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Abstract

Although stair-climbing intervals provide a simple mode of physical activity that can be easily carried out in naturalistic
settings and incorporated into the daily lives of a significant proportion of the global population, addressing physical inac-
tivity issues, very little research has focused on the psychological benefits of stair climbing. To address this, the current
prospectively registered randomized controlled crossover trial tested whether brief bouts of stair climbing (6 X 1 min inter-
vals) elicit immediate subsequent improvements in cognitive performance and mood in a sample of healthy young adults
(final sample: n =52, 50% female, age range 18-24 years), with consideration of sex, physical activity habits, and exercise
intensity as potentially relevant variables. Compared to a no-exercise control session, following the stair climbing partici-
pants exhibited superior cognitive switching performance and reported feeling more energetic and happy. In addition, linear
regression analyses linked higher stair-climbing intensity (indicated by heart-rate data) to faster response latencies. None
of the effects depended on sex or physical activity habits, which implies that males and females can benefit irrespective of
their current physical activity habits. Collectively, these results demonstrate that interval stair climbing can confer immedi-
ate psychological benefits, providing further evidence in support of stair climbing as a promising means to address physical
inactivity issues. TRN: ACTRN12619000484145, Date of registration: 25/03/2019.
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Introduction

Mounting research including randomized controlled trials
in healthy adults supports positive effects of short bouts of
physical activity on psychological outcomes, such as cogni-
tion and mood (Basso & Suzuki, 2017; Chang et al., 2012;
Hsieh et al., 2021; see also Ligeza et al., 2023). Mechanisms
that potentially can explain such acute effects are for example
activation of the locus coeruleus and release of norepineph-
rine, and increases in cerebral blood flow, catecholamines,
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and neurotropic factors (e.g., BDNF, IGF-1; see Pontifex
et al., 2019). However, differences between modes of physi-
cal activity and their effect on psychological outcomes (e.g.,
cognitive performance) have been found in a meta-analysis
(Lambourne & Tomporowski, 2010), suggesting a lack of
generalizability of effects across different forms of physi-
cal activity. To date, most research has involved forms of
aerobic exercise (e.g., on a treadmill or cycle ergometer)
inaccessible to large parts of the population.

One form of aerobic physical activity with practical
value related to accessibility and potential for incorpo-
rating it into daily activities is stair climbing. Although
research involving stair climbing is currently quite lim-
ited, we suspect that the nature of stair climbing, requiring
upward movement against gravity, may place it in a strong
position for conferring benefits in a time-efficient manner
(Mir et al., 2017; Webb & Cheng, 2010), which addresses
one of the biggest barriers to exercise (Peng et al., 2023;
Stutts, 2002). Considered in tandem with the noteworthy
potential of stair climbing to be incorporated into daily
lives, as has recently been recommended by the Centers for
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Disease Control and Prevention as a means to overcome
multiple barriers to physical activity (https://www.cdc.
gov/physicalactivity/basics/adding-pa/barriers.html), we
concur with Gay et al. (2022) that further research should
be undertaken.

Stair climbing has been associated with multiple health
benefits. Previous studies show that increased stair climb-
ing is associated with improvements in adiposity, balance,
blood pressure, cardiorespiratory fitness, cholesterol, blood
glucose, leg strength, reduced weight, and lower risk of
metabolic syndrome (Allison et al., 2017; Boreham et al.,
2005; Donath et al., 2014; Honda et al., 2016; Michael et al.,
2021; Mir et al., 2017; Whittaker et al., 2021; Wong et al.,
2018). More frequent stair climbing has also been associ-
ated with lower risk of coronary heart disease, stroke, and
all-cause mortality (Rey-Lopez et al., 2019; Sanchez-Lastra
et al., 2021; Song et al., 2023). The health benefits of stair
climbing are promising given the accessibility of stairs in
many naturalistic settings (e.g., schools, workplaces), which
suits the new physical activity global guidelines highlighting
that even brief bursts of physical activity are important for
improving and maintaining health and wellbeing (Bull et al.,
2020). The new emphasis on the importance of accumula-
tion of daily minutes of physical activity—which stands in
contrast to the previous recommendations of at least 10-min
activity bouts for positive health change—makes stair climb-
ing an attractive option for everyday physical activity, not-
ing also that indoor stair climbing obviates weather issues
that can pose a barrier to intended outdoor physical activity
(Peng et al., 2023). Brief bouts of physical activity incor-
porated into daily routines may also be more achievable
than formal exercise sessions for many individuals and may
be better placed to aid toward the new recommendation to
replace sedentary time with physical activity (Bull et al.,
2020).

Although previous research indicates multiple health ben-
efits associated with increased stair climbing, most studies
have focused on physical health outcomes, and surprisingly
little is known about the psychological outcomes associated
with stair climbing. Gay et al. (2022) conducted a systematic
review and found 22 studies focused on stair use and psy-
chological outcomes. A majority of the studies (n=12) used
subjective (e.g., self-report) measures of stair use, whereas
a minority (n=10) of the studies used objective measures.
Although some evidence was found for a link between stair
use (based on objective measures) and less anxiety and
depression symptoms, the authors highlighted several limi-
tations, for example, that the majority of the studies were
cross-sectional, included older samples with a disease, small
sample sizes, and variability in measures of stair use. The
authors concluded that stair climbing may be a low-cost
strategy for increasing physical activity levels especially in
more urban areas where multilevel buildings are prevalent
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and expressed an urgent need for research on the effects of
stair use on psychological outcomes (Gay et al., 2022).

