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Abstract

Background: A supportive environment is a key factor in addressing the issue of health among older adults. There

is already sufficient evidence that objective and self-reported measures of the neighborhood environment should be
taken into account as crucial components of active aging, as they have been shown to influence physical activity; par-
ticularly in people aged 60+. Thus, both could inform policies and practices that promote successful aging in place.
An increasing number of studies meanwhile consider these exposures in analyzing their impact on physical activity

in the elderly. However, there is a wide variety of definitions, measurements and methodological approaches, which
complicates the process of obtaining comparable estimates of the effects and pooled results. The aim of this review
was to identify and summarize these differences in order to emphasize methodological implications for future reviews
and meta analyzes in this field and, thus, to create a sound basis for synthesized evidence.

Methods: A systematic literature search across eight databases was conducted to identify peer-reviewed articles
examining the association of objective and perceived measures of the neighborhood environment and objectively
measured or self-reported physical activity in adults aged > 60 years. Two authors independently screened the articles
according to predefined eligibility criteria, extracted data, and assessed study quality. A qualitative synthesis of the
findings is provided.

Results: Of the 2967 records retrieved, 35 studies met the inclusion criteria. Five categories of methodological
approaches, numerous measurement instruments to assess the neighborhood environment and physical activity, as
well as several clusters of definitions of neighborhood, were identified.

Conclusions: The strength of evidence of the associations of specific categories of environmental attributes with
physical activity varies across measurement types of the outcome and exposures as well as the physical activity
domain observed and the operationalization of neighborhood. The latter being of great importance for the targeted
age group. In the light of this, future reviews should consider these variations and stratify their summaries according
to the different approaches, measures and definitions. Further, underlying mechanisms should be explored.
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Background

Maintaining healthy life years due to lower morbidity
through regular physical activity (PA) [1-5] should be a
priority as life expectancy increases. Although the ben-
efits of PA are well documented when considering age
related diseases [6—8], the prevalence of PA in adults,
especially in older adults, in many countries is low [9,
10]. Therefore, it is important to identify modifiable fac-
tors that may help older adults to initiate and maintain a
physically active lifestyle. Besides individual factors, it is
known that characteristics of the neighborhood environ-
ment (NE) can affect an individual’s PA behavior [11, 12].
Since mechanisms and features of place and their influ-
ence on PA may vary depending on the characteristics of
a population group and that group’s sensitivity to certain
NE factors [13], research must be specifically focused on
the targeted population. Vulnerable groups such as older
adults experience the highest risk of inactive lifestyles
due to their declining health and reduced functioning
and mobility [14, 15] and may thus be most influenced
by NE features [16]. Hence, designing age-friendly neigh-
borhoods, which aim to reduce barriers to PA [17] and
might make older people feel more confident and secure,
calls for the consideration of the effect of the built NE on
PA in this age group [18].

Theoretical and conceptional frameworks for research

on the associations of NE and health

Research investigating the associations between the NE
and health behaviors comes from multiple disciplines
(e.g., public health, urban planning, geography and psy-
chology) [19-25]. Health-related research has mostly
focused on individual aspects, such as demographics,
health status, psychological, social and lifestyle factors
[26-28]. However, some authors have pointed out that
environmental variables also need to be considered in
health promotion research [25, 29, 30]. In their ecological
model, Barton and Grant [31] identified the built NE as
a key factor that influences individual behavior and well-
being. Thus, the socio-ecological framework, which com-
bines the effects of social and physical aspects of both the
objective and the perceived NE [25, 30], has been widely
used to gain a greater understanding of the relative influ-
ence of NE on PA [30, 32, 33]. Since the complex under-
lying mechanism is also based on different domains of
active living [31, 34], which in turn may relate to differ-
ent NE characteristics [35], the importance of an inter-
actional context and domain-specific approach has been
proposed in broader models [36, 37]. To maximise the
impact of policy and health interventions, knowledge of
interacting factors is necessary. Hence, studies started to
address personal perceptions of NE factors such as crime
[38, 39] and traffic [38—40], leading to the development of
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new measures, such as the International Physical Activ-
ity Questionnaire (IPAQ) [41], assessing PA for multiple
purposes. In addition, it was acknowledged that factors
such as attractive and well-designed NEs may help to
promote active transportation as well as recreation [42].
Thus, over the last 2 decades a variety of potential factors
that may influence PA has been identified, for example,
walkable neighborhood designs, access to parks, avail-
ability of public transport, and the quality of pedestrian
and bicycling infrastructure [43, 44]. In their review in
which they looked at walking and cycling in the neigh-
bourhood, Pikora et al. [45] identified a framework with
features related to function, personal safety, aesthetics
and the presence of destinations. The framework then
became an effective international system for classifying
built NE characteristics.

