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The one-minute sit-to-stand test: A practical
tool for assessing functional exercise
capacity in patients with COPD in routine
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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is associated with a reduced exercise capacity. Although
several field tests for exercise capacity have been modified for non-standard settings, i.e. outside the hospital clinic or
pulmonary rehabilitation center, their uptake remains limited. Objectives: To assess the test-retest reliability, constuct
validity and responsiveness of the one-minute sit-to-stand test (10STST) adopted in clinical practice among patients with
COPD and to confirm the earlier established minimal important difference (MID) of three repetitions.Methods: Patients
with COPD performed two 10STSTs, two 6-minute walk tests (6MWT), an isometric quadriceps force (QF) measurement,
a cardiopulmonary exercise test (CPET), and a seven-day physical activity (PA) measurement before and after three months
of pulmonary rehabilitation (PR). An Intraclass Correlation Coefficient (ICC) evaluated the agreement between two
10STSTs. Pearson Correlation examined the association between the 10STST and other physical measurements, and their
changes following PR. A receiver operating characteristic (ROC) curve was constructed using a 30-meter increment in the
6MWT as cut-off to identify responders. Results: The 10STST demonstrated good reliability (Δ0.9 ± 4.0 repetitions, p =
.13; ICC = 0.79). The 10STST was moderately correlated with the 6MWT (r = 0.57, p < .0001), VO2max (r = 0.50, p =
.0006) and maximal work rate (r = 0.52, p = .0003). Weak correlations were observed with QF (r = 0.33, p = .03) and step
count (r = 0.38, p = .013). The 10STST improved after PR (Δ = 3.6 ± 6.4 repetitions, p = .0013) and changes correlated
moderately with changes in the 6MWT (r = 0.57, p = .002), QF (r = 0.48, p = .003) and VO2max (r = 0.41, p = .014). A cut-
off of three repetitions demonstrated a 71% accuracy in identifying responders to a rehabilitation program. Conclusion:
The 10STST is a valuable alternative to evaluate exercise capacity in patients with COPD when more expensive and time-
consuming tests are unavailable.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a het-
erogenous lung disease characterised by persistent respi-
ratory symptoms.1 Besides the respiratory symptoms, a
decreased exercise capacity is often seen in this
population.2,3 Pulmonary rehabilitation (PR) is an essential
part in the comprehensive management of patients with
COPD.3 Individually tailored exercise training is widely
recognised as the core component of PR since it improves
exercise capacity, reduces dyspnea and fatigue symptoms
and enhances quality of life.3 An accurate assessment of
exercise capacity is crucial to implement a tailored exercise
program and to assess the effectiveness of an
intervention.3–5 Additionally, the exercise capacity of pa-
tients with COPD provides an estimation of disease severity
and progression.6

The cardiopulmonary exercise test (CPET) is widely
acknowledged as the golden standard for evaluating exer-
cise capacity.7 However, this test has limitations as it de-
mands expertise and expensive equipment to administer.
This hampers its implementation into clinical practice. The
6-minute walk test (6MWT) is a well-established field test to
assess functional exercise capacity of patients with COPD
that overcomes the complexities associated with CPET.8 It
also shows reasonable relations with the patients physical
activity (PA).4 However, due to constraints in time and
space, this test is not frequently conducted outside the
hospital set-up.9 Variants using a shorter track or conducted
outside are reported,10–12 but widespread adoption remains
limited.13

Therefore, there is a need for a quick and feasible as-
sessment tool that can be used by clinicians across diverse
settings. The one-minute sit-to-stand test (10STST) has
emerged as a promising test as it can be conducted across a
wide range of healthcare settings.14 The test has garnered
increasing attention in research involving patients with
COPD.14 Recent studies verified its test-retest
reliability,14–17 validity,14–16,18–21 and
responsiveness.14,22,23 Yet, these investigations were pre-
dominantly carried out in well-controlled research envi-
ronments, so these results require confirmation in clinical
practice. Further, there is limited knowledge regarding the
physiological response to the 10STST in terms of the car-
diorespiratory stress, and the association of the test results
with objectively assessed PA is only investigated in one
study.24

The primary objectives of this retrospective study
were to assess (1) the test-retest reliability, (2) the
construct validity and (3) the responsiveness of the
10STST when implemented in clinical practice. The
secondary objectives were (1) to compare the cardio-
respiratory responses (i.e. heart rate, oxygen saturation,
and symptom scores) between the 10STST, CPET, and
6MWT and (2) to confirm the previously established
minimal important difference (MID) of three repetitions.
The relationship between the 10STST and PA was in-
vestigated as exploratory outcome.

