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of mediating and moderating effects
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Abstract

Background: Physical activity behaviors among children and adolescents are socioeconomically patterned. Under-
standing if, and how, the built environment contributes to socioeconomic inequalities in physical activity and for
whom built environments are most important, can lead to the identification of intervention entry points to reduce
inequalities in physical activity.

Objective: To summarize the existing evidence among children and adolescents on (a) whether the built environ-
ment mediates the association between socioeconomic position and physical activity and (b) whether socioeco-
nomic position moderates the association between the built environment and physical activity.

Methods: A systematic literature search was conducted using PubMed, Embase, PsycINFO and Web of Science. Two
independent reviewers screened articles for eligibility, extracted information from included studies and assessed

risk of bias with the Quality Assessment Tool for Observational Cohort and Cross-Sectional studies. We performed a
narrative evidence synthesis considering the totality of the evidence and by study characteristics such as geographic
region, age group, and exposure-outcome assessment methodology. The reporting was conducted in agreement
with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement.

Results: A total of 28 papers were included. In general, the studies were of low methodological quality. There was no
evidence to support that the built environment functions as a mediator in the relationship between socioeconomic
position and physical activity. We observed inconclusive moderation patterns with five studies reporting stronger
associations between features of the built environment and physical activity among high socioeconomic positioned
youths. Seven studies reported stronger associations among low socioeconomic positioned youth and fourteen stud-
ies reported no difference in associations. We observed different moderation patterns across geographical regions
(Europe vs. US) indicating that, in Europe, having a walkable neighborhood is important for low socioeconomic
positioned youth only. No differences in moderation patterns were observed for younger vs. older children or activity
domains.
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Conclusion: Current evidence does not support a strong interplay between built environment and socioeconomic
position on physical activity in youth. However, given the low quality of the evidence, firm conclusions cannot be
made, and additional high-quality research is likely to have substantial impact on the evidence base.

Keywords: Physical activity, Socioeconomic position, Built environment, Children, Adolescence

Background

Physical inactivity is considered a global pandemic as
most children and adolescents fail to meet the current
recommendations of minimum 60 min of moderate-to-
vigorous physical activity per day [1, 2]. This is of con-
cern as low levels of physical activity among youth is
associated with an increased risk of developing obesity,
metabolic syndrome, poor mental health, and low qual-
ity of life [3—-5]. Research evidence suggests that activity
behaviors are socioeconomically patterned as children
with low socioeconomic position (SEP) spend less time
being physically active during leisure time and engage in
less vigorous intensity activities, compared to their peers
with high SEP [6, 7]. These domain- and intensity-spe-
cific differences are important as vigorous physical activ-
ity is considered to elicit stronger beneficial health effects
compared with lower intensity physical activity [8].

Physical activity is a complex behavior, likely affected
by determinants at multiple levels. According to ecologi-
cal models, the built environment exerts a crucial influ-
ence on physical activity behaviors [9]. This is supported
by several systematic reviews showing that people living
in walkable, safe and greener neighborhoods tend to have
higher levels of physical activity [10-16].

Socioeconomic position, at the individual- or the area-
level, and the built environment are thought to be inter-
related, and mediating and moderating pathways should
be considered when these are related to health outcomes
[17]. A mediator is defined as a variable that accounts for
some or all of a given exposure-outcome association. On
the other hand, a moderator is defined as a variable that
affects the direction and/or strength of the relationship
between the exposure and the outcome [18]. In other
words, mediation says something about why two vari-
ables are related, while moderation says something about
when two variables are related. According to the envi-
ronmental justice model [19], there are two hypotheses
describing the possible pathways of this relationship. The
first hypothesis depicts that exposure to environmental
burdens and benefits are unequally distributed across
socioeconomic groups. This implies that children and
adolescents with high SEP might be exposed to an envi-
ronment that facilitates physical activity. Conversely, chil-
dren and adolescents with low SEP might be exposed to
an environment that impedes physical activity behavior.
Thus, differences in the built environment can potentially

account for some of the socioeconomic gradient in physi-
cal activity behavior and thereby act as a mediator in this
relationship (the why). The second hypothesis states that
SEP might influence the direction and/or strength of the
relationship between the built environment and physical
activity, thereby acting as a moderator in this relation-
ship. For instance, children with low SEP may be more
dependent on their neighborhood built environment for
physical activity compared to their peers with high SEP.
This could be due to the lack of financial and logistic
resources to partake in organized sports that may happen
outside their neighborhood (the when).