Two recent studies examined psychological benefits (i.e.,
cognitive function and mood) of brief bouts of stair climb-
ing in healthy young adults (Stenling et al., 2019) and older
adults (Nasrollahi et al., 2022). In the older adults, six 1-min
intervals of stair climbing benefitted subsequent cognitive
performance; however, the older adults reported feeling
more tired following the stair climbing (Nasrollahi et al.,
2022). In the young adults, three 1-min intervals of stair
climbing improved subsequent executive functioning (spe-
cifically, switching performance) in males but not females,
whereas both males and females felt more energetic, less
tense, and less tired; in addition, higher exercise intensity
during the stair climbing predicted better switching per-
formance and higher energetic ratings following the stair
climbing (Stenling et al., 2019). Taken together, these two
studies (Nasrollahi et al., 2022; Stenling et al., 2019) provide
initial evidence of psychological benefits of brief bouts of
stair climbing and suggest that stair climbing might serve as
an effective intervention, not only for physical health ben-
efits, but also for psychological health benefits. However,
they also highlight that effects may differ between younger
and older adults and also as a function of sex and exercise
intensity.

Building on the initial evidence indicating psycho-
logical health benefits of stair climbing, the current rand-
omized controlled crossover trial tested in healthy young
adults the effects of interval stair climbing involving six
1-min bursts on cognitive performance and self-reported
mood using the same computerized battery as Stenling
et al. (2019) and Nasrollahi et al. (2022). We also exam-
ined whether the effects of stair climbing depend on sex,
based on findings from the Stenling et al. (2019) stair
climbing study and indications from studies on the acute
effects of exercise involving other modes of physical activ-
ity (Hsieh et al., 2021; McDowell et al., 2016). However,
it should be noted that in the Stenling et al. (2019) study,
sex was not counterbalanced and more females partici-
pated (final sample 66% female). In the current study, we
included equal proportions of males and females and coun-
terbalanced sex with session order. Moreover, we doubled
the number of 1-min stair-climbing intervals (from three
to six) as we suspected that the lack of cognitive benefits
in females in Stenling et al. (2019) may have reflected an
insufficient number of intervals. We also examined effects
of exercise intensity during the stair climbing on subse-
quent cognitive performance and mood, given previous
findings that exercise intensity can influence both the dura-
tion and magnitude of the effects of physical activity on
cognition (Chang et al., 2012; McMorris & Hale, 2012;
Stenling et al., 2019) and mood (Legrand et al., 2018; Loy
etal., 2013; Reed & Ones, 2006; Stenling et al., 2019). We
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hypothesized that executive functioning (as indicted by
inhibitory control and switching performance) and self-
reported mood would be superior following the interval
stair climbing, compared to a control session without exer-
cise, and that benefits would be seen in both sex groups,
although the extent of benefits may depend on sex, physi-
cal activity habits, and the intensity of the stair climbing.

Methods

The current study was preregistered at the Australian New
Zealand Clinical Trials Registry (Registration number
ACTRN12619000484145). The University of Otago
Human Ethics Committee (reference 18/012) approved
this study and all methods employed were performed
in accordance with relevant guidelines and regulations.
All participants gave written informed consent prior to
participating. Data collection took place from 8 April to
1 August 2019.

Participants

Inclusion criteria for participation were aged 18-24 years,
normal or corrected-to-normal vision, no color blindness, no
neurological or psychiatric conditions, and able to partici-
pate in the exercise intervention (all based on self-report).
We recruited 63 undergraduate students from the Univer-
sity of Otago; all met the inclusion criteria and participated.
However, data from 11 participants had to be excluded from
the study to achieve full counterbalancing due to an error in
the allocation process; in selecting the 11 to exclude, we first
removed three with missing data and then randomly selected
the other eight from the relevant counterbalancing groups
(defined by session order and sex) using a random number
generator in Excel (see Fig. 1 for recruitment, allocation,
and exclusion details). The final sample included 52 students
(Mage: 19.8 years, SD=2.18, range = 18-24; 26 females; 47
right-handed).

Prior to participation, the physical activity readiness
questionnaire (PAR-Q; Thomas et al., 1992) confirmed all
participants as appropriate to engage in physical activity.
Based on the New Zealand physical activity questionnaire-
short form (NZPAQ-SF; McLean & Tobias, 2004), on
average the participants engaged in 8.4 (SD=6.0) hours of
physical activity per week. Mean body mass index (BMI)
was 23.2 kg/m? (SD=3.0, range 17.3-30.7). According to
international BMI classification guidelines (WHO, 2019),
1.9% were underweight (< 18.5 kg/m?), 75.0% were nor-
mal weight (18.5-24.99 kg/m?), and 23.1% were overweight
(>25 kg/m?).

Procedure

We used a randomized controlled crossover design with
counterbalancing of the order of the two sessions (i.e., stair
climbing or control) by sex group. Randomization was
achieved using the random number generator in Microsoft
Excel, for each sex group. Participants were not aware of the
sequence allocation before entering the laboratory. Partici-
pants reported to the laboratory for each session at the same
time of day, exactly 1 week apart. A heart rate (HR) monitor
was placed on the participant’s left wrist to measure and
record HR throughout the sessions. Initially, the participant
was asked to remain seated for 5 min to obtain a measure of
resting HR, after which the participant completed the stair-
climbing or control protocol as described in the following
subsections.

