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A Systematic Review of Interventions to Increase
Stair Use
Cally A. Jennings, PhD, Lira Yun, MS, Christina C. Loitz, PhD, Eun-Young Lee, PhD,
W. Kerry Mummery, PhD
Context: Stair climbing is an accessible activity that can be incorporated into one’s daily lifestyle to
increase physical activity levels and provide health benefits. This review summarizes the effectiveness
of stair interventions and explores key differences that may influence intervention effectiveness.

Evidence acquisition: Interventions to increase stair use published from January 1990 to July
2015 were identified in PubMed, Sport Discus, Web of Science, Environment Complete, CINAHL,
Trial Register of Promoting Health Interventions, Embase, Scopus, and PsycINFO. Eligibility criteria
included original studies, published in peer-reviewed journals, targeting adult samples, and clearly
describing intervention design and results. Studies were also required to measure the use of stairs
compared with an elevator, escalator, or moving stairway at baseline and during at least one
timepoint when the intervention was in effect. Studies were required to provide data to determine if
the intervention resulted in significant changes in stair use/climbing.

Evidence synthesis: The search results yielded 2,136 articles in total; 54 articles met the criteria,
which resulted in a final sample of 67 studies included in the analyses. Interventions settings included
public sites (75%), worksites (21%), or a combination of both (4%). For Phase 1 results, 72% of studies
reported significant improvements in stair use (n¼10 of 14) and stair climbing (n¼38 of 53).

Conclusions: Evidence from the review demonstrates support for the effectiveness of interventions
to increase stair use and stair climbing. Although evidence supports the effectiveness of stair
interventions in public settings, less support is provided for worksites.
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Significant health benefits, such as reducing the risk
of cardiovascular disease and other chronic con-
ditions, including obesity, diabetes, some forms of

cancer, and osteoarthritis, can be achieved by engaging in
moderate to vigorous physical activity throughout the
day.1 Yet, physical inactivity is widespread; only 49.1% of
American adults2 and 52.5% of Canadian adults engage
in regular moderate-intensity physical activity.3 Physical
inactivity can be partially attributed to cultural and
societal influences associated with decreased daily energy
expenditure, including the reduction in occupational
physical activity, greater use of automated transportation,
and increase in energy-saving devices.4,5 One strategy to
increase energy expenditure is accumulating regular phys-
ical activity across multiple short bouts throughout the day.
Taking the stairs is a practical form of daily moderate

to vigorous physical activity. Unlike structured exercise
and sports, stair use does not require specialized gear and
can be easily incorporated into one’s daily routine. Stair
use has been recommended to the general public, as it has
been associated with a number of health benefits,
including improved maximal aerobic capacity,6 reduced
low-density lipoprotein cholesterol,7,8 improved body
composition,9 and muscle strengthening.10 Moreover,
stair ascent is considered a vigorous physical activity,
equivalent to running at a pace of approximately 9.6 km/
hour.11 As such, stair use represents a well-rounded form
of moderate to vigorous physical activity that is easily
accessible to the general public and populations at risk of
eventive Medicine. Published by Elsevier Inc. All rights
reserved.
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ill health such as sedentary, overweight, and individuals
with low fitness levels.
Increasing stair use is an important public health

initiative. As such, a number of stair use interventions
have been conducted to date. Stair use interventions have
been highly varied in the approaches and methods used
to promote stair use, and the settings in which they are
conducted. Previous reviews have assessed the effective-
ness of various stair use interventions,12–19 such as point-
of-choice prompts15 and changes to the environment,16