Understanding how the built environment may con-
tribute to socioeconomic inequalities in physical activ-
ity among children and adolescents and for whom built
environments are most important, can potentially lead to
the identification of intervention entry points to reduce
inequalities in physical activity [16]. Since interventions
in the built environment can reach a vast number of peo-
ple, these interventions can be particularly powerful, ulti-
mately contributing to combating the physical inactivity
pandemic and reducing inequalities in health.

Two systematic reviews have investigated the inter-
relationship between SEP, built environment and physi-
cal activity [20, 21]. However, only two studies including
children and adolescents were identified by these reviews.
Children and adolescents’ physical activity behaviors are
more unstructured in comparison with adults, therefore,
the dependency and engagement with the built environ-
ment may be greater [22, 23]. Thus, the findings from
studies on adults cannot necessarily be generalized to
children and adolescents.

The research output focusing on children and adoles-
cents has increased rapidly in recent years [24—30]. Con-
sequently, this systematic review aims to summarize the
existing evidence among children and adolescents on (a)
whether the built environment mediates the association
between SEP and physical activity and (b) whether SEP
moderates the association between the built environment
and physical activity.

Methods

Search strategy

The search strategy was developed by all authors in
collaboration with a librarian information specialist.
The search terms and complementary key words were
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identified by a three-step process. First, a preliminary
search was conducted in PubMed in June 2020 with
the aim of identifying relevant articles with relevant
keywords. Second, keywords from previous system-
atic reviews [13, 21, 31, 32] were reviewed and selected.
Finally, expertise within the research group was solicited.
Four electronic databases were searched; PubMed (listed
as MEDLINE in the pre-specified protocol), Embase,
PsycINFO and Web of Science from inception to the 4th
of August 2021. The search matrix consisted of four key
constructs covering physical activity, the built environ-
ment, SEP and age group (0—18 years old). The search was
adapted to the relevant databases. The search matrix used
in Pubmed, Embase, Web of Science and PsychINFO is
available in additional file 1. The search was limited to
articles written in English or a Scandinavian language.
Grey literature was not consulted, and cross-references
were not checked due to the comprehensive search strat-
egy and large number of hits. Systematic search matrixes
within equity and built environment research are chal-
lenging to develop because of the many terms used to
describe key concepts [32]. Thus, we chose to develop
a comprehensive search strategy without restrictions
in order to maximize sensitivity. The review was regis-
tered in PROSPERO International Prospective Register
of Systematic Reviews (number CRD42020184590). The
reporting was conducted in agreement with the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
sis (PRISMA) statement [33]. The checklist is available in
additional file 2.

To be eligible for review, the studies needed to focus
on healthy children and adolescents between the ages
of 0-18 years old. Studies focusing on specific clinical
populations or studies with participants with a mean age
exceeding 18 years old were excluded. All study designs
except qualitative studies were eligible for inclusion (i.e.
cross-sectional, retrospective, prospective, experimen-
tal or quasi-experimental). Studies were eligible if they
included mediation or moderation analyses, or if they
stratified analysis by SEP or built environment.

The main outcome, physical activity, could be meas-
ured with devices or be self-reported by questionnaires.
We included total and domain-specific physical activ-
ity. This could be total physical activity, minutes spent in
light intensity, moderate-to-vigorous intensity, leisure-
time physical activity or active transportation. We did
not include studies focusing on a single physical activity
behavior, e.g. sports participation, as sports participa-
tion only accounts for a small proportion of total leisure
time activities. The built environment could be measured
objectively by Geographical Information Systems, field
audits or virtual audits, or perceived, assessed through
questionnaires. The measure had to focus on the built
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environment around the home and could include, but
was not limited to, urban/rural comparison, walkability,
land use-mix, access/proximity to recreational facilities,
access/proximity to public open green spaces, aesthet-
ics or safety from traffic. Studies using built environment
around schools as a proxy of individual neighborhood
environment were excluded. Studies focusing on social
aspects of the environment (e.g. crime, drugs, fear of
gangs etc.) were excluded. This also applied to studies
using composite indexes including both social and built
environment measures, without isolating the effect of
the built environment. We included socioeconomic vari-
ables determined at the individual level (e.g. education,
income, occupation, family affluence scale) and neigh-
borhood level (e.g. deprivation index, median income of
surrounding area).

