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ABSTRACT: Our aim was to determine the minimal important difference (MID) for 6-min walk

distance (6MWD) and maximal cycle exercise capacity (MCEC) in patients with severe chronic

obstructive pulmonary disease (COPD).

1,218 patients enrolled in the National Emphysema Treatment Trial completed exercise tests

before and after 4–6 weeks of pre-trial rehabilitation, and 6 months after randomisation to surgery

or medical care. The St George’s Respiratory Questionnaire (domain and total scores) and

University of California San Diego Shortness of Breath Questionnaire (total score) served as

anchors for anchor-based MID estimates. In order to calculate distribution-based estimates, we

used the standard error of measurement, Cohen’s effect size and the empirical rule effect size.

Anchor-based estimates for the 6MWD were 18.9 m (95% CI 18.1–20.1 m), 24.2 m (95% CI 23.4–

25.4 m), 24.6 m (95% CI 23.4–25.7 m) and 26.4 m (95% CI 25.4–27.4 m), which were similar to

distribution-based MID estimates of 25.7, 26.8 and 30.6 m. For MCEC, anchor-based estimates for

the MID were 2.2 W (95% CI 2.0–2.4 W), 3.2 W (95% CI 3.0–3.4 W), 3.2 W (95% CI 3.0–3.4 W) and

3.3 W (95% CI 3.0–3.5 W), while distribution-based estimates were 5.3 and 5.5 W.

We suggest a MID of 26¡2 m for 6MWD and 4¡1 W for MCEC for patients with severe COPD.
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T
he 6-min walk distance (6MWD) and
symptom-limited cardiopulmonary cycle
exercise testing are two commonly used

measures of exercise capacity in patients with
chronic obstructive pulmonary disease (COPD) in
clinical practice and research [1, 2]. Performance
in these exercise tests is strongly predictive of
survival in patients with COPD [3–5].

Nevertheless, there is an ongoing debate about
what constitutes a change over time in these
measures that is important to patients. Specifically,
it is unclear at what minimum amount of change in
6MWD or maximal cycle exercise capacity (MCEC)
patients start to sense an actual change in their
functional status (the minimal important difference
(MID)) [6]. In assessing the course of disease in
cohort studies and determining effectiveness of
interventions in clinical trials, knowledge of the
MID is critical.

A few studies have attempted to determine the
MID of 6MWD, but their methodology and

estimates differed substantially (35–87 m) [7–9].
These studies were unable to use both anchor-
and distribution-based methods, which would
have been an ideal approach, because neither
method is perfect [10, 11]. The only prior study
reporting a MID for maximum exercise capacity
(4 W) used distribution and expert opinion-based
estimates [12].

Our aim was to use both preferred anchor- and
distribution-based methods using data from the
National Emphysema Treatment Trial (NETT) to
estimate the MID of 6MWD and MCEC in
patients with COPD.

METHODS
We included all 1,218 patients enrolled in NETT, a
multicentre, parallel-arm randomised controlled
trial, the design and methods of which have been
described in detail previously [13, 14]. In brief,
NETT compared lung volume reduction surgery
with optimal medical management in patients
with advanced emphysema. Major enrollment
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criteria included bilateral emphysema judged suitable for lung
volume reduction surgery, forced expiratory volume in 1 s
(FEV1) f45% predicted, residual volume o150% pred, arterial
carbon dioxide tension f60 mmHg (f55 mmHg in Denver,
CO, USA) and absence of clinical pulmonary hypertension.
Screening began in October 1997 and randomisation in January
1998. NETT was reviewed and approved by the institutional
review boards of the 17 clinical and one coordinating centre that
were involved. All patients provided informed consent. All
eligible patients were enrolled into a pulmonary rehabilitation
programme prior to randomisation to lung volume reduction
surgery or optimal medical management. This 6–10-week
rehabilitation programme included 16–20 sessions of exercise,
psychosocial and nutritional counselling, and patient education.

Measurement of 6MWD and MCEC
We used measurements of 6MWD and MCEC from three
different time-points: at the beginning of the pre-trial rehabili-
tation programme, at the end of the pre-trial rehabilitation and
6 months after randomisation if patients were alive and able to
come to the clinic for the visit. Prior to the 6-minute walk test
(6MWT), a treadmill test at 1.61–3.22 km?h-1(1–2 miles?h-1) was
performed to determine supplemental oxygen requirements
during testing. The 6MWT was performed using a standard
protocol that included scripted prompts at 1-min intervals. If
oxygen supplementation was required during testing, a staff
member walked behind the participant to carry the oxygen.
Course layout and length varied by participating institution.
Until May 1999, the NETT protocol for the 6MWT included
two tests per visit, performed on consecutive days; the
maximum distance was used for the visit measure.

