITS) and
for u-ITS (Cochrane Effective Practice and Organisation of
Care (EPOC) [34]. For each criterion, each study was rated
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at high, low, or unclear risk of bias. Any disagreements
were solved through discussion and reaching consensus or
through checking with a third reviewer, if necessary.

Measures of treatment effect

For dichotomous outcomes we had planned to report the
risk ratios (RR) of outcomes in the intervention group com-
pared to the control group alongside the 95% confidence
interval (CI). For continuous outcomes we had planned to
report the mean difference (MD) between the change in
the intervention and control groups if studies measured the
outcomes in the same way and the standardized mean dif-
ference (SMD) if they did not measure them in the same
way. However, due to substantial differences in analytical
methods and reporting across included studies, we report
the effect estimate reported by each included study.

Unit of analysis issues

For cluster RCTs that reported analyses at the individual
level, we ascertained whether they reported the method
used to account for clustering. For non-randomised stud-
ies, and RCTs with baseline imbalances, we reported
estimates adjusted for baseline imbalances and other
confounders, if this data were reported. If outcome data
were available for multiple timepoints we reported the
latest timepoint in the synthesis. In the supplementary
material, which describe results of individual studies,
we also grouped the outcomes according to the different
periods of follow-up: short term (<3 months), medium-
term (3—6 months) and long-term (> 6 months).

Dealing with missing data

We did not contact the authors of included studies for
clarification regarding study methods or results. We
recorded all missing outcome data in the data extraction
form and in the risk of bias table.

Assessment of heterogeneity

We assessed heterogeneity in relation to the PICO elements
as well as context and implementation and documented
this in tables summarising the included studies. As we did
not conduct any meta-analyses, we were not able to assess
heterogeneity by visually inspecting the confidence interval
overlap in forest plots, or by using the Chi* and I statistics.

Assessment of reporting biases

There were not enough studies reporting the same out-
come (< 10), therefore no funnel plots were used to inves-
tigate the risk of publication bias.

Data synthesis
Due to substantial heterogeneity, we could not pool
any results in meta-analyses. We thus synthesised the
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results based on effect direction, represented graphi-
cally using harvest plots [35]. Harvest plots are a clear
and transparent way to portray evidence from a hetero-
geneous evidence base, especially where primary stud-
ies are not well-suited to statistical pooling [36, 37].
We created separate harvest plots for each interven-
tion type, depicting effects on the primary outcomes of
interest. The effect direction categories used for analysis
included:

i) Clear effect favouring the intervention (when the
effect measure favoured the intervention and the 95%
CI did not cross the null),

ii) Unclear effect potentially favouring the intervention
(when the effect measure favoured the intervention
and the 95% CI crossed the null),

iii) No difference in effect (if the effects were identical
in both groups or if the study only reported that no
difference was observed between the groups, without
reporting actual outcome values),

iv) Unclear effect potentially favouring the control
(when the effect measure favoured the control and
the 95% CI crossed the null), or

v) Clear effect favouring the control (when the effect
measure favoured the control, and the 95% CI did not
cross the null).

In cases where multiple measures and timepoints of
the same outcome were reported in the same study, we
selected those measures that most closely reflect the
outcome of interest and the one measured at the long-
est timepoints. For example, one study reported both the
observed number of people visiting the park as well as
the proportion of people engaged in moderate vigorous
physical activity (MVPA) at the park; the latter measure
was selected for analysis.

Subgroup and sensitivity analyses
We intended to compare the effects of interventions
across specific subgroups such as Global Burden of Dis-
ease (GBD) region, level of income, time of implemen-
tation, PROGRESS indicators, and according to the
presence or absence of accompanying behavioural inter-
ventions. However, it was not possible to carry out these
subgroup analyses.

We were not able to conduct sensitivity analyses as no
meta-analysis were done due to the heterogeneity of the
data.

Assessment of certainty of evidence
Two reviewers assessed the overall certainty of the
evidence using the Grading of Recommendations
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Assessment, Development and Evaluation (GRADE)
approach. For RCTs the certainty of the evidence started
at high and for NRSs at low. Five factors were then con-
sidered for downgrading the certainty (risk of bias, incon-
sistency, indirectness, imprecision, publication bias) and
three factors were considered for upgrading the certainty
(large effect size, all plausible confounding would reduce
the demonstrated effect, dose response gradient). We did
not upgrade the certainty of evidence for NRSs if there
were existing reasons for downgrading [38]. For each fac-
tor, we provided a judgement with a rationale included
as a footnote in the Summary of Findings (SoF) table.
We prepared SoF tables for each comparison and all pri-
mary outcomes: 1) Measures of population-level physical
activity, 2) CVD mortality, 3) Diabetes mortality, 4) CVD
morbidity (e.g. incidence, prevalence, hospitalisation);
5) Diabetes morbidity (e.g. incidence, prevalence, hospi-
talisation), 6) Body weight and related measures and 7)
Blood pressure.

