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Abstract

Background: Context-free outcome measures, such as overall leisure-time physical activity (LTPA), are habitu-

ally applied to study the neighborhood built environment correlates of physical activity. This cross sectional study
identifies and empirically tests potential methodological limitations related to the use of context-free measures and
discusses how these may help in the interpretation of inconsistent associations between participation in moderate-
to-vigorous LTPA and objectively measured neighborhood-level built environment attributes.

Methods: We employ a public participation geographic information system (PPGIS), an advanced participatory map-
ping method, to study the spatial distribution of moderate-to-vigorous LTPA among adult urban Finnish residents (n
1322). Secondary sources of GIS land-use and sport facility data were used to disaggregate respondent-mapped LTPA
by the behavioral context, such as indoor and outdoor sport facilities, green spaces, and other public open spaces.
Associations between the use of the identified LTPA settings and a range of objectively measured neighborhood built
environment attributes were studied with multilevel logistic regression models.

Results: Disaggregated by behavioral context, we observed varied and partly opposite built environment correlates
for LTPA. The use of indoor and outdoor sport facilities showed no significant associations with their neighborhood
availability, but were significantly associated with personal-level attributes. By contrast, participation in LTPA in green
and built public open space shared significant associations with access to and availability of neighborhood green
space that persisted after controlling for personal-level covariates. Moreover, neighborhood distances up to 1600 m
poorly captured participation in moderate-to-vigorous LTPA, as, on average, 40% of visits were located further from
home. However, we found the immediate home environment to be an important LTPA setting for the least active
participants.

Conclusions: This study demonstrates that LTPA can be a highly heterogeneous measure regarding both the spatial
distribution and the environmental correlates of behavioral contexts. The results show that context-free LTPA out-
come measures yield inconsistent associations with built environment exposure variables, challenging the applicabil-
ity of such measures in designing neighborhood-level built environment interventions.
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Introduction
Adults’ physical activity (PA) occurs in several domains
— within day-to-day life, including active transportation,
*Correspondence: anna.kajosaari@aalto.fi lei . d . 1 d h hold-based
! Department of Built Environment, Aalto University, Espoo, PO eisure-time, an occupational an ousehold-base
Box 14100, 00076 Aalto, Finland activities [1, 2]. Unlike the other domains of PA, which
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leisure-time physical activity (LTPA) is undertaken in
diverse settings and environments [3]. Due to the diver-
sity of potential behavioral contexts, the need to study
specific LTPA behaviors in specific settings has been
repeatedly voiced in the literature examining correlates
and causalities between the physical environment and
physical activity outcomes [4—6]. These arguments are
founded, on one hand, on the socio-ecological models of
health behavior emphasizing the fit between the studied
outcome and the environmental levels of influence [2, 7],
and, on the other, on empirical results showing stronger
correlations between environmental attributes and spe-
cific PA behaviors than between these attributes and con-
text-free measures, such as total PA or total LTPA [4].

Despite these recommendations, LTPA outcomes
lacking a clearly defined behavioral context are habitu-
ally applied in the literature, as demonstrated by a num-
ber of recent reviews summarizing the evidence on the
built environment correlates of PA [8, 9]. However, while
research on the associations between neighborhood built
environment characteristics and transport-related PA
has established a convincing evidence-base, the relation-
ships between total LTPA and the physical features of the
residential environment remain inconclusive [8—12]. In a
review of reviews, Choi et al. [8] identified accessibility
and population density as the only consistent environ-
mental factors associated with LTPA. A recent meta-
analysis, although focused on older adults, reported that
total LTPA was most consistently associated with access
to sport facilities and access to public open space [3].
Several reviews did not find any consistent associations
between overall LTPA and objectively measured environ-
mental features [9, 12]. While associations between total
LTPA and the residential environment remain mixed,
studies focusing on specific behaviors and behavioral
contexts within the leisure-time domain have been able
to establish better defined connections with built envi-
ronment attributes, and, consequently, to produce more
reliable evidence to guide and support built environment
interventions. Such studies include research investigat-
ing the associations between park-based PA and access to
and quality of parks and urban green space [13-15], and
studies examining correlates between the availability of
sport facilities and their use [16].

Travel behavior studies focusing on trip purposes
maintain that qualitative destination characteristics influ-
ence, in particular, the choice of leisure time destinations,
while utilitarian destinations, such as grocery stores or
other daily services, are more likely to be chosen based
on distance to the main nodes of everyday life [17, 18].
Yet, studies examining associations between the avail-
ability of recreational opportunities and an outcome
measure of LTPA generally operate under the assumption
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that proximity is a key determinant of LTPA destination
choice. Distance to the nearest facility from home and
the density of facilities within a pre-defined buffer dis-
tance are frequently applied to operationalize proximity
to PA facilities [19]. However, these measures may overly
generalize the leisure-time destination choice by prior-
itizing proximity over other, symbolic and qualitative,
destination qualities that may impact destination choice
[17, 20].

Regarding LTPA destinations, the main qualitative dif-
ferences concern the activities facilitated by these set-
tings, allowing differentiation between, for instance,
recreational facilities for specific sports, or urban open
space supporting recreational walking. As a qualita-
tive attribute, the specialization of the activity is directly
related to the size of the destination’s catchment area,
i.e,, the geographical area attracting its potential users.
Consequently, a specialized LTPA destination is likely to
attract users willing to increase their travel distance and
time where such facilities are unavailable closer to home.
In urban contexts, recreational facilities can be identi-
fied based on whether their provision extends to neigh-
borhood, local, or city-wide level [21, 22]. In addition to
destination type, qualitative aspects of LTPA destinations
may, for instance, include positive environmental or cul-
tural perceptions and social interactions. The latter, for
its part, may require the negotiation of destination choice
between individuals living in different areas, thus favor-
ing central locations with high regional accessibility.

Existing evidence on adults’ leisure-time travel behav-
ior supports the above notions on LTPA destination
choice. Studies on adults’ travel distances to diverse
LTPA destinations consistently find that travel distances
vary both in relation to personal and destination charac-
teristics [23]. Moreover, studies focusing on contextual
exposures to the built environment propose that LTPA
is not necessarily undertaken in the residential environ-
ment, and is thus less influenced by built environment
features measured on this scale [12, 24—26]. This assump-
tion is supported by consistent empirical evidence from
studies applying GPS and accelometer methods to spa-
tially locate PA, reporting high level of adults’ overall PA
undertaken outside of threshold neighborhood distances
varying from 800 to 1600 m [24, 27-29]. However, con-
sidering the diversity of LTPA behaviors, it is likely that
the neighborhood environment is more important for
some activities than for others. Prior research findings
suggest that within the LTPA domain, recreational walk-
ing, in particular, is correlated with the neighborhood
environment [30].

