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ABSTRACT

Background: The Constant Work Rate Cycle Test (CWRT) is a commonly used and sensitive test to detect treatment success in patients with Chronic Obstructive
Pulmonary Disease (COPD). Earlier, the Minimal Important Difference (MID) of the CWRT was estimated at 101 s (or 34%) change from baseline based on one well
executed study. However, this study was performed in a population of patients with mild-to-moderate COPD, and we have learned that MIDs might be quite different
in patients with severe COPD. Therefore, we aimed to establish the MID of the CWRT in patients with severe COPD.

Methods: We included 141 patients with severe COPD, who underwent either pulmonary rehabilitation, bronchoscopic lung volume reduction with endobronchial
valves, or a sham bronchoscopy as a control group. CWRT workload was set at 75% of the peak work capacity, as determined by an incremental cycle test. We used
the change in 6-min walking test (6-MWT), forced expiratory volume in 1s (FEV;), residual volume (RV), and St. George’s Respiratory Questionnaire (SGRQ) total
score as anchors to calculate the MID.

Results: All anchors had an association of >0.41 with change in CWRT. The MID estimates for the different anchors were: 6-MWT 278 s (95%), FEV; 273 s (90%), RV

240 s (84%), and SGRQ 208 s (71%). The average of these four MID estimates resulted in an MID of 250 s (or 85%).
Conclusion: We established the MID for CWRT at 250 s (or 85%) change from baseline in patients with severe COPD.

1. Introduction

Dyspnoea-limited exercise capacity is a key feature of patients with
Chronic Obstructive Pulmonary Disease (COPD). Exercise capacity has
been stated to reflect COPD severity more adequately than lung function
parameters such as airflow limitation [1], and exercise capacity was
determined to be the most important predictor of mortality in COPD [2].
Therefore, therapies in COPD often focus on improving exercise capacity
[3]. Walking and cycling tests are commonly used to assess response to
therapies, such as pulmonary rehabilitation or lung volume reduction
treatments [4]. Although 6-min walking tests (6-MWT) are easy to
administer [5], constant work rate cycle tests (CWRT) are more sensitive
to detect treatment success in COPD [6,7].

Since not all statistically significant changes in outcome are clinically
relevant for patients, minimal important differences (MID) are used to
estimate treatment success. The MID can be defined as the smallest
change in outcome that is perceived as beneficial by patients and is used
amongst others to identify patients who are responders to therapy [8,9].

Based on one well executed study, the MID of the CWRT was earlier
estimated at 101 s or 34% change from baseline in patients with COPD

[10]. However, this study was performed in patients with
mild-to-moderate COPD, and we have learned from earlier work that the
MID for disease outcomes might be quite different in patients with se-
vere COPD compared to patients with milder disease [11]. In this study,
we aimed to establish the MID of the CWRT in patients with severe
COPD.

2. Methods
2.1. Subjects and study design

We included data from two clinical trials in patients with severe
COPD and hyperinflation: the SoLVE trial (NCT03474471) and EASE
trial (NCT00391612) [12]. In the SoLVE trial, participants were ran-
domized to either pulmonary rehabilitation or bronchoscopic lung vol-
ume reduction with endobronchial valves as initial treatment. In the
EASE trial, patients were randomized in a 2:1 ratio to airway bypass or
the control group, who underwent a sham bronchoscopy. For the EASE
trial, data were used of the participants of the sham-control group. We
excluded the airway bypass arm as a treatment group, since this
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treatment was not sustainable beneficial to patients (higher exacerba-
tion rates and no differences in lung function, quality of life, or exercise
capacity compared to the control group), and therefore not considered
as an effective treatment [12].

Patients were included in our analysis if CWRT was performed at
both baseline and follow-up. Follow-up visits were performed either
within a week after completion of the pulmonary rehabilitation or two
months after bronchoscopic lung volume reduction with endobronchial
valves for participants of the SOLVE study, and after six months for the
sham control group, since no CWRT was performed at the one- and
three-month follow-up visits in the EASE trial. The trials were approved
by the local ethics committees and all patients provided written
informed consent.

