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Exercise intolerance is a key element in the pathophysiology and course of Chronic Obstructive Pulmonary Disease (COPD).
As such, evaluating exercise tolerance has become an important part of the management of COPD. A wide variety of exercisetesting protocols is currently available, each protocol having its own strengths and weaknesses relative to their discriminative,
methodological, and evaluative characteristics. This paper aims to review the responsiveness of several exercise-testing protocols
used to evaluate the efficacy of pharmacological and nonpharmacological interventions to improve exercise tolerance in COPD.
This will be done taking into account the minimally important difference, an important concept in the interpretation of the findings
about responsiveness of exercise testing protocols. Among the currently available exercise-testing protocols (incremental, constant
work rate, or self-paced), constant work rate exercise tests (cycle endurance test and endurance shuttle walking test) emerge as the
most responsive ones for detecting and quantifying changes in exercise capacity after an intervention in COPD.

1. Introduction
Chronic airflow limitation is the defining physiological feature of Chronic Obstructive Pulmonary Disease (COPD)
whose main symptom is dyspnea. Exercise intolerance is
another major consequence of COPD, leading to a sedentary
life style and poor quality of life [1, 2]. In fact, exercise
intolerance is central to the progression of the downward
spiral of COPD [3]. Considering the key role of exercise
intolerance in the pathophysiology and course of COPD, the
evaluation of exercise tolerance should now be included in
the assessment of this disease [4], especially for the evaluation of the response to pharmacological and nonpharmacological interventions [5–7]. Also, the heterogeneity in the
mechanisms of exercise intolerance in COPD highlights the
importance of comprehensive exercise testing, assessing all
systems potentially involved [8].
Exercise testing is currently included in the follow-up
of chronic diseases like COPD. Exercise testing can be
used to document the severity of pulmonary disease, the
functional impact of altered respiratory function and to better

understand the physiopathological mechanisms involved in
exercise intolerance; this refers to the discriminative characteristic of the test. Exercise testing can also be used to quantify
the impact of an intervention to improve exercise tolerance
[9, 10] or dyspnea [11, 12] and in the preoperative and pre
rehabilitation assessments of patients, corresponding to the
evaluative characteristic of the test. A third characteristic
corresponds to the reproducibility of the test. Each exercise
testing presents different levels of responsiveness, according
to their methodology advantages and disadvantages relative
to these characteristics. The main focus of the present paper
is to review the responsiveness of various exercise testing protocols that are used to assess the effects of pharmacological
(bronchodilation) and nonpharmacological (exercise training, surgery) interventions on exercise capacity in COPD.
We will first discuss the concept of the minimal important difference (MID) since its understanding is crucial to
place the magnitude of improvement in exercise tolerance
following a given intervention into perspective. Then, the
specifics of each testing protocol will be presented including the advantages and disadvantages of each individual
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protocol regarding their properties. This will be followed
by a nonsystematic review of the published results related
to the testing protocol under consideration. Finally, the
main physiological mechanisms explaining the differences in
responsiveness across the exercise protocols will be briefly
explained. The exercise protocols will be classified into three
categories depending on the workload characteristic (incremental or constant) of the exercise protocols and the selfpaced methodology.

