
1

PROGRESS IN PREVENTIVE MEDICINE
OPEN ACCESS

STATE OF THE SCIENCE

Use of Geographic Information Systems in Physical 
Activity Interventions: a Systematic Review
Liliana Aguayo, PhD, MPHa,b; Mariha Khan, BSc; Reynaldo De Leon Jr., BSd; Andiara Schwingel, PhDe

aDepartment of Preventive Medicine, Northwestern University Feinberg School of Medicine, Chicago, Ill.; bMary Ann & J. Milburn Smith Child Health Research, Outreach, and Advocacy 
Center, Stanley Manne Children’s Research Institute, Ann & Robert H. Lurie Children’s Hospital, Chicago, Ill.; cRush University Medical Center, Rush University Medical College, Chicago, 
Ill.; dDepartment of Health and Behavior Studies, Teachers College, Columbia University, New York, N.Y.; eDepartment of Kinesiology and Community Health, College of Applied Health 
Science, University of Illinois at Urbana-Champaign, Champaign, Ill.

Address reprint requests to Liliana Aguayo, PhD, 225 E. Chicago Avenue, Box 162 Chicago, IL 60611–2991. E-mail address: liliana.aguayo@northwestern.edu (L. Aguayo)

ABSTRACT
Introduction: The promotion of physical activity is inextricably dependent on the environment. This systematic review summarizes stud-
ies that used geographic information systems to account for the role of geographic features in the design, implementation, or evaluation 
of interventions that promoted physical activity.
Methods: Pubmed, ProQuest/PsycInfo, and Cochrane Library were searched for physical activity interventions that employed geographic 
information systems. The search was conducted with an algorithm that included 10 geographic, 28 intervention, and 9 physical activity 
search terms. Data were systematically reviewed using a standardized form based on the PICOS framework (participants, interventions, 
comparison, outcomes, and study design). Quality of the studies included was independently rated on 14 criteria (Registration number 
CRD42016046011).
Results: Search yield 12,518 published articles, of which, 19 studies satisfied our inclusion criteria. Proximity to recreational areas and 
neighborhood walkability were the most common geographic factors measured in studies of physical activity interventions. Interventions 
focused on supporting physical activity by providing recreational spaces and adequate infrastructure to participants. Fifteen intervention 
studies assessed socioeconomic environmental factors along with physical environmental factors. Support groups were introduced by 
4 of the interventions to offset social environmental barriers in the geographical environment. Given the lack of consistency in measure-
ments of physical activity, and long-term assessments, it was not possible to determine if findings are attributable to the geographic 
environment or a novelty effect.
Conclusion: More research is needed to better understand the physical and social factors within the geographic environment that work 
as barriers or facilitators of physical activity changes.
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Introduction
A third of adults and four-fifths of adolescents and children around 
the world, do insufficient physical activity to prevent obesity.[1,2] Ur-
banization and technological advances have triggered many en-
vironmental changes associated with declines in physical activity 
linked to the worldwide rise in obesity rates.[3–5] Urbanization over the 
past 3 decades has favored increased urban sprawl and car-oriented 

communities, whereas technological advances have reduced the 
physical demands of work and increased sedentary activity.[3,4]

Increasing physical activity, particularly among the most inac-
tive and vulnerable populations is a public health priority listed 
in the “Global Noncommunicable Diseases Action Plan 2013–2020” 
and “Healthy People 2020.”[6] The identification of geographic var-
iations in health disparities suggests that physical activity cannot 
be solely attributed to individual factors. Efforts to prevent chronic 
diseases and reduce health disparities need to consider geo-
graphic barriers and opportunities for healthy lifestyles.[6,7]
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Physical activity is inextricably dependent upon features in the 
geographic environment.[8] Geographic physical and social charac-
teristics of disadvantaged neighborhoods including lacking side-
walks and green areas, traffic safety, limited availability of healthy 
foods, land use, urban sprawl, and housing insecurity have been 
linked to increased rates of noncommunicable diseases and health 
disparities.[3–6,9–12] These geographic attributes have been identi-
fied by several cross-sectional reviews as key barriers for physical 
activity.[10,12,13] Yet, the benefits of using geographic information to 
guide physical activity interventions and empirical connections 
between changes to geographical environments and physical 
health outcomes are scarce.

An earlier systematic review that examined the effects of envi-
ronmental and policy interventions aimed at increasing physical 
activity encouraged researchers to use objective measurements 
of the environment to account for geographic effects.[14] In this 
earlier review, Sallis et al[14] concluded methodological difficulties 
hindered the implementation of environmental approaches in 
physical activity interventions. Since then, technological advanc-
es have made geographic software programs more accessible for 
health practitioners. These improvements have enable researchers 
to analyze the influence of geographic factors on physical activity 
implementing diverse tools to layer geographic physical and even 
social information.

From its inception, Geographic Information Systems (GISs) were 
designed to traverse a variety of disciplines. The purpose of GIS is 
to layer diverse types of data over a geographical map to illustrate 
relationships with data and locations. GIS ability to address the 
multifaceted and complex relationship between temporospatial 
variables lends itself well to the study of health. In health studies, 
GIS has been essential to track the location and movements of dis-
eases and has been a major tool in the control and study of com-
municable disease outbreaks.[6] Unfortunately, beyond epidemio-
logical and cross-sectional studies, the application of geographic 
information through GIS or similar methodological approaches 
has been limited.

In this review, we aim to systematically examine the imple-
mentation of geographic programs or GIS to include geographic 
information in the design, implementation, or evaluation of inter-
ventions that promoted physical activity. For the purpose of this 
review, geographic information will refer to any objective or sub-
jective assessment of environmental factors with a spatial location, 
which can support, moderate, mediate, or inhibit physical activ-
ity. Whenever we are referring to objective measurements, we 
are including all measurements of physical activity or geographic 
information collected using a given instrument (pedometer, ac-
celerometer, heart rate monitor), to systematically calculate the 
repetition of a given unit (ie, steps, bouts, minutes). In contrast, 
when we refer to subjective report tools, subjective instruments, 
or subjective measurements, we include assessments that relied 
on individual’s perceptions and recall abilities. Instead of being 
directly measured, subjective assessments are collected from 
individual-reporting using questionnaires which may or may not 
have undergone validation. Geographic factors examined as geo-
graphic information also include any changes in the built environ-
ment and any environmental factors for which location is assessed 
and considered to influence participation in physical activity.

The aim is to summarize the different approaches employed to 
operationalize geographic information in the promotion of physi-
cal activity. Findings from this review introduce empirically tested 
approaches that we hope will serve as a resource that informs clini-
cians, researchers, and stakeholders about options to benefit from 
geographic information.

Methods
The protocol for this systematic review is registered in PROS-
PERO International Prospective Register of Systematic Reviews 
(Registration number CRD42016046011). Upon completion of 
the piloting of the study selection process, the protocol was 
amended to include participants of all ages, and variuos pro-
grams, including GIS, which have been used to examine geo-
graphic information.