Measurement of maximum exercise capacity was performed
on a bicycle ergometer using a step or ramp increase in
workload of either 5 or 10 W (depending on whether the
participant’s resting maximum voluntary ventilation was f40
or .40 L?min-1, respectively) at 1-min intervals. Inspired
oxygen fraction in all patients was 30% throughout testing,
in order to limit hypoxaemia as a cause of exercise limitation.
During exertion, the patient was instructed when the cadence
fell out of the 40–70 revolutions?min-1 range and encouraged
each minute with simple phrases, such as ‘‘nice job’’, ‘‘keep it
up’’, ‘‘you are doing fine’’ or similar.

Statistical analysis
Anchor-based methods
Anchor-based methods utilise other measures that already have
an established MID (anchors) to estimate the MID of the test of
interest. Using linear regression analysis, the known MID of the
anchor is used to determine the magnitude of change in the test
of interest that corresponds to this established MID. This
method requires that a reasonably strong linear relationship
exists between the anchor and the test of interest [10].

We used patient-reported outcomes, namely the St George’s
Respiratory Questionnaire (SGRQ) and the University of
California San Diego Shortness of Breath Questionnaire
(SOBQ), as potential anchors because both instruments are
responsive to change [15, 16] and have an established MID
[17–19]. The SGRQ is a widely used self-administered ques-
tionnaire that measures health-related quality of life in COPD
patients [20]. There are three domain scores (symptoms,

activity and impacts) and a total score. The maximum score
for the SGRQ is 100 points and higher scores indicate poorer
health-related quality of life. The MID of the SGRQ domain
and total scores has been established to be 4 points using
anchor-based methods, where the domains of the Chronic
Respiratory Questionnaire served as anchors with well
established MIDs [17]. The SOBQ measures the patients’
perceived severity of shortness of breath on a six-point scale
during 21 activities of daily living associated with varying
levels of exertion [21]. Three additional questions ask about
fear of harm from overexertion, limitations and fear caused by
shortness of breath, for a total of 24 items. If patients do not
routinely perform an activity, they are asked to estimate their
anticipated shortness of breath. A total sum score ranges 0–120
and the MID is 5 points, as determined by anchor- (Chronic
Respiratory Questionnaire and Transition Dyspnoea Index)
and distribution-based (Cohen’s effect size and the standard
error of measurement (SEM)) methods [18, 19].

Using change in the anchors as the independent variable and
change in 6MWD as the dependent variable, we used linear
regression to determine the change in the exercise test that was
numerically equivalent to the MID of the anchor [17, 22]. We
conducted identical analyses for MCEC. A priori, we consid-
ered anchor-based estimates to be robust if correlations
between changes in the anchors and exercise capacity were
o0.5 [17, 22]. If correlations were 0.3–0.5, we also performed
these analyses, but were more cautious in the interpretation of
estimates. If correlations were ,0.3 we did not calculate any
anchor-based MID estimates [9]. We confirmed that the
assumptions of linear regression were met by assessing
linearity of the relationship between dependent and indepen-
dent variables (residuals versus predicted plots), homoscedas-
ticity (constant variance) of the errors (residuals versus
predicted plots) and normality of the error distribution
(normal probability plot of the residuals), which is shown in
the online supplementary material.

We first evaluated the time period between the beginning and
the end of the pre-trial rehabilitation intervention. We expected
these data to be most similar to previously reported values
determined in patients participating in a respiratory rehabilita-
tion programme [9]. We then evaluated the period between the
end of the pre-trial rehabilitation (randomisation) and the 6-
month follow-up. A greater variability in the change in exercise,
health-related quality of life or dyspnoea was expected in this
period, given the substantial variation in response to lung
volume reduction surgery and the more modest changes
associated with the course of disease in the medically treated
control group, both of which were included in the analysis [14].

Distribution-based methods

Distribution-based methods are based on the effect estimate
and its relationship to a measure of variability (i.e. variance of
between- or within-person changes). They are commonly
considered inferior to anchor-based methods because they
rely solely on statistical criteria and depend heavily on the
characteristics of a particular study [10].