2. The Concept of the Minimal
Important Difference
It is now appreciated that statistical and clinical significances
are not synonymous and that the interpretation of clinical
trials should be done from a broader perspective taking
into account both aspects (statistical and clinical) of the
treatment effect. The minimal important difference (MID)
is a concept defined as “the smallest difference in score of
a domain of interest that patients perceive as beneficial and
which would mandate, in the absence of troublesome side
effects and excessive cost, a change in the patient’s management” [13]. Conceptually, the MID provides guidance
to help determining whether a given change in a clinical
outcome is associated with meaningful improvement for the
patient. What is considered meaningful is typically assessed
using questionnaires or perception scales (e.g., the 7-point
Likert scale).
Three different methods can be used for the determination of MID values [14]: (i) the distribution (statistical)
approach which is an estimate based on the distribution
around the mean of the scores of the measure of interest in
an untreated population (usually half the standard deviation
of the changes in the variable of interest [15]); (ii) the anchor
(external measure) approach which is an estimate based
on the comparison of scores of the measure of interest to
other outcome measures (the anchors) for which a MID has
been previously determined; and (iii) the opinion approach
which gathers opinions of experts, patients, and health-care
practitioners about what should be considered as a meaningful change.
Each method could lead to various values and there is
no single best methodology for the determination of a valid
MID estimate. Therefore, it is recommended to combine
them since one can gain confidence in the MID estimation
if different methodologies provide similar estimates. Strictly
speaking, the current methodologies available to assess the
MID provide an estimation of the perception threshold and
under most circumstances, it remains to be determined
if this perception threshold is important for the patients.
One important limitation of the MID concept is that MID
values are not relevant for the interpretation of individual
results. In fact, MID values are often considered as a “cutoff ” threshold for a dichotomous categorization of individual
results (“responder” or “non-responder” individuals) after an
intervention. However, a misinterpretation could appear by
considering any individual showing an improvement after
intervention greater than MID as a “responder”, whereas
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the natural individual variability could already exceed the
MID value in the absence of an intervention [16]. This
phenomenon highlights the limitation of applying MID
values obtained by group data to the interpretation of individual results [16, 17] and therefore requires other tools for
the interpretation of individual responses to intervention.
Significant effort have been put forward to clarify what
should be considered as a meaningful difference in power,
duration and distance achieved with therapy during several
exercise testing procedures over the past 15 years. Collectively,
this work is of great assistance in the interpretation of the
changes in exercise tolerance seen with interventions. The
respective MID values for each different exercise testing
protocol presented in this paper are provided in Table 1.

3. Incremental Exercise Tests
Based on the progressive increase of the exercise intensity in
a short time duration, incremental exercise testing protocols
(also called CardioPulmonary Exercise Testing when coupled
with physiological measurements; CPET) are currently considered as the “Gold Standard” method for the evaluation
of the degree of exercise limitation and to investigate the
mechanisms of exercise limitation. These protocols can be
performed on a cycle or a treadmill. They are often used to
quantify the changes in exercise tolerance after an intervention [4]. Incremental exercise tests are relatively accessible
for the evaluation of COPD patients but, when coupled to
physiological measurements, they require expensive equipment, which needs regular maintenance and calibration and
qualified staff to overview the tests [9].
3.1. Incremental Maximal Cycling Exercise Test. Incremental
maximal cycling exercise is modestly responsive to rehabilitation, reflecting that the major benefit of exercise training is
not to improve peak exercise capacity [18]. Lacasse et al. [19]
reported a mean pooled effect of 8.4 Watts (95% CI: 3.4 to
13.4) in peak exercise work rate across 18 studies of pulmonary
rehabilitation, an improvement that is in the range of the MID
for this parameter. Reviewing the impact of exercise training
on peak exercise capacity, Butcher and Jones [20] reported a
7% to 35% improvement of baseline peak exercise capacity.
More recently, in a systematic review designed to compare
interval and continuous training, Beauchamp et al. [21]
showed an increase in peak exercise capacity of 11 Watts (95%
CI: 9 to 13) and 10 (95% CI: 8 to 11) for interval and continuous
training respectively. Although the available data suggest that
CPET is responsive to demonstrate improvements following
pulmonary rehabilitation, this exercise protocol is not the
most sensitive tool to evaluate the impact of exercise training
(see below).
Bronchodilation, a first-line therapeutic option for the
management of the COPD, may improve exercise capacity
by reducing expiratory flow limitation and air trapping [22].
The effect of short-acting bronchodilators on peak exercise
capacity was evaluated in several studies [23–27]. In some of
these studies, the improvement in peak exercise work rate was
statistically significant but of uncertain clinical significance
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With ISWT: Incremental Shuttle Walking Test, CET; Cycle Endurance Test, ESWT: Endurance shuttle Walking Test, 6MWT: 6-minute walking test, 6MST: 6-mminute stepper test; +, ++ and +++: positive result,
±: controversial result, ?: no data in the literature; W: watts, m: meters and s: seconds.