Definition and relevance of objective and subjective
measures

Measurement of the built NE can be grouped into four
types: (1) self-reported measures [11], (2) systematic
observations (e.g. by google street views), community
audits [24, 46—48], (3) government statistics [12, 49], and
(4) geographic information system (GIS) measures [12].
Several self-reported measures have been evaluated [50]
and are typically collected using surveys, interviews or
focus groups. The most frequently used tool, which is in
line with the conceptual framework by Pikora et al. [45]
is the Neighborhood Environment Walkability Scale
(NEWS) [11] or the abbreviated version (ANEWS) [51,
52]. The instrument allows for the assessment of multi-
ple dimensions of the perceived NE for PA. Perceptions
(e.g. of the quantity and quality of facilities and traffic
conditions, safety, barriers) provide data on unobserv-
able psychological processes triggered by satisfaction of
the NE. But these may not accurately represent the ‘real’
(objective) environment [53-55] and include the pos-
sibility that individuals may in fact perceive the exact
same NE context differently [5, 56]. Objective measures
include, for example, distances to a specific destina-
tion [57], or access to facilities within defined radius of
the individual’s home [33]. In order to gather objective
data the use of GIS tools in combination with secondary
data, such as those provided by government continue to
increase through the expanding technical possibilities
and their usability. This is now reflected in the growing
number of studies [58, 59] conducted using this tools.
Features which are not incorporated in such sources can
be assessed through direct observations by several audit
tools which have been developed in recent years and can
complement perceptions of the NE [60, 61]. Objective
measures may not reflect the current situation and the
needs and experiences of individuals and might eliminate
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this impact on their PA behavior [54]. On the other hand
they can capture important structural aspects of the NE,
that may not be perceived [54]. Consequently, studies
including both measures have exhibited different and
independent associations with PA outcomes in the past
[5, 55, 58, 62-70]. Therefore, research that exclusively
uses either objective or self-reported measures of NE
characteristics may produce limited results to the ques-
tion of whether perceptions or the objective NE are more
reliably associated with PA [54].

Older residents and their neighborhood: state of science
and limitations

It is posited that with increasing age and functional
limitations, individuals become more sensitive to envi-
ronmental barriers (such as large distances, poor qual-
ity pavements) and safety issues [71-73]. Associations
between NE and PA have been found to be the strong-
est around retirement age [18], when older adults are
more likely to spend most of the time in their neigh-
borhood [74] and thus, are more likely to be affected by
their surrounding NE [5, 75]. A neighborhood refers to
the geographical area, within which people spend their
time, including the physical and social conditions [15].
The scales to be used in research of NE and PA may dif-
fer depending on context and purpose [76] and can have
different connotations depending on different target
groups and individual interpretations of “the neighbor-
hood” [77]. It has been hypothesized that older adults
might not walk as far as adults, adolescents and children,
who engage in PA through travel to school/work from
home during the day and, in addition, are only able to
walk within limited geographical areas of their homes
[15, 78-80]. Compared with younger adults, older adults
tend to be more sedentary and make fewer and shorter
trips [81]. Thus, NE characteristics within smaller buffer
sizes around home seem to be more applicable to older
adults than those typically used for younger age groups
[82]. Furthermore, the choice of neighborhood defini-
tion may differ for different domains of PA (e.g. for trans-
portation or recreation) and the behavior being studied
(e.g., walking, cycling) [37]. Thus, researchers have been
using a variety of neighborhood definitions, which also
depends on whether exposures are observed within or
beyond (e.g. according to activity spaces in terms of daily
visited locations) the residential neighborhood [83].
Hence, there is little consensus as to the most appropri-
ate geographic scales [84—86]. This not only weakens the
correlation between perceived and objective measures
of the NE [37], but can also change the results according
to PA [84, 85, 87] and makes it difficult to combine evi-
dence across studies [85]. Consequently, the challenge of
defining a neighborhood has been regularly highlighted,

Page 3 of 20

though an operational definition has yet to be agreed on
[21, 60, 87, 88].

Review aims

Recently, some studies examined links between the NE
and PA in general [58, 89-92], while others investigated
adults’ PA [33, 42, 46, 90, 91, 93], and a smaller number
focused on children [94, 95]. Although the NE is consid-
ered to be especially relevant for older adults, only a few
reviews have investigated how NE correlates with PA tar-
geting this particular age group [5, 8, 78, 96-98] and, in
addition, have highlighted the difficulties in summarizing
evidence across studies. This might be due to methodo-
logical limitations including differences in the following:
the number, variability and operationalization of meas-
ures of NE and PA outcomes [99, 100], the geographical
scale, the location of the sample group [15], the choice
of measurement and, lastly, the PA domain being ana-
lyzed [33, 101, 102]. The aim of this review was hence to
assess each of the listed differences. Since the NE can be
modified, a body of evidence synthesis based on a proven
and comprehensive understanding of the relevant char-
acteristics that act either as facilitators or barriers to PA
of older adults is required. This, in turn, has the poten-
tial to inform practices on how to develop interventions
and environmental designs that underpin active healthy
aging [103]. The consideration of both objective and per-
ceived measures of the NE can improve the understand-
ing of how these overlap, interact, and complement each
other in reflecting the NE context [11, 12, 70]. In addi-
tion, they have proved not to be necessarily in agreement,
e.g., perceiving the NE to be less walkable than it really
is, which in turn is associated with lower levels of PA [67,
104, 105]. Thus, in contrast to previous reviews, which
included studies that used either perceived or objective
measurements, or a combination of both to assess NE
[5, 96, 97, 99], this review is based exclusively on studies
that include both objective and perceived measured data
within the same sample.

