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Abstract 

Background: A diverse range of interventions increase physical activity (PA) but few studies have explored the 
contextual factors that may be associated with intervention effectiveness. The built environment (BE) may enhance or 
reduce the effectiveness of PA interventions, especially interventions that encourage PA in neighbourhood settings. 
Several studies have investigated the effects of the neighbourhood BE on intervention-facilitated PA, however, a 
comprehensive review of evidence has yet to be conducted. In our systematic review, we synthesize evidence from 
quantitative studies that have examined the relationships between objectively-measured neighbourhood BE and 
intervention-facilitated PA in adults.

Method: In October 2021, we searched 7 databases (Medline, CINAHL, Embase, Web of Science, SPORTDiscus, 
Environment Complete, and Cochrane Central Register of Controlled Trials) for English-language studies reporting on 
randomized and non-randomized experiments of physical activity interventions involving adults (≥18 years) and that 
estimated the association between objectively-measured BE and intervention-facilitated physical activity.

Results: Twenty articles, published between 2009 and 2021, were eligible for inclusion in the review.

Among the 20 articles in this review, 13 included multi-arm experiments and 7 included single-arm experiments. 
Three studies examined PA interventions delivered at the population level and 17 examined interventions delivered 
at the individual level. PA intervention characteristics were heterogeneous and one-half of the interventions were 
implemented for at least 12-months (n = 10). Most studies were undertaken in North America (n = 11) and most stud-
ies (n = 14) included samples from populations identified as at risk of poor health (i.e., metabolic disorders, coronary 
heart disease, overweight, cancer, high blood pressure, and inactivity). Fourteen studies found evidence of a neigh-
bourhood BE variable being negatively or positively associated with intervention-facilitated PA.

Conclusion: Approximately 70% of all studies reviewed found evidence for an association between a BE variable and 
intervention-facilitated PA. The BE’s potential to enhance or constrain the effectiveness of PA interventions should be 
considered in their design and implementation.
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Background
Regular physical activity (PA) protects against many 
chronic diseases [1, 2], functional limitations and dis-
ability [3, 4], and premature mortality [5]. However, 
despite these benefits, too many adults accumulate 
less than the required amount of PA needed to achieve 

Open Access

*Correspondence:  gmccorma@ucalgary.ca

1 Department of Community Health Sciences, Cumming School of Medicine, 
University of Calgary, 3280 Hospital Drive, N.W., Calgary, Alberta T2N 4Z6, 
Canada
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-0674-0838
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-022-01326-9&domain=pdf


Page 2 of 21McCormack et al. Int J Behav Nutr Phys Act           (2022) 19:86 

optimal health [6]. Interventions are therefore needed 
to encourage adults to initiate and maintain regular 
PA. Two decades ago, Bauman et al. [7] acknowledged 
the importance of applying socioecological approaches 
to advancing the understanding of PA determinants, 
including the identification of factors that modify the 
effectiveness of PA interventions. The socioecological 
model provides a useful lens for conceptualizing how 
different factors interact at multiple levels (e.g., intra-
individual, inter-individual, physical environment, 
policy, and culture) to influence PA [8–10] and is fre-
quently used to inform studies investigating the built 
environment (BE) determinants of PA [10, 11].

The BE includes the human-modified physical sur-
roundings and features (e.g., parks, streets, land uses 
destinations, connectivity, amenities, density, aesthet-
ics, buildings, and transit) that people interact with 
to undertake their daily activities [12, 13]. Findings 
from reviews of cross-sectional and longitudinal stud-
ies [14–16] as well as qualitative studies [17] show that 
the neighbourhood BE can support and even inhibit 
PA. BE features including land use and destination 
mix and proximity, population and residential density, 
connectivity, and overall levels of walkability are con-
sistently found to be associated with physical activ-
ity, and in particular with walking [14–17]. However, 
reviews investigating the links between the BE and PA 
to date have typically not focused on examining the 
influence of the BE on PA behaviour change resulting 
from participation in individual-targeted interventions 
(e.g., informational, or behavioural or social interven-
tions). A PA supportive BE may be required to facili-
tate the success of individual-targeted PA interventions 
[18]. Likewise, individual-targeted PA interventions 
may be important for offsetting the negative impacts 
that unsupportive BEs might have on habitual physical 
activity. Qualitative findings from intervention studies 
suggest that the BE (e.g., access to nature, aesthetics, 
proximity to destinations, access to recreational facili-
ties, pathways) is important for enabling changes in 
PA [19–21]. Quantitative findings from interventions 
studies however, appear to be mixed [22]. In a narra-
tive review of eight quantitative studies, Zenk et al. [22] 
found weak evidence in support of a modifying effect 
of the BE on PA intervention effectiveness. The review 
revealed important insights, notably that few environ-
mental indicators to date had been examined, many 
studies had methodological issues (e.g., low sample 
size limiting study power to detect effect modification), 
most studies included self-report measures of the BE, 
and that there was a need to explore the compatibility 
between interventions components and the available 
environmental opportunities and constraints.

