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Background: The aim of this study was to evaluate the responsiveness of the 3-minute constant 

rate step test (3-MST) to detect the relief of exertional dyspnea (respiratory discomfort) after 

acute bronchodilation in COPD patients.

Patients and methods: A total of 40 patients with moderate-to-severe COPD (mean forced 

expiratory volume in 1 second: 45.7 (±14.7), % predicted) performed four 3-MSTs at randomly 

assigned stepping rates of 14, 16, 20 and 24 steps/min after inhalation of nebulized ipratropium 

bromide (500 µg)/salbutamol (2.5 mg) and saline placebo, which were randomized to order. 

Patients rated their intensity of perceived dyspnea at the end of each 3-MST using Borg 0–10 

category ratio scale.

Results: A total of 37 (92.5%), 36 (90%), 34 (85%) and 27 (67.5%) patients completed all 

3 minutes of exercise at 14, 16, 20 and 24 steps/min under both treatment conditions, respectively. 

Compared with placebo, ipratropium bromide/salbutamol significantly decreased dyspnea at the 

end of the third minute of exercise at 14 steps/min (by 0.6±1.0 Borg 0–10 scale units, P,0.01) 

and 16 steps/min (by 0.7±1.3 Borg 0–10 scale units, P,0.01); however, no statically significant 

differences were observed between treatments at 20 and 24 steps/min (both P.0.05).

Conclusion: The 3-MST, when performed at 14 and 16 steps/min, was responsive to detect 

the relief of exertional dyspnea after acute bronchodilation in patients with moderate-to-severe 

COPD.

Keywords: chronic obstructive pulmonary disease, exercise testing, dyspnea, intervention

Introduction
Exertional dyspnea is the primary symptomatic manifestation reported in COPD,1 and 

it dominates the clinical presentation of this disease. The evaluation of dyspnea and 

exercise tolerance is thus critical to the clinical management of COPD, particularly 

as it relates to assessing the efficacy of therapeutic interventions. Indeed, therapeutic 

decisions and treatment effectiveness should be based, in large part, on the assessment 

of patient-reported changes in physical activity-related dyspnea.2,3

Although walking and cycling exercise protocols are currently available for the 

evaluation of exercise tolerance,4 none of these tests are perfectly designed to evalu-

ate the impact of therapeutic interventions on exertional dyspnea as the primary end 

point. Constant work-rate cycling protocols and the endurance shuttle walking test 

are typically conducted up to symptom limitation with the intention of quantifying 

exercise duration. However, the open nature of these tests makes it difficult to evaluate 

the effects of therapy on end-exercise dyspnea. One strategy to address this difficulty 

is to compare dyspnea ratings at a standardized submaximal time (iso-time) during 
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exercise while controlling the walking speed during an 

endurance shuttle walking test,5 the power output during a 

constant rate cycling test6–8 or the inclination and belt speed 

during a constant rate treadmill test.9,10 One potential limi-

tation with this approach is that pre- and post-intervention 

dyspnea measurements are not always obtained at the same 

time point since the duration of the exercise is variable. In 

addition, interindividual comparisons of the magnitude of 

treatment effect are difficult to make due to variations in 

iso-time from one patient to another.

Self-paced walking or stair climbing tests are some of 

the most commonly used field tests in COPD.4 These tests 

are most appropriate for the evaluation of exercise tolerance 

(endurance) in COPD but are not optimally designed to 

evaluate the effects of therapies on exertional dyspnea, due 

to lack of control of the exercise stimulus.

To circumvent these limitations in the assessment of 

exertional dyspnea, Perrault et al11 validated two simple 

field-based exercise tests that were specifically developed to 

assess the impact of therapeutic interventions on exertional 

dyspnea: the 3-minute constant rate step test (3-MST) and 

the 3-minute constant rate shuttle walking test. By externally 

controlling the walking speed/stepping rate and limiting 

the duration of exercise to 3 minutes, these tests provoke a 

measureable and reproducible level of dyspnea (at a stan-

dardized and reproducible exercise stimulus) that may be 

encountered by patients with COPD during their activities 

of daily living12–14 and that may be amenable to therapy.11 

To this end, a randomized, double-blind, placebo-controlled, 

crossover study from our group recently confirmed the 

responsiveness of the 3-minute constant rate shuttle walking 

test to detect statistically significant and clinically meaning-

ful relief of exertional dyspnea after acute bronchodilation 

in patients with moderate-to-severe COPD.15 The aim 

of the current study was to assess the responsiveness of 

the 3-MST to detect the bronchodilator-induced relief of 

exertional dyspnea in COPD, testing the hypothesis that this 

exercise test is responsive to detect statistically significant 

and clinically meaningful relief of exertional dyspnea after 

acute bronchodilation in patients with moderate-to-severe 

COPD.

Patients and methods
Study population
Patients with COPD were recruited from two different 

centers in Québec, Canada (Institut Universitaire de Car-

diologie et de Pneumologie de Québec [IUCPQ] and the 

Montreal Chest Institute [MCI]), and a total of 40 ambula-

tory and clinically stable men and women were included. 