MID values

Reproducibility
Discriminative properties
Responsiveness

Characteristics

Table 1: Characteristics of exercise testing protocols in COPD.
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as the average improvement ranged from 3 to 7 watts [23,
26, 27] while in others, no significant effect of short-acting
bronchodilators on peak exercise capacity were demonstrated
[6, 25]. The impact of long-acting beta-2-agonist on peak
exercise capacity is in the same order of magnitude [24, 25].
To summarize, incremental exercise testing protocols
show a consistent responsiveness to interventions such
as rehabilitation or bronchodilation but the magnitude of
improvement is small. The modest responsiveness of the
incremental exercise testing protocol can be easily understood when considering that peak exercise performance
does not dramatically change with interventions, even in
the healthy population, and that the spectrum of changes
is much greater for endurance exercise capacities than for
peak exercise capacities [18]. Furthermore, the absence of a
well defined MID value could be a negative point for the
responsive characteristic of this type of protocol. Despite this
limitation for the assessment of response to therapy, incremental exercise testing is clinically useful in the exploration of
the mechanisms of exercise limitation and as discriminative
tools in the assessment of patients with COPD.
3.2. Incremental Maximal Exercise Test on Treadmill. Incremental maximal exercise tests can also be performed on
treadmill. The rationale for doing so is to better mimic daily
activities of COPD patients, even if the pattern of walking
is different on treadmill than in daily conditions [28]. Only
few studies used this methodology to assess patients with
COPD [29, 30], and to the best of our knowledge, none used
incremental treadmill exercise for assessing the impact of an
intervention (pulmonary rehabilitation or bronchodilation).
3.3. Incremental Shuttle Walking Test. The ISWT is responsive to exercise training. Griffiths et al. [31] reported an
increase in ISWT walking distance, ranging from 140 metres
to 211 metres following a 6-week rehabilitation program for
the rehabilitation group, a value that is clearly above the MID
for this variable. Singh et al. [32] also reported significant
improvement in the distance walked during the ISWT but to
a lesser extent (+58 metres after a 7-week training program).
However, the responsiveness of the ISWT to pulmonary rehabilitation is not universal. One randomized controlled trial
aiming to determine the effect of creatine supplementation as
an adjunct therapy to exercise training on functional exercise
capacity in patients with COPD reported only a modest
improvement in ISWT distance of 36.8 metres (95% CI: 17.6
to 56.1) for “Creatine and exercise training” group and of 24.3
metres (95% CI: 7.7 to 40.9) for “exercise training alone” group
[33]. This improvement of ISWT distance is consistent in
magnitude with the findings of Revill et al. [34], who reported
a 37-metre improvement in the distance walked during the
ISWT after a 7-week pulmonary rehabilitation.
The incremental shuttle walking test has been also used to
evaluate the effects of bronchodilation on exercise capacity in
COPD. In general, bronchodilation alone has only a modest
impact on ISWT performance, with studies reporting smaller
gains in walking distance than the proposed MID value for
this exercise testing protocol. Twelve weeks of treatment
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with formoterol (a long-acting 𝛽2 -agonist) or ipratropium (a
short-acting anticholinergic), compared to placebo, did not
improve ISWT walking distance in patients with moderate
to severe COPD [35, 36]. Other bronchodilation studies
reported statistically significant results but the clinical significance of the findings are questionable. For example, a single
dose of procaterol (a short-acting 𝛽2 -agonist) was associated
with a modest 37-meter improvement in ISWT walking
distance [37]. The administration of salmeterol (a long-acting
𝛽2 -agonist) during 52 weeks improved the ISWT walking
distance by 30 metres (95% CI: 0 to 60) compared to placebo
[38]. The use of once-daily inhaled tiotropium (a longacting anticholinergic) in a 12-weeks multicentre randomized
trial also induced a statistically significant increase of ISWT
distance by 33 ± 12 metres (10.8%) on day 42 and by 36 ± 14
metres (11.8%) on day 84 compared with placebo [39].
To summarize, incremental walking shuttle test only
presents a modest responsiveness to interventions, with the
exception of exercise training for which some studies are
positive [31, 32]. The improvement in ISWT walking distance
reported in bronchodilation studies is usually within the MID
value for this variable.
Based on the findings that we have reviewed, incremental
exercise protocols (incremental cycle or treadmill exercise
tests and ISWT) are not the ideal methodology to assess
response to interventions because of questionable responsiveness. These tests are more appropriate in the evaluation of
peak exercise capacity and/or the prescription of training programs. Incremental cycling exercise tests, when performed
with cardiopulmonary monitoring, can also be used to investigate the physiological response to exercise. Although similar
measurements could also be obtained during the ISWT with
portable exercise system, this may be more challenging in
walking subjects (see Table 1).