Methods

Participants

Participants were included in this retrospective study
when they fulfilled the following inclusion criteria: (1) a
clinical diagnosis of COPD confirmed by spirometry
(post-bronchodilator forced expiratory volume in the
first second (FEV1) to forced vital capacity (FVC)
ratio <0.70); (2) enrolled in the three-month PR pro-
gram at University Hospital Leuven between 16/06/
2022 and 17/03/2023; and (3) performed at least one set
of two 10STSTs prior to the start of PR. Patients with a
primary respiratory disease other than COPD were
excluded. Data was extracted from the electronic
clinical records of the hospital. This study was ap-
proved by the Ethics Committee Research UZ/KU
Leuven (S-68172). Patients were informed that their
data were used for the current analysis; prospective
informed consent was not obtained.

Pulmonary rehabilitation

The outpatient PR was conducted in accordance with
the European Respiratory Society and American Tho-
racic Society (ERS/ATS) guidelines.25 Patients at-
tended the hospital three times a week for three months.
The program included whole-body exercises and
strength training. Each two-hour session included the
following exercises: stationary bike, treadmill, sit-to-
stand exercises, stair climbing, leg press, vertical
traction, arm ergometry and chest press. Progression
was guided by BORG scores, aiming for a dyspnea and
fatigue rating of 4-6/10.
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Assessments

All assessments took place one week prior to the start of PR
and after three months of PR. Patients visited the hospital on
two separate testing days, usually with a one-week interval.

One-minute sit-to-stand test. Two 10 STSTs were taken with
one-week time interval. A standard operating procedure was
established and training of the assessors (i.e. the pulmonary
physiotherapists) was organised. The test was performed on
a standard height chair (46 cm) without arm rests. Partic-
ipants were instructed to stand up and sit down as many
times as possible within one minute while crossing their
arms over their shoulders.20 Standardised instructions were
given before the test. No encouragement was given during
the test itself. The number of repetitions was noted and
expressed in absolute values and as percentage of the
predicted value.26 The nadir oxygen saturation (SpO2) and
highest heart rate (HR) during the test were recorded.
Modified BORG scores (ranging from zero to ten) for
dyspnea and leg fatigue were recorded before and at the end
of the exercise.

Other physical measurements. Two 6MWTs were admin-
istered with one-week time interval. The test was
performed according to the ERS/ATS guidelines, in a
53-meter long corridor.4 Oxygen saturation (SpO2) and
heart rate (HR) were measured throughout the test; the
nadir SpO2 and highest HR were used for analysis.
Modified BORG scores for dyspnea and leg fatigue
were recorded before and at peak exercise. The best test
(i.e. longest distance) was used for analysis. Results
were expressed as absolute values and as percentage of
the predicted value.27 Maximal isometric quadriceps
strength (QF) of the right leg was measured using the
Biodex (Biodex System 4 Isokinetic Dynamometer).
The patients were positioned in a seated position, with
their hip at a 90° and the knee at a 60° angle.28 Results
were expressed as absolute values and as percentage of
the predicted value.29 Patients underwent a maximal
incremental cardiopulmonary exercise test (CPET) on a
cycle ergometer, following a standard procedure.30

Maximal workload (Wmax), maximal oxygen con-
sumption (VO2max), peak SpO2 and peak HR were
recorded as the highest value averaged over 30 seconds.
Pulmonary function testing, including spirometry for
forced expiratory volume in one second (FEV1) and
diffusion capacity for carbon monoxide (DLCO) were
measured in accordance with the ERS/ATS guide-
lines.31 Results were expressed as percentage of the
predicted value.32 Physical activity was objectively
measured using the Dynaport MoveMonitor (McRo-
berts, The Hague, the Netherlands), a validated tri-axial
accelerometer for patients with COPD.33,34 Patients

were asked to wear the monitor continuously for
24 hours a day over a period of seven consecutive days.
According to the international task force on PA in
COPD, ≥2 valid days (i.e. days with ≥8 hours of wear
time) are required for analysis.35,36 Daily step count,
walking time (WT) and movement intensity during
walking (MI) were retrieved.