Search strategy
This literature review examined scientific articles describing or 
evaluating physical interventions published before April 2017. 
The review began with a systematic search in 3 databases: 
Pubmed, ProQuest/PsycInfo, and The Cochrane Library [Cochrane 
Database of Systematic Reviews, Cochrane Central Register of 
Controlled Trials (CENTRAL) Cochrane Methodology Register]. 
The first 2 databases were selected because of their wide breath 
of health information, and because our aim was to introduce this 
review to health professionals who may not necessarily be ge-
ography or urban planning experts, but are interested in uses of 
geographic information to promote physical activity. The search 
was conducted with an algorithm that included 47 search free 
text and Medical Subject Headings. Our search included articles 
that resulted from any combination of 3 terms, one term from 
each search category: (1) “Geographic Information” (10 terms); 
(2) “Health/Wellness interventions” (28 terms); and (3) “Physical 
Activity” (9 terms) (a complete list of search terms is available in 
Supplemental Digital Content 1, http://links.lww.com/PP9/
A4). Whenever possible, we limited our search to: (1) studies pub-
lished after January 2000 (considering the commercial release of 
Esri’s ArcGIS software (Esri, Redlands, CA), which triggered the 
proliferation of diverse tools that enable researchers to analyze 
the influence of geographic factors on physical activity) and (2) 
human species only. The third database was selected to include 
bibliographies from similar systematic reviews. Bibliographies 
from similar systematic reviews were hand searched to identify 
additional studies that satisfied inclusion criteria. We only in-
cluded publications available in (3) English and (4) published in 
peer-reviewed journals. Editorials, policy briefs, letters, and com-
mentaries were excluded.

Study selection
The search yielded 12,642 references. The search was conducted 
twice, first in November 2015, and updated in April 2017. After 
removing 1120 duplicates, the title search included 11,522 refer-
ences, 8998 from the initial search, and 2524 from the updated 
search. To be eligible for inclusion, studies had to examine the 
promotion of physical activity alone or in combination with other 
lifestyle components (ie, diet); and use any geographic software 
or similar methodology to consider geographical information in 
the design, implementation, or analyses of the physical activity 
intervention. For eligibility purposes, geographic information re-
ferred to the assessment of the spatial location of any objective 
or subjective factors considered to support, moderate, mediate, or 
inhibit physical activity.

One researcher completed an initial screen of article titles. The 
title review yielded 1614 references that fit the inclusion criteria 
or were otherwise unable to be deemed irrelevant based on the 
title alone. Examples of studies eliminated in this stage included 
cross-sectional studies, animal studies, or studies not available in 
English.

http://links.lww.com/PP9/A4
http://links.lww.com/PP9/A4
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In the next step, 2 researchers screened 1614 references inde-
pendently based on abstracts and methodology sections. Studies 
were reviewed based on methodology, specifically to ensure that 
geographic information was included. Systematic reviews were 
examined to determine if there were any additional studies that 
satisfied inclusion criteria. From these steps, researchers identified 
34 studies that satisfied the inclusion criteria. Upon completion of 
the title, abstract, and methodology review, an agreement rate of 
85% (28/33) was achieved among 2 reviewers. A third reviewer was 
included to complete full-text reviews of the 33 studies identified, 
and limit biases introduced by reviewers. Discrepancies were re-
solved by consensus among all reviewers. The final list included 19 
studies (Fig 1). Data from all selected studies were extracted using 
a standardized form (Supplemental Digital Content 2, http://
links.lww.com/PP9/A5).

Data extraction
A standardized form was created based on the PICOS framework 
(participants, interventions, comparison, outcomes, and study 
design) to systematically extract data.[15] Information recorded 
from each study included author, publication year, study aims, 

setting of the intervention, country, description of participants, 
elements of the intervention (ie, physical activity of multiple 
components), study design, comparison group, outcomes, ge-
ographical factors reviewed and tools used to approach geo-
graphical environments, outcomes attributable to geographic 
information, length of intervention, and duration of follow-up. 
If any information needed to complete the standardized form 
was not available in the selected manuscripts, additional pub-
lications were reviewed, and if information was not found, or 
other publications were not available, corresponding authors 
were contacted.

Assessment of geographic information
We used 4 different criteria to examine the different approaches to 
geographic information in physical activity interventions. First, we 
examined whether studies: (1) measured or (2) modified factors in 
the geographic environment, and then whether the interventions’ 
interactions with the environments addressed (3) primarily phys-
ical factors, or (4) if the location of social factors was also consid-
ered.

Fig 1. PRISMA flowchart of search strategy and study selection process. The flow diagram was adapted from PRISMA 2009 to describe the identified study records, and 
the exclusion criteria.

http://links.lww.com/PP9/A5
http://links.lww.com/PP9/A5
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Quality assessment

To assess the quality of the studies included in this review, inter-
ventions were independently rated on 14 criteria by 2 researchers. 
The rating scale developed was adapted from the Cochrane review 
tool, and from a scale designed to assess study quality of public 
health intervention studies.[16,17]

Criteria scored included: description of study aims, details of tar-
get population, report of attrition rates, description of the context 
where the intervention took place, description of field work, dura-
tion of the intervention, follow-up assessments and length of fol-
low-up assessment, use of objective data to assess physical activity, 
use of subjective instruments to assess physical activity, use of val-
idated assessment of physical activity, detailed description of data 
analyses, power analyses considerations, tailoring intervention to 
participants settings or culture, and acknowledgment of limitations. 
An additional point was added to the quality score of each study 
for additional follow-up assessments and for detailed descriptions 
of the intervention field work. Possible scores ranged from 0 to 17, 
with higher scores representing higher quality of evidence reported.

To reduce risks of bias in the review and quality assessment, 2 
reviewers worked independently, and agreement was assessed by a 
third reviewer. Discrepancies were discussed in consensus with the 
third reviewer until agreement was reached among all reviewers.

Results
A total of 19 studies meet inclusion criteria for this systematic re-
view (Fig  1). The most common reason for exclusion of studies 
reviewed was the lack of geographic information, or cross-sec-
tional approaches that did not promote changes in physical activ-
ity. Although 3 of the included studies did not report the name of 
the specific program used to assess geographic information,[24,29,32] 
these studies were included because their methods to measure 
physical geographic features were described in detail, and pre-
sume the use of a geographic program or introduce a methodol-
ogy that can be replicated using geographic information systems.

Six interventions were conducted in the United States.[18–23] Ten 
interventions took place in Europe, specifically, 1 in The Netherlands,[24] 
2 in Denmark,[25,26] 5 in the United Kingdom,[27–31] 1 in Belgium,[32] and 1 
in Scotland.[33] Two interventions were conducted in Australia,[34,35] and 
1 in Colombia.[36] Although most interventions were conducted in de-
veloped countries, there was a lot of heterogenety in the key charac-
teristics of the interventions that satisfied inclusion criteria (Table 1). 
The studies included in our review were published between 2003 and 
2016, with 79% (15/19) published after 2012.

Applications of geographic information
Consistent with the focus of our search, all studies measured ge-
ographic factors that influence physical activity. In all interven-
tions, measurements of geographic factors were done objectively 
through audit tools, coding indexes, and visualizations in GIS. In 
addition to these objective measurements of geographic factors, 2 
studies (17%) examined subjective physical and social geographic 
barriers and facilitators of physical activity.[26,35] Aarts et al[24] meas-
ured parent’s reported perceived physical and social neighbor-
hood characteristics, and Fitzsimons et al[33] measured self-report-
ed perceived geographic barriers or facilitators of physical activity.