4. Constant Work Rate Exercise Protocols
The use of constant work rate exercise tests to quantify
the effects of an intervention is increasingly popular due
to several advantages of this methodology. Constant work
rate endurance protocols are based on externally imposed
and constant cycling or walking cadence that the patient
has to maintain until exhaustion. The primary endpoint of
these protocols is thus the endurance time (or the distance
which is a product of the speed and time). These tests are
usually performed at a high fraction of peak exercise capacity
typically representing 75–85% of peak cycling work rate or
80% of the estimated peak VO2 during the incremental
shuttle walking test. An implication (and a disadvantage
of this) is that the constant work rate protocols have to
be performed with the knowledge of the peak cycling or
walking capacity. These tests address the fact that increasing
endurance capacity is a more natural outcome of exercise
training than increasing walking speed during self-paced
walks.
4.1. Cycling Endurance Test (CET). The CET is generally
considered to be more responsive for detecting acute and
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long-term improvement in functional capacity after pulmonary rehabilitation than the 6MWT [45–47]. Cambach
et al. [45] investigated the effects of exercise training on
exercise capacity in a cross-over study design. They reported
an overall increase in cycling endurance time of ∼7 min with
exercise training in comparison to the control intervention.
Porszasz et al. [48] reported a ∼176% increase (from 6.6 min
before training to 18.2 min after training) in endurance
time in CET after endurance training. Laviolette et al. [10]
reported, just after a 6–12 week rehabilitation program, a
mean increase of 198 seconds of the endurance time measured
during a CET performed at 80% peak work capacity. The
improvement in constant work rate endurance time with pulmonary rehabilitation was maintained one year after the rehabilitation program, albeit to a smaller magnitude (137 seconds
for endurance time in comparison with baseline values).
Cycle endurance tests have also been widely used for
the evaluation of bronchodilation on exercise tolerance in
COPD [22, 23, 49–57]. On average, the improvements seen
with pharmacotherapy are smaller than with pulmonary
rehabilitation. In most short-acting bronchodilation studies,
the improvement in endurance time during CET is within
the proposed MID for this parameter [23, 54, 58] although
one study is positive both from a clinical and statistical
point of view [59]. The impact of long-acting bronchodilator
on endurance time during CET appears to be superior to
that of short-acting bronchodilators with several investigators
reporting improvements in endurance time following longacting bronchodilation ranging from 90 to 236 seconds [22,
49–52]. This may have to do with the increased efficacy of
long-acting bronchodilators but also with the longer duration
of the treatment period. Some investigators did not succeed in
showing benefits of long-acting bronchodilators on exercise
tolerance during CET. These studies were generally relatively
small and may have lacked statistical power [55, 56].
In summary, cycle endurance tests are considered as a
responsive tool for evaluating the effectiveness of a pharmacological or nonpharmacological intervention in COPD
population. Based on these findings, the CET exercise protocol should be viewed as more responsive than incremental
cycle exercise test or the 6 min walking distance tests in the
evaluation of response to therapy in COPD.
One limitation of the CET is that the physiological
significance of a given improvement in endurance time after
an intervention may be difficult to interpret. This has to do
with the power/duration relationship properties that dictate
that the endurance time varies exponentially with variations
in the workload (or power) that is used during the test
[60] and therefore explain the disparity among studies that
used singles bouts of endurance test for the evaluation of
the effectiveness of an intervention [61]. For example, let
us consider the Figure 1 the power/duration relationship
before (black circles) and after an intervention (white circles).
Assuming that this intervention leads to an increase in critical
power corresponding to an upward shift of this parameter
(the power or workload for which exercise can be tolerate
for very long period of time), the implication is a rightward
shift of power/duration relationship, toward higher exercise
durations for a given power [61].