Since generating evidence based on a synthesis across
studies in this field has proven to be difficult, largely due
to the differences described above, the aim of this review
was to create a sound basis on which future reviews can
be prepared.

Methods

This paper details a review of the literature using both
objective and perceived NE features within the same
study population regarding PA. Details of the proto-
col are registered in PROSPERO (Registration number:
CRD42018117549). During the extraction and screen-
ing of the data, the numerous methods and approaches
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applied became apparent. This meant that current
research methods had to be examined and summarized
first, and then a decision made regarding how to summa-
rize them in order to provide evidence for the outcome.
Thus, this in-depth synthesis focused on the findings
regarding the ways in which objective and perceived NE
features were used or linked to investigate their influence
on PA.

The review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [106]. The detailed report is attached as Additional
file 1.

Search strategy and information sources

The identification of relevant keywords for the search
string was conducted by the author team with the help
of a research librarian. Search terms were formulated
using synonyms following the strategies used in existing
literature reviews that have previously assessed interac-
tions between PA and NE [5, 96, 107], and combined by
Boolean operations and MeSH terms and other index
terms related to PA as well as perceived and objectively
measured NE. The strategy was developed and pretested
for MEDLINE in an iterative process and adapted for
other databases. The search was conducted in MEDLINE
(via Pubmed), Cochrane Central Register of Controlled
Trials (CENTRAL, via Cochrane Library), Cumulative
Index to Nursing and Allied Health Literature (CINAHL,
via EBSCO), GreenFILE (via EBSCO), Physical Education
Index (PEL via ProQuest), PsycINFO (via Ovid), Science
Citation Index (SCI) and Social Sciences Citation Index
(SSCI), via Web of Science (WoS). An example of the
complete search syntax used for MEDLINE is illustrated
in Additional file 2. The search strategy was modified for
other databases. To identify additional eligible studies
and to ensure a comprehensive identification of eligible
sources, reference lists of the articles included and pre-
viously published systematic reviews and meta-analy-
ses were manually screened for relevant publications.
Searches were executed in July 2020. No restrictions on
language or publication year were applied.

Eligibility screening and inclusion criteria

Screening strategy

The first author of this review conducted the data-
base search, exported and de-duplicated the results
using the reference management software ENDNOTE
X9 [108]. The remaining articles were uploaded into
RAYYAN QCRI 0.0.1 [109], an online tool for system-
atic reviews. Two authors independently screened arti-
cles in a two-step process: firstly, titles and abstracts
were screened to select relevant studies. Secondly, full
texts of relevant studies were examined. The screening
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procedure was based on predefined inclusion and
exclusion criteria. The authors discussed any disagree-
ments until consensus was reached. Where consensus
could not be reached, a third reviewer was consulted.
All reasons for exclusion of full texts were recorded
and are provided in Additional file 3. The process of the
database search and screening followed the PRISMA-
guidelines [106].

Inclusion and exclusion criteria

Inclusion and exclusion criteria for the initial systematic
review were defined in line with the Population, Inter-
vention/exposure, Comparator, Outcome (PICO) crite-
ria [110]. For this review, all studies were eligible if they
met the following criteria: Community-dwelling adults
aged > 60 years (or age-stratified analyses in studies with
a larger scale) regardless of sex, ethnicity or geographical
setting (P). To be included, studies needed to investigate
the influence of both objective and perceived attributes
of the NE (I and C) on any kind of objectively measured
(e.g., by accelerometer, pedometer) or self-reported PA
(e.g., by questionnaires or diaries) (O). Studies that (1)
examined individuals under 60 years of age or did not
provide subgroup analysis of age, (2) investigated specific
populations living in nursing homes or other institutional
facilities, (3) dealt with either objective or perceived NE
measures; and (4) neither examined PA as a primary
nor secondary outcome were excluded. All types of peer
reviewed empirical studies (i.e., randomized controlled
trials, non-randomized controlled trials, cross-sectional,
longitudinal, quasi-experimental studies, prospective or
retrospective cohort studies, case studies, and qualitative
studies) were eligible for inclusion. Non peer reviewed
articles, study protocols, books, book chapters, disserta-
tions, commentaries, editorials, and systematic reviews
were excluded. The detailed eligibility criteria can be
found in Additional file 4.