Screening and data extraction

Two reviewers (OA and JT) screened articles indepen-
dently by title and abstract for inclusion. Disagreements
were resolved by discussion. As mediation/modera-
tion analyses often are secondary analyses which does
not necessarily appear in the title or abstract, all studies
with reference to either the built environment and physi-
cal activity or SEP and physical activity, passed the title/
abstract screening. Finally, all full text articles were inde-
pendently reviewed by the same two researchers for final
eligibility assessment.

The following data were extracted from the included
studies: authors, year of publication, year of study, jour-
nal, setting (country), study design, sample size, age, %
girls, participation rate, length of follow-up (if applica-
ble), exposure and outcome measurements and defini-
tions, potential confounders (age, sex, BMI, parental
self-selection, self-efficacy, social support, ethnicity (if
relevant), sexual maturity (if relevant age group)), rele-
vant test statistics and a summary of the findings. COVI-
DENCE was used for reference management [34].

Due to the heterogeneity in measurements and analyti-
cal methods applied, we determined that the data could
not be meaningfully meta-analyzed. Thus, a narrative
synthesis was conducted. Characteristics of the included
studies were examined and summarized in tables and
grouped based on whether the focus was on mediation or
moderation effect. We coded studies as mediation mod-
els if it was possible to identify the isolated contribution
of adjustment/adding indices of the built environment
to the statistical model or if a formal test of mediation
was conducted. This could be through specific reports
of indirect effects or, through the difference in reported
effect-sizes after adding variables representing features
of the built environment to the statistical model. In stud-
ies using a formal mediation analysis, mediation was
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determined if the coefficient changed from significant
to non-significant, otherwise a qualitative assessment of
the change in coefficients after adjustment/adding indi-
ces of the built environment was conducted. We did not
set a cut-off point required for minimum change in the
coefficients. Moderation was established if a significant
built environment x SEP interaction term was reported.
If no formal test of interaction was conducted but studies
reported effect sizes for built environment across socio-
economic strata (i.e. stratified analysis), we performed
a qualitative assessment of variation in effect sizes to
determine if the built environment was more important
in specific subgroups. Finally, we stratified the results
based on physical activity domain, perceived vs. objec-
tive determination of the built environment, type of SEP
marker and geography, to explore heterogeneity among
study results.

For ease of interpretation, we chose to group the built
environment characteristics using an adapted version of
the taxonomy of walking needs [35], which has also been
used in a previous review [36]. The taxonomy classifies
environmental factors in four key domains; accessibil-
ity, safety, comfort and pleasurability. We disaggregated
accessibility into general accessibility (e.g. walkability,
land-use mix, street connectivity, urban/rural measures)
and access to recreational facilities as these features can
influence physical activity behavior independently of
each other and they are related to different physical activ-
ity domains [31]. We retained the term safety but limited
the term to only include safety from traffic. The concept
of pleasureability was retained, but we changed the term
to aesthetics as it more accurately reflects the assessed
features of the built environment.

Risk of bias assessment

We used the Quality Assessment Tool for Observational
Cohort and Cross-Sectional studies for risk of bias assess-
ment [37]. The tool consists of 14 questions. We excluded
question 1 and 2 as they refer to reporting rather than
risk of bias. We further grouped the questions in four
domains according to selection bias, information bias,
confounding and temporality. A global rating of low risk
of bias was given if all domains were rated with low risk.
A global rating of some risk of bias was given if the study
raised some concerns in at least one domain and had no
domains reported as high risk of bias. Finally, a global
rating of high risk of bias was given if the study had a
high risk of bias in at least one domain or some risk of
bias for multiple domains that substantially lowers confi-
dence in the results. For more details on how the risk of
bias assessment was conducted, please consult additional
file 3.
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Results

The search returned 14,373 unique articles for the title
and abstract screening. Of these, 13,546 papers were
excluded, resulting in 827 full text articles to be screened.
The final sample consisted of 28 papers that were eligible
for review. Figure 1 provides further details. One eligible
study was excluded [38] as the authors reported on the
same sample in a follow-up study including additional
adjustment for relevant confounding (27). There was 95%
agreement for the title and abstract screening and 92%
agreement for full text screening.