5

B
CP post
CP pre
Duration

Adapted from whipp et ward (2009).

A: increase of 100 s
B: increase of 200 s

Figure 1: The impact of the power/duration relationship on the
exercise endurance response following an intervention. With CP:
critical power pre- or postintervention, considered as the asymptote
of the power/duration relationship.

From this figure, it can be appreciated that the choice
of the power (relative to critical power) at which the test is
performed at baseline (CP pre) influences the magnitude of
improvement in endurance time seen after the intervention
(CP post), and this, for the same degree of physiological
improvement [61]. For example, in situation A, performed at a
high power output relative to CP pre, the intervention induces
an increase of 100 seconds of the CET endurance time. If we
consider situation B for which the preintervention endurance
time is larger (due to a smaller power output relative to CP
pre), the gain in endurance time is now 2-fold higher than
with situation A, and this for the same degree of physiological
improvement. Therefore, the magnitude of improvement in
CET endurance time is dependent on the baseline pretreatment value (i.e., the longer the pretreatment endurance time,
the larger the postintervention improvement). Thus, any
increase in endurance time to constant load exercise must be
interpreted with caution regarding the physiological benefits
that have accrued from the intervention, unless the preand postintervention power/duration characteristics are also
reported [60]. Despite the importance of the power/duration
relationship characteristics and its impact on the magnitude
of improvement after an intervention, there is no consensus
on the intensity to use for the realization of CET. Further
investigations are required for the determination of the
optimal intensity and therefore offering a standardization
which is required for studies comparisons.
4.2. Endurance Shuttle Walking Test (ESWT). The endurance
shuttle walk test was developed by Revill et al. and these
authors firstly reported the responsiveness of the ESWT
to pulmonary rehabilitation [34]. In this study, pulmonary
rehabilitation induced a significant improvement amounting
to 160% of the ESWT duration after a 7-week pulmonary
rehabilitation program (corresponding to an increase of 334
metres). The corresponding improvement in ISWT distance
was 32%. Eaton et al. [62] reported a 302-metre increase in
ESWT distance after a similar intervention (corresponding
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4.3. Constant Workrate Treadmill Exercise Test. Constant
workrate treadmill exercise test addresses the challenge of the
requirement of a corridor to perform the ESWT. This form of
exercise has been used in a clinical trial of pharmacotherapy
in COPD [66]. The results from this study have been
presented in the form of an abstract and full results are in
preparation for publication.
4.4. 3 Minute Constant Workrate Walking and Stepping Test.
A 3 min constant rate shuttle and 3 min constant rate stepping
test have recently been developed. These two protocols have
been specifically designed to evaluate the effects of therapies
on exertional dyspnea, the most prominent symptom in
patients with COPD [12, 67]. These tests have the advantage
of not requiring an incremental exercise test before their
performance since the walking or stepping cadence used
during the test is not dependant on peak exercise performance [12, 67]. Their short duration and little requirement for
equipment make them suitable for the use in the primary care
setting. However, in the study of Perrault et al. [12], multiple
bouts of exercise have been performed, limiting the use of
such methodology in the primary care setting. Therefore,
further studies are required in the future for developing an
algorithm which can allow to determine the optimal walking
or stepping rate required for inducing a sufficient breathing
stimulus and thus reducing the number of exercise bouts.
The responsiveness of the 3 min constant rate shuttle walking
test to demonstrate reduction in dyspnea following acute
bronchodilation has recently been demonstrated is a small
clinical trial [67]. Similar results for the 3 min constant rate
stepping protocol await confirmation. A MID for these two
3 min exercise protocols has not been determined.
The results concerning the responsiveness of the various exercise protocols to interventions are summarized in
Figure 2.
In summary, constant work rate exercise protocols appear
to be highly responsive to pulmonary rehabilitation and
bronchodilation. The magnitude of improvements seen with
these protocols after the intervention is well above the MID