2.2. Constant work rate cycle test (CWRT)

An incremental cycle test was performed prior to CWRT to determine
peak work capacity. For the incremental cycle test, workload was
increased with 5 or 10 Watt/minute according to the RAMP-protocol
until a symptom-limited maximum was reached [13]. For CWRT, the
workload was set at 75% of peak work capacity. Both cycle tests were
performed on an electromagnetically braked cycle ergometer and pa-
tients were instructed to maintain a pedalling cadence of 60 rpm. Pa-
tients were encouraged to cycle for as long as possible. The test ended
when the pedalling rate dropped below 55 rpm despite strong encour-
agement, or when the endurance time exceeded 500% of baseline at the
follow-up visit in the SoLVE trial.

2.3. Six-minute walking test (6-MWT)

The 6-MWT was performed according to the ATS recommendations
[5]. The test was administered in an enclosed corridor and patients were
instructed to walk as far as possible in a 6-min time frame. In patients
with severe COPD, an increase of 26 m is generally accepted as the MID
[14].

2.4. Quality of life

Quality of life was assessed with use of the St. George’s Respiratory
Questionnaire (SGRQ) total score [15]. SGRQ scores range from 0 to
100, with lower scores representing a better quality of life. A decrease of
8 points (or —11.1%) is considered the MID in patients with severe
COPD [11].

2.5. Pulmonary function tests

Spirometry and body plethysmography were performed according to
ERS/ATS guidelines [16,17]. The MID of the forced expiratory volume
in 1 s (FEV4) is a decrease of 100 ml (or 12%) [18,19], and the MID for
residual volume (RV) is a decrease of 400 ml (or —7.5%) in patients with
severe COPD [20].

2.6. Statistical analysis

We calculated the absolute and relative changes from baseline to
follow-up in CWRT and the anchor variables (6-MWT, SGRQ total score,
FEVq, and RV). We used the anchor-based method to estimate the MID.
The anchor-based method relates changes in CWRT to changes in other
variables with a known MID if an appreciable association is present. In
line with previous studies, we included anchors with a correlation co-
efficient of >0.40 [11,20]. Spearman correlation coefficients were
calculated to determine associations between the change in anchors and
change in CWRT. For associations with an association of rho >0.40,
linear regression analyses were performed with change in CWRT as
dependent variable and change in anchor as independent variable.
CWRT MIDs were estimated from the equations following linear
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regression analysis and the anchor MID. For the final MID calculation,
we used the average of the MID estimates for the different anchors. All
statistical analyses were performed with the use of SPSS (version 23,
IBM, New York, USA), and P values below 0.05 were considered sta-
tistically significant.

3. Results

We included 141 patients who had CWRT measurements at both
baseline and follow-up in our analyses. Patient characteristics at base-
line are shown in Table 1. In our study population, 75 patients received a
sham bronchoscopy and 66 patients were treated between baseline and
follow-up (bronchoscopic lung volume reduction with endobronchial
valves: n = 42, pulmonary rehabilitation: n = 24). Changes between
baseline and follow-up are shown in Table 2 for patients of the sham
bronchoscopy and treatment group.

3.1. MID estimates

We found significant associations between change in CWRT and all
anchors with an association of rho >0.41. Scatter plots including
Spearman correlation coefficients between change in CWRT versus
change in 6-MWT, AFEV;, ARV, and ASGRQ are shown in Fig. 1.

The MID estimates for the absolute change in CWRT from baseline
were 278 s (6-MWT), 273 s (FEV7), 240 s (RV), and 208 s (SGRQ) for the
different anchors (Table 3), which resulted in an average MID of 250 s.
The MID estimates for the relative change in CWRT from baseline were
95.1% (6-MWT), 90.7% (FEV1), 84.5% (RV), and 71.9% (SGRQ), which
resulted in an average MID of 85%.

4. Discussion

Our aim was to establish the MID of the CWRT in patients with severe
COPD, as we hypothesized that the MID might be different in this patient
group compared to patients with mild-to-moderate disease. Our study
showed that the MID of the CWRT is 250 s (or 85%) in patients with
severe COPD, which is higher than previously suggested MID values. To
our knowledge, two studies have been performed to identify the MID of
the CWRT in patients with COPD thus far [10,21]. In these studies, the
MID was estimated at 101 s (or 34%) [10], and 100-200 s change from
baseline [21], which are both lower than our established MID.

The difference in MID may be explained by our study population.
Previously, it has already been demonstrated that the MID for the SGRQ
is also higher in patients with severe COPD compared to those with a
milder form of the disease, which might be due to the higher (i.e. worse)

Table 1
Patient characteristics at baseline.