Results

Results of the search

After screening 26,930 titles and abstracts and 248 full
texts we identified 52 records for inclusion, 13 records as
ongoing studies, and we excluded 185 records (Fig. 2). Of
the excluded records, 97 assessed ineligible interventions,
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80 did not have an eligible study design, one assessed
ineligible outcomes, one took place in an ineligible set-
ting, and four were duplicate records (Additional file 2).

Of the 52 records included, 40 records relating to 33
studies were included in the synthesis. The remaining
12 records relating to eight studies assessed broad mul-
ticomponent interventions that sometimes included
a small environmental change component to promote
physical activity. Although potentially relevant, these
studies do not answer our review question, as we are not
able to distinguish the effects of the specific environ-
mental component and were thus not included in the
graphical and narrative synthesis (they are described in
Additional file 3).

Description of included studies

Studies included in the synthesis (n=33)

Of the 33 studies, 28 were CBA studies, four were ITS
studies [39-42] and one was a cluster RCT [43]. Table 1
provides an overview of included studies, which are
described in more detail in S4 File. One study [41] pre-
sented an additional CBA analysis.

The sample size differed substantially across studies;
studies including a fixed sample of individuals ranged
from 73 [66] to 35,375 individuals [71]. Other studies
did not assess a fixed sample of individuals, but instead

[ Identification of studies via databases and registers [ Identification of studies via other methods }
—
c
‘% Records identified from: Recordls r‘emoved before R ds identified from:
8 Databases (n = 33042) screening: ecords identified from:
E Registers (n = 580) L 5 Duplicate records Citation searching (n = 84)
§ 9 removed (n = 6692)
— I
—
Records screened | Records excluded**
(n =26930) (n=26761)
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval | Reports not retrieved
2 (n=171) (n=2) (n=284) "l (n=5)
H
8 i l
O
n
Reports assessed for Reports excluded (n= 122): Re|
AT : ports assessed for
eligibility »|  Ineligible intervention (n = eligibility »| Reports excluded (n=61):
(n=169) 77) (n =79) Ineligible intervention (n =
Ineligible study design (n = 20)
43) Ineligible study design (n =
Ineligible setting (n=1) 37)
Duplicate (n = 1) Ineligible outcomes (n = 1)
— Duplicate (n=3)
Studies included in review Ongoing studies (n = 12)

(n=52)
Studies included in the

Ongoing (n=1)

synthesis (n=33)

Reports of studies included in
the synthesis

(n =40)

Fig. 2 PRISMA flowchart of study selection
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Table 1 Overview of studies included in the synthesis (n=33)
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Intervention category Intervention type

Study design and ID

1. Infrastructure

(n=31) of parks, play/open streets) (n=13)

1.2 Active transport (new/upgraded cycling/walking

infrastructure) (n=18)

2. Policy and regulations (n=2) 2.1 Access to PA facilities

2.2 Free bus travel

1.1 Green or other spaces (e.g. upgrade or construction

1 cRCT: Veitch 2018 [43]

11 CBA studies: Goldsby 2016 [44], Cortinez O'Ryan
2017 [45], D'Haese 2015 [46], Quigg 2012 [47], Kubota
2019 [48], Ward Thompson 2019 [49], Richardson
2020 [50], Bohn-Goldbaum 2013 [51], Tester 2009 [52],
Cohen 2009 [53], Slater 2016 [54]

1 ITS study: Branas 2011 [39]

16 CBA studies: @stergaard 2015 [55], Goodman 2013
[56], Fitzhugh 2010 [57], Rissel 2015 [58], Jung 2017
[59], Brown 2016 [60], Benjamin Neelon 2015 [61];
McDonald 2013 [62], Prins 2017 [63], Frank 2019 [64],
Dill 2014 [65] , Hong 2016 [66], Hirsch 2017 [67], West
2011 [68] [68], Pazin 2016 [69], Chapman 2014 [70]

2 TS studies: Skov-Petersen 2017 [42]; Grunseit 2019
[40]

TITS study: Higgerson 2018 [41] (includes CBA analysis)
1 CBA study: Green 2014 [71]

observed individuals in a fixed setting. For example,
some studies observed all users at specific parks or
vacant lots [39, 50, 51, 53, 54], all residents of specific
neighbourhoods or areas [56, 57, 59, 67], or all attend-
ees of a specific facility [41]. Other studies used auto-
mated counters to record the number of cyclists passing
a specific point [40, 42]. Seven studies assessed children
specifically [45-47, 55, 61, 62, 65]. Five studies evaluated
adults [48, 49, 58, 63, 69]. Several studies did not report
the age of participants, often referring only to ‘residents’
[60, 66, 68].