Interventions that focused primarily on physical geographic fac-
tors aimed to provide spaces to encourage physical activity.[21,32,36,37] 
Three interventions increased physical activity by modifying the 
infrastructure through construction projects (eg, street improve-

ments, bridge construction, and trail development).[19,30,34] Other 
physical activity interventions implemented physical infrastructure 
modifications through policy changes, which impacted the geo-
graphic environments by providing temporary access to recrea-
tional spaces. Examples of these policy approaches included “Play 
Streets,” and government-sponsored swimming sessions.[23,28,32,36]

Thirteen interventions included in this review (68%) used a geo-
graphical approach to investigate social factors that may influence 
physical activity (eg, crime, safety, income, and neighborhood socio-
economic status).[18,20–29,32,33,36] Of the 13 interventions that considered 
the influences of social factors, 9 interventions (42%) implemented 
strategies to limit the negative impact of social barriers on physical 
activity (eg, peer support groups, police patrol walks).[18,22–27,29,32] Six 
of these studies that modified social factors, organized trainer-led ac-
tivities to enhance social support among the participants.[18,22,26,27,29,32] 
Most of the interventions that enhanced social support yielded posi-
tive improvements in physical activity,[18,27,30,32,38] but not all.[26]

Physical and social geographic factors
We identified 8 interventions that assessed both, social and phys-
ical geographic factors (Table 2). Proximity was the most common 
physical geographic feature measured, followed by neighborhood 
walkability. Characteristics related to socioeconomic status were 
the most common social environmental factors that were meas-
ured and geographically examined as important correlates of 
physical activity. Within the examinations of socioeconomic sta-
tus, 7 intervention studies addressed the neighborhood socioec-
onomic status, as opposed to the individual’s socioeconomics lev
el,[18,22,23,28,29,32,36] and 2 interventions complemented their assess-
ments by analyzing physical geographic factors with the location 
of neighborhood crime.[20,22]

All interventions that modified social environmental factors 
to support physical activity did so by organizing support groups 
within worksites or the community settings. In addition to foster-
ing a support group, Wilson et al[22,38] introduced police-patrolled 
walks as an innovative approach to effectively offset the objective 
and subjective safety concerns previously identified as an environ-
mental barrier to physical activity in the target community.[22,38] 
Although police-patrolled walking interventions introduce an in-
novative approach to address concerns of neighborhood safety, 
participation in walking interventions was only marginally af-
fected by crime-related safety approaches.[20,38]

Physical activity approaches
Different modes of physical activity were promoted (Table 3). Ten 
interventions (53%) focused on increasing physical activity and 
limiting sedentary behaviors by encouraging participants to limit 
sedentary activities and promoting sports participation, outdoor 
play, and active transportation.[18,19,21,23–26,31,32,36] Five interventions 
promoted walking (26%),[20,22,27,29,33] 3 interventions promoted 
walking and cycling (16%),[30,34,35] and 1 intervention promoted 
swimming (5%).[28]

All studies measured physical activity, 6 (32%) used objective 
measurements.[19,21,25–27,31] Seven interventions (37%) used self-re-
ported, subjective assessments,[18,23,24,30,34–36] or proxy measurements, 
like attendance data.[22,28,29] A combination of objective and subjec-
tive measurements of physical activity was used in 3 studies.[20,32,33] 
Of the 9 studies that collected objective measurements of physical 
activity, 6 (25%) used accelerometers,[19,25–27,31,32] 1 intervention (8%) 
used pedometers,[33] 1 (8%) used Fitnessgram (a fitness field test; The 
Cooper Institute, Dallas, TX),[21] and 1 used heart rate monitors.[20] 
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Subjective measurements of physical activity used included re-
searcher observations with a validated tool,[23] and different self-re-
ported validated instruments that assessed frequency, intensity, 
and duration of physical activity. Studies that combined objective 
and subjective approaches relied on pedometers with self-reported 
7-day recall,[33] data collected using heart rate monitors and walking 
logs,[20] and 3-day accelerometers data complemented by answers 
from self-reported questionnaire of children’s wellbeing.[31]

With the exception of one study[24] on multisector policy inter-
vention, all interventions included had been administered and 
completed at the time of our review. Yet, 4 of the intervention 
studies reviewed had not yet published all available results,[21,25,27,37] 
and 2 had published only results of data collected during the pilot 
assessments.[23,32]

Participants
There was great diversity among the populations targeted by the 
interventions examined (Table 1). Eight interventions (42%) target-
ed children 2–16 years of age.[21,23,25,26,28,31,32,37] Eleven interventions 
(58%) targeted adults 18 years of age and older,[18–20,22,27,29,30,33–36] 2 of 
which targeted older adults (8%).[20,38] Out of the 19 interventions, 
9 (47%) included more than 1000 participants,[18,21,23,24,26–28,30,31] and 
10 (53%) interventions included between 79 and 939 participan
ts.[19,20,22,25,29,32–36]

Seven interventions (37%) focused on promoting physical ac-
tivity among specific racial or ethnic groups.[20–23,26,29,36] Four of 
these interventions that targeted racial or ethnic minorities were 
conducted in the United States, 2 of them exclusively focused on 
African Americans,[20,22] and 2 on participants living in ethnically 
diverse disadvantaged neighborhoods.[21,23] A fifth intervention 
conducted in an ethnically diverse community took place in Cali, 
Colombia.[36] Although the authors did not specify whether the 
neighborhood setting was economically disadvantaged, the pro-
gram reported the inclusion of an ethnically diverse, socially disad-
vantaged community.[36] The sixth intervention targeting a specific 
ethnic or racial group was conducted in Denmark. This study fo-
cused exclusively on schools where the majority of students were 
native Danish.[39]

A national walking program implemented in the United King-
dom included a diversity of ethnic and racial groups.[29] However, 
the analysis of this walking program demonstrated this physical 
activity intervention had limited participation from non-White 
minorities, and significantly less walks were offered in ethnically 
diverse and disadvantage areas.[29]

Study design
A quasi-experimental controlled research design was utilized by 8 
(42%) interventions.[20–22,25,27,31,33,39] Eight of the interventions relied 
on a pre–post design,[18,19,23,24,30,32,34,35] and 3 used a post-hoc com-
parison between groups to examine intervention effects.[28,29,36] All 
studies (79%) collected quantitative data, 4 of these collected both 
quantitative and qualitative information (21%).[24,25,27,33] Seventeen 
interventions (89%) focused exclusively on increasing physical ac-
tivity among participants,[19,20,22–25,27–36,39] with only 2 multicompo-
nent interventions (11%) that aimed to increase physical activity 
and improve nutritional habits.[18,21]

There was great heterogeneity among measurements of phys-
ical activity, characterizations of geographical environments, and 
primary outcomes reported (Table  3). Physical activity was the 
primary outcome of 14 (74%) interventions.[19,20,22,23,25,27–33,36,39] Two 
interventions (11%) focused primarily on weight-related measure-
ments,[18,21] 2 (11%) on campaign awareness,[34,35] and one ongoing 

study had not published information regarding their primary out-
come by the time our review was completed.[24]

Quality assessment
Overall, study quality was high. Quality scores ranged from 8 to 
17, with 17 being the highest possible score, and a mean score 
of 12.6 ± 2.4 (Table 1). The criteria most often lacking were power 
analysis considerations, which were reported by 37% (7) of the 
interventions.[19,21,24,26,27,31,33] Follow-up and long-term assessments 
were planned or conducted in only 47% (9) of the intervention 
studies reviewed.[20–22,25,27,30,31,33,36]

Intervention settings
The interventions were delivered through a variety of settings 
such as: workplace, schools, and neighborhood/community, 
with a large majority of them using a community or neighbor-
hood based approach. Of the 11 interventions that targeted 
adults (58%), 2 were implemented in worksites (11%),[18,27] and 9 
recruited adults from the community or neighborhoods targeted 
(47%).[19,20,22,29,30,33–36] Among the 8 physical activity interventions 
that targeted children primarily, 3 were school based (16%),[25,26,31] 
3 were community based (16%),[23,28,32] and 2 included multiple set-
tings in their communities with schools as focal points supported 
by primary healthcare clinics[21] and by multisector approaches.[24]