Evidence regarding the effects of the neighbourhood 
BE on intervention-facilitated PA (i.e., physical activity 
outcomes resulting from participation in an intervention) 
have not been comprehensively examined and summa-
rized. Moreover, advancing knowledge with regard to the 
impact of the neighbourhood BE on intervention-facili-
tated PA may contribute to improving intervention deliv-
ery and effectiveness [23] and addressing the calls made 
almost two decades ago for rigorous evidence on person-
environment interactions in relation to PA (i.e., integra-
tion of individual and environmental level factors) [7, 24]. 
Therefore, the aim of our study was to undertake a sys-
tematic review of quantitative studies that have examined 
the relationships between objectively-measured neigh-
bourhood BE and intervention-facilitated PA in adults.

Method
Search strategy and study selection
Details of the protocol for this systematic review were 
registered on PROSPERO (CRD42021297191) [25]. 
We undertook a systematic literature review in accord-
ance with the Preferred Reporting Items for Systematic 
Reviews and Meta-analysis (PRISMA) guidelines [26] 
(Supplement 1: PRISMA Checklist). We searched seven 
databases (MEDLINE, CINAHL, Embase, Web of Sci-
ence, SPORTDiscus, Environment Complete, and the 
Cochrane Central Register of Controlled Trials) for 
English-language studies that included both PA inter-
ventions and measures of the BE. We imposed no con-
straints on year of publication but did restrict the search 
to studies involving adult populations (≥18 years of age). 
Within each database, a comprehensive list of keywords 
and subject terms associated with the BE, PA, interven-
tion, and adult populations was searched within titles and 
abstracts (Table 1). In collaboration with a University of 
Calgary health sciences librarian, we develop the search 
strategy, including the list of search terms. The search 
was finalized October 5, 2021. One author (MP) screened 
all abstracts and a second author (LF) with research 
experience in the topic area, blindly screened a random 
sample of abstracts as a quality check. The two authors 
reached agreement regarding which articles were eligible 
to undergo full-text review. Three authors (MP, LF, and 
GRM) read all full-text articles and reached consensus 
regarding the final list of articles that would be included 
the review.

Eligibility criteria
Eligible articles met six inclusion criteria, including: 1) 
a quantitative or mixed methods study; 2) an interven-
tion implemented with the primary aim of increasing 
PA; 3) a repeated measures study design with an inter-
vention treatment group with or without a comparison 



Page 3 of 21McCormack et al. Int J Behav Nutr Phys Act           (2022) 19:86  

group (i.e., quasi-experiments, natural experiments, ran-
domized controlled trials, cohort studies, or repeated 
cross-sectional designs); 4) an objective measure of the 
BE (e.g., Geographical Information Systems (GIS), desk-
top mapping, and street audits); 5) a self-report (e.g., 
questionnaire) or objective (e.g., accelerometer) measure 
of PA as an intervention outcome, and; 6) an estimate of 
association between the BE and PA accumulated while 
participating in the intervention (i.e., intervention-facil-
itated PA). Intervention studies that combined treatment 
and comparison groups when estimating the associa-
tion between the BE and PA (i.e., pooled estimate) were 
included in the review only if the comparison group 
received a sub-set of intervention components that were 
also offered to the treatment group (e.g., partial interven-
tion). We excluded studies involving interventions that 
modified the BE. We also excluded commentaries, edi-
torials, books, literature reviews, conference proceed-
ings or abstracts, qualitative research articles, and grey 
literature.

Data extraction and reporting
A data extraction form was created to record study spe-
cific details regarding the study and sampling design, 
sample characteristics, intervention characteristics, 
objective BE measures, PA measures, and findings in rela-
tion to the BE effect on intervention-facilitated PA. We 
also extracted information about intervention implemen-
tation including type and length of treatment, whether 
participants received instructions to undertake their own 
versus attend formal exercise sessions, received counsel-
ling, including but not limited to, motivational interviews 
and follow-up calls, written or verbally-delivered educa-
tional or informational materials related to PA behaviour 

or benefits, and were offered opportunities for group-
based PA. MP completed the data extraction, and the 
co-authors (LF and GRM) verified the recorded informa-
tion for accuracy. Discrepancies were addressed via con-
sensus. Extracted data were summarized and tabulated. 
Several studies included findings related to self-report BE 
measures however, these were not included in the review. 
Several studies included results that combined treatment 
and comparison groups to obtain an overall estimate of 
association between the BE and PA however, these results 
were only reported if the comparison group received a 
subset of intervention components that coincided with 
those received by the treatment group (i.e., full versus 
partial intervention).

The included studies were heterogeneous in terms of 
their design and methods and not adequate for meta-
analysis, thus we undertook a narrative (or descriptive) 
synthesis of findings [27]. Key findings from studies that 
were estimated from multivariate analysis (i.e., covariate-
adjusted) were summarized when available. Studies were 
included if they: 1) tested for an interaction between a BE 
variable and intervention arm, and or; 2) estimated the 
association between a BE variable and intervention-facil-
itated PA within a study arm (i.e., within group effect) 
or within a single group receiving the intervention (e.g., 
one-group experimental design or where intervention 
arms were combined).