Follow-up also varied widely across studies. Four stud-
ies had a follow-up of less than one year, ranging from
1 week [46] to 9 months [51]. Eleven studies had a follow-
up of one year, while 18 studies had a follow-up of longer
than a year, with the longest being 10 years [39, 41, 56, 67].

All but one of the included studies were conducted
in high-income countries (HICs) with one study con-
ducted in Brazil [69]. Most studies were from the USA
(n=14) [39, 44, 50, 52-54, 57, 60-62, 65-68], the UK
(n=5) [41, 49, 63, 71, 72], and Australia (n=4). Two
studies each were from Denmark [42, 55] and New Zea-
land [47, 70], and one study each were from Belgium
[46], Chile [45], Korea [59], and Japan [48].

Of the 33 included studies, 31 assessed infrastructure
interventions and two assessed policy and regulatory
interventions to increase physical activity (Table 2). Of
those studies assessing infrastructure interventions,
13 assessed interventions where green or other spaces
were created or improved to enable and promote physi-
cal activity (e.g., upgrading or building parks, temporary
closing of streets to encourage outside play and activities
or installing cycle tracks), and 18 assessed active trans-
port interventions, which consisted of improvements

to walking or cycling infrastructure or extension of
motorways away from residential areas. The two studies
assessing policy and regulatory interventions evaluated a
government scheme to increase access to physical activ-
ity facilities and a policy for free bus travel for youth.

All but one [44] of the included studies reported mul-
tiple measures of physical activity, including the propor-
tion of participants meeting physical activity guidelines,
time spent engaged in moderate to vigorous physi-
cal activity (MVPA) and leisure-time spent walking or
cycling, among others. As there is no gold standard for
measuring physical activity, we have reported all meas-
ures in this review. Four studies reported on body weight
and related measures, specifically BMI and the pro-
portion overweight or obese [44, 50, 55, 61]. One study
assessed blood pressure [39]. None of the other primary
outcomes were reported. Regarding secondary outcomes,
two studies reported on satisfaction [50, 59], four on
safety [50, 53, 54, 71], and one on adverse events [71].

Studies not included in the synthesis

Seven studies assessed the effect of multicomponent
interventions on physical activity and health; three were
cluster RCTs [73-75], three were CBA studies [76-78]
and one was an ITS study [79] (Additional File 4).

Four studies were conducted in HICs [74, 76, 77, 79]
and three in middle-income countries [73, 75, 78]. One
study included children between 7 and 11 years of age in
primary schools [75], one included adolescents between
11 and 14 years of age [77], and five studies included
adults, one of them targeting adults > 65 years of age [76].

All studies assessed the effects of infrastructure inter-
ventions, including improvements to available green
space, urban pedestrian circuits, footpaths, cycle tracks,
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playgrounds, sport facilities, or creating green space. One
of the studies also assessed a policy and regulatory inter-
vention — directives on allowing time to exercise at the
workplace [73]. All studies included co-interventions,
mostly of an educational nature such as through cam-
paigns and community engagement programmes.

Three studies reported on measures of population-level
physical activity, such as physical activity scores, fre-
quency of physical activity, use of active school transport.
One study reported on body weight and related measures
(i.e., BMI) [75]. Four studies reported on secondary out-
comes of interest, including changes in quality of life, and
perceived health.

Studies ongoing, and awaiting classification
Eight studies were classified as ongoing, which are
described in Additional file 5.

Seven studies were marked as awaiting assessment as
they were conference papers or their full-texts could not
be accessed. They are described in Additional file 6.

Risk of bias in included studies
Most studies with a comparison group (n=29) were at
high risk of selection bias due to lack of randomization
(Fig. 3). Regarding similarity in baseline characteristics
and outcomes, most studies were at low risk of selection
bias (=15 and 14, respectively) as there was no base-
line imbalance, as any baseline differences were adjusted
for in the analysis, as they were at unclear risk of selec-
tion bias (=10 and 9, respectively), or as they did not
report sufficient information. All studies were at low risk
of performance bias; although blinding of participants
and personnel in these studies is generally not possible,
due to the ecological nature of the interventions, perfor-
mance bias is unlikely to meaningfully influence effects.
Most studies (n=18) were at high risk of detection bias
as blinding was not possible or not reported and the out-
comes were self-reported and thus more prone to influ-
ence from lack of blinding. Regarding protection against
contamination, most studies (n=19) were at low risk
of bias as sites were different geographic areas and thus
contamination was unlikely. Most studies were either at
unclear (n=14) or high (n=10) risk of attrition bias; the
latter due to reporting high levels of attrition (>10%) or
very low response rates, which differed between study
groups. Most studies (n=24) were at low risk of report-
ing bias and of other potential sources of bias (#=16).
Regarding the ITS studies (n=4), one was at high risk
of bias due to confounding with a high likelihood of fac-
tors outside of the intervention influencing the outcome
[39] (Fig. 4), one [42] was at low risk of bias and two [40,
41] were at unclear risk of bias. Two studies [41, 42] were
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at low risk of bias in the classification of the intervention
as the point of analysis was the point of the intervention,
and two studies [39, 40] were at unclear risk of bias. All
four studies were at low risk of bias in the measurement
of the outcome; data collection was not influenced by the
intervention and was collected in the same way before
and after the intervention. All four studies were at low risk
of detection bias; the outcomes assessed were objective
and collected using routinely collected data or automatic
counters. Two studies [40, 42] were at low risk of attri-
tion bias; the data was collected using automatic counters
and thus missing data was unlikely or no missing data was
reported. The other two studies [39, 41] were at unclear
risk of attrition bias. All studies were judged at low risk of
bias from selective reporting and from other bias; all rel-
evant methods and outcomes were reported and no other
bias was identified.