Work-based interventions
Two of the 19 interventions targeted adult populations in differ-
ent worksites. The “Walk-to-Work,”[27] and Promoting Activity and 
Changes in Eating (PACE)[18] physical activity interventions shared 
a multicentered cluster randomized-control trial design. In the 
“Walk-to-Work” intervention geographic information was col-
lected to separate walks to work from other walks and evaluate 
the effects of the intervention that promoted walking to work.[27] 
The PACE intervention implemented a geographic inventory of 
physical activity opportunities, and food services available in the 
34 worksite neighborhoods where the intervention was admin-
istered.[18] In addition to promoting increasing walking rates 
among employees, the PACE intervention also promoted increas-
ing other modes of physical activity (ie, run, exercise classes, etc.), 
and improving dietary habits.[18] The geographic information from 
the neighborhood inventories was used to examine the role of 
availability of physical activity opportunities, and food services, 
in relation to behavior changes (walking and fruit and vegetable 
intake).[18] Disparities in worksite neighborhoods explained in-
tervention effects.[18] Worksites in more affluent neighborhoods 
supported improvements in physical activity and healthy eating, 
whereas underserved areas were associated with lower frequency 
of walking and lower fruit and vegetable intake.[18]

Community/neighborhood-based interventions
Community settings were considered in 63% of the physical activ-
ity interventions that measured or modified physical geographic 
factors. Community approaches that targeted children were all 
policy-driven changes with a wide range of complexity. One com-
munity approach examined the geographic and social differences 
in the effects of a policy initiative that provided swimming ses-
sions to children under the age of 15.[28] Two studies examined the 
impact of “Play Streets” on physical activity changes among chil-
dren[23,32] and a third “Play Streets” study examined physical activity 
effects among children and adults.[36]
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TABLE 1.
 Key Characteristics of Physical Activity Interventions Included in the Review
Author(s) Country Target Population and Setting Intervention Outcome Quality

Aarts et al 
[24]

The Netherlands Primary school children 
ages 3–13 years old in 
community and schools

Focus on physical activity: Development of a 
community needs and assets assessment to inform 
multi-sector policy plans aimed at stimulating 
physical activity in children, by modifying identified 
physical and social environmental determinants of 
physical activity.

NR 13

Andersen 
et al[25]

Denmark School children in grades 
4–8 (ages 10–14 years old) 
in participating schools

Focus on physical activity: Quasi-experimental long-
term schoolyard intervention to increase children’s 
physical activity by redesigning and renovating 
schoolyard infrastructure, and by implementing a 
variety of physical activity initiatives. Infrastructure 
changes varied widely. Infrastructure examples 
included climbing walls, trampolines, outdoor 
lunch areas, connecting school yards to forest 
areas, etc. Examples of recess physical activity 
initiatives included play patrol, structured games 
and teacher initiated activities.

NR 14

Audrey 
et al[27]

United 
Kingdom

Adults employed in 
participating workplaces 
who do not currently 
walk to work, are not 
due for retirement, and 
do not have a disability 
that prevents them from 
walking

Focus on physical activity: Collaborative 10 -week 
intervention administered by trained ‘Walk-to-
Work promoters’. Promoters received training, 
resources and encouragement from the research 
team, to contact participating employees to share 
information of the benefits of walking, and set 
walking goals. Control group did not receive any 
intervention.

NR 14

Audrey 
et al[28]

United 
Kingdom

Children ages 16 and under 
in the community

Focus on physical activity: Post-hoc assessment of the 
effects of the free swimming initiative. Comparison 
of swim attendance between affluent and deprived 
areas adjusting for distance in kilometers from 
residence address to pool.

+ 8

Barnes 
et al[35]

Australia Adults ages 20–54 years 
old, with no disability, or 
chronic diseases, living in 
the targeted communities

Focus on physical activity: Pre-post evaluation of 
impact of a television mass-media campaign to 
promote achieving a minimum of 30 min of daily 
moderate intensity physical activity to adults. 
Assessment compared the cognitive and behavioral 
effects among adults in neighborhoods with high 
and low walkability.

+ 8

Barrington 
et al[18]

United States Adults ages 18–65 years old 
working in worksites that 
employ between 100 and 
250 people

Focus on physical activity and dietary behaviors: 
Collaborative 15–18 months 5-Phase program aimed 
to increase physical activity and improve dietary 
intake among employees. The program focused on 
developing one behavior at the time, and providing 
broader social and environmental support to 
enhance maintenance of behavioral changes.

+ 12

Brown 
et al[19]

United States Adults 18 and older, living 
in 2 km radius from the 
target street

Focus on physical activity: Pre–post evaluation of 
impact of a street renovation in new street users 
and former street users.

+ for new 
street 
users, − for 
former 
street 
users

11

D’Haese 
et al[32]

Belgium Children 6–12 years of age 
living in intervention 
streets and adjacent 
streets

Focus on physical activity: Temporary car-free 
recreational areas (Play Street) for children 
reserved and organized to increase physical 
activity.

+ 13

Fitzsimons 
et al[33]

Scotland Community Adults 18–65 
years of age, who can 
walk 10–15 min, speak 
English, and were in 
the precontemplation, 
contemplation, or 
preparation stages of the 
transtheoretical model of 
behavior change

Focus on physical activity: Randomized-control trial 
designed to assess the behavioral, psychological, 
and physiological effectiveness of a pedometer-
based walking program compared to combining 
a pedometer-based walking program with a 
physical activity consultation to promote walking 
in 18–65 year old men and women. Effects would 
be examined in conjunction with an assessment of 
how individual’s environment influences his or her 
walking behaviors.

+ 16

(Continued )
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TABLE 1. (Continued)
Author(s) Country Target Population and Setting Intervention Outcome Quality

Gómez 
et al[36]

Colombia Adults 18–44 years of age in 
the community

Focus on physical activity: Sunday car-free street of 
60 km of street space for recreational activities

NR 11

Hanson 
and 
Jones[29]

United 
Kingdom

Adults 18 years of age and 
older in the community

Focus on physical activity: Community-volunteer led 
group walks program run by two charities, and 
administrated centrally.

+ 10

Merom 
et al[34]

Australia Adults 18–55 years old, living 
within 5 km from the trail, 
with a telephone number 
and address registered

Focus on physical activity: Pre–post evaluation of 
impact of a local promotional campaign around 
a newly constructed trail. Evaluation focus on 
changes in awareness, trail usage, and overall 
walking and cycling activity.

+ for cyclist 
living in 
proximity 
to the trail

11

Oh et al[20] United States African American women 40–
65 years of age (mean age 
48.2) with no symptoms of 
CVD, sedentary lifestyles, 
and in preparation or 
contemplation stages of 
behavior change

Focus on physical activity: Quasi-experimental 
clinical trial with a 24-week enhanced or minimal 
intervention to increase walking and stretching 
among African American low income women. Study 
analyzed the influence of perceived and objective 
measures of crime on walking behaviors.

NS 15

Oluyomi 
et al[21]

United States Children 2–12 years of age 
from areas with ethnically 
diverse populations, 
lower-middle income 
households, and lower 
home ownership rates

Focus on physical activity and dietary behaviors 
(two intervention studies): (1) primary obesity 
prevention program operationalized in health 
care clinics, and school-based programs which 
emphasize healthy eating and physical activity 
from a community-level approach and (2) a nested 
intensive 1-year family-centered program for 
overweight and obese children, which includes 
target goals to improve eating and physical activity 
skills as well as children’s self-efficacy.

NR 14

Panter and 
Ogilvie[30]

United 
Kingdom

Adults 18 years of age and 
older living within 5 km 
from the walking and 
cycling infrastructure

Focus on physical activity: Engineering improvements 
to promote walking and cycling for recreational 
and transportation purposes (ie, development of 
car-free bridges over busy roads, and a boardwalk 
replacing informal path).

+ 13

Toftager 
et al[26]

Denmark Danish-native children 
11–13 years of age in grade 
5–6 attending schools 
in the countryside with 
a majority of students 
living within 2 km from the 
school

Focus on physical activity: 11 intervention 
components, 2 implemented physical environment 
changes, and 9 addressed organizational and social 
changes needed to promote everyday physical 
activity among adolescents.