The following eligibility criteria were used: age .50 years, 

smoking history  .10 pack-years, post-bronchodilator 

forced expiratory volume in 1 second (FEV
1
) between 30% 

and 79% predicted and FEV
1
/forced vital capacity (FVC) 

,70% (Global Initiative for Chronic Obstructive Lung 

Disease [GOLD] stage 2 and 3).3 Potential participants 

were excluded in the presence of a respiratory exacerbation 

within the preceding 2 months, history of asthma, oxygen 

pulse saturation (SpO
2
) ,85% at rest or during exercise 

or in the presence of clinically evident cardiovascular, 

neurological, orthopedic, hematological diseases that could 

influence exercise tolerance or may prevent the realization 

of the step test.

Study design
As illustrated in Figure 1, this was a randomized, double-

blind, placebo-controlled, crossover, two-site study 

(ClinicalTrials.gov, registration number: NCT01655199), 

wherein eligible patients visited the research facility four 

times, with a period of 3–7 days within visits. The study 

protocol and consent form were approved by each institu-

tion’s Biomedical Research Ethics Board in accordance 

with the Declaration of Helsinki (IUCPQ, #CER20819; 

Figure 1 Study design for V2 and V3 during which one of the study medications (ipratropium bromide [500  µg]/salbutamol [2.5 mg] [Combivent®] or placebo) was 
administered.
Abbreviations: V2, visit 2; V3, visit 3.
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MCI, 12-327-BMA). Written informed consent and medical 

history were obtained at visit 0 (V0), and inhaled medica-

tion was modified, if necessary (details are given in the 

following section). During visit 1 (V1), complete pre- and 

post-bronchodilator (200 µg salbutamol) pulmonary func-

tion testing was performed, followed by a symptom-limited 

peak incremental cycle exercise test and then a 3-MST for 

familiarization purposes. Visits 2 and 3 (V2, V3) were 

identical with the exception of the nebulized medication 

that was used: ipratropium bromide (500 µg)/salbutamol 

(2.5  mg; Combivent®; Boehringer Ingelheim (Canada) 

Ltd., Mississauga, ON, Canada) or 0.9% saline placebo 

(same volume of nebulized saline solution) whose order 

was randomized. V2 and V3 included pre-dose and 1-hour 

post-dose spirometry followed immediately by four 3-MSTs 

(interspersed by 30 minutes of rest) at randomly assigned 

stepping rates of 14, 16, 20 and 24 steps/min. The 3-MSTs 

were administered at 30-minute intervals to provide suffi-

cient recovery time to study participants while ensuring that 

all tests could be completed during maximum bronchodila-

tion effects of study medication.16 A research pharmacist 

at both sites who was unblinded to study medication, but 

not otherwise involved in the study, performed treatment 

randomization according to a computer-generated random-

ization list and was responsible for blinding and dispensing 

of study medications.

Pulmonary function testing
Standard pulmonary function tests, including routine spirome-

try, constant volume body plethysmography and single-breath 

determination of diffusing capacity of the lung for carbon 

monoxide (D
L
CO), were conducted according to established 

guidelines17 using automated equipment and referenced to 

predicted normal values.18,19 Maximum voluntary ventilation 

was estimated by multiplying FEV
1
 by 35.20

Concomitant therapeutic interventions
With the exception of tiotropium, the only long-acting anti-

cholinergic agent available in Canada at the time of this study, 

usual respiratory medications were maintained throughout 

the study. Because of its long washout period, tiotropium 

was switched to ipratropium bromide (Atrovent®; Boehringer 

Ingelheim (Canada) Ltd.) four times daily starting from V0 

and for a period of $2 weeks prior to V1. Before V2 and V3, 

patients withdrew from short- and long-acting β
2
-agonists 

(6 and 24 hours), short-acting anticholinergics (6 hours) and 

theophyllines (48 hours). If any short-acting bronchodilator 

was taken as rescue medication within 6 hours of V1, V2 or 

V3, the visit was rescheduled.

Exercise tests
Incremental exercise test
Incremental exercise tests were performed on an electronically 

braked cycle ergometer (Lode Corival, Lode BV, Groningen, 

the Netherlands; MCI, Ergoline 800s; Viasys Healthcare, 

Bitz, Germany) and consisted of a rest period of $5 minutes, 

followed by 10 W/min increases in power output (starting 

at 10 W) to symptom limitation. Standard cardiopulmonary 

parameters were collected breath by breath, using automated 

equipment (Vmax Spectra™ [IUCPQ] and Vmax Encore™ 

[MCI], Sensormedics; CareFusion, Yorba Linda, CA, USA) 

at rest and during cycle exercise. Inspiratory capacity (IC) 

maneuvers21 and Borg 0–10 scale22 intensity ratings of per-

ceived dyspnea and leg discomfort were collected at rest 

and at end exercise. Inspiratory reserve volume (IRV) was 

calculated as the difference between IC and the simultane-

ously determined tidal volume (V
T
). Peak power output was 

defined as the highest power output that the patient was able 

to sustain for $30 seconds. Symptom-limited peak values of 

oxygen uptake (V̇O
2peak

), carbon dioxide production (V̇CO
2
), 

peak ventilation (V̇
Epeak

), V
T
, breathing frequency ( f ), peak 

heart rate (HR) and SpO
2
 were taken as the average of the last 

30 seconds of loaded pedaling. SpO
2
 and HR were monitored 

by finger pulse oximetry (IUCPQ, Nellcor N-395; Soma 

Technology, Bloomfield, CT, USA; MCI, Ohmeda Biox 

3740; Louisville, CO, USA) and 12-lead electrocardiogram 

(CardioSoft; CareFusion), respectively. Finally, peak values 

for power output, V̇O
2peak

 and HR were referenced to their 

respective predicted normal values.23

3-MST
The 3-MST protocol consisted of four randomly assigned 

3-minue bouts of exercise (interspersed by 30 minutes of 

rest) at externally paced stepping rates of 14, 16, 20 and 

24 steps/min. As described by Perrault et al,11 patients started 

stepping on hearing the audio instructions for “step-up” 

