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Abstract: There is an urgent need to understand factors that promote physical activities (PA) because
it is one of the modifiable risk factors for global mortality. None of the previous reviews considered
both perceived and objective characteristics of the same environment. The first aim was to review the
literature on studies investigating the relationship between PA behavior of adults and perceived and
objective physical environment measures. The second aim was to verify the potential mediational
role of the perceived measure in the relationship between the objective measure of the environment
and PA using meta-analytic SEM. Only 15 studies reported a relationship between PA and both
environmental measures. One of the most studied characteristics of the physical environment is the
accessibility to recreational/PA facilities. Both objective and subjective measures of accessibility to
PA facilities are associated with PA. Meta-SEM results suggest a significant effect of the objective
accessibility to facilities on PA behavior (β = 0.15) and on the perceived measure (β = 0.10), but the
indirect effect was not significant. No significant effect was found for the perceived measure on PA,
suggesting that individuals’ level of awareness about their environments may have played a role.
This prompts a need to create awareness campaigns.

Keywords: physical activity; physical environment; meta-analytic structural equation model

1. Introduction

Promoting regular physical activity or exercise (PA) by adults or children is a public
health priority [1]. The most recent WHO guidelines [2] reaffirm that regular physical ac-
tivity has critical importance for cognitive outcomes (e.g., memory) and mental (symptoms
of anxiety and depression) [3] and physical (e.g., adiposity) health. It also improves bone
and cardiometabolic health in children and reduces the risk of falls and fall-related injuries
(e.g., fractures of the hip or vertebrae), osteoporosis, and adverse psychosocial outcomes in
older adults [4]. Moreover, physical inactivity is the fourth leading cause of death world-
wide [1] and a fundamental risk factor for all-cause and cause-specific mortality [5] and
the incidence of non-communicable diseases such as cancer [6], cardiovascular disease [7],
hypertension [8], and type 2 diabetes [9]. Disparities in the distribution of PA among
countries worldwide are also an important issue to consider. Indeed, the “inequality index”
concerning PA could be a better predictor of obesity than the amount of PA itself [10].

According to the WHO definition [11], PA means any body movement produced
by skeletal muscles that involve energy expenditure, including activities carried out by
working, playing, carrying out household chores, traveling, and engaging in recreational
activities. The term “physical activity” should not be confused with the term “exercise”, a
subcategory of physical activity characterized by being planned, structured, repetitive, and
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aimed at improving or maintaining one or more aspects of physical fitness. Any physical
activity should be practiced in sessions of at least 10 min in duration to be beneficial for
cardiorespiratory health. Both moderate intensity and vigorous physical activity bring
health benefits. The WHO recommends that adults should perform at least 150–300 min of
moderate-intensity aerobic physical activity, or at least 75–150 min of vigorous-intensity
aerobic physical activity, or an equivalent combination of moderate-intensity and vigorous-
intensity activity throughout the week for substantial health benefits [2,4]. Evidence
suggests that the association between the quantity of physical activity and some diseases
(e.g., cardiovascular disease mortality, cancer, and diabetes) is curvilinear: any activity is
better than no activity (Bull et al., 2020; Fletcher et al., 2018).

Recent studies suggest that about 30% of adults do not meet the WHO recommenda-
tions for PA [4,12]. Moreover, compared to previous reports [13–15], no significant change
was observed in PA levels [13], comparing the 2016 situation with the 2001 one. Since PA
is one of the “easy” modifiable risk factors for global mortality, there is an urgent need to
promote physical activity [4]. This goal could be reached only by understanding the factors
that push people to be active or, on the contrary, slow down physical activity [16].

Research about PA determinants has increased in the past 40 years [17]. In Bauman’s
review [17], five categories of PA determinants were identified: individual (psychological
and biological), interpersonal (social support, cultural norms, and practices), environment
(social, built, and natural), regional or national policy (e.g., transport systems, urban plan-
ning, and architecture; national PA plan), and global (e.g., economic development, media,
marketing). Individual and interpersonal factors play a significant role in determining
childhood PA, environmental and regional/national factors for adults, and global factors
for the elderly [17]. Recent systematic reviews highlighted that personal and environmental
changes are needed to improve PA [1,18]. The environment could interact at different levels
with the intention to be active. Based on Bronfenbrenner’s ecological model [19], the social-
ecologic models of PA promotion assumed that PA’s rise results from a reciprocal interaction
between the individual’s biology and the environment [18,20,21]. People’s characteristics
(age, gender) and individual psychological processes (e.g., locus of control, self-efficacy,
self-determinism) interact with environmental features to determine behaviors [1].

However, the majority of the studies focused on individual-level factors [17,22] such as
age, sex, health status, self-efficacy, outcome expectation, and intention to exercise [22–24],
even if different systematic reviews or meta-analyses support positive relations between PA
and different environmental characteristics [22,25–28]. The characteristics of the physical
environments most studied and that have received support as PA determinants are those
featuring paths/trails, park/open space, aesthetics, and accessibility to recreational/PA
facilities [22,28].

Nevertheless, review and meta-analysis did not always show the same conclusions
or evidence. For example, Choi et al. [22], reviewing reviews, reported that accessibility
to PA facilities was reported as positively associated with PA only in 5 out of 15 reviews,
while the remaining 10 reviews reported inconclusive results [22]. Similarly, sidewalks and
aesthetics were found to be positively correlated to PA in only 3 and 4, respectively, out of
14 reviews. The discrepancy in results could probably be explained by the methodological
differences between studies, such as the sample characteristics, covariates and moderators
(e.g., self-selection), PA assessment (self-report vs. objective), and environment’s measure
types (perceived vs. objective). For example, different environment characteristics (e.g.,
recreation facilities and locations, transportation environment, and aesthetic) were related
to total PA in adults, whereas no environmental characteristic correlates with elderly
PA [17]. Environmental determinants also depend on which PA (i.e., walking, moderate
PA, and vigorous PA) and for which purpose (i.e., transportation, occupational, and leisure)
was measured. For example, walking for transportation was associated with land use mix
and distance to non-residential destinations, whereas recreational walking was not [29].
Perceived environmental characteristics are biased by the multiple spatial definitions for
the neighborhood [27]. In some studies, it is clearly indicated as a 10 minute walk [30,31] or
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2 km around the home [32]. In contrast, other studies do not provide indications, leaving
participants free to respond according to their perception [33–35]. This difference could
also explain the discrepancy among results.

Moreover, from the literature review, it emerged that individual choice to be or not
to be active may depend on both objective (i.e., number of green areas) or subjective en-
vironmental characteristics (i.e., level of greenery or restorativeness perceived) [36]. The
difference between the perceived and the objective measure of the environment’s charac-
teristics is likely to increase the inconsistency of findings across studies and reviews [28].
Few studies have investigated both measure types of the same environmental character-
istics [37], and the results are not homogeneous. Some studies suggest that perception
and objective measures may influence PA differently, with the first being more associated
with PA than the latest [38–40]. The meta-analysis of Barnett [41] highlighted differences
regarding the environmental characteristics investigated. The perceived park/open space
measures were significantly correlated to PA, whereas the objective measures were not. On
the contrary, objective measures of greenery/aesthetics, walk/bike facilities, walk/bike
barriers were significantly correlated to PA, whereas perceived measures were not [41]. In
another meta-analysis, no differences were found between the two environment measure
types associated with leisure-time walking [27].