We used three commonly employed distribution-based meth-
ods to determine the MID of 6MWD: the SEM, Cohen’s effect
size and the empirical rule effect size [23–25].
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SEM 5 baseline SD 6 !(1-r)

where r is the test–retest reliability coefficient (intraclass
correlation coefficient) [23]. The pairs of tests from the pre-
rehabilitation visit available in 437 patients provided an
estimate of the test–retest reliability coefficient for the
6MWT. For Cohen’s effect size and the empirical rule effect
size, we used the SD of change scores (within-patient
variability) between the beginning and end of the pre-trial
rehabilitation rather than baseline SD (between-person varia-
bility), as we believe the within-patient analysis is most
applicable to the interpretation of individual response.

For MCEC, we calculated Cohen’s effect size and the empirical
rule effect size but not the SEM, because we did not have data
on test–retest reliability of maximum exercise capacity. We
performed all analysis using STATA for Windows (version
10.1; StataCorp, College Station, TX, USA).

RESULTS
1,218 patients were included in the analysis. 472 (38.8%)
patients were female, the mean¡SD age was 66.4¡6.1 yrs and
post-bronchodilator FEV1 was 26.9¡7.1 % pred. Table 1
summarises the results for exercise tests and anchors at
different time-points, and changes between these time-points.
There were modest improvements in all parameters listed,
with rehabilitation and 6 months after randomisation. As
expected, there was greater variability in the changes (larger
SD) 6 months after randomisation than during the pre-trial
rehabilitation.

Table 2 shows that correlations between changes in the
anchors and exercise tests were weak for the pre-trial
rehabilitation period (all coefficients ,0.2). Therefore, we did
not use these data for estimating the MID with the anchor-
based approach. In contrast, correlations were much stronger
for change from randomisation to 6-month follow-up, with the
exception of the symptoms domain of the SGRQ (table 2).

MID of 6MWD
The anchor-based estimates of the MID were similar (,25 m)
with the exception of the smaller MID based on the SGRQ

impacts domain (18.9 m) (table 3). The distribution-based
methods yielded similar MID estimates. Based on the SEM
the MID was 30.6 m, which was based on the test–retest
reliability of two 6MWD measurements before rehabilitation
(r50.90; mean¡SD difference between tests 19.5¡44.6 m) and
a baseline SD of 95.1 m. The MID was 26.8 m based on Cohen’s
effect size and 25.7 m based on the empirical rule effect size.

MID of MCEC
The anchor-based estimates of the MID of MCEC were similar
(,3.2 W), again with the exception of the smaller MID based
on the SGRQ impacts domain (2.2 W) (table 3). The
distribution-based methods yielded MID estimates that were
larger (close to 5 W) (table 3).

DISCUSSION
This is the first study to determine the MID for 6MWD and
MCEC in patients with severe COPD using the optimal
intrasubject, multiple anchor-based methodology. Our esti-
mates for the MID of 6MWD were ,26 m using anchor- and
distribution-based methods. For MCEC, the MID estimates
were 4 W. The consistency of the several anchor- and
distribution-based estimates in the largest cohort studied to
date supports the validity of our findings. The correlations
between patient-reported outcomes and exercise tests also
provides evidence that changes in 6MWD and MCEC are
patient-important.

We suggest an MID of 26 m for 6MWD in patients with severe
COPD, with an uncertainty interval ¡2 that reflects the
variability (interquartile range) in estimates we found. For
MCEC, we suggest an MID of 4¡1 W. Our MID for 6MWD is
smaller than the 35 m (95% CI 30–42 m) reported by us using
distribution-based methods in a cohort of 460 patients pooled
across nine studies from North America and Europe [9]. It is
substantially lower than the MID of 54 m (95% CI 37–71 m)
reported by REDELMEIER et al. [7] over a decade ago, which has
gained wide acceptance in clinical trials determining the
efficacy of new treatments for COPD, and other lung and
heart diseases. It is also smaller than the results of a previous

TABLE 1 Changes in exercise capacity and patient-reported outcomes during pre-trial rehabilitation and from randomisation to
6-month follow-up

Measurement Beginning of

rehabilitation

End of

rehabilitation

6 months after

randomisation

Change from beginning to

end of rehabilitation

Change from

randomisation to 6-month

follow-up

Patients n 1217 1217 1001 1217 1001

6MWD m 348.0¡95.1 370.8¡96.2 377.0¡99.9# 22.8¡53.6 -4.6¡68.7#

MCEC W 36.0¡21.1 38.9¡21.6 42.2¡22.6" 2.9¡11.0 0.9¡13.9"