A more detailed description of the risk of bias assess-
ment is available in Additional file 7.

Effects of interventions

The results of all individual studies are presented in Addi-
tional file 7, with highlighted rows indicating the out-
comes selected for the synthesis.

Interventions addressing infrastructure

Green or other spaces compared to no intervention

Thirteen studies—one cluster RCT, and 12 CBA stud-
ies—assessed the effects of introducing or upgrading
green or other public spaces (Table 2). The interventions
comprised closing streets for a specified period to cre-
ate an environment for children to play [45, 46], creating
new or upgrading existing parks or playgrounds [43, 44,
47, 51-54], physical environment changes to woodlands
[49], neighbourhood development including infrastruc-
ture changes [50], treating or greening vacant lots [39],
and building of a new exercise facility [48].

Primary outcome: Physical activity We are very uncer-
tain about the effects of interventions to green or other
spaces on physical activity (12 studies, very low certainty
evidence, Table 3). As these were observational studies the
certainty of the evidence started at low, and it was further
downgraded due to inconsistency and imprecision. The
effects varied across the 12 studies (Table 4, Fig. 5).

Primary outcome: body weight and related measures We
are very uncertain about the effect of interventions on
green or other spaces on body weight (2 studies, very low
certainty evidence). The certainty of the evidence started
at low as these were observational studies and was down-
graded further due to imprecision. Both studies reported
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D1: Random sequence generation Judgement
D2: Allocation concealment ,

D3: Baseline characteristics ® tign
D4: Baseline outcomes - Unclear
D5: Blinding of participants and personnel

D6: Blinding of outcome assessment . Low

D7: Protection against contamination
D8: Incomplete outcome data

D9: Selective reporting

D10: Other sources of bias

Fig. 3 Summary of risk of bias assessments of trials and CBA studies
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Risk of bias
pi | p2 | b3 | p4 | ps | pe | D7 |overall

Branas 2011

Grunseit 2019

Study

Higgerson 2018

Skov-Petersen 2017

D1: Intervention independent of other changes Judgement
D2: Shape of intervention effect prespecified '

D3: Intervention affecting data collection . High
D4: Knowledge of the allocated interventions B Unclear

D5: Incomplete outcome data
D6: Selective reporting
D7: Other bias

. Low

Not applicable

Fig. 4 Summary of risk of bias assessments for ITS studies

Table 3 Summary of findings table for comparison 1.1—Changes in green or other spaces

Population: Children and adults living in study
Setting: Communities and neighbourhoods in

communities
high-income countries

Intervention: Changes in green or other spaces such as renovating or building playgrounds or parks, implementing playstreets, greening
vacant lots or building multipurpose exercise facilities, to increase physical activity
Comparison: control (no intervention or distance from intervention site)

Outcomes

Ne of participants Certainty of Impact

(studies) the evidence

Follow-up (GRADE)
Physical activity (12 observational studies) @OOQ A range of effects reported across 12 studies: clear
assessed with: MVPA, meeting PA guidelines, Very low® effect favouring the control in one study, unclear
TDPA, time walking, cycling or taking part in effect potentially favouring the control in four stud-
sports ies, unclear effect potentially favouring the interven-
follow-up: range 1 weeks to 3.5 years tion in four studies, and a clear effect favouring the

intervention in three studies

CVD mortality—not reported
Diabetes mortality—not reported
CVD morbidity—not reported
Diabetes morbidity—not reported
Body weight (2 observational studies) @OO@ One study reported an unclear effect potentially
assessed with: BMI z-scores Very low favouring the intervention in children (Goldsby 2016

follow-up: 16 months

Blood pressure
assessed with: self-report

[44]) and the other an unclear effect potentially
favouring the control in all ages (Richardson 2020
[50])

