
RESEARCH ARTICLE Open Access

Examining the relationships between
walkability and physical activity among
older persons: what about stairs?
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Abstract

Background: Walkability is considered an important dimension of healthy communities. However, variable associations
between measures of walkability and physical activity have been observed, particularly among older persons. Given the
challenges older persons may have navigating stairs on walking routes, the presence of stairs may be an explanatory
factor for these mixed associations. The purposes of this scoping review were to determine whether studies
examining the relationship between walkability and physical activity included items that assessed stairs and
what relationships were found.

Methods: Systematic reviews were identified by entering search terms into five database search engines.
Eligibility criteria were: a) published between 2008 and 2017, b) examined the relationship between
walkability and physical activity, c) included a focus on persons aged 65 years and older, and d) written in
English. The full articles for all primary studies included in eligible systematic reviews were then retrieved.
Duplicates were removed. Information about where the study took place, walkability measures used, types of
walkability data obtained (objective and/or subjective) and questions asked about stairs were extracted from
the full text articles.

Results: Eleven systematic reviews were identified; seven were eligible. After removing duplicates, 289 primary studies
remained for review. Measures of neighborhood walkability were present in 205 studies; a minority (n = 5, 2.4%)
included items about stairs. No information was obtained on the structural features of the stairs.

Conclusions: The presence of stairs may deter older persons (and others) from walking outdoors. Standard measures
to document the presence and characteristics of stairs, and sampling approaches to select stairs for
assessment are needed. The inclusion of these measures would augment the utility and comparability of
studies examining relationships between walkability and physical activity and better inform planning and
policy decisions.
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Background
Walkability is considered an important dimension of
healthy communities. Typically, walkability indices
examine land use mix, street connectivity, and popu-
lation density [1]. These indices are useful for inter-
sectoral planning by public health departments, as the
indices have their origins in, and thus resonate with

actors in other sectors – notably urban planning and
transportation [2].
Walkability indices have been used in community

assessment and urban planning processes [3–5]. They
are referred to in some guidelines for public health [6, 7]
and used to rank cities [8, 9]. These indices started to
gain prominence in public health over a decade ago, as
issues around physical inactivity and obesity came to the
fore. Walkable environments were thought to yield
potential health benefits, both directly, by fostering more
physical activity; and indirectly, by increasing active
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transportation and reducing urban air pollution. More
walkable neighbourhoods have also been associated with
stronger neighbourhood cohesion and connectedness
[10], less social isolation [11], and less crime [12]. Yet,
there are some concerns about walkability as a con-
struct, particularly as it applies to older persons (defined
as adults aged 65 years and older for the remainder of
this article). Van Cauwenberg et al. [13] contrasted the
relationships found between the built environment and
physical activity among children and younger adults
versus older persons. They described the latter associ-
ation as weaker and more variable and suggested that
more detailed assessments of the physical environment
are required to better understand its relationship with
physical activity among older persons. While environ-
mental features such as walkability, street connectivity,
sidewalk coverage, and esthetics were assessed in many
of their 31 included studies, there was only a single
mention of stairs in their review. Stairs may be a pertin-
ent environmental feature, and especially for older per-
sons, because difficulty navigating stairs is often
described as an impediment by those experiencing
mobility limitations [14–16]. Walking for leisure is a
common form of physical activity among older adults
[17] and thus encountering stairs along a walking route
may be particularly troublesome for this population. In
addition, reports of and checklists to guide the develop-
ment of age-friendly neighbourhoods and cities stress the
importance of designing safe stairs along with other fea-
tures of the built environment such as curbs, benches, and
lighting [18, 19]. However, it is indoor [20, 21] and outdoor
stairs [22, 23], rather than the latter features that are associ-
ated with a high incidence of injurious falls among older
persons. Furthermore, a fear of falling may limit physical
activity in this age group [24–26].
There are a number of plausible explanations for the

differences van Cauwenberg et al. [13] reported regard-
ing relationships between the built environment and
walkability in younger versus older populations. First,
geographic measures may fail to capture local variations
in environmental characteristics, which influence how
and whether older persons are able to or choose to navi-
gate their outdoor environment. Feuillet et al. [27]
explored this in their study of spatial heterogeneity and
active commuting in Paris. They concluded that
socio-ecological measures need to be area specific. Plia-
kas et al. [28] compared foot-based street audits, virtual
street audits and routinely collected data, noting the
varying spatial scales depicted by the three methods.
Similarly, in a review article, Rollings et al. [29] identified
the importance of using the appropriate spatial scale in
combination with physical measures of neighbourhoods
that might moderate or mediate relationships between
the neighbourhood environment and health. Second,

subjective perceptions and objective measures of envir-
onmental characteristics yield different insights into
what influences behaviours [29–32]. Subjective percep-
tions take into account one’s ease or difficulty in navigat-
ing the environment based on various personal
attributes: physical, social or mental health; fear of fall-
ing; one’s confidence in being able to navigate the envir-
onment and one’s perspective of potential benefits. In
Orstad’s review [32], comparing objective versus subject-
ive measures, authors concluded that “the perceived
neighborhood environment and objectively measured
neighborhood environment are related but distinct con-
structs” and this distinction “accounts for unique vari-
ance in physical activity”. Third, the person-environment
fit hypothesis [1, 33, 34] suggests that built environmen-
tal characteristics such as physical obstacles interact with
physical limitations such as chronic disease or mobility
restrictions [13]; to affect the relationships between
walkability and health status.
Authors looking at relationships between walkability

or the built environment and physical activity have taken
some of these factors into account. For example, some
have adjusted for confounders such as physical ability,
socio-economic status (SES) [29, 35], age and gender
[13] while others have added measures of environmental
enablers or barriers for more robust covariate analyses
[1]. Other authors [30] have provided solid methodo-
logical critiques of literature examining relationships be-
tween the built environment and physical activity.
However, our preliminary examination of the
afore-mentioned studies indicated that stairs on walking
paths were not described as environmental factors, des-
pite the fact that stairs are often described as a naviga-
tional challenge for older persons [36].
Therefore, the purposes of this scoping review were to

determine whether studies examining the relationship
between walkability and physical activity included items
that assessed stairs and what relationships were found.