150
Improvement after
intervention (baseline %)

to a 92% increase) compared to a 17% improvement (47 m) in
the 6MWD. These results highlight the fact that the ESWT
may be more responsive to pulmonary rehabilitation than
incremental protocols or the 6MWT [62], explaining the
growing popularity of the ESWT, and more generally of any
constant work rate exercise protocols.
Our group confirmed the responsiveness of the ESWT
to detect improvement in walking endurance with various
therapies [63, 64]. For example, a 117-second (or 160 metres)
increase in endurance time was reported with a single
inhalation of salmeterol compared to placebo [63] and a 132second increase in endurance time was seen after 3 weeks
of tiotropium [64]. Thus, similarly to what was reported in
pulmonary rehabilitation studies, the ESWT appears to be
more responsive than the 6MWT for detecting improvement
of exercise tolerance after bronchodilation. This form of
exercise is also more relevant to daily activities than cycling
exercises [65].

Pulmonary Medicine

100

50

0
CPET

ISWT

CET

ESWT

6MWT

Rehabilitation
Bronchodilation

Figure 2: The impact of interventions on the exercise performance
following testing methodologies in COPD population. With CPET:
CardioPulmonary Exercise Test, ISWT: Incremental Shuttle Walking Test, CET: Cycle Endurance Test, ESWT: Endurance Shuttle
Walking Test and 6MWT: 6 minute Walking Test. The percentages
of improvement have been calculated, for each exercise protocol, by
using the references quoted in the manuscript. All the others tests
present in Table 1 (incremental treadmill exercise, constant work
rate treadmill test, 3 min walk and step tests, and 6 minute stepper
test) are not shown as there is nonexistent or insufficient data in the
literature.

values, meaning that the observed improvement should be
perceived as beneficial by most of the patients. Therefore, this
type of testing protocol appears to be an excellent evaluating
tool.