Moreover, there is insufficient information to draw a conclusion about the relationship
between objective and subjective measures of the environment. Knowing the correspon-
dence and the relationship between objectively and subjectively assessed environments
is fundamental because researchers usually use perception [32]. Associations would be
missed or erroneously identified if these perceptions were inaccurate or there was a sys-
tematic bias in perception reporting [32]. Some studies suggest a low correlation between
objective and subjective measures of environment characteristics [32,42–44]. Some authors
suggest that the relationship between the objective environment’s characteristics and PA
could be moderate (or mediated) by how those characteristics are perceived [28], [45]. How-
ever, previous meta-analyses [27,41] compare only studies using objective or perceived
environmental characteristics associated with PA behaviors in the elderly. No study has
systematically investigated the association between objective environmental characteristics
and their perception in adults.

For this reason, the first aim of the present paper is to review the literature about
studies that have investigated the relationship between PA behavior of adults and the
environment using both perceived and objective measures of the same environment’s
characteristics. Unlike previous meta-analyses, our study focuses on physical environ-
mental characteristics that can be modified to increase the likelihood of physical activity.
Moreover, crime was excluded from our study because, although it influences PA [46]
and depends on physical environmental characteristics (e.g., poor light illumination or
environmental degradation), it is a characteristic of the social environment and not of the
physical environment [47]. Subsequently, we verify the potential mediational role of the
perceived measure in the relationship between an objective measure of the environment
and PA using meta-analytic structural equation model techniques.

2. Methods
2.1. Literature Analysis and Inclusion Criteria

The literature search was conducted in December 2019 using Web of Science Core
Collections, PubMed, and psycINFO databases. The search strategy included a combination
of terms for PA (physical activity, walk, active travel, sport, exercise) and neighborhood
environment. To be included in this review, the studies had to meet the following inclusion
criteria:

• Participants: Healthy persons between the age of 18–65 years. When the age range
was more extensive, including adolescents or the elderly, the study was included if the
mean (or median) age fall in the chosen range. Studies on obese people and pregnant
women were excluded.



Int. J. Environ. Res. Public Health 2022, 19, 2575 4 of 15

• Articles: Peer-reviewed in English articles.
• Outcomes: Subjective physical activities. All types of physical activities excluding

gardening, climbing stairs, passive exercise, and dog walking.
• Environment: outdoor spaces. Excluded indoor space (e.g., work, home, gym). The

same physical characteristics of the environment must have been investigated using
(at least) one objective measure and (at least) one perceived (self-report) measure. As
objective measures, we included measures based on the Geographical Information Sys-
tem (GIS), Google Street View, mathematical formula, or national archives/instrument.
The systematic social observation was excluded.

• Environmental characteristics: physical features (e.g., trees along the streets, PA facili-
ties, bike lines, residential density). Environmental characteristics that humans could
not change (e.g., weather conditions such as atmospheric precipitation or temperature)
were excluded. Socio-economic (e.g., household income of neighborhood) and social
(e.g., crime) variables were also excluded. As perceived measured, we included only
measures comparable with objective measures, i.e., the presence of a continuous bike
line, number of PA facilities, the distance between intersections and route selection.

2.2. Study Selection

The study selection occurred in two phases. First, titles and abstracts of studies were
screened for relevance. Second, the full text of articles with relevant abstracts was consulted
to determine eligibility. Where more than one paper used the same dataset or survey to
report on the same type of walking (leisure, travel, or total), data from more recent survey
years was chosen.

2.3. Data Analysis

We included studies that reported sufficient details for the calculation of correlation
between (1) PA and objective measure of the availability of PA facilities, (2) PA and per-
ceived measure of the availability of PA facilities, or (3) objective and perceived measure
of the availability of PA facilities. If other summary statistics were reported or a study
had insufficient information to calculate the effect size, the corresponding author was
contacted and asked to provide the correlation. If authors did not answer, available data
(i.e., descriptives, odds ratio, or beta) were used to compute the correlation. The odds ratio
and beta coefficients were transformed in correlation [48].

First, we used metafor r’s package (version 2.4-0) to run two separate meta-analyses
to analyze the average effect size for the correlation of PA behaviors with the objective and
perceived availability of PA facilities. Cochran’s heterogeneity statistic (Q) was used to
investigate heterogeneity [49]. Due to the limited power of Q in identifying heterogeneity in
the meta-analysis [50], p < 0.10 is considered significant. The results of the heterogeneity test
are helpful to choose between a fixed or random-effect model appropriately. We expected
significant results that mean that studies are heterogeneous. Publication bias was verified
using the trim-and-fill approach [51], which estimates the number of missing studies using
a non-parametric method. Correlations of single studies were transformed in Fisher’s z
using the following formula: z = 0.5 × ln (1 + r)⁄(1 − r). Th estimated average effect size
was then re-transformed in r using the formula: r = e2 z − 1⁄e2 z + 1 [52].

Then, to verify the hypothesis that the perceived availability of PA facilities mediates
the effect of objective availability on PA behaviors, we used the correlation-based two-
step SEM (TTSEM) proposed by Cheung and Chan [53,54]. To perform the analysis, we
used the metaSEM package of R [55]. Correlation-based TTSE is appropriate when the
model is just identified and has many advantages. In the first step, missing correlation
coefficients are easily handled, whereas in the second step, structural models can be
tested [56]. In the first step, we used a random-effect model to synthesize correlation
matrices because it is more appropriate when primary studies are independently conducted
with different populations and measures. So, it is not reasonable to assume the homogeneity
of correlation matrices [55,57]. A pooled correlation matrix was created, weighting the
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variables with the sample size of each study [53]. The parameters are estimated using the
weight matrix generated by the weighted least squares (WLS) method. In the second step,
the estimated correlation matrix and its asymptotic covariance matrix are used to fit the
structural models [56]. We estimated a saturated model (all variables are associated with
each other), so the model fit was unavailable. The Sobel test [58] using an unstandardized
regression coefficient and standard errors was run to determine the significance of the
indirect pathway.

3. Results

We identified 6744 studies and, after eliminating 1864 duplicates, we examined
4880 studies. Based on the above inclusion criteria, we selected 328 studies that were
considered eligible. We excluded 308 studies because the objective and perceived measures
of the environment were used to investigate different characteristics. One article [59] was
excluded because it shows the survey result also reported in a more recent article [60] (see
Figure 1). Tables 1 and 2 show the 20 studies included in this review and their characteristics.

The year of publication of the selected studies varies from 2005 to 2019. Their origin is
distributed as follows: United States of America (seven studies), Australia (five studies),
Canada (one study), China (one study), Ethiopia (one study), Japan (one study), Spain
(one study), and Sweden (one study). Two studies used the data collected for the same
project (SPOTLIGHT) that was conducted in five European countries (Belgium, France,
Hungary, the Netherlands, and the UK). The studies have a sample size ranging from 144
to 24,847 participants. In one study, the sample is made up of women only [32], and one
study did not report the gender distribution of the sample [37]. All studies report results
from cross-sectional data, except one [31] longitudinal study.

Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 5 of 15 
 

 

studies using a non-parametric method. Correlations of single studies were transformed 
in Fisher’s z using the following formula: z = 0.5 × ln (1 + r)⁄(1 − r). Th estimated average 
effect size was then re-transformed in r using the formula: r = e2 z − 1⁄e2 z + 1 [52]. 