indicating to place both feet up onto the first stair of the step 

one after the other (20 cm rise; 22 cm depth), with the rate 

being targeted to the movement of each foot and “step-down” 

indicating to step back down to the floor, one foot after the 

other. Patients were instructed to match their step rate with 

the audio signal for the entire 3-minute bout of the exercise 

or until they became symptom limited (ie, they were unable 

to keep pace with the audio signals due to intolerable symp-

toms), whichever occurred first.

Measures of V̇O
2
, V̇CO

2
, V̇

E
, V

T
, f, HR and SpO

2
 were col-

lected breath by breath at rest and during each of the 3-MSTs, 

using a Jaeger Oxycon Mobile® system (CareFusion, 

Hoechberg, Germany) at the IUCPQ and a Vmax Encore™ 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2016:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2994

Borel et al

cardiopulmonary exercise testing system (Sensormedics) 

at the MCI. Using the Borg 0–10 scale, patients rated the 

intensity of their perceived dyspnea and leg discomfort at 

rest, prior to the start of each 3-MST, and within the last 

30 seconds of each 3-MST or at the symptom-limited peak 

of each 3-MST, whichever occurred first. IC maneuvers 

were performed at rest prior to the start of each 3-MST 

and immediately after symptom ratings at 3 minutes or at 

the symptom-limited peak of each 3-MST.21 Physiological 

parameters were averaged over the last 30 seconds of the 

third minute of each 3-MST (or over the last 30 seconds of 

exercise if the patient stopped due to intolerable symptoms 

prior to completing the third minute of a given 3-MST) for 

each patient and linked with the corresponding symptom 

ratings and IC-derived measurements.

Statistical analysis
No pilot data were available to support a formal sample 

size calculation. The sample size was thus estimated based 

on the previous work of our research group showing that 

40 patients were sufficient to demonstrate the responsive-

ness of the 3-minute constant rate shuttle walking test to 

detect the improvement in exertional dyspnea following 

bronchodilation.15 Based on this past experience, we esti-

mated that a similar number of patients should be enrolled 

in the current study. The effects of study medications 

(ipratropium bromide/salbutamol vs placebo) and measure-

ment time (pre- vs post-dose) on FEV
1
, FVC and FEV

1
/

FVC were examined using a two-way repeated measures 

analysis of variance with correction for multiple compari-

sons using Bonferroni’s post hoc tests (Prism 6; GraphPad 

Software, La Jolla, CA, USA). The changes in Borg 0–10 

scale intensity ratings of dyspnea (primary outcome vari-

able) and in each of the secondary outcome variables (ie, 

Borg 0–10 scale intensity ratings of leg discomfort, V̇O
2
, 

V̇CO
2
, V̇

E
, V

T
,  f, HR, SpO

2
, IC and IRV) recorded at the 

end of the third minute of each of the four 3-MSTs after 

inhalation of nebulized ipratropium bromide/salbutamol 

vs placebo were analyzed with two-tailed paired Student’s 

t-tests. For the exercise tests, where a patient was unable 

to complete the entire 3  minutes of exercise, a missing 

value was considered for 3-minute Borg dyspnea and leg 

discomfort scores, and values at iso-time (corresponding 

to the longest exercise time completed in both conditions) 

were considered for cardiorespiratory parameters. The 

proportion of patients reaching a 1-point difference in Borg 

dyspnea intensity ratings, the accepted minimal clinically 

important difference for this variable,24 was calculated. 

Statistical significance was set at P#0.05, and the results 

are expressed as mean ± SD.

Results
Study participants
A flowchart of the study is presented in Figure 2.

A total of 40 patients with GOLD stage 2 and 3 COPD 

were recruited between January 2012 and June 2014. Base-

line data of the study population are provided in Table 1. 

On average, patients had static lung hyperinflation, pul-

monary gas trapping and low diffusion capacity (D
L
CO). 

At symptom-limited, peak incremental cycle exercise, 

patients reported “severe” to “very severe” dyspnea and leg 

discomfort and exhibited low peak power output, V̇O
2peak

 and 

HR in association with marked dynamic lung hyperinflation 

(as evidenced by a 0.70 L IC decrease from rest to peak exer-

cise), ventilatory inefficiency and complete or near-complete 

erosion of ventilatory reserve and IRV (Table 2).

Effects of study medication on pulmonary 
function
In contrast to placebo, ipratropium bromide/salbutamol 

significantly increased FEV
1
, FVC and FEV

1
/FVC by an 

average of ~20%, ~14% and ~7% above their pre-dose 

values, respectively (Table 3).

