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ABSTRACT
Background  Incremental step tests (IST) can be used to 
assess exercise capacity in people with chronic obstructive 
pulmonary disease (COPD). The development of a new step 
test based on the characteristics of the incremental shuttle 
walk test (ISWT) is an important study to explore. We 
aimed to develop a new IST based on the ISWT in people 
with COPD, and assess its validity (construct validity) and 
reliability, according to Consensus-based Standards for 
the selection of health status Measurement Instruments 
(COSMIN) recommendations.
Methods  A cross-sectional study was conducted in 
participants recruited from hospitals/clinics. During the 
recruitment, the participants who presented a 6-minute 
walk test (6MWT) report in the previous month were 
also identified and the respective data was collected. 
Subsequently, participants attended two sessions at their 
homes. IST was conducted on the first visit, along with 
the 1 min sit-to-stand (1MSTS) test. IST was repeated 
on a second visit, performed 5–7 days after the first 
one. Spearman’s correlations were used for construct 
validity, by comparing the IST with the 6MWT and the 
1MSTS. Intraclass correlation coefficient (ICC2,1), SE of 
measurement (SEM) and minimal detectable change at 
95% CI (MDC95) were used for reliability. The learning 
effect was explored with the Wilcoxon signed-rank test.
Results  50 participants (70.8±7.5 years) were enrolled. 
IST was significant and moderate correlated with the 
6MWT (ρ=0.50, p=0.020), and with the 1MSTS (ρ=0.46, 
p=0.001). IST presented an ICC2,1=0.96, SEM=10.1 
(16.6%) and MDC95=27.9 (45.8%) for the number of 
steps. There was a statistically significant difference 
between the two attempts of the IST (p=0.030).
Conclusion  Despite the significant and moderate 
correlations with the 6MWT and 1MSTS, the inability to 
full compliance with the COSMIN recommendations does 
not yet allow the IST to be considered valid in people with 
COPD. On the other hand, the IST is a reliable test based 
on its high ICC, but a learning effect and an ‘indeterminate’ 
measurement error were shown.
Trial registration number  NCT04715659.

INTRODUCTION
Improving exercise capacity in people with 
chronic obstructive pulmonary disease 
(COPD) is a priority throughout pulmonary 
rehabilitation (PR) programmes.1–5 PR is a 

safe, comprehensive, and evidence-based 
approach in COPD,6 and it can be conducted 
in a range of settings, where new programmes 
outside the hospital must be implemented, 
especially home-based programmes.7

In home-based programmes, the use 
of options to assess exercise capacity with 
minimal physical space required is more 
appropriate than the field walking tests 
normally used: the 6 min walk test (6MWT) 
and the incremental/endurance shuttle walk 
test (ISWT/ESWT).8 9 Step tests are a suitable 
alternative since, in addition to the advantage 
mentioned above, they require little equip-
ment (an easily transportable platform) and 
the stepping skill requires little practice.10

According to a systematic review with the 
aim of identifying the step tests applied to 
people with COPD,11 nine step tests were 
identified where most of them present a self-
paced work rate profile. Another important 
observation was that these self-paced step 

Key messages

What is already known on this topic
	► New alternatives to assess exercise capacity in pul-
monary rehabilitation programmes outside the hos-
pitals are necessary, where step tests can be used. 
A step test based on the characteristics of the incre-
mental shuttle walk test can be important to assess 
exercise capacity and facilitate the prescription of 
exercise training.

What this study adds
	► A new step test, with an incremental and externally 
paced profile, was developed and it is feasible in the 
home environment, but its measurement properties 
in people with chronic obstructive pulmonary dis-
ease (COPD) need to be further explored.

How this study might affect research, practice 
and/or policy

	► It is an alternative and feasible test to be applied in 
all settings of pulmonary rehabilitation for people 
with COPD, especially in home-based programmes.
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tests (eg, 6 min step test and 6 min stepper test) were 
mainly adapted from the 6MWT, also with a self-paced 
profile, which presents strong measurement properties 
in people with COPD.8

However, a field test with an incremental and exter-
nally paced profile can have advantages over self-paced 
tests by providing a symptom-limited maximum response 
in people with COPD.12 As an example, the ISWT, orig-
inally developed for people with COPD and also with 
strong measurement properties,13 has advantages over 
the 6MWT, because it causes an incremental increase in 
oxygen uptake (VO2), offering an incremental protocol 
similar to a cardiopulmonary exercise testing (CPET).8 
This facilitates prescribing an exercise regimen as a 
percentage of peak performance on a field test.5 12 
According to the systematic review mentioned before,11 
a step test based on the characteristics of the ISWT is not 
yet available. In fact, only two step tests with an incre-
mental and externally profile were identified, namely the 
Chester step test (CST)14 and the Modified Incremental 
Step Test (MIST).15 16 MIST was developed as a modified 
version of the CST, as the CST was originally developed 
for healthy subjects,14 and has important disadvantages 
when applied in people with COPD, where their perfor-
mances have a very short duration.17 Therefore, the 
development of a step test based on the characteristics of 
the ISWT is an important area to explore, thus providing 
an alternative option to assess exercise capacity in people 
with COPD.