One CBA study (Branas 2011 [39]) indicates no effect
of an intervention where vacant lots are greened to
create a park-like setting) regression coefficient 0.63,
95% C1 0.32 to 0.94)

(1 observational study)

000

Very low®

Explanations

2 Downgraded by 1 due to inconsistency: effect direction varied across included studies

b Downgraded by 1 due to imprecision: most studies’ results fall into an unclear effect category because of wide confidence intervals which include both beneficial

and harmful effects

“Downgraded by 1 due to risk of bias: outcome was self-reported
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1.1 Green or other spaces

Study

Physical activity

al
1| K 2| H B

Cortinez-O’Ryan 2017
D’Haese 2015
Goldsby 2016

Quigg 2011

Veitch 2018

Ward Thompson

Nouswppe s

Body weight
and related
measures

Richardson 2020

8. Bohn-Goldbaum 2013
9. Tester 2009

10. Cohen 2009

11. Slater 2016

12. Kubota 2019

Blood pressure

13. Branas 2011

Long-term follow-up
(>3 mo)

cvD/
Diabetes
morbidity

D Short-term follow-up
(3 months or less)

It is important to note that the grey shaded
area is characterized by uncertainty with

cvDp/
Diabetes
mortality

regard to the direction of effect. e.g. a RR of
1.02, with a 95% Cl of (0.91; 1.15) will be
found under ‘Unclear effect; favors
intervention’. However, based on the 95% CI
we can see that this intervention could also
be harmful

Fig. 5 Harvest plot for comparison 1.1: Green or other spaces

unclear effects, one potentially favouring the intervention,
at 16 months [44] and the other, the control, at 3 years
[50]. Goldsby 2016 [44] assessed children living near vs
far new inner-city parks whereas Richardson 2020 [50]
assessed visits to parks in low-income neighbourhoods.

Primary outcome: blood pressure One ITS study on
greening vacant lots to create a park-like setting [39]
reported a clear effect favouring the control on blood
pressure (regression coefficient 0.63, 95% CI 0.32 to 0.94),
however the certainty of the evidence was very low. The
study started at low certainty, and it was further down-
graded due to risk of bias.

Secondary outcome: satisfaction One study reported an
unclear effect potentially favouring the control on partici-
pant satisfaction with their neighbourhood after a public
housing and greenspace landscaping intervention [50].
The proportion of participants that reported being satis-
fied with their neighbourhood increased in both the inter-
vention and control neighbourhoods, but it increased
more in the control neighbourhoods (DiD estimator
-5.89%, p-value 0.342, n=1003 participants).

Secondary outcome: safety issues Three CBA studies
reported this outcome; one showed a clear effect favour-
ing the intervention on the proportion of participants
reporting perceived park safety [53], one an unclear effect
potentially favouring the intervention on crime counts in
the neighbourhood [54], and one an unclear effect poten-
tially favouring the control on the proportion of people
reporting perceived neighbourhood safety [50].

Active transport interventions compared to no intervention

Eighteen studies — 15 CBA studies and three ITS stud-
ies—assessed the effects of environmental changes to
promote active transport and thus physical activity
(Table 5). These comprised street improvements such as
adding bike lanes, sidewalks, or crosswalks, and road sur-
facing, among others [55, 59—-62, 70]; building or improv-
ing bicycle boulevards, greenways and cycleways [40, 42,
56-58, 64, 65, 67—69]; and building a light rail line or a
motorway to divert traffic and free up space for pedes-
trians and cyclists [63, 66]. Some of these environmen-
tal changes were embedded within larger initiatives and
included other intervention components; for example,
Goodman 2013 [56] assessed the ‘Cycling Cities and
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Table 6 Summary of findings table for comparison 1.2: Active transport interventions

Patient or population: Children and adults, both living in the community as well as those travelling to and from school and work,

respectively
Setting: Communities and neighbourhoods in HICs

Intervention: Creating or upgrading sidewalks, crosswalks, walking, cycling and running paths, light rail routes (e.g. street cars, trams),
improvement of the near-school cycling and walking environment, or a motorway

Comparison: no new intervention

Outcomes Ne of studies Certainty of Impact

the evidence

(GRADE)
Physical activity 16 CBA studies, 11TS ¢ ©© O Seven studies reported a clear effect favouring the intervention,
assessed with: proportion/time cycling, VERY LOW ®®  six studies reported an unclear effect potentially favouring the
biking, walking, MVPA, transit related active intervention, three studies reported an unclear effect potentially
trips favouring the control, and one study reported a clear effect
follow-up: 1 year to 10 years favouring the control
Body weight 2 CBA studies P00 One study observed a clear effect favouring the intervention and
assessed with: BMI VERY LOW? one study observed an unclear effect potentially favouring the
follow up: 12 months control
Blood pressure 0 studies - Not reported
CVD morbidity 0 studies - Not reported
Diabetes morbidity 0 studies - Not reported
CVD mortality 0 studies - Not reported
Diabetes mortality 0 studies - Not reported

Cl Confidence interval, HICs high-income countries, RR Risk ratio, OR Odds ratio, MVPA moderate to vigorous physical activity, CBA controlled before-after

Explanation

2 Downgraded by 1 for risk of bias: high risk across several domains in multiple studies; there is high potential for direction of effect to change

® Downgraded by 1 for imprecision: very wide confidence intervals in most studies

Towns’ initiative, which comprised a range of changes to
make communities more cycling-friendly.