Then, to verify the hypothesis that the perceived availability of PA facilities mediates 
the effect of objective availability on PA behaviors, we used the correlation-based two-
step SEM (TTSEM) proposed by Cheung and Chan [53,54]. To perform the analysis, we 
used the metaSEM package of R [55]. Correlation-based TTSE is appropriate when the 
model is just identified and has many advantages. In the first step, missing correlation 
coefficients are easily handled, whereas in the second step, structural models can be tested 
[56]. In the first step, we used a random-effect model to synthesize correlation matrices 
because it is more appropriate when primary studies are independently conducted with 
different populations and measures. So, it is not reasonable to assume the homogeneity of 
correlation matrices [55,57]. A pooled correlation matrix was created, weighting the vari-
ables with the sample size of each study [53]. The parameters are estimated using the 
weight matrix generated by the weighted least squares (WLS) method. In the second step, 
the estimated correlation matrix and its asymptotic covariance matrix are used to fit the 
structural models [56]. We estimated a saturated model (all variables are associated with 
each other), so the model fit was unavailable. The Sobel test [58] using an unstandardized 
regression coefficient and standard errors was run to determine the significance of the 
indirect pathway. 

3. Results 
We identified 6744 studies and, after eliminating 1864 duplicates, we examined 4880 

studies. Based on the above inclusion criteria, we selected 328 studies that were consid-
ered eligible. We excluded 308 studies because the objective and perceived measures of 
the environment were used to investigate different characteristics. One article [59] was 
excluded because it shows the survey result also reported in a more recent article [60] (see 
Figure 1). Tables 1 and 2 show the 20 studies included in this review and their character-
istics. 

 
Figure 1. Prisma flow chart. 
Figure 1. Prisma flow chart.



Int. J. Environ. Res. Public Health 2022, 19, 2575 6 of 15

Table 1. List of the 20 selected articles.

Article Country n
Neighborhood Definition Physical Activity (PA)

Subjective Objective Type of PA Measure of PA

Ball et al., 2008 Australia 1540 2 km from home 2 km from
home

(1) PA,
(2) walking yes-no

Borena et al., 2019 Ethiopia 384 n.a. administrative
district PAw day/week

Bourke et al., 2018 Australia 228 15 min suburb cycling yes-no

Carraca et al., 2018 5 EU countries * 5205 n.a. administrative
boundaries PA min/week

Christian et al., 2013 Australia 1047 <20 min walk 1.6 km walking min/week

Coughenour et al., 2019 USA 144 n.a. census block
groups walking min/week

Cutumisu and Spence, 2012 Canada 2879 10–15 min walk 1.5 km (1) PA,
(2) walking MET-min

Dadvand et al., 2016 Spain 3461 10 min walk <300 m PA low-high
de Jong et al., 2012 Sweden 24847 5–10 min walk <300 m PA min/week

Duncan et al., 2010 Australia 2506 from 1 to 30 min
(1–5) census district walking min/day

Hoehner et al., 2005 USA 856 <5 min <400 m
(1) PA,

(2) active
travel

min/week

Kondo et al., 2009 Japan 156 n.a. 500 m (1) walking,
(2) cycling min/day

Lee and Moudon, 2008 USA 608 n.a. 1 km (1) PAw,
(2) walking yes-no

Mackenbach et al., 2018 5 EU countries * 5199 n.a. n.d.
(1) PA,

(2) PAw,
(3) walking

min/week

McAlexanderet al., 2012 USA 409 n.a. 800 m PA MET-min

McGinn et al., 2007a USA 1482 20 min walk
or 1 mile 1 mile

(1) PAw,
(2) walking,

(3) active
travel

day/week

McGinn et al., 2007b USA 1482 20 min walk
or 1 mile 1 mile

(1) PAw,
(2) walking,

(3) active
travel

day/week

Rodriguez et al., 2008 USA 887 20 min walk
or 1 mile 400 m walking min/week

Su et al., 2014 China 1343 10–15 min walk 1–1.5 km (1) PAw,
(2) walking MET-min

Sugiyama et al., 2015 Australia 1412 10–15 min walk 1 km walking frequency/week
(3 levels)

Note. * Belgium, France, Hungary, the Netherlands, UK. PA = physical activity included walking; PAw = physical
activity without walking; active travel = biking and walking for transportation purposes.
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Table 2. Environmental characteristics investigated in each of the 20 selected articles.

Aesthetics Bike
Facilities Greenness Land Use

Mix
PA

Facilities
Pedestrian
Facilities

Residential
Density

Retail
Floor-Area

Ratio

Safe for
Traffic

Street
Connectivity

Ball et al., 2008 ü
Borena et al., 2019 ü
Bourke et al., 2018 ü
Carraca et al., 2018 ü ü
Christian et al., 2013 ü ü
Coughenour et al., 2019 ü ü ü ü
Cutumisu and Spence, 2012 ü ü
Dadvand etal., 2016 ü
de Jong et al., 2012 ü
Duncan et al., 2010 ü
Hoehner et al., 2005 ü ü ü ü ü ü ü
Kondo et al., 2009 ü ü ü ü ü
Lee and Moudon, 2008 ü
Mackenbach et al., 2018 ü
McAlexanderet al., 2012 ü ü ü
McGinn et al., 2007a ü ü
McGinn et al., 2007b ü
Rodriguez et al., 2008 ü
Su et al., 2014 ü ü ü ü ü ü ü
Sugiyama et al., 2015 ü

In all studies, PA is measured using a self-report questionnaire: fifteen out of twenty
studies (75%) used the International Physical Activities Questionnaire (IPAQ) or its versions;
two studies used items from a national survey (Australian National Health Survey and the
Behavioral Risk Factor Surveillance System); two studies used a mix of items derived from
different questionnaires; one study used one ad hoc item. Only one study [61] also reported
objective PA (steps/day) measured with an accelerometer. Considerable variability was
observed regarding which kind of PA has been investigated. Some studies investigated
general PA without considering intensity, purpose, or kind. At the same time, other studies
investigated PA behaviors separately regarding purpose (during leisure time, work, and/or
for transportation) or intensity (moderate or vigorous). Otherwise, studies reported leisure-
time PA-included walking, leisure-time-excluded walking, active transport (walking and
cycling), only walking, or only cycling. The most common PA outcomes were walking
(65%) and PA-excluded walking (40%). A total of 40% of the studies reported more than one
PA outcome. The majority of the studies (15 out of 20) measured PA using continuous data
as min/day (2 studies), min/week (7 studies), day/week (3 studies), or MET*min/week
score (3 studies). However, in some of these studies, the data were categorized into
three categories (inactive, active, meet recommendation) (2 studies) or dichotomized in
“not meet recommendation” and “meet recommendation (3 studies). In the remaining
five articles, PA was assessed using a categorical measure such as yes/no (3 studies), no
activity/occasionally/frequent (one study), or low-moderate/high (one study).