As mentioned before, the ISWT provides a similar 
response to CPET (same VO2peak) in people with 
COPD, supporting the choice of the ISWT as an alterna-
tive peak test in COPD.8 18 In other words, it allows the 
prescription of endurance training5 based on the highest 
speed achieved according to the last level completed on 
the ISWT, which represents an easy and feasible option in 
clinical practice.8 Thus, the same rationale can be applied 
to a step test by adapting the same number of levels and 
duration of each level (increment) of the ISWT, in order 
to collect the highest step cadence achieved according to 
the last level completed.

The development of a new field test requires the study 
of their measurement properties, namely its validity and 
reliability, before its full implementation in clinical prac-
tice, to assure that its selection is evidence based.19 There-
fore, this study aimed to develop a new incremental and 
externally paced step test (IST), and assess its validity 
(construct validity) in people with COPD. Another aim is 
to determine its between-days test-retest reliability.

MATERIAL AND METHODS
Study design and sample size
A cross-sectional study was conducted between March 
2020 and July 2021.

For this study, the methodology and sample size were 
defined following Consensus-based Standards for the 
selection of health status Measurement Instruments 

(COSMIN) guidelines.20 Moreover, validity and reliability 
were also defined according to COSMIN recommen-
dations. Validity is commonly defined as the extent to 
which the test can measure the concept it was designed 
to measure, that is, if it relates to the gold-standard 
measure (criterion validity) or other measures that assess 
the same construct (hypotheses testing for construct 
validity).19 21 Based on hypotheses testing for construct 
validity, a comparison with another outcome measure-
ment instrument was assessed (convergent validity) in this 
study, by analysing the correlation between the number 
of steps taken in the IST and the 6 min walk distance 
(6MWD), and the number of repetitions in the 1 min 
sit-to-stand (1MSTS) test. Due to restrictions imposed 
by the COVID-19 pandemic, we were unable to conduct 
our original study, namely the comparison of the IST 
with the CPET, the gold standard for exercise capacity,10 
to determine its criterion validity, and with the ISWT to 
determine its convergent validity. As an alternative, we 
chose to use the 6MWT, which is a valid and reliable test 
of exercise capacity for people with chronic lung disease, 
due to its strong correlations with measures of peak work 
capacity on a CPET.8 It is also considered the most widely 
used field walking test for the assessment of outpatients 
with COPD.9 The 1MSTS was also chosen because it is 
reliable, valid and responsive, and showed a comparable 
end-exercise cardiorespiratory response to the 6MWT22 
and can induce a similar cardiorespiratory stress to that 
of CPET.23

Reliability refers to the consistency of a measure and 
its ability to replicate the score from one assessment or 
rater to another.19 24 Measurement error was also consid-
ered for reliability, and it is defined as the systematic 
and random error of a participant’s performance that 
is not attributed to true changes in the construct to be 
measured.19

A minimum of 50 participants were aimed to be 
included in this study since this is the sample size 
suggested by the COSMIN guidelines to determine the 
construct validity and reliability of measurement instru-
ments with adequate methodological quality.19 20

Participants
Patients with COPD were recruited by pulmonologists 
from two hospitals and two clinics in Portugal. Pulmonol-
ogists identified potential participants and ensured the 
fulfilment of the eligibility criteria. Patients were consid-
ered eligible if they had an established diagnosis of COPD 
based on the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) criteria—postbronchodilator 
forced expiratory volume in 1 s (FEV1)/forced vital 
capacity ratio <70%,4 were clinically stable over the past 
month (ie, no hospital admissions or exacerbations), and 
the presence of an ECG record at rest with no significant 
changes. Patients were excluded if they had other lung 
diseases, presence of a significant cardiovascular (eg, 
symptomatic ischaemic cardiac disease), neurological 
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(eg, neuromuscular dystrophy disease), musculoskeletal 
disease, signs of cognitive impairment or significant risk 
of fall.

Participants who agreed to participate were contacted 
by researchers to schedule the appointments for assess-
ment sessions at their homes to provide more informa-
tion about the study and collect data.

