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BACKGROUND: The aim of this work was to investigate the short- and long-term test-retest
reliability of the 6-min walk distance (6MWD), peak heart rate, and nadir oxygen desaturation in
idiopathic pulmonary fibrosis (IPF). METHODS: A reliability study of 70 adults with IPF was
undertaken within out-patient pulmonary rehabilitation programs at 2 tertiary hospitals. Partici-
pants completed 2 baseline 6-min walk tests using a standard protocol, with continuous measures
of percutaneous SpO2

and heart rate via pulse oximetry. The 6-min walk test was completed im-
mediately following an intervention period and 6 months after. Reproducibility was assessed by
intraclass correlation coefficient and Bland-Altman analysis. RESULTS: Participants with a
mean � SD diffusing capacity of the lung for carbon monoxide of 48 � 14% were included. The
reliability of the 6MWD was high (intraclass correlation coefficient � 0.96) with a mean learning
effect of 21 m (95% CI 12–30 m). The learning effect persisted at 8 weeks (mean 14 m, 95% CI
5–23 m) but not 6 months (mean 15 m, 95% CI �1 to 30 m). Using the best (greatest) 6MWD
significantly reduced the proportion of participants who were classified as having a clinically
important response to rehabilitation compared with using the first 6MWD (40% vs 54%, P � .002).
Nadir SpO2

was reproducible, with a mean difference of 0.7 � 2.2%, and limits of agreement of �4
to 5%. Peak heart rate was more variable, with mean difference 5 � 9 beats/min and limits of
agreement of �12 to 20 beats/min. CONCLUSIONS: The 6MWD is a reproducible measure of
exercise capacity in people with IPF. Whereas the nadir SpO2

may be accurately determined from
one test, evaluating change in 6MWD with interventions may require 2 tests on each occasion.
(ClinicalTrials.gov registration NCT0016828.) Key words: walk test; pulmonary fibrosis; reliability.
[Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and
progressive fibrosing parenchymal lung disease that oc-

curs primarily in older adults and has no known cause.1 It
is characterized by progressive dyspnea, with declining
health-related quality of life and impaired functional ex-
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ercise capacity.2,3 Exercise capacity is often measured us-
ing the 6-min walk test (6MWT), a practical tool that is
applied in a wide range of patients with respiratory con-
ditions.4 Measurement of the 6-min walk distance (6MWD)
is an important predictor of prognosis and mortality in
IPF.5-8 The 6MWD is commonly used to assess treatment
responses in individual patients and to measure outcomes
of clinical trials, including pharmacotherapy9,10 and pul-
monary rehabilitation.11-13

Preliminary reports have suggested that the 6MWD is a
reliable measure in IPF.5,14 However, 2 studies that in-
cluded 30 and 45 participants have reported a learning
effect (11–18 m), with a greater 6MWD reached during a
second test on the same day.14,15 The magnitude of this
learning effect was less than that described for COPD
(27 m)16 and in a cohort of subjects with mixed interstitial
lung disease (41 m).17 Larger studies are required to con-
firm the magnitude and importance of the learning effect.
However, to date (as of August 2017) there has been no
evaluation of whether learning effect persists over time in
patients who have previously performed the test.

Previous work in people with COPD illustrated that in
participants who performed 2 tests at baseline, repetition
of the 6MWT immediately following pulmonary rehabil-
itation was not required, with no learning effect between 2
tests.18 However, at 3 months following pulmonary reha-
bilitation, the learning effect had re-emerged.18 As a result,
in clinical practice, many pulmonary rehabilitation pro-
grams perform 2 tests at baseline, but only one test at the
end of the program. To date, the 6MWT protocol in stud-
ies of pulmonary rehabilitation in IPF has generally in-
cluded 2 post-program tests19; it is not known whether this
is necessary, with no previous study in this population.
Conversely, in trials of pharmacologic treatments, gener-
ally only one 6MWT is performed at follow-up visits.20 In
addition, the 6MWD is commonly used to monitor change
in functional exercise capacity over time,21 which is an
important prognostic indicator.22,23 Given that the minimal
important difference (MID) for 6MWD is 30 m,4 which
could be similar in magnitude to the learning effect, it is
important to establish whether two tests are required to be
confident that observed change in 6MWD reflects real
clinical improvement or decline. Alternatively, if 2 tests
are not required at follow-up, this would significantly re-
duce the time burden associated with performing the
6MWT.