Stair-Climbing Protocol Participants received verbal instruc-
tions regarding the ratings of perceived exertion (RPE) scale
(Borg, 1998) and the stair-climbing protocol, and were then
shown a demonstration video of the stair-climbing phase.
Participants then left the testing room with the experimenter
to complete the protocol, during which further instructions
were provided. The stair-climbing protocol tested here was
previously tested in an older adult sample by Nasrollahi et al.
(2022); it is an adapted version of the stair-climbing pro-
tocols from Allison et al. (3 x60-s 1F; 2017) and Stenling
et al. (2019), which both entailed three 1-min stair-climb-
ing intervals tested in young adults. The protocol used here
entailed six stair-climbing intervals and involved the fol-
lowing (in this order): 2-min warm up, 45-s instructional
interval, 1-min stair climbing, 1-min recovery, 1-min stair
climbing, 1-min recovery, 1-min stair climbing, 1-min
recovery, 1-min stair climbing, 1-min recovery, 1-min stair
climbing, 1-min recovery, 1-min stair climbing, and 3-min
cool down. For the warm up, the participant walked at a
moderate pace on a flat surface from the laboratory to the
stairwell and then up two flights of 12 stairs (each 17 cm in
height). The participant then walked at a brisk pace back and
forth along the corridor for the remainder of the 2 min. Dur-
ing the 45-s instructional interval, the experimenter provided
final instructions for the stair-climbing and recovery phases.
The six stair-climbing intervals were completed on one flight
of 12 stairs, measuring 17 cm in height. Participants receive
the following instruction adapted from Allison et al. (2017):
“For the stair climbing please move vigorously. This means
relatively intense but not all out, so please move up the stairs
as fast as you can while taking one step at a time. Main-
tain control and safety at all times.” Each recovery phase
involved the participant descending to the landing from their
place on the stairs and then walking back and forth, all at
a self-selected pace. RPE ratings were given immediately
before (pre RPE) and after (post-RPE) each stair-climbing
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Fig.1 CONSORT flow diagram summarizing all participants, reasons for exclusion, and the final sample

interval. The cool down phase involved walking down two
flights of stairs and then back and forth on a flat surface for
a total of 3 min, all at a self-selected pace. Following cool
down, the participant returned to the testing room and sat for
5 min, after which they completed a computerized battery
(which included cognitive tests followed by visual analogue
mood scales) that took approximately 7 min.

Control Protocol All aspects of the control protocol were
identical to the stair-climbing protocol, except that following
the initial 5-min resting HR period, the participant remained
seated in the testing room for 5 min, after which they began
the cognitive tests.

@ Springer

Materials and Apparatus

Heart Rate Monitor HR was measured and recorded every
second using a Polar M430 wristwatch (Polar Electro Oy,
Kempele, Finland). This device uses light emitting diodes to
shine green light on the skin, with a photodiode measuring the
intensity of light reflected to obtain a HR measurement (https:/
www.polar.com/us-en/continuous_heart_rate_tracking). Date
of birth, gender, weight, and height details for each participant
were entered into the device to improve measurement
accuracy. Mean HR was calculated over the initial 5-min
resting period and over the period of cognitive/mood testing
in both the stair-climbing and control sessions. We calculated
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percentage of HRmax (%HRmax =HR/HRmax*100,
where HRmax =220 — age) and percentage of HR reserve
(%HRR =HR — HRmin)/HRR*100, where HRmin =mean
resting HR and HRR =HRmax —HRmin) as indicators of
exercise intensity during the stair-climbing intervals. The
%HRR represents the amount HR increased from resting HR
and is often used to determine exercise intensity (ACSM,
2018; Pesce & Audiffren, 2011; Swain, 2000).

Perceived Exertion Ratings on the Borg RPE scale (Borg,
1998) were used as a subjective measure of intensity during
the stair-climbing protocol. The Borg RPE scale has ratings
from 6 (No exertion at all) to 20 (Maximal exertion), and
every uneven number is anchored (e.g., 13 =Somewhat hard).
The Borg RPE scale has been validated as a measure of exer-
cise intensity, with multiple studies demonstrating high cor-
relations (r=0.80-0.90) between RPE and HR (Borg, 1998).

Cognitive Tests and Mood Scales The computer-based
battery, which was identical to that used in the previous stair
climbing trials (Nasrollahi et al., 2022; Stenling et al., 2019)
and included the same cognitive tests as used in several other
exercise-cognition studies (Cameron et al., 2015; Guiney et al.,
2015, 2019; Shoemaker et al., 2019, 2020), was run with a
64-bit Ubuntu 16.04 operating system. Stimuli were presented
on a 600X 340 mm screen using MATLAB R2016b (The
MathWorks, Natrick, MA) and The Psychophysics Toolbox-3
(Brainard, 1997; Pelli, 1997). Participants sat with their head
held in position using a chin rest, such that the center of the
monitor was at eye level, 57 cm from the participant’s eyes.
The battery included three cognitive tasks (termed Pro, Anti
and Pro/Anti, and always presented in this order) previously
shown to exhibit adequate test—retest reliability (White
et al., 2018) that were designed to assess basic visuomotor
processing (Pro), inhibitory control (Anti), and switching
abilities (Pro/Anti; Flannery et al., 2018; Forsyth et al., 2016;
White et al., 2020). These tasks involved a key press response
and were originally adapted from eye movement tasks (Brett
& Machado, 2017). For all tasks, participants received both
verbal and written instructions. Responses to the cognitive
tasks were made using a centrally positioned button box,
which had two buttons of 2-cm diameter positioned 2 cm
apart (DirectIN Rotary Controller with Buttons, Empirisoft
Corporation, NYC) on which participants placed their left
and right index fingers. Each trial began with the presentation
of a white fixation dot, subtending 0.3° of visual angle on a
black background in the center of the monitor. After a variable
interval (400, 600, 800, 1000, or 1200 ms), a 2° green or red
square (depending on the task: always green for Pro, always
red for Anti, and randomly intermixed for Pro/Anti) appeared
8° to the left or right of the fixation dot (measured to the
center of the square). Participants were instructed to press the
button corresponding to the same side as green squares (thus

making the prepotent response) and the opposite side of red
squares (thus requiring inhibition of the prepotent response).
Participants were asked to respond as quickly as possible
while maintaining accuracy. A 900-Hz error tone sounded for
300 ms if the participant made an incorrect response, made
no response within 1500 ms, or responded in less than 100 ms
(anticipation error). An interval of 500 ms occurred between
trials. Variable intervals and stimulus positions were presented
randomly with the constraint that each combination occurred
equally often. Participants completed four practice trials in the
Pro and Anti tasks and six practice trials in the Pro/Anti task,
followed by 40 test trials (in all cases). Reaction time (RT) and
accuracy were recorded for each trial.