Data collection
Participants recruited by pulmonologists were asked to 
accept two visits for the assessment sessions, performed by 
one physiotherapist, at their homes, within 5–7 days apart. 
Lung function tests (spirometry)25 were collected from 
all participants and, according to the GOLD guidelines, 
the airflow limitation of COPD (GOLD I, II, III, IV) of 
each participant was classified according to the FEV1(%) 
values.4 Of these participants, those who performed the 
6MWT, according to the American Thoracic Society/
European Respiratory Society guidelines,9 over the last 
month were also identified and the respective report 
(with the main outcome: total distance—6MWD) was 
also collected.

During the first home visit, sociodemographic (age, sex) 
and clinical data (medication, comorbidities, smoking 
status, long-term oxygen, non-invasive ventilation, 
number of exacerbations, unscheduled consultations, 
emergency department admission and hospitalisations in 
the previous year, vital signs, peripheral oxygen satura-
tion—%SpO2, fatigue and dyspnoea at rest with the modi-
fied Borg scale—mBorg) were collected. Anthropometric 
data (height, weight and body mass index) were collected 
using a measuring tape and bioelectrical impedance 
measure—Tanita BC-545 N (Tanita, Amsterdam, The 
Netherlands). Then, participants performed the 1MSTS 
once, after a training attempt, with a 5 min period of rest. 
The first IST (IST-1) was performed after another resting 
period of at least 20 min to allow for recovery of partic-
ipant’s vital signs, fatigue, and dyspnoea to their base-
line values. During this resting period, patient-reported 
outcomes measures were collected, namely the Modified 
Medical Research Council (mMRC)26 and the COPD 
Assessment Test (CAT).27 28

During the second home visit, 5–7 days afterwards, 
the vital signs, %SpO2, fatigue and dyspnoea (mBorg) 
at rest were collected, and the second IST (IST-2) was 
performed. The test conditions were similar to the first 
visit for IST measurements (eg, environment, instruc-
tions, same platform to perform the test) and COPD 
disease stability in participants was also guaranteed.

Incremental step test
IST was designed to provide an incremental profile by 
using a digital recording with timed metronome step 
cadence, and with a 20 cm tall platform (Max Aerobic 
step, Mambo, Tisselt, Belgium). The number of levels, 
and duration of each level (increment) were based on the 
characteristics of the ISWT.13 The original protocol of the 

ISWT consists of 12 levels; however, as suggested by the 
literature, we can add more levels to the protocol (total 
of 15 levels) to allow its future application for other clin-
ical populations, in order to prevent the ceiling effect.29 
Therefore, IST consists in 15 levels, each of 1 min dura-
tion. The timed metronome set the step cadence which 
starts at 10 steps/min and increases 2 steps/min every 
1 min, with a step cadence maximum of 38 steps/min 
(level 15). The maximum test duration is 15 min. Heart 
rate (HR) and SpO2 (%) was monitored and registered 
during the test with a pulse oximeter (PalmSAT 2500 
Series, Nonin Medical, Minnesota, USA). The perceived 
dyspnoea and leg fatigue during the test were also regis-
tered with the mBorg scale. The blood pressure was not 
assessed due to the difficulty of measuring during the 
stepping.

The criteria to stop the test were: not able to maintain 
the required step cadence for 10 s, SpO2 falls to ≤85%, 
when requested by the participant, or when symptoms 
were reported (chest pain, intolerable dyspnoea, leg 
cramps, diaphoresis and a pale or ashen appearance). 
The main outcome measure of the IST was the total 
number of steps performed. Maximal step cadence 
reached, and duration of the test were also collected.

The instructions to perform the IST and a reporting 
form are available as online supplemental material.

6 min walk test
6MWT was performed according to the American 
Thoracic Society/European Respiratory Society guide-
lines.9 The 6MWT is a valid test in people with COPD 
(moderate to strong correlation with maximum oxygen 
uptake and peak work on CPET, r=0.40 to 0.93).8 The 
6MWD was the main outcome. HR, SpO2(%), perceived 
dyspnoea and leg fatigue (mBorg scale) were monitored 
during the test.

1 min sit-to-stand
1MSTS was performed on a normal chair available at 
the participant’s home. Standardised instructions and 
encouragement were used according to Vaidya et al.30 
This test is a valid in people with COPD (moderate to 
strong correlations with peak cycling work capacity and 
one-repetition maximum, r=0.36–0.63, p<0.05; and posi-
tive and strong correlation with the 6MWT, r=0.57 to 
0.72, p<0.05).22 23 30–32 The main outcome measure of the 
1MSTS was the total number of repetitions performed. 
HR, SpO2(%), perceived dyspnoea and leg fatigue 
(mBorg scale) were monitored during the test.