Analyses

Data extraction and organization of the material

The data extraction covers issues such as the types
of Studies, types of Data, types of Methods and Out-
come (SDMO-criteria), as suggested in the Cochrane
Handbook for conducting methodological reviews
[111, 112]. The extraction form and categorization
scheme to organize the material were developed iter-
atively during the screening and planning phase and
pretested in an iterative process. The extraction form,
supported by written instructions on how to record
and categorize the data, was provided to all authors
involved in the data extraction. A final database of all
forms was constructed using a customized Excel sheet
containing the following information: first author and
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year of publication; year of data collection and study
design, if applicable, study name; location and setting
(e.g. urban/rural); sample characteristics (response
rate, sample size, sex, age); neighborhood (definition
and strategy for selection of study areas); measures
for objective and perceived NE as well as PA (instru-
ment, operationalization and whether it was vali-
dated); if applicable, a list of moderators/mediators
and a section that describes how objective and per-
ceived data of NE were linked. In the process of data
extraction, objective NE data were coded as either (1)
taken from commercial or official sources, including
administrative/government data, (2) derived by using
Geographical Information Systems (GIS), includ-
ing Open Street Maps (OSM)—data or (3) collected
by conducting environmental audits. Perceived NE
attributes were organized as observed from respond-
ents, e.g., by using well established and validated
instruments such as the NEWS assessment [11, 62],
or by requesting perceptions through selected items.
In line with previous systematic reviews [5, 96],
objective and perceived NE attributes potentially
reflecting the same or similar constructs were clas-
sified into categories primarily corresponding to the
established and most frequently used dimensions
from NEWS [11], the most popular instrument for
measuring perceived neighborhood environmental
attributes worldwide, complemented by additional
attributes appearing in the selected articles.

Based on the dimensions of the NEWS/NEWS-A-
questionnaire, the attributes were arranged into five NE
categories:

1. overall walkability measured by any kind of calcu-
lated index or score of perceived or objective data,
including information on access to services/land use
mix, residential density and/or street connectivity,

2. a residential density/urbanisation category, including
connectivity and proximity patterns,

3. a category summarizing factors reflecting the avail-
ability and access to services and destinations that
have proven to be potentially beneficial for PA, with
the subcategories comprising land use mix/diversity,
shops/commercial destinations, availability of pedes-
trian and cycling infrastructure parks/green spaces/
recreational destinations,

4. a category aggregating the safety dimension in its
expressions of safety from crime, safety from traffic
and other security-related aspects such as the pres-
ence of street lighting and physical barriers, and lastly
a category,
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5. which mainly includes qualitative aspects, such as
footpath quality, aesthetics, orderliness, littering/van-
dalism/decay and air pollution and social aspects.

PA measures were categorized into total walking
(including total NE walking and walking level) as well as
walking for recreation and walking for transport. Like-
wise, PA was also classified into total PA (including total
PA, PA level and MVPA), PA for recreation, and PA for
transport. As a final category, sedentary behavior was
included, as this might indicate the effect of the determi-
nants in the opposite direction. For this review PA levels
were collected as reported in the studies, e.g. in terms of
intensity, as moderate-to-vigorous PA (MVPA), energy
expenditure, steps per day, time of activity per day or as a
verification of compliance with the recommendations for
PA.

Since neighborhoods can be operationalized differ-
ently, multiple options were created for the extraction
form. This includes several radii around the participant’s
home for the operationalization of objective neighbor-
hood and default distances between five, 10, 20 or more
minutes around the individual’s place of residence, in
order to define the perceived NE.

Two reviewers independently extracted all relevant
information from included studies, verified each other’s
work for accuracy and resolved any discrepancies by tak-
ing a similar approach as already outlined. If relevant
information was missing from the full-text article, the
corresponding author of the study was contacted for clar-
ification. Additional file 5 provides the relevant informa-
tion of the included studies.

Assessment of methodological quality

All included studies were assessed for methodological
quality by two reviewers using a self-developed check-
list adapted from existing sets of criteria used in earlier
reviews [5, 99, 113-117], as well as the Quality Assess-
ment Tool for Quantitative Studies (EPHPP) [118]. The
criteria were chosen to reflect relevant aspects for a
methodological investigation and thus focused on assess-
ing the selection of the sample, measurement and data
issues. The eight-item checklist covered whether the
study achieved a set of criteria. Two aspects in order
to reflect representativeness: (1) stratification of study
areas or participant recruitment by key environmental
attributes and (2) achievement of adequate participant
response rate (> 60%) or sample shown to be representa-
tive of the population. Further, the evaluation of whether
potential confounders were included in the analysis in
terms of adjustment for key socio-demographic covari-
ates (at least age, sex, and education) on (3) NE-level and
(4) on individual-level. Regarding the data, instruments
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and analyses, it was assessed whether descriptions of
valid or well established measures of (5) objective NE,
(6) perceived NE and (7) PA; and (8) an appropriate ana-
lytical approach (e.g., p-values and confidence intervals)
were provided. Studies for which no clear statement
could be made on the respective point or which could not
be answered with a definitive [yes] or [no] were labeled as
“not applicable” [NA]. As with (e.g.) Cerin et al. [99], the
study design was not considered in terms of evaluating
the strength of evidence of causality, because the majority
of studies included were cross-sectional. The results for
the individual studies obtained using the tool are shown
in Additional file 6.

Results

Study selection

The literature search in July 2020 retrieved 2967 articles.
After deduplication, 1911 articles were screened follow-
ing the two-staged screening process. Finally, 35 articles
were included in the review (Fig. 1).

Characteristics, participants and scope of included studies
The characteristics and details of the included studies are
provided in Table 1 and, in further detail, in Additional
file 5. Among the studies that reported the mean ages of
study participants (n=19), the mean age ranged from
60.5 [119] to 76.9 years [120]. Slightly less than a quar-
ter of the studies (n=9) included younger participants
in their sample, but stratified their analyses according to
older age groups; aged at least>60 years [40, 104, 121-
127]. Among the studies that focused on both sexes, the
proportion of female participants was, on average, 59.5%,
ranging from 36.8% [128] to 79.7% [129]. Some authors
focused on women only in their analyses [130—132].