After completing the cognitive tests, participants com-
pleted six visual analogue mood scales (sad, energetic,
tense, happy, tired, and calm), always presented in this order
(Forsyth et al., 2016; Machado et al., 2019). For each mood
scale, the following instruction was displayed: “Click the
position on the line that best represents how you feel right
now.” Below was a black 100-mm horizontal line compris-
ing (but not displaying) 101 distinct positions representing
ratings from O to 100. The mood descriptor was prefixed
by “Not at all” (e.g., Not at all happy) at the left end of the
line, and “Extremely” (e.g., Extremely happy) at the right
end. Participants responded by clicking on the horizontal
line using the mouse, which caused a small black vertical
line (that could be repositioned) to appear, displaying their
response until they clicked on a rectangle labeled “DONE.”

Physical Activity We assessed physical activity habits using
the NZPAQ-SF, a brief self-report questionnaire designed
to assess three dimensions of physical activity behavior;
frequency, duration, and intensity (McLean & Tobias,
2004). Participants were asked to provide information about
physical activity in the 7 days prior to each session. Answers
on the NZPAQ-SF provide estimates of duration (time/
week) of brisk walking, moderate physical activity, and
vigorous physical activity. Hours of physical activity (sum
of vigorous, moderate, and walking hours), averaged across
the two sessions, was used in the analyses. A moderate
correlation (r=0.41) between physical activity self-
reported on the NZPAQ-SF and physical activity captured
by objective HR monitoring has been reported in 18-39 year
olds (Moy et al., 2008).

Statistical Analysis

Regarding the HR variables, repeated measures ANOVAs
tested for a main effect of stair-climbing interval on mean and
peak HR, mean %HRR, mean %HRmax, pre and post RPE,
and stairs climbed. When data did not meet the assumption
of sphericity, the Greenhouse—Geisser correction was used.
Planned follow-up comparisons between each interval were
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Table 1 Exercise intensity

Variable Stair climb  Stair climb  Stair climb  Stair climb  Stair climb  Stair climb 6
measures 1 9 3 4 5
M SD M SD M SD M SD M SD M SD
Heart rate (bpm)
Mean 1140 16.5 1325 204 1455 23.6 1534 239 1579 23.0 160.6 22.8
Peak 126.7 222 1437 225 158.7 25.0 166.6 24.6 170.8 232 1722 23.7
Mean %HRmax 57.0 83 662 104 727 120 76.6 121 789 11.7 802 115
Mean %HRR 29.3 123 448 159 560 179 624 185 660 17.8 682 17.5
RPE
Pre 65 10 100 20 107 20 112 21 120 22 126 25
Post 113 23 124 21 132 17 140 18 146 19 152 20
Stairs climbed 86.8 94 839 98 844 105 841 120 842 114 841 147

Note: Values reflect the average during each stair-climbing bout; recovery phases were not included. bpm,
beats per minute; HRmax, heart rate maximum; HRR, heart rate reserve; RPE, ratings of perceived exertion

performed using paired-samples ¢ tests and p values corrected
for multiple comparisons using the Holm method.

For the cognitive tasks (Pro, Anti, and Pro/Anti),
median RTs for correct responses were the main depend-
ent variable of interest as ceiling effects on accuracy were
expected (White et al., 2018, 2022). Median RTs were
used to minimize the potential effects of outliers, in line
with the previous stair climbing trials (Nasrollahi et al.,
2022; Stenling et al., 2019) and other studies using the
same cognitive tests (Cameron et al., 2015; Guiney et al.,
2015, 2019; White et al., 2018). To help isolate inhibitory
control performance, inhibition cost scores were calcu-
lated for each participant in each session by subtracting

median Pro RTs from Anti RTs (Bierre et al., 2017; Brett
& Machado, 2017; Cameron et al., 2015; Guiney et al.,
2015). To help isolate switching performance, switching
cost scores were calculated for each participant in each
session by subtracting median Anti RTs from Pro/Anti
RTs (Bierre et al., 2017; Brett & Machado, 2017; Cam-
eron et al., 2015; Guiney et al., 2015).

To investigate the primary purpose of the study (i.e.,
the effect of stair climbing on subsequent cognitive
performance and mood), repeated measures ANOVAs
tested differences between the stair-climbing and con-
trol sessions in Pro, Anti, and Pro/Anti RTs, inhibition
and switching costs, and the six mood scale ratings.

Table 2 Cognitive performance
and mood scale ratings in the

Males (n=26)

Females (n=26)

control and stair-climbing Control Stair climbing Control Stair climbing
sesstons M SD M SD M SD M SD
Cognitive performance
Pro RTs (ms) 312 38 304 48 291 30 290 30
Pro accuracy (%) 99.81 0.68 100.00 0.00 99.52 1.00 99.50 1.23
Anti RTs (ms) 363 47 353 53 345 48 338 47
Anti accuracy (%) 98.46 2.01 98.85 226 98.17 240  98.65 2.03
Pro/anti RTs (ms) 487 74 469 79 515 77 481 73
Pro/anti accuracy (%) 97.31 3.39 97.12 2.42 95.48 3.61 96.83 3.36
Inhibition cost 50 30 49 30 54 32 48 30
Switching cost 124 49 116 59 170 51 142 46
Mood states
Sad 12.92 14.15 9.62 10.01 17.54 15.94 12.50 13.46
Energetic 49.15  23.01 62.35 19.92  40.69 21.68  50.42 19.21
Tense 2927 2237 29.15 2033 31.31 2249 3339 2174
Happy 61.00 16.24 65.77 17.36  56.58 14.15  62.96 10.85
Tired 38.00  24.30 4139 2247 5469 2148  49.69  22.82
Calm 70.01 19.11 65.50 1549  59.73 19.64  62.00 22.09