Patient-reported outcomes measures
The mMRC26 and the CAT27 28 were used to assess dysp-
noea and the impact of the COPD disease, respectively. 
The mMRC is a 5-point scale with scores ranging between 
0 and 4, where higher scores indicate greater dyspnoea 
severity. Whereas, the CAT is an 8-item scale developed to 
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assess the impact of COPD through symptoms in patients’ 
life (cough, sputum, chest tightness, dyspnoea during 
stair climbing, limitations on home daily activities, confi-
dence to live home, sleep, and energy). Scores range 
from 0 to 40 and higher scores indicate greater impact of 
the disease on the patients’ life. The Portuguese versions 
of the tests are available through the Directorate-General 
of Health of Portugal website.33

The application of these two instruments, along with 
the collected information of the number of exacerba-
tions, non-programmed consultations, emergency admis-
sion and hospitalisations in the previous year, allowed 
the application of the GOLD ABCD assessment tool and 
classification of participants for the assessment of symp-
toms and risk of exacerbation, according to the GOLD 
guidelines.4

Data analysis
Data analysis was performed using IBM SPSS Statistics 
V.27.0 (IBM). The level of significance was set at 0.05. 
Continuous variables were tested for normality with the 
Kolmogorov-Smirnov and Shapiro-Wilk tests. Descriptive 
statistics were used, and data are presented as mean±SD, 
median (percentile 25–75) or frequencies (percentage).

For the assessment of validity, the construct validity34 35 
was analysed through the correlation between the number 
of steps in the best IST and the 6 min walk distance 
(6MWD), and the number of repetitions in the 1MSTS, 
using the Spearman correlation coefficient. According to 
COSMIN recommendations, a ‘positive’ rating to qualify 
construct validity is determined if the correlation coeffi-
cient is equal to or above 0.5.19 In addition, the strength 
of correlations was classified according to British Medical 

Journal guidelines: significant correlation coefficients 
of 0–0.19 as very weak, 0.2–0.39 as weak, 0.4–0.59 as 
moderate, 0.6 0.79 as strong and 0.8–1.0 as very strong.36

Reliability was determined by intraclass correlation 
coefficient (ICC) model 2 (two-way random effects), 
absolute agreement, with a single rater (ICC2,1), and with 
95% CI.37 According to COSMIN recommendations, a 
‘positive’ rating to qualify reliability is determined if the 
ICC value is above 0.70.19 Measurement error was deter-
mined calculating the SE of measurement (SEM) and the 
minimal detectable change at 95% CI (MDC95).24 The 
SEM was measured according to the following equation:

	﻿‍ SEM = SD×
√
1− ICC‍�

where SD is the SD of the performances obtained from 
all participants (IST-1 and IST-2). The %SEM was calcu-
lated as:

	﻿‍ %SEM =
(
SEM÷mean

)
× 100‍�

where ‘mean’ is the mean of the performances obtained 
in IST-1 and IST-2. The MDC95 was calculated as follows:

	﻿‍ MCD95 = 1.96× SEM×
√
2‍�

The %MDC95 was calculated as:

	﻿‍ %MCD95 =
(
MCD95÷mean

)
× 100‍�

where ‘mean’ is the mean of the performances 
obtained in in IST-1 and IST-2. A %MDC95 of less than 
30% was considered acceptable.38

The learning effect was explored using Wilcoxon 
signed-rank test or paired t-test to compare the perfor-
mance (number of steps) between the two attempts of 
the IST. The same tests were used to compare other vari-
able performances (duration, step cadence reached) 
and physiological response (HR, %SpO2, dyspnoea and 

Figure 1  Flow diagram of participants through the study. AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease; 1MSTS, 1 min sit-to-stand; 6MWT, 6 min walk test.
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leg fatigue) between the IST-1 and IST-2. The same test 
was used to compare the HR, %SpO2, dyspnoea and leg 
fatigue before and after the completion of the tests.

RESULTS
Sixty participants with COPD were screened to be 
included in the study. Ten participants were excluded 
due to: dropped-out for no reason given (n=3), acute 

infection or post-COVID-19 status (n=2), acute exacer-
bation of COPD (n=1), presence of a significant muscu-
loskeletal disease (n=2), neurological disease (n=1) and 
oncological disease (n=1). Therefore, fifty participants 
were included to assess reliability and validity (with the 
1MSTS) of the IST. To assess validity with the 6MWT, only 
21 participants (42%) were included since 29 partici-
pants (58%) did not perform the 6MWT (figure 1). The 
main reason for not including these participants was that 
they did not perform the 6MWT in the previous month 
and/or performed the test for more than a month.