SGRQ total score 56.5¡13.0 53.0¡12.7 48.4¡16.8 -3.5¡9.9 -4.3¡14.3

SGRQ symptoms 58.3¡19.3 56.0¡19.9 54.3¡20.9 -2.3¡16.2 -1.4¡19.2

SGRQ activities 81.9¡12.7 79.4¡13.4 71.7¡20.0 -2.5¡10.8 -7.2¡18.6

SGRQ impact 41.4¡16.7 36.9¡15.6 33.1¡18.6 -4.4¡13.4 -3.5¡16.1

SOBQ total score 65.6¡19.0 62.7¡18.4 55.2¡24.1 -3.0¡13.6 -6.7¡20.8

Data are presented as mean¡SD, unless otherwise stated. 6MWD: 6-min walk distance; MCEC: maximal cycle exercise capacity; SGRQ: St George’s Respiratory

Questionnaire; SOBQ: University of California San Diego Shortness of Breath Questionnaire. #: n5907; ": n5905.
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analysis of a smaller cohort from the NETT data that yielded
estimates between 40 and 87 m [8].

Available studies do not suggest that differences in MID
estimates across studies can be explained by differences in
COPD disease severity. In the study of REDELMEIER et al. [7], the
mean FEV1 was 975 mL (,35% pred) and mean 6MWD was
371 m. In our recent study using pooled data, the mean FEV1

was 39% pred and mean baseline 6MWD was 361 m,
compared to a mean FEV1 of 27% pred and mean 6MWD of
347 m in the present study. However, any inferences about the
association of disease severity and MID estimates are currently
limited by the focus on FEV1, which represents only one
marker of disease severity that is reported consistently across
studies. The use of more comprehensive disease severity
indices, such as the modified BODE (body mass index, airflow
obstruction, dyspnoea, exercise capacity) or ADO (age,
dyspnoea, airflow obstruction) indices, could offer more
insights into the association of disease severity and MID [3].
Instead, it appears likely that some differences in the estimates
between studies arose from the methods used to estimate the MID.

Therefore, the following paragraphs will highlight some key
methodological differences between prior studies and our
analysis.

REDELMEIER et al. [7] studied patients following pulmonary
rehabilitation. Similarly to us, they could not apply the
preferred intrasubject anchor-based methodology because of
a low correlation between changes in 6MWD and patient-
reported changes in exercise capacity (r,0.20). The authors
hypothesised that this was because patients had little recollec-
tion of their previous exercise status. However, due to the
availability of data on patients after randomisation in the
NETT cohort, we can shed more light on the likely reason for
this finding. The more uniform response of patients to
rehabilitation, as opposed to lung volume reduction surgery,
after which some patients experience great improvement but
others experience deterioration of health status, results in
smaller variability in change of health status and, thus, smaller
correlation coefficients.

Because of the lack of correlation between measured and
patient-reported changes in exercise capacity, REDELMEIER et al.
[7] chose to assess the MID using an intersubject technique, by
asking patients to observe and compare their own exercise
capacity with that of others in the same rehabilitation
programme. Such a method has two significant limitations.
First, it is human nature to be biased in one’s own favour: in
the study of REDELMEIER et al. [7], patients rated themselves the
same as their peers when their 6MWD was, in fact, on average
10 m less than that of their peers. Also, they were more
sensitive to determining when they were a little better than
their peers (+30 m) as opposed to when they felt they were
worse (-80 m). To reconcile this almost three-fold difference in
their two MID estimates, REDELMEIER et al. [7] arbitrarily
calculated the average of the two, namely the widely quoted
figure of 54 m. The second limitation of the intersubject
approach is that it is easier for patients to recognise change
in themselves rather than change in a third person. If we
assume this to be true, then 54 m would be an overestimate of
the MID and indicate that the use of between-person
differences may not validly inform what constitutes an
important within-person change.

Another study, also based on NETT, using only distribution-
based methods, reported MID estimates between 44 and 86 m [8].

TABLE 2 Correlations between changes in exercise capacity and changes in patient-reported outcomes

Measurement Correlation with change

in 6MWD from beginning

to end of rehabilitation

Correlation with change in

MCEC from beginning to

end of rehabilitation

Correlation with change in 6MWD

from end of rehabilitation to

6-month follow-up

Correlation with change in

MCEC from end of rehabilitation

to 6-month follow-up

SGRQ total score -0.15 -0.11 -0.46 -0.49

SGRQ activities -0.11 -0.10 -0.46 -0.48

SGRQ impact -0.15 -0.08 -0.40 -0.43

SGRQ symptoms -0.02 -0.06 -0.18 -0.19

SOBQ total score -0.13 -0.14 -0.51 -0.50

6MWD: 6-min walk distance; MCEC: maximal cycle exercise capacity; SGRQ: St George’s Respiratory Questionnaire; SOBQ: University of California San Diego Shortness

of Breath Questionnaire. Bold represents correlations o0.3, justifying anchor-based estimates.