Methods
Literature search
We followed those guidelines in the PRISMA (Preferred
Reporting Items for Systematic Review and
Meta-Analysis) statement [37] that were pertinent to a
scoping review. We used a two-step process to identify
articles, starting with systematic reviews and then pri-
mary studies included in those reviews. Our focus was
on systematic reviews conducted in the last decade.
First, we identified all systematic reviews by entering the
search terms “walkability”, “physical activity”, and
“systematic review” or “review” into the following data-
base search engines: PubMed, CINAHL, and OVID
(Medline, EMbase, PsycINFO) databases. Reviews were
included if they were published within the last 10 years
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(2008–2017), examined the relationship between walk-
ability and physical activity, included a focus on older
persons, and were written in English. Eligibility was
assessed by reviewing titles and abstracts. Eleven reviews
were retrieved; seven were deemed eligible after review
by both authors. Primary eligible studies included in
each review (regardless of their publication date) were
then identified by reviewing tables and supplementary
materials of said reviews. Duplicates were removed by
examining titles and abstracts.
The full text of all primary studies were retrieved.

When these published studies reported that data about
walkability was obtained but information about the
actual questionnaire, index or assessment tools used was
missing, we attempted to retrieve this missing informa-
tion from other supplementary sources using the search
engines Google and Google Scholar.
Data extracted from systematic reviews were: author

and year of publication; number of primary studies
included; definition of walkability used; age criteria
applied for inclusion of primary studies; whether or not
a methodological quality assessment of primary studies
was done; outcome variables assessed; main findings
describing the relationships between walkability and
physical activity; any mention of geographic location
(i.e., urban, rural, etc.) or terrain (i.e. slopes, hills, etc.);
and any mention of stairs in methods, results or discus-
sion sections. Data extracted from primary studies
included: author and year of publication, country (ies)
where study undertaken, age of participants, walkability
measure included (yes or no), walkability measure used,
type of walkability data obtained (objective and/or sub-
jective), and stairs (defined as 2 or more steps) assessed
in the study (yes or no and description of measure). Sub-
jective measures of walkability were defined as those for
which participants were asked to provide their own per-
ceptions of neighbourhood walkability. Objective mea-
sures were defined as those for which the researchers
determined the walkability of neighbourhoods using in-
formation from external sources (for example, Geo-
graphic Information Systems). For some primary studies,
supplementary documents were reviewed to determine
the type of walkability measure (objective or subjective)
and whether or not stairs were assessed. When walkabil-
ity measures could not be retrieved or were not available
in English, responses to the foregoing were categorized
as not available.

Results
The number of articles identified, retrieved and deemed
eligible through our search strategy is shown in Fig. 1.
The seven eligible systematic reviews yielded 289 pri-
mary studies (after duplicates were removed), which had
been undertaken in over 33 countries (See Table 1 and,

Additional file 1: Table S1). Just over two thirds (n = 205,
70.9%) of these primary studies included a measure of
walkability.
Two reviews focused solely on older persons [38, 39],

three reviews included younger adults [30, 40, 41], while
the remaining two reviews did not use age as an eligibil-
ity criterion [42, 43]. Four reviews assessed the quality of
primary studies [30, 38, 39, 41]. Three of the seven
reviews provided an explicit definition for walkability
[38, 42, 43]. All of these definitions incorporated land
use mix diversity, street connectivity, and residential
density as definitional components. All reviews reported
on the types of walkability measures used as well as
other environmental features recorded in primary stud-
ies. All described associations found between walkability
and physical activity, although there was considerable
variation in how authors examined similarities and/or
inconsistencies in findings among primary studies. None
of the reviews provided any mention of stairs in their
methods, results or discussion sections.
Five of the seven reviews also referred to the

geographic location and terrain in some of the primary
studies they examined [38–40, 42]. With regards to geo-
graphic location, urbanization was a variable for Van
Holle et al. [40] and comparisons of urban settings ver-
sus rural settings were examined by Barnett and Cerin
[38, 39]. In addition, two primary studies examined by
McCormack [42] focused on urban vs suburban compar-
isons [44, 45] whereas participants in all the studies
examined by Grasser et al. lived in urban and/or subur-
ban environments [30]. With regards to geographic ter-
rain, “hilliness” was a variable of interest in Van Holle et
al. [40] while Cerin [39] looked at sloping streets as a
moderator between physical environmental correlates of
active travel in older adults. Topography was included as
part of a neighbourhood pedestrian environment score
in a study examined by McCormack et al. [46] and the
absence of physical environmental barriers, such as hills,
was examined by Barnett et al. in their review [38]. In
the background for their paper, Barnett et al. also
described physically-challenging environments as those
that included inclines and uneven surfaces. In addition,
Tanaka et al. [47] compared the physical activity of
community-dwelling older women living in sloped
versus non-sloped environments.
A couple of findings stand out from these reviews.