The 6MWT also provides information related to phys-
iological responses to exercise, including heart rate and
SpO2

. Both peak heart rate measured during the 6MWT and
nadir SpO2

are useful indicators of prognosis in IPF.22,24,25

A precise measure of nadir SpO2
is of greater prognostic

value than observed desaturation to 88% or less.26 Mea-
surement of symptoms during the 6MWT is also recom-

mended.4 However, the reliability of these additional mea-
sures obtained during 6MWT has never been established.

The aims of this study were to determine (1) the mag-
nitude of the learning effect of the 6MWD and whether
this persists over time and (2) the reliability of nadir SpO2

,
peak heart rate, and symptom scores obtained from the
6MWT.

Methods

Participants were a convenience sample taking part in 2
trials of pulmonary rehabilitation in interstitial lung dis-
ease at Alfred and Austin Health, with the protocol for the
exercise training program standardized across sites for the
trials.11,27 Exercise training consisted of 30 min of endurance
(walking and cycling) and upper- and lower-limb strength
training using functional tasks and free weights.11,27 Par-
ticipants were included if they had a diagnosis of IPF
according to definitions outlined in the International Con-
sensus Statement1 and were ambulant. Exclusion criteria
were the presence of a non-IPF respiratory disease, co-
morbidities that were severe enough to preclude exercise
training, or a recent history of syncope on exertion. De-
mographic data collected included measures of lung func-
tion (Medgraphics Elite Series devices, MGC Diagnostics
Corporation, Saint Paul, Minnesota), including FVC and
carbon monoxide diffusing capacity according to standard-
ized guidelines,28,29 with percentage predicted values cal-
culated30,31; and right-ventricular systolic pressure derived
from trans-thoracic echocardiogram. Data were collected
at baseline assessment, at the end of the 8-week interven-
tion period (end pulmonary rehabilitation), and at 6 month
follow-up. During the intervention period and the follow-up

QUICK LOOK

Current knowledge

The 6-minute walk distance (6MWD) is a predictor of
mortality and morbidity in idiopathic pulmonary fibro-
sis (IPF) and is a common outcome measure of treat-
ment response. The distance is a reliable measure, but
the reliability of nadir percutaneous oxyhemoglobin sat-
uration, peak heart rate, and symptoms is unknown.
The magnitude of the learning effect of the 6MWD and
its change over time in IPF is unknown.

What this paper contributes to our knowledge

The 6MWD is a reproducible measure of exercise capac-
ity in people with IPF. However, evaluating the change in
6MWD with interventions may require 2 tests on each
occasion of testing.
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phase, the 6MWT was not practiced by participants. All
participants gave written informed consent, and the study
was approved by the Alfred, Austin, and La Trobe Uni-
versity human research ethics committees.

Two 6MWTs were performed on each occasion of as-
sessment on the same day, with 30 min between each test.4

Most participants had previously performed 6MWTs as
part of their routine monitoring. In addition, all clinicians
undertaking this test ensured that the vital signs and symp-
toms of each participant had returned to baseline levels
before commencing the second test. Each test was con-
ducted indoors, using a 30-m straight track and a standard
protocol.4 Participants were instructed to walk as far as
possible, with standardized encouragement given at each
minute and the distance recorded. Participants who used
walking aids for daily mobility were permitted to use the
devices during the test. Continuous monitoring of heart
rate and SpO2

was performed during the test using pulse
oximetry (PalmSAT 2500, Nonin Medical, Plymouth, Min-
nesota) with peak heart rate and nadir SpO2

recorded.32 No
oxygen supplementation was used during the test. Per-
ceived dyspnea and leg fatigue were recorded using the
modified Borg scale33 before and after each 6MWT. Chro-
notropic response reflects the ability of the heart to in-
crease its rate commensurate with increased activity; in
this study, the chronotropic response was determined by
the difference between peak heart rate and resting heart
rate.

Statistical analysis was performed using the statistical
package SPSS 21.0 (SPSS, Chicago, Illinois). Data are
described as mean � SD. The intraclass correlation coef-
ficient (ICC type 2,1) was used to establish the reproduc-
ibility of the 6MWT, and the coefficient of variation was
calculated. Values for ICC of �0.5 are indicative of poor
reliability, values between 0.5 and 0.75 indicate moderate
reliability, values between 0.75 and 0.90 indicate good reli-
ability, and values � 0.90 indicate excellent reliability.34

Bland and Altman plots were used to evaluate agreement
between the first and second tests for walking distance,
nadir SpO2

, and peak heart rate.35 The effect of repeating
the 6MWT on the clinical interpretation of change follow-
ing pulmonary rehabilitation was evaluated by examining
the mean change in 6MWD calculated using (1) the best
6MWD at both baseline and follow-up, (2) the first 6MWD
at both baseline and follow-up, and (3) the best 6MWD at
baseline compared with the first 6MWD at follow-up. The
proportion (percentage) of participants who achieved the
MID of 30 m4 for each comparison was calculated. Lo-
gistic regression assessed determinant factors of a clini-
cally important change (30 m) in walked distance between
the first and second test at baseline. A P value � .05 was
considered statistically significant.