− 13

Tymms 
et al[31]

United 
Kingdom

Children in the seventh 
grade (11 years old) in 
participating schools

Focus on physical activity: Participants were 
randomized to one of two interventions (peer-
mentoring, or participative learning) or control. 
The peer-mentoring intervention trained 9th 
graders to act as peer mentors of 7th graders. 
The participative learning approach relied on 
geographic information collected from students 
before the intervention to develop a curriculum 
to help students better understand the influence 
of the environment on their physical activity, and 
opportunities to become more active.

+ 15

Wilson 
et al[22]

United States African American adults 
18 years and older, with 
no medical conditions, 
living in the census area 
targeted, with controlled 
blood pressure and 
glucose levels

Focus on physical activity: Cluster-randomized control 
trial with three interventions: a combined police-
patrolled walking program with social marketing 
strategies to promote PA, a police patrolled walking 
program only, and a nonwalking intervention.

+ 17

Zieff et al[23] United States Preteen youth from low-
income areas with high 
prevalence of chronic 
disease, including obesity, 
and limited recreational 
resources

Focus on physical activity: street closure to vehicle 
traffic of different streets to provide space for 
recreational activities

+ 12

+, Increased physical activity; −, decreased physical activity; NR, not reported; NS, not significant; SES, Socioeconomic status.
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TABLE 2.
Physical and Social Environmental Factors Addressed in Physical Activity Interventions
Author(s) Physical Factors Measured Social Factors Measured Physical Factors Modified Social Factors Modified

Aarts et al[24] Proximity Individual SES NR: Plans to improve 
physical environment 
reported in study 
protocol

NR: Plans to support social 
facilitators to physical 
activity reported in study 
protocol

Andersen et al[25] Location of, and routes to 
infrastructure

Gender, age, and parent’s 
SES

Upgraded schoolyard 
infrastructure (ie, 
climbing walls, skating 
areas, and outdoor lunch 
areas)

Organizational changes 
(eg, movement policy, 
after-school activities 
and changes in recess 
duration)

Audrey et al[27] Walkability (route to work) Individual SES None Organized and trained 
leaders of social support 
network

Audrey et al[28] Proximity Neighborhood SES Provided free-access pool None
Barnes et al[35] Neighborhood walkability None None None
Barrington et al[18] Neighborhood walkability Neighborhood SES None Organized and trained 

leaders of social support 
network

Brown et al[19] Pre–post infrastructure 
upgrade

None Upgraded area -rail trail, 
sidewalk, and bike path

None

D’Haese et al[32] Proximity Neighborhood SES, and 
parent’s educational 
attainment.

Temporary provision of 
recreational areas to 
encourage free play 
among primary school 
children

Improvements in 
perceptions of space as 
a safe for children, and 
perceptions of social 
interactions

Fitzsimons et al[33] Neighborhood walkability Individual psychological 
status (eg, readiness for 
behavior change, mood, 
and quality of life)

None None

Gómez et al[36] Inventory of recreational 
spaces and proximity

Neighborhood SES and 
traffic fatalities

Temporary provision of 
recreational areas

None

Hanson and Jones[29] Location and count of 
walks provided in 
administrative entities

Neighborhood SES and 
health status from 
national data available

None Organized and trained 
leaders of social support 
network

Merom et al[34] Pre–post infrastructure 
upgrade

None Upgraded area: new rail trail None

Oh et al[20]; Zenk et al[45] Walkability Neighborhood crime and 
safety

None None

Oluyomi et al[21] Proximity Individual SES None None
Panter and Ogilvie[30] Proximity to infrastructure 

modified and subjective 
physical environment

None Improvements in 
infrastructure conducive 
to walking and cycling 
(ie, car-free bridges, 
boardwalk)

None

Toftager et al[26] Pre−post infrastructure 
upgrade

None Upgraded outdoor 
equipment, and built 
playgrounds

Organized and trained 
teachers to facilitate 
physical activity, and 
established mandatory 
outdoor activities

Tymms et al[31] Inventory of spaces 
associated to physical 
activity

None None Organized and trained 
students to support and 
encourage younger peers 
to be active

Wilson et al[22] Proximity Individual and 
neighborhood SES, and 
neighborhood crime 
safety

None Organized a social support 
and safety network 
(police supported 
walking intervention)

Zieff et al[23]

Inventory of recreational 
spaces and proximity to 
intervention streets

Community engagement 
and social interaction

Temporary provision of 
recreational areas

Community engagement 
and social interaction

NR, not reported; SES, Socioeconomic status.
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TABLE 3.
Details of Measurements and Applications of Geographic Information in Physical Activity Interventions

Author(s)

Mode of  
Physical 
Activity  

Promoted
Measure(s) of  

Physical Activity

Method Used to  
Assess Geographic 

Information
Use of Geographic  

Information

Findings Associated  
With Geographic  

Information

Aarts et al[24] MVPA Child- and parent-
reported child 
physical activity 
habits and 
participation in 
sports

Neighborhood 
audits and child 
and parent- 
perceived 
physical 
and social 
neighborhood 
characteristics

Geographic information was 
collected to inform the design 
of intervention. Physical 
and social neighborhood 
characteristics were assessed 
to target environmental 
determinants of physical 
activity

NR

Andersen et al[25] MVPA 7-day accelerometer 
data, self-reported 
physical activity, 
and timetable 
diary of students’ 
physical activity in 
school

GPS data 
visualized in GIS

Information from accelerometers, 
GPS, and GIS was combined 
to objectively determine 
time, location and intensity 
of student’s physical activity 
and sedentary behavior in the 
schoolyard, before and after 
the intervention

NR. Geographic information 
will help identify the 
location and gender 
differences in the 
location of activity levels 
and changes in active 
and sedentary areas

Audrey et al[27] Walking 7-day accelerometer 
data and travel 
diary recording 
mode of travel

GPS data 
visualized in 
a GIS

GPS data was combined with 
accelerometer data to together 
identify trips to work and 
analyze changes in mode of 
transportation to work

NR

Audrey et al[28] MVPA Accelerometer and 
GPS loggers

GPS GPS data were combined 
with MVPA bouts measured 
by accelerometers to aid 
participants improve recall 
their motivations (when, where, 
and why) for physical activity. 
Geographic information was 
also used to ensure that 
residents were physically active 
in the street corridor

Upon completion of a 
new street, new riders 
increased physical 
activity and lost weight, 
and former riders 
decreased physical 
activity, and gained 
weight

Barnes et al[35] To swim Swimming attendance 
records

Neighborhood SES 
and distance 
from residence 
to pool was 
geocoded using 
GIS

Neighborhood socioeconomic 
status and proximity to free 
pools were mapped to analyze 
geographic physical and social 
factors that influence swim 
uptake

Proximity to pool and 
warmer weather 
positively predicted 
higher free swim uptake 
rates. The negative effect 
of distance was stronger 
for the most deprived 
decile

Barrington et al[18] Walking and 
cycling

Self-reported 7-day 
recall of frequency, 
duration, and 
intensity of 
physical activity

Neighborhood 
walkability 
index and home 
addresses were 
geocoded using 
GIS

Geographic information was 
used to identify and classify 
target populations based on 
respondents’ addresses, and 
neighborhood walkability

Campaign cognitive and 
behavioral effects 
were stronger for 
adults in higher 
walkability compared 
to lower walkability 
neighborhoods

Brown et al[19] MVPA Self-reported 7-day 
recall of duration 
and intensity of 
total free-time PA

GIS Worksite neighborhood physical 
environment and property 
values were geocoded and 
used to evaluate neighborhood 
attributes and dietary and 
physical activity behaviors

Neighborhood built 
environment attributes 
were associated with 
increased walkability

D’Haese et al[32] MVPA 1-day accelerometer 
data

NR Participants were classified as 
intervention or comparison 
neighborhood based on 
geographical proximity of their 
residence to the intervention 
area (Play Streets)