Dyspnea responses during the 3-MST
Resting Borg dyspnea scores ranged from 0.31 to 0.44 (“very 

very slight” to “very slight”). A total of 37 (93%), 36 (90%), 

34 (85%) and 27 (68%) patients were able to complete all 

3 minutes of exercise at 14, 16, 20 and 24 steps/min under both 

treatment conditions, respectively. Compared with placebo, 

ipratropium bromide/salbutamol significantly decreased 

intensity ratings of dyspnea at the end of the third minute of 

exercise at 14 steps/min (by 0.6±1.0 Borg 0–10 scale unit) 

and 16 steps/min (by 0.7±1.3 Borg 0–10 scale unit); however, 

no such between-treatment significant differences were seen 

at 20 and 24 steps/min (Figure 3).

Individual patient’s post-dose changes in Borg 0–10 scale 

intensity ratings of dyspnea are presented in the Figure S1: 

after treatment with ipratropium bromide/salbutamol vs 

placebo, dyspnea intensity ratings decreased by $1 Borg 

0–10 scale units at the end of the third minute of exercise in 

18 (45%), 18 (45%), 13 (32.5%) and 11 (27.5%) patients at 

14, 16, 20 and 24 steps/min, respectively (Supplementary 

materials). Dyspnea–V̇
E
 ratios were consistently lower after 

inhalation of ipratropium bromide/salbutamol compared with 

placebo (Table 4 and Figure S2). In contrast, the reduction in 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/get_supplementary_file.php?f=113113.pdf
https://www.dovepress.com/get_supplementary_file.php?f=113113.pdf
https://www.dovepress.com/get_supplementary_file.php?f=113113.pdf
https://www.dovepress.com/get_supplementary_file.php?f=113113.pdf


International Journal of COPD 2016:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2995

Stepping exercise to evaluate dyspnea in COPD

•  
•  
•  
•  

•  
•  

•  

•  
•  
•  

Figure 2 Flowchart of the two-site clinical study.
Abbreviation: V2, visit 2.

Table 1 Baseline characteristics of the study population (n=40)

Parameter Mean (SD)

Male/female 33/7
Age (years) 69 (7)
Height (cm) 168 (8)
Weight (kg) 74 (15)
Body mass index (kg⋅m-2) 25.9 (4.5)

Smoking history (pack-years) 57 (34)
Pulmonary function
COPD severity (GOLD3), n (%)

Moderate 18 (45)
Severe 22 (55)

Pre-BD FEV1 (L); % predicted 1.24 (0.41); 46 (14)
Post-BD FEV1 (L); % predicted 1.49 (0.44); 55 (15)
FVC (L) 2.97 (0.90)
FVC (% predicted) 82 (21)
FEV1/FVC (%) 43 (14)
FRC (% predicted) 138 (33)
TLC (% predicted) 112 (16)
RV (% predicted) 152 (45)
DLCO (% predicted) 77 (22)

Abbreviations: BD, bronchodilator; DLCO, diffusing capacity of the lung for 
carbon monoxide; FEV1, forced expiratory volume in 1 second; FRC, forced residual 
capacity; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease; RV, residual volume; TLC, total lung capacity.

Table 2 Physiological and perceptual responses at the symptom-
limited peak incremental cycle exercise (n=40)

Parameter Mean (SD) 

Power output (W) 76 (29)
Power output (% predicted) 55.8 (18.3)

V̇O2 (mL⋅kg-1⋅min-1) 18.4 (4.7)
V̇O2 (% predicted) 82.4 (17.9)

V̇CO2 (mL⋅kg-1⋅min-1) 18.9 (6.0)
V̇E/V̇CO2 36.8 (6.6)

HR (beats⋅min-1) 121 (21)
HR (% predicted) 72.8 (12.0)
SpO2 (%) 94.1 (2.7)

V̇E (L⋅min-1) 48.9 (14.1) 
V̇E (% MVV) 99 (17)
VT (L) 1.39 (0.27)

f (breaths⋅min-1) 35.8 (6.34)
IC (L) 1.89 (0.48)

∆ IC rest–peak exercise (L) -0.70 (0.36)
IRV (L) 0.48 (0.29)
Dyspnea (Borg 0–10 scale units) 6.2 (2.0)
Leg discomfort (Borg 0–10 scale units) 6.3 (2.1)

Abbreviations: f, breathing frequency; ∆, change from rest to end exercise; SpO2, 
oxygen pulse saturation; V̇CO2, CO2 production; V̇E, ventilation; V̇E/V̇CO2, ventilatory 
equivalent for CO2; V̇O2, O2 uptake; VT, tidal volume. HR, heart rate; IC, inspiratory 
capacity; IRV, inspiratory reserve volume; MVV, maximum voluntary ventilation.
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dyspnea–IRV ratios was significant only at 14 and 16 steps/

min (Table 4 and Figure S2).

Cardiopulmonary responses during the 
3-MST
The cardiopulmonary responses at the end of each 3-MST are 

summarized in Table 4. On average, the 3-MSTs were per-

formed at relative exercise intensities of 76%–92% V̇O
2peak

, 

81%–92% HR
peak

 and 69%–91% V̇
Epeak

. Mean IC, IRV and 

V
T
 values at the symptom-limited peak of incremental cycle 

exercise testing (Table 2) were similar to those observed at 

the end of each 3-MST, particularly at the two highest step-

ping rates of 20 and 24 steps/min. V̇
E
 and IC were higher 

at the end of each 3-MST after treatment with ipratropium 

bromide/salbutamol compared with placebo. The higher V̇
E
 

with bronchodilation was secondary to increased V
T
 expan-

sion with bronchodilation compared with placebo, with little 

to no change in f. IRV values were also significantly higher 

after treatment with ipratropium bromide/salbutamol vs 

placebo at the end of each 3-MST, except for 20 steps/min. 