Study characteristics

Study characteristics are presented in Tables 1 and 2.
The included studies were published between 2006 and
2021. All the included studies, except one [26], had a
cross-sectional design. Twelve studies were from North
America, eleven studies were from Europe, two from
South America, two from Africa, and one from Australia.
Eleven studies focused on children [22, 2628, 39-45],
six on adolescents [23, 29, 46—49] and eleven studies
included a mixed age group [24, 25, 30, 50-57]. The total
study sample included 107,159 participants. All stud-
ies included a mixed-gender sample, with approximately
50% girls. The sample sizes varied from 259 [45] to 44,631
[54] participants.

Physical activity was most commonly measured by self-
report [22, 27, 29, 30, 39-42, 44, 46—57], while ten studies
measured physical activity with accelerometers [22-26,
28, 29, 43, 45, 48]. The built environment was most com-
monly assessed objectively by geographical information
systems [22-30, 40, 42-48, 52-54, 56, 57]. Ten studies
measured the perceived environment through various
questionnaires [25, 39, 41, 45, 46, 49-51, 55, 56] and four
studies measured both objective and perceived environ-
ment [25, 45, 46, 56]. Socioeconomic position was most
frequently measured using a composite index [22-26, 30,
39, 41, 46, 55, 57], followed by income [27-29, 43, 45, 47,
49, 50, 52-54, 56], education [40, 42, 44, 48] and occupa-
tion [51]. Fourteen studies measured SEP at the area-level
[22-26, 29, 30, 39, 41, 43, 49, 52, 57], while fifteen meas-
ured SEP at the individual level [27, 28, 40, 42, 44—-48, 50,
51, 53-56]. More details are available in Tables 1 and 2.

Mediation

Two studies [27, 57] investigated whether the built envi-
ronment mediated the relationship between SEP and
physical activity. Villanueva et al. reported change in
coefficients without any formal test of mediation [57],
while Kim et al. [27] conducted a formal test for media-
tion using the Baron and Kenny approach [18]. Neither
of the studies found any evidence of mediation, as indi-
cated by only minor or no change in reported odds ratios
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of the association between physical activity and SEP after
adding indices of the built environment to the statistical
model.

Moderation

Twenty-six studies investigated whether the associa-
tion between the built environment and physical activity
varied across socioeconomic strata, either by examining
formal SEP-by-built environment moderations [22-26,
28-30, 39-41, 44, 45, 48-50, 52, 56] or through strati-
fied analysis [42, 46, 47, 51, 53-56]. Five studies [29, 39,
44, 48, 52] reported stronger associations between built
environment and physical activity behaviors among
youth with high SEP, while seven studies [22-25, 45, 47,
51] reported stronger associations among youth with low
SEP. Fourteen studies reported no differences in the asso-
ciation between built environment and physical activ-
ity according to SEP strata [26, 28, 30, 40—43, 46, 49, 50,
53-56]. All studies that reported an association in either
direction reported so for accessibility measures or access
to recreational facilities. No moderation effect was found

when indices of safety or aesthetics were used to charac-
terize the built environment.

Stratifying the studies according to physical activity
domain, perceived vs. objective determination of built
environment, or type of SEP marker did not change the
results. There were, however, differences according to
geographical regions with contrasting findings for the US
and Europe. In Europe, four of five studies [23-25, 51]
focusing on adolescents or a mixed age-group reported
the built environment to be most important among youth
with low SEP, while one study [48] reported built envi-
ronment to be most important in youth with high SEP.
In the US, this relationship was inconclusive, with most
studies showing no association [30, 50, 53, 54, 56] or
opposite direction of what was observed in the European
studies [29, 44, 52]. All studies that focused on active
transportation reported the built environment to be
most important among youth with high SEP. [29, 44, 52].
This was contradictory to two European studies [22, 51]
which found the built environment to be more strongly
associated with active transport in youth with low SEP.
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Unfortunately, there were too few studies in other geo-
graphical regions to draw any additional geographical
patterns.

Risk of bias

The risk of bias assessment is presented in detail in addi-
tional file 3. In summary, all studies were rated as having a
high risk of bias, mainly due to the cross-sectional nature
of the evidence and insufficient control of potential con-
founding factors. The lack of adjustment for parental self-
selection bias was the main reason for receiving a high
risk of bias in the confounding domain.