First, there were more consistent and positive relation-
ships reported between walkability and physical activity
than between walkability and either active transportation
or health status. For example, Grasser et al. [30]
reported that the walkability measures of gross popula-
tion density, housing unit density, and intersection dens-
ity were consistently associated with more walking
among participants. However, associations between
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connectivity measures and walking for transport were
inconsistent. They concluded that the weak and incon-
sistent correlations between walkability and physical
activity for active transport were due to study design
(most studies were cross-sectional) and the quality of
publications (most were rated as low or fair quality).
Second, there were no obvious patterns across reviews
in either the moderating variables described and/or in
their moderating effects. For example, in the systematic
review by Cerin et al. [39], there were no significant

moderating effects for age, driving status, area-level
household income, area-level SES, traffic safety, pedes-
trian safety, and crime safety between walkability and
(total) walking. Barnett et al. [38] identified 16 modera-
tors in their review of 39 articles. They found inconsist-
encies in the direction of effects in significant
interaction terms.
The majority of the primary studies examined by these

reviews included older persons as participants (247/289,
85.4%) with over a quarter of these studies focusing

Fig. 1 Study Retrieval Algorithm
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exclusively on this population (71/247, 28.7%). Only
4.5% (13/289) of the primary studies did not include
older adults as participants, with the inclusion of older
adults in the remaining studies (30/289, 10.4%) being
difficult to confirm.
Among the 205 primary studies that included a meas-

ure of walkability, 14 different standard measures that
directly or indirectly assess walkability were described
(See Table 2). Authors of 45 studies (22.0%) reported
developing their own questionnaire items or indices of
walkability; 32 of these authors exclusively used these
non-standard measures to assess walkability. The most
commonly used source of walkability data was a geo-
graphic information system (GIS); 110 studies (53.7%)
reported this type of objective data source. The second
most commonly used measure was the Neighborhood
Environment Walkability Scale (NEWS) with 51 (24.9%)
articles citing this subjective measure.
Only four authors reporting on five studies (2.4% of

the 205 primary studies with walkability indices)
included any questions about stairs [48–52]. As shown
in Table 3, these questions were very limited in scope
and variable in content. One author asked about
stairs at work [48], another about stairs in the neigh-
bourhood [51], and the others about stairs outside
their building [50] or at their entrance [52]. Only
two of these studies differentiated between indoor
and outdoor stairs [50, 52]; a third study focused

exclusively on outdoor stairs [51], while the
remaining two studies did not include this informa-
tion. All of these studies simply inquired about the
presence or absence of stairs. None of these authors
measured any structural features of stairs such as
their dimensions, or the presence of handrails. In
two studies, respondents were asked whether they
considered stairs at the workplace to be safe, pleas-
ant or accessible [48, 49]. Four of the five studies
were undertaken exclusively in urban settings. Three
of the five studies included a measure of terrain
(slope and curved pathways).
Three of the four authors included their measures of

stairs in the analysis of physical activity patterns.
Composite variables, which included the items on stairs,
were developed by Tsai et al. [52] and De Bourdeaudhuij
et al. [48]. Tsai et al. [52] grouped the presence of in-
door/outdoor stairs with other environmental barriers
(no elevators, heavy doors, slippery floor, and inadequate
lighting) to create a variable termed as “entrance”.
Participants who reported an “entrance” barrier had a
significantly higher odds of engaging in low or moderate
amounts versus high amounts of walking for errands
than those who reported no “entrance” barrier. A strati-
fied analysis showed that this negative association was
only significant among those who lived alone. De
Bourdeaudhuij et al. [48] included items on stairs in a
composite measure of the participants’ worksite

Table 2 Measures of walkability: tools, indices and questionnaires and stair assessment

Name/Type of walkability tool, index, or questionnaire (N = 15) Assesses Geographic
Terrain

Assesses
Stairs

Number of Articles Using
This Measure (%)

Audit of Physical Activity Resources for Seniors (APARS) Yes Yes 1 (0.5%)

Geographic Information Systems (GIS) Yes1 No 110 (53.7%)

International Physical Activity Questionnaire Environmental Module (IPAQ-E) No No 5 (2.4%)

Neighborhood Brief Observation Tool No No 1 (0.5%)

Neighborhood Environment Walkability Scale (NEWS; all versions) Yes No 51 (24.9%)

Neighborhood Open Space (NOS) No No 3 (1.5%)

Neighborhood Resident Survey No No 1 (0.5%)

Neighborhood Walking Questionnaire for Chinese Seniors (NWQ-CS) Yes No 4 (2.0%)

New Urbanism Index No No 1 (0.5%)

Older Peoples Active Living (OPAL) questionnaire Unknown Unknown 3 (1.5%)

Self-created items or indices on walkability Yesa Yesa 45 (22.0%)

(Street Smart) Walk Score No No 5 (2.4%)

Systematic Pedestrian and Cycling Environment Scan (SPACES) Yes No 1 (0.5%)

University of Miami Built Environment Coding System (UMBECS) No No 1 (0.5%)

Zhongshan Household Travel Survey (ZHTS) Unknown Unknown 1 (0.5%)

Total 6 1b 205 (100%)c

aRefers to a broader set of walkability measures and thus some collect information on geographic terrain while others do not
bAPARS is the only walkability tool that that includes questions on stairs. However, in four other articles there were questions about stairs as survey items in their
studies about walkability
cSince some studies used more than one type of walkability measure, the numbers and percentages add up to more than 205 and 100% respectively
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environment, but the majority of their participants were
not seniors. This worksite environment variable was sig-
nificantly positively associated with vigorous physical
activity in women and with walking in men. In their
2005 study, they compared environmental correlates of
physical activity between Portuguese and Belgian adults.
However, the worksite environment was not significantly
correlated with physical activity in either group in this
more recent study. In the Kerr et al. [50] study of 147
older persons, authors reported a significant positive
correlation between the presence of outside stairways
and amount of sedentary time.