Statistical analysis

To investigate test-retest reliability, both 10STSTs were
included; for other analyses the best of both 10STSTs
(i.e. highest repetitions) was used. First, to evaluate test-
retest reliability, a paired t test was used to compare the
two baseline 10STSTs. An intraclass correlation coef-
ficient (ICC) was applied to assess their agreement.
Second, to evaluate the construct validity, the relation
between the 10STST and other physical measurements
(i.e. 6MWT (m), VO2max (mlO2/min/kg), Wmax (watt),
and QF (Nm/kg)) at baseline was assessed using Pearson
correlation analysis. A very strong correlation was de-
fined as r ≥ 0.80; a strong correlation as r = 0.60-0.79; a
moderate correlation as r = 0.40-0.59; a weak correlation
as r = 0.20-0.39; a very weak correlation as r < 0.20).37

We also explored the correlations between the 10STST
and 6MWT with PA parameters (i.e. step count, WT and
MI). Third, to test the responsiveness of the 10STST, a
paired t test was conducted to examine the change in the
10STST following PR, as well as in the other physical
measurements and in PA parameters. To investigate the
size of the intervention effect, standardised mean dif-
ference (SMD) was calculated for all physical mea-
surements. SMD cut-off points of 0.20, 0.50, and
0.80 were considered as a small, medium, and large
effects, respectively.38 Spearman Correlation was em-
ployed to assess the relationship between the change in
the 10STST and changes in the other physical measure-
ments. As exploratory outcome, the relation between
change in the 10STST and changes in PA parameters was
assessed. For comparison, the correlations between the
change in the 6MWT and PA parameters were examined.
Fourth, a comparison was made between the cardiore-
spiratory responses at peak exercise among the 10STST,
6MWT, and CPET, using a paired t test. Based on the MID
of 30 meter in the 6MWT,39 sensitivity and specificity were
calculated for different cut-off points in the 10STST and a
Receiver Operating Characteristic (ROC) curve analysis
was performed. Finally, to explore the rationale to perform
a second 10STST in the same assessment time, the analyses
for validity and responsiveness were repeated using only
the first test. All statistical analyses were conducted using
SAS 9.2, with a predetermined level of significance set at
0.05 for all tests.
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Results

A total of 65 patients were screened for eligibility. Six
patients had a primary diagnosis other than COPD. A final
sample of 45 patients was included in the analyses. Their
demographic and clinical characteristics are summarised in
Table 1. A flowchart diagram for this retrospective study is
provided in Figure 1.

Test-retest reliability

There was no significant difference between the initial
(20.2 ± 6.4 repetitions) and the second 10STST (21.0 ±
6.5 repetitions) at baseline (mean difference of 0.9 ±
4.0, p = .13), nor following PR (mean difference of 0.3 ±
3.8, p = .64). The ICC indicated good test-retest reli-
ability at baseline (ICC = 0.79) and at follow-up
(ICC = 0.89).

Construct validity

Figure 2 shows weak to moderate positive correlations
between the 10STST and the 6MWT (r = 0.57, p < .0001),
QF (r = 0.33; p = .01), VO2max (r = 0.50, p = .0006) and
Wmax (r = 0.52, p = .0003) at baseline. A sensitivity
analysis using only the first 10STST yielded similar results
(see Figure S1).

Responsiveness

Thirty-eight patients (84%) attended the follow-up visit
after the three-month PR. The best 10STST improved sig-
nificantly (Δ = 3.6 ± 6.4 repetitions, p = .0013) following
rehabilitation. The effect size was medium (SMD = 0.56).
There was an increase in the 6MWT (Δ = 45 ± 59m, p <
.0001; SMD = 0.76), QF (Δ = 12 ± 27Nm, p = .0093; SMD =
0.44), VO2max (Δ = 0.7±2mlO2/min/kg, p = .037; SMD =
0.35) and Wmax (Δ = 7 ± 14 watt, p = .0043; SMD = 0.5)
following PR. The change in the best 10STSTwas positively
associated with Δ6MWT (r = 0.57, p = .002) (see Figure 3),
ΔQF (r = 0.48, p = .003) and ΔVO2max (r = 0.41, p = .014),
but not with ΔWmax (r = 0.27, p = .11). When considering
only the first 10STST before and after rehabilitation, the
10STST improved by 4.00 ± 6.62 repetitions (p = .0013) and
correlations were slightly weaker and reached significance
only for Δ6MWT (r = 0.51, p = .0012), and ΔQF (r = 0.36,
p = .034), but not for ΔVO2max (r = 0.28, p = .11) and
ΔWmax (r = 0.29, p = .09).