Note: RT, reaction time; ms, milliseconds
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Table 3 Repeated measures ANOVAs (RM-ANOVA) and repeated measures ANCOVAs (RM-ANCOVA) on the cognitive variables

Pro/Anti RT Inhibition cost Switching cost

Anti RT

Pro RT

NR.
=

n,’

n,’

n,’

n,’

RM-ANOVA?*

.220 0.03 2.93 .093 0.05 11.56 .001 0.19 0.92 343 0.02 5.02 .030 0.09

1.54

Session
RM-ANCOVAP

0.09
0.02
0.02

029
344
291

5.08
0.92
1.14

0.02
0.01
0.02

347
469
325

0.90
0.53
0.99

0.20
0.01
0.01

.001
423
401

11.50

0.06
0.00
0.00

.099
778
.689

2.83
0.08
0.16

0.03
0.03
0.01

223
263
618

1.52
1.28
0.25

Session

0.65
0.72

Session*sex

Session*physical

activity

Note: *df=1,51, °df=1,49. RT, reaction time

Subsequently, we included sex as a between-subject fac-
tor and physical activity as a control variable in repeated
measures ANCOVAs. The continuous physical activity
variable was grand-mean centered prior to the being
entered into the repeated measures ANCOVAs (Schnei-
der et al., 2015). Effect sizes are reported as partial eta
squared (77[,2) in the repeated measures ANOVAs/ANCO-
VAs and Cohen’s d for pairwise comparisons, with inter-
pretation benchmarks of 0.01, 0.06, and 0.14 for npz and
0.20, 0.50, and 0.80 for Cohen’s d used to indicate small,
medium, and large effect sizes (Cohen, 1988).

To investigate the secondary purpose of the study (i.e.,
the effect of exercise intensity on subsequent cognitive
performance and mood), we performed linear regression
analyses using the difference (A) between the stair-climb-
ing and control sessions as the dependent variable, ZHRR
as the main predictor variable, and physical activity and
sex as control variables. The significance level (a) was
set to 0.05 and all of the analyses were performed using
JASP version 0.18 (JASP-Team, 2023).

Sample Size and Power Calculations

The original a priori and pre-registered power analysis com-
puted using GLIMMPSE software (Kreidler et al., 2013)
indicated that with a desired power of 80%, an alpha level
of 0.05, session as a within-subject factor, sex as a between-
subject factor, and self-reported physical activity as a control
variable, 60 participants (30 males, 30 females) were needed
to detect a session by sex interaction effect with a similar
magnitude as the interaction effect found in Stenling et al.
(2019). A re-calculation based on having only 52 participants
in the final sample indicated only 74% power to detect a simi-
lar magnitude session by sex interaction effect; however, note
that the current trial involved twice as many stair-climbing
intervals; thus, larger effect sizes could reasonably be antici-
pated. Nonetheless, we conducted sensitivity analyses that
included 60 participants (50% male, 50% control session
first), foregoing counterbalancing of sex with session order,
and found nearly identical results; thus, reduced power does
not appear to have had any substantive impact on the results.

Given the final sample size of 52 participants, a power
calculation using G*Power version 3.1.9.2 (Faul et al., 2007)
indicated that with a one-tailed alpha level of 0.05 and a
desired power of 80%, we were able to detect a fairly small
repeated measures main effect (Cohen’s d=0.35) of the
stair-climbing intervention (thus, ample power based on the
larger effect sizes for cognitive and mood benefits in Sten-
ling et al., 2019). In addition, with three predictors (exercise
intensity, self-reported physical activity, and sex), a desired
power of 80%, and a one-tailed alpha level of 0.05, we could
detect a medium effect size (/‘2 =0.15, which corresponds to
Cohen’s d=0.50; Cohen, 1992).
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Fig.2 Raincloud plot showing differences in Pro/Anti between the
stair-climbing and control sessions

Results
Stair-Climbing Intensity

Descriptive statistics for the HR measures, RPE, and stairs
climbed in each interval are displayed in Table 1. Repeated
measures ANOVA showed a statistically significant effect of
interval on mean HR, F(2.01, 102.65)=130.49, p<0.001,
np2=0.72, peak HR, F(2.14, 109.27)=101.22, p<0.001,
npz =0.67, %HRmax, F(2.03, 103.28)=130.54, p<0.001,
npz =0.72, %HRR, F(1.88, 95.79)=117.05, p<0.001,
11p2=0.70, pre RPE, F(2.50, 127.45)=155.78, p<0.001,
11p2=0.75, post RPE, F(2.02, 103.19)=100.14, p<0.001,
11p2 =0.66, and stairs climbed, F(2.44, 124.67)=2.64, p=0.064,
11p2 =0.49. Planned follow-up comparisons indicated a statisti-
cally significant increase in mean HR, peak HR, %HRmax, and
%HRR with each successive interval until the fourth interval,
whereas the increase between the fourth, fifth, and sixth inter-
vals was not statistically significant. Planned follow-up com-
parisons indicated statistically significant increases in pre and
post RPE ratings with each successive interval. Differences in
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Fig.3 Raincloud plot showing differences in switching cost between
the stair-climbing and control sessions
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Fig.4 Raincloud plot showing differences in energetic mood scale
ratings between the stair climb and control session

the number of stairs climbed were not statistically significant
across the six intervals. Mean HR during the 5-min resting
period (M ir climb = 78-24 vS. M pqo = 80.48) did not differ
between the stair climbing and control sessions, #(51)=-1.48,
p=0.146, Cohen’s d= —0.21. However, mean HR during
the cognitive and mood testing in the stair climbing session
(M pir ctimp = 101.46) was higher than in the control session
M ;onre1=79.70), (51)=12.67, p<0.001, Cohen’s d=1.76,
and in the 5-min resting period that preceded the stair climbing
(M=178.24), (51)=12.79, p<0.001, Cohen’s d=1.77.