To assist in the interpretation of the findings of each 
study, we generated hypothetical scenarios to assist in 
explaining the BE’s influence on intervention-facilitated 
PA (Fig.  1). We identified four potential pathways by 
which the BE might modify the effects of the interven-
tion on PA: 1) invariant; 2) amplification; 3) compensa-
tion, and; 4) suppression. These pathways were informed 

Table 1 List of search terms and subject headings used in the systematic review

*Different variations of the terms used in search

**Subject headings were specific to the database searched and not all listed subject headings were available for all databases

Neighbourhood built 
environment

Physical Activity Intervention Adult

Terms built environment*; physical environ-
ment*; objective environment*; 
environment*; design; urban form*; 
urban design*; neighborhood*; 
neighbourhood*; GIS; geographic 
information system*; open space*; 
greenspace*; green space*; 
pedestrian-friendly; walkability; walk-
able; bikeability; bikeable; cyclability; 
cyclable; park*; park; urban planning; 
street

physical activit*; exercis*; recreation*; 
leisure; sport*; bik*; bicycl*; cycling; 
jog*; run*; stroll*; walk*; active trans-
port*; pedestrian*

Intervention*; campaign*; program* Adult*; senior*; elderly

Subject 
head-
ings**

Built environment; Environment 
design; Environmental planning; 
Neighborhood

Exercise; Recreation; Physical activity Health promotion; Health program; 
Intervention study; Intervention 
studies

Aged; Adult; Male; 
Female; Older people
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by and adapted from literature originally aimed at under-
standing potential mechanisms underlying gene-environ-
ment [28, 29] and ecological [30] interactions.
Invariant associations included those where the BE 

had minimal impact on an intervention that was effec-
tive for increasing PA. For example, an intervention 
involving the delivery of exercise programs in local 
parks may be equally effective for increasing physical 
activity regardless of a neighbourhood’s walkability. 
Amplification reflected associations where a support-
ive BE appeared to augment the effectiveness of the PA 
intervention. For example, a neighbourhood with infra-
structure that makes walking convenient and enjoyable 
such as well-connected sidewalk and pathway networks, 
pedestrian amenities, and integrated nature spaces 
and parks may further enhance the effectiveness of an 
intervention targeting leisure walking. Compensation 
reflected associations where the intervention is more 

effective for increasing PA among those residing in 
less supportive BEs. For example, participants exposed 
to an intervention designed to encourage active trans-
port (e.g., personalized trip planning) may be more 
responsive to the intervention if they reside in neigh-
bourhoods that are less supportive of this behaviour. 
Alternatively, those exposed to the same intervention 
but residing in neighbourhoods that already support 
active transport may be less responsive to the interven-
tion. Suppression reflected associations whereby a more 
supportive BE negatively impacted an intervention that 
is generally considered effective for increasing PA (i.e., 
constraining or reducing PA among adults residing in 
more supportive BEs). Suppression could also reflect 
when an effective intervention implemented in a less 
supportive BE results in a reduction in PA. Suppression 
might suggest poor fit or mismatch between interven-
tion components and the BE. For single arm studies (no 

Fig. 1 Conceptual framework and graphical display of potential mechanisms underlying the interrelationships between the built environment, 
intervention, and intervention-facilitated physical activity. Invariant A The built environment has minimal influence on the effects of the physical 
activity invention. The intervention increases physical activity to a similar degree in less and more supportive built environments. Amplification 
B A more supportive built environment amplifies the effects of the physical activity intervention. The intervention increases physical activity to 
a greater degree in a more supportive built environment than in a less supportive built environments. Compensation C A more supportive built 
environment has minimal influence on the effects of the physical activity intervention but the intervention is effective in increasing physical activity 
in a less supportive built environment. Suppression D A less supportive built environment has minimal influence on the effects of the physical 
activity intervention but the effects of the intervention on physical activity are constrained in a more supportive built environment. Note that 
built environment-intervention interactions could also include the combination of compensation-suppression mechanism (i.e., the intervention 
is effective in increasing physical activity in a less supportive built environment while the effects of the same intervention on physical activity are 
constrained in a more supportive built environment)
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control), BE suppression and compensation are more 
difficult to determine as its possible that a single nega-
tive association between a BE characteristic and inter-
vention-facilitated PA could reflect compensation when 
the BE characteristics is less favorable and suppression 
when the BE characteristics is more favorable.

Assessment of study quality
Study quality was assessed independently by MP and LF 
using a previously validated check-list tool for assess-
ing methodological quality of randomized and non-
randomized quantitative studies [31]. The checklist 
included 27 questions (yes: score = 1 or no: score = 0) 
divided into five components including reporting qual-
ity (maximum score = 10), external validity (maxi-
mum score = 3), internal validity-bias (maximum 
score = 7), internal validity-confounding and selection 
bias (maximum score = 6), and statistical power (maxi-
mum score = 1). Component and overall study quality 
scores were estimated. We did not use quality scores to 

prioritize study findings nor did we exclude low quality 
studies.