Discussion

This systematic review summarized available literature
describing the interplay between the built environment
and SEP in determining physical activity in children and
adolescents. There was no evidence to support that the
built environment functions as a mediator in the rela-
tionship between SEP and physical activity. Conflicting
evidence was found for SEP as a moderator in the asso-
ciation between the built environment and physical activ-
ity with different patterns across geographical regions.
Included studies were cross-sectional with insufficient
control for confounding. Current evidence does not sup-
port a strong interplay between built environment and
SEP in determining physical activity in youth. However,
given the quality of the evidence, firm conclusions cannot
be made and additional high-quality research is needed.

Mediation

Based on limited evidence, our results do not suggest
that the built environment is a part of the causal pathway
between SEP and physical activity. While this is contrary
to the environmental justice theory [58], another recent
systematic review supports our findings [59]. Jacobs and
colleagues did not find socioeconomic variation in acces-
sibility of the built environment, suggesting the number
of facilities providing opportunities for physical activity
is similar in neighborhoods with low and high SEP [59].
This is relevant as both of the included studies testing the
mediation hypothesis based their assessment of the built
environment on geographic information systems and
used accessibility measures. Importantly, while acces-
sibility may be similar, the maintenance of recreational
facilities and green areas is often poorer in neighbor-
hoods with low SEP compared to neighborhoods with
high SEP [60]. The maintenance and quality of these fea-
tures is reported by children and adolescents themselves
to be important for their outdoor play [61, 62]. Therefore,
future studies should consider including other features
of the built environment, such as aesthetics, to further
evaluate the mediation hypothesis. Only two mediation
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studies were identified by the present review which limits
our ability to draw general conclusions. Finally, it is worth
mentioning that we identified three studies [17, 44, 63]
testing whether SEP mediates the relationship between
the built environment and physical activity. However,
since there is a limited theoretical rationale for why such
a relationship would exist, these were not included in the
present review.

Moderation

Most of the included studies in the present review exam-
ined the moderating effect of SEP in the association
between the built environment and physical activity. The
results were conflicting with different patterns in Europe
compared with studies conduction in the US.

In Europe, all but one [48] of the included studies
reported that the built environment was most impor-
tant among youth with low SEP [22-25]. For instance,
a study conducted in Belgium found that living in more
walkable neighborhoods was associated with an addi-
tional 7.4 min/day of moderate-to-vigorous physical
activity among adolescents with low SEP [23]. This cor-
responds to a walkability effect of 24%, which is likely to
have a substantial impact on individual and population
health. Conversely, living in more walkable neighbor-
hoods was only associated with an additional 0.6 min/day
of moderate-to-vigorous physical activity among adoles-
cents with high SEP. Adolescents with high SEP can par-
take in organized sports which is often associated with a
membership fee. Furthermore, they may also have better
access to motorized transportation. Consequently, their
physical activity behavior might be less influenced by
their immediate neighborhood compared to their peers
with low SEP [6, 23, 64, 65]. Thus, having a neighborhood
which is considered conducive for walking and outdoor
play can be particularly important for adolescents with
low SEP [66, 67].

In the US, all studies focusing on active transport found
that living in a neighborhood with better accessibility
was most important for children and adolescents with
high SEP [29, 44, 52]. For instance, Sallis and colleagues
[29] found that living in a more walkable neighborhood
was associated with 1.6 more walking/biking trips per
week among youth with high SEP, but only 0.6 more trips
among youth with low SEP. This can reflect that children
and adolescents with low SEP have less choice about their
mode of transportation and are using active transporta-
tion by necessity. Thus, a walkable neighborhood might
not elicit more active transportation among youth with
low SEP as they are already active commuters to begin
with [29, 63].

Although the results from the European and Ameri-
can studies appear contradictory, they could speak to
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differences in urban designs between the continents. For
instance, only European studies found walkability to be
associated with higher physical activity among adoles-
cents with low SEP. High walkability may reflect ease of
access to destinations, but it may also reflect high traf-
fic loads. This was demonstrated by an American study,
which found greater land use mix (a component of walk-
ability) to discourage physical activity [44]. Thus, it could
be that walkability to a larger extent reflects high traffic
loads in the US, and ease of access in Europe. Further-
more, there might be different cultures for physical activ-
ity behavior between the US and Europe. None of the five
European studies focusing on active transportation found
the built environment to be most important among
youth with high SEP [22, 40-42, 51]. Compared to the
US, active transportation is much more widespread in
Europe. This is particularly true for Central- and North
European countries [1, 68, 69] where cities are thought to
be more walking- and cycling-friendly [70]. Thus, socio-
economic differences in active transportation may be
smaller in these countries.