The characteristics of the fifty participants included in 
the study are presented in table 1. Most of these partic-
ipants were males (28 males, 56%), aged 70.8±7.5 years, 
had moderate airflow limitation (GOLD II, 34 partici-
pants, 68%) and belonged to GOLD B group (30 partic-
ipants, 60%). Twelve participants used long-term oxygen 
therapy (24%) and fourteen participants used non-
invasive ventilation (28%) (table 1).

Construct validity
The correlation between the number of steps of the 
best IST and the number of repetitions of 1MSTS was 
significant, positive, and moderate (ρ=0.46, p=0.001) 
(figure 2A). However, according to COSMIN recommen-
dations, the correlation coefficient was not equal to or 
higher than 0.5.

The correlation between the number of steps of the 
best IST and the 6MWD was also significant, positive 
and moderate (ρ=0.50, p=0.020) (figure 2B). Despite a 
smaller number of participants analysed in this correla-
tion, the correlation coefficient achieved the COSMIN 
recommendations (≥0.5).

Reliability and learning effect
According to COSMIN recommendations, IST showed 
a high ICC2,1 value (0.96; 95% CI 0.92 to 0.98), for the 
number of steps. Concerning measurement error, SEM 
and MDC95 were 10.1 steps (%SEM=16.6%) and 27.9 
steps (%MDC95=45.8%), respectively. The %MDC95 was 
considered unacceptable.

There was a significant difference in the number of 
steps performed between IST-1 and IST-2 (p=0.030), 
where IST-2 presented a higher median (table 2). Conse-
quently, significant differences were observed in dura-
tion (p=0.020), and maximal level achieved (p=0.005) 
between the IST-1 and IST-2. No differences were found 
in HR, SpO2%, dyspnoea and leg fatigue in pretest and 
post-test between the IST-1 and IST-2. Significant differ-
ences were found in HR, SpO2%, dyspnoea and leg 
fatigue before and after the completion of each test 
(IST-1 and IST-2) (table 2).

DISCUSSION
This study demonstrated that this new IST presented 
significant and positive correlations with the 6MWT and 

Table 1  Baseline characteristics of participants

Characteristics Eligible participants (n=50)

Age, years 70.8±7.5

Sex, male (%) 28 (56)

BMI, kg/m2 27.1±4.6

mMRC (total score) 2 (1, 3)

CAT (total score) 12.8±6.8

GOLD stages (I, II, II, IV), n (%) 5, 34, 7, 4 (10, 68, 14, 8)

GOLD group (A, B, C, D), n (%) 10, 30, 0, 10 (20, 60, 0, 20)

FEV1, %predicted 57.6±16.5

FEV1/FVC% 56.7±12.1

Long-term oxygen therapy, n 
(%)

12 (24)

Non-invasive ventilation, n (%) 14 (28)

Comorbidities, n (%)

 � Cardiac disease 8 (16)

 � Arrhythmia 2 (4)

 � Heart failure 1 (2)

 � Hypertension 24 (48)

 � Diabetes 3 (6)

 � Musculoskeletal 29 (58)

 � OSAS 15 (30)

Medication, n (%)

 � SABA 9 (18)

 � LABA 7 (14)

 � SAMA 8 (16)

 � LAMA 3 (6)

 � LABA+LAMA 15 (30)

 � LABA+ICS 4 (8)

 � LABA+LAMA+ICS 24 (48)

 � ICS 8 (16)

 � Xanthines 16 (32)

Data are expressed as mean±SD, unless otherwise stated.
BMI, body mass index; CAT, COPD Assessment Test; 
FEV1, forced expiratory volume in 1 s; FVC, forced vital 
capacity; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease; ICS, inhaled corticosteroids; LABA, 
long-acting β2-agonists; LAMA, long-acting muscarinic 
antagonists; mMRC, Modified Medical Research Council; 
OSAS, obstructive sleep apnea syndrome; SABA, short-
acting β2-agonists; SAMA, short-acting muscarinic 
antagonists.
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1MSTS. Despite these important results, we only reached 
the sample size recommended by COSMIN through the 
1MSTS analysis. However, the correlation coefficient 
between the IST and 1MSTS was not equal to or higher 
than 0.5 to consider it as a ‘positive’ quality for construct 
validity. Therefore, the IST cannot yet be considered a 
valid test, based on this construct validity, to be used in 
the assessment of people with COPD. According to the 
reliability results, a high ICC value, a learning effect, and 
an ‘indeterminate’ measurement error are shown . This 
study also demonstrated the feasibility of this test at the 
home environment, since data collection was performed 
at participants’ homes and no adverse events were 
reported.