Effect of Stair Climbing on Cognitive Performance

Descriptive statistics for Pro, Anti, Pro/Anti median RTs
and accuracy, and inhibition and switching costs are shown
in Table 2. As expected, accuracy was generally high, rang-
ing from 95.48% to 100%, and the lowest accuracy was dis-
played in Pro/Anti, which is the most cognitively demanding
of the tests. Results from the repeated measures ANOVAs on
the cognitive variables are displayed in Table 3. No statisti-
cally significant main or interaction effects of stair-climbing
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Fig.5 Raincloud plot showing differences in happy mood scale rat-
ings between the stair-climbing and control sessions
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Table 4 Repeated measures ANOVAs (RM-ANOVA) and repeated measures ANCOVAs (RM-ANCOVA) on mood scale ratings

Calm

Tired

Happy

Tense

Energetic

Sad

NQ.
=

n,’

n,’

n,’

n,’

n,’

RM-ANOVA?*

.078 0.06 10.45 .002 0.17 0.11 742 0.00 7.01 .010 0.12 0.05 .830 0.00 0.18 671 0.00

3.23

Session
RM-ANCOVAP

0.00
0.03
0.00

672
245
.804

0.18
1.38
0.06

0.00
0.03
0.01

.831
228
.552

0.05
1.49
0.36

0.12
0.00
0.00

.012
147
.842

6.82
0.11

0.04

0.00
0.00
0.00

746
.684
.808

0.11

0.18
0.01
0.04

.002
437
.170

10.48

0.06
0.00
0.06

.075
.990
.091

3.30
0.00

Session*physical 2.97

Session

0.17
0.06

0.62
1.94

Session*sex

activity

Note: *df=1,51, °df=1,49

intervals were observed for Pro, Anti, or Inhibition Cost.
However, the results indicate a main effect of session for
Pro/Anti RTs, F(1, 51)=11.56, p=0.001, 7,°=0.19, and
Switching Cost, F(1, 51)=5.015, p=0.030, np2=0.09. As
displayed in Figs. 2 and 3, participants performed better
following the stair-climbing intervals when compared to
the control session (Pro/Anti RTs, M. cjimp =475 ms vs.
M =501 ms; Switching Cost, M, =129 ms vs.

control — stair climb —

Mo = 147 ms). Repeated measures ANOVAs with sex
as a between-subject factor indicated that effects of stair
climbing on cognitive performance did not depend on sex. In
interpreting individual patterns illustrated in Figs. 2 and 3, it
is important to keep in mind that practice effects counteract
stair climbing benefits for participants who completed the
control session second and add on to stair climbing benefits
for participants who completed the stair climbing session
second, which is why fully counterbalancing session order
was essential.

Effect of Stair Climbing on Mood

Descriptive statistics for the mood scales are displayed in
Table 2 and the results from the repeated measures ANO-
VAs are displayed in Table 4. A main effect of session was
observed for the mood scales energetic, F(1, 51)=10.45,
p=0.002, ;1p2 =0.17, and happy, F(1, 51)=7.07, p=0.010,
npz =0.12; participants reported feeling more ener-
getic (Mir climp =96-39 vs. M ..o =44.92) and happier
(M gir ctimp = 6437 vs. M .01 =58.79) following the stair
climbing (see Figs. 4 and 5). None of the other mood scale
ratings differed between the stair climbing and control ses-
sions. Furthermore, repeated measures ANOVAs with sex as
a between-subject factor indicated that effects of stair climb-
ing on mood did not depend on sex.

Effect of Exercise Intensity on Cognitive
Performance and Mood

After controlling for sex and average physical activity,
exercise intensity, as indicated by %HRR, had a statis-
tically significant effect on APro (b= —0.66, SE=0.25,
p=0.013). The model explained 14.6% of the variance
in APro. Note that the dependent variable is a differ-
ence score (A) calculated by subtracting control session
RTs from stair-climbing session RTs. Thus, the negative
regression coefficients indicate that as exercise intensity
increased, the difference in RTs between the stair-climb-
ing and control sessions increased (i.e., faster RTs in the
stair-climbing session). Exercise intensity did not have a
statistically significant effect on any of the other cognitive
or mood variables (see Table 5 and 6). Sensitivity analyses
using a different measure of exercise intensity (%HRmax
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Table 5 Linear regression analysis examining the effect of stair-climbing intensity on cognitive performance

APro RT AAnti RT APro/Anti RT Alnhibition cost ASwitching cost
b SE p b SE p SE p b SE p b SE p
%HRR -066 025 .013 -068 034 .053 -0.28 056 .623 -0.03 0.28 .928 040 058 .489
Sex -7.73 721 2890 —-193 978 845 13.19 16.01 .414 581 8.01 472 1512 1648 364
Physical activity 0.10 046 .831 -040 062 518 0.79 1.01 442 -0.50 0.51 .328 1.19 1.04 260
R 14.6% 8.2% 4.0% 2.5% 6.1%
Note: Sex was coded as 0=female, | =male. RT, reaction time; A, difference between stair-climbing and control session
Table 6 Linear regression analysis examining the effect of stair-climbing intensity on mood scale ratings
ASad AEnergetic ATense AHappy ATired ACalm
b SE p b SE p b SE p b SE p b SE p b SE p
%HRR 0.02 017 927 030 025 .239 0.18 022 426 0.07 0.16 .669 -0.02 0.27 952 -0.28 0.19 .148
Sex -0.08 4.76 986 528 724 469 -276 6.21 .658 —1.51 442 734 943 780 .232 -6.16 5.50 .269
Physical activity 0.51 030 .095 -0.57 0.46 .220 0.13 039 .736 —-0.04 0.28 .885 -0.30 0.49 554 -0.15 035 .671
R 6.0% 7.0% 1.7% 0.8% 3.2% 7.4%

Note: Sex was coded as 0=female, 1 =male. A, difference between stair-climbing and control session

instead of %HRR) showed the same results (see Tables S1
and S2 in the supplemental material).