Moreover, defining the context of individuals’ PA
behavior based with administrative or buffer-based
boundaries, such as postal code areas, census tracts, and
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home buffers has been proven problematic [31]. These
approaches tend to assume that individuals are exposed
solely to the environment around their residency and,
consequently, do not capture the context outside the
applied neighborhood boundaries. The modifiable areal
unit problem (MAUP) and the uncertain geographic con-
text problem (UGCoP) pose key challenges to research-
ers examining the associations between the physical
environment and PA [31]. MAUP is linked to the prob-
lems in capturing the areal unit of analysis at differing
spatial scales or with varying criteria whereas UGCoP
depicts the uncertainty of the researcher-defined unit
of analysis in capturing the spatio-temporal realities of
actual human health behavior [32, 33]. However, there
are multiple examples of recent research applying more
versatile and multidimensional analyses to capture indi-
viduals’ actions within and outside their neighborhoods
to overcome these challenges [34—36].

Study objective

We can derive two main conclusions from the previous
discussion on problems occurring when studying the
associations between neighborhood-level built environ-
ment attributes and a context-free LTPA measure. First,
these measures are bound to comprise of heterogeneous
behavioral contexts. This is likely, on one hand, to hide
processes impacting participation in LTPA, and on the
other, to reduce the validity of the observed associations.
Second, a context-free outcome variable, such as overall
LTPA, may include behavioral contexts chosen based not
only on their location but also on unmeasured qualitative
or symbolic characteristics. Consequently, built environ-
ment attributes measured on the level of the residential
environment do not necessarily capture visits to special-
ized sports facilities with larger catchment areas. There-
fore, uncertainty in the behavioral context challenges the
meaningfulness of the information residential environ-
ment correlates convey about participation in LTPA.

This paper draws attention to the challenges of study-
ing LTPA outcomes without specifying the behavioral
context. The following sections proceed to empirically
test the above mentioned limitations by analyzing adult
urban dwellers’ moderate-to-vigorous LTPA behavior
with primary spatial data on the distribution of these
activities. We examined the type, spatial distribution,
and visitation patterns of diverse settings for moderate-
to-vigorous LTPA, and analyzed which built environment
and individual-level characteristics affected LTPA desti-
nation choice. Public Participation GIS (PPGIS) method
[37] was employed to facilitate large-scale data collec-
tion including both spatial data on LTPA and a range of
intrapersonal attributes related to the study participants.
This approach allowed us to follow a socio-ecological
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framework [2, 7] addressing the multiple levels of influ-
ence on physical activity behavior. Finally, the last sec-
tions summarize key findings and discuss implications
for policy and practice.

Methods

Data collection

The data were collected between August and September
2018 in the Helsinki Metropolitan Area, Finland. This
area consists of the municipalities of Helsinki, Espoo,
Vantaa, and Kauniainen and is the largest urban area in
Finland with a population of 1,2 million inhabitants [38].
A simple random sample of 10,000 working-age (18-
65 years) adults living permanently in the study area was
ordered from the Finnish Population Register Centre.
These sample members received a letter of invitation to
participate in the online survey, followed after two weeks
by a reminder post card.

The respondents were instructed to think of all the
places that they usually visit for moderate-to-vigorous
LTPA in the time of the year of the data collection, and to
locate them in the survey’s mapping view. The respond-
ents answered to follow-up questions concerning each
mapped location, reporting the approximate visiting fre-
quency, usual activity level (moderate or vigorous PA),
and whether the activity took place indoors or outdoors
(Fig. 1). The respondents had the possibility to map their
activity either as a point or a polyline feature. In addition
to the mapping tasks, the survey included sections on
socio-economic and demographic background, self-effi-
cacy and social support for PA, and PA behavior.

Altogether 1583 respondents participated in the sur-
vey resulting in a response rate of 16%. The final sample
of this study consisted of those 1322 respondents who
had mapped their residential location and had com-
plete information on LTPA items. The demographic and
socio-economic characteristics of the survey respondents
were compared to data from the Helsinki Metropoli-
tan Area [38, 39]. The data showed general consistency
on most socio-economic and demographic variables
within the study area. The participants were 57% female
compared to 51% of the same age group in the study
area. Participants with higher levels of formal educa-
tion were over-represented, comprising 51% of the par-
ticipants compared to 37% in the Helsinki Metropolitan
Area. Also, age groups from 50 to 65 years were slightly
over-represented.

The respondents mapped altogether 3507 individ-
ual locations for moderate-to-vigorous LTPA. Loca-
tions situated outside of the Greater Helsinki Region
were removed from the sample, resulting in the sam-
ple of 3408 features, from which 63% were mapped as
points and 37% as routes. The starting points of the
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Male, 34 years

Destination type: Indoor sport facility
Visiting frequency: Twice a month
Network distance from home: 7.5 km
Usual travel mode: Public transport
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Female, 55 years

Destination type: Outdoor sport facility
Visiting frequency: Once a week
Network distance from home: 1.3 km
Usual travel mode: Walking or biking
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Fig. 1 Distribution of respondent-mapped places for moderate-to-vigorous LTPA in South Helsinki. Call-out boxes exemplify the features’attribute

route features were extracted for the analytical pur-
pose of this study. Distances from the residential loca-
tion to points and route starting points were measured
as shortest path street-network distance. Distances to
features located in green areas were calculated to the
closest street segment. A continuous estimate of the
monthly visits to each destination was calculated as fol-
lows: “every day’, 30; “nearly every day”, 20; “a couple of
times a week’, 8; “once a week’, 4; “a couple of times a
month’, 2; and “once a month’, 1.

Measures

Settings for moderate-to-vigorous LTPA

The environment type of each mapped activity location
was determined using overlay analyses with secondary
sources of GIS land-use and sport facility data. In order
to increase specificity measuring public open space [40],
we distinguished between activities undertaken in green
public open spaces and in non-green public open spaces,
such as streets, walkways, and other built-up and publicly
maintained areas. Sport facilities in indoor and outdoor
settings were identified separately. Consequently, the fol-
lowing four LTPA settings were identified:

o Indoor sports facilities, including points mapped

as indoor locations and situated within 150 m
of an indoor sport facility. These were identified
using LIPAS, a national database of sport facili-
ties developed and administered by the University
of Jyviskyld. The remaining indoor points (n 125,
17% of all indoor locations) were identified as LTPA
undertaken in private indoor settings (e.g., home,
workplace) and were removed from the analysis.
Outdoor sport facilities, including points located
in sport and recreational land-use, such as sport
fields, outdoor gyms, etc. (Topographic database
2018, National Land Survey of Finland), and points
located within 50 m from individual outdoor sport
facilities (University of Jyvaskyld, LIPAS sport facil-
ity database).

Green public open space, including points located
within and routes predominantly located in forest
and semi-natural areas, farmlands, and urban parks
(CORINE Land Cover 2018, classes 141 (level 3), 2,
and 3 (level 1)).

+ Built public open space, including points located

within and routes predominantly located in resi-
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dential areas, walkways, and other non-green pub-
lic open space.

Two dichotomic outcome variables were created for
each of the identified environmental settings based on
whether the respondent had mapped a place for moder-
ate-to-vigorous LTPA visited (1) at least once a week or
more often, or (2) at least once a month or more often.