Discussion
This is the first review to describe the inclusion of
stair measures in studies examining the relationship
between walkability and physical activity. Given the
omnipresence of stairs in outdoor environments, the
challenges reported by older persons in safely navigat-
ing stairs [14, 53, 54] and the variability in stair de-
sign (particularly in the less regulated outdoor
environment), it was surprising to see how infre-
quently authors reported any measures of stairs.
While measures of grades or slopes, sidewalk curbs,
uneven surfaces and ramps, were included in a num-
ber of walkability indices, the presence or absence of
stairs and descriptions of stair features were absent
from 97.6% of the primary studies. Variables to cap-
ture structural features of stairs such as handrail

dimensions, tread width, stair height, or the number
of stairs in a run, were entirely missing from this lit-
erature. These results are also intriguing because
stairs have been identified as a specific environmental
attribute that can be used to enhance the benefits of
physical activity if an appropriate level of environ-
mental press is achieved. That is, an older person’s
environment poses enough challenges for them to
maximize physical activity benefits, but not so much
so that it leads them to incur negative outcomes [9].
None of the commonly used walkability scales inte-

grated items on stairs. It may be that stairs have been
excluded from these scales because authors have re-
lied heavily on accessible data such as urban design
data commonly used in geographic information sys-
tems rather than data used to assess smaller-scale
characteristics [55]. Additionally, it can be argued that
city planners are most concerned with sidewalks,
curbs, cross-walks and other features of walking
routes that are within their mandate to modify or
control. Steps and stairs to the entrances of homes
and buildings are more likely to be located on private
rather than public property and therefore fall outside
the responsibility of these public authorities. However,
regardless of their location, steps and stairs that are
part of a walking route must be taken into account if
we are going to better understand the relationships
between walking, physical activity and the built envir-
onment among older persons.

Table 3 Summary of Articles That Assessed Stairs

Articles That
Included Questions
on Stairs (n = 5)

Age of
Participants

Geographic Location
& Terrain

Walkability
Measure Used

Differentiated
Between
Indoor &
Outdoor
Stairs

Question (s) on Stairs

De Bourdeaudhuij
et al. (2003) [48], De
Bourdeaudhuij
et al. (2005) [49]

2003: 18–65a

2005: Sample 1:
Mean = 35.1 (SD =
11.5); Sample 2:
Mean = 34.1 (SD =
12.3)b

Urban (no information on
terrain)
Compared (city centre,
suburbs, & countryside); no
information on terrain

Self-created
items on
walkability

N (both
papers)

“Are the stairs at your work accessible?
Safe? Pleasant?” (Y, N, NA)

Kerr et al. (2011)
[50]

66+ Urban; Assessed curved
paths and path with
moderate slope

Audit of
Physical
Activity
Resources for
Seniors
(APARS)

Y “Outside stairways (not from building)”
(Y/N)
“> 2 staircase” (Y/N),
“> 1 staircase visible from main entrance”
(Y/N)

Koh et al. (2015)
[51]

65+ Urban; Assessed slopes
in neighborhood

Self-created
items on
walkability

N (appears to
focus on outdoor
stairs only)

“There are few stairs/slopes in my
neighbourhood” [“Strongly disagree” to
“Strongly agree” (4-point scale)]

Tsai et al. (2013)
[52]

75–81 Urban; Terrain was one
variable they looked at
(defined as hilly terrain and
poor street conditions)

Self-created
items on
walkability

Y Survey questions not written out in
article but they asked about
environmental mobility barriers which
includes presence of outdoor or indoor
stairs in entrances (Y/N)

aNote that older persons made up a small portion of this sample
bAge range was not specified in the article
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Our observation of an abundance of objective mea-
sures of walkability is consistent with the findings of
Mackenbach et al. [56], who examined relationships
between environmental factors and obesity. Only 17 of
the 92 studies included in their review used a combin-
ation of objective and subjective measures. Given the
known relationships between fear of falling and physical
activity among older persons, a combination of subject-
ive and objective measures is important to consider in
developing items related to stair use.
A number of authors [13, 56–59] have called for stan-

dardized environmental measures given the challenges
of making comparisons across studies when there is
such substantial variability in measures used. We pur-
port that researchers whose knowledge translation aims
are to improve the walkability of neighbourhoods must
include measures of stairs. An ad hoc approach to such
measurement would be unhelpful. Comparable measures
of stairs are needed to advance both research on walk-
ability as well as to inform programs and policies that
aim to improve these structures in our communities
[60]. Design standards (e.g. U.S. ADA Stair and Handrail
Design Specifications) and ergonomic studies that exam-
ine the relationships between structural features of stairs
and kinematic measures [36, 61–63] provide an import-
ant starting point to identify the specific features of
stairs that should be measured. There are also useful
performance measures that assess actual ability to climb
stairs (e.g. timed stair climb [64]); and behavioural mea-
sures that assess perceived ability to climb stairs (e.g.
falls efficacy [65]). Augmenting walkability studies with
these measures would help to further elucidate the rela-
tionships between walkability and physical activity.
Spatial heterogeneity in sampling physical attributes of

the environment is a related, and thorny issue [27].
Pre-existing spatial boundaries have often been used to
define sampling units but these boundaries do not
necessarily demarcate preferred walking routes [55, 66].
There are new sampling strategies being proposed that
could inform approaches for sampling stairs on walking
routes. For instance, Milton et al. [66] describe a qualita-
tive approach to define spatial units, noting that spatial
units that are convenient for the purposes of sampling
(e.g. administrative units, census tract enumeration areas
etc.) may not reflect patterns of social interactions, ser-
vice utilization or preferred walking routes among older
persons. Their novel use of geographic information sys-
tems to map the actual walking routes of older persons,
provides an interesting approach that could be applied
to studies of walkability, physical activity and stairs; to
identify which stairs are avoided and/or frequently
traversed by older persons in comparison with younger
persons in their neighbourhood. These might also be
used to consistently document the slope or other

features of the terrain, which may also affect walkability.
Additionally, advances in creating navigational systems
for those with visual impairments [67] that integrate
geographic information systems data with information
about visual landmarks captured by hand-held cameras,
can be used to re-examine whether and how stairs fea-
ture in walking routes and subsequently, to guide sam-
pling approaches.
The inclusion of stair measures in studies examining