Results
Study selection
The database search resulted in 12,826 non-duplicate 
records (Fig. 2). One author (MP) screened all abstracts 
and identified 83 eligible records. A second author 
(LF) with research experience in the topic area, blindly 
screened a random sample of 390 records in addition 
to the 83 records (total n = 473; approximately 4% of 
all non-duplicate records) identified by MP to estimate 
inter-rater agreement (percentage of overall agree-
ment = 91%). Reaching consensus, MP and LF identified 
73 records to undergo full-text review. The full-texts for 
all 73 records were obtained and reviewed in duplicate 
by MP and LF who applied the inclusion and exclusion 
criteria. Consensus between MP and LF and a co-author 
(GRM) resulted in 20 full-text articles identified as eligi-
ble for inclusion in the review.

Fig. 2 PRISMA 2020 flow diagram of article search and selection for the review
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Study sample characteristics
Of the 20 articles included in this review, a higher num-
ber included studies undertaken in the USA (n = 8) fol-
lowed by the UK (n = 4) and Canada (n = 3) with two 
studies being conducted in Japan, and one study being 
conducted each in Australia, Spain, and Chile. Studies 
were published between 2009 and 2021 (Table  2). Most 
studies (n = 16) recruited samples from populations with 
a known health risk, including metabolic disorders (e.g., 
diabetes risk, metabolic syndrome) [32, 35], coronary 
heart disease risk factors [42], overweight or obesity [36], 
history of cancer [40], high blood pressure [51], and sed-
entary behaviour or physical inactivity [34, 43, 44, 46, 48] 
or a combination of risk factors [33, 37, 39]. Six studies 
included samples from general (non-clinical) populations 
[38, 41, 45, 47, 49, 50].

Several studies recruited participants from specific 
demographically-defined subpopulations such as Afri-
can American, Hispanic or Latino [38, 44], low socioec-
onomic position [34, 47, 48], and males [40] or females 
only [38, 39, 44]. The target age of participants varied 
with some studies sampling older adults only [33, 37, 41, 
47], and the remainder including samples representative 
of multiple age groups (e.g., young, middle-aged, and 
older adults). Three studies recruited some [32] or all [39, 
51] participants from rural areas while all other studies 
recruited participants from urban areas. The analytical 
sample sizes ranged from 45 to 47,233 participants and 
all but five studies [40, 41, 45, 49, 50] applied non-prob-
ability sampling to recruit participants (e.g., convenience 
or volunteer sampling).

Study designs
Thirteen studies reviewed included multi-arm experi-
ments [32–44] and seven included single-arm experi-
ments [45–51]. Among the multi-arm experiments, 
two [34, 40] included a three-arm intervention design 
while the remainder employed a two-arm interven-
tion design. All but one multi-arm experiment [44] 
randomly assigned participants to treatment and com-
parisons arms. Eleven of the thirteen multi-arm studies 
estimated statistical interactions between BE variables 
and study arm (treatment vs. comparison) to determine 
whether the BE moderated intervention-facilitated PA. 
Despite undertaking multi-arm experiments, Hays et  al. 
[35], Robertson et al. [43], and Zenk [44] combined data 
from intervention arms (e.g., full and partial interven-
tion) to obtain pooled estimates of association between 
the BE variables and intervention-facilitated PA. Among 
the seven single-arm experiments, only one tested for 
an interaction between the BE and intervention [45]. All 
single-arm studies estimated associations between the BE 
and intervention-facilitated PA.

Half of all studies reviewed included interventions 
that lasted at least 12 months [32, 33, 35–37, 44, 45, 47, 
49, 50]. Apart from five studies that measured PA post-
intervention (i.e., adherence or average PA accumulated 
throughout the intervention period) [44, 46, 47, 49, 50], 
all other studies measured PA at multiple time points 
(e.g., baseline and follow-up) during their interventions.

Physical activity intervention characteristics
All interventions aimed to increase some component 
(i.e., frequency, duration, or volume) of total or moder-
ate-to-vigorous PA (MVPA) such as walking for leisure, 
transport, or errands (Table  2). Three studies delivered 
interventions at the population level [45, 49, 50] while 
the remainder of interventions were delivered at the indi-
vidual level. For instance, Barnes et al. [45] evaluated the 
effectiveness of a mass media campaign and Hino et  al. 
[49] and Hino et  al. [50] evaluated the effectiveness of 
a city-wide pedometer-facilitated walking program on 
changes in PA among individuals. The provision of writ-
ten or verbal information (including feedback from wear-
able activity trackers) intended to improve PA awareness 
or knowledge or that offered behavioural strategies was 
the most common intervention approach [32–35, 37–40, 
43–45, 48–51] followed by group and one-to-one coun-
selling (e.g., motivational interviewing and check-ins) 
[32, 34–40, 42–44, 48, 51]. Over half of studies reviewed 
included interventions with group-based activities [32, 
33, 35, 37–39, 41, 44, 47, 51]. While not considered to be 
a group-based activity, the pedometer-facilitated inter-
vention examined in two studies [49, 50] provided partic-
ipants an opportunity to compare their progress relative 
to other participants. Notably, exercise sessions (e.g., 
walking groups) were offered to participants in less than 
half of studies reviewed [38, 39, 41, 43, 44]. Some studies 
used wearable activity monitors to measure PA outcomes 
however, participant self-tracking of PA via activity mon-
itors (e.g., pedometers) was not a commonly used inter-
vention strategy [43, 46, 49, 50].