Baseline (n = 141)

Age, years 639+ 7.5
Male, % 56.0

Pack years 49.1 + 27.3
FEVy, L 0.71 £ 0.22
FEV;, % predicted 26.2 + 8.0
FVC, L 2.40 £0.71
FVC, % predicted 69.4 +17.6
RV, L 5.17 +1.21
RV, % predicted 237.7 £ 48.0
RV/TLC ratio 0.66 + 0.07
CWRT, sec 260 (196; 379)
6-MWT, m 310.9 + 86.2
SGRQ, points 58.6 +13.0

Data are presented as mean + SD or median (IQR). FEV; =
forced expiratory volume in 1 s; FVC = forced vital capacity; RV
= residual volume; CWRT = constant work rate cycle test; 6-
MWT = 6-min walking test; SGRQ=St. George’s Respiratory
Questionnaire.
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Table 2

Changes in CWRT and the anchor variables between baseline and follow-up for
patients who underwent a sham bronchoscopy and patients who were treated
with pulmonary rehabilitation or endobronchial valves.

Sham bronchoscopy group (n = 75)  Treatment group (n = 66)

AFEVy, L —0.02 (+0.09) 0.14 (+0.20)

ARV, L —0.02 (+0.52) —0.59 (+0.75)
ASGRQ, points ~ —0.90 (+£9.45) —16.5 (£14.4)
A6-MWT, m —13.2 (£51.7) 44.9 (£55.2)
ACWRT, sec —51 (-170; 29) 296 (64; 968)
ACWRT, % —22.2 (-54.7; 20.0) 127.8 (33.5; 340.5)

Data are presented as mean (+SD) or median (IQR). A: change compared to
baseline; FEV; = forced expiratory volume in 1 s; RV = residual volume;
SGRQ=St. George’s Respiratory Questionnaire; 6-MWT = 6-min walking test;
CWRT = constant work rate cycle test.

baseline scores [11]. Our study population consisted of patients with
more severe COPD (mean FEV] = 26.2% of predicted vs. 45.0-46.8% of
predicted), shorter 6-MWT distances (311 m vs. £400 m), and worse
quality of life scores (SGRQ = 58.6 points vs. 46.0 points) compared to
the other MID studies [10,21]. In the earlier MID studies, mean cycle
peak work capacities were found of 68 Watt and 89 Watt, respectively,
while the mean peak work load of the SoLVE trial participants was 36
Watt (SD 18.2). Unfortunately, we were not able to obtain the peak
workload data of the EASE trial participants. Our clinical experience is
that cycling test with a lower workload are easier to improve than those
with a higher workload, despite all incremental cycle tests being per-
formed at maximum effort, and the associations we found between
CWRT workload and change in CWRT endurance time in participants of
the SoLVE trial provide support for this hypothesis (absolute change:
rho = —0.24, p = 0.049; relative change: rho = —0.33, p = 0.006). Of
note is that there are differences in baseline mean CWRT endurance time
between our study and the two earlier studies (260 s vs. 320 s [21] and
420 s [10]), although all mean values are in line with the guidelines,
since workloads are recommended that result in baseline CWRT
endurance times between 180 and 480 s [4].

Anther contributing factor to the difference found is the lack of a
control group in both earlier studies [10,21]. In our study, we included a
patient group who received a sham bronchoscopy as a
placebo-controlled group, since MID estimates derived in trials that

30001
20004

10004

Change in CWRT (s)

-1000+

-2000 T T T 1
-200 -100 0 100 200

Change in 6-MWT (m)

30005 rho=-0.50
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10004

Change in CWRT (s)

-1000+ *
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compare active treatments (without placebo or control group) may
result in an underestimation of the treatment effect that is beneficial
[22].