Results

A total of 70 participants were included (31 males), of
whom 33 underwent pulmonary rehabilitation. Of the 70
participants, 42 were reassessed immediately following
pulmonary rehabilitation at week 8, and 36 were assessed
at 6 months follow-up. The demographics of participants
are outlined in Table 1, with the baseline best 6MWD being
75% of normal.36

Reliability of the 6MWT at Baseline

At baseline, participants walked a mean � SD distance
of 378 � 127 m on the first test and 399 � 139 m on the
second test. The average difference between the two tests
was 21 m (95% CI 12–30 m, 18% change) with 69% of
participants walking farther on the second test. The Bland-
Altman plot showed limits of agreement of �54 to 96 m
(Fig. 1A). The 6MWD was reproducible, with an ICC of
0.96 (Table 2).

On average, the nadir SpO2
was 88 � 6% during the first

test and 87 � 6% during the second test. The change in
oxyhemoglobin saturation was reproducible (Table 2), with
an ICC of 0.94, and the limits of agreement between the
two 6MWTs were between �4 to 5% (Fig. 1B).

On average, the peak heart rate was 107 � 19 beats/min
during the first test and 112 � 19 beats/min during the
second test. This peak heart rate was reproducible (Ta-
ble 2), with an ICC of 0.96 and limits of agreement
of �12 to 20 beats/min (Fig. 1C). There was a difference
in chronotropic response (peak heart rate minus resting heart
rate) between test 1 and test 2 of 2.8 beats/min (95% CI
1–6 beats/min).

The difference in end Borg dyspnea measures was 0.1
points (95% CI �0.4 to 1.1 points), whereas the difference
in leg fatigue scores post-test was �0.5 points (95% CI �1.0
to �0.2 points). The reproducibility of change in Borg
dyspnea and leg fatigue scores was good to excellent (dys-
pnea ICC 0.80, leg fatigue ICC 0.94).

Table 1. Participant Demographics

Characteristics Mean � SD 95% CI Range

Age, y 72 � 8 65–80 55–90
FVC, % predicted 76.1 � 19.2 61.5–90.5 40–124
DLCO, % predicted 47.7 � 14.2 34.8–57.0 19–91
RVSP, mm Hg 35.1 � 12.4 27–42 16–71
Best 6MWD at baseline, m 403 � 136 333–499 114–768
Best 6MWD at baseline, %

predicted
75 � 23 65–88 45–92

DLCO � carbon monoxide diffusing capacity
RVSP � right-ventricular systolic pressure on trans-thoracic echocardiogram
6MWD � 6-min walk distance
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Fig. 1. Bland-Altman plot for baseline 6-min walk distance (6MWD) (A), nadir oxyhemoglobin saturation (SpO2
) (B), and peak heart rate (HR)

(C). The solid line represents mean differences, and dotted lines show the limits of agreement.
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Reliability of 6MWT After the Intervention Period
and at 6 Months Follow-Up

After the intervention phase, there was a significant
difference in 6MWD between test 1 and test 2 of 14 m
(95% CI 5–23 m), with 81% of participants walking far-
ther on the second test. The limits of agreement were
narrower compared with baseline (Table 2). The mean
difference in nadir SpO2

was �0.5% (95% CI �1.3 to
0.3%), whereas the mean difference in peak heart rate
was �3.6 beats/min (95% CI �5.0 to 0.8 beats/min). The
average difference in chronotropic response was 5 beats/min
(95% CI �4 to 14 beats/min), with a lower response on the
second test. The difference in end Borg dyspnea score
was �0.2 points (95% CI �0.7 to 0.3 points), whereas the
difference in leg fatigue scores post-test was 0.2 points
(95% CI �0.5 to 0.9 points). The reproducibility of change
in Borg dyspnea and leg fatigue scores was moderate to
excellent (dyspnea ICC 0.58, leg fatigue ICC 0.94). The
impact of the intervention phase on 6MWD appeared larger
if only the first 6MWD was considered at each time point
(mean improvement 38 m vs 29 m using the best 6MWD
at each time point). If only one test was performed at
baseline and immediately following the intervention phase,
then 54% of participants would be classed as achieving the
MID, whereas only 40% of participants achieved the MID
if 2 tests were performed at each time point, and the best
results were compared (Table 3). In contrast, use of 2 tests
at baseline and only one 6MWT at 8 weeks significantly
reduced the mean change in 6MWD immediately follow-
ing the intervention phase (13 m).

