Stair use for cardiovascular disease prevention
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Introduction
There is no doubt that higher physical activity and fitness
levels are inversely associated with the risk of cardiovascular
disease (CVD) [1]. Yet, most Europeans and Americans
do not meet current minimum physical activity recommendations [2] and the prevalence of CVD risk factors
related to a sedentary lifestyle, such as obesity and
diabetes, is increasing at an alarming rate [3,4]. To
counter those trends, there is an urgent need to develop
population strategies aiming to increase physical activity.
Stair use is inexpensive and can be easily integrated into
everyday life by most of the population. Stair climbing
represents vigorous-intensity physical activity with
oxygen uptake reaching approximately 80% of maximal
values in young healthy adults, corresponding up to nearly
10 metabolic equivalents (METs) of energy expenditure
[5], sufficient to improve cardiorespiratory fitness [6]. In
the Harvard College alumni cohort study, stair climbing
was associated with a significant decrease in mortality risk
of Z 21% for people climbing Z 20 floors compared with
those climbing less than 20 floors per week [1]. The
purpose of this study is to review studies that evaluated
the effects of stair use on fitness and CVD risk factors,
present results of the recent Geneva Stair study, and
finally formulate general conclusions on the promotion of
stair use for CVD prevention at a population level.

Does stair use influence fitness and
CVD risk?
In 1975, a pioneer nonrandomized study by Fardy
and Ilmarinen [7] evaluated the effects of a 12-week
stair-climbing program at work in 30 healthy untrained
employees (17–64 years) of a Finnish insurance company.
VO2max improved by 10% (0.3 l/min) only in the subgroup
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having climbed 25 floors/day or 125 floors/week (n = 7).
A subsequent similar 10-week intervention was carried
out in sedentary men who climbed 30 floors/day
and improved their estimated VO2max by 15% [8]. In
a third study including 159 female employees climbing
65 floors/week, a significant impact on estimated VO2max
was observed after 24 weeks in the older (mean age 37
years) and less fit (mean VO2max 34 ml/kg/min) subgroups, with improvements of 4.8 and 6.3%, respectively.
The limitations of two of these studies were the absence
of a significant global effect considering all participants
and the fact that outcome measures were restricted to
aerobic capacity estimates only.
More than a decade later, Loy et al. [9] evaluated the
effects of 4 weekly 40-min sessions of stair climbing using
an automated stair stepping device during 12 weeks, with
or without external load carrying, in 28 sedentary women
(50–65 years). Compared with the control group, exercise
groups increased their VO2max by, respectively, 11.1%
(2.7 ml/kg/min) and 9.6% (2.4 ml/kg/min) as well as their
quadriceps muscle strength. This study was also limited by
the lack of measurement of other CVD risk factors. In a
randomized controlled study, Boreham et al. [10] investigated the effect of a 7-week stair-climbing program on
cardiorespiratory fitness and lipid profiles in young
sedentary women (mean age 20 years). Participants in the
stair-climbing group (n = 12) performed ascents of a 199
steps public staircase, from 1 ascent/day in the first week to
6 ascents/day in the last 2 weeks. The stair-climbing group
had higher HDL cholesterol ( + 0.24 mmol/l), lower total
cholesterol : HDL cholesterol ratio, and decreased (i.e.
improved) indices of cardiorespiratory fitness including
heart rate, oxygen uptake, and blood lactate during a
standardized stair-climbing field test. In the same environment and population, the same author showed a 17%
( + 4.5 ml/kg/min) increase of VO2max and an approximate
8% (0.17 mmol/l) reduction of LDL cholesterol after 8
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weeks of progressive stair climbing (mean number of
climbed floors/week = 142) [11]. The study population,
healthy 19-year-old women, limits, however, the extrapolation of these results to the general population. Taken
together, these studies would support the contention
that stair use may be a simple means for improving
cardiorespiratory fitness and other CVD risk factors.
However, they are limited by the small numbers of
participants involved and by their experimental design
differing from normal daily life routine. From a public
health perspective, more pragmatic interventions are
necessary to evaluate the impact of stair use promotion
on the prevention of CVD at a population level.

The Geneva stair study
The rationale of this study was to simulate promotion of
stair use at population level by evaluating the potential
cardioprotective effects of a worksite promotional campaign
of stair use in employees at the University Hospital of
Geneva [12]. A selection of healthy volunteers (n = 77,
mean age 43 years) with an inactive lifestyle, mainly
nurses and physicians, were included. Participants were
encouraged to use stairs instead of elevators during a
12-week hospital-wide promotional campaign for stair use
using positive messages on posters positioned at the ‘pointof-choice’ between stairs and elevators at each hospital
floor. A preintervention and postintervention study design
was used because of the risk of contamination of a control
group by the promotional campaign. Outcome measures
included anthropometrics, blood pressure, physical activity,
estimated VO2max and were collected at baseline, 12 weeks,
and 6 months (3 months after the end of the intervention).
VO2max was estimated by a submaximal step test with
extrapolation to the age-predicted maximum heart rate. For
62 of the 69 participants who completed the 12-week
intervention, all follow-up testing measurements could be
obtained. During 12 weeks, median daily ascended
and descended one-story staircase units rose from 5 to
21 (P < 0.001) and estimated VO2max increased by 9.2%
(3.2 ml/kg/min or 0.22 l/min, P < 0.001) corresponding to
almost 1 MET. There was a significant decline in waist
circumference (1.7%), weight (0.7%), fat mass (1.5%),
diastolic blood pressure (1.8%) and LDL cholesterol
(3.0%). At 6 months, median daily one-story units had
decreased to 7. Benefits on estimated VO2max ( + 5.9%,
P = 0.001) and fat mass ( – 1.4 ± 8.4%, P = 0.038) persisted. The main strengths of this study were the pragmatic
design of the intervention and the comprehensive assessment of CVD risk factors. A limitation is the absence of a
control group for aforementioned reasons.

factors. For 100–150 climbed floors each week corresponding to 8–12 min of daily exercise, the improvement in
aerobic capacity (VO2max) may reach, in previously
untrained persons, more than 10%, corresponding to an
increase in aerobic capacity of approximately 1 MET. This
magnitude of improvement has been associated with a
12–20% reduction of all-cause mortality including CVD in
epidemiological studies [1]. Therefore, consistent stair use
by most of the population is expected to have a sizeable
impact on public health. The question that remains to be
answered is how to stimulate stair use by the general
population. Information at point-of-choice and changes in
architectural design may prove important ways to increase
stair use [13–15]. It will take a multidisciplinary approach
between health professionals, architects, urban planners,
and social scientists to find out what the best ways are to
help ourselves and fellow citizens to make simple healthy
choices for integrating physical activity in our daily life
routine such as choosing the stairs at a point-of-choice.
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Stair use, especially when climbing, is a vigorous physical
activity that can be easily implemented in everyday life
by most of the population. Several studies suggest that
it is effective in improving aerobic capacity and CVD risk
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