The provision of Play 
Streets as recreational 
areas increased 
children’s MVPA 
during the Play Street 
intervention

(Continued )
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Fitzsimons et al[33] Walking Pedometer and self-
reported 7-day 
recall of physical 
activity

SPACE audit tool 
complemented 
with GIS and 
NQLS with 7 
subscales from 
the NEWS

Data from objective (SPACE 
audit tool, and GIS maps) 
and subjective (NQLS and 
NEWS) environmental 
assessments were used to 
examine the influences of local 
environments on individuals 
walking behaviors after 
being exposed to a walking 
intervention

Both intervention 
approaches increased 
and maintained step 
counts over 12 months. 
Interventions’ effects 
reported in Fitzsimons 
et al. 201249 were not 
examined in conjunction 
with an assessment 
of how individual’s 
environment influenced 
walking behaviors

Gómez et al[36] MVPA Self-reported 
participation in the 
Sunday’s ciclovias 
program for sports 
or recreational 
purposes

GIS Social and urban factors 
(neighborhood’s socioeconomic 
status, density of public 
parks, presence of ciclovias, 
presence of bike paths and 
reported traffic fatalities) were 
geographically traced and 
examined to identify predictors 
of participation in the ciclovia 
program

Proximity to ciclovias was 
positively associated 
with participation in the 
program. In contrast, 
presence of reported 
traffic incidents had a 
negative association 
with program 
participation

Hanson and 
Jones[29]

Walking No. walks recorded 
in each local 
administrative unit

NR Geographic localization of 
volunteer-lead walks, and 
neighborhood health statistics 
and socioeconomic data were 
used to examine the walks’ 
location and their potential to 
impact health inequities

Areas with greater health 
and socioeconomic 
needs were less likely to 
have walks provided by 
walking groups

Merom et al[34] Walking and 
cycling

Self-reported 
walking and 
cycling behavior, 
and short-term 
intention to be 
more active

GIS Sampling strategy relied on 
participant address geocoding. 
Campaign targeted individuals 
living within 5 km from the 
trail. Eligible study participants 
residing within 1.5 km of the 
trail were consider in the 
“ inner” group, and those 
beyond 1.5 km in the “outer” 
group. Comparative analyses 
was conducted contrasting 
different measurements from 
the “ inner” and “outer” groups

The trail campaign reached 
cyclists in the inner area 
more than pedestrians 
and outer cyclists. Trail 
usage was higher among 
cyclists living closer 
to the trail, and trail 
usage was moderated by 
proximity to the trail

Oh et al[20] Walking Heart rate monitors, 
walking logs, 
and a telephone 
response system

GIS Crime incident data were 
geocoded to participants’ 
neighborhoods to create an 
objective measurement of 
crime

No significant association 
between walking 
adherence and 
perceived and or 
objective crime related 
safety was found

Oluyomi et al[21] MVPA Fitnessgram field test GIS Sampling strategy relied on 
assessment of physical 
and social geographic 
characteristics.

Geographic information was used 
to determine school’s eligibility 
and establish comparability 
with similar schools and 
community sites

Results not reported. 
Geographical 
assessment of 
physical and social 
elements facilitated 
the identification and 
selection of intervention 
and control/comparison 
elementary school zones

TABLE 3. (Continued)

Author(s)

Mode of  
Physical 
Activity  

Promoted
Measure(s) of  

Physical Activity

Method Used to  
Assess Geographic 

Information
Use of Geographic  

Information

Findings Associated  
With Geographic  

Information

(Continued )
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“Play Streets,” or “ciclovias,” introduced a novel policy approach 
to address geographic structural or financial barriers that may limit 
the provision of recreational spaces in park-deprived neighbor-
hoods. In these physical activity interventions, streets in neighbor-
hoods with limited recreational spaces were temporarily assigned 
to be car-free play areas for children and adults.[23,32,36] Three of the 
studies included in this review reported positive effects on the 
physical activity of children and adults who participated in “Play 
Streets” programs in the streets of Colombia,[36] Belgium,[32] and the 
United States.[23] In addition to providing car-free play zones, these 
approaches introduced recreational equipment and activities to 

support the promotion of physical activity. Examples of equip-
ment included a box with play equipment,[32] a climbing wall, and 
bicycle ramps,[23] and recreation zones, with “aerorumba” (aerobic 
sessions with Latin dance rhythms).[36] Studies assessing the effects 
of “Play Streets” found that these programs yielded positive phys-
ical activity changes among children and adult participants,[23,32,36] 
and improved social participation in the community.[23,32]

Other community-based interventions included in this review 
examined the geographic differences in cognitive effects of phys-
ical activity campaigns[34,35]; increments in physical activity attrib-
utable to changes in the built-in-environment after infrastructure 

Panter and 
Ogilvie[30]

Walking and 
Cycling

7-day recall of 
walking and 
cycling, and 
answers to the 
IPAQ-short form

Road network map 
of traffic-free 
and informal 
paths

Distance from participants 
address to infrastructure 
modified was calculated 
to determine exposure. 
Among participants with 
exposure, perceptions, and 
changes in perceptions 
of infrastructure use and 
awareness were calculated and 
used to investigate potential 
environmental mediators of 
changes in physical activity

Participants living in 
proximity to the 
intervention reported 
improvements in 
perceptions of people 
engaging in walking 
and cycling, and in 
safety. Changes in 
perceptions explained 
a small proportion of 
the changes in physical 
activity

Toftager et al[26] MVPA 3-day accelerometer 
data

Audit tool of 
objective 
school physical 
characteristics 
geocoded using 
GIS

Sampling strategy relied on 
assessment of physical 
and social geographic 
characteristics. Geographic 
information was used to 
determine schools eligibility 
and establish comparability 
with similar schools before 
randomization into control or 
intervention

Average decrease in 
physical activity 
measurements in both 
control and intervention 
groups. When data 
was analyzed based 
on variables used to 
conduct the geographic 
match, no effect of the 
intervention was found

Tymms et al[31] MVPA 3-day accelerometer 
data

GPS data 
visualized in 
a GIS

Participants of the “Participative 
learning” intervention wore GPS 
and accelerometer monitors 
to identify where children 
were most physically active. 
Geographic information served 
to develop the curriculum 
of the “participant learning” 
Intervention group, which 
was designed to highlight 
opportunities for physical 
activity

Small positive, none 
significant increases in 
physical activity were 
found upon completion 
of the participant 
learning intervention 
compared to the peer-
mentoring intervention 
and the control group

Wilson et al[22] Walking Walking attendance 
data

NEWS geocoded 
using GIS

Participant’s addresses were 
geocoded, and distance to 
the trail and crime records 
in participants’ block were 
calculated using GIS, and data 
from the police department

Safety factors had 
a marginal effect 
predicting walking 
participation in 
an underserved 
community-based 
intervention

Zieff et al[23] MVPA Observed and 
self-reported 
engagement in 
MVPA

Google Earth Pro Geographic information was used 
to measure recreational space 
available within a quarter 
mile radius of the intervention 
area, and calculate the 
recreational space added by 
the intervention

Overall intervention 
added 50%–100% of 
recreational space 
usable for physical 
activity in target 
neighborhoods

GPS, global positioning system; MVPA, moderate to vigorous physical activity; NEWS, Neighborhood Walking Scale; NQLS; Neighborhood Quality of Life; NR, not reported; SES, socioeconomic status.