Exploratory analysis of the association with PA

A moderate positive correlation was found between the
10STSTand daily step count (r = 0.38, p = .013) andWT (r =
0.38, p = .013) at baseline. No significant correlation was

found for MI during walking (r = 0.24, p = .13). In contrast,
the 6MWT demonstrated stronger correlations with PA
parameters, including step count (r = 0.48, p = .0015), WT
(r = 0.45, p = .003), and MI during walking (r = 0.45,
p = .0028).

No improvements were found for PA (step count Δ =
60 ± 1624 steps/day, p = .84; WT Δ = 1.74 ± 19.35 min/day,
p = .63; MI during walking Δ = 0.03 ± 0.16 m/s2, p = .30).
The change in the 10STST was not correlated to changes in
parameters of PA. The change in the 6MWT revealed a
moderate correlation only with change in MI during
walking (r = 0.50, p = .005), but not with other parameters
of PA.

Cardiorespiratory response

Table 2 provides the cardiorespiratory responses to the
different exercise tests. Peak HR in the 10STST was similar
to the 6MWTand slightly lower compared to the CPET. The
lowest saturation was observed during the 6MWT. Symp-
tom scores in the 10STSTwere comparable to the CPET and
higher compared to the 6MWT.

Confirming the minimal important difference

The cut-off of three repetitions in the 10STST yielded a
sensitivity of 71%, a specificity of 71% and an accuracy of

Table 1. Baseline characteristics (n = 45).

Age (years) 64 ± 10
Sex (male/female) 25 (56) / 20 (44)
FEV1 %pred 43 ± 14
DLCO %pred 43 ± 17
GOLD stage I / II / III / IV 0 (0) / 12 (27) / 26 (58) / 7 (16)
mMRC 1 / 2 / 3 / 4 1 (2) / 25 (57) / 16 (36) / 2 (5)
BMI (kg/m2) 27 ± 7
First 10STST (n) 20 ± 6 (57 ± 15 %pred)
Second 10STST (n) 21 ± 7 (59 ± 18 %pred)
6MWT (m) 397 ± 91 (64 ± 14 %pred)
QF (Nm) 114 ± 32 (85 ± 26 %pred)
QF/body weight (Nm/kg) 1.59 ± 0.42
VO2max (mlO2/min/kg) 13 ± 3
Wmax (watt) 60 ± 20
Step count (steps/day) 3726 ± 2396
WT (min/day) 46 ± 26
MI during walking (m/s2) 1.59 ± 0.18

Data are presented as mean ± SD or n (%). FEV1: forced expiratory volume
in one second; DLCO: diffusing capacity of the lungs for carbon monoxide;
GOLD: Global Initiative for Chronic Obstructive Lung Disease; mMRC:
modified Medical Research Council; BMI: body mass index; 10STST: one-
minute sit-to-stand test; 6MWT; 6-minute walk test; QF: quadriceps force;
VO2max: maximal oxygen consumption; Wmax: maximal work rate; WT:
walking time; MI: movement intensity.
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71% to detect an increase of 30m in the 6MWT. The ROC
curve resulted in an AUC of 0.78 (see Figure 4).

Discussion

The 10STST confirmed reproducibility, validity, and re-
sponsiveness when adopted in clinical practice. Generally,
the analyses for the best 10STSTwere similar to the analysis
using only the initial test. While participation in PR resulted
in an increase of 3.6 repetitions, three repetitions was found
to be the optimal cut-off for identifying responders.