Measurement of physical activity
Self-reports were the most common method for meas-
uring PA, with 14 studies including self-report measures 
alone or in combination with the use of accelerometers 
or pedometers (Table  2). Accelerometers captured PA 
in six studies [32–35, 38, 39], pedometers captured PA 
in four studies [43, 46, 50, 51] and heart rate monitors 
were used in one study [44]. Few studies included PA 
outcomes related to a specific purpose such as for trans-
portation or errands [37, 45], or leisure or recreation [33, 
37, 40, 42, 47] while most studies estimated overall accu-
mulated PA (e.g., total MVPA, total steps, and PA-related 
energy expenditure). Six studies examined self-reported 
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walking as an outcome [33, 36–38, 41, 45]. Two stud-
ies included PA outcomes associated with intervention 
adherence including completing prescribed walks [44] 
and attending exercise classes [47]. One study included 
a measure of perceived relative change in steps result-
ing from the intervention [49]. Moreover, one study cap-
tured neighbourhood-specific PA (inside and outside the 
neighbourhood) however, the authors combined these 
data to estimate total PA [51].

Measurement of the built environment
GIS procedures with existing spatial databases were com-
monly used to estimate BE characteristics (Table 2). Two 
studies included BE data collected via street audits [38, 
43]. Most studies defined neighbourhoods using network 
or Euclidean polygon buffers with radii ranging from 
250 m to 1600 m of a participant’s home location (i.e., 
egocentric buffers). Most studies also developed walk-
ability indices from GIS-derived BE variables [32, 33, 
36, 37, 40–42, 44, 45] and or used Walk Score® [35, 39, 
42, 46, 51]. Several studies estimated proximity variables 
including home-to-destinations distances (e.g., [34, 44, 
47–51]), the absolute or relative density of BE attributes 
such as footpaths, intersections, residential populations, 
and green space [32, 35, 47, 48, 50, 51] and or the mix 
or availability, proportion, or count of recreational and 
utilitarian land uses and destinations (e.g., [33, 40, 44, 47, 
51]).

Methodological quality
The maximum methodological score available was 
27. The methodological quality of included stud-
ies was considered moderate-to-high (total score: 
mean = 20.9; standard deviation = 3.0; minimum = 17; 
maximum = 27).

Summary of findings
Invariant effects of the BE on intervention‑facilitated physical 
activity
Eight studies provided evidence suggesting that neigh-
bourhood walkability (i.e., Walk Score® or other index) 
likely had no impact on intervention-facilitated PA [32, 
37, 40–42, 44–46] (Table  2). For most of these studies, 
there appeared to be strong evidence that the BE did 
not impact PA resulting from intervention participation, 
however, in three studies the presence of an invariant 
effect of the BE on intervention-facilitated was probable 
given the totality of the evidence provided. Carter et al. 
[32] found a statistically significant interaction between 
walkability and intervention arm, but found no sta-
tistically significant within-arm associations between 
walkability and steps among adults at-risk of diabetes 
receiving usual clinical care or a group-based education 

program. King et al. [37] found that compared with con-
trols (i.e., health education arm), older adults exposed to 
a center and home-based physical activity intervention 
reported decreases in walking for errands if they resided 
in low walkable neighbourhoods only. However, a general 
reduction in walking for errands in both intervention and 
control arms was observed in high walkable neighbour-
hoods. Barnes et al. [45] found a non-significant statisti-
cal interaction between walkability and intervention arm 
among adults exposed to a state-wide mass media cam-
paign. They also found a significant increase in the like-
lihood of achieving sufficient PA and a decrease in the 
likelihood of any transportation walking among residents 
of low walkable neighbourhoods, yet similar changes in 
PA were also observed among adults in high walkable 
neighbourhoods.

Seven studies also found other BE variables that had 
minimal impact on intervention-facilitated physical 
activity (Table  2). Four studies that included BE meas-
ures reflecting the availability of land uses and destina-
tions in the neighbourhood (e.g., land use mix, access to 
parks and recreational facilities), found no associations 
with intervention-facilitated PA [33, 34, 47, 48]. Moreo-
ver, Robertson [43] found that BE factor scores including 
a pathway features other than safety factor, a pathways 
safety features factor, and a roads and bus stop factor 
were not associated with steps during a 3-month pedom-
eter-facilitated walking intervention. In addition, changes 
in steps resulting from a city-wide pedometer interven-
tion were not found to be associated with distance to the 
nearest railway stations [49] nor with intersection density 
[50] in Japanese adults.