Ipratropium bromide/salbutamol had no demonstrable effect 

on V̇O
2
, V̇CO

2
, HR and SpO

2
 responses at the end of each 

3-MST.

Discussion
This two-site, randomized, double blind, placebo-controlled, 

crossover study is the first to demonstrate that the 3-MST, 

when performed at stepping rates of 14 and 16 steps/min, 

is responsive to detect the relief of exertional dyspnea 

after acute bronchodilation in patients with moderate-to- 

severe COPD.

Patients in this study had GOLD stage 2–3 COPD and 

extensive physiological impairment during symptom-limited 

incremental cardiopulmonary cycle exercise testing as evi-

denced by dynamic lung hyperinflation (0.70 L IC decrease 

from rest to end exercise), abnormal restrictive constraints on 

V
T
 expansion (peak IRV of 0.48 L), ventilatory inefficiency 

(peak V̇
E
/V̇CO

2
 ratio of 36.8) and “severe” to “very severe” 

dyspnea in the context of a low peak power output (≈56% 

of predicted value). The sample population studied herein 

therefore exhibited classical exercise physiological and 

symptomatic features of COPD.

Some methodological aspects of this study should be 

considered for proper interpretation of the data. First, a 

prerequisite to studying the responsiveness of the 3-MST to 

bronchodilation is that the active medication significantly 

improves static and dynamic pulmonary function. The 

active medication used in the study, ipratropium bromide/

salbutamol, provided considerable bronchodilation at rest and 

lung deflation during exercise (0.25 L increase in FEV
1
 and 

0.19–0.29 L increase in IC during exercise vs placebo) that 

was expected to translate into exertional dyspnea relief.25–27 

This degree of bronchodilation, obtained in patients who were 

weaned from their bronchodilators and after the administra-

tion of two short-acting bronchodilators, is consistent with 

the results of large clinical trials involving patients with 

GOLD stage 2–3 COPD and using similar methodology to 

estimate the response to bronchodilation.28,29 As such, we 

Table 3 Effects of nebulized ipratropium bromide (500 µg)/salbutamol (2.5 mg), and 0.9% saline placebo on spirometry parameters at 
rest (n=40)

Parameter Ipratropium bromide (500 µg)/salbutamol (2.5 mg) Placebo

Pre-dose Post-dose Δ; % P-value Pre-dose Post-dose Δ; % P-value

FEV1 (L) 1.24 (0.41) 1.49 (0.44) 0.25 (0.13); 20.2 ,0.001 1.24 (0.42) 1.24 (0.42) 0.0 (0.11); 0 0.999
FVC (L) 2.98 (0.92) 3.39 (0.96) 0.41 (0.32); 13.8 ,0.001 2.97 (0.90) 2.94 (0.83) -0.03 (0.28); 0 0.585
FEV1/FVC (%) 42.8 (11.0) 45.7 (13.4) 2.84 (7.7); 6.6 0.024 43.4 (14.1) 43.3 (13.5) -0.09 (3.41); 0 0.865

Notes: Values are mean (SD). Δ, post- minus pre-dose changes.
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.

Figure 3 Effect of nebulized fixed-dose combination of ipratropium bromide 
(500 µg)/salbutamol (2.5 mg) (Combivent®) and 0.9% saline placebo on Borg 0–10 
scale intensity ratings of dyspnea at the end of the third minute of exercise.
Note: The number of patients completing all 3 minutes of exercise at 14, 16, 20 and 
24 steps/min under both treatment conditions are indicated in the white boxes.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/get_supplementary_file.php?f=113113.pdf


International Journal of COPD 2016:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2997

Stepping exercise to evaluate dyspnea in COPD

T
ab

le
 4

 E
ffe

ct
 o

f s
in

gl
e-

do
se

 in
ha

la
tio

n 
of

 n
eb

ul
iz

ed
 ip

ra
tr

op
iu

m
 b

ro
m

id
e 

(5
00

 µ
g)

/s
al

bu
ta

m
ol

 (
2.

5 
m

g)
 v

s 
0.

9%
 s

al
in

e 
pl

ac
eb

o 
on

 p
hy

si
ol

og
ic

al
 a

nd
 p

er
ce

pt
ua

l r
es

po
ns

es
 a

t 
th

e 
en

d 
of

 
th

e 
3-

M
ST

, p
er

fo
rm

ed
 a

t 
14

, 1
6,

 2
0 

an
d 

24
 s

te
ps

/m
in

P
ar

am
et

er
14

 s
te

ps
/m

in
 (

n=
37

)
16

 s
te

ps
/m

in
 (

n=
36

)
20

 s
te

ps
/m

in
 (

n=
34

)
24

 s
te

ps
/m

in
 (

n=
27

)

Ip
ra

tr
op

iu
m

 b
ro

m
id

e/
sa

lb
ut

am
ol

P
la

ce
bo

Ip
ra

tr
op

iu
m

 b
ro

m
id

e/
sa

lb
ut

am
ol

P
la

ce
bo

Ip
ra

tr
op

iu
m

 b
ro

m
id

e/
sa

lb
ut

am
ol

P
la

ce
bo

Ip
ra

tr
op

iu
m

 b
ro

m
id

e/
sa

lb
ut

am
ol

P
la

ce
bo

V̇O
2 (

m
L⋅

kg
-1

⋅m
in

-1
)

13
.4

 (
1.