The specific aim to investigate the concordance
between objective and perceived neighborhood attrib-
utes (or walkability) was formulated by two studies [53,
104]. Fourteen studies examined the relative impor-
tance of selected objectively and perceived measured
NE attributes on PA in general [120, 122, 123, 129,
133-142] and four studies investigated associations
between attributes of the NE and specific PA or walk-
ing domains [40, 121, 124, 127]. Some studies aimed to
explore the relationships between different NE attrib-
utes and PA in a specific population group, for exam-
ple in adults with type 2 diabetes [119], kidney cancer
survivors [128] or overweight and obese urban older
adults [143]. One quarter of the studies (n=9) tested
the mediating role of demographic, psychosocial, func-
tional, behavioral, and/or environmental features on
the association between NE and PA [125, 127, 128,
130-132, 144—146]. Other studies tested whether asso-
ciations between NE and PA were moderated by age,
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sex or education, driving status, crime and safety or
objective walkability [82, 121, 126, 147, 148]. The target
of one study [149] was to examine the value of PA as a
moderating element for somatic health.

Measurement of PA and NE

Figure 2 summarizes the PA measures and domains, as
well as the NE measures aggregated by categories. The
exclusive use of self-reports (i.e., by questionnaires, face
to face interviews or phone calls) was the most com-
mon method for capturing PA (n=26). Four articles
reported that they assessed PA exclusively objectively
(i.e., via pedometer, accelerometer) [119, 129, 132, 138].
In five articles [82, 104, 120, 147, 148], both objective
and subjective measures were used to assess PA. Nine-
teen studies used self-generated and/or non-validated
instruments to capture PA. Measures of PA included
estimated energy expenditure (kcals/day, kcals/week
of moderate PA) or total time of PA (mean mins/week
of moderate PA). The included studies looked at differ-
ent characteristics, partly in different PA (or walking)
domains as a primary (n=232) or as a secondary (n=23)
outcome. Fourteen studies reported their defined out-
come in more than one domain.

Regarding the assessment of objective NE, the use
of GIS derived measures in terms of spatial proximity
and/or the calculation of aggregated measures by using
geographical and/or governmental databases were the
most commonly used approaches (n=12). Built envi-
ronment composite indices, such as the validated Walk-
ability Index [150] (n=6) or modified/adapted forms
(n=5), as well as walk scores, in validated (n=1) or
modified versions (n=2), were used and typically con-
tained the features density, connectivity and land use
mix. The objective NE was measured by more than one
instrument in three studies [119, 120, 136]. Perceptions
of the environment were usually measured using ques-
tionnaires. Among the included articles, 42% (n=15)
used the NEWS assessment [11], 42% (n=15) meas-
ured perceived NE attributes through self-developed
instruments, and only a few (n=6) specified other vali-
dated instruments (e.g., walk audits). Two studies [128,
147] combined two instruments: modified scales from
NEWS with other validated or self-developed items and
scales.

Definition of neighborhood

Across studies, the definition of neighborhood was
inconsistent. With regard to objective operationaliza-
tion, the variation ranged from (a) administrative speci-
fications (e.g., based on postal code or district level), (b)
different radii around each participant’s geocoded home
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Fig. 1 PRISMA flow chart of the screening process and results
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address calculated as buffer sizes, to (c) spatial definitions
based on distances from the participant’s home to the
corresponding point(s) of interest(s) (Table 2). The most
frequently used option was the specification of buffer
sizes (including circular and network buffer), defining
a zone of 250-500 m around each participant’s home

(n=13), followed by definitions via postal codes or cen-
sus areas (n="7). Network buffers are especially preferred
when examining transport domains within PA. Two
studies covered more than one buffer size. Seven studies
defined the neighborhood equivalent to administrative
areas (census districts or postal codes), and further seven
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Table 1 Characteristics of studies and participants (n =number of individual studies)

Data Collection

Region n Year of data collection n
USA 18 2015-2020 1
Canada 3 2010-2015 13
Europe 7 2005-2010 12
Asia 4 <2005 4
Australia 3 Long-term/cohort-follow-up 2
South America 1 NA 3

Setting Sample size
Urban 21 <100 2
Peri-urban (combination of urban and suburban) 2 101-300 7
Suburban 3 301-500 5
Rural 0 501-1000 10
NA 6 1001-2500 5

Study design >2500 5
Cross-sectional study 29 NA 1

Longitudinal/observational study
Cluster-randomized intervention trial 2

NA not applicable or not reported
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used other spatial definitions such as straight line, Euclid-
ean or network distances in order to quantify the avail-
ability or accessibility of particular points of interest. Two
studies did not describe their methods. A 10-20 min
walk from home was the most commonly reported per-
ceived neighborhood definition (n=15). Thirteen studies
used other definitions, such as requesting the respond-
ents to think of “your neighborhood”. In one study, neigh-
borhood was defined as reachable within a 5 min walk
from home. Eight articles did not provide any informa-
tion on the definition used.