Amplification effects of the BE on intervention‑facilitated 
physical activity
Eight studies found BE variables that potentially ampli-
fied the effectiveness of their physical activity inter-
ventions (Table  2). Colom et  al. [33] found positive 
associations between walkability, residential density, and 
intersection density and daily minutes of accelerometer-
PA among obese adults exposed to a 12-month education 
based intervention. Lee et al. [38] found a positive asso-
ciation between the number of neighbourhood traffic 
control devices and levels of post-intervention walking, 
and between the number of neighbourhood crossing-aids 
and level post-intervention total PA in African American, 
Latino, and Hispanic women exposed to a 6-month PA 
intervention involving group-facilitated sessions and per-
sonalized plans. Combining the results from the full and 
partial intervention arms, Robertson [43] found several 
BE factor scores (i.e., dangerous and busy roads, com-
mercial and residential use, traffic signals and pedestrian 
signage, and indoor fitness facilities and calming features) 
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to be favorably associated with step counts following 
exposure to a pedometer-facilitated walking interven-
tion. After exposure to a city-wide pedometer interven-
tion, Hino et al. [49] found that neighbourhood bus stop 
density was positively associated with a self-reported 
increase in steps and Hino et al. [50] found proximity to 
the nearest railway station and higher population density 
to be positively associated with recorded steps. Recrea-
tional facilities were also found to amplify the effective-
ness of PA interventions. For instance, combining the 
results from the full and partial intervention arms, Zenk 
[44] found positive associations between the presence of 
a public recreation center with treadmill or indoor track 
or indoor shopping mall (within 5-miles of home) with 
adherence to a 12-month walking program among mid-
dle-aged to older African-American women. Moreover, 
Garmendia [47] found that increases in area of well-kept 
community greenspace in the neighbourhood was associ-
ated with older adults attending at least 24 group exercise 
sessions over a 24 month period. Among inner city adults 
at risk of diabetes, Hays et  al. [35] reported a positive 
association between greenery (Normalized Difference 
Vegetation Index) and change in accelerometer-meas-
ured MVPA during a 24-month intervention involving 
counselling and group-based education sessions.

Compensation effects of the BE
Findings from two studies suggested that intervention-
facilitated physical activity may be more effective among 
those in less supportive BEs (Table  2). After finding a 
statistically significant “time-by-arm-by-walkability” 
interaction, Kerr et  al. [36] also found a significant 
increase in daily walking minutes among men exposed 
to a 12-month personalized physical activity interven-
tion residing in low walkable neighbourhoods. Lo et  al. 
[39] found a non-significant interaction (Walk Score®-
by-arm) however, they also found that MVPA increased 
among those who were exposed to the full intervention 
(multi-component) and decreased in those exposed to 
the partial intervention among middle-aged women who 
resided in neighbourhoods with a Walk Score® of zero.

Suppression effects of the BE
Four studies found evidence that the BE may suppress 
the effectiveness of physical activity interventions [36, 38, 
43, 51] (Table 2). For instance, negative associations were 
found between the number of neighbourhood amenities 
(e.g., public garbage cans, benches, and drinking foun-
tains) with post-intervention walking and total PA among 
African American, Latino, and Hispanic women exposed 
to a 6-month PA intervention [38]. Daily walking min-
utes were found to have decreased among men exposed 
to a 12-month personalized physical activity intervention 

if they resided in high walkable neighbourhoods [36]. 
Increased distance to private gyms was associated with 
increases in self-reported total PA, while the density of 
private gyms in the neighbourhood was negatively asso-
ciated with pedometer-determined steps among adults 
exposed to a PA intervention involving individual and 
group counselling [51]. A more favorable greenspace and 
recreational facilities factor score was negatively associ-
ated with step count among adults exposed to a 3-month 
pedometer-facilitated intervention (full and partial arms 
combined) [43].

Discussion
With the exception of one narrative review [22], reviews 
to date summarizing evidence on associations between 
the BE and PA have not focused on intervention-facili-
tated PA (e.g., [14–17]). Our systematic review summa-
rized evidence from studies estimating the relationships 
between objectively-measured neighbourhood BE char-
acteristics and intervention-facilitated PA in adults. Our 
findings advance prior knowledge by providing prelimi-
nary evidence demonstrating that the BE has the poten-
tial to influence intervention-facilitated PA, and therefore 
needs more consideration in the design and implementa-
tion of PA interventions. In some cases, the neighbour-
hood BE has the potential to amplify and even constrain 
the effectiveness of PA interventions that target adults.

Findings of studies included in our review were het-
erogeneous. Invariant effects of the BE on intervention-
facilitated PA were more common than other effects. 
Approximately 75% of included studies (n = 15) found 
evidence of at least one BE variable as neither positively 
nor negatively influencing the effectiveness of the PA 
interventions. Invariant effects of the BE were found in 
relation to walkability, land use or destination mix or 
proximity, transit access or availability, and connectivity. 
Interventions that provide structured or facility-based 
PA opportunities such as walking groups (e.g., [39, 41]) 
or walking prescriptions [44] may be impacted to a lesser 
extent by the BE than interventions that provide little 
structure to PA routines. PA interventions that are less 
likely to be constrained by the local BE, such as facility-
based exercise classes (e.g., [39, 41]), may have success 
even when the built environment is unsupportive of PA. 
However, it should be noted that our review found excep-
tions where neighbourhood walkability did appear to 
modify the effect of interventions involving facility and 
home-based exercise on PA (e.g.,[37]).