5. Self-Paced Exercise Tests
Due to the constraints relative to incremental exercise testing
protocols and for being more representative of the daily
activities performed by COPD patients, field tests have been
developed in order to propose more simple tools for the
evaluation of exercise capacity. The self-paced walking test,
particularly the six-minute walking test, is the most popular
field test when it comes to the evaluation of patients with
COPD.
5.1. Self-Paced Walking Tests. Because of its widespread and
ease of application, several pulmonary rehabilitation studies
used the 6MWT distance as the main outcome. In a metaanalysis including 11 trials, Lacasse et al. [68] reported a mean
treatment effect of 55.7 metres (95% CI: 27.8 to 92.8 metres)
between treatment and control groups. In the 2006 updated
version of this meta-analysis that involved 16 trials, the common effect for the six-minute walk was 48 metres, with 95%
CI: 32 to 65 metres [19]. Similar values have been reported
in one study aiming to compare interval and continuous
exercise training, with an improvement of 48 metres (95%
CI: 29 to 68 metres) after interval training and of 42 metres
(95% CI: 25 to 59 metres) after continuous training [21].
Despite its popularity, one study reported that the 6MWT is
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not the most responsive exercise tool to assess the effects of
pulmonary rehabilitation in COPD [10]. This study highlights
the fact that 6–12 weeks of pulmonary rehabilitation induce
an improvement of the walk distance of 25 ± 52 metres
(which is under the MID value). Moreover, the authors report
that, among the population under consideration, only 27% of
the patients reported an improvement higher than the MID
value [10]. In summary, although the 6MWT is responsive to
exercise training, it may not be the most responsive test to
quantify the exercise-enhancing effects of this intervention.
There is lack of consensus about whether the MID for the
6MWT (and, as a matter of fact, for other exercise protocols)
should be expressed in absolute or relative terms. In two
studies, the MID value was reported as a percentage of baseline walk distance, ranging from 10% to 14% of the baseline
6 min walk distance [44, 69]. In the field of COPD however,
most investigators prefer to report the MID in absolute values
assuming that there is a fixed MID value across the range of
baseline exercise performance. This practice is also justified
based on the fact that an absolute value may be a more
sensitive indicator than a relative value [69] and that MID
expressed in % baseline value does not necessarily provide a
better estimate than the absolute value [7].
The 6MWT has been used to evaluate the effects of
bronchodilation in COPD. The overall conclusion is that
the 6MWT has a low responsiveness in this setting since
most of the studies reported improvement in 6MWD that
are well below the MID value for this intervention, ranging
from 20 to 42 m with short-acting 𝛽2 -agonist [6, 70, 71],
from 6 to 39 metres with short-acting anticholinergics [6,
23], from 21 to 54 metres with long-acting 𝛽2 -agonist [72–
74] and around 10 m with long-acting anticholinergics [75].
The lack of responsiveness of the 6MWT could be due
to the presence of a ceiling effect with this test. Although
this hypothesis is appealing, it was not supported by the
findings of Pepin et al. [76] showing that patients with a high
baseline walking distance did not show lesser gains in 6MWD
than patients with lower performances. Another hypothesis
concerns the intrinsic design and characteristic of the 6MWT,
which has a fixed duration and a self-imposed pace. Under
this situation, the only way to improve the walking distance
is to increase the walking speed, something that patients
are not typically incline to do. In fact, patients are likely to
tend to repeat the same performance after bronchodilation.
This idea is supported by Pepin et al. [76] who reported
similar cardiorespiratory kinetics and walking speeds during
two separate 6MWT, one being performed after placebo and
one after a bronchodilator, confirming that patients tend to
reproduce the same walking pattern and to choose similar
comfortable walking speed during repeated walking tests,
irrespective of the administration of a bronchodilator.
Others interventions have been tested with self-paced
walk tests. Inhaled corticosteroids induce an improvement of
the walk distance (+33 metres or +8%) [77]. Diaphragmatic
strength training [74], lung volume reduction surgery [78]
and supplementary oxygen [79] have also been shown to
improve walk distance after intervention by 50 to 95 metres
(or from 20% to 36%). For these three studies, it is likely that
the gains in the 6MWT distance were clinically relevant.
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In summary, the current information of the 6MWT
indicate that this methodology is not the most responsive
to evaluate the effects of interventions (pulmonary rehabilitation or bronchodilation) on exercise tolerance in patients
with COPD. However, it is well accepted that self-paced walk
tests present a good discriminative capacity for the estimation
of the severity of the disease and a good predictive value in
estimating vital prognosis [80, 81].
5.2. Self-Paced Stepping Test. With the idea of avoiding the
need for a corridor and to reproduce stair climbing, an
important daily physical task, some authors have developed
a 6 min stepping version of the walking protocol [82]. This
protocol consists of asking patients to step up and down for
as much as possible during a fixed duration of 6 minutes
[82]. Little information is available for this specific field test
because it has only been recently developed. No MID values
are currently available for this test. The responsiveness of the
6 minute stepper test has not been evaluated in the COPD
population; the sensitivity of the stepper test being inferred
from comparisons of the performance during this test in two
COPD versus healthy individuals [82]. Rammaert et al. [83]
used the 6 min stepper test for the evaluation of home-based
pulmonary rehabilitation in idiopathic pulmonary fibrosis
and reported a significant improvement of the number
of steps performed after 6 minute of exercise, suggesting
that the 6 min stepper test is responsive to rehabilitation.
However, this finding could be specific to pulmonary fibrosis
and the responsiveness in COPD population needs to be
confirmed.