the relationships between walkability and physical activ-
ity, is arguably pertinent for all age groups, but especially
true for older persons, and would yield evidence needed
by planners who are trying to optimize the built environ-
ment for all age groups. Including descriptors of stairs in
studies of walkability and the physical environment is
also germane to the introduction of more substantial
universal access standards and legislation in many juris-
dictions [68–71]. Furthermore, an aging population, the
desire of older persons to age at home, and government
policies to support older persons’ independence and
age-friendly communities, all provide an important im-
petus for work in this area.
The main limitation of this review is that we only

looked at systematic reviews and primary studies exam-
ining the relationship between walkability and physical
activity. The search terms “built environment” and
“neighbourhood environment” were not used and may
have yielded additional studies examining relationships
between the outdoor physical environment and physical
activity or obesity. Although we did not systematically
identify reviews on these latter topics, we did a text
search of 13 systematic reviews we have referred to in
this manuscript that are in these other domains, and 6
reviews from a PubMed search that included the terms
“built environment” and “neighbourhood environment”,
and noted a similar deficit. Only three of these 19
reviews included any mention of stairs. Van Cauwenberg
et al. [13] noted that in one of the primary studies they
included, there was a negative relationship between the
objectively measured presence of slopes and/or stairs
and the utility of a street section for transportation walk-
ing. Gray [31] outlined the principles of universal design.
One of those principles, flexibility in use, was defined as
an option for use of ramps, stairs, escalators, elevators,
and lifts. Haselwandter [72] described staircases as one
feature of the built environment reporting that in one
study they examined, older persons perceived the
presence of outdoor stairs as a barrier to walking, with
the inclusion of stair handrails as a facilitator for
physical activity.
We did not extract information about the geography

of the physical environment for primary studies (for
example an urban, suburban or rural environment).
While the presence of stairs and the terrain may vary in
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geographic locations, only five authors assessed stairs.
Measures of stairs need to be added as a standard meas-
ure to walkability studies to allow an examination of in-
teractions between stairs and geographic features of the
environment in studies of walkability and physical activ-
ity among older persons.

Conclusions
This scoping review demonstrates the lack of attention
to an important feature of the outdoor built environ-
ment – stairs. Both structural (objective) and subjective
(perception of user) measures of stairs need to be con-
sistently used, and sampling strategies to select outdoor
stairs for inclusion require development. These measures
should be developed in consultation with diverse sectors
that make planning and policy decisions influencing the
built environment. Measures of walkability and sampling
strategies for stairs must traverse the artificial public and
private boundaries that fail to take into account the
actual walking routes of older persons, which start from
the doorstep of their residence. The addition of these
measures would significantly augment the utility and
comparability of studies examining relationships be-
tween walkability and physical activity.

Additional file

Additional file 1: Table S1. Summary of Walkability Measures and Stair
Data Extracted from Primary Studies (Grouped by Systematic Reviews).
(DOCX 118 kb)

Abbreviations
ANEWS: Abbreviated Neighborhood Environment Walkability Scale;
APRARS: Audit of Physical Activity Resources for Seniors; GIS: Geographic
Information Systems; IPAQ-E: International Physical Activity Questionnaire
Environmental Module; NBOT: Neighborhood Brief Observation Tool;
NEWS: Neighborhood Environment Walkability Scale; NOS: Neighborhood
Open Space; NWQ-CS: Neighborhood Walking Questionnaire for Chinese
Seniors; OPAL: Older Peoples Active Living; PRISMA: Preferred Reporting
Items for Systematic Review and Meta-Analysis; SES: Socio-Economic Status;
SPACES: Systematic Pedestrian and Cycling Environment Scan;
UMBECS: University of Miami Built Environment Coding System;
ZHTS: Zhongshan Household Travel Survey

Acknowledgements
The authors would like to acknowledge Ms. Yeonjung Yoo’s contributions to
article retrieval and manuscript formatting.

Funding
This research was carried out with funding support from the Canadian
Institutes of Health Research, grant number 122510. The funding body
played no role in the design of the study; in the collection, analysis and
interpretation of the data; or in writing the manuscript.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Authors’ contributions
The review was conceived and designed by NE. Both authors contributed to
methodological refinements. JD conducted the search strategy, extracted
data from articles, and prepared data tables, in consultation with NE. NE

wrote the first draft of the present manuscript. JD reviewed and provided
comments that were incorporated into the final manuscript by NE. Both
authors approve the final manuscript.

Ethics approval and consent to participate
Since this scoping review did not involve primary research or human
subjects, no ethics approval or participant consent was required.

Consent for publication
Not applicable.

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

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

Author details
1School of Nursing, University of Ottawa, 1 Stewart Street Room 205, Ottawa,
ON K1H8M5, Canada. 2School of Nursing, University of Ottawa, 1 Stewart
Street, Room 127, Ottawa, ON K1N 7M9, Canada.

Received: 9 February 2018 Accepted: 9 August 2018

References
1. Portegijs E, Keskinen KE, Tsai L-T, Rantanen T, Rantakokko M. Physical

limitations, walkability, perceived environmental facilitators and physical
activity of older adults in Finland. Int J Environ Res Public Health. 2017;
14:333.

2. Maghelal PK, Capp CJ. Walkability: a review of existing pedestrian indices. J
Urban Reg Inf Syst Assoc. 2011;23:5–19.

3. City of Edmonton. Proposed walkability strategy. 2010. https://www.
edmonton.ca/transportation/PDF/WalkabilityStrategy200909.pdf. Accessed
5 Feb 2018.

4. Toronto Public Health. The walkable city: Neighborhood design and
prefernces, travel choices and health. 2012. https://www.toronto.ca/legdocs/
mmis/2012/hl/bgrd/backgroundfile-45934.pdf. Accessed 5 Feb 2018.

5. Public Health Agency of Canada. The chief public health officer’s report on
the state of public health in Canada 2017: Designing healthy living 2017.
https://www.canada.ca/en/public-health/services/publications/chief-public-
health-officer-reports-state-public-health-canada/2017-designing-healthy-
living.html. Accessed 3 Feb 2018.