As regards the environment, all studies investigated the neighborhood’s physical
characteristics. However, in some studies, there is no information on how the perceived
neighborhood was defined (seven studies). In most studies (60%), it was defined as varying
from 1 min to 30 minutes’ walk from own home. Eleven out of twenty studies (55%) used
a validated questionnaire as the Neighborhood Environmental Walkability Scale (NEWS)
(six studies), the International Physical Activity Prevalence Study’s Environmental Survey
Module (IPS) (two studies), the Assessing Levels of Physical Activity and Fitness (ALPHA)
questionnaire (two studies), the Multi-Ethnic Study of Atherosclerosis (MESA) survey
(one study), and a survey of the perceived availability for green qualities (one study).
The remaining nine studies (45%) used ad hoc items. Instead, all studies except one [51]
reported the objective definition of the neighborhood. In most studies (70%), it was defined
as varying from <300 m to 2 km around the home. In the remaining five studies, it was
defined by administrative or census area. Fourteen out of twenty studies (70%) used GIS as
an information source, two studies (10%) used Google Street View, two studies (10%) used
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national archives or tools, and two studies (10%) used mathematics formula (i.e., Euclidean
distance) or geography-based algorithms.

Ten characteristics of the neighborhood’s physical environment have been investigated:
access/availability of PA/recreational facilities (eight studies), land-use mix (seven studies),
street connectivity (six studies), pedestrian facilities (five studies), safe for traffic (four stud-
ies), greenness (four studies), aesthetics (four studies), residential density (three studies),
bike facilities (three studies), and retail floor-area ratio (one study) (see Table 1). Even if all
the studies assessed the environment’s objective and perceived measures, some of them
did not report the association between both measures and PA behaviors [30–32,60,62]. In
particular, the objective environment was used to investigate the difference between urban
centers [62] or as a predictor of a city’s development [31] or the perceived environment [49].
Ball et al. [32] reported only agreement between the two environmental measures, and
Bourke et al. [30] used a composite score for objective measure (the Walk Score) that is not
comparable with the perceived measure.

A total of 75% (six out of eight) of the studies that assess the accessibility of PA facilities
reported the association between both types of environment measures and PA behaviors.
Three studies reported significantly different PA behaviors in those who perceived better
accessibility of PA facilities and no difference with respect to objective availability [63–65].
Conversely, two studies reported differences in the PA behavior level only between people
with different objective availabilities of PA facilities [33,66]. One study [37] reported any
significant effect. The heterogeneity of the results is not explained by the different PA
outcomes (recreational PA, leisure-time walk, transportation walk).

A total of 71% (five out of seven) studies that used the land-use mix to measure
the physical environment reported an association between both types of environment
measures and PA behaviors. Two studies have reported a significant association between
both measures of land-use mix and walking [35,64]. However, Sugiyama et al. [67] reported
only the association between perceived measure and walking. Kondo et al. [61] reported
the same results but only for leisure-time walking in females, whereas no significant
association was found for males and transportation walking. At the same time, they
reported a significant association with the objective measure and cycling, always only in
females. For recreational PA, one study reported a significant association with the perceived
measure [34] and one reported no associations [64].

Only three studies (out of seven) reported the association of both measures of street
connectivity with PA behaviors. One of them found both associations significant [35], one
only found those between objective measure and PA and active travel [68], and the last
found no significant association [61]. Also in this case, the heterogeneity of the results is not
explained by the different PA outcomes (recreational PA, leisure-time walk, active travel).
Three out of four studies investigating the relationship between PA behavior and both
measures of pedestrian facilities (quality or availability of sidewalks) reported no significant
associations [37,61,69]. The remaining one [64] reported a significant difference between
walking (no for recreational PA) levels regarding the objective presence of sidewalks.

Two (out of three) studies that investigated the relationship between traffic safety and
PA behaviors reported a significant difference with respect to objective measures [66,68],
one of them only in one of the two samples investigated [68]. The remaining one [64] found
no differences.

Regarding greenness, two studies reported significant differences in the level of recre-
ational PA with respect to both environmental measures [70,71]. However, the other two
studies reported no association for PA [43,64] but a significant difference in transportation
activities with respect to the perceived [43] or objective [64] level of greenness.

The two studies investigating aesthetics found no association with recreational
PA [34,64]. Conversely, one of them also investigated transportation activity, and it reported
a significant difference with respect to both types of environmental measures [64]. Kondo
et al. [61] found differences only for leisure-time walking in males regarding perceived
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aesthetics, whereas no significant association was found for females and transportation
walking.

Two studies investigated the effect of residential density on walking behaviors. One
of them reported a significant difference for both measures of the environment [35], while
the other reported no difference [61].

No differences were found at PA level concerning bike facilities [37,64].
The only study investigating the retail floor-area ratio reported significant predictive

power of the perception of this environmental characteristic on walking [35].
Finally, only 30% of the studies (6 out of 20) investigated the relationship between

the type of environmental measures [32,35,37,60]. All studies reported poor and no signifi-
cant agreement or correlation between the perceived and objective physical environment
characteristics measures.

Only for the availability of PA facilities are there enough studies to study the possible
mediating role of perceived environmental measures in the relationship between objective
measures and PA through meta-analytic models. The data were available only for leisure-
time physical activity, not walking or active travel. Meta-analysis and MASEM were
performed on five studies [33,37,63,64,66] (see Table 3).

Table 3. Description of the objective and subjective measure of the availability of PA facilities in the
five studies included in the MASEM.

Objective Measure Subjective Measure

Borena et al., 2019 Availability (number and
type) of PA facilities

Number of recreational
facilities

Cutumisu and Spence, 2012 PA facilities in 1500 m Presence of recreational
facilities

Hoehner et al., 2005 Number of recreational
facilities

Number of recreational
facilities within 5 min walking

Mackenbach et al., 2018
Percentage of street segments

in a neighborhood with
facilities present

Presence of open recreation
areas (park, playing field)

McAlexander et al., 2012 Total number of accessible PA
resources

Number of PA resource
accessibility

3.1. Meta-Analysis

The heterogeneity tests computed by the fixed-effect model, performed to calculate
the average correlation between PA behaviors and objective availability of PA facilities
(Q(4) = 61.75, p < 0.001) and between PA behaviors and perceived availability of PA facilities
(Q(4) = 9.22, p = 0.056), were significant in both cases. Consequently, we ran random-effect
models. A significantly low average correlation between the objective availability of PA
facilities and PA behavior (r(CI) = 0.152 (0.019–0.280), SE = 0.068) was estimated. The
trim-and-fill approach reveals a significant publication bias. The approach estimated the
absence of one article with a correlation coefficient above the average effect size estimated.
Including this hypothetic article, the average effect size computed is higher (r(CI) = 0.175
(0.051–0.293), SE = 0.064) but still low. A significant but negligible average correlation
between the perceived availability and PA (r(CI) = 0.044 (0.023–0.065), SE = 0.011) was
estimated. Also in this case, the trim-and-fill approach reveals a significant publication bias.
The approach estimated two missing studies with correlation coefficients below the average
effect size estimated. Including hypothetical articles, the average effect size computer is
lower (r(CI) = 0.037 (0.017–0.052), SE = 0.010).

3.2. TSSEM

There were no empty cells in the pooled correlation matrix (Table 4). For all studies,
correlation between environmental measures and PA were available in the original article
or were furnished by the authors (J.D. Mackenbach, personal communication, 7 January
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2021). Table 2 shows the pooled correlation matrix computed in the first stage of analysis
and used in the second stage. The Q statistic was significant (Q(9) = 69.662, p < 0.001),
indicating that the five correlation matrices were heterogeneous and justifying the random
effect method. Figure 2 shows the path diagram of the model fitted in the second stage. The
objective availability of PA facilities significantly predicted the perceived measure (β = 0.10,
p < 0.001) and PA behavior (β = 0.15, p < 0.01). Perceived availability of PA facilities also
significantly predicted PA behaviors, but its effect was negligible (β = 0.03, p < 0.05). The
Sobel test demonstrated that the mediation effect was significant (β = 0.003, p < 0.05) but
negligible. Indeed, c’ was significant and had the same size as c.