Built environment characteristics

The built environment features of the residential area
were measured within an 800 m and 1600 m Euclidean
buffer distance from the residential location. Eight hun-
dred meters corresponds to roughly a 10-15 min walk-
ing distance, and is among the most commonly applied
neighborhood distances in studies assessing contextual
exposure to the residential environment in physical activ-
ity studies [41]. Due to the good availability of sport facil-
ities in the study area, a lower cut-off value of 400 m was
used to measure distance to the closest sport facility. The
following built environment variables were included in
the analyses:

« Density of sport facilities The number of indoor
sport facilities (e.g., private and public gyms, indoor
swimming pools, sports halls, etc.) and outdoor
sport facilities (e.g., neighborhood sports facilities,
sports fields and courts, etc.) within the neighbor-
hood buffer were calculated separately (University of
Jyviskyld, LIPAS sport facility database).

+ Proximity to sport facilities Dichotomic variables
were formed to indicate, whether the respondent had
access to at least one indoor or outdoor sport facility
within 400 m from home.

o Availability of public green space The area of public
green space within the neighborhood buffer was cal-
culated from CORINE Land Cover dataset, including
parks, natural environments, and agricultural land-
scape (CORINE Land Cover 2018, L3 141, 211-421).

+ Proximity to public green space Additionally, dicho-
tomic variables were formed measuring access to
at least one middle-sized (>30 ha) and one large
(>100 ha) green area within the threshold distances
of 400 m, 800 m, and 1600 m.

+ Residential density, measured as the ratio of the resi-
dential floor area to the land area in residential use.

Summary statistics of the built environment variables
are provided in Table 1.

Intrapersonal variables
Moderate-to-vigorous LTPA, expressed in Metabolic
Equivalent Task (MET) minutes, was measured with

Page 5 of 13

Table 1 Built environment and psychosocial measures

Total sample (n 1322)

Built environment characteristics
Number of indoor sport facilities, mean (SD)

800 m 10.3(9.9)
1600 m 333(27.7)
Distance to the closest indoor sport facility (%)
<400m 68.5
Number of outdoor sport facilities, mean (SD)
800 m 10.6 (6.7)
1600 m 364 (17.1)
Distance to the closest outdoor sport facility (%)
<400m 786
Green area km?, mean (SD)
800 m 0.6(0.3)
1600 m
Access to green area over 100 ha (%)
<400m 27.0
<800m 45.0
<1600 m 716
Access to green area over 30 ha (%)
<400m 51.1
<800m 769
<1600 m 93.2
Residential density, mean (SD)
800 m 0.6 (0.5)
1600 m
Psychosocial measures
Self-efficacy, mean (SD) 3.2(0.8)

Social support, mean (SD)

SD standard deviation

the LTPA module of the International Physical Activ-
ity Questionnaire (IPAQ) [42], long form. Respondents
were divided into quartiles based on the moderate-
to-vigorous LTPA MET-minutes accumulated during
a usual week. The impact of psychosocial factors on
LTPA behavior was studied with self-efficacy and social
support for PA. Both variables have been associated in
previous studies with an increase in PA [8, 10, 43—-45].
Social support for PA was measured with three items
based on the Social Support for Exercise Scale [46]
(Additional file 1). The scale was calculated as the mean
score of three items, and showed good internal consist-
ency (a=0.78). Self-efficacy for PA was measured as
the respondent’s confidence in being physically active
when met with internal or external challenges, such
as being tired or bad weather. Respondents indicated
agreement with five statements modified from Sallis
et al. [47] on a 5-point Likert scale. The scale had good
internal consistency (a=0.73).
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Table 2 Descriptives of respondent-mapped locations for moderate-to-vigorous LTPA

n (%) LTPA locations Monthly visits to LTPA locations
Locations/ <800 m <1600 m Distance Moderate Vigorous  Visits/ <800 m <1600 m
respondent, fromhome fromhome fromhome PA (%) PA (%) respondent, fromhome fromhome
mean (%) (%) (km), mean mean (%) (%)
Total 3305 (100.0) 25 33.1 526 62.5 375 7.8 36.8 60.0
Indoor sport 620 (18.8) 0.5 10.5 273 274 72.6 6.5 114 289
facility
Outdoor sport 271 (8.2) 0.2 13.7 38.7 586 414 6.9 16.8 48.7
facility
Public green 1345 (40.7) 1.1 332 559 724 276 7.7 38.1 664
space
Built public 1069 (32.3) 0.9 52.1 69.1 773 227 93 564 76.0
open space
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Chi-square tests were used for categorical variables and Kruskal-Wallis H tests for continuous variables

Statistical analyses

The differences between LTPA settings were assessed
with Chi-square and Kruskal-Wallis H tests. Multilevel
logistic regression models were used to study associa-
tions between participation in moderate-to-vigorous
LTPA in different environmental settings and the built
environment characteristics. Multilevel analyses were
used to account for clustering of the data at the postal
code area level. All analyses were performed with IBM
SPSS Statistics v26 and were adjusted for gender, age,
education level, employment status, total amount of self-
reported moderate-to-vigorous LTPA, social support for
PA, and self-efficacy for PA. Independent variables with
skewed distributions (moderate-to-vigorous LTPA, resi-
dential density, availability of public green space) were
log transformed for analysis.

Results

Descriptives of LTPA settings and visitation patterns

Public green spaces (41% of mapped locations) and built
public open spaces (32% of locations) were the most
common settings for moderate-to-vigorous LTPA, fol-
lowed by indoor (19%) and outdoor sport facilities (8%).
A considerable share of the monthly visits to these loca-
tions took place outside of the applied 800 m (63%) and
1600 m (40%) threshold distances (Table 2). However, the
average network distances from home to places for LTPA
(H(3)=423.1, p<0.001) as well as the visiting frequency
(H(3)=22.9, p<0.001) both varied significantly between
the LTPA settings. LTPA locations situated in green and
built public open spaces were on average accessed clos-
est to home, with 56% and 69% of the mapped locations,
respectively, situated within the neighborhood distance
of 1600 m. On the other hand, indoor and outdoor sport
facilities were on average accessed further from home,
with only 27% of indoor sports facilities located within

1600 m. Moreover, visiting frequency correlated nega-
tively with network distance from home (r=-0.191,
p<0.001), indicating that locations situated closer to
home were visited more frequently.

The usual activity level varied significantly between the
LTPA settings (x*=441.6, p<0.001). The proportion of
places where physical activities were performed at a vig-
orous level was highest among indoor and outdoor sport
facilities, 73% and 41%, respectively. Green and built
public open spaces were predominantly used for moder-
ate PA, which was identified as the usual activity level for
72% and 77% of the mapped locations, respectively.

Significant in-group differences existed between sam-
ple subgroups stratified by personal characteristics and
the use and distribution of places visited for moderate-
to-vigorous LTPA (Table 3). The level of self-reported
moderate-to-vigorous LTPA showed the most consistent
differences, as groups with the highest amount of LTPA
had a significantly higher monthly visiting frequency
in LTPA destinations (H(3)=97.3, p<0.001). Further-
more, both the proportion of individual LTPA locations
and the number of visits to LTPA locations outside the
applied neighborhood distances were significantly higher
for respondents with the highest self-reported LTPA. On
average, 44% of visits by respondents in the lowest LTPA
quartile were within 800 m of their home and 69% within
1600 m. By contrast, the figures for respondents in the
highest quartile were 32% within 800 m of their home
and 53% within 1600 m.