6. Centers for Disease Control and Prevention. Walkability audit tool. 2015.
https://www.cdc.gov/physicalactivity/worksite-pa/pdf/walkability_audit_tool.
pdf. Accessed 3 Feb 2018.

7. United States Department of Health and Human Services. Step it up! The
surgeon general’s call to action on walking and walkable communities.
2015. https://www.surgeongeneral.gov/library/calls/walking-and-walkable-
communities/call-to-action-walking-and-walkable-communites.pdf. Accessed
3 Feb 2018.

8. City of Vancouver. Walking accessibility. http://vancouver.ca/streets-
transportation/pedestrian-accessibility.aspx. Accessed 2 Feb 2018.

9. The Huffington Post B.C. Walk score names Vancouver as Canada’s “Most
walkable city.” HuffPost Canada. 2013. http://www.huffingtonpost.ca/
2013/11/25/walkable-city-canada-vancouver_n_4340132.html. Accessed
5 Feb 2018.

10. Beenackers MA, Kamphuis CBM, Mackenbach JP, Burdorf A, van Lenthe FJ.
Why some walk and others don’t: Exploring interactions of perceived safety
and social neighborhood factors with psychosocial cognitions. Health Educ
Res. 2013;28:220–33.

11. Leyden KM. Social capital and the built environment: the importance of
walkable neighborhoods. Am J Public Health. 2003;93:1546–51.

12. Foster S, Knuiman M, Villanueva K, Wood L, Christian H, Giles-Corti B. Does
walkable neighbourhood design influence the association between
objective crime and walking? Int J Behav Nutr Phys Act. 2014;11:100.

13. Van Cauwenberg J, De Bourdeaudhuij I, De Meester F, Van Dyck D, Salmon
J, Clarys P, et al. Relationship between the physical environment and
physical activity in older adults: a systematic review. Health Place. 2011;
17:458–69.

Edwards and Dulai BMC Public Health  (2018) 18:1025 Page 9 of 11

https://doi.org/10.1186/s12889-018-5945-0
https://www.edmonton.ca/transportation/PDF/WalkabilityStrategy200909.pdf
https://www.edmonton.ca/transportation/PDF/WalkabilityStrategy200909.pdf
https://www.toronto.ca/legdocs/mmis/2012/hl/bgrd/backgroundfile-45934.pdf
https://www.toronto.ca/legdocs/mmis/2012/hl/bgrd/backgroundfile-45934.pdf
https://www.canada.ca/en/public-health/services/publications/chief-public-health-officer-reports-state-public-health-canada/2017-designing-healthy-living.html
https://www.canada.ca/en/public-health/services/publications/chief-public-health-officer-reports-state-public-health-canada/2017-designing-healthy-living.html
https://www.canada.ca/en/public-health/services/publications/chief-public-health-officer-reports-state-public-health-canada/2017-designing-healthy-living.html
https://www.cdc.gov/physicalactivity/worksite-pa/pdf/walkability_audit_tool.pdf
https://www.cdc.gov/physicalactivity/worksite-pa/pdf/walkability_audit_tool.pdf
https://www.surgeongeneral.gov/library/calls/walking-and-walkable-communities/call-to-action-walking-and-walkable-communites.pdf
https://www.surgeongeneral.gov/library/calls/walking-and-walkable-communities/call-to-action-walking-and-walkable-communites.pdf
http://vancouver.ca/streets-transportation/pedestrian-accessibility.aspx
http://vancouver.ca/streets-transportation/pedestrian-accessibility.aspx
http://www.huffingtonpost.ca/2013/11/25/walkable-city-canada-vancouver_n_4340132.html
http://www.huffingtonpost.ca/2013/11/25/walkable-city-canada-vancouver_n_4340132.html


14. Clarke PJ. The role of the built environment and assistive devices for
outdoor mobility in later life. J Gerontol Ser B. 2014;69(Suppl 1):S8–15.

15. Rosenberg DE, Huang DL, Simonovich SD, Belza B. Outdoor built
environment barriers and facilitators to activity among midlife and older
adults with mobility disabilities. The Gerontologist. 2013;53:268–79.

16. Yang H-Y, Sanford JA. Home and community environmental features,
activity performance, and community participation among older adults with
functional limitations. J Aging Res. 2012;2012 https://doi.org/10.1155/2012/
625758.

17. Paul P, Carlson SA, Carroll DD, Berrigan D, Fulton JE. Walking for
transportation and leisure among U.S. adults—National Health Interview
Survey 2010. J Phys Act Health. 2015;12(6 Suppl 1):S62–9.

18. Public Health Agency of Canada. Age-friendly rural and remote
communities: A guide. 2007. http://www.phac-aspc.gc.ca/seniors-aines/alt-
formats/pdf/publications/public/healthy-sante/age_friendly_rural/AFRRC_en.
pdf. Accessed July 15, 2018.

19. Public Health Agency of Canada. Age-friendly communities in Canada:
Community implementation guide - Toolbox. 2012. https://www.canada.ca/
content/dam/canada/health-canada/migration/healthy-canadians/
publications/healthy-living-vie-saine/age-friendly-communities-toolbox-
2012-collectivites-amies-aines-boite-outils/alt/pub-eng.pdf. Accessed July
15, 2018.

20. Boyé NDA, Mattace-Raso FUS, Van der Velde N, Van Lieshout EMM, De Vries
OJ, Hartholt KA, et al. Circumstances leading to injurious falls in older men
and women in the Netherlands. Injury. 2014;45:1224–30.

21. Timsina LR, Willetts JL, Brennan MJ, Marucci-Wellman H, Lombardi DA,
Courtney TK, et al. Circumstances of fall-related injuries by age and gender
among community-dwelling adults in the United States. PLoS One. 2017;12:
e0176561.

22. Blazewick DH, Chounthirath T, Hodges NL, Collins CL, Smith GA. Stair-related
injuries treated in United States emergency departments. Am J Emerg Med.
2017; https://doi.org/10.1016/j.ajem.2017.09.034.