Exploratory Follow-up Analyses

We also conducted exploratory follow-up analyses to exam-
ine whether HR (i.e., an indicator of physiological arousal)
during cognitive and mood testing was related to cognitive
performance. Bivariate correlations indicated that a higher
average HR during testing was related to better cognitive
performance (faster RTs) for Anti (r= —0.305) and Pro/Anti
(r=—0.317) in the stair climbing session (but not in the
control session; see Table S3 and S4 in the supplemental
material). Although not statistically significant, the correla-
tions with Pro, Inhibition Cost, and Switching Cost showed
a similar pattern, with higher average HR during cognitive
testing related to faster RTs. To further examine the role of
physiological arousal, we also conducted mediation analy-
ses with %2HRR during stair climbing as the predictor, aver-
age HR during cognitive and mood testing as the mediator,
and cognitive performance as the outcome variable. The
mediation analyses showed a statistically significant indirect
effect of %HRR on Anti RTs (ab= —0.40, 95% bootstrap CI
[-1.27,—0.05]) and Pro/Anti RTs (ab= —0.79, 95% boot-
strap CI [—2.34,—0.06]). Although not statistically signifi-
cant, a similar pattern of indirect effects was found for Pro,
Inhibition Cost, and Switching Cost. Thus, higher exercise
intensity during the stair climbing predicted higher average
HR during testing that, in turn, predicted better cognitive
performance.

@ Springer

Discussion

The current prospectively registered randomized controlled
crossover trial tested whether brief bouts of stair-climbing
(6 x 1 min intervals) elicit immediate subsequent improve-
ments in cognitive performance and mood in a sample of
healthy young adults, with consideration of sex as a potential
moderator, physical activity habits (hours/week, as meas-
ured by the NZPAQ-SF) as a control variable, and exercise
intensity (as measured by %HRR) as a predictor of differ-
ences between sessions. The results indicated that, follow-
ing the stair climbing, participants showed better cognitive
switching performance and reported feeling more energetic
and happier, compared to a no-exercise control session. In
addition, linear regression analyses linked faster response
latencies in the stair climbing (compared to control) ses-
sion to higher stair-climbing intensity (indicated by %HRR),
particularly for the basic visuomotor task (Pro), for which
the model including %HRR, sex, and self-reported physical
activity explained over 14% of the variance. Effects of the
stair climbing on the cognitive and mood variables did not
depend on sex or physical activity habits, indicating that
males and females can benefit irrespective of current physi-
cal activity habits. These results demonstrate that interval
stair climbing can induce immediate subsequent psycho-
logical benefits, providing further evidence in support of
stair climbing as a means to address physical inactivity and
related issues, which is promising given the practicality of
daily stair climbing for much of the global population. The
following paragraphs discuss each of the findings in turn,
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alongside considerations of the limitations of the trial and
recommendations for future research.

Regarding the cognitive benefits, although participants
showed numerically better performance following the stair
climbing relative to the control session for all of the cogni-
tive variables analyzed, only the switching task (Pro/Anti)
showed statistically significant effects, reflected in both
faster correct RTs and smaller switching costs. These find-
ings align with what was reported only in male (not female)
participants following a similar stair climbing protocol that
involved only half as many stair-climbing intervals (Sten-
ling et al., 2019). Taken together, these outcomes could
indicate that males do not require as many stair-climbing
intervals to gain the cognitive benefits (i.e., three intervals
may be enough); however, a purpose-designed trial would be
needed to confirm this given that the Stenling et al. (2019)
trial only included 11 males. In the current study, there
was no evidence of males benefitting more (Pro/Anti RTs
reduced 18 ms in males and 34 ms in females; switching
costs reduced 8 ms in males and 28 ms in females; note
that although these averages may appear to suggest greater
improvements in females, the statistical models indicated
that the effects did not depend on sex). Given that Pro/Anti
was the most challenging of the tasks, the selective ben-
efits may pertain to cognitive difficulty (i.e., higher demand
on executive functioning) rather than switching abilities
specifically. Future research can address this by including
other challenging cognitive tests that tap different cogni-
tive domains. Inclusion of other switching paradigms may
be useful as well toward understanding whether cognitive
switching abilities in general benefit.

Regarding the benefits to self-reported mood, the higher
ratings for the energetic and happy scales only partially align
with the significant benefits in energetic, tired, and tense
ratings reported in Stenling et al. (2019) following the three-
interval stair climbing protocol. In that study, happy ratings
were numerically higher following the stair climbing, but
the difference was not statistically significant. This suggests
that undertaking more intervals of stair climbing may have
been more beneficial with regard to happy feelings, although
again a purpose-designed trial would be needed to confirm.
Given that participants reported feeling more energetic fol-
lowing the stair climbing in the current study, it is unclear
why they did not also feel less tired (in contrast to Stenling
etal., 2019). Given that older adults felt more tired following
the six-interval stair climbing protocol utilized here (Nasrol-
lahi et al., 2022), it may be that six intervals is a bit much for
some young adults too when it comes to tired feelings, which
fits with the increase in energetic ratings being numerically
lower in the current study (increase = 11.47) compared to the
three-interval study (increase =22.56; Stenling et al., 2019).
It could be the case that prolonging the rest interval inter-
vening the stair climbing and psychological testing would

lead to more robust benefits in the case of six intervals of
stair climbing, having allowed more time for post-exercise
recovery.