Neither the number of mapped locations nor the num-
ber of visits varied significantly between respondent
groups stratified by gender or age. Respondents with a
university-level degree mapped on average more indi-
vidual places for LTPA than those with lower degrees.
In addition, a significant difference existed between age
and distribution of LTPA, as, on average, respondents in
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Table 3 Sample characteristics and spatial distribution of moderate-to-vigorous LTPA
n (%) LTPA locations Monthly visits to LTPA locations
Locations/ <800m <1600 m Visits/ <800m <1600 m
respondent, fromhome  from home respondent, fromhome  from home
mean (%) (%) mean (%) (%)
Total 1322(100.0) 24 33.1 526 18.7 36.8 60.0
Gender
Female 758 (57.3) 24 34.4 55.2 19.0 379 60.9
Male 550 (41.6) 2.3 312 49.0 18.3 349 584
p-value 0.143 0.164 0.047 0.123 0.906 0333
Age (years)
18-29 319 (24.1) 25 36.3 55.8 185 36.7 59.5
30-39 276 (20.9) 24 393 57.2 184 456 654
40-49 239 (18.1) 24 30.0 49.0 17.0 317 556
50-59 310 (234) 24 30.1 51.8 19.7 348 614
60-66 172 (13.0) 2.3 259 457 19.7 315 538
p-value 0.130 <0.001 0.028 0.301 <0.001 0.004
Employment status
Employed 781 (59.1) 24 332 524 189 375 60.3
Student 172 (13.0) 27 370 54.8 17.7 39.0 587
Other 165 (12.5) 26 315 515 232 351 61.7
p-value 0.179 0.226 0.390 0.007 0.051 0.190
Educational level
University degree 674 (51.0) 2.7 349 53.1 18.8 38.5 60.7
Lower 437 (33.1) 22 31.7 529 20.1 357 59.9
p-value <0.001 0.149 0.705 0.823 0.007 0.040
Moderate-to-vigorous LTPA
(MET-minutes/week)
Q1 (<477 MET-minutes) 331 (25.0) 1.6 382 612 14.4 444 68.8
Q2 (477-1200 MET-minutes) 330 (25.0) 25 313 51.8 16.5 343 62.3
Q3 (1201-2100 MET-minutes) 330 (25.0) 26 351 53.8 18.1 404 616
Q4 (>2100 MET-minutes) 331 (25.0) 3.1 30.1 476 256 320 529
p-value <0.001 0.047 <0.001 <0.001 0.007 <0.001

Chi-square tests were used for categorical variables and Kruskal-Wallis H tests for continuous variables

Because of missing data, all percentages do not equal 100%

the younger age groups mapped places for LTPA closer
to home.

Associations between built environment attributes

and use of LTPA settings

The adjusted odds of engaging in moderate-to-vigorous
LTPA in different environmental settings at least once a
week and at least once a month are presented in Table 4.
The associations between participation in moderate-
to-vigorous LTPA in diverse settings and the studied
environmental characteristics varied greatly for both
outcome measures. In general, LTPA undertaken in
both green and built public open spaces was more con-
sistently associated with built environment character-
istics than was LTPA in specialized indoor or outdoor

sport facilities, which was more strongly associated with
intrapersonal attributes.

No significant associations were observed between the
exposure variables and LTPA in outdoor or indoor sport
facilities. However, an increase in moderate-to-vigorous
LTPA raised the likelihood of participating in LTPA in
both indoor and outdoor sport facilities after adjusting
for the other intrapersonal and environmental charac-
teristics (see Additional file 2 for full models including
age, gender, education, employment, self-efficacy, social
support, and physical activity level). Males had higher
odds of participating in weekly or monthly moder-
ate-to-vigorous LTPA in outdoor sport facilities than
females. Females, full-time employed respondents, and
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respondents with a university-level degree had higher
odds of participating in LTPA in indoor sports facilities.

Participation in moderate-to-vigorous LTPA in pub-
lic green spaces was associated with availability and
proximity to public green space. The amount of green
space was positively associated with an increased likeli-
hood of weekly LTPA in green environments measured
both in 800 m (OR: 4.42, p<0.001) and in 1600 m buff-
ers (OR: 4.40, p<0.001), and the likelihood of monthly
LTPA in 800 m (OR: 5.41, p<0.001) and in 1600 m buff-
ers (OR: 5.03, p<0.001). Living close to a large green
area (>100 ha) significantly increased the odds of LTPA
in green spaces in all threshold distances, while proxim-
ity to a middle-sized (>30 ha) green area increased the
odds only when accessible within 400 m or 800 m from
home. Negative associations existed between participa-
tion in LTPA in green spaces and the density of indoor
sport facilities in the neighborhood. These results are
likely explained by significant (p <0.001) negative corre-
lations between amount of green space and this variable
in both 800 m and 1600 m buffer distances. In addition,
an increase in moderate-to-vigorous LTPA increased
the odds of weekly, but not monthly, use of green LTPA
environments. An increase in social support for PA and
having a university-level degree both increased the odds
of participating in LTPA in green spaces at least once a
month. The likelihood of participating in LTPA in built
public open spaces significantly decreased with the avail-
ability and access to green space in the neighborhood.
The odds of using built public open spaces for LTPA at
least once a month increased with residential density and
the availability of indoor sport facilities, which correlated
with residential density. Being female and an increase
in age also raised the likelihood of exercising in these
environments.

We did not observe any significant associations
between participation in moderate-to-vigorous LTPA
(measured in MET-minutes as the outcome variable,
multilevel linear model) and the density of indoor or
outdoor sports facilities, access to green space in 400 m,
800 m or 1600 m, or residential density or availability of
green space within 800 m and 600 m neighborhood dis-
tances (analyses not included).

Discussion

Healthy cities promote easy and equitable access to
places where residents of diverse socio-economic back-
ground, life stages, and physical ability may engage in
health-supportive and health-enhancing LTPA. With
increasing research interest towards correlates between
adults’ PA and the neighborhood built environment [48],
this study aimed to highlight the limitations of study-
ing LTPA outcomes without specifying the behavioral
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context. By disaggregating LTPA by behavioral context,
we have demonstrated that LTPA can be a highly hetero-
geneous measure regarding both the spatial distribution
and the environmental correlates of behavioral contexts.
These results help to contextualize prior studies reporting
mixed or weak relationships [8—10, 12] between partici-
pation in LTPA and the neighborhood built environment.