Observed NE attributes and domains

Among the studies included, the association between
safety from crime and PA was examined the most
(n=24), with only 17% (n=4) of these were using objec-
tively collected measures (Fig. 3). Nineteen studies inves-
tigated the existence of, or access to an infrastructure for
walking or cycling. To measure access to an infrastruc-
ture for walking or cycling, eight studies used objective
data, ten relied on participants’ self-reports and one
used both objective and perceived data. Perceived safety
from traffic (n=16) and perceived aesthetics and attrac-
tiveness of the NE (n=16) were recorded in 46% of the
studies. One study calculated an objective accessibil-
ity index, while another objectively observed air qual-
ity. Some studies (n=6) collected a number of features,
using both the objective and the corresponding perceived
determinant. Here a pattern can be identified—namely,
in the sense that particular attributes were collected via
both methods, for example, land use mix (n=10), street
connectivity (n=9), access to/number of parks, green/
public open spaces (n=11), or the infrastructure for
walking/cycling (n=38). Three studies collected a number
of attributes simultaneously [121, 124, 146].

Synthesis of methodological approaches

With regard to the way in which objective and perceived
NE determinants were linked, five different types of
methodological approaches were identified (Table 3) as
follows:

1. a direct comparison of corresponding objective and
perceived NE determinants,

2. an indirect comparison based on particular, though
not necessarily equivalent, set of variables reflecting
the corresponding NE: objective and perceived,

3. objective or perceived NE attributes used as an inter-
action term or moderator for each other’s effect on
PA,

4. modeling purposes: either to define the neighbor-
hood [140] or to stratify perceived NE attributes
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according to the objectively high or low walkable
areas [151, 152], that are determined in this way, and

5. combining a set of objective and perceived deter-
minants to investigate how the different NE factors
affect the outcome of the study, without the intention
of comparing objective and perceived attributes in a
targeted manner.

Observed moderators and mediators

With regard to PA, sociodemographic factors (i.e., sex
and age) were the most frequently examined moderators
at the individual level. At the NE level, objectively meas-
ured walkability [148], a Walkscore [126], buffer sizes
[137] and primary type of buildings in the neighborhood
[145] were assessed. However, the majority of studies
(n=19) examined self-reported features such as men-
tal health status [127, 131], perceived PA [40, 125, 127],
perception of crime and safety [145—147], perceived NE
[130, 131], social cohesion/support [127, 132, 144, 146],
health/medical condition or functional limitations [132,
149], self-efficacy [132], perceptions of proximity [153]
and self-reported park visits [40]. Potential influencing
factors for the perception of the NE, such as driving sta-
tus [82, 145], objective walkability [126, 148], individual-
level demographics and income [121, 126, 148], dogs in
household [126], as well as body mass index (BMI) [126]
were also included as moderator variables.

Methodological quality of the studies

The methodological quality of the included studies var-
ied (Fig. 4). Among the studies that reported response
rates (n=18), the lowest response rate was 7% [122]
and the highest was 71% [140]. Key sociodemographic
covariates (i.e., as a minimum age, sex, and education)
were adjusted for in nearly all studies (97%) at the indi-
vidual level. Adjustment at the NE level was done in
almost half (46%) of the studies. However, only 31.4%
(n=11) of the articles reported a stratified recruit-
ment sampling according to at least one key environ-
mental attribute, e.g., walkability [104, 129, 145, 147,
148, 151, 152], socio-economic status (SES) or income
at the NE-Level [104, 121, 134, 146-148], residential
density [121], environmental characteristics (e.g. rural/
urban setting), governmental definitions (e.g., counties)
[145], age groups [146], violent crime rates [146], or
other characteristics [53]. The majority of studies (94%)
described the objective NE measures they used as being
valid or well established in the field. In contrast, the
information regarding measures of perceived NE (51%)
and PA (54%) seems to be less valid. Some information
on the perceived measures was lacking, measures were
insufficiently described, or non-validated measures
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were used. Of the 35 included studies, 30 (86%) pro-
vided appropriate and comprehensible analyses (e.g.
indications of confidence intervals and p-values). The
results of the methodological quality assessment of the
individual studies are shown in Additional file 6.

Discussion

As the built NE has been the focus of much research
over the last decade, a number of studies have provided
important insights of how the NE contributes to PA
in older adults. Since earlier systematic reviews high-
lighted how the use of different methods and approaches
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Table 3 Types of methodological approaches

Category n References

1 Direct comparison 6 [53,104,119,121,124,127]

2 Indirect comparison 7 [122,123,126,128,138, 139, 149]

3 Interaction/moderation 7  [125, 130,131, 137, 146-148]

4 Modeling/stratification 3 [140, 151, 152]

5 Combination 12 [40,82, 120,129, 132-134, 136, 143-145,
153]

in primary studies made the summarization of evidence
and the performance of traditional meta-analysis with
exact quantification of effect sizes difficult, the aim of
this review was to identify and summarize these differ-
ences to create a sound basis on which future reviews can
be prepared. The results of the literature review yielded
different approaches, which consequently led to a dif-
ferent selection, combination and operationalization of
the NE features included. The first review on this topic,
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conducted 16 years ago, identified only a few studies
exclusively based on self-reporting [78]. Over the last
decade there’s been an increase in studies investigat-
ing the relationship between NE and PA in older adults-
simultaneous with the ongoing development of GIS tools
and instruments for the assessment of PA (e.g., by track-
ing tools). Consequently, all eight studies in this review,
where accelerometers have been used, were published
within the last 10 years, thus highlighting how acceler-
ometry has become an important technique for research
in this field.