We observed good test-retest reliability in our study, with
an ICC of 0.79, which was slightly less compared to pre-
vious studies in COPD (ICCs of 0.9 and 0.93)14,15 and in
other patient populations (ICCs of 0.93 and 0.98).40,41 In
earlier studies involving patients with COPD,14,15 both tests
were performed on the same day, while our study im-
plemented a one-week interval due to the extensive test
battery. Previous literature, however, does not suggests that
a longer time interval between two tests is per se associated
with lower ICCs.17,41–43 In this clinical context, with as-
sessments performed at one-week intervals, fluctuations in
the patient’s condition can occasionally happen. This may
explain the discrepancies between two test observed in few
patients. This is further supported by the ICC of the 6MWT
(ICC = 0.77). Additionally, the changes in the 10STST

between visits one week apart exhibited a weak correlation
with the changes in the 6MWTon these visits (r = 0.38, p =
.0084). Nevertheless, there is no compelling rationale to
conduct a second test; a single test effectively captures the
effects of rehabilitation. While in 42% and 52% of the
patients, the first test emerged as the best test at baseline
and follow-up, respectively, differences were generally
small and not clinically significant. When patients were
classified using a P25 cut-off as an indicator of a “low” test
result,26 only four patients would have their label changed
from “low” to “normal” with the introduction of a second
test. Thus, we agree with previous reports that – also in
clinical practice – a single 10STST can be used as a
valuable screening tool for exercise intolerance.14,16,44 For
research purposes, however, a second test may be nec-
essary to obtain a more accurate estimation of the patient’s
exercise capacity.

The present study found a moderate correlation between
the 6MWT and the 10STST. However, notable differences
were observed in the exercise responses elicited by both
tests: lower SpO2 was observed during the longer 6MWT,
and participants reported higher fatigue scores during the
10STST. Both the 10STST and the 6MWT assess functional
exercise capacity through different relevant daily life
functions; walking in the 6MWT places a greater demand on
cardiorespiratory capacity, while rising from a chair during

Figure 1. Flow of patients with COPD following three months of pulmonary rehabilitation. PR: pulmonary rehabilitation; 10STST: one-
minute sit-to-stand test.

Mellaerts et al. 5



the 10STST targets lower limb muscles strength, proprio-
ception, and balance more specifically. Despite these var-
iations, the HR response and dyspnea scores were
comparable between the two tests. Our findings align with
previous literature demonstrating that both tests elicit a
similar cardiorespiratory response,14 but that oxygen de-
saturation was more pronounced during the 6MWT, with
saturation ranges of 86%–89% during the 6MWTcompared
to 89%-92% during the 10STST.14,15,20,45 Others, however,
reported less hemodynamic stress in the 10STST compared

to the 6MWT in terms of heart rate, BORG dyspnea and
systolic blood pressure.18 Given that the 10 STST cannot
accurately identify whether significant desaturation would
occur during longer exercise bouts, the results on desatu-
ration should be interpreted with caution. The 6MWT may
be more appropriate to identify patients who exhibit de-
saturation. In our cohort, the sensitivity and specificity of
the 10STST for detecting patients with significant desatu-
ration (ΔSpO2≥4% and nadir SpO2<90%) were 33% and
94%, respectively.

Figure 2. Correlation between 10STST repetitions and other physical measurements at baseline. A: 6-minute walk test; B: quadriceps
force; C: maximal oxygen consumption during the CPET; D: peak work rate during the CPET; E: step count; F: walking time. 10STST:
one-minute sit-to-stand test.
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The Covid-19 pandemic underscored the importance of
valid and responsive physical tests that can be conducted in
various settings with minimal equipment, time and space.
The 10STST can serve as a helpful, less time-consuming
surrogate when a (quiet) hallway is not available. This test
only requires a chair, stopwatch and pulse oximeter, and can
be completed in less than five minutes (including the ex-
planation). This makes it particularly suitable for low-
resourced settings in hospitals, primary care, or home-
based environments.16 Moreover, it can be more easily
utilised in hospital wards whenever patients are capable of
standing up independently.

Our study revealed a moderate correlation between the
10STST with VO2max and Wmax, and their relation over
time. Prior research has explored the comparability of
VO2max between the 10STST and CPET, suggesting that

both tests elicit similar cardiopulmonary stress.46 We found
a lower saturation during the 10STST, but a higher heart rate
during the CPET; both tests exhibited similar symptom
scores, indicating that the 10STST is perceived to be at least
as demanding as the incremental cycling test.