In our study, we used the multiple-anchor method for MID estima-
tion. Anchor-based MID approaches are strongly dependent on the
interrelationship between the anchor and the outcome measure. The
most recent recommendations suggest a moderate to high association of
>0.5 for an outcome measure to qualify as credible anchor in the single-
anchor method [23], but single-anchor methods require higher associ-
ations than multiple-anchor methods to generate a valid MID [24].
Although there is no clear consensus on the required degree of associ-
ation in a multiple-anchor method, associations of >0.30-0.35 have
been recommended as acceptable associations [9]. In our study, all
anchors had associations of >0.41 with our outcome measure (change in
CWRT) and were therefore included in our analyses. We choose to use
the average of the different anchor MID estimates for our MID calcula-
tion. Other considerations were the use of separate MIDs based on a
Patient Oriented Evidence that Matters anchor (i.e. quality of life as
measured by the SGRQ), and Disease Oriented Evidence anchors (i.e.
FEV1, RV, and 6-MWT). Based on the SGRQ, the MID would have been
208 s and slightly lower than the mean we calculated, but still consid-
erably higher than the previously found MID in patients with
mild-to-moderate disease. However, the SGRQ scores symptoms such as
cough and phlegm as well, which might not necessarily reflect exercise
tolerance [15]. Conversely, the use of Disease Oriented Evidence

Table 3
Constant work rate cycle test (CWRT) minimal important differences (MID).

ACWRT ACWRT %

MID 95% CI MID 95% CI
6-MWT 278.7 170.7-386.4 95.1 64.1-126.0
FEV, 273.7 135.6-411.8 90.7 54.4-127.0
RV 240.8 196.2-285.4 84.5 71.7-97.3
SGRQ 208.6 159.3-253.2 71.9 56.5-87.3
Average 250.5 218.5-282.4 85.6 75.7-95.5

Data are presented as seconds (95% CI) or percentage change (95% CI) from
baseline. A: change compared to baseline; 6-MWT = 6-min walking test; FEV; =
forced expiratory volume in 1 s; RV = residual volume; SGRQ=St. George’s
Respiratory Questionnaire.

3000+

2000+

10004

Change in CWRT (s)

-10004

2000 T r ,
05 0.0 0.5 1.0

Changein FEV, (L)

30001

2000+

10004
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-2000 T T T T 1

Changein RV (L)

Fig. 1. Scatter plots of the 6-minute walking test (6-MWT), forced expiratory volume in 1 second (FEV1), St George’s Respiratory Questionnaire (SGRQ) total score,
and residual volume (RV) versus constant work rate cycle test (CWRT) endurance time at follow-up.
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anchors would have resulted in an even higher mean of 264 s, but we
believe that the combination of both type of anchors strengthens the
applicability of the MID. We also considered the application of a
weighted mean, but renounced this option given the arbitrary choices a
weighted mean would entail.

Since the concept of an MID is to establish the smallest important
difference, it is essential for an anchor-based MID to evaluate if the
patient data compared on the anchor do not reflect a too large treatment
effect rather than the minimal important treatment effect [23]. On the
other hand, it is also a topic of debate in studies that assess MID ac-
cording to the perceived treatment, whether the ‘just detectable level of
effect’ of a treatment can be considered a clinically significant change
[25]. In the study by Puente-Maestu et al. (a study that assessed MID
according to the perceived improvement), the ‘just detectable level of
effect” was estimated at 101 s (95% CI: 86-116) or 34% (95% CI: 29-39)
change from baseline. However, the mean change in CWRT endurance
time was 512 s (95% CI: 472-571) or 121% (95% CI: 109-134) in the
group who perceived their exercise capacity as ‘better’ [10], which is
also substantially higher than our MID estimation.

In the study by Laviolette et al., a multiple-anchor approach was
intended to be used for MID estimation [21]. However, no association
was found between changes in 6-MWT and CWRT in that study, and only
a modest association between changes in SGRQ and CWRT (r = —0.31, p
< 0.001). Moreover, one year follow-up data was pooled with the data
that was obtained directly following pulmonary rehabilitation in that
study. Following linear regression analysis, an MID of 153 s (95% CI:
93-213) was found for a change of < -4 units in SGRQ in that study,
which is one of the earlier established MIDs for SGRQ in patients with
COPD [26]. For our study, we used the MID for SGRQ in patients with
severe COPD, which is established at a change of < -8 units [11]. We
found an MID of 140 s (95% CI: 67-213) in our study population if we
applied a change of < -4 units in SGRQ as well, which is fairly compa-
rable to the results by Laviolette et al. However, this MID estimate is
probably an underestimation for patients with severe COPD, since a
higher MID of < -8 units change has been established for this population
[11].