TABLE 3. (Continued)
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modifications,[19,30,34] and outcomes resulting from walking pro-
grams.[20,22,29,33]

Access and proximity to walking infrastructure were found 
to positively influence cognitive effects of physical activity cam-
paigns.[34,35] Merom et al[34] examined the influence of geographic 
factors on the effects of a physical activity campaign, and the 
physical activity outcomes associated with infrastructure improve-
ments. Although proximity was found to positively influence cog-
nitive effects and yield increases in cycling, remoteness not only 
was associated to lower awareness of the physical activity cam-
paign but also to decreases in cycling.[34]

Three studies examined physical activity changes attributa-
ble to changes in the built-in-environment after infrastructure 
improvements.[19,30,34] In all 3 studies, increases in the amount of 
time spent walking and cycling were associated with the use of 
the new infrastructure, which benefited mostly residents living in 
proximity to the enhanced routes.[19,30,34]

Among the interventions included in this review, walking was 
the only physical activity promoted by organized facilitators. Three 
quasi-experimental research interventions based on community 
designs introduced facilitator-led group walks among under-
served communities,[20–22,33] and a fourth study examined the so-
cial differences in the provision of walks hosted by a national non-
for-profit walking program.[29] These studies found that although 
social life and income are important predictors of participation in 
organized walking groups,[22] greater need is not naturally associ-
ated with greater provision of services.[29] As noted by Hanson and 
Jones,[29] unless measurements are set in place to promote equity, 
physical activity interventions can lead to greater inequity by ben-
efiting more active, and wealthier individuals.

School-based interventions
There was great heterogeneity among 5 school-based interven-
tions included in this review, yet  all school-based interventions 
assessed existing physical geographic factors of the environment 
before the implementation of their interventions. One study used 
the geographic information collected during the formative stage 
to inform lessons on places that are most conducive to physical ac-
tivity among targeted children.[31] Two studies used physical and 
social geographic information primarily to improve their sampling 
strategy by considering geographic physical and social factors from 
schools as control or comparison sites during the match-pair de-
sign of intervention evaluation.[21,26] One study used the geographic 
information to assess if changes in the infrastructure of the envi-
ronment had triggered changes in the places where children are 
physically active.[25] Last, one intervention did not provide specific 
details about the uses of geographic data beyond their plans to rely 
on policy changes to modify social and physical environments.[24]

All of the school-based interventions proposed changes to the 
social (organizational) environment to increase physical activity 
among children, with 3 school-based programs also proposing to 
implement improvements in the physical environment, particu-
larly in the infrastructure of the playground areas.[24–26] Among the 
3 interventions that proposed physical environmental improve-
ments, only the intervention by Toftager et  al[26] had published 
outcomes from the intervention. In this assessment, although all 
participating schools upgraded their playground areas and imple-
mented sport programs, no significant changes in physical activity 
behaviors were found among children ages 11–13 years of age.[26]

The social environmental changes introduced to promote phys-
ical activity in schools included peer-mentoring interventions,[26,31] 
teacher-led physical activities,[21,26] and 2 physical activity interven-

tions that focused on policy changes, such as recess length regula-
tions, and after school policies.[24,25]

One peer-mentoring approach, complemented peer mentor-
ing with improvements in infrastructure and other organizational 
changes that supported physical activity in schools.[26] The other 
peer-mentoring model matched children ages 11 and 12 years 
old with older peers (ages 13–14 years old).[31] In this interven-
tion, older peers were instructed on how to encourage and mon-
itor physical activity of their younger peers.[31] The peer-mentor-
ing approach was implemented by itself in one subsample.[31] A 
second subsample examined a peer model complemented with 
geography lessons.[31] In the geography lessons, children learned 
about places identified during formative research to be conducive 
to physical activity.[31] Modest physical activity improvements were 
found among participants of the peer-model intervention that 
was complemented by geographic lessons. None of the peer-men-
toring programs yielded significant physical activity changes.[26,31]

Discussion
The usefulness of geographic information in the promotion of 
physical activity is becoming increasingly clear. All intervention 
studies examined acknowledged the importance of geographic 
factors to physical activity by either measuring resources available 
(walkability and inventory of recreational spaces),[18,20,23,27,29–31,33,35,36] 
measuring the distance to resources (proximity),[21,23,24,28,32,36,38] or by 
providing spaces that support physical activity in areas with lim-
ited opportunities for physical activity.[19,23–26,28,30,32,34,36] Across the 
studies reviewed, it was consistently observed that infrastructure 
improvements alone do not lead to sustainable changes in phys-
ical activity if perceptions of the neighborhood are not modified, 
or awareness is low.

The development of active-friendly neighborhoods needs to 
consider the resources and barriers in their surroundings, and the 
different ways in which geographic factors impact the percep-
tions and behaviors of communities. An environment conducive 
to physical activity needs to be one where not only physical infra-
structure is available but also where the social context provides 
a supportive setting. Although “free play” was the activity most 
often promoted to increase children’s physical activity,[23–26,31,32,36] 
walking programs were most often organized by interventions tar-
geting adults.[20,29,33,38] Free play and walking programs inherently 
combined physical and social geographic factors.

In an umbrella review of systematic reviews, Bauman et  al[1] 
observed that the study of geographic factors associated to physi-
cal activity is well advanced. However, most studies of geographic 
factors associated with physical activity are cross-sectional, and 
the implementation of physical activity interventions that ver-
ify the causal role of geographic factors remains scarce.[1] In this 
systematic review, we documented a wide variety of approaches 
that researchers implemented in different stages of physical activ-
ity interventions to account for the effects of a variety of objec-
tive and subjective geographic factors. Although distance, traffic 
speed, density, diverse housing types, and mixed land use have 
been documented to influence walking and cycling in previous 
systematic reviews of cross-sectional studies,[1,40,41] this systematic 
review adds to the literature by summarizing the available causal 
evidence of physical activity changes achieved by addressing a 
wide variety of physical and social geographic factors previously 
identified in the literature. Although the causal evidence support-
ing the creation and modification of the geographic environment 
to resolve the lack of recreational spaces was limited, positive 
effects were consistent.
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Within the different approaches undertaken to create recrea-
tional spaces, the temporary provision of “Play Streets” bears rec-
ognition as an innovative approach that effectively addressed 
structural barriers and recreational space limitations. Three studies 
published after 2015 examined the physical activity effects from 
“Play Streets” in Colombia, San Francisco, and Belgium.[23,32,36] Al-
though there was no overlap in the evaluation designs implement-
ed by the “Play Streets” assessments, it can be noted that these inter-
ventions were associated with positive physical activity outcomes 
in children[23,32] and adults.[36] Moreover, these approaches proved to 
be successful despite documented differences across countries in 
the geographic factors associated with physical activity.[42] Besides 
increasing physical activity, these temporary programs offered 
opportunities for community engagement and social interaction 
with potential benefits to social and mental health.[23] A key recom-
mendation for researchers is to further document the physical and 
social health benefits and challenges of the “Play Streets” interven-
tions using an international framework that takes into account cul-
tural, economic, and geographic differences across countries. The 
work by the International Physical Activity and the Environment 
Network study[42] can guide this analytical framework.