LTPA settings
Our study assessed the impact of built environment
attributes on the likelihood of participating in mod-
erate-to-vigorous LTPA in diverse environmental set-
tings independently from intrapersonal attributes, such
as socioeconomic background, individual activity level,
and social support and self-efficacy for PA. Separated
by behavioral context, we observed varied and partly
opposite built environment correlates for LTPA. The use
of indoor and outdoor sport facilities did not show sig-
nificant associations with their neighborhood availabil-
ity, but were significantly associated with intrapersonal
attributes, including moderate-to-vigorous LTPA and
social support for PA. In addition, full-time employed
participants and participants with a university level
degree were more likely to engage in weekly or monthly
LTPA in indoor sports facilities. This result is in line with
prior studies reporting increased odds of using sport
facilities for higher income and education groups [16]
and cost as a key barrier for using sport facilities [49].
Overall, the results on the effect of the neighborhood
availability of sport facilities and their use suggest that
besides proximity, other variables direct destination
choice for LTPA in sport facilities. As discussed earlier
in this paper, these are likely to be related to destination
type and quality. By contrast, participation in moderate-
to-vigorous LTPA in public open spaces shared strong
associations with environmental attributes that persisted
after controlling for intrapersonal variables. In particu-
lar, participation in LTPA in green and natural environ-
ments increased with the neighborhood availability of
green space and access to middle-sized and large green
areas within walking distance. However, the neighbor-
hood availability of green space decreased the likelihood
of LTPA in other public open spaces. These results are
in line with prior studies reporting access to parks and
urban green spaces to be associated with park-based PA
[13-15], but not necessarily with overall PA [14].
Moreover, some built environment attributes provided
significant, yet opposite associations depending on the
LTPA setting. Such results highlight the challenges of
interpreting environmental correlates of global outcome
measures, as it is likely that these opposite associations
are not manifested when an outcome measure combin-
ing different behavioral contexts is used. Alternatively,
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associations between overall LTPA and the neighborhood
built environment may be detected, but present only for
those respondents whose LTPA consists mostly of neigh-
borhood-based activities. In both situations, a context-
free outcome variable offers limited understanding of the
ways in which residential environments support LTPA.

Furthermore, we observed some unexpected associa-
tions between built environment attributes and the use
of certain LTPA settings. For example, the density of
indoor sport facilities increased the likelihood of LTPA
in built public open spaces. This result suggests that, in
unadjusted models, such variables as the availability of
sport facilities might serve as a proxy for a correlated
attribute associated with recreational walking, such as
land-use mix or residential density, indicating high des-
tination availability. The reliability of such models can
be increased by establishing clear hypotheses on the
interaction between the outcome behavior and the built
environment attribute. However, models lacking knowl-
edge of the behavioral context, as is the case with those
applying global outcome measures such as overall LTPA
or overall PA, remain unable to test and verify relation-
ships between built environment attributes and specific
LTPA behaviors.

Spatial distribution of LTPA

Neighborhood distances of 800 m and 1600 m poorly
captured population-level participation in moderate-
to-vigorous LTPA, as, on average, 63% and 40% of visits
to LTPA destinations, respectively, were located further
from home. This result is consistent with prior GPS-
studies locating adults’ PA in urban settings [24, 27-29].
However, the average distances from home varied con-
siderably between different LTPA settings. Public green
spaces, including public parks and natural environments,
and other public open spaces, such as walkways and non-
green urban space, were on average accessed closer to
home than specialized sport facilities. In addition, the
majority of activities in these settings were undertaken
on a moderate activity level. These results are in line with
prior research finding neighborhood-centric built envi-
ronment measures to be associated with recreational
walking [50-52] and park-based PA [14, 15]. Indoor
sport facilities were, on average, the least often accessed
close to home, confirming that typical neighborhood
threshold distances do not necessarily capture visits to
specialized sports facilities with larger catchment areas.
Considering the wider distribution of these destinations,
population-level studies on the accessibility of sport
facilities might benefit from a larger scale of analysis [53,
54] or an extended focus on the other environments of
the daily life, such as the work place and other frequently
visited destinations [25]. The latter approach has been
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increasingly applied in studies questioning the suitability
of neighborhood-based exposure measures to study PA
[26, 55] or other health behavior outcomes, such as asso-
ciations between food environments and food purchas-
ing behaviors [56, 57].

However, the share of neighborhood moderate-to-
vigorous LTPA varied considerably between popula-
tion sub-groups. Participants with the lowest levels of
moderate-to-vigorous LTPA tended to concentrate their
activities in the vicinity of the residential location and on
a moderate activity level, and were active particularly in
green and built public open spaces. By contrast, the most
active individuals were more likely to engage in LTPA
outside the neighborhood. These results suggest that the
residential environment provides an important setting
for moderate, health-supportive LTPA, and that neigh-
borhood environments supporting moderate-level LTPA,
such as walking for leisure, can be particularly beneficial
for sustaining the activity levels of groups with low LTPA.
Previous studies have also shown the central role of the
supportiveness of the neighborhood environment for PA
[58], especially among groups who are the most affected
by the characteristics of their neighborhoods, such as
older adults [59].

Overall, our results suggest that the provision of LTPA
facilitating characteristics, such as mid- or large sized
green areas, can create more opportunities to be active
in the immediate home vicinity, especially for the least
active population segments. However, it should be noted
that the mere provision of these characteristics alone
might not yield the expected results; in addition, the
removal of potential physical environmental barriers,
such as heavy traffic, poorly maintained infrastructure, or
inadequate lighting, should be also considered. Removal
of environmental barriers to enhance LTPA might func-
tion as an additional solution to the provision of LTPA
facilitating characteristics especially in the most vulner-
able communities and neighborhoods [60].

Implications for practice, policy, and future research
Despite recommendations to increase the fit between
environmental attributes and the studied health behav-
ior [4-6], overall measures of LTPA with unspecified
behavioral contexts are habitually applied in the litera-
ture. Possible reasons for this include reliance on survey
data differentiating between the domains of PA without
specifying the behavioral context, as well as the increased
availability of secondary GIS data enabling the analysis of
objectively measured built environment features.

Turning to recreational and transport geography, we
have argued that behaviors within the LTPA domain dif-
fer not only by the type of activity, but also by their envi-
ronmental correlates, spatial distribution, and the process
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of destination choice. Disaggregating self-reported mod-
erate-to-vigorous LTPA by context, our results show that
context-free LTPA measures can include, on one hand,
activities that are mostly related to intrapersonal vari-
ables, and on the other, those that are strongly related to
LTPA opportunities in the neighborhood environment.
Studies focusing solely on overall LTPA are likely to
under- or overestimate these processes depending on the
composition of overall LTPA. Likewise, variation in the
behavioral contexts comprising LTPA may partly explain
why the observed environmental correlates of overall
LTPA vary between studies. These problems can be miti-
gated by matching the studied environment and behavior,
for example by studying the neighborhood correlates of
within-neighborhood LTPA [3, 4]. In addition, we recom-
mend establishing clear arguments for why certain spa-
tial analysis levels are expected to influence the studied
behavior.

Whereas the literature on the built environment asso-
ciations of physical activity recommends separating
different domains such as LTPA and active travel ana-
lytically and theoretically [1, 2], the results of this study
show that, on a population level, LTPA is likely to consist
of diverse environmental and behavioral contexts, and
linking it to neighborhood built environment character-
istics is challenging. Studies focusing on environmental
correlates of LTPA would benefit from using analyses
that separate between distinct behavioral settings, such
as green public open spaces, built-up public open spaces,
and diverse sport facilities. While total measures of LTPA
are necessary to compare and study population and indi-
vidual level changes in LTPA, more specific knowledge
on the behavioral context is required to understand the
role built environment plays in these processes. A bet-
ter understanding of the behavioral contexts comprising
LTPA can likewise help in the interpretation of related
health outcomes, such as associations between overall
PA and the neighborhood built environment [58] or the
weak associations between body mass index, obesity, and
the neighborhood availability of recreational facilities
[61].