in specific intervention settings, such as workplaces17,19

and shopping malls.18 A recent systematic review exam-
ined stair use interventions in worksites and public
settings published before June 2013.20 The review pro-
vided a summary of the effectiveness of interventions and
examined components that contributed to effective-
ness.20 It demonstrated the effectiveness of stair use
interventions in both public and workplace settings;
however, the evidence was stronger for public settings.
Evidence also supported greater effectiveness in work-
sites when posters consisted of a combination of
motivational and directional messaging. The previous
review suggests the need for process evaluation of stair
use interventions. The current paper seeks to expand
upon the previous systematic review’s findings by
providing an updated review and further exploring
key difference in intervention components that may
influence effectiveness through a qualitative synthesis of
stair interventions.
EVIDENCE ACQUISITION
Search Strategy and Study Selection
To identify stair interventions, two of the researchers and a health
science librarian developed tailored search strategies for nine
electronic databases: PubMed, Sport Discus, Web of Science,
Environment Complete, CINAHL, Trial Register of Promoting
Health Interventions, Embase, Scopus, and PsycINFO. To locate
potential studies a combination of the following search terms were
used: stair*, climb*, use, take, taking, utiliz*, ustilis*, environment*,
architectur*, poster, posters, prompt*, reminder*, email*, messag*,
banner*, persuad*, persuasion, motivat*, promot*, sign*, cam-
paign*, point of choice, incentive*, elevator*, escalator*. The original
search strategy was conducted in December 2013, with an updated
search undertaken in July 2015. Search results were imported into
EndNote (bibliographic software). Reference lists of all relevant
review articles were manually searched to identify any additional
articles.12,14,15,17,18 The systematic review was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.21
Eligibility Criteria and Screening
Articles considered for inclusion were limited to peer-reviewed
journal articles written in the English language and published
January 2017
between January 1990 and July 2015. Additional inclusion criteria
were:
1.
 stair use (ascent and descent) or stair climbing (ascent only)
included as a primary outcome behavior;
2.
 elevator, escalator, or moving stairway used as the comparison
behavior;
3.
 a quantitative assessment of the outcome behavior undertaken
before the intervention was implemented and at a later time-
point when the intervention was still in progress; and
4.
 data presented to determine if intervention was significant
versus baseline.

Articles were limited to adult samples (aged Z18 years), and
studies that did not clearly describe intervention design and results
were excluded upon agreement of two independent researchers.
Once imported into Endnote, duplicate articles were removed.

Two researchers screened the remaining articles using the inclu-
sion criteria. Initially, articles were screened based on title and
abstract. For the remaining articles, the full text was examined to
identify the final selection of articles that met the inclusion criteria.

Data Extraction
Two researchers independently coded each article in the final
sample; any discrepancies were discussed until consensus in
coding was reached. A coding framework was developed to meet
the requirements of the current review. Prior to commencing
coding, the framework was pilot tested and revised. The coding
framework extracted data on study characteristics, intervention
characteristics, and intervention results. Methodologic quality was
assessed according to an adapted protocol described by Downs and
Black.22 This protocol examines the methodologic quality of both
randomized and non-randomized health intervention studies. The
modified version used in the current review included 26 of the
original 27 items, which assess the quality of reporting, external
validity, internal validity for measurement bias, and internal
validity for selection bias. The maximum score possible was 27
points, with higher scores indicating higher study quality.
For studies that included more than one intervention arm or the

intervention was conducted in more than one location, each
intervention arm/location that met the inclusion criteria was
coded as a separate study. If studies included more than one
intervention phase, these were coded as one study and results
separated as Phase 1 and 2. For studies consisting of only one phase,
where there was more than one measurement period, the measure-
ment conducted most proximal to the intervention period defined
was used as the intervention measure. Additionally, the final
measurement period following the removal of the intervention
was defined as the follow-up measure. The main outcome was
defined as stair use (ascent and descent combined), stair ascent only,
or stair ascent plus descent measured and reported separately. If
studies reported multiple forms of stair measurement, stair ascent
was selected as the main outcome to determine effectiveness. Stair
outcome measures were extracted as the percentage of stair use/
climbing compared with elevator/escalator/moving walkway at
baseline, intervention (Phase 1 and 2), and follow-up. If studies
reported percentages for subgroups only (e.g., by sex), the
authors followed the procedure recommended by Dolan et al.23

to calculate the overall mean percentage of stair use/climbing.
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If percentages were not reported, ORs were extracted to provide
sufficient information to determine if the intervention significantly
improved stair use/climbing. Intervention results were then classi-
fied as significant or not significant for each of the specified
measurement periods. Owing to the heterogeneity across studies,
a meta-analysis was deemed inappropriate for the purpose of this
review. A recent systematic review undertook a comprehensive
quantitative synthesis of stair use intervention findings that included
articles published prior to June 2013.20 The focus of the aforemen-
tioned review was on the synthesis of results; therefore, the authors
sought to complement their work by further exploring and focusing
on a qualitative description of intervention characteristics, including
methods and intervention components employed throughout
interventions and the potential influence on effectiveness of stair
use/climbing interventions.

EVIDENCE SYNTHESIS
The results of the two search strategies yielded 2,136
unique articles (Figure 1). Following the initial screening
procedure, full text was obtained for 206 potentially
relevant articles. Eligibility assessment identified 54
articles13,24–75 that fulfilled the inclusion criteria of the
systematic review. One article included four,47 two
included three,31,53 and five contained two, distinct
studies,39,42,49,56,68 resulting in the final sample of 67
studies. Median quality score was 16, ranging from 13 to
21 of a possible 27 (Appendix 1, available online). Studies
scored moderately well on most aspects, including
reporting (median, 6 of a possible 10), external validity
(median, 2 of a possible 3), measurement bias (median, 5
of a possible 7), and confounding bias (median, 3 of a
possible 6).