Table 4. Pooled correlation coefficients (k = 5, n = 8936) for X (objective availability of PA facilities),
M (perceived availability of PA facilities), and Y (physical activity). Standard errors are displayed
in brackets.

X M Y

X 1
M 0.104 (0.013) *** 1
Y 0.044 (0.011) *** 0.149 (0.056) ** 1

** p < 0.01; *** p < 0.001.
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4. Discussion

This review summarized the results of 20 previous studies that investigated physical
environment characteristics using both perceived and objective measures in relation to PA
behaviors. PA behaviors were investigated using different specific outcomes regarding the
type of activity (moderate or vigorous exercise, walking, cycling) and purpose (recreational,
occupational, transportation). The tendency is to separate PA and walking (for recreative
or transportation purposes). Indeed, the most studied outcomes are walking (65% of
studies) and PA excluding walking (40%), whereas the less investigated one is PA including
walking (15%). Moreover, some authors used guidelines provided by the questionnaire
and used the MET*min as the outcome [37,66]. Other authors preferred to use min/week
or min/day [34,58] and/or to dichotomize the outcome [30,33].

Ten environmental characteristics were investigated and almost half (9 out of 20) of the
studies investigated more than one characteristic. However, only 15 studies reported a rela-
tionship between PA behaviors and both types of environmental measures. So, few studies
are available for each environment’s characteristics, and the results are heterogeneous. For
example, in Coughenour et al. [35] and Hoehner et al. [64], both measures of land-use mix
are associated with PA or walking, whereas in Carraca et al. [34] and Sugiyama et al. [67],
only the subjective measure is. The small number of studies is also due to the choice to
include in this review only the articles that investigated the environmental characteristics
by asking the participants to report their perception based on objective indicators such as
presence, distance, or number. Studies that investigated personal attitudes towards the
environment, i.e., their settled way of thinking or feeling about the environment, were not
considered. We suggest including this aspect in future studies because results could be
different. As previously noted, the results’ heterogeneity is not explained by the different
PA outcomes investigated. For example, walking and recreational PA are both associated
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with the subjective measure of land-use mix. On the contrary, one PA outcome showed
a different pattern of association across studies. We hypothesize that the cultural context
could partially explain differences. For example, in our review, we find that greenness has
a significant effect on the recreational PA level in European countries [70,71] but not in
the U.S.A. [43,64]. People may practice more recreational PA outdoors than indoors in the
same countries. Consequently, greenness could be a determinant in the first case, whereas
in the second case, the availability of PA facilities could be more fundamental.

The second aim was to investigate the relationship between objective and subjective
measures of environmental characteristics in relation to PA. Both measures significantly
predict PA behaviors. However, the effect of the perceived measure is negligible and
probably lower than that observed (due to publication bias). The indirect effect of the
objective measure is also significant but negligible. The significance of the negligible effect
is probably due to the amplitude of the sample size. One limit of this study is that it was
possible to perform the MASEM only on five studies to make the exposure and outcomes
comparable. However, all studies included in the MASEM of this paper have a sample
size >100, and the total sample size is very high (n = 8936). For this reason, we think that,
even if the results should be interpreted carefully, the MASEM presented in the paper could
be a valid starting point for further studies. The effect of objective measures seems to be
partially mediated by perceived measures, but the mediation effect is very low. So, we
conclude that PA behaviors depend on the objective availability of PA facilities and that the
perception of people does not explain this effect.

The second interesting result is that the perceived measure is not much predicted by
the objective measure. However, few studies have investigated the concordance between
measures, and it is not possible to draw a conclusion. The mechanism responsible for this
mismatch is still largely unknown. Indeed, it is unclear if people overestimated, believing
it is more supportive [37], or underestimated physical environmental characteristics [72].
The reason why people misperceived their environment is not clear. Ball [32] suggested
that it could be linked to being or not to being active. Indeed, active women (but not men)
reported a lower level of mismatch between measures [32]. Further studies investigating
objective measures of physical environment characteristics jointed with subjective measures
are needed for at least two reasons. First, the objective measure seems to better explain
the variability of PA behaviors than the perceived measure, at least for the availability of
PA facilities. However, objective measures could not assess some essential characteristics
for the PA [32]. For example, even if PA facilities are available, their quality and/or level
of maintenance could determine their use by people. Second, we need to understand
why objective and perceived measures are mismatching. It is possible that people do
not know their neighborhood, so they are not aware of the presence of the facilities. PA
itself could prompt the awareness of the environment. That is, more active people could
be more aware of the environment’s characteristics and the opportunities given by the
environments [42]. Moreover, reporting PA behaviors, people may implicitly also think
of the contextual variables (i.e., environment) and thus remember them more accurately.
Indeed, self-reported PA is more consistently related to the neighborhood environment than
objectively measured PA [73]. Moreover, it is possible that people considered as available
only those facilities which are of good quality. Alternatively, perceived availability could
be linked to the cost of PA facilities’ access or use. People possibly do not perceive the
availability of the facilities if they cannot afford to spend money for PA. We found only a
few studies we considered public (free) and private facilities. Generally, the lower number
of studies did not allow us to consider any possible moderator.

5. Conclusions

Although more than ten years ago [32], the need for more studies that investigated the
characteristics of the physical environment also using objective indicators was underlined,
this review highlights a lack of literature development in this direction.
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Our study has two principal innovations compared to previous systematic reviews
or meta-analyses. First, we included only studies investigating both measures’ type of
availability of PA facilities. Second, for the first time, we investigated the relationship
between the three variables (PA, objective and perceived availability of PA facilities) in a
single model.

Few studies are available for each environment’s characteristics. The most investigated
characteristic is the accessibility/availability of PA or recreational facilities, whereas the less
investigated characteristic is the retail-floor area ratio. The fact that there are few studies
and that there is a big heterogeneity in the results does not allow to draw conclusions on
the influence of the physical environment on the probability of being active.