Study strengths and limitations

The study strengths include the use of a relatively large
sample of georeferenced data collected with public par-
ticipation mapping. This method allowed us to locate
moderate-to-vigorous LTPA separately from other PA
domains. In addition, the study design followed a socio-
ecological framework addressing multiple levels of
influence on LTPA, including intrapersonal and environ-
mental factors. The study limitations include the use of a
cross-sectional study design that prevents us from infer-
ring causality concerning the associations between the
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residential environment, intrapersonal factors, and par-
ticipation in LTPA. In addition, this study did not address
residential self-selection [62, 63]. This can introduce bias
if individuals’ physical activity preferences have directed
their residential location choice. Moderate-to-vigorous
LTPA was assessed with self-reported measures, which
can lead to the overestimation of actual PA levels [64, 65].
Moreover, it should be noted that the modifiable areal
unit problem (MAUP) poses challenges to GIS analysis
using areal data [31, 32]. In this study, Euclidean buft-
ers were used to measure environmental characteristics
around the residential locations. This approach was cho-
sen to capture exposure to green spaces and to retain the
comparability of the buffers in size. However, Euclidean
buffers may in some situations overestimate the acces-
sibility of destinations typically accessed following the
street-network, such as indoor sport facilities. Access
to such destinations can be better captured with street-
network buffers [66]. Last, due to limitations in data col-
lection, this study did not assess the MET-minutes in
each mapped LTPA destination. Future studies using par-
ticipatory mapping methods to the study of recreational
behavior might benefit from estimating usual time spent
at the destination.

Conclusions

This study identified and empirically tested potential rea-
sons leading to mixed and weak associations between
objectively measured neighborhood-level built environ-
ment attributes and participation in LTPA. Our results
demonstrate that context-free LTPA measures have limited
applicability in guiding neighborhood-level built environ-
ment interventions. While ill-suited to predicting overall
participation in moderate-to-vigorous LTPA, we found the
neighborhood-based measures more suitable for capturing
LTPA in public open spaces, including green spaces and
built open space, such as streets and walkways. Studies on
the environmental correlates and determinants of LTPA
focusing on LTPA in specific behavioral contexts, such as
sport facilities, parks, or other public open spaces, are in
a better position to establish a well-defined connection
between the built environment and health behavior out-
comes than studies focusing on total LTPA.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512942-020-00227-z.

Additional file 1. Scales for self-efficacy and social support for PA.

Additional file 2. Adjusted odds and covariates of participating in
moderate-to-vigorous LTPA in indoor or outdoor sport facilities, public
green space, and other public open space.



https://doi.org/10.1186/s12942-020-00227-z
https://doi.org/10.1186/s12942-020-00227-z

Kajosaari and Laatikainen Int J Health Geogr (2020) 19:35

Abbreviations

GIS: geographic information system; GPS: Global Positioning System; LTPA:
leisure-time physical activity; PA: physical activity; PPGIS: public participation
GIS.

Acknowledgements
We thank Marketta Kytta for comments on the manuscript and Kamyar Hasan-
zadeh for assistance in network analysis.

Authors’ contributions

AK prepared the data for the analysis, analyzed and interpreted the results,
and was a major contributor in writing the manuscript. TEL contributed in
developing and writing the manuscript. Both authors read and approved the
final manuscript.

Funding
This work was funded by the PLAN-Health project through the Academy of
Finland [Project Number: 13297753].

Availability of data and materials

The datasets generated and/or analyzed during the current study are not pub-
licly available due to privacy issues regarding the study participants' mapped
home and activity locations but are available from the corresponding author
on reasonable request.

Ethics approval and consent to participate
The study was approved by the Aalto University Research Ethics Committee
(statement 2018_11_PLAN-H).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Built Environment, Aalto University, Espoo, PO Box 14100,
00076 Aalto, Finland. 2 Active Life Lab, South-Eastern Finland University

of Applied Sciences, Raviradantie 22b, 50100 Mikkeli, Finland.

Received: 14 May 2020 Accepted: 25 August 2020
Published online: 11 September 2020

References

1. Pratt M, Macera CA, Sallis JF, O'Donnell M, Frank LD. Economic interven-
tions to promote physical activity: application of the SLOTH model. Am J
Prev Med. 2004,27(3 SUPPL):136-45.

2. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecologi-
cal approach to creating active living communities. Annu Rev Public
Health. 2006,27(1):297-32222.

3. Van Cauwenberg J, Nathan A, Barnett A, Barnett DW, Cerin E. Relation-
ships between neighbourhood physical environmental attributes and
older adults'leisure-time physical activity: a systematic review and meta-
analysis. Vol. 48, Sports Medicine. Springer International Publishing; 2018.
p. 1635-60. https://doi.org/10.1007/540279-018-0917-1.

4. Giles-Corti B, Timperio A, Bull F, Pikora T. Understanding physical activity
environmental correlates: increased specificity for ecological models.
Exerc Sport Sci Rev. 2005;33(4):175-81. https://graphics.tx.ovid.com/ovftp
dfs/FPDDNCFBOFOJOC00/fs046/ovft/live/gv023/00003677/00003677-
200510000-00005.pdf

5. Ding D, Gebel K. Built environment, physical activity, and obesity:
what have we learned from reviewing the literature? Health Place.
2012;18(1):100-5.

6.  Gebel K, Ding D, Foster C, Bauman AE, Sallis JF. Improving current practice
in reviews of the built environment and physical activity. Sports Med.
2015;45:297-302.

7. Sallis JF, Owen N. Ecological models of health behavior. In: Glanz K, Rimer
BK, Viswanath K, editors. Health behavior and health education: theory,
research and practice. 5th ed. San Francisco: Jossey-Bass; 2015. p. 43-64.

20.

21

22.

23.

24.

25.

26.

27.

Page 12 of 13

Choi J, Lee M, Lee JK, Kang D, Choi JY. Correlates associated with partici-
pation in physical activity among adults: a systematic review of reviews
and update. BMC Public Health. 2017. https://doi.org/10.1186/51288
9-017-4255-2.

Kérmeniemi M, Lankila T, Ikdheimo T, Koivumaa-Honkanen H, Korpelainen
R.The built environment as a determinant of physical activity: a system-
atic review of longitudinal studies and natural experiments. Ann Behav
Med. 2018;52:239-51.

Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJF, Martin BW. Correlates of
physical activity: Why are some people physically active and others not?
Lancet. 2012;380(9838):258-71.

. McCormack GR, Shiell A. In search of causality: a systematic review of

the relationship between the built environment and physical activ-

ity among adults. Int J Behav Nutr Phys Act. 2011;8:125. https://doi.
0rg/10.1186/1479-5868-8-1257site=ijbnpa.biomedcentral.com.

Van Holle V, Deforche B, Van Cauwenberg J, Goubert L, Maes L, Van de
Weghe N, et al. Relationship between the physical environment and
different domains of physical activity in European adults: a systematic
review. BMC Public Health. 2012;12:807.

Pyky R, Neuvonen M, Kangas K, Ojala A, Lanki T, Borodulin K, et al. Indi-
vidual and environmental factors associated with green exercise in urban
and suburban areas. Health Place. 2019;55:20-8.