Methodological considerations

Due to weak quality of the evidence, the results must
be interpreted with caution. Mediation and modera-
tion analyses derived from cross-sectional studies are
only able to establish a relationship between three vari-
ables within a pre-specified framework, but it is not pos-
sible to determine whether this framework represents a
causal process [71]. Thus, the cross-sectional design in
all but one study [26] precluded determination of the
temporal ordering of exposure and outcome, and limits
inference about causality. Furthermore, all of the stud-
ies were rated as having high risk of bias, mainly due to
inadequate control for confounding factors, and particu-
larly parental self-selection bias was rarely addressed.
Self-selection refers to the fact that people usually move
to a neighborhood based on their preferences or lack of
alternatives due to economic constraints [72]. Thus, an
active person may choose to live in a neighborhood that
facilitates physical activity. This is especially true for indi-
viduals with high SEP which have greater financial means
to select their place of residence. Conversely, individuals
with low SEP may be forced to select their neighborhood
based on affordability. This can result in an overestima-
tion of the impact of the built environment as those who
choose to live in neighborhoods conducive for physical
activity are likely to be active to begin with [73]. Although
children and adolescents are unlikely to choose their
neighborhood, parental self-selection should be adjusted
for as parents are likely to influence their child’s activity
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behaviors [74]. For instance, if the parent’s main reason
for moving to a neighborhood is having proximity to
school and traffic safety, then the neighborhood effect on
active transportation will be overestimated because this
also supports the parents preferred behavior of the child,
namely that they should walk to school [72, 75]. Impor-
tantly, active transportation was the physical activity out-
come of interest in fourteen of the studies included in
this review. We suspect parental self-selection is a major
source of bias in these analyses. We therefore encourage
future studies to collect and use information on neigh-
borhood preferences in their statistical models.

The included studies used both objective and perceived
built environment measures. The agreement between
these measurement modalities are generally low, possibly
because perception is influenced by individual personal-
ity characteristics [76, 77]. Furthermore, both admin-
istratively defined boundaries and egocentric defined
boundaries were used to determine neighborhood expo-
sure, neither of which perfectly reflects the actual neigh-
borhood that children and adolescents themselves report
using [78]. This likely leads to an underestimation of
associations between the built environment and physi-
cal activity by virtue of introducing non-differential mis-
classification and thereby also potentially attenuating the
moderating influence of SEP [79].

Built environment measures includes several aspects
(e.g. accessibility, access to recreational facilities, safety
and aesthetics) which are related to different physical
activity domains. For instance, walkability may be more
strongly related to active transport, while the presence of
recreational facilities might be more strongly associated
with leisure time physical activity [22]. Consequently, the
conceptual matching of built environment features and
the physical activity domains under analysis is impor-
tant [80]. Several of the included studies [25, 26, 45, 47,
50] reported on the number of recreational facilities and
green space without measuring leisure time physical
activity. Importantly, the socioeconomic gradient is likely
to be more pronounced for leisure-time physical activity
compared to total physical activity [6, 7]. Thus, the lack of
conceptual matching may have contributed to the incon-
sistent results.

Most studies conducting analyses of moderation did so
in secondary analyses, without reporting power calcula-
tions. It is therefore reasonable to assume that several of
the included studies were designed to detect main effects,
not considering the sample size needed to detect poten-
tial differences in main effects across socioeconomic and
built environment strata. Several of the studies reporting
significant interactions reported very large effect sizes.
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For instance, a Belgian [23] and a Spanish [48] study
found effects sizes to correspond to 7-10 min in moder-
ate-to-vigorous physical activity, or 15-30% difference. It
is likely that smaller, but meaningful, moderating effects
could have been observed if the studies were designed
with sufficient power to detect these differences. We
would therefore encourage researchers to design stud-
ies considering the power needed to detect moderating
effects and state the magnitude of an important effect.