Our review revealed a number of NE features investi-
gated for their association with PA, including aspects of
safety and aesthetics, typically derived by an individual’s
perception and/or environmental audits. However, it has
been assumed that individuals who regularly engage in
PA in their neighborhood may have more accurate per-
ceptions and be aware of specific characteristics of their
NE. This could lead to a misconception concerning cause
and effect. In contrast, objective measures (e.g., based on
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street network data or generated from OSM) may not be
optimally operationalized and are prone to inaccuracy
and of less actuality [19, 20]. Moreover, objective aspects
were often operationalized differently across the studies
included in this review and a few of them examined more
than one construct. Regarding dimensions of availability
and accessibility, the most commonly observed features
were land-use mix, distances to common destinations,
presence of green and recreational spaces and composite
measures (walkability). Since these dimensions indicate
a concept that not only covers spatial distances, but also
social and material aspects (which tend to differ depend-
ing on geographical regions and might lead to different
perceptions) [154], there is a need to combine objective
factors with others that reflect the cultural and social
background, as well as economic conditions of neighbor-
hoods. In this context, our review confirms the distinct
North American bias of research already demonstrated
in previous reviews [5, 96], which, in addition, took place
predominantly in urban areas. Because findings drawn
from this can neither be generalized nor transferred to
other settings and regions, Frank et al. [150] has already
emphasized the importance of conducting similar studies
across a wider range of other countries.

Early literature in this field was limited to recreational
PA [91], and it was later recognized that PA/walking can
also serve for the purpose of transportation [42]. In this
review, a number of different PA domains were observed
across the studies. Since PA is likely to differ by the PA
domain, this might be an obvious explanation for the
inconsistency of generalized results. For example, con-
sistent associations of selected NE features have in the
past been found for walking for transportation, but not
for the recreational domain and total walking and vice
versa [1]. Thus, an explicit definition of the outcome with
regard to the PA domain studied is of importance, a point
that was also raised in previous reviews [92, 99, 155,
156]. Nearly a third of the studies included in this review
measured PA via self-reporting. Earlier studies obtained
different results depending on whether PA was measured
objectively or self-reported [55, 58, 62—69]. Although,
specific PA domains can only be measured through self-
reports, the validity of such data is to be interpreted with
an element of caution as it is susceptible to overestima-
tion of PA [157, 158]. Thus, future reviews and meta-
analyses should stratify their analyses with regard to the
method of data collection for PA.

The correspondence of the neighborhood in which
objective data is collected to the neighborhood to which
the perceptions refer, as well as the discrepancy between
perceived and objective distances, remains a major meth-
odological challenge in summarizing valid results state-
ments on the subject to be researched, particularly in
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older adults [55, 159, 160]. Objective definitions of the
neighborhood are not necessarily suitable for identifying
an older person’s daily activity spaces, and perceptions
may in fact be more closely aligned to older adult’s defini-
tion of the neighborhood. Thus, walking duration is often
used as a proxy for distances [55], while the transporta-
tion literature suggests that most individuals are pre-
pared to walk up to 20 min to discretionary destinations
[5]. In line with this, a 10—20 min walk from home was
the most commonly reported perceived neighborhood
definition identified in this review. Nevertheless, self-
reported measures were not intentionally developed to
address concordance with objectively defined buffers and
therefore, may not be an optimal match because of vari-
ations in walking speeds (specially within the targeted
older age group) [55]. Results from a previous review [58]
indicated stronger associations for analyses with smaller
versus larger buffer sizes based on analyses for the over-
all population. However, the results from this review are
not necessarily related to the target group of older adults,
as different population subgroups are exposed to differ-
ent NE attributes in different places, and corresponded
to different PA domain during a given day [37, 161].
Given the variability regarding the functional mobil-
ity and walking speed, there is a need to improve the
definition of the neighborhood scale for the targeted age
group. In addition, future reviews should distinguish the
studies they include according variable buffers sizes, the
measures used (e.g., road network buffers, Euclidean dis-
tances) and the setting observed (e.g., urban, rural) [162].

Since the NE determinants, which significantly affect
PA, can change over time and are rather susceptible to
aspects of validity and residential self-selection [25, 99],
this review emphasized the dominance of cross-sectional
designs in research in this area. More longitudinal or
quasi-experimental studies are needed to help establish
stronger causal evidence of selected NE patterns to facili-
tate PA behaviors, instead of just reflecting neighborhood
self-selection [90], which undermines associations [163]
and is a major limitation of the evidence to date [91, 97,
107, 155]. Controlling for individual factors during the
analysis of longitudinal data might allow for the com-
parison of personal attitudes and preferences along with
residential relocations or NE interventions [164, 165].
Studies using audit tools, which typically measure stable
observable features, could provide more information on
specific NE characteristics, which might be of particular
importance for older adults’ PA.