9)
13

.7
 (

2.
2)

14
.2

 (
2.

7)
14

.4
 (

2.
4)

15
.8

 (
3.

2)
15

.6
 (

2.
8)

16
.2

 (
3.

0)
16

.3
 (

2.
9)

V̇O
2 (

%
V̇O

2p
ea

k)
76

 (
17

)
78

 (
20

)
80

 (
18

)
82

 (
20

)
89

 (
19

)
88

 (
19

)
91

 (
17

)
92

 (
19

)
V̇C

O
2 (

m
L⋅

kg
-1

⋅m
in

-1
)

10
.5

 (
1.

4)
10

.4
 (

1.
9)

11
.4

 (
2.

2)
11

.3
 (

2.
1)

13
.3

 (
2.

6)
12

.8
 (

2.
7)

14
.4

 (
3.

0)
14

.2
 (

2.
9)

HR


 (
be

at
s⋅m

in
-1

)
99

 (
17

)
98

 (
17

)
10

3 
(1

7)
10

2 
(1

7)
10

8 
(1

9)
10

6 
(1

8)
10

9 
(1

9)
11

1 
(2

0)
HR


 (

%
 HR


pe

ak
)

83
 (

11
)

82
 (

12
)

85
 (

11
)

85
 (

12
)

89
 (

11
)

88
 (

11
)

91
 (

9)
91

 (
12

)
A

rt
er

ia
l S

pO
2 (

%
)

91
 (

4)
92

 (
4)

92
 (

4)
91

 (
4)

90
 (

4)
92

 (
3)

91
 (

4)
91

 (
3)

V̇ E/V̇
C

O
2

39
.8

 (
6.

3)
38

.6
 (

5.
2)

39
.4

 (
5.

7)
38

.3
 (

4.
9)

39
.3

 (
5.

6)
37

.8
 (

5.
4)

38
.8

 (
5.

8)
37

.7
 (

6.
1)

V̇ E (
L⋅

m
in

-1
)

32
.2

 (
7.

6)
30

.8
 (

6.
7)

*
34

.4
 (

8.
2)

32
.5

 (
7.

5)
**

40
.5

 (
9.

2)
36

.7
 (

8.
5)

**
*

43
.4

 (
11

.4
)

42
.1

 (
10

.5
)*

*
V̇ E (

%
V̇ Ep

ea
k)

69
 (

19
)

66
 (

20
)*

73
 (

20
)

71
 (

20
)

85
 (

21
)

78
 (

18
)*

**
91

 (
20

)
87

 (
19

)*
*

V T
 (

L)
1.

27
 (

0.
30

)
1.

18
 (

0.
27

)*
**

1.
30

 (
0.

29
)

1.
18

 (
0.

26
)*

*
1.

40
 (

0.
29

)
1.

28
 (

0.
27

)*
**

1.
39

 (
0.

30
)

1.
30

 (
0.

28
)*

**
f (

br
ea

th
s⋅m

in
-1

)
26

.0
 (

6.
1)

26
.9

 (
5.

5)
27

.2
 (

5.
6)

28
.4

 (
5.

9)
*

29
.5

 (
6.

4)
29

.4
 (

6.
4)

31
.8

 (
7.

0)
33

.0
 (

6.
3)

IC
 (

L)
2.

03
 (

0.
50

)
1.

76
 (

0.
51

)*
**

1.
96

 (
0.

51
)

1.
74

 (
0.

49
)*

**
1.

91
 (

0.
49

)
1.

72
 (

0.
46

)*
**

1.
93

 (
44

)
1.

64
 (

0.
47

)*
**

∆ 
IC

 (
L)

-0
.5

1 
(0

.3
9)

-0
.5

4 
(0

.3
9)

-0
.5

4 
(0

.4
1)

-0
.5

6 
(0

.3
9)

-0
.6

3 
(0

.4
1)

-0
.5

2 
(0

.4
4)

-0
.6

5 
(0

.5
5)

-0
.6

0 
(0

.5
6)

IR
V

 (
L)

0.
79

 (
0.

42
)

0.
58

 (
0.

42
)*

**
0.

69
 (

0.
41

)
0.

55
 (

0.
38

)*
0.

53
 (

0.
38

)
0.

46
 (

0.
36

)
0.

57
 (

0.
30

)
0.

42
 (

0.
30

)*
*

D
ys

pn
ea

(B
or

g 
0–

10
 s

ca
le

 u
ni

ts
)

2.
3 

(1
.6

)
2.

9 
(1

.9
)*

*
2.

7 
(1

.8
)

3.
4 

(2
.1

)*
*

3.
8 

(2
.2

)
4.

1 
(2

.5
)

4.
4 

(2
.4

)
5.

0 
(2

.9
)

D
ys

pn
ea

: V̇
E r

at
io

 
(B

or
g 

0–
10

 s
ca

le
 u

ni
ts

/L
 

pe
r 

m
in

ut
e)

0.
07

 (
0.

05
)

0.
10

 (
0.