At 6 months there was a non-statistically significant
difference in 6MWD between tests of 15 m (�1 to 30 m),
with 64% of participants performing better on the second
test. Good to excellent levels of reliability remained evi-
dent for 6MWD, nadir SpO2

, and peak heart rate (Table 2).
The difference in chronotropic response was 0 beats/min
(95% CI �5 to 5 beats/min). The difference in end Borg
dyspnea measures was 0.3 points (95% CI �0.3 to 0.8
points), whereas the difference in end leg fatigue was �0.1
points (95% CI �0.7 to 0.4 points). The reproducibility of
Borg dyspnea and leg fatigue scores was moderate to ex-
cellent (dyspnea ICC 0.73, leg fatigue ICC 0.97). If only
one test was performed at baseline and at 6 months follow-
up, then 36% of participants would be classed as achieving
the MID, whereas 40% of participants achieved the MID
if 2 tests were performed at each time point, and the best
results were compared (Table 3).

A model of logistic regression showed that a higher
odds ratio for a clinically important improvement of � 30 m
in the second 6MWT in comparison with the first occurred
in subjects with a lower dyspnea score at the end of the
first 6MWT (odds ratio 0.601 [95% CI 0.399–0.905,
P � .02]), and there was a trend for younger participantsT
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being more likely to have improvement exceeding the MID
on their second test (odds ratio 0.94 [95% CI 0.87–1.011,
P � .10]).

Discussion

This study shows that the 6MWT provides reliable mea-
sures of functional walking capacity, peak heart rate, and
nadir SpO2

in subjects with IPF. The variability in peak
heart rate was greater than the variability in nadir SpO2

.
This is the first report with longitudinal data that demon-
strates persistence of the learning effect for the 6MWD in
this patient population. Although this diminished over time,
it had significant impact on the interpretation of change
following an intervention period. As a result, a second test
may be necessary to confidently determine whether an
intervention phase (which may include pulmonary reha-
bilitation) has resulted in a real clinical change. One test
may be sufficient if measuring change over longer time
periods, in the absence of an intervention.

The 6MWD is reproducible in IPF, with measures of
reliability similar to previous reports (ICCs ranging from
0.83 to 0.98).5,14 A learning effect was evident at initial
assessment, the magnitude of which was greater than that
previously described in studies of subjects with IPF.14,15

The larger learning effect documented here may be due to
a greater number of subjects included, reflecting the broader
range of disease severity and functional performance seen
in IPF. The magnitude of the learning effect and the limits
of agreement are in a range similar to that of the MID for
the 6MWD.4 This, together with the fact that 81% of sub-
jects improved on their second test, emphasizes the clini-
cal relevance of this learning effect and suggests that to
accurately assess functional exercise capacity using the
6MWD, such as before commencement of a pulmonary
rehabilitation program to ensure accurate exercise prescrip-
tion, it is preferable that 2 tests be performed. Reporting
less dyspnea at the end of the first 6MWT was a signifi-

cant determinant of a change in 6MWT in the second test
being �30 m, which offers some guidance when applying
these tests in clinical practice.

The learning effect for 6MWD persists over time, with
increased distance on the second test still evident follow-
ing either 8 weeks of rehabilitation or no intervention. This
finding has novel and significant implications for the con-
duct of both clinical trials and clinical practice that apply
the 6MWT as an outcome measure in individuals with IPF.
A recent review article20 highlighted that in trials of new
pharmacologic agents for IPF, the 6MWT is generally
performed only once at follow-up visits. Whereas the mag-
nitude of the learning effect and its limits of agreement
were smaller at the end of an intervention period than at
the beginning, performing only one test on each occasion
increases the risk of overestimating treatment effects, be-
cause the effects of the intervention phase cannot be dis-
tinguished from the effects of learning (Table 3). Con-
versely, the common clinical practice of performing 2
baseline tests and comparing this with a single post-inter-
vention-phase 6MWD risks underestimating the treatment
effect (Table 3). Therefore, with this consistent presence
of a learning effect at baseline and immediately following
an intervention period, it is important that 2 tests be per-
formed on both occasions, with the best of the two tests
used, rather than a priori selecting the first or the second
test.