No significant effect was found for the perceived measure on PA. The fact that the
objective, but not the perceived environment, was associated with PA suggests that individ-
uals’ level of awareness about their environments may have played a role. This prompts a
need to create awareness campaigns, especially amongst subgroups that are more likely to
misestimate perceptions.
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10. Althoff, T.; Sosič, R.; Hicks, J.L.; King, A.C.; Delp, S.L.; Leskovec, J. Large-Scale Physical Activity Data Reveal Worldwide Activity

Inequality. Nature 2017, 547, 336–339. [CrossRef]
11. WHO. Global Reccommendations on Physical Activity for Health; WHO: Geneva, Switzerland, 2010.
12. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Worldwide Trends in Insufficient Physical Activity from 2001 to 2016: A Pooled

Analysis of 358 Population-Based Surveys with 1·9 Million Participants. Lancet Glob. Health 2018, 6, e1077–e1086. [CrossRef]
13. Hallal, P.C.; Andersen, L.B.; Bull, F.C.; Guthold, R.; Haskell, W.; Ekelund, U. Global Physical Activity Levels: Surveillance

Progress, Pitfalls, and Prospects. Lancet 2012, 380, 247–257. [CrossRef]

http://doi.org/10.1016/S0140-6736(12)60898-8
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/maternal-health/about/health-promotion
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/maternal-health/about/health-promotion
http://doi.org/10.1016/j.mhpa.2019.100315
http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
http://doi.org/10.1136/bjsports-2020-103270
http://www.ncbi.nlm.nih.gov/pubmed/33239356
http://doi.org/10.1002/1878-0261.12772
http://doi.org/10.3390/ijerph9020391
http://doi.org/10.1038/s41581-019-0244-2
http://doi.org/10.4239/wjd.v7.i12.243
http://doi.org/10.1038/nature23018
http://doi.org/10.1016/S2214-109X(18)30357-7
http://doi.org/10.1016/S0140-6736(12)60646-1


Int. J. Environ. Res. Public Health 2022, 19, 2575 13 of 15

14. Sallis, J.F.; Bull, F.; Guthold, R.; Heath, G.W.; Inoue, S.; Kelly, P.; Oyeyemi, A.L.; Perez, L.G.; Richards, J.; Hallal, P.C. Progress in
Physical Activity over the Olympic Quadrennium. Lancet 2016, 388, 1325–1336. [CrossRef]

15. WHO. Comparative Quantification of Health Risks: Global and Regional Burden of Disease Attributable to Selected Major Risks Factors;
Organisation Mondiale de la Santé: Geneva, Switzerland, 2004.

16. Fletcher, G.F.; Landolfo, C.; Niebauer, J.; Ozemek, C.; Arena, R.; Lavie, C.J. Promoting Physical Activity and Exercise. J. Am. Coll.
Cardiol. 2018, 72, 1622–1639. [CrossRef] [PubMed]

17. Bauman, A.E.; Reis, R.S.; Sallis, J.F.; Wells, J.C.; Loos, R.J.; Martin, B.W. Correlates of Physical Activity: Why Are Some People
Physically Active and Others Not? Lancet 2012, 380, 258–271. [CrossRef]

18. King, A.C.; Stokols, D.; Talen, E.; Brassington, G.S.; Killingsworth, R. Theoretical Approaches to the Promotion of Physical
Activity. Am. J. Prev. Med. 2002, 23, 15–25. [CrossRef]

19. Bronfenbrenner, U.; Ceci, S.J. Nature-Nuture Reconceptualized in Developmental Perspective: A Bioecological Model. Psychol.
Rev. 1994, 101, 568–586. [CrossRef]

20. Golden, S.D.; Earp, J.A.L. Social Ecological Approaches to Individuals and Their Contexts: Twenty Years of Health Education &
Behavior Health Promotion Interventions. Health Educ. Behav. 2012, 39, 364–372. [CrossRef]

21. Sallis, J.F.; Owen, N.; Fisher, E.B. Ecological Models of Health Behavior. In Health Behavior and Health Education Theory, Research,
and Practice; Glanz, K., Rimer, B.K., Viswanath, K., Eds.; John Wiley & Sons: Hoboken, NJ, USA, 2008; pp. 465–484.

22. Choi, J.; Lee, M.; Lee, J.; Kang, D.; Choi, J.-Y. Correlates Associated with Participation in Physical Activity among Adults: A
Systematic Review of Reviews and Update. BMC Public Health 2017, 17, 356. [CrossRef]

23. Knittle, K.; Nurmi, J.; Crutzen, R.; Hankonen, N.; Beattie, M.; Dombrowski, S.U. How Can Interventions Increase Motivation for
Physical Activity? A Systematic Review and Meta-Analysis. Health Psychol. Rev. 2018, 12, 211–230. [CrossRef]

24. Teixeira, P.J.; Carraça, E.V.; Markland, D.; Silva, M.N.; Ryan, R.M. Exercise, Physical Activity, and Self-Determination Theory: A
Systematic Review. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 78. [CrossRef]

25. Calogiuri, G.; Chroni, S. The Impact of the Natural Environment on the Promotion of Active Living: An Integrative Systematic
Review. BMC Public Health 2014, 14, 873. [CrossRef] [PubMed]

26. Kaczynski, A.T.; Henderson, K.A. Environmental Correlates of Physical Activity: A Review of Evidence about Parks and
Recreation. Leis. Sci. 2007, 29, 315–354. [CrossRef]

27. Van Cauwenberg, J.; Nathan, A.; Barnett, A.; Barnett, D.W.; Cerin, E. Relationships Between Neighbourhood Physical Environ-
mental Attributes and Older Adults’ Leisure-Time Physical Activity: A Systematic Review and Meta-Analysis. Sports Med. 2018,
48, 1635–1660. [CrossRef] [PubMed]

28. Zhang, R.; Wulff, H.; Duan, Y.; Wagner, P. Associations between the Physical Environment and Park-Based Physical Activity: A
Systematic Review. J. Sport Health Sci. 2019, 8, 412–421. [CrossRef]

29. Saelens, B.E.; Handy, S.L. Built Environment Correlates of Walking: A Review. Med. Sci. Sports Exerc. 2008, 40, S550–S566.
[CrossRef] [PubMed]

30. Bourke, M.; Hilland, T.A.; Craike, M. An Exploratory Analysis of the Interactions between Social Norms and the Built Environment
on Cycling for Recreation and Transport. BMC Public Health 2018, 18, 1162. [CrossRef]

31. Christian, H.; Knuiman, M.; Bull, F.; Timperio, A.; Foster, S.; Divitini, M.; Middleton, N.; Giles-Corti, B. A New Urban Planning
Code’s Impact on Walking: The Residential Environments Project. Am. J. Public Health 2013, 103, 1219–1228. [CrossRef]

32. Ball, K.; Jeffery, R.W.; Crawford, D.A.; Roberts, R.J.; Salmon, J.; Timperio, A.F. Mismatch between Perceived and Objective
Measures of Physical Activity Environments. Prev. Med. 2008, 47, 294–298. [CrossRef]

33. Borena, Y.G.; Shidaram, H.S.; Abdulkadir, Y.I. Association of Sport and Recreational Facilities with Adult Residents’ Participation
in Leisure Time Physical Activities in Addis Ababa, Ethiopia. Sport Soc. 2020, 23, 1163–1185. [CrossRef]

34. Carraça, E.V.; Mackenbach, J.D.; Lakerveld, J.; Rutter, H.; Oppert, J.-M.; De Bourdeaudhuij, I.; Compernolle, S.; Roda, C.; Bardos,
H.; Teixeira, P.J. Lack of Interest in Physical Activity—Individual and Environmental Attributes in Adults across Europe: The
SPOTLIGHT Project. Prev. Med. 2018, 111, 41–48. [CrossRef]

35. Coughenour, C.; de la Fuente-Mella, H.; Paz, A. Analysis of Self-Reported Walking for Transit in a Sprawling Urban Metropolitan
Area in the Western U.S. Sustainability 2019, 11, 852. [CrossRef]

36. Owen, N.; Humpel, N.; Leslie, E.; Bauman, A.; Sallis, J.F. Understanding Environmental Influences on Walking. Am. J. Prev. Med.
2004, 27, 67–76. [CrossRef] [PubMed]