In the present study, a weak, but significant association
between quadriceps force and performance on the 10STST
was found. In addition, the change in 10STST was mod-
erately correlated with the change in quadriceps force after
PR. Literature is not unanimous on this relation; one study
reported a significant correlation (r = 0.36),23 while another
did not (r = 0.064).15 The performance on the 10STST is
influenced by factors such as balance, mobility, psycho-
logical factors, and metabolic capability, indicating that it is
not solely a proxy measure of lower limb strength.47 Given
the relative high metabolic load and high level of perceived

Figure 3. Association between changes in the 10STST and 6MWT following a three-month PR program (r = 0.57, p = .002). Baseline data
(s) and follow-up data (•) were connected for a given patient. 10STST, one-minute sit-to-stand test; 6MWT, 6-minute walk test.

Table 2. Cardiorespiratory responses to the 10STST, 6MWT and CPET.

10STSTa 6MWTa Differenceb p-valueb CPETc Differenced p-valued

SpO2 (%) 91 ± 4 89 ± 5 2 ± 4 0.0001* 95 ± 3 4 ± 1 <0.0001*
HR (bpm) 112 ± 18 113 ± 15 1 ± 10 0.52 118 ± 18 6 ± 11 0.0023*
BORG D (0-10)e 7 ± 2 6 ± 2 1 ± 3 0.09 8 ± 2 1 ± 3 0.20
BORG F (0-10)e 6 ± 3 4 ± 3 2 ± 3 <0.0001* 6 ± 2 0 ± 1 0.65

Data are presented as mean ± SD. SpO2 pulsed oximetry; HR: heart rate; bpm: beats per minute; BORG D: BORG dyspnea; BORG F: BORG fatigue;
10STST: one-minute sit-to-stand test; 6MWT: 6-minute walk test; CPET: cardiopulmonary exercise test.
aThe analysis considered the nadir oxygen saturation and the highest heart rate attained during the test.
b10STST versus 6MWT.
cThe analysis considered the lowest oxygen saturation and the highest heart rate attained during the test averaged over 30 seconds.
d10STST versus CPET.
eBORG scores were assessed for the most strenuous moment during the test.
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fatigue, however, a 30-second sit-to-stand test or five times
sit-to-stand test may be a better test of skeletal muscle
strength.19,23,47,48

There are currently no established guidelines for using
the 10STST to prescribe a tailored exercise program, al-
though the test can help select patients with poor exercise
tolerance for exercise training interventions.49 Reference
values have been provided by Strassman et al..26 The in-
tensity of the training program, however, should then be
prescribed based on more formal exercise testing.25

The observed improvement in the 10STST score fol-
lowing PR aligns with previous studies, which reported
improvements of 3.6 ± 4.114 and 3.8 ± 4.2 repetitions.22 An
improvement of two to three repetitions is recommended for
defining a meaningful improvement in the 10STST.14,16,22

This was confirmed in our sample, where an improvement
of three repetitions yielded the optimal sensitivity and
specificity in identifying responders to PR.

This study has the strength that it reflects the use of the
test in clinical practice. Previously the test had only been
examined within the confines of specific research objec-
tives. In our rehabilitation centre, the test has been im-
plemented in clinical routine. This provided us with the
opportunity to evaluate the test in a real-world clinical

context, but further research is needed to explore te im-
plementation in a truly primary care setting. Second, this
study represents one of the first investigations into the re-
lationship between PA and the 10STST. Only one previous
study examined the relationship between step count and the
10STST, showing a moderate relationship between both
constructs (r = 0.51, p = .0001).24 Although they found an
association, they concluded that the 10STST cannot be used
to predict a very inactive lifestyle.24 Our data revealed a
weak correlation between the 10STSTand step count as well
as walking time; the changes in both constructs were not
related, reinforcing the thought that the 10STST is a test of
exercise capacity, which increases with exercise training,
whereas PA is a behavior that does not change unless be-
havior interventions are applied.50 Using the combination of
the 10STST and objectively measured PA could allow cli-
nicians to classify patients as appropriate achievers, un-
derachievers or overachievers, as had been done using the
6MWT.51 The 6MWT did show a somewhat stronger re-
lation to PA,24,52 also in the present cohort.

In conclusion, our results confirm that the 10STST can
serve as a reliable and valid measure of functional exercise
capacity in individuals with COPD. In clinical practice, the
present study demonstrates reliability, validity, and

Figure 4. Receiver Operating Characteristics (ROC) curve. The cut-off of three repetitions resulted in the most optimal balance
between sensitivity and specificity.
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responsiveness to pulmonary rehabilitation. The 10STST
requires less time and space, making it easily implementable
in a wide range of healthcare settings.
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