Exercise intensity (as measured by %HRR) showed a
significant relationship only with performance changes for
the easiest of the three cognitive tests (APro), which was
designed to assess basic visuomotor functioning without
requiring executive control (although a similar pattern
emerged for AAnti RT; see Table 5). This contrasts with
findings from the three-interval stair climbing protocol
(Stenling et al., 2019), for which %HRR showed signifi-
cant relationships with performance improvements in the
switching measures (APro/Anti RT and ASwitching Cost)
and increases in energetic ratings. These differences could
potentially relate to the higher intensity of the current exer-
cise protocol; however, previous research involving other
modes of exercise does not backup this conjecture with
respect to cognitive improvements; although more straining
physical activity adversely affected cognitive performance
during the exercise, post-exercise cognitive assessments
indicated greater improvements following more intense exer-
cise (Wohlwend et al., 2017). Setting the nuances aside, in
the current study, the exercise intensity analyses indicate that
higher stair-climbing intensity does not appear to have been
a major factor in gaining psychological benefits. However,
the findings from the exploratory follow-up analyses (i.e.,
bivariate correlations and mediation analyses) suggest that
physiological arousal (i.e., indicated by elevated HR) during
testing may explain some of the cognitive benefits observed
in the current study. Further research is needed to gain a
better understanding of the underlying mechanisms that can
explain cognition and mood benefits following short bouts
of physical activity (cf. Pontifex et al., 2019).

Limitations

Despite using a controlled crossover design with session
order counterbalanced within each sex group and a 1-week
washout intervening the two sessions, thereby obviating a
number of issues that can arise in the context of weaker
designs, the current trial had several limitations worthy of
discussion. Of note, we had planned for a sample size of
60; however, after exclusions only 52 remained. Although
the power analyses indicated that the final sample size was
sufficient for detecting medium-to-small effects sizes, a
larger sample size would nonetheless have strengthened
the current trial and may have allowed us to detect
additional benefits of stair climbing. Regarding participant
characteristics, based on the NZ-PAQ data, the current
sample of young adults was atypically physically active, with
the average amount of weekly physical activity (8.4 h) well
exceeding recommended amounts of at least 2.5 h; this may
reflect more active (but not less active) young adults being
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interested in participating, given the nature of the study.
This signals that the current sample is not representative
of the young adult population, although given that none
of the effects reported here depended on physical activity
habits, we have no reason to think that the results would not
generalize to the wider population. Regarding the design of
the control session, the omission of stair climbing leaves
open the possibility that expectancy effects could underpin
some of the effects (although research does not necessarily
support this; Oberste et al., 2017). A stronger design would
include an active comparison session, for example, involving
an active control (such as walking back and forth at a self-
selected pace on a flat surface for the duration of the stair
climbing protocol—similar to the recovery and cool down
phases) or a different dose of stair climbing (varied by
altering the number of stair-climbing intervals or the stair-
climbing pace).

Another limitation relates to the lack of pre-test assess-
ments in the current study, which makes it difficult to rule
out potential confounding by day-to-day variability in behav-
ioral responses (Pontifex et al., 2019); although such factors
should be random given the design, the sample size may
not be sufficient to protect against such randomness. Fur-
thermore, the pace of the stair climbing was not controlled,
which has the advantage of allowing participants to work
toward a person-specific level of exertion, but also adds vari-
ability. In addition, we measured heart rate using a wrist-
worn device, which is known to be less accurate than a chest
strap (Polar, 2019), and we assessed cognitive performance
using only three cognitive tests focused on only two domains
of executive functioning (inhibition and switching abilities),
thus leaving unknown potential benefits pertaining to other
cognitive tests/domains.

Future Research

In addition to the suggestions we already put forward,
including the need to determine the number of stair-climbing
intervals necessary for cognitive benefits in males (based
on Stenling et al., 2019, three may be enough, and this
was sufficient for mood benefits in males and females), an
important next step toward tackling physical inactivity and
related issues is to try interleaving stair climbing into daily
routines to confirm feasibility and investigate adherence and
other factors relevant to it being incorporated successfully.
Given the immediate psychological benefits demonstrated
in the current trial, employers and educators may be
interested in determining whether stair climbing can improve
performance and productivity in workplace and education
contexts. In light of recent research indicating improvements
in creative thinking following stair climbing (Matsumoto
et al., 2021), it may be that intervals of stair climbing
interleaved into one’s day can boost a range of work- and
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education-relevant psychological factors, noting also that
over time longer-term health benefits associated with chronic
exercise engagement (e.g., vascular and immunological)
will likely lead to better general health and fewer sick days,
resulting in further psychological benefits (via chronic
pathways). Thus, introducing regular stair climbing into
the daily activities of employees and pupils in multistory
buildings may prove to be beneficial.

Conclusions

The current randomized controlled crossover trial
counterbalanced for sex and session order (stair climbing
or no-stair-climbing control) and involving just six 1-min
intervals of stair climbing provides proof of concept
that stair climbing can be used to improve cognitive
performance and mood in both male and female young
adults. The psychological benefits are encouraging given
the ease with which stairs can be accessed in many daytime
environments (workplaces, schools, and dwellings),
making it feasible for a significant proportion of the
global population to incorporate stair climbing into their
daily lives. An important next step will be to translate the
controlled and monitored stair climbing undertaken in the
current trial to self-initiated stair climbing undertaken
in natural environments as a regular part of one’s day.
Given that conserving energy is a well-ingrained survival
mechanism, it will likely take a concerted effort to assist
people toward incorporating non-essential stair climbing
into their day, at least initially while the new more-active
behaviors become habit. Encouragingly, although more
effective ideas are still needed, progress on this front has
been made (Dolan et al., 2006, 2008; Webb & Cheng,
2010), taking us closer to realizing stair climbing as a
simple mode of physical activity that can be incorporated
into daily lives and help address physical inactivity and
related issues.
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