6. Physiological Mechanisms Underlying
the Responsiveness of Exercise Protocols
to Interventions
Aerobic training, alone or in conjunction with strengthening exercises, induces structural changes and adaptations
in cardiovascular and muscular systems. These adaptations
mainly concern the improvement of oxygen delivery and
uptake at exercising muscle level, with adaptations reflecting
an increase of muscle capillaries and a conversion from fast
fibre type (type II) to slow fibre type (type I), which indicates
an increased oxidative capacity of the muscle [84, 85]. As
result of these adaptations, the muscle metabolism will be
modified promoting the use of the aerobic pathway instead
of the glycolytic pathway [86, 87]. One implication of these
muscle physiological adaptations will be a reduced tendency
toward limb muscle fatigue [88]. The preferential use of
aerobic metabolic pathway will also have consequences at
the central component of exercise limitation by reducing the
ventilatory requirements for a given exercise level [86, 89–
91]. The reduced ventilation, along with a slower and deeper
breathing pattern [89], will be associated with a decrease of
dynamic hyperinflation and dyspnea [48, 92, 93].
The mechanisms of improved exercise tolerance with
bronchodilation are different than with exercise training. The
use of bronchodilators increases airways calibre, improves
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expiratory flow rates and, as a consequence, decreases hyperinflation at rest and during exercise [22]. Breathing at lower
operative lung volumes will allow larger expansion in tidal
volume (𝑉𝑇 ), a major determinant of exercise tolerance in
COPD [94]. This ability to expand 𝑉𝑇 reflects lesser mechanical ventilatory constraints in relation to the increased resting
and exercising inspiratory capacity and inspiratory reserve
volume [49, 95]. From the patient perspective, breathing at
lower operative volumes, farther from total lung capacity, has
a tremendous impact of the perception of dyspnea [95].
Physiological factors could also explain the different
levels of responsiveness of the different tests for the detection of the effectiveness of an intervention (see Figure 2).
The better sensibility of walking to detect improvement of
exercise tolerance after an intervention could be explained
by the fact that walking induces less quadriceps fatigue
than during cycling [96]. Leg fatigue is a phenomenon that
prevents bronchodilation to fully translate into better exercise
capacity [96, 97]. On the other hand, exercise desaturation
is more common during walking than cycling [98–100].
This could be viewed as a potential disadvantage of walking
protocols since severe hypoxemia could diminish the ability
of bronchodilation to improve exercise capacity. Although
the ESWT and 6MWT both involve walking they do not
share similar responsiveness. This difference in evaluative
properties between the two walking protocols is in part
related to their design, the main point being that the 6MWT
is self-paced and the ESWT externally paced. Therefore, the
improvement of the exercise performance for the two tests
does not involve the same mechanisms. 6MWT requires
the patient to increase his walking speed while the ESWT
requires the patient to increase endurance time. Considering
the fact that patients tend to reproduce the same walking
pattern during 6MWT [76], increasing walking speed with
intervention appears more difficult to achieve than walking
for a longer period of time at a predetermined cadence.

7. Conclusion
This paper focuses on the responsiveness of various exercise
testing protocols currently available for the evaluation of
exercise tolerance in COPD. It emerges that constant-load
endurance tests are generally more responsive for detecting
improvement on exercise tolerance after an intervention
than incremental exercise tests protocols or self-paced walk
tests. However, each test has its own discriminative and
evaluative properties (see Table 1) as well as their specific
methodological features. As such, the choice of the most
appropriate exercise test methodology should be determined
according to the objective of the measurement.
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