23. Jung HY, Kim SH, Lee SC, Kim S, Cho GC, Kim MJ, et al. Relating factors to
severe injury from outdoor falls in older people. Geriatr Gerontol Int. 2017;
18:80–7.

24. Hornyak V, Brach JS, Wert DM, Hile E, Studenski S, VanSwearingen JM. What
is the relation between fear of falling and physical activity in older adults?
Arch Phys Med Rehabil. 2013;94:2529–34.

25. Jefferis BJ, Iliffe S, Kendrick D, Kerse N, Trost S, Lennon LT, et al. How are
falls and fear of falling associated with objectively measured physical
activity in a cohort of community-dwelling older men? BMC Geriatr. 2014;
14:114.

26. Nomura T. Relationship between fear of falling, physical activity, and health-
related quality of life in elderly daycare service users. Asian J Occup Ther.
2017;13:41–6.

27. Feuillet T, Charreire H, Menai M, Salze P, Simon C, Dugas J, et al. Spatial
heterogeneity of the relationships between environmental characteristics
and active commuting: towards a locally varying social ecological model.
Int J Health Geogr. 2015;14:12.

28. Pliakas T, Hawkesworth S, Silverwood RJ, Nanchahal K, Grundy C, Armstrong
B, et al. Optimising measurement of health-related characteristics of the
built environment: comparing data collected by foot-based street audits,
virtual street audits and routine secondary data sources. Health Place. 2017;
43:75–84.

29. Rollings KA, Wells NM, Evans GW. Measuring physical neighborhood quality
related to health. Behav Sci Basel Switz. 2015;5:190–202.

30. Grasser G, Van Dyck D, Titze S, Stronegger W. Objectively measured
walkability and active transport and weight-related outcomes in adults: a
systematic review. J Public Health. 2013;58:615–25.

31. Gray JA, Zimmerman JL, Rimmer JH. Built environment instruments for
walkability, bikeability, and recreation: disability and universal design
relevant? Disabil Health J. 2012;5:87–101.

32. Orstad SL, McDonough MH, Stapleton S, Altincekic C, Troped PJ. A
systematic review of agreement between perceived and objective
neighborhood environment measures and associations with physical
activity outcomes. Environ Behav. 2017;49:904–32.

33. Lawton MP. The elderly in context: perspectives from environmental
psychology and gerontology. Environ Behav. 1985;17:501–19.

34. Stineman MG, Ross RN, Maislin G, Gray D. Population-based study of home
accessibility features and the activities of daily living: clinical and policy
implications. Disabil Rehabil. 2007;29:1165–75.

35. Smith M, Hosking J, Woodward A, Witten K, MacMillan A, Field A, et al.
Systematic literature review of built environment effects on physical activity
and active transport – an update and new findings on health equity. Int J
Behav Nutr Phys Act. 2017;14:158.

36. Jacobs JV. A review of stairway falls and stair negotiation: lessons learned
and future needs to reduce injury. Gait Posture. 2016;49:159–67.

37. Moher D, Liberati A, Tetzlaff J, Altman DG, Group TP. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;6:e1000097.

38. Barnett DW, 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.

39. Cerin E, Nathan A, van Cauwenberg J, Barnett DW, Barnett A. The
neighbourhood physical environment and active travel in older adults: a
systematic review and meta-analysis. Int J Behav Nutr Phys Act. 2017;14:15.

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

41. Zapata-Diomedi B, Veerman JL. The association between built environment
features and physical activity in the Australian context: a synthesis of the
literature. BMC Public Health. 2016;16:484.

42. McCormack GR, Shiell A. In search of causality: a systematic review of the
relationship between the built environment and physical activity among
adults. Int J Behav Nutr Phys Act. 2011;8:125.

43. Renalds AM, Smith THM, Hale PJ. A systematic review of built environment
and health. Fam Community Health. 2010;33:68–78.

44. Bagley MN, Mokhtarian PL. The impact of residential neighborhood type on
travel behavior: a structural equations modeling approach. Ann Reg Sci
Heidelb. 2002;36:279–97.

45. Cao J. Exploring causal effects of neighborhood type on walking behavior
using stratification on the propensity score. Environ Planning A. 2010;
42:287–504.

46. Greenwald M, Boarnet M. Built environment as determinant of walking
behavior: analyzing nonwork pedestrian travel in Portland. Oregon Transp
Res Rec J Transp Res Board. 1780;2001:33–41.

47. Tanaka T, Tanaka K, Suyama K, Honda S, Senjyu H, Kozu R. A comparison of
objective physical activity, muscle strength, and depression among
community-dwelling older women living in sloped versus non-sloped
environments. J Nutr Health Aging. 2016;20:520–4.

48. De Bourdeaudhuij I, Sallis JF, Saelens BE. Environmental correlates of
physical activity in a sample of Belgian adults. Am J Health Promot.
2003;18:83–92.

49. Bourdeaudhuij ID, Teixeira PJ, Cardon G, Deforche B. Environmental and
psychosocial correlates of physical activity in Portuguese and Belgian adults.
Public Health Nutr Camb. 2005;8:886–95.

50. Kerr J, Carlson JA, Sallis JF, Rosenberg D, Leak CR, Saelens BE, et al.
Assessing health-related resources in senior living residences. J Aging Stud.
2011;25:206–14.

51. Koh PP, Leow BW, Wong YD. Mobility of the elderly in densely populated
neighbourhoods in Singapore. Sustain Cities Soc. 2015;14(Suppl C):126–32.

52. Tsai L-T, Rantakokko M, Portegijs E, Viljanen A, Saajanaho M, Eronen J, et al.
Environmental mobility barriers and walking for errands among older
people who live alone vs with others. BMC Public Health. 2013;13:1054.