Stewart OT, Moudon AV, Littman AJ, Seto E, Saelens BE. Why neighbor-
hood park proximity is not associated with total physical activity. Health
Place. 2018;52:163-9. https://doi.org/10.1016/j.healthplace.2018.05.011.
Kaczynski AT, Besenyi GM, Stanis SWA, Koohsari MJ, Oestman KB, Berg-
strom R, et al. Are park proximity and park features related to park use
and park-based physical activity among adults? Variations by multiple
socio-demographic characteristics. Int J Behav Nutr Phys Act. 2014;11:1.
Karusisi N, Thomas F, Méline J, Chaix B. Spatial accessibility to specific
sport facilities and corresponding sport practice: the RECORD Study. Int J
Behav Nutr Phys Act. 2013;10:1-10.

Naess P." New urbanism ’or metropolitan-level centralization?: A
comparison of the influences of metropolitan-level and neighborhood-
level urban form characteristics on travel behavior. J Transp Land Use.
2011;4(1):25-44.

Scheiner J. Far, far away-trip distances and mode choice in the context of
residential selfselection and the built environment. In: Geller PS, editor.
Built environment: design, management and applications. New York:
Nova Science Publishers; 2010. p. 215-238.

Higgs G, Langford M, Norman P. Accessibility to sport facilities in Wales: a
GlS-based analysis of socio-economic variations in provision. Geoforum.
2015;62:105-20. https://doi.org/10.1016/j.geoforum.2015.04.010.
Laatikainen TE, Tenkanen H, Kytta M, Toivonen T. Comparing conventional
and PPGIS approaches in measuring equality of access to urban aquatic
environments. Landsc Urban Plan. 2015;10(144):22-33. https://doi.
0rg/10.1016/j.landurbplan.2015.08.004.

Hall CM, Page SJ. The geography of tourism and recreation : environment,
place and space. 4th ed. New York: Routledge; 2014.

Patmore JA. Recreation and resources: leisure patterns and leisure places.
Oxford: Blackwell; 1983.

McCormack GR, Giles-Corti B, Bulsara M, Pikora TJ. Correlates of distances
traveled to use recreational facilities for physical activity behaviors. Int J
Behav Nutr Phys Act. 2006;3:18.

Hillsdon M, Coombes E, Griew P, Jones A. An assessment of the relevance
of the home neighbourhood for understanding environmental influ-
ences on physical activity: how far from home do people roam? Int
JBehav Nutr Phys Act. 2015;12(1):1-8. https://doi.org/10.1186/51296
6-015-0260-y.

Perchoux C, Chaix B, Cummins S, Kestens Y. Conceptualization and
measurement of environmental exposure in epidemiology: accounting
for activity space related to daily mobility. Health Place. 2013;21:86-93.
Macdonald L. Associations between spatial access to physical activity
facilities and frequency of physical activity; how do home and workplace
neighbourhoods in West Central Scotland compare? Int J Health Geogr.
2019;18(1):1-10. https://doi.org/10.1186/512942-019-0166-z.

Holliday KM, Howard AG, Emch M, Rodriguez DA, Evenson KR. Are
buffers around home representative of physical activity spaces among
adults? Health Place. 2017;45:181-8. https://doi.org/10.1016/}.healthplac
e.2017.03.013.


https://doi.org/10.1007/s40279-018-0917-1.
http://graphics.tx.ovid.com/ovftpdfs/FPDDNCFBOFOJOC00/fs046/ovft/live/gv023/00003677/00003677-200510000-00005.pdf
http://graphics.tx.ovid.com/ovftpdfs/FPDDNCFBOFOJOC00/fs046/ovft/live/gv023/00003677/00003677-200510000-00005.pdf
http://graphics.tx.ovid.com/ovftpdfs/FPDDNCFBOFOJOC00/fs046/ovft/live/gv023/00003677/00003677-200510000-00005.pdf
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1186/1479-5868-8-125?site=ijbnpa.biomedcentral.com
https://doi.org/10.1186/1479-5868-8-125?site=ijbnpa.biomedcentral.com
https://doi.org/10.1016/j.healthplace.2018.05.011
https://doi.org/10.1016/j.geoforum.2015.04.010
https://doi.org/10.1016/j.landurbplan.2015.08.004
https://doi.org/10.1016/j.landurbplan.2015.08.004
https://doi.org/10.1186/s12966-015-0260-y
https://doi.org/10.1186/s12966-015-0260-y
https://doi.org/10.1186/s12942-019-0166-z
https://doi.org/10.1016/j.healthplace.2017.03.013
https://doi.org/10.1016/j.healthplace.2017.03.013

Kajosaari and Laatikainen Int J Health Geogr (2020) 19:35

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Jansen M, Ettema D, Pierik F, Dijst M. Sports facilities, shopping centers or
homes: What locations are important for adults’ physical activity? A cross-
sectional study. Int J Environ Res Public Health. 2016;13:3.

Troped PJ, Wilson JS, Matthews CE, Cromley EK, Melly SJ. The built
environment and location-based physical activity. Am J Prev Med.
2010;38(4):429-38.

Sugiyama T, Cerin E, Owen N, Oyeyemi AL, Conway TL, Van Dyck D, et al.
Perceived neighbourhood environmental attributes associated with
adults[U+05F3] recreational walking: IPEN Adult study in 12 countries.
Health Place. 2014;28:22-30.

Kwan MP. The uncertain geographic context problem. Ann Assoc Am
Geogr. 2012;102(5):958-68.

Fotheringham AS, Wong DWS. The modifiable areal unit problem in
multivariate statistical analysis. Environ Plan A. 1991;23(7):1025-44.

Zhao P, Kwan MP, Zhou S. The uncertain geographic context problem in
the analysis of the relationships between obesity and the built environ-
ment in Guangzhou. Int J Environ Res Public Health. 2018;15(2):1-21.
Kestens Y, Thierry B, Shareck M, Steinmetz-Wood M, Chaix B. Integrat-

ing activity spaces in health research: comparing the VERITAS activity
space questionnaire with 7-day GPS tracking and prompted recall.

Spat Spatiotemporal Epidemiol. 2018;25:1-9. https://doi.org/10.1016/j.
sste.2017.12.003.

Hasanzadeh K, Broberg A, Kyttd M. Where is my neighborhood? A
dynamic individual-based definition of home ranges and implementa-
tion of multiple evaluation criteria. Appl Geogr. 2017;84:1-10.
Laatikainen TE, Hasanzadeh K, Kyttda M. Capturing exposure in envi-
ronmental health research: challenges and opportunities of different
activity space models. Int J Health Geogr. 2018;17(1):1-15. https://doi.
0rg/10.1186/512942-018-0149-5.

Brown G, Kytta M. Key issues and research priorities for public participa-
tion GIS (PPGIS): A synthesis based on empirical research. Appl Geogr.
2014;46:122-36.

Official Statistics of Finland (OSF). Population structure. Statistics Finland.
2018. https://www.stat fi/til/vaerak/index_en.html. Accessed 4 May 2020.
Official Statistics of Finland (OSF). Educational structure of population.
Statistics Finland. 2018. https://www.stat.fi/til/vkour/index_en.html.
Accessed 4 May 2020.