Approximately 40% of studies (n = 8) included in the 
review provided evidence that supported a potential 
amplification effect, whereby a supportive BE variable 
seemed to augment the effectiveness of a PA intervention. 
Amplification effects of the BE were found in relation 
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to walkability, land use or destination mix or proxim-
ity, transit access or availability, connectivity, population 
or residential density, and traffic-related safety features. 
While this finding is positive in that some interventions 
may have an even larger impact on PA when imple-
mented in supportive neighbourhood BEs, it also means 
that when interventions are universally implemented 
(e.g., mass media health promotion campaigns), widen-
ing health inequalities have the potential to emerge due 
to intervention effectiveness being conditional on other 
factors, such as the BE [52, 53]. These inequalities may 
be more pronounced if socially disadvantaged or vulner-
able populations are also sorted into neighbourhoods 
with less PA supportive infrastructure [54, 55]. Two 
approaches to reducing these inequalities include modi-
fying neighbourhoods with less supportive BEs to make 
them more supportive of PA (i.e., reducing the inequity) 
or designing PA interventions tailored to those residing 
in neighbourhoods with less supportive BEs.

The intervention’s compatibility with the BE context is 
important to consider during intervention development 
and implementation [22]. Approximately 10% (n = 2) of 
studies reviewed found reported findings that suggested 
the presence of a compensation effect whereby the PA 
intervention appeared to mostly benefit those residing 
in neighbourhoods with less supportive BEs. PA inter-
ventions targeting adults residing in less supportive BEs 
could be one strategy to increase PA among those who 
may not have access to local neighbourhood resources or 
opportunities that are supportive of accumulating suffi-
cient levels of daily PA. An unexpected finding was that 
almost 20% of studies (n = 4) provided evidence suggest-
ing that PA interventions implemented in the presence of 
a supportive BEs could have the unintended consequence 
of reducing PA (i.e., suppression). Suppression effects 
were found in relation to walkability, availability of des-
tinations (greenspace and recreational facilities) and the 
availability of neighbourhood amenities. This negative 
effect potentially reflects a mismatch between interven-
tion components and the context in which the interven-
tion is implemented [22]. This negative effect could also 
reflect the presence of unmeasured neighbourhood fac-
tors that may act to inhibit intervention-facilitated PA 
(e.g., crime or incivilities). Speculatively, it could also 
reflect PA substitution [56, 57], whereby PA undertaken 
by a participant residing in a supportive BE (e.g., higher 
transportation walking in a high walkable neighbour-
hood) is replaced by the PA promoted by the intervention 
(e.g., facility-based exercise classes) potentially resulting 
in a reduction in overall PA. Neighbourhood BEs should 
be assessed for potential barriers to physical activity 
prior to the implementation of PA interventions, and the 
interventions adapted or modified to assist participants 

overcome these barriers where necessary. Such modifica-
tions may be as straightforward as providing participants 
with maps or information about local areas highlighting 
physical activity supportive infrastructure or walking 
routes [58].

Our review findings support previous evidence sug-
gesting that the neighbourhood BE might be more sup-
portive of walking than other physical activities [14–17]. 
Most PA interventions reviewed did not require partici-
pants to undertake structured exercise programs, thus 
participant decision-making regarding PA frequency, 
duration, type, and location during the intervention 
was primarily self-determined. Not surprisingly, much 
of the PA being encouraged during interventions were 
of moderate intensity, including walking. The extent to 
which transportation walking was specifically encour-
aged during interventions could not be ascertained from 
the intervention descriptions, despite most of the BE 
variables (e.g., walkability, mix and proximity to destina-
tions) examined including those that are typically more 
supportive of transportation versus recreational walk-
ing [14–17, 57]. Walking is among the most commonly 
reported PAs undertaken by adults [59, 60] and the 
neighbourhood (e.g., streets and sidewalks, and public 
parks) is a popular location for walking [61–64]. While 
studies clearly defined the geographical areas used to 
estimate the BE variables (e.g., buffers, administrative 
units), PA outcomes lacked context specificity – i.e., no 
studies estimated the effects of the neighbourhood BE on 
intervention-facilitated neighbourhood-based PA. Nev-
ertheless, many interventions appeared to encourage PAs 
that would likely occur outdoors and proximal to home 
and therefore have the potential to be impacted by the 
neighbourhood BE.

Despite most studies having moderate-to-high meth-
odological quality, there remains major limitations of 
studies undertaken to date. The recruitment of partici-
pants from small geographical areas (e.g., clinics) might 
have resulted in less variability in the BE measures 
thus making small associations between BE and inter-
vention-facilitated PA difficult to detect [65]. With the 
aim of being inclusive and comprehensive, we included 
randomized and non-randomized experiments in our 
review. Assuming adequate sample size, randomized 
assignment to treatment and comparison arms should 
theoretically result in balanced covariates, including for 
BE variables and unmeasured reasons for residential 
selection. However, in non-randomized experiments 
where participants self-select into a treatment or inter-
vention arm, it is possible their reasons for treatment 
choice could align with the participants awareness of 
the potential built barriers and facilitators in the neigh-
bourhood (e.g., residing in a walkable neighbourhood 
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could be a motivator for choosing to participate in a 
PA intervention). As previously noted, in many studies 
there was a conceptual mismatch between the PA pro-
moted by interventions and the types of BE variables 
measured. Moreover, it is difficult to attribute the influ-
ence of the neighbourhood BE on intervention-facili-
tated PA when it is unclear as to how much of this PA is 
being undertaken inside neighbourhood. To gain more 
rigorous evidence regarding the BEs role in influencing 
the effectiveness of PA interventions, we propose that 
where feasible, studies should include the following 
design elements:

• Sample from neighbourhood clusters or strata that 
vary in their BE supportiveness (to maximize BE 
variation) but that are similar or balanced in terms 
of their composition (e.g., SES, age distribution).