TABLE 3 Minimal important difference (MID) of 6-min walk
distance (6MWD) and maximal cycle exercise
capacity (MCEC)

Method used 6MWD m MCEC W

Anchor-based

SGRQ total score# 24.6 (23.4–25.7) 3.3 (3.0–3.5)

SGRQ impact# 18.9 (18.1–20.1) 2.2 (2.0–2.4)

SGRQ activities# 24.2 (23.4–25.4) 3.2 (3.0–3.4)

SOBQ total score" 26.4 (25.4–27.4) 3.2 (3.0 –3.4)

Distribution-based

SEM 30.6

Cohen’s effect size 26.8 5.5

Empirical rule effect size 25.7 5.3

Data are presented as MID (95% CI) or MID. All regression equations multiplied

by -1 to facilitate interpretation (improvements of St George’s Respiratory

Questionnaire (SGRQ) and University of California San Diego Shortness of

Breath Questionnaire (SOBQ) if change score is negative). SEM: standard error

of measurement. #: MID 4 points; ": MID 5 points.
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The higher MID estimates of that study were due to a cross-
sectional analysis of variation in the NETT cohort at baseline,
rather than following the response to an intervention, such as
lung volume reduction surgery or continued medical manage-
ment over time, as in the current analysis. Because the MID is
used to interpret changes in the patients’ exercise capacity
over time, we believe that a longitudinal analysis is preferred
[9, 22]. Since variation of baseline assessments are almost
always larger than of the variation of change over time, the
use of baseline SD will lead to larger distribution-based MID
estimates.

Prior evidence on MID estimates for MCEC is scarce. One
study, also based on NETT, found MID estimates between 4
and 10 W, based on baseline distribution-based and expert
opinion methods [12]. In our analysis, we determined anchor-
based estimates to be ,3 W and distribution-based methods to
be 5 W; thus, we offer the intermediate value of 4¡1 W to be a
reasonable estimate.

Our study has implications for the design of clinical trials in
the future that use change in 6MWD or MCEC as outcome
measures for the evaluation of new therapies for severe COPD
and other common exercise-limiting diseases, such as pul-
monary hypertension and heart failure. A lower MID will
imply that newer treatments will need to have a smaller effect
to be classified as effective, while the clinical trials that test
these interventions will need to enroll more patients to detect
this smaller change with the same statistical power.

Our results may also have implications for the design of future
studies evaluating MIDs using anchor-based strategies. Our
study showed that it is not only the type of anchors that drive
correlations between the outcome of interest and the anchors,
but also the type of intervention and the magnitude of
variation in response: this is the between-person variablity.
This is particularly important if the outcome of interest and the
anchors do not capture closely related constructs, as is the case
for exercise capacity, and patient-reported symptoms and
health-related quality of life, respectively. In contrast, if the
anchor was, for example, a measure of physical activity with
established MID, stronger correlations could be expected even
if the intervention did not yield a highly variable response.

A limitation of our study is that NETT only included patients
with advanced COPD, which may limit the generalisability of
our findings to a broader group of COPD patients. A restricted
sample of the entire COPD population is less of a problem for
anchor-based methods but may limit the generalisability of
distribution-based methods. In particular, baseline SD can be
small and not representative of the heterogeneous COPD
population. However, since we used SDs of change, the
limitations of our distribution-based approach may be less
problematic. Another limitation in our determination of MID
for exercise capacity is the nature of our anchors. Ideally,
anchors should measure the same construct. We did not have
anchors available to capture constructs specifically related to
exercise capacity, such as physical activity measured by
activity monitors or questionnaires, and, in any case, these
measures do not have validated MID values [26]. Also, we did
not have patient ratings available that would reflect perceived
changes in exercise capacity and that could have been used as

anchors as in previous studies [7]. By using patient-reported
symptoms and health-related quality of life as the anchors in
our approach we accepted a compromise between the strength
of evidence regarding the MID of our anchors and the limited
correlations of these anchors with the exercise measures of
interest.

Conclusion
Our MID for the 6MWT (26¡2 m) is lower than the currently
employed MID of 54 m, while the MID of MCEC is similar to
previous estimates of 4¡1 W. These estimates provide the
strongest evidence-based estimates available to plan and
interpret the results of clinical trials and cohort studies in
patients with severe COPD.
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