53. Tiedemann AC, Sherrington C, Lord SR. Physical and psychological factors
associated with stair negotiation performance in older people. J Gerontol
Ser A. 2007;62:1259–65.

54. Clarke P, Ailshire JA, Bader M, Morenoff JD, House JS. Mobility disability and
the urban built environment. Am J Epidemiol. 2008;168:506–13.

55. Hajna S, Dasgupta K, Halparin M, Ross NA. Neighborhood walkability: field
validation of geographic information system measures. Am J Prev Med.
2013;44:e55–9.

56. Mackenbach JD, Rutter H, Compernolle S, Glonti K, Oppert J-M, Charreire H,
et al. Obesogenic environments: a systematic review of the association
between the physical environment and adult weight status, the SPOTLIGHT
project. BMC Public Health. 2014;14:233.

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

58. Feng J, Glass TA, Curriero FC, Stewart WF, Schwartz BS. The built
environment and obesity: a systematic review of the epidemiologic
evidence. Health Place. 2010;16:175–90.

Edwards and Dulai BMC Public Health  (2018) 18:1025 Page 10 of 11

https://doi.org/10.1155/2012/625758
https://doi.org/10.1155/2012/625758
http://www.phac-aspc.gc.ca/seniors-aines/alt-formats/pdf/publications/public/healthy-sante/age_friendly_rural/AFRRC_en.pdf
http://www.phac-aspc.gc.ca/seniors-aines/alt-formats/pdf/publications/public/healthy-sante/age_friendly_rural/AFRRC_en.pdf
http://www.phac-aspc.gc.ca/seniors-aines/alt-formats/pdf/publications/public/healthy-sante/age_friendly_rural/AFRRC_en.pdf
https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-canadians/publications/healthy-living-vie-saine/age-friendly-communities-toolbox-2012-collectivites-amies-aines-boite-outils/alt/pub-eng.pdf
https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-canadians/publications/healthy-living-vie-saine/age-friendly-communities-toolbox-2012-collectivites-amies-aines-boite-outils/alt/pub-eng.pdf
https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-canadians/publications/healthy-living-vie-saine/age-friendly-communities-toolbox-2012-collectivites-amies-aines-boite-outils/alt/pub-eng.pdf
https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-canadians/publications/healthy-living-vie-saine/age-friendly-communities-toolbox-2012-collectivites-amies-aines-boite-outils/alt/pub-eng.pdf
https://doi.org/10.1016/j.ajem.2017.09.034


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

60. Edwards NC. Letter to the editor: getting better value out of studies
examining prompts for stair use. Am J Prev Med. 2018;54:323.

61. Komisar V, Nirmalanathan K, Novak AC. Influence of handrail height and fall
direction on center of mass control and the physical demands of reach-to-
grasp balance recovery reactions. Gait Posture. 2018;60:209–16.

62. Novak AC, Komisar V, Maki BE, Fernie GR. Age-related differences in
dynamic balance control during stair descent and effect of varying step
geometry. Appl Ergon. 2016;52:275–84.

63. Reid SM, Novak AC, Brouwer B, Costigan PA. Relationship between stair
ambulation with and without a handrail and Centre of pressure velocities
during stair ascent and descent. Gait Posture. 2011;34:529–32.

64. Bennell K, Dobson F, Hinman R. Measures of physical performance
assessments: self-paced walk test (SPWT), stair climb test (SCT), six-minute
walk test (6MWT), chair stand test (CST), timed up & go (TUG), sock test, lift
and carry test (LCT), and Car task. Arthritis Care Res. 2011;63:S350–70.

65. Edwards N, Lockett D. Development and validation of a modified falls-
efficacy scale. Disabil Rehabil Assist Technol. 2008;3:193–200.

66. Milton S, Pliakas T, Hawkesworth S, Nanchahal K, Grundy C, Amuzu A, et al.
A qualitative geographical information systems approach to explore how
older people over 70 years interact with and define their neighbourhood
environment. Health Place. 2015;36:127–33.

67. Serrão M, Rodrigues JMF, du Buf JMH. Navigation framework using visual
landmarks and a GIS. Procedia Comput Sci. 2014;27:28–37.

68. Employment and Social Development Canada. What does an ACCESSIBLE
CANADA mean to you? 2016. www12.edsc.gc.ca/sgpe-pmps/servlet/sgpp-
pmps-pub?lang=eng&curjsp=p.5bd.2t.1.3ls@-eng.jsp&curactn=dwnld&pid=
53924&did=4833. Accessed Feb 2 2018.

69. Government of Canada. Smart regulation: a regulatory strategy for Canada.
2004. http://www.publications.gc.ca/collections/Collection/CP22-78-2004E.
pdf. Accessed Feb 2 2018.

70. Government of Ontario. Accessibility for Ontarians with disabilites Act, 2005.
Ontario.ca. 2005. https://www.ontario.ca/laws/statute/05a11. Accessed 6 Feb
2018.

71. Government of United Kingdom. Housing: Optional technical standards.
2015. https://www.gov.uk/guidance/housing-optional-technical-
standards#accessibility-and-wheelchair-housing-standards. Accessed 6 Feb 2018.

72. Haselwandter EM, Corcoran MP, Folta SC, Hyatt R, Fenton M, Nelson ME.
The built environment, physical activity, and aging in the United States: a
state of the science review. J Aging Phys Act. 2015;23:323–9.

Edwards and Dulai BMC Public Health  (2018) 18:1025 Page 11 of 11

http://www12.edsc.gc.ca
http://www.publications.gc.ca/collections/Collection/CP22-78-2004E.pdf
http://www.publications.gc.ca/collections/Collection/CP22-78-2004E.pdf
https://www.ontario.ca/laws/statute/05a11
https://www.gov.uk/guidance/housing-optional-technical-standards#accessibility-and-wheelchair-housing-standards
https://www.gov.uk/guidance/housing-optional-technical-standards#accessibility-and-wheelchair-housing-standards

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Literature search

	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