Study Characteristics
Studies were conducted between 1995 and 2015; the
majority (n¼30) were conducted in the United Kingdom,
followed by 15 in the U.S.; four in Belgium; three in Hong
Kong and the Netherlands; two in Australia, Denmark,
and Japan; and one each in Germany, Iran, Singapore,
South Africa, Spain, and Turkey. Intervention designs
ranged from 3 days to 2 years, with the actual inter-
vention period varying greatly. Although the majority of
studies included one intervention phase (n¼38), studies
also involved two (n¼24), three (n¼2), and four (n¼1)
intervention phases. Follow-up measures were included
in 24 of 67 studies.
Studies were mainly conducted in public sites (75%,

n¼50) and less frequently in worksite settings (21%,
n¼14). The remaining studies used a combination of
worksite and public settings (4%, n¼3). The most
commonly utilized public setting was public transit
(48%, n¼24), followed by shopping malls (30%, n¼15),
universities (18%, n¼9), and other settings (4%, n¼2).
The most common worksite settings were office
buildings, which were targeted in 12 (86%) of the 14
worksite studies, one of which used a combination of
office and university buildings. The remaining two
studies (14%) specifically targeted employees in univer-
sity settings. Finally, the three studies that used a
combination of worksite and public settings were imple-
mented in hospitals, which have a dynamic mix of
employees and general public and therefore could not
be separated in terms of worksite or public settings.
According to the domain in which stair use/climbing was
targeted, the most common was workplace activity (39%,
n¼26), followed by transit (36%, n¼24), leisure (24%,
n¼16), and other (1%, n¼1).
Settings most often compared stair use/climbing to

escalators (60%, n¼40), followed by elevators (40%,
n¼27). The majority reported results for stair climbing
alone (69%, n¼46), seven studies reported separate
results for stair climbing and stair descent (10%), and
the remaining reported result for stair use (combined
ascent and descent; 21%, n¼14). This resulted in a total
of 73% (n¼49) providing results for the effectiveness of
stair climbing as the main outcome. Height of the
building used for intervention delivery was coded as
number of floors; 64 studies provided information to
code this variable. The majority of interventions were
delivered in settings with two or more floors (55%,
n¼35); the remaining were delivered in settings targeting
a single floor (one flight or an incline of 12 steps).
The method for measuring stair use/climbing was pre-
dominately through direct observation (82%, n¼55),
followed by counting machines (10%, n¼7) and by video
recording (7%, n¼5). Appendix Table 1 (available
online) outlines study characteristics in detail.

Intervention Characteristics
Studies used varying approaches to increase stair use/
climbing (Appendix Table 2, available online). The
majority used a simple strategy (defined as the use of
signs only or a single strategy) to promote stair use/
climbing (88%, n¼59), whereas the remainder used
multiple strategies (e.g., point-of-choice-prompts and
environmental changes). Signs were used in all but one
of the interventions using a single approach, with role
modeling being the strategy used in the remaining study.
The types of signs used consisted of posters and stair
banners: 46 studies used posters, nine used stair banners,
and three used both posters and stair banners. For the
eight studies that included multiple strategies to promote
stair use/climbing, signs were used in all eight studies. In
three studies, a combination of posters and built environ-
ment strategies were used. Specifically, these consisted of
posters and artwork; posters, artwork, and music; and
posters, stair banners, and stairwell aesthetics. A further
www.ajpmonline.org



Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart demonstrating study selection
process.
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three combined posters with an event designed to
promote stair climbing, one of which also included
leaflets. A single study combined the use of posters with
an event to promote stair use/climbing and the final
study used a combination of posters, stair banners,
printed materials, and website promotion as their
strategies.
Information to determine the number of messages

used in each study was extracted for 60 studies. Based on
the information presented in the remaining 60 studies,
the mean number of messages used was 4.4 (SD¼8.1).
The minimum and most frequently reported number of
messages being one (n¼26), followed by two (n¼13), and
three (n¼6), with the highest being 48 (n¼1). Seven of
the 60 studies used ten or more messages. The size of
signage used (including posters, stair banners, and other
printed material) was reported in 47 studies, 36 of which
reported using one size sign; the remaining studies used
two (n¼9) and three (n¼2) different sizes for their
signage. Sizes were recoded to meet the International
Standard Paper Size A Series. Actual sizes are presented
in Appendix Table 2 (available online); for in-text
reporting, these have been converted into small (A5–A2
January 2017
or equivalent), medium (A1–A0 or equivalent), and large
(larger than A0 size). Of the 47 studies, use of small-sized
signs were reported in 19 and was the sole size used in
eight of these; medium-sized signs were used in 27
studies and was used solely in 24; large-sized signs
were used in four and in all cases was the only size
reportedly used.
The authors extracted the type of poster content in