Primary outcome: physical activity The effects of active
transport interventions on physical activity are very uncer-
tain (17 studies, very low certainty evidence, Table 6). The
certainty of the evidence started at low and was down-
graded further due to imprecision and risk of bias. Of the
17 studies, seven studies reported a clear effect favouring
the intervention, six reported an unclear effect potentially
favouring the intervention, three reported an unclear
effect potentially favouring the control, and one reported
a clear effect favouring the control (Table 7, Fig. 6). Most
of the studies that showed a clear effect included addi-
tional intervention components such as education and
promotion to use the newly built infrastructure, whereas
the studies with unclear and clear effects favouring the
control did not include these.

Primary outcome: body weight and related measures We
are very uncertain about the effect of active transport
interventions on BMI (two studies, n = 1494 participants,
very low certainty evidence, Table 6); the certainty of the
evidence was downgraded due to risk of bias. The studies
reported different effects; one a clear effect favouring the

intervention [61] and the other an unclear effect poten-
tially favouring the control [55] (Fig. 6).

Secondary outcome: satisfaction One study assessed a
pedestrian satisfaction score (ranging from 1 to 5) in rela-
tion to the ‘Design Street’ initiative, which involved the
improvement of sidewalks, public spaces, and other envi-
ronmental aspects of the pedestrian environment [59]. It
reported a small yet clear increase of 0.291 points in satis-
faction at intervention sites in comparison to control sites
(DiD estimate 0.291, p <0.05, Table 4).

Secondary outcome: adverse events — injuries One study
assessed whether the near-school cycling and walking
environment influenced the number of injuries in school
children [55]. It reported a small decrease in injuries at
both the intervention and control sites, although this
effect was slightly larger at control sites (193 to 184 chil-
dren vs 147 to 137 children, Table 7).

Secondary outcome: adverse events—mental health One
CBA study assessed whether the introduction of a new
motorway influenced mental health and well-being of area
residents [63]. Mental well-being was assessed using the
MCS-8 score (mental component summary of the Short
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Unclear effect;
potentially favors
control

Favors

control effect

Null Unclear effect; potentially
favors intervention

1.2 Active transport

Favors intervention
# Study

1. Brown 2016

Physical
activity

1 1
3 5

111
285 71192

Body weight
and related
measures

2. Osterrgaard 2015

3. Benjamin Neelon 2015
4. Dill 2015

5. Frank 2019

6. Hong 2016

7. West 2011

8. Chapman 2014

9. Rissel 2015

10. Fitzhugh 2010

11. Pazin 2016

12. Skov-Petersen 2017
3 13. Grunseit 2019

14a. McDonald 2013a

(TN
[

1 L
113 0 67

Blood
pressure

14b. McDonald 2013b
15. Prins 2017_CBA
16. Goodman 2013
17. Hirsch 2017

Long-term follow-up

cvD/
Diabetes
morbidity

(>3 mo)

Short-term follow-up
(3 months or less)

|
[

It is important to note that the grey shaded area

cvD/
Diabetes
mortality

is characterized by uncertainty with regard to
the direction of effect. e.g. a RR of 1.02, with a
95% Cl of (0.91; 1.15) will be found under
‘Unclear effect; favors intervention’. However,
based on the 95% Cl we can see that this
intervention could also be harmful

Fig. 6 Harvest plot for comparison 1.2 Active transport interventions

Form 8 Health Survey, and higher scores represented
higher well-being). It reported little or no difference in
the mental health of residents at intervention sites com-
pared to control sites after 8 years (coefficient -0.8 MCS-8
points, 95% CI -1.6 to 3, n=1778 participants, Table 4).

Policy and regulatory interventions

Access to PA facilities compared to no intervention

One ITS study in England assessed the effects of a policy
that provided all individuals living in the intervention
community with free access to government leisure facili-
ties at most times of the day [41]. Some of the facilities
included swimming pools and gyms.

Primary outcome: Physical activity Free access to gov-
ernment leisure facilities may increase gym or swimming-
related physical activity (1 ITS study, RR 1.64, 95% CI: 1.43
to 1.89, low certainty evidence, Table 8). The study was an
ITS study, therefore the certainty of the evidence started
at low; it was not downgraded.