37. McAlexander, K.M.; Mama, S.K.; Medina, A.V.; O’Connor, D.P.; Lee, R.E. Concordance and Correlates of Direct and Indirect Built
Environment Measurement among Minority Women. Am. J. Health Promot. 2012, 26, 239–244. [CrossRef]

38. Gebel, K.; Bauman, A.; Owen, N. Correlates of Non-Concordance between Perceived and Objective Measures of Walkability. Ann.
Behav. Med. 2009, 37, 228–238. [CrossRef] [PubMed]

39. Kremers, S.P.; de Bruijn, G.-J.; Visscher, T.L.; van Mechelen, W.; de Vries, N.K.; Brug, J. Environmental Influences on Energy
Balance-Related Behaviors: A Dual-Process View. Int. J. Behav. Nutr. Phys. Act. 2006, 3, 9. [CrossRef] [PubMed]

40. Schipperijn, J.; Stigsdotter, U.K.; Randrup, T.B.; Troelsen, J. Influences on the Use of Urban Green Space—A Case Study in Odense,
Denmark. Urban For. Urban Green. 2010, 9, 25–32. [CrossRef]

41. Barnett, D.W.; Barnett, A.; Nathan, A.; Van Cauwenberg, J.; Cerin, E. Built Environmental Correlates of Older Adults’ Total
Physical Activity and Walking: A Systematic Review and Meta-Analysis. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 103. [CrossRef]

http://doi.org/10.1016/S0140-6736(16)30581-5
http://doi.org/10.1016/j.jacc.2018.08.2141
http://www.ncbi.nlm.nih.gov/pubmed/30261965
http://doi.org/10.1016/S0140-6736(12)60735-1
http://doi.org/10.1016/S0749-3797(02)00470-1
http://doi.org/10.1037/0033-295X.101.4.568
http://doi.org/10.1177/1090198111418634
http://doi.org/10.1186/s12889-017-4255-2
http://doi.org/10.1080/17437199.2018.1435299
http://doi.org/10.1186/1479-5868-9-78
http://doi.org/10.1186/1471-2458-14-873
http://www.ncbi.nlm.nih.gov/pubmed/25150711
http://doi.org/10.1080/01490400701394865
http://doi.org/10.1007/s40279-018-0917-1
http://www.ncbi.nlm.nih.gov/pubmed/29721838
http://doi.org/10.1016/j.jshs.2018.11.002
http://doi.org/10.1249/MSS.0b013e31817c67a4
http://www.ncbi.nlm.nih.gov/pubmed/18562973
http://doi.org/10.1186/s12889-018-6075-4
http://doi.org/10.2105/AJPH.2013.301230
http://doi.org/10.1016/j.ypmed.2008.05.001
http://doi.org/10.1080/17430437.2019.1611780
http://doi.org/10.1016/j.ypmed.2018.02.021
http://doi.org/10.3390/su11030852
http://doi.org/10.1016/j.amepre.2004.03.006
http://www.ncbi.nlm.nih.gov/pubmed/15212778
http://doi.org/10.4278/ajhp.100715-QUAN-241
http://doi.org/10.1007/s12160-009-9098-3
http://www.ncbi.nlm.nih.gov/pubmed/19396503
http://doi.org/10.1186/1479-5868-3-9
http://www.ncbi.nlm.nih.gov/pubmed/16700907
http://doi.org/10.1016/j.ufug.2009.09.002
http://doi.org/10.1186/s12966-017-0558-z


Int. J. Environ. Res. Public Health 2022, 19, 2575 14 of 15

42. Kirtland, K.A.; Porter, D.E.; Addy, C.L.; Neet, M.J.; Williams, J.E.; Sharpe, P.A.; Neff, L.J.; Kimsey, C.D.; Ainsworth, B.E.
Environmental Measures of Physical Activity Supports: Perception versus Reality. Am. J. Prev. Med. 2003, 24, 323–331. [CrossRef]

43. McGinn, A.P.; Evenson, K.R.; Herring, A.H.; Huston, S.L. The Relationship between Leisure, Walking, and Transportation Activity
with the Natural Environment. Health Place 2007, 13, 588–602. [CrossRef]

44. Troped, P.J.; Saunders, R.P.; Pate, R.R.; Reininger, B.; Ureda, J.R.; Thompson, S.J. Associations between Self-Reported and Objective
Physical Environmental Factors and Use of a Community Rail-Trail. Prev. Med. 2001, 32, 191–200. [CrossRef]

45. Orstad, S.L.; McDonough, M.H.; Klenosky, D.B.; Mattson, M.; Troped, P.J. The Observed and Perceived Neighborhood Environ-
ment and Physical Activity among Urban-Dwelling Adults: The Moderating Role of Depressive Symptoms. Soc. Sci. Med. 2017,
190, 57–66. [CrossRef] [PubMed]

46. Nasar, J.L. Assessing Perceptions of Environments for Active Living. Am. J. Prev. Med. 2008, 34, 357–363. [CrossRef] [PubMed]
47. Hoekman, R.; Breedveld, K.; Kraaykamp, G. Sport Participation and the Social and Physical Environment: Explaining Differences

between Urban and Rural Areas in the Netherlands. Leis. Stud. 2017, 36, 357–370. [CrossRef]
48. Bonett, D.G. Transforming Odds Ratios into Correlations for Meta-Analytic Research. Am. Psychol. 2007, 62, 254–255. [CrossRef]
49. Cochran, W.G. The Combination of Estimates from Different Experiments. Biometrics 1954, 10, 101. [CrossRef]
50. Higgins, J.P.T.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring Inconsistency in Meta-Analyses. BMJ 2003, 327, 557–560.

[CrossRef] [PubMed]
51. Duval, S.; Tweedie, R. Trim and Fill: A Simple Funnel-Plot–Based Method of Testing and Adjusting for Publication Bias in

Meta-Analysis. Biometrics 2000, 56, 455–463. [CrossRef]
52. Borenstein, M.; Hedges, L.V.; Rothstein, H.R.; Higgins, J.P.T. (Eds.) Introduction to Meta-Analysis; John Wiley & Sons: Chichester,

UK, 2009.
53. Cheung, M.W.L.; Chan, W. A Two-Stage Approach to Synthesizing Covariance Matrices in Meta-Analytic Structural Equation

Modeling. Struct. Equ. Model. Multidiscip. J. 2009, 16, 28–53. [CrossRef]
54. Cheung, M.W.-L.; Chan, W. Meta-Analytic Structural Equation Modeling: A Two-Stage Approach. Psychol. Methods 2005, 10,

40–64. [CrossRef]
55. Cheung, M.W.-L. MetaSEM: An R Package for Meta-Analysis Using Structural Equation Modeling. Front. Psychol. 2015, 5, 1521.

[CrossRef]
56. Cheung, M.W.-L.; Cheung, S.F. Random-Effects Models for Meta-Analytic Structural Equation Modeling: Review, Issues, and

Illustrations. Res. Synth. Methods 2016, 7, 140–155. [CrossRef] [PubMed]
57. Cheung, M.W.-L. Fixed- and Random-Effects Meta-Analytic Structural Equation Modeling: Examples and Analyses in R. Behav.