terms of text and image use for 38 studies. According to
data reported, the majority combined the use of text and
image (68%, n¼26) and the remainder (38%, n¼12) used
text only. Content of messages was designed to target
different individual motivations for stair use/climbing.
Message content from 65 studies was summarized into
six categories, including health, time, energy expenditure
(in reference to caloric expenditure), weight, fitness, and
other. In 28 studies, messages were categorized as having
a single motivational target (health, n¼17; energy
expenditure, n¼6; time, n¼1; and other, n¼4). The
remaining 37 studies targeted two (n¼26), three (n¼6),
and four (n¼4) categories, with only one study targeting
all five categories (excluding “other”). In total, 119
message targets were extracted from the 65 studies;
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health-based motivation was the most frequently
reported message target used in 68% of the studies
(n¼44), followed by energy expenditure (45%, n¼29),
fitness (25%, n¼16), weight (20%, n¼13), time (19%,
n¼13), and messages coded as other (8%, n¼5).

Intervention Effectiveness
For all 67 studies, intervention effectiveness could be
determined for at least one phase, which was labeled
Phase 1; in a further 26 studies, effectiveness was
determined for Phase 2. Finally, 23 studies reported
effectiveness for a follow-up measure (Appendix 2,
available online). For Phase 1, some 48 of 67 studies
(72%) reported significant improvements in stair use
(n¼10 of 14) and climbing (n¼38 of 53). In Phase 2,
some 24 of 26 studies (92%) reported significant
improvements in stair use (n¼6 of 7) and stair climbing
(n¼18 of 19). For the follow-up measure, 17 (74%)
reported significant improvements in stair use (n¼5 of 7)
and stair climbing (n¼12 of 16). This resulted in a total of
116 study phases reporting data, and 89 (77%) reporting
significant improvements in stair use (79%, n¼26 of 33)
and climbing (76%, n¼63 of 83).
To examine potential influences on intervention

effectiveness, results for Phases 1 and 2 were separated
and treated as separate study arms. Therefore, for this
section, the results of 93 study arms are considered.
Overall, 77% (n¼72) reported a significant increase in
stair use (76%, n¼16 of 21) or stair climbing (78%, n¼56
of 72). The following results are presented with stair use
and stair climbing outcomes combined to describe
effectiveness. Eighty-eight studies could be categorized
as public (n¼70) or worksite (n¼18); among interven-
tions conducted in a public setting, 80% reported
significant improvements. Significant improvements
were also reported in 67% of studies conducted in
worksite settings. Of the 92 studies that could be
classified into one domain, studies reporting effectiveness
were highest for leisure (84%, n¼21 of 25), followed by
transit (81%, n¼26 of 32) and work (29%, n¼24 of 35).
For the alternative to stair use, 82% of studies comparing
escalators reported a significant improvement (n¼46 of
56) compared with 70% of studies that compared stairs
with elevators (n¼26 of 37). When comparing these
according to setting, however, all of the worksite studies
compared the choice of stairs with an elevator, of which
67% reported significant improvements (n¼12 of 18).
The majority of studies were conducted in public
settings, compared stair use with escalators, and reported
significant improvements (80%, n¼56 of 70). Of these
studies, 82% (n¼46 of 56) comparing stair use with
escalators versus 71% (n¼10 of 14) of those com-
paring stair use with elevators reported significant
improvements. In the 87 studies in which information
was provided to code floors in the intervention building,
effectiveness for studies that targeted settings with one
floor (79%, n¼30 of 38) was similar to studies targeting
settings with more than one floor (78%, n¼38 of 49).
A similar number of studies reported effectiveness that

used a single strategy (76%, n¼61 of 80) or multiple
strategies (85%, n¼11 of 13) to increase stair use. For the
84 studies that reported data for messages, similar
percentages of studies reported significant improvements
for the use of one (77%, n¼27 of 35) or two to ten
messages (76%, n¼32 of 42), with all but one study13

reporting significant improvements when using ten or
more messages (86%, n¼6 of 7). The number of studies
reporting significant improvements in stair use was
similar when looking at the differences in poster sizes
used (small, 68%; medium, 76%; large, 75%; mixed size,
80%). Of the 52 studies from which data were extracted,
studies that used text and images on their signage more
often reported significant improvements than studies
that used text-based signs only (89%, n¼32 of 36 vs 75%,
n¼12 of 16). Finally, for messages displayed on inter-
vention material, 90 studies reported content that could
be categorized. As some signs included messages target-
ing more than one category, messages were separated and
coded into each category they targeted. This resulted in a
total of 154 messages coded into categories. Intervention
material that targeted time and fitness most often
reported effectiveness (88%, n¼15 of 17 and 85%,
n¼17 of 20, respectively), followed by health (78%,
n¼49 of 63), weight (72%, n¼13 of 18), and energy
expenditure (69%, n¼25 of 36).