Free bus travel compared to no intervention
One CBA study (Green 2014) in London assessed the
effects of a policy providing free bus travel for individuals

12-17 years old compared to a population of adults
25-59 years old that did not have free bus travel on dif-
ferent physical activity measures.

Primary outcome: Physical activity The evidence on the
effects of the free bus travel policy for youth, which aimed
to reduce car use and increase active travel, on physical
activity was very uncertain (1 CBA study, very low cer-
tainty evidence). The included study (Green et al., 2014)
[71] reported a clear effect favouring the control, ie. a
reduction in the proportion of walking (Ratio of ratios
0.76,95% CI 0.70 to 0.85) and cycling trips (Ratio of ratios
0.53, 95% CI 0.35 to 0.87) among those in the intervention
group compared to the control group (Table 8). The cer-
tainty of the evidence started at low and was downgraded
due to indirectness as the main objective of the interven-
tion was to reduce car use and the population was from
an urban setting in the UK which may not be applicable to
an LMIC population where the public transport system is
very different.

Secondary outcome: safety The free bus travel policy for
youth was associated with an increase in rates of hospital-
ization due to injuries inflicted by assaults (Relative effect
19%; 95% CI 16% to 22%).
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Secondary  outcome: adverse events—injuries The
included study (Green et al., 2014) [71] reported a clear
reduction in the incidence of road traffic injuries across
all transport modes among those in the intervention arm
at 3 years of follow-up (Ratio of ratios 0.84, 95% CI 0.82
to 0.87).

Discussion

Summary of main results and certainty of the evidence
This review included 33 studies assessing population-
level interventions focused on infrastructure, policies and
regulations to increase physical activity. Thirteen studies
(1 cluster RCT and 12 CBA studies) assessed infrastruc-
ture changes to green or other spaces to promote physical
activity. Evidence regarding these interventions is vari-
able, and we remain very uncertain about the effects of
the interventions on important health outcomes includ-
ing physical activity (12 studies), body weight (2 studies)
or blood pressure (one study).

Eighteen studies (15 CBA studies and three ITS stud-
ies) assessed infrastructure changes to promote active
transport, such as building of cycle lanes, sidewalks, rail
lines or motorways. Evidence regarding these interven-
tions is very uncertain about their effects on physical
activity (17 studies) and body weight (2 studies). The
other two studies assessed the effects of policy and regu-
latory interventions. One assessed a policy that provided
free access to physical activity facilities, reporting low
certainty evidence that this approach may increase gym
or swimming-related physical activity. The other assessed
the effects of a policy providing free bus travel for youth
aged 12-17 years; it showed that the effects were very
uncertain.

The certainty of the evidence across interventions
ranged from low to very low certainty. Almost all stud-
ies had an observational design, which started at low
certainty. The reasons for downgrading the evidence fur-
ther primarily included inconsistency, imprecision, and
risk of bias. Risk of bias issues were mainly due to risk
of selection, detection, and attrition biases. For all stud-
ies, except for the policy intervention providing free bus
travel, the certainty of the evidence was not downgraded
for indirectness. Our rationale for not downgrading for
indirectness more frequently was threefold: i) LMIC set-
tings were not part of our eligibility criteria, ii) some of
the studies were conducted in low income settings within
HICs, and iii) we had already downgraded the evidence
to very low certainty.

Overall completeness and applicability of evidence
All included studies were conducted in high-income
countries, except for one conducted in Brazil — an
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upper-middle-income country (UMIC). Thus, the imple-
mentation of these types of interventions in LMIC set-
tings, may require different considerations. Among the
studies that were included in the review but not included
in the synthesis, one was conducted in a lower-middle-
income country (Iran) and two were conducted in an
UMIC (China). All studies were also conducted in urban
settings, with some of these being low-income urban
communities or neighbourhoods.

Most of the included interventions focused on infra-
structure interventions, with only two assessing policy
and regulatory interventions. This may reflect the dif-
ficulty of conducting these types of studies using the
study designs considered eligible for this review; many of
the studies screened out had a relevant intervention but
were lower-quality observational studies such as before-
after studies without a control group or cross-sectional
studies.

Major gaps in terms of outcomes reported are the lack
of studies reporting on some of the primary outcomes
of interest: CVD and diabetes morbidity and mortality.
This may reflect the distance between the intervention
and these types of outcomes along the effect pathway.
Most of the studies also had short-term follow-up and
thus it would be difficult to observe these longer-term
outcomes.