We found that most approaches that recognize the influence 
of geographical environments are not limited to physical factors. 
Social factors played a key role in the development of sustainable 
and effective interventions. Supporters of the socioecological per-
spective[1,14,43] highlight the importance of assessing both, physical 
and social geographic factors. In a literature review, Mackenbach 
et al[12] found perceptions of the geographic environments to be 
a key predictor of physical activity, particularly in disadvantaged 
neighborhoods. Similarly, in a systematic review of multilevel stud-
ies that examined the effects of the interaction between neighbor-
hood socioeconomic status and geographic factors on individual 
health, Schüle and Bolte[44] found that neighborhood socioeco-
nomic status can mediate the association between built-in envi-
ronments, and residents’ health. This review identified a variety of 
social factors such as social support, crime and safety, etc., which, 
in addition to neighborhood socioeconomic status influenced 
physical activity uptake (see Tables  2 and 3). Studies reviewed 
showed that both physical and social geographic factors inde-
pendently and together not only influence physical activity but 
also sedentary behaviors.[26,41–46]

Poor neighborhoods often encompass unstable and unsafe 
housing, and more frequent exposure to neighborhood vio-
lence and trauma,[20,22,47] which are social barriers to physical ac-
tivity.[20,22] Identifying the location of social barriers to physical 
activity can improve physical activity interventions and inspire 
solutions to overcome social challenges and produce sustaina-
ble behavior changes in disadvantaged neighborhoods. In the 
interventions reviewed, findings from formative research guided 
tailored approaches that considered the resources and barriers in 
the environment.[20,21,23–27,30,32,38] A noteworthy example of the ben-
efits of geographic formative research was the implementation of 
police-patrolled walks to address safety concerns in underserved 
communities.[22,38] The proper identification of the multiple com-
plex factors influencing physical activity allows public health prac-
titioners to not only track changes, but to better understand how 
interventions bring about the physical activity outcomes. Future 
research should consider investigating the role of both, perceived 
and objective, environmental physical and social factors in phys-
ical activity interventions, particularly during formative research. 
Documenting how interventions modified the physical activity of 
participants is as important as documenting the physical activity 
outcomes.

A limited number of the physical activity interventions reviewed 
employed a qualitative methodology. Only 21% of the interven-
tions implemented qualitative assessments.[24,25,27,33] The use of 
qualitative approaches is strongly recommended in physical ac-
tivity interventions to better understand the influence of local per-
spectives in physical activity outcomes. City planners, public health 
practitioners, and community groups planning to implement phys-
ical activity interventions should consider qualitative approaches 
to improve cultural competence and identify the role of attributes 
in the geographic environment. The lack of resources that may 
hinder the implementations of qualitative assessment to examine 
the effects of physical activity promotion with scientific rigor can be 
alleviated by seeking partnerships with academic researchers. Aca-
demics in turn can benefit from prospective natural experiments.

Twelve of the 13 studies with published outcomes reported 
positive physical activity improvements, suggesting that consid-
erations of the role of geographical factors in the promotion of 
physical activity positively influenced behavioral changes. Yet, 
to further advance the field, methodological challenges need to 
be addressed to allow comparisons across intervention studies.

Findings also present evidence of the risks of increasing health 
inequalities by implementing physical activity interventions that 
fail to reach the most disadvantaged populations.[28,29] It has been 
documented that interventions are most successful among the 
most affluent and most active.[29] Whenever physical activity inter-
ventions do not intentionally promote equity, positive outcomes 
could also mean these programs are increasing the current phys-
ical activity gap and introducing greater challenges to health eq-
uity. In this review, the negative effect of remoteness affected the 
most disadvantaged more severely.[28] In national programs yield-
ing positive results, provision of services was limited in areas of 
greater need.[29]

Studies utilize a broad range of strategies and approaches to 
use geographic information in physical activity interventions. 
The variety of physical activity interventions reviewed highlights 
the need to examine how geographic contexts introduce phys-
ical and social barriers and opportunities for behavior change. 
Geographic factors were shown to influence the effects and po-
tential sustainability of physical activity interventions. The chal-
lenges of implementing and evaluating temporospatial variables 
within health contexts may be responsible for the lack of evi-
dence on the uses and impact of considering geographic envi-
ronmental factors. This review summarizes 19 studies that col-
lected geographic information in the design, implementation, or 
evaluation of interventions that promoted physical activity. It is 
possible that the intricate processes associated with implement-
ing quality physical activity interventions and perceptions of the 
inaccessibility of software such as GIS played a role in the scarcity 
of intervention studies identified. Notably, the publication of a 
third of these interventions (36%) within the last 15 months of 
our review hints the emergence of a trend that favors socioeco-
logical approaches and transdisciplinary research expansion to 
integrate geographic information. This paradigm-shift previously 
observed in the cross-sectional literature[3] is responding to the 
need to foster transdisciplinary collaborations that can develop 
innovative social, behavioral, and biological solutions to address 
the worldwide obesity prevalence.

Gaps in the literature
Findings should be interpreted with caution given the gaps in the 
literature and the limitations in our review. Within the literature, a 
key limitation was the scarce number of articles that satisfied our 
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inclusion criteria. To date, evidence of changes in physical activ-
ity following improvements in geographical environments is also 
insufficient. In addition, it is important to address the lack of con-
sistency in measurements of physical activity and geographic envi-
ronments, which precluded the elaboration of a meta-analyses. 
More studies that rely on objective measurements of both physical 
activity and the environment are needed. As a result of the limita-
tions in the literature, we cannot conclusively determine whether 
measuring or modifying physical, social factors or both, influences 
changes in physical activity. Rigorous randomized-control trials are 
needed to reach these conclusions. In addition to rigorous random-
ized-control trials, evaluations that rely on natural experiments are 
also recommended. Moving forward, researchers should consider 
capitalizing in the increasing interest for developing physical-ac-
tivity-friendly communities to examine whether changing the geo-
graphic environment yields improvements in physical activity. An-
other important gap is to evaluate changes in physical activity that 
may be attributable to the gentrification of poor neighborhoods 
across the populations’ social gradient. It has been suggested that 
without explicit measurement to limit disparities, physical activity 
interventions may exacerbate difference by benefiting the previ-
ously active populations.[29] Disparities that associated with physi-
cal activity interventions merit further investigation.

Limitations of this review
Although this systematic review followed a rigorous protocol, there 
are important limitations in this review worth recognizing. Our 
findings are limited by the lack of validity in the self-reported phys-
ical activity data. Self-reported measurements of physical activity 
often differed greatly from objective measurements.[48] Without ob-
jective measurements of physical activity or validation assessments 
that identify and address misreporting issues in self-reported phys-
ical activity data, findings linking physical activity improvements to 
geographical factors must be interpreted with caution.

Although the integration of international studies can enhance 
our review, the inclusion of studies from multiple countries also 
introduces limitations. The international variability in built-in envi-
ronments and the differences in cultural norms that may influence 
self-reports of physical activity must be recognized. Considering 
the studies reviewed do not enable cross-cultural comparisons, 
corresponding multinational conclusions cannot introduce. Also, 
we limited our search to publications available in English. The over-
whelming majority of studies included from developed countries 
may be attributable to this limitation, and not to the lack of inter-
ventions being conducted in middle- and lower-income countries.

This review focused on primary research articles. It is possible 
that the exclusion of editorials, letters, commentaries, and policy 
briefs could have hindered the inclusion of physical activity inter-
vention studies that implemented geographic information and 
were not also reported as primary research.

Different strategies, such as the collaboration of multiple 
reviewers, and the quality review that focus on mostly objective 
assessments were implemented to limit the reviewer biases, yet 
recognizing lower quality papers can introduce reviewer bias de-
spite our efforts. Finally, given the dearth of long-term data, it is 
plausible the physical activity improvements documented may 
have resulted from a novelty effect.

Conclusions
Every place introduces barriers and opportunities for physical ac-
tivity. The challenge of designing sustainable physical activity pro-

grams that encourage populations to be physically active, and that 
take advantage of the built in resources, inherently requires the 
use of geographic information. Evidence showed that supporting 
the creation and modification of the environment to address ge-
ographic barriers, specifically the availability of, and proximity to 
recreational spaces is associated with improvements in physical 
activity. These findings underscore the importance of using geo-
graphic information to identify the sources and location of physi-
cal and social factors in the environment that can influence phys-
ical activity uptake. However, more research is needed to identify 
the physical and social geographic factors that consistently influ-
ence changes in physical activity, and to determine if causal associ-
ations exist. Public health policy makers can benefit from the wide 
range of opportunities to measure, analyze, and modify physical 
and social geographic factors introduced by the intervention stud-
ies reviewed to promote long-lasting changes and physical active 
communities.
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