Koohsari MJ, Mavoa S, Villianueva K, Sugiyama T, Badland H, Kaczynski AT,
et al. Public open space, physical activity, urban design and public health:
concepts, methods and research agenda. Health Place. 2015;33:75-82.
https://doi.org/10.1016/j.healthplace.2015.02.009.

Yi L, Wilson JP, Mason TB, Habre R, Wang S, Dunton GF. Methodologies for
assessing contextual exposure to the built environment in physical activ-
ity studies: A systematic review. Health Place. 2019;60:889.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-Country reliability
and validity. Med Sci Sports Exerc. 2003;35(8):1381-95.

Lehto E, Konttinen H, Haukkala A, Jousilahti P. The role of psychosocial
factors in socioeconomic differences in physical activity: A population-
based study. Scand J Public Health. 2013;41(6):553-9. https://doi.
org/10.1177/1403494813481642.

Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adult’s par-
ticipation in physical activity: review and update. Med Sci Sports Exerc.
2002;34(12):1996-2001.

Wendel-Vos W, Droomers M, Kremers S, Brug J, Van Lenthe F. Potential
environmental determinants of physical activity in adults: A systematic
review. Obes Rev. 2007;8(5):425-40.

Sallis JF, Grossman RM, Pinski RB, Patterson TL, Nader PR. The develop-
ment of scales to measure social support for diet and exercise behaviors.
Prev Med (Baltim). 1987,16(6):825-36.

Sallis JF, Pinski RB, Grossman RM, Patterson TL, Nader PR. The develop-
ment of self-efficacy scales for health related diet and exercise behaviors.
Health Educ Res. 1988;3(3):283-92.

Ding D, Ramirez Varela A, Bauman AE, Ekelund U, Lee IM, Heath G, et al.
Towards better evidence-informed global action: lessons learnt from the

Page 13 of 13

Lancet series and recent developments in physical activity and public
health. Br J Sports Med. 2019,2008(1):462-8.

49. Kruger J, Carlson SA, Kohl HW. Fitness facilities for adults differences in
perceived access and usage. Am J Prev Med. 2007;32(6):500-5.

50. Sugiyama T, Neuhaus M, Cole R, Giles-Corti B, Owen N. Destination and
route attributes associated with adults’walking: a review. Med Sci Sports
Exerc. 2012;44(7):1275-86.

51. Saelens BE, Handy SL. Built environment correlates of walking: A review.
Vol. 40. Medicine and Science in Sports and Exercise. 2008. https://www.
ncbi.nim.nih.gov/pmc/articles/PMC2921187/pdf/nihms219960.pdf.
Accessed 28 Feb 2018.

52. Giles-Corti B, Bull F, Knuiman M, McCormack G, Van Niel K, Timperio A,
et al. The influence of urban design on neighbourhood walking following
residential relocation: longitudinal results from the RESIDE study. Soc Sci
Med. 2013;77(1):20-30.

53. Eime RM, Harvey J, Charity MJ, Casey M, Westerbeek H, Payne WR. The
relationship of sport participation to provision of sports facilities and
socioeconomic status: a geographical analysis. Aust N Z J Public Health.
2017;41(3):248-55.

54. Van Tuyckom C. Macro-environmental factors associated with leisure-
time physical activity: A cross-national analysis of EU countries. Scand J
Public Health. 2011;39(4):419-26.

55. Shrestha S, Kestens Y, Thomas F, El Aarbaoui T, Chaix B. Spatial access to
sport facilities from the muiltiple places visited and sport practice: assess-
ing and correcting biases related to selective daily mobility. Soc Sci Med.
2019;236:112406. https://doi.org/10.1016/j.s0cscimed.2019.112406.

56. Kerr J, Frank L, Sallis JF, Saelens B, Glanz K, Chapman J. Predictors of trips
to food destinations. Int J Behav Nutr Phys Act. 2012;9:1-10.

57. Thornton LE, Crawford DA, Lamb KE, Ball K. Where do people purchase
food? A novel approach to investigating food purchasing locations. Int J
Health Geogr. 2017;16(1):1-13.

58. Sallis JF, Cerin E, Conway TL, Adams MA, Frank LD, Pratt M, et al. Physical
activity in relation to urban environments in 14 cities worldwide: A cross-
sectional study. Lancet. 2018;387(10034):2207-17.

59. Sugiyama T, Ward TC. Older people’s health, outdoor activity and
supportiveness of neighbourhood environments. Landsc Urban Plan.
2007;83(2-3):168-75.

60. Stappers NEH, Van Kann DHH, De Vries NK, Kremers SPJ. Do physical
activity friendly neighborhoods affect community members equally? A
cross-sectional study. Int J Environ Res Public Health. 2018;15:6.

61. Hobbs M, Griffiths C, Green MA, Christensen A, McKenna J. Examining
longitudinal associations between the recreational physical activity
environment, change in body mass index, and obesity by age in 8864
Yorkshire Health Study participants. Soc Sci Med. 2019,227:76-83.

62. Cao X, Mokhtarian PL, Handy SL. Examining the impacts of residential self
selection on travel behaviour: A focus on empirical findings. Transp Rev.
2009;29(3):359-95. https://doi.org/10.1080/01441640802539195?needA
ccess=true.

63. Handy S, Cao X, Mokhtarian PL. Self-selection in the relationship between
the built environment and walking: empirical evidence from northern
California. J Am Plan Assoc. 2006;72(1):55-74.

64. Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the international
physical activity questionnaire short form (IPAQ-SF): a systematic review.
Int J Behav Nutr Phys Act. 2011;8(1):115.

65. Rzewnicki R, Auweele YV, De Bourdeaudhuij |. Addressing overreporting
on the International Physical Activity Questionnaire (IPAQ) telephone
survey with a population sample. Public Health Nutr. 2003;6(3):299-305.

66. Oliver LN, Schuurman N, Hall AW. Comparing circular and network buffers
to examine the influence of land use on walking for leisure and errands.
Int J Health Geogr. 2007;6:1-11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.sste.2017.12.003
https://doi.org/10.1016/j.sste.2017.12.003
https://doi.org/10.1186/s12942-018-0149-5
https://doi.org/10.1186/s12942-018-0149-5
http://www.stat.fi/til/vaerak/index_en.html
http://www.stat.fi/til/vkour/index_en.html
https://doi.org/10.1016/j.healthplace.2015.02.009
https://doi.org/10.1177/1403494813481642
https://doi.org/10.1177/1403494813481642
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921187/pdf/nihms219960.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921187/pdf/nihms219960.pdf
https://doi.org/10.1016/j.socscimed.2019.112406
https://doi.org/10.1080/01441640802539195?needAccess=true
https://doi.org/10.1080/01441640802539195?needAccess=true

	Adults’ leisure-time physical activity and the neighborhood built environment: a contextual perspective
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Study objective

	Methods
	Data collection
	Measures
	Settings for moderate-to-vigorous LTPA
	Built environment characteristics
	Intrapersonal variables

	Statistical analyses

	Results
	Descriptives of LTPA settings and visitation patterns
	Associations between built environment attributes and use of LTPA settings

	Discussion
	LTPA settings
	Spatial distribution of LTPA
	Implications for practice, policy, and future research
	Study strengths and limitations

	Conclusions
	Acknowledgements
	References