07
)*

**
0.

08
 (

0.
06

)
0.

11
 (

0.
07

)*
**

0.
10

 (
0.

07
)

0.
12

 (
0.

08
)*

0.
11

 (
0.

08
)

0.
13

 (
0.

09
)*

*

D
ys

pn
ea

: I
R

V
 r

at
io

  
(B

or
g 

0–
10

 s
ca

le
 u

ni
ts

/L
)

5.
1 

(8
.1

)
15

.8
 (

58
.8

)*
6.

6 
(1

1.
1)

9.
2 

(2
3.

8)
*

16
.4

 (
28

.6
)

13
.0

 (
18

.1
)

11
.0

 (
11

.8
)

10
.7

 (
19

.2
)

Le
g 

di
sc

om
fo

rt
  

(B
or

g 
0–

10
 s

ca
le

 u
ni

ts
)

2.
5 

(1
.7

)
2.

8 
(2

.1
)

2.
7 

(2
.0

)
3.

2 
(3

.9
)*

3.
9 

(2
.5

)
4.

2 
(2

.5
)

4.
8 

(2
.9

)
4.

9 
(3

.0
)

N
ot

es
: V

al
ue

s 
ar

e 
m

ea
n 

(S
D

). 
A

 n
eg

at
iv

e 
ch

an
ge

 in
di

ca
te

s 
a 

lo
w

er
 IC

 a
t 

th
e 

en
d 

of
 e

xe
rc

is
e 

co
m

pa
re

d 
w

ith
 r

es
t, 

ie
, t

he
 o

cc
ur

re
nc

e 
of

 d
yn

am
ic

 h
yp

er
in

fla
tio

n.
 ∆

 IC
, t

he
 c

ha
ng

e 
in

 IC
 d

ur
in

g 
ex

er
ci

se
 w

as
 c

al
cu

la
te

d 
fr

om
 t

he
 IC

 v
al

ue
 a

t 

th
e 

en
d 

of
 t

he
 3

-M
ST

 m
in

us
 t

he
 r

es
tin

g 
IC

 v
al

ue
; f

, b
re

at
hi

ng
 fr

eq
ue

nc
y;

 HR


pe
ak
, HR


 a

t 
th

e 
sy

m
pt

om
-li

m
ite

d 
pe

ak
 o

f i
nc

re
m

en
ta

l c
yc

le
 e

xe
rc

is
e 

te
st

in
g;

 S
pO

2, 
ox

yg
en

 p
ul

se
 s

at
ur

at
io

n;
 V̇

C
O

2, 
C

O
2 p

ro
du

ct
io

n;
 V̇

E, 
m

in
ut

e 
ve

nt
ila

tio
n;

 V̇
Ep

ea
k, 

V̇ E a
t 

th
e 

sy
m

pt
om

-li
m

ite
d 

pe
ak

 o
f i

nc
re

m
en

ta
l c

yc
le

 e
xe

rc
is

e 
te

st
in

g;
 V̇

E/V̇
C

O
2, 

ve
nt

ila
to

ry
 e

qu
iv

al
en

t 
fo

r 
C

O
2; 

V̇O
2, 

O
2 u

pt
ak

e;
 V̇

O
2p

ea
k, 

V̇O
2 a

t 
th

e 
sy

m
pt

om
-li

m
ite

d 
pe

ak
 o

f i
nc

re
m

en
ta

l c
yc

le
 e

xe
rc

is
e 

te
st

in
g;

 V
T
, t

id
al

 v
ol

um
e.

 *
P

0.
05

, 
**

P
0.

01
, *

**
P

0.
00

1.
 S

ig
ni

fic
an

t 
di

ffe
re

nc
es

 b
et

w
ee

n 
ip

ra
tr

op
iu

m
 b

ro
m

id
e/

sa
lb

ut
am

ol
 a

nd
 p

la
ce

bo
 r

es
pe

ct
iv

el
y.

A
bb

re
vi

at
io

ns
: HR


, h

ea
rt

 r
at

e;
 IC

, i
ns

pi
ra

to
ry

 c
ap

ac
ity

; I
R

V
, i

ns
pi

ra
to

ry
 r

es
er

ve
 v

ol
um

e;
 3

-M
ST

, 3
-m

in
ut

e 
co

ns
ta

nt
 r

at
e 

st
ep

 t
es

t.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2016:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2998

Borel et al

propose that the current study population should be reflective 

of a broad COPD population. Considering the relatively 

short bronchodilation time course of the bronchodilators 

used in the current study, it is possible that the last 3-MST 

of each study visit was performed in a time window during 

which the bronchodilation effect was diminishing. This may 

have contributed to some variability in the results, although 

randomization of the stepping rate order should have helped 

minimizing this effect.