Regarding the construct validity, the IST showed a 
moderate correlation with the 6MWT. Although the tests 
present different modes (walking vs stepping) and profiles 
(incremental vs self-paced) of testing, this strength of 
correlation was expected since other step tests applied 
in people with COPD, including CST and MIST (other 
IST), presented moderate and strong correlations with 
the 6MWT (correlation values: 0.56–0.83).17 39–44 As in our 
study, these correlations were mostly analysed with the 
performance variables of the tests (number of steps and 
6MWD), which support the conceptualisation of these 
step tests, in particular our IST, as important options to 
assess functional exercise performance.45 46 This finding 

is supported by the fact that guidelines qualify the 6MWT 
as a more targeted outcome for functional exercise 
performance.8 However, we were unable to reach the 
target sample size for the correlation between IST and 
6MWT, although the correlation coefficient reached the 
COSMIN’s recommendations for a ‘positive’ rating.19 
During the COVID-19 pandemic, health services were 
reduced with an impact on the number of assessments in 
outpatients with COPD, and, consequently, a low number 
of patients who performed the 6MWT during data collec-
tion were identified. Therefore, further studies with 
more participants are necessary to confirm these results 
and to determine the construct validity of the IST. On 
the other hand, the target sample size for the correlation 
between IST and 1MSTS was reached with a moderate 
correlation, but a ‘negative’ rating for the coefficient 
correlation was identified (lower than 0.5), according to 
COSMIN recommendations. Despite these results, to the 
best of our knowledge, this is one of the first studies to 
analyse the correlation of a step test and determine its 
construct validity from a sit-to-stand test.

Regarding reliability, the target sample size was reached. 
Our study found a ‘positive’ rating for reliability based 
on the high ICC (0.96; 95% CI 0.92 to 0.98) for the IST, 
which indicates that this test provides consistent results 
when the test is applied on different occasions. Other 
studies that determined the reliability of other IST in 

Figure 2  Correlations between the incremental step test and the 1MSTS (A) and 6MWT (B). IST, Incremental step test; 
1MSTS, 1 min sit-to-stand; 6MWT, 6 min walk test.

Table 2  Performance and response of the IST-1 and the IST-2

(n=50) IST-1 IST-2

No of steps 49.5 (25; 72) 52 (22; 89.25)*

Duration (s) 234 (134.5; 312.75) 245 (124.25; 363)*

Step cadence (steps/min) 14 (12; 18) 15 (12; 18)*

 �  Pre Post Pre Post

Heart rate (bpm) 77.8±11.5 103.7±16.4† 77.7±12.3 105.1±14.4†

SpO2 (%) 95±1.9 90.3±4.1† 94.8±2.1 90.3±4.3†

Dyspnoea (rating) 0 (0; 1) 5 (4; 7)† 0 (0; 1) 5 (3; 6.25)†

Leg fatigue (rating) 0 (0; 0) 5 (4.75: 6.25)† 0 (0; 0) 5 (4; 6.25)†

Values are expressed as median (percentile 25–75) or mean±SD.
*P<0.05 for comparisons between the IST-1 and IST-2.
†P<0.05 for comparisons within tests (pretest vs post-test).
IST, Incremental Step test; SpO2, peripheral oxygen saturation.
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people with COPD have presented results similar to ours, 
such as the CST (ICC=0.99)17 and the MIST (ICC=0.99).47 
Nevertheless, different types of reliability were conducted 
between studies (ie, within-day vs between-day reli-
ability), especially for the CST, thus, caution should be 
taken when establishing comparisons. Another finding in 
our results was the significant difference in the number 
of steps between IST-1 and IST-2, which indicates a 
learning effect, suggesting that two tests are required in 
clinical practice and the result of the second test should 
be recorded. According to the results for measurement 
error of the IST, the MDC95 value determined suggests 
that it is necessary to improve above 27.9 steps to assume 
that a statistical change in participants’ performance was 
achieved.19 Although this cut-off is informative, the calcu-
lation and the interpretation of the MDC95 value alone 
cannot rate the quality of the measurement error as a 
measurement property. To rate it and to consider it ‘posi-
tive’, the MDC95 value must be lower than the minimal 
important change (MIC), which is defined as the smallest 
change in the outcome of interest that patients perceive 
as important, either beneficial or harmful, and that 
would lead the patient to consider a change in manage-
ment.48 However, the MIC was not determined in this 
study, which rates the IST, for now, as ‘indeterminate’ for 
measurement error.19 Therefore, future studies should 
aim to determine the MIC of the IST (eg, based on PR 
interventions) in patients with COPD, to determine the 
quality of this measurement property. The MIC will also 
provide important information for the interpretability of 
the IST.49 Even so, the MDC95% of our study was above 
the 30% acceptable limit, which can induce a ‘negative’ 
rating. One explanation for this high MDC95% could be 
the heterogeneity of groups participants included in our 
sample, according to the ABCD assessment tool (GOLD 
A, B, C and D). The ABCD classification appears to be 
important to discriminate patients with worst outcomes,4 
and therefore, participants from ABCD groups present a 
heterogeneity of symptoms and exercise capacity levels, 
despite their stable COPD condition during the study.