Res. Methods 2014, 46, 29–40. [CrossRef] [PubMed]
58. Baron, R.M.; Kenny, D.A. The Moderator–Mediator Variable Distinction in Social Psychological Research: Conceptual, Strategic,

and Statistical Considerations. J. Pers. Soc. Psychol. 1986, 51, 1173–1182. [CrossRef]
59. Cerin, E.; Leslie, E.; Toit, L.; Owen, N.; Frank, L. Destinations That Matter: Associations with Walking for Transport. Health Place

2007, 13, 713–724. [CrossRef] [PubMed]
60. Duncan, M.J.; Winkler, E.; Sugiyama, T.; Cerin, E.; duToit, L.; Leslie, E.; Owen, N. Relationships of Land Use Mix with Walking for

Transport: Do Land Uses and Geographical Scale Matter? J. Urban Health 2010, 87, 782–795. [CrossRef]
61. Kondo, K.; Lee, J.S.; Kawakubo, K.; Kataoka, Y.; Asami, Y.; Mori, K.; Umezaki, M.; Yamauchi, T.; Takagi, H.; Sunagawa, H.; et al.

Association between Daily Physical Activity and Neighborhood Environments. Environ. Health Prev. Med. 2009, 14, 196–206.
[CrossRef]

62. Su, M.; Tan, Y.; Liu, Q.; Ren, Y.; Kawachi, I.; Li, L.; Lv, J. Association between Perceived Urban Built Environment Attributes and
Leisure-Time Physical Activity among Adults in Hangzhou, China. Prev. Med. 2014, 66, 60–64. [CrossRef]

63. Mackenbach, J.D.; Matias de Pinho, M.G.; Faber, E.; den Braver, N.; de Groot, R.; Charreire, H.; Oppert, J.-M.; Bardos, H.; Rutter,
H.; Compernolle, S.; et al. Exploring the Cross-Sectional Association between Outdoor Recreational Facilities and Leisure-Time
Physical Activity: The Role of Usage and Residential Self-Selection. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 55. [CrossRef]

64. Hoehner, C.M.; Brennan Ramirez, L.K.; Elliott, M.B.; Handy, S.L.; Brownson, R.C. Perceived and Objective Environmental
Measures and Physical Activity among Urban Adults. Am. J. Prev. Med. 2005, 28, 105–116. [CrossRef]

65. Lee, C.; Moudon, A.V. Neighbourhood Design and Physical Activity. Build. Res. Inf. 2008, 36, 395–411. [CrossRef]
66. Cutumisu, N.; Spence, J.C. Sport Fields as Potential Catalysts for Physical Activity in the Neighbourhood. Int. J. Environ. Res.

Public. Health 2012, 9, 294–314. [CrossRef] [PubMed]
67. Sugiyama, T.; Howard, N.J.; Paquet, C.; Coffee, N.T.; Taylor, A.W.; Daniel, M. Do Relationships Between Environmental Attributes

and Recreational Walking Vary According to Area-Level Socioeconomic Status? J. Urban Health 2015, 92, 253–264. [CrossRef]
68. McGinn, A.P.; Evenson, K.R.; Herring, A.H.; Huston, S.L.; Rodriguez, D.A. Exploring Associations between Physical Activity and

Perceived and Objective Measures of the Built Environment. J. Urban Health 2007, 84, 162–184. [CrossRef]
69. Rodríguez, D.A.; Aytur, S.; Forsyth, A.; Oakes, J.M.; Clifton, K.J. Relation of Modifiable Neighborhood Attributes to Walking.

Prev. Med. 2008, 47, 260–264. [CrossRef] [PubMed]
70. Dadvand, P.; Bartoll, X.; Basagaña, X.; Dalmau-Bueno, A.; Martinez, D.; Ambros, A.; Cirach, M.; Triguero-Mas, M.; Gascon, M.;

Borrell, C.; et al. Green Spaces and General Health: Roles of Mental Health Status, Social Support, and Physical Activity. Environ.
Int. 2016, 91, 161–167. [CrossRef] [PubMed]

http://doi.org/10.1016/S0749-3797(03)00021-7
http://doi.org/10.1016/j.healthplace.2006.07.002
http://doi.org/10.1006/pmed.2000.0788
http://doi.org/10.1016/j.socscimed.2017.07.026
http://www.ncbi.nlm.nih.gov/pubmed/28843130
http://doi.org/10.1016/j.amepre.2008.01.013
http://www.ncbi.nlm.nih.gov/pubmed/18374252
http://doi.org/10.1080/02614367.2016.1182201
http://doi.org/10.1037/0003-066X.62.3.254
http://doi.org/10.2307/3001666
http://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://doi.org/10.1111/j.0006-341X.2000.00455.x
http://doi.org/10.1080/10705510802561295
http://doi.org/10.1037/1082-989X.10.1.40
http://doi.org/10.3389/fpsyg.2014.01521
http://doi.org/10.1002/jrsm.1166
http://www.ncbi.nlm.nih.gov/pubmed/27286900
http://doi.org/10.3758/s13428-013-0361-y
http://www.ncbi.nlm.nih.gov/pubmed/23807765
http://doi.org/10.1037/0022-3514.51.6.1173
http://doi.org/10.1016/j.healthplace.2006.11.002
http://www.ncbi.nlm.nih.gov/pubmed/17239654
http://doi.org/10.1007/s11524-010-9488-7
http://doi.org/10.1007/s12199-009-0081-1
http://doi.org/10.1016/j.ypmed.2014.06.001
http://doi.org/10.1186/s12966-018-0689-x
http://doi.org/10.1016/j.amepre.2004.10.023
http://doi.org/10.1080/09613210802045547
http://doi.org/10.3390/ijerph9010294
http://www.ncbi.nlm.nih.gov/pubmed/22470293
http://doi.org/10.1007/s11524-014-9932-1
http://doi.org/10.1007/s11524-006-9136-4
http://doi.org/10.1016/j.ypmed.2008.02.028
http://www.ncbi.nlm.nih.gov/pubmed/18436297
http://doi.org/10.1016/j.envint.2016.02.029
http://www.ncbi.nlm.nih.gov/pubmed/26949869


Int. J. Environ. Res. Public Health 2022, 19, 2575 15 of 15

71. De Jong, K.; Albin, M.; Skärbäck, E.; Grahn, P.; Björk, J. Perceived Green Qualities Were Associated with Neighborhood Satisfaction,
Physical Activity, and General Health: Results from a Cross-Sectional Study in Suburban and Rural Scania, Southern Sweden.
Health Place 2012, 18, 1374–1380. [CrossRef] [PubMed]

72. Handy, S.L.; Boarnet, M.G.; Ewing, R.; Killingsworth, R.E. How the Built Environment Affects Physical Activity: Views from
Urban Planning. Am. J. Prev. Med. 2002, 23, 64–73. [CrossRef]

73. Ding, D.; Sallis, J.F.; Kerr, J.; Lee, S.; Rosenberg, D.E. Neighborhood Environment and Physical Activity Among Youth: A Review.
Am. J. Prev. Med. 2011, 41, 442–455. [CrossRef]

http://doi.org/10.1016/j.healthplace.2012.07.001
http://www.ncbi.nlm.nih.gov/pubmed/22889998
http://doi.org/10.1016/S0749-3797(02)00475-0
http://doi.org/10.1016/j.amepre.2011.06.036

	Introduction 
	Methods 
	Literature Analysis and Inclusion Criteria 
	Study Selection 
	Data Analysis 

	Results 
	Meta-Analysis 
	TSSEM 

	Discussion 
	Conclusions 
	References