Moderation was typically examined using binary cat-
egories with a median split [22, 24, 25, 29, 40, 43, 45,
50, 55]. This can make moderation difficult to observe,
as difference between high and low SEP categories may
be diluted. Interestingly, three studies omitted either
the 5th, or the 5th and the 6th decile in their binary SEP
categories, and all three reported a significant moderat-
ing effect of SEP [23, 48, 52]. This could suggest greater
SEP contrasts are needed to identify associations. Con-
sequently, future studies may consider securing greater
heterogeneity between SEP groups.

Finally, one study which measured SEP-by-built envi-
ronment interactions used individual SEP as exposure
and then adjusted for area SEP [47], while others used
area SEP and then adjusted for individual SEP [30, 49,
57]. The rationale for these approaches were not pre-
sented and we encourage researchers to state their logic
behind attempting to isolate specific parts of SEP by
adjusting for other indicators of SEP.

Practical implications

The dearth of prospective and experimental studies
represents a significant opportunity for the research
community to move the science forward. Although ran-
domized controlled trials in the built environment are
extremely difficult to conduct, natural experiments are
feasible and crucial to gain insight into the built environ-
ments impact on socioeconomic differences in children
and adolescents physical activity behaviors. To achieve
this, closer collaborations between researchers, policy
makers and urban planners are needed. Despite the
shortcomings of the present evidence, targeting pedes-
trian infrastructure to make neighborhoods more walk-
able looks to be a promising strategy to increase activity
levels among adolescents with low SEP in Europe. Fur-
thermore, the included studies from the US suggest tar-
geting traffic safety measures in neighborhoods with low
SEP is important to ensure safe routes to schools and for
recreational purposes. Although such interventions in
the built environment are costly, previous research has
suggested that the cost-benefit is comparable to other
health enhancing measures [21, 81]. Additionally, studies
focusing on aesthetics were largely underrepresented in

Page 19 of 22

the present review. We would therefore encourage future
studies to consider this aspect of the built environment
as neighborhoods with high and low SEP may be equally
rich in amenities, but they may vary greatly in their qual-
ity (e.g. run down/dirty parks and recreational facilities)
[60]. Finally, there is a need for more studies from outside
Europe and the US.

Strength and limitations

The comprehensive search strategy and the utiliza-
tion of two reviewers in all stages of the screening is a
major strength of the present review as it minimized the
chances of missing relevant articles. Furthermore, we
aimed to maximize transparency by preregistering the
review in PROSPERO and following the PRISMA 2020
guidelines [33].

The present review has some weaknesses that need to
be addressed. We used vote counting as a method for
synthesizing evidence, which does not account for the
quality of studies, sample size or the effect size. How-
ever, the heterogeneity in measurements and analyti-
cal approaches precluded meta-analysis. We based our
judgement of mediation and moderation on formal sta-
tistical examinations if available. However, some studies
reported effect-sizes for the built environment across
strata of SEP, allowing only for a qualitative comparison
of effect-sizes across these strata, not a formal test of dif-
ference-in-difference. We did not apply a fixed criterion
for these evaluations as we consider no specific meaning-
ful threshold could be applied. Because we only included
studies written in English or a Scandinavian language,
there is a potential risk for selection bias. Furthermore,
we chose to only include studies that measured a com-
plete activity domain which meant that studies focusing
on sports participation were excluded. This is unlikely to
be a major issue as organized sports often happens out-
side of the immediate neighborhood. Finally, we did not
include studies using built environment around schools
as a proxy of individual neighborhood environment.
Children and adolescents often live more than 1 km from
their school [82, 83]. Thus, we did not consider school
neighborhood to be a good proxy for individual neigh-
borhood exposure.

Conclusion

We found no evidence to support that the built environ-
ment functions as a mediator in the relationship between
SEP and physical activity. Evidence from studies exam-
ining how SEP moderates the association between built
environment and physical activity was inconclusive with
some suggestions towards geographical differences. Tar-
geting pedestrian infrastructure to make neighborhoods
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more walkable looks to be a promising strategy to
increase activity levels among adolescents with low SEP
in Europe, only. However, the current body of literature
consists largely of low-quality evidence derived from
cross-sectional studies. Thus, firm conclusions cannot
be made. Closer collaborations between researchers, pol-
icy makers and urban planners is needed to design high
quality research to determine role of the built environ-
ment in combating social inequalities in physical activity
among children and adolescents.
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