There are some strengths and limitations of this study 
that need to be acknowledged. An important strength is 
that we tried to assess the measurement properties of a 
field test to assess people with COPD and to be used in 
any setting, including at the home environment. More-
over, despite the inability of full compliance, the meth-
odology and sample size used were defined following 
COSMIN guidelines, which provides general principles 
for study designs on measurement properties.20 21 49 One 
important limitation is that we only attempted to assess 
construct validity, and we did not determine the criterion 
validity of the IST based on the comparison with the gold 
standard test to assess exercise capacity—CPET.10 21 34 35 
Future studies should address the assessment of criterion 
validity by correlating the performance and cardiorespi-
ratory variables, especially the VO2peak, between the IST 
and the CPET. Additionally, it is important to analyse if 
this IST can have a maximal cardiorespiratory response 

in people with COPD, as the CPET and ISWT, supporting 
its capacity to be considered a maximal and symptom-
limited test. If confirmed, this will contribute to the 
application of a new alternative as the basis for individu-
alised prescription of endurance training (step training) 
intensity in this population. As mentioned before, more 
studies with larger sample sizes are important to confirm 
the construct validity provided through the comparison 
with the 6MWT. The comparison of the cardiorespiratory 
response of the IST with the 6MWT and 1MSTS are also 
important.

CONCLUSION
Despite the significant, positive and moderate correla-
tions with the 6MWD and 1MSTS, the inability to fully 
comply with the COSMIN recommendations to deter-
mine measurement properties does not yet allow the IST 
to be considered a valid test to be used in the assessment 
of people with COPD.

On the other hand, according to COSMIN recommen-
dations, the IST is a reliable test based on its high ICC 
value. However, a learning effect and an ‘indeterminate’ 
measurement error are shown.

This study also demonstrated the feasibility of the IST 
at the home environment since no adverse events were 
reported during data collection. This test can provide 
an alternative outcome measure in the assessment of 
people with COPD to be applied in PR programmes in all 
settings, including home-based programmes, but further 
studies are important to determine its measurement 
properties.
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Incremental Step Test -  Instructions  

Incremental Step Test 

The incremental step test is an externally paced exercise test where the step cadence 

increases with each level, controlled by a series of pre-recorded signals. The test 

continues until the participant can no longer continue or cannot keep up with the required 

step cadence. The maximum duration of the test is 15 minutes. 

Preparing to conduct the incremental step test 

Equipment 

The equipment required is: 1) a 20 cm tall platform or stair to perform the test; 2)  a pre-

recorded audio; 2) one chair, next to the platform/stair; 3) modified Borg scale to measure 

dyspnea and subjective fatigue; 4) sphygmomanometer for blood pressure 

measurement; 5) pulse oximeter (%SpO2); 6) stopwatch; 7) access to telephone in case 

of an emergency; 8) an emergency plan; 9) portable supplemental oxygen if required to 

perform exercise test by participant; 10) a reporting sheet and pen. 

Location 

The test can be conducted in any setting (e.g., home environment), if the space and the 

ambient temperature is comfortable for the participant to exercise. However, testing 

should be performed in a location where a fast response to an emergency is possible, 

and the assessor should be certified in cardiopulmonary resuscitation with a minimum of 

basic life support certification. 

Patient Preparation and Assessment  

Participants should wear comfortable clothing and appropriate shoes and should then 

rest in a chair for at least 15 minutes before commencing the test. The following 

measurements should be obtained at rest: 1) SpO2 and heart rate from pulse oximetry; 

2) baseline dyspnea and fatigue; and 3) blood pressure. 