DISCUSSION
This review aimed to summarize the effectiveness of stair
interventions and explore differences in intervention
components and their subsequent influence on effective-
ness. The findings demonstrate that although the major-
ity of interventions promoting the use of stairs were
effective, results varied according to intervention setting
and characteristics.
Similar support was found for both studies that

examined stair climbing specifically and those that
measured overall stair use. This is similar to the findings
of Bellicha and colleagues,20 who found that among
workplaces specifically, studies that measured stair use
reported positive effects more often than studies meas-
uring stair climbing. They also determined that the
median increase in stair use and climbing was similar
between settings. The current results appear to support
interventions conducted in public settings and stair
interventions that targeted the leisure and transit
www.ajpmonline.org
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domains of physical activity. However, these results
should be interpreted with caution, as the evidence also
showed that studies comparing stair use with escalators
versus elevators more commonly reported effectiveness.
Furthermore, escalators were only used as the compar-
ison behavior in public settings. Therefore, it would not
be advised to link the effectiveness of public settings
compared with workplaces. It is, however, clear that the
evidence supports the effectiveness of stair interventions
in public settings.
The support for effectiveness in public settings is not

surprising, and has been reported in previous
reviews.15,17,20 The most recent review conducted by
Bellicha et al.20 reports results similar to the current
review in that, although public settings received greater
support, support was still provided for interventions
conducted in worksite settings. It should be noted that
in the current review, a number of worksite studies were
excluded in the final screening process because their
study design compared pre- and post-stair use at an
individual level opposed to frequency of stair use in
comparison to elevator/escalators, which is the common
study design in public settings.76–78 Additionally, as
noted, where public settings only compared stair use
with escalators, worksites included a mix of escalators
and elevators as their comparison behavior to stair
climbing. This is an important distinction, as research
highlights the proximity of stairwells to elevators in
worksites is often a greater distance compared with
public settings, where stairwells are primarily situated
adjacent to escalators.12 These environmental differences
may have an impact on the effectiveness of stair climbing
interventions.
Among the examined intervention characteristics, the

strongest support was found for studies that used a
combination of text and images on their signage, used
time- and fitness-based motivational messaging, included
stair banners when using a simple strategy, and used
medium, large, or a variety of sign sizes. Perhaps the most
noteworthy finding is related to the motivational messag-
ing used. Health-based messages are the most frequently
used message types; however, it appears that time- and
fitness-based messages are more effective in producing
behavior change. The support provided for time-based
messages as the motivational target to prompt stair use
fits within the theme of public settings, particularly
within public transit and university settings. In this
context, time-based messages may appeal to the target
audience who will mostly be commuters or university
staff/students focused on getting from Point A to Point B
in a timely and efficient manner. As was the case in a
number of the studies, time-based messages could be
included in addition to other benefits, such as health and
January 2017
fitness. Therefore, it is important to consider intervention
settings when selecting strategies, intervention material,
and content such as messages.
Limitations
The findings should be interpreted with caution, as there
are several limitations of the current review. Given the
variability in settings, design, and characteristics of the
included studies, neither a meta-analysis nor a quantita-
tive analysis of the results was conducted. Rather, a
qualitative synthesis was undertaken; therefore, any
interpretation of the effectiveness of interventions should
be interpreted within this context. Additionally, only
published peer-reviewed journal articles written in Eng-
lish were included. As such, the results may be subject to
publication bias and are not generalizable across studies
published in languages other than English. Although
every precaution was taken to code data accurately and
consistently, this was limited within the scope of the
information provided in the original articles. Finally,
included studies mostly used a time series design with no
true control group; this is the most pragmatic design for
the studies being reviewed.
CONCLUSIONS
Overall, the results demonstrate that the majority of inter-
ventions report significant improvements in stair use.
Evidence supports the effectiveness of stair interventions in
public settings; however, support remains limited for work-
site settings. Further exploration of study design and
characteristics that lend themselves to higher rates of
effectiveness include multiple intervention strategies and
using medium to large signs with text and images, as well
as time-based motivational messages. Strategies used should
be selected to specifically match the desired setting.
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SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be
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