Lastly, the methodological quality of individual stud-
ies should be taken into account when synthesizing evi-
dence. The present review shows that some assessments
were only partly reported, insufficiently described, or
even based on self-generated, non-validated instruments.
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Missing information on the levels of significance of the
data presents a further challenge. In order to draw mean-
ingful conclusions, confounders, at the individual and
NE level need to be considered, and a comprehensible
description of all measurements needs to be done. As
sampling is a major problem, with many studies report-
ing very low or no information on response rates, studies
should also provide an assessment of the representative-
ness of the sample and a description of the potential pat-
tern of selection bias [99]. It is particularly important to
implement strategies aimed at maximizing the response
rate, which have been successfully employed in studies in
adults [166].

To gain a broader understanding of NE characteris-
tics and their impacts on multiple levels of PA in old
age, novel theories and instruments, based on the grow-
ing amount of research, would be desirable [15]. In this
regard, new measures of the built NE, such as space syn-
taxes have recently been explored [167]. A practical basis
for consensus in data to be gained from future studies has
been provided by the IPEN consortium. This is through
standardized templates for creating GIS variables, includ-
ing operational definitions, examples of computations,
documentation of operationalization, and performance
of measures in an international context [168, 169]. In
addition, new measures such as adaptations of the NEWS
tailored for special regions (Sub-Saharan Africa and
India) and an internationally applicable instrument for
observing streetscape characteristics have been devel-
oped [170]. Structured results according to the dimen-
sions covered and features included, enriched by findings
from non-North-American as well as rural regions would
be of interest. An orientation towards protocols, which
have been developed to describe best practices for sum-
marized evidence, would be helpful. However, this
would first require that additional individual studies be
conducted.

Strengths and limitations

One of the strengths of this review is that it is the first
to systematically summarize the different methodological
approaches for analyzing both objectively and perceived
measured NE, in relation to PA. Furthermore, the analy-
ses focused on older people, as there are indications that
they may be most influenced by NE features and have
special requirements for the NE in order to be physi-
cally active [171, 172]. Only few authors of earlier reviews
focused on older adults in this context, and only one
examined studies that exclusively included both objective
and subjective measures of NE, but only focused on the
Australian territory [89]. Thus, although knowledge about
these relationships is becoming increasingly important
for future health care policies, this relevant population
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has been understudied to date. This review however also
has several limitations. First, the review was comprehen-
sive but not exhaustive, meaning that all work that was
previously conducted is not necessarily included. This
might be a consequence of the limitation regarding the
selection of data sources for the search or the decision to
omit grey literature. For instance, no searches were done
using google scholar. In addition, there was no access
to the EMBASE database, which may have limited the
results. Second, during the literature review we did not
explicitly search for single PA domains according to spe-
cial NE attributes (e.g. PA/walking for recreation linked
with exposure of green spaces). Hence, future reviews
should clearly define the targeted PA behavior and envi-
ronmental exposure in order to obtain an extensive over-
view. Because the theoretical framework on which the
selection of the respective indicators within the included
studies is based remains unknown in most cases, the
underlying concepts can only be assumed. Thus, the pro-
cess of data extraction and the categories created were
organized on the basis of a personal assumption of a con-
ceptual framework, in order to achieve an optimal com-
parison. For some issues, such as the classification of the
NE attributes investigated, the outcome was aggregated
to a general meaning of PA, although special PA domains
were observed. This contributed towards simplifying the
description of the findings.

The quality assessment was challenging because tra-
ditional quality assessment tools were found to be not
suitable to evaluate studies in the context of NE and PA
[89, 115]. Hence, a quality checklist adapted from earlier
reviews in this field was used. The checklist comprised
relatively simple criteria, more suited to the context.
Regarding the evaluation within this review, an assess-
ment of residential self-selection is lacking, as this is
rarely undertaken in the included studies.

Conclusions

As the condition of the NE is affected by policies across
multiple fields, such as transportation, planning and
public health, evidence on the impact and the relation
of both, objective and perceived NE characteristics on
PA among older adults could guide interventions to
promote PA tailored for the specific needs of the older
age group. In order to obtain robust evidence that
could stimulate changes, compatible and comparable
methods and reporting standards are of utmost impor-
tance. Since associations with PA vary according to the
different measurements of PA and NE as well as the PA
domain observed, future reviews should consider these
differences when conducting literature searches, and
should define eligibility criteria more precisely based
on this knowledge. In addition, the use of standardized,
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reliable and validated measures, based on uniform
instruments, suitable for the group of older adults
should be encouraged. Further, the harmonization of
definitions and reporting standards as well as validated,
age-appropriate (objective and perceived) geographic
scales could improve the comparability of findings. This
will allow for the pooling of data and will help to estab-
lish more robust evidence in this field. In the absence
of common definitions, future reviews could stratify
their summaries pertaining to the differences. Finally,
synthesized evidence on the association between NE
and PA in older adults based on uniform principles and
methods remains scarce.
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