Prior to the test 

At the beginning of the test, the instructions, presented below, are read to the patient.  
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Instructions 

“The objective of the incremental step test is to step up and down on this 20 cm high 

platform/stair as long as possible, keeping to the step cadence indicated by the bleeps 

on the audio recording. You will hear these beeps at regular intervals. 

You should step up one foot when you hear the first beep, step up the second foot when 

you hear the second beep, step down one foot when you hear the third beep, and step 

down the other foot when you hear the fourth beep, and so on. At first, your step cadence 

will be very slow, but you will need to speed up at the end of each minute. Your aim 

should be to follow the set rhythm for as long as you can. You should stop stepping up 

and down only when you become too breathless to maintain the required step cadence 

or can no longer keep up with the set pace. 

The test is progressive. In other words, it is easier at the start and harder at the end. The 

step cadence for the first minute is very slow, only 10 steps/minute. The test will start so 

get ready.” 

Once the instructions have been read, and the assessor has confirmed that the patient 

has understood, the patient is positioned in front of the platform/stair. 

During the Test  

The assessor should watch the patient and keep count of the number of steps as the 

participant completes them, throughout the duration of the test. One step is counted 

when both feet step up and step down the platform.  

In case of imbalance, the use of a handrail is allowed if the participant so prefers. As the 

step cadence increases every minute, indicated by a different beep, is important to 

advise the participant “you now need to increase your rhythm of stepping”.  

Termination of the test 

The test is ended when: 1) not able to maintain the required step cadence for 10 seconds; 

2) requested by the participant; 3) SpO2 falls to ≤85%, or 4) reported symptoms (chest 

pain, intolerable dyspnea, leg cramps, diaphoresis and a pale or ashen appearance).  

Recording performance of the test 

The main outcome measure of the incremental step test is the total number of steps 

performed. Maximal step cadence reached and duration of the test should also be 
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recorded. The maximal step cadence must be recorded according to the last completed 

level during the test. 

 

These instructions have been adapted from the recommendations for conducting field 

walking tests in people with chronic respiratory disease, from the new European 

Respiratory Society/American Thoracic Society Technical Standard [1, 2].  

 

An example of a reporting form for the incremental step test is presented below. 
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Incremental Step Test -  Reporting Form  

Date: ___ / ___ / _____ 

Name: _______________________________________________________________ 

Date of birth (dd/mm/yyyy): ___ / ___ / ______ 

Diagnosis: ____________________________________________________________ 

Supplemental oxygen (flow rate, device, method carried): ________________________ 

Medication taken today (dose and how many hours prior to testing?): 

_____________________________________________________________________

_____________________________________________________________________ 

Observations: __________________________________________________________ 

Incremental Step Test - First Attempt 

 
Rest 

1 

min 

2 

min 

3 

min 

4 

min 

5 

min 

6 

min 

7 

min 

8 

min 

9 

min 

10 

min 

11 

min 

12 

min 

13 

min 

14 

min 

15 

min 

HR                 

BP                 

SpO2                 

Dyspnea                 

Fatigue                 

HR: Heart rate; BP: blood pressure; SpO2: peripheral oxygen saturation. Note: the blood pressure should 

not be assessed due to the difficulty of measuring during the stepping. 

Reason for termination: __________________________________________________ 

Recovery  

HR: __________  SpO2(%): _________  Dyspnea: ________ Fatigue: ________ 

Performance 

Total number of steps: _______ Maximal step cadence: ______ Duration: ________ 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Resp Res

 doi: 10.1136/bmjresp-2021-001158:e001158. 9 2022;BMJ Open Resp Res, et al. Vilarinho R



5 

 

Incremental Step Test - Second Attempt 

 
Rest 

1 

min 

2 

min 

3 

min 

4 

min 

5 

min 

6 

min 

7 

min 

8 

min 

9 

min 

10 

min 

11 

min 

12 

min 

13 

min 

14 

min 

15 

min 

HR                 

BP                 

SpO2                 

Dyspnea                 

Fatigue                 

HR: Heart rate; BP: blood pressure; SpO2: peripheral oxygen saturation. Note: the blood pressure should 

not be assessed due to the difficulty of measuring during the stepping. 

Reason for termination: __________________________________________________ 

Recovery  

HR: __________  SpO2(%): _________  Dyspnea: ________ Fatigue: ________ 

Performance 

Total number of steps: _______ Maximal step cadence: ______ Duration: ________ 

 

Comments: ___________________________________________________________ 

_____________________________________________________________________ 

 

Best test - Performance  

Total number of steps: _______ Maximal step cadence: ______ Duration: ________ 

 

Comments: ___________________________________________________________ 

_____________________________________________________________________ 
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