The multi-pronged database searches for this review
were last updated comprehensively in February 2020, as
described in the Methods section, and thus the studies
most recently published are not included in the review.
We updated the Pubmed search in May 2022, which
retrieved 2012 deduplicated records. A quick screen-
ing of these based on title keyword searches in Endnote
(e.g. “green’, “infrastructure’, “cycling’, etc.) identified
10 records related to seven potentially eligible unique
studies. We screened the full texts of these seven stud-
ies; three assessed an ineligible intervention, one had
an ineligible study design, and three would be eligible
for inclusion in this review, though two of these are still
ongoing. These studies will be included in the update of
this review and based on an informal assessment of the
one completed study, we do not believe that the conclu-
sions of this review would be altered by the inclusion of
these results.

Agreements and disagreements with other studies

or reviews

Reviews assessing similar questions showed compara-
ble results to this review including variability of effects,
poor study quality and variability of measures used
to assess physical activity and other outcomes. One
review assessed the effectiveness of interventions in
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urban green space to encourage physical activity, which
included those with physical changes to urban green
spaces [80]. Of the nine included studies assessing these
interventions, four showed benefits for increasing physi-
cal activity. The authors noted the need for more robust
evaluations and that a combination of physical activity
interventions plus physical environment modifications
were probably the most effective approaches.

One recent systematic review assessed the association
between access to public transport and childhood obe-
sity [81]. It included 25 cross-sectional studies and two
longitudinal studies conducted in 10 countries, mostly
HICs except for one in Iran and one in China. Although
they report that these studies showed inconsistent find-
ings, they also found that most of the studies reported
null associations between access to public transport and
physical activity and/or body weight. Another review
assessed the association between active transport to
work or school and cardiovascular health and weight
[82]. This review included 19 studies which showed
that active transport was associated with improved car-
diovascular health and lower body weight. However, the
strength of the evidence varied for different outcomes
and authors reported weak study designs and poor com-
parability between studies. Patterson and colleagues
found a positive association between public transpor-
tation and lower BMI, as reported in 10 longitudinal
studies included in the review [83]. Valdés-Badilla and
colleagues assessed the effects of physical activity gov-
ernmental programs on the health of independent older
adults [84]. Five studies were included, which showed
benefits of these programs for physical activity as well
as for health outcomes such as blood pressure, blood
glucose and blood lipids. However, included studies pri-
marily assessed individual-level programs, comprising
muscle-strengthening exercises, stretching, and walking,
rather than population-level interventions. A systematic
review of empirical and simulation studies evaluating
the effects transportation interventions on health sug-
gested that bike lanes and bus rapid transit systems can
promote physical activity and active travel; however, this
review did not assess the certainty of the evidence [85].
It also highlighted the fact that few longitudinal studies
of these interventions that assess health outcomes exist
and LMICs are understudied in the literature, similar to
what we found.

The International Society for Physical Activity and
Health (ISPAH) has outlined eight investments that they
suggest work for physical activity; including active trans-
port — designing cities to support walking, cycling and
public transportation, active urban design — built envi-
ronment elements that promote physical activity such
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as parks and urban green spaces, and community-wide
programs including systems-based approaches such as
policies to promote physical activity (International Soci-
ety for Physical Activity and Health (ISPAH), 2020). This
review did not find concrete evidence of the effectiveness
of active transport or active urban design interventions
due to the uncertain nature of the evidence base. How-
ever, one of the policy interventions included, which pro-
vided free access to physical activity facilities, showed
potential to improve physical activity levels.

Strengths and limitations

We searched multiple databases for ongoing and pub-
lished studies and employed robust systematic review
methodology. The update of the search was only carried
out in one database — Medline — as this was the database,
where most of the studies included in the first search had
been identified.

Although the effects reported in included studies were
often of very small magnitude, we considered that any
effect different from the null might be relevant at a popu-
lation level. The synthesis approach used, based on effect
direction, did not allow us to provide an average effect
measure for the interventions assessed; estimation of
such an effect, however, would not have been possible for
the identified evidence base.

Authors’ conclusions

We identified, appraised, and synthesised 33 studies eval-
uating the effect of various infrastructure and policy and
regulatory interventions for increasing physical activity,
with varying results and often with very low certainty evi-
dence. This was mostly due to issues with observational
study designs and inconsistent or imprecise findings.
Unarguably, public health interventions are challenging
to measure with robust designs; however, efforts should
be strengthened and investments made to use compara-
tive study designs with adequate follow up periods to
measure effects on short- and longer-term health out-
comes. Similarly, further research in LMICs would be
important to understand the different implementation
issues in low-resource settings.

Despite this drawback, the evidence base provides
indications thatpopulation-level interventions, such as
providing access to physical activity facilities, may work.
Furthermore, this review has provided details regarding
relevant studies that could be considered for different
settings in LMICs with due consideration of local con-
textual factors, barriers and enablers. When introducing
new policies and interventions, these should ideally be
monitored and evaluated robustly to inform enhance-
ments and when to scale up or discontinue.
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