• Recruit intervention participants using probability 
sampling.

• Randomly assign participants to treatment and 
control arms, or where random assignment is not 
possible, collect data on participation reasons for 
treatment choice and neighbourhood selection.

• Include multiple data collection points to deter-
mine if the neighbourhood BE impacts the inter-
vention effectiveness in the early, middle, and later 
stages of implementation (e.g., adoption, adher-
ence, and post intervention) and to assess if sus-
tained changes in PA in the maintenance period 
after the intervention has ended are conditional on 
the BE.

• Align PA measures with the target behaviour(s) of 
the intervention and where possible include meas-
ures of context-specific PA (e.g., GPS combined 
with accelerometers).

• Estimate interaction effects between BE variables 
and intervention-facilitated PA and perform BE/
treatment arm stratified analysis to examine effect 
modification using groups with sample sizes that 
provide sufficient statistical power.

• Avoid combining the treatment and control groups 
to obtain pooled estimates of association between 
the BE and intervention-facilitated PA unless the 
interaction between treatment arm and BE is non-
statistically significant and the control group is 
exposed to a subset of intervention components 
that were also received by the treatment group.

• Strengthened causal inferences by triangulating the 
quantitative evidence with qualitative evidence to 
gain insights as to how and why participants inter-
acted with their BEs during the PA intervention 
(e.g., see [19, 20]).

We acknowledge several limitations of our review. Our 
review focussed only on the objectively-measured BE 
however, several studies have found associations between 
perceptions of the BE and intervention-facilitated PA [36, 
46, 66, 67]. Perceptions of the BE are associated with PA 
[68, 69] even when controlling for the objective BE [70], 
yet self-reports and objective measures of conceptually 
similar BE characteristics are often discordant [70, 71]. 
Moreover, perceptions of the BE could be directly or indi-
rectly influenced by the intervention (e.g., counselling to 
overcome perceived barriers) making it difficult to ascer-
tain the extent to which the objectively-measured BE is 
impacting intervention-facilitated PA. Our categorization 
of associations between the BE and intervention-facili-
tated PA as invariant, amplification, compensation, and 
suppression while informative is somewhat rudimentary 
and it is possible that in some cases these mechanisms 
co-occur. For example, an invariant relationship may 
reflect some co-occurrence of amplification in a high sup-
portive BE group and compensation in a low supportive 
BE group. The nature of these relationships may be easier 
to determine in randomized multi-arm experiments that 
include both the estimation of statistical interactions 
and effect modification compared with studies involving 
a single treatment group or intervention arm, with no 
control group. Although this is not always the case, espe-
cially when significant statistical interactions between the 
BE and PA do not result in statistically significant strati-
fied group associations (e.g., [32]) or visa-versa [45]. Our 
broad categorization of BE and intervention-facilitated 
PA relationships is intended to prompt researchers and 
practitioners to consider how the BE might positively or 
negatively influence the effectiveness of their PA inter-
ventions. We reported on four intervention components 
that were offered to participants (exercise sessions, coun-
selling, awareness/education, and group-based activi-
ties) as these were components frequently included in 
the interventions reviewed however, PA interventions 
tend to be more nuanced, and these groupings may not 
fully capture the intervention delivered to participants. 
Future studies should consider exploring the interactions 
between more detailed intervention components, such as 
Behaviour Change Techniques [72], and the BE. A realist 
review [73] may also offer a useful approach for obtaining 
comprehensive information about intervention design 
and implementation (e.g., consulting with intervention 
authors and reviewing intervention protocols and inter-
vention materials) and their impact on PA within the 
context of the BE. Previous studies have identified inter-
vention, sociodemographic, and cognitive characteristics 
associated with PA maintenance [74–76] yet congruent 
with our review findings, there appears to be a dearth of 
evidence regarding the BEs role in supporting PA after 
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the conclusion of interventions (i.e., the maintenance 
phase). Thus, our review only focused on changes in PA 
that occurred during the intervention implementation. 
Our review excluded studies that involved modification 
to the built environment and thus our findings may not 
generalize to multi-level PA interventions that include 
components that both target individuals (e.g., programs) 
and modify the built infrastructure [18].

Conclusions
It is important to consider PA intervention design and 
implementation from a socioecological perspective and 
to identify external factors, such as the neighbourhood 
BE that may interact with intervention effectiveness. Our 
review provides novel, but preliminary, evidence sug-
gesting the effectiveness of interventions on PA could 
be conditional on the neighbourhood BE and that the in 
some cases supportive neighbourhood BE can increase 
and even decrease intervention effectiveness. The design 
and implementation of PA interventions, especially those 
that offer less structure or guidance or challenge partici-
pants to undertake PA in outdoor settings (e.g., walking), 
should take into consideration the level of supportiveness 
of the BE. More rigorous experimental studies, designed 
specifically to test the modifying effect of the neighbour-
hood BE on intervention-facilitated PA, are needed.
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