The stepping rates were selected based on the results of 

Perrault et al11,15 who reported on the development and test–

retest reproducibility of the 3-MST performed at stepping 

rates of 18, 22, 26 and 32 steps/min in patients with GOLD 

stage 2–4 COPD. In Perrault et al’s study, ,70% of the 

patients were able to complete all 3 minutes of exercise at 

both 26 and 32 steps/min, indicating that these stepping rates 

are likely too intense for routine clinical use in COPD.11 Thus, 

lower stepping rates were used in the current study and we 

observed, as a result, consistently higher completion rates: 

93%, 90%, 85% and 68% for 14, 16, 20 and 24 steps/min, 

respectively. The choice of Borg 0–10 scale to assess dyspnea 

was based on its wide use in COPD research and for con-

sistency purpose with our research program on the use of 

the 3-minute walking and stepping tests.11,15 One interesting 

feature of the Borg scale is that we have a sense of how to 

interpret the magnitude of changes seen with treatment, a 

1-point decrease in Borg dyspnea score being considered 

clinically relevant.24 We did not consider the presence of 

chronic dyspnea during daily activities or the achievement 

of a certain threshold of Borg dyspnea score during the 

3-MST as inclusion criteria for this study. In future inves-

tigations, it would seem relevant to determine whether the 

responsiveness of the 3-MST could differ according to the 

presence/absence of chronic dyspnea during daily activities 

or during exertion.

Statistically significant relief of patient-perceived dyspnea 

was observed at the end of the 3-MST performed at the two 

lowest stepping rates of 14 and 16 steps/min after treatment 

with ipratropium bromide/salbutamol vs placebo. The magni-

tude of dyspnea relief following bronchodilation at these step 

rates was, on average, 0.6–0.7 Borg scale units. Moreover, 

although the range of symptom relief was variable, dyspnea 

intensity ratings were reduced by $1 Borg scale unit (the 

minimal clinically important difference for this variable24) 

in 45% of our patients during stepping at 14 steps/min (by 

1.3±0.8 Borg scale units) and 16 steps/min (by 1.6±1.0 

Borg scale units) after treatment with ipratropium bromide/

salbutamol vs placebo (Figures 3 and S1). As reviewed 

in detail elsewhere,30 exertional dyspnea relief following 

bronchodilation in the current study likely reflected the 

established benefits of reduced dynamic operating lung 

volumes (ie, increased IC and IRV, respectively, reflecting 

reduced end-expiratory and end-inspiratory lung volumes) 

and increased V
T
 expansion on neuromechanical coupling of 

the respiratory system in COPD.26,31,32

In contrast to the abovementioned details, single-dose 

inhalation of ipratropium bromide/salbutamol had no sig-

nificant effect on ratings of perceived dyspnea during exer-

cise at 20 and 24 steps/min. The inability of the two higher 

stepping rates to demonstrate reductions in dyspnea could 

be related to the higher exercise intensity and ventilatory 

requirements at which these tests were conducted. Emerging 

evidence suggests that patients with COPD and interstitial 

pulmonary disease31,33 experience intolerable dyspnea once 

their dynamic IRV decreases to a critical minimal value 

of ~0.60  L below the total lung capacity during exercise 

(recently termed the “O’Donnell threshold”34). Consider-

ing the relatively high levels of V̇
E
 reached while stepping 

at 20 and 24 steps/min (ie, 85%–91%V̇
Epeak

), patients were 

most likely breathing on the uppermost (alinear) extreme 

of the respiratory system’s sigmoid pressure–volume rela-

tionship, where modest increases in dynamic IRV to levels 

that remained below the O’Donnell threshold of ~0.60 L 

after treatment with ipratropium bromide/salbutamol (from 

0.46 to 0.53 L at 20 steps/min and from 0.42 to 0.57 L at 

24 steps/min) would not be expected to translate into exer-

tional dyspnea relief despite significant increases in IC and V
T
 

expansion. The corollary of this is that the relief of dyspnea 

during exercise at 14 and 16 steps/min after bronchodilation 

was associated with physiologically important increases in 

dynamic IRV from below to above the O’Donnell threshold, 

ie, from 0.58 to 0.79 L at 14 steps/min and from 0.55 to 0.69 L 

at 16 steps/min. Apart from this physiological explanation, 

loss in statistical power due to a lower number of patients 

completing the 24 steps/min rate could have contributed to 

the loss of statistical significance in the reduction of dyspnea 

at this stepping rate.

The smaller number of patients who were able to 

complete the two highest stepping rates raises the issue of 

how to select the optimal stepping rate for use in COPD. 

For example, we could be targeting a standard stepping 

rate across patients, relative to the severity of the disease. 

In this context, the 3-MST performed at 14 or 16 steps/

min would seem appropriate choices in most patients with 

GOLD stage 2–3 disease, where these stepping rates induce 

levels of dyspnea that are sufficiently intense to be amenable 
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to therapy. Alternatively, one might want to target a standard 

“stimulus” by tailoring the stepping rates to the individual 

patient’s characteristics (age, sex, body mass index, % 

predicted FEV
1
, etc.) so as to elicit a standardized level of 

exertional dyspnea across patients with a wide range of dis-

ease severity. Further investigation is necessary to compare 

these two possible approaches.

Conclusion
This randomized, controlled, and multi-center study demon-

strated that the 3-MST, when performed at stepping rates of 

14 and 16 steps/min, was able to detect statistically significant 

and potentially clinically meaningful relief of exertional dys-

pnea after acute bronchodilation in patients with moderate-

to-severe COPD. Further considerations are required to 

extend the use of the 3-MST to a broader patient population, 

including patients with mild COPD. Finally, the results of 

the current study provide a scientific rationale for the use of 

the 3-MST protocol to detect the relief of physical activity-

related dyspnea in the context of clinical (therapeutic) trials 

in COPD and, perhaps, also in other chronic pulmonary 

disorders such as interstitial pulmonary fibrosis.
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