Both earlier MID studies have been performed in patients who un-
derwent a pulmonary rehabilitation program [10,21]. In COPD, many
factors may limit exercise capacity directly or indirectly and different
interventions may address different exercise limiting factors [27]. Ex-
ercise training in pulmonary rehabilitation may improve the muscle
aerobic capacity, which delays the onset of metabolic acidosis and re-
sults in a later ventilatory limitation, whereas other interventions
improve the ventilatory function (i.e. bronchodilators, bronchoscopic
lung volume reduction interventions), or delay the onset of
hypoxia-induced lactic acid production (supplemental oxygen therapy).
But also anxiety and depression have been shown to influence exercise
capacity, which is addressed in pulmonary rehabilitation [27].

Although treatment effect size may vary by disease severity, the MID
should be applicable to any intervention from a theoretical point of view
[22]. There are conflicting views in the literature on the advantages of a
specific versus pan-intervention MID, but our ultimate choice of a
pan-intervention MID was driven by the recognition that the reliability
of an anchor-based MID is highly dependent on the degree of association
between the anchors and the outcome measure. By selecting only pa-
tients from the SoLVE study (or patients who underwent BLVR), there
would be only few non-responders, which significantly weakens the
associations. Conversely, the group of participants from the EASE trial
only contains few responders, which now results in a strong association
between the anchors and outcome measure for the entire group. How-
ever, as discussed above, different interventions may sort dissimilar ef-
fects on the various anchors in a multiple-anchor approach, thus it might
be hypothesized that an anchor-based MID obtained in one intervention
group (i.e. pulmonary rehabilitation), does not directly translate to
another (i.e. pharmacological interventions or lung volume reduction
interventions) [28]. For example, in pulmonary rehabilitation patients

Respiratory Medicine 215 (2023) 107265

learn to self-pace their walking speed, which may have a negative
impact on the 6-MWT, but intense leg training has been shown to
strongly improve submaximal endurance tests [29]. By including
different treatments, we averaged different response patterns in order to
estimate an MID that is applicable for multiple interventions in patients
with severe COPD.

Our study has limitations. We included data from two clinical trials
with different study end points, which resulted in the inclusion of
follow-up data at two months for patients who underwent pulmonary
rehabilitation or bronchoscopic lung volume reduction with endobron-
chial valves, and follow-up data at six months for patients of the placebo-
controlled group who underwent a sham bronchoscopy. However, both
follow-up durations can be considered short-term outcomes, and the
optimal follow-up time varies by outcome and intervention [22]. We
therefore believe that the benefits of an additional control group
outweigh the limitation of different study endpoints.

In the SoLVE trial, the CWRT was ended when the endurance time
exceeded 500% of baseline at the follow-up visit. In our study popula-
tion, CWRT was stopped at 500% of baseline in nine patients, which
might have led to a lower MID outcome.

As discussed above, we only assessed short-term outcomes in our
study. Also both earlier MID studies studied the data directly following
pulmonary rehabilitation [10], or pooled these with the one year
follow-up data [21]. Due to the progressive nature of COPD, outcome
measures may return to baseline values in more long-term follow-up (>1
year) as a result of disease progression, despite initial improvements
following therapeutic interventions [22]. Consequently, the current MID
could be less accurate for long-term follow-up.

A learning effect may be part of the MID estimate. One study that
assessed the reliability of CWRT in patients with COPD, found a mean
increase of 34 s if CWRT was repeated five days after the first CWRT,
suggesting that a learning effect is present [30]. However, we found a
median decline in CWRT of 51 s (IQR: 170; 29 s) at follow-up in our
placebo-controlled group, which implies that this may not be applicable
at more long-term follow-up or that the effect of progressive lung
function decline in COPD exceeds the learning effect.

Finally, it should be noted that all included patients suffered from
severe COPD with significant hyperinflation (defined as an RV >175%
or predicted). Therefore, the results may not be directly applicable to
patients whose severe COPD is characterized more by airway pathology.
However, it is probable that the latter group has a limited exercise ca-
pacity with similar low workloads.

General considerations concern that MIDs evaluate the mean value of
a population, which might not necessarily represent the threshold value
for an individual patient as a result of the different values patients may
place upon limitations they encounter in daily life [25]. MID estimates
are above all useful in sample size calculations or to define the number
of responders in clinical trials on a group level.

In conclusion, this is the first study to establish the MID of the CWRT
in patients with severe COPD. We found an MID of 250 s (95% CI:
219-282 s) or 85% (95% CIL: 75-95%) change from baseline. Future
studies should focus on long-term follow-up data in this patient group
and might be useful to confirm our results.
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