These results contrast with the only previous study that
examined the learning effect of the 6MWT immediately
following pulmonary rehabilitation in people with COPD.18

In this study, the learning effect was no longer significant
following 8 weeks of pulmonary rehabilitation.18 More
significantly, this directly challenges the technical stan-
dard for this test, which indicates that one test is sufficient
at follow-up for people with chronic respiratory disease.4

Familiarity with the 6MWT is associated with motiva-
tion,37 increased confidence, and reduced anxiety.38

Whereas exertional symptoms improve following pulmo-

Table 3. Impact of Using One or 2 Tests on the Estimate of Change Over Time

Follow-Up Period
Best 6MWD at

Follow-Up � Best
6MWD Baseline

First 6MWD at
Follow-Up � First
6MWD Baseline

First 6MWD at
Follow-Up � Best
6MWD Baseline

End of intervention period (8 weeks)
Change in 6MWD, mean (95% CI) m 29 (11–47) 38 (23–55) 13 (�5 to 31)*
Proportion achieving MID, % 40 54 36

6 months after intervention period
Change in 6MWD, mean (95% CI) m 10 (�15 to 34) 16 (�8 to 40) �11 (�34 to 11)
Proportion achieving MID, % 40 36 24

Mean change is from baseline 6MWD.
* Difference between first 6MWD at follow-up � best 6MWD at baseline versus best 6MWD at follow up � best 6MWD baseline, P � .05.
6MWD � 6-min walk distance
MID � minimum important difference
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nary rehabilitation in IPF,11,13 this improvement did not
appear to impact the learning effect at the end of rehabil-
itation in this group.

Exercise capacity declined over 6 months, a finding
similar to those of previous studies.12,20 Whereas the test
remained highly reproducible at 6 months, the learning
effect was still evident, similar to findings in COPD.18

However, the magnitude was reduced and no longer sta-
tistically significant, and as a result, we found that average
change in 6MWD from baseline was similar when using
either a single test or the longer of 2 tests. With the wide
use of the 6MWD to determine disease prognosis and
mortality in IPF,7,8,14,23,25 it is important that an accurate
assessment be completed. The results of this first longitu-
dinal study in IPF suggest that when the 6MWD is used
for risk stratification or to monitor disease course, in the
absence of an intervention, a single test may be acceptable.
As the tolerance of the 6MWT is variable in people with
IPF,39 this knowledge directly informs clinical practice
and research studies with long-term follow-up using this
outcome.

The nadir SpO2
is highly reproducible, with the reliabil-

ity and limits of agreement similar to those reported in
COPD.16,18 This contrasts with previous studies in subjects
with IPF, in which considerable variation for SpO2

�88%
or a decline �4% was evident.14 This may be due to the
differing protocols for measuring SpO2

during the test. Ea-
ton et al14 measured SpO2

at the beginning and end of the
6MWT, whereas in the current study, SpO2

was monitored
continuously. We have previously shown that end test SpO2

and nadir SpO2
are not the same in subjects with interstitial

lung disease, including those with IPF.32 The findings of
this study suggest that if the purpose of the walking test
performed clinically is to determine the level of desatura-
tion, and if continuous monitoring of oxygenation is in-
cluded, only one 6MWT is required.

This is the first study to measure the reproducibility of
the heart rate response during the 6MWT in IPF. Although
the peak heart rate is reliable, variation within individuals
is evident with wide limits of agreement between tests
conducted on the same day. Variability in heart rate re-
sponse during a 6MWT has been demonstrated previously
in COPD.16,18 The importance of a reliable estimate of
heart rate response during the 6MWT is illustrated by the
finding that heart rate recovery �13 beats/min in the first
minute following the test is a predictor of mortality in
IPF.40 We have also reported that an increase in heart rate
of �20 beats/min during a 6MWT has prognostic signif-
icance.24 The relevance of the variation in heart rate re-
sponses between repeated tests may therefore depend on
the threshold being used.

There are some limitations to this work. Although this is
the largest study examining the reliability of the 6MWD in
IPF, it included a relatively modest number of participants

recruited as a convenience sample, with fewer participants
at the end of rehabilitation and at 6 months follow-up. In
addition, a smaller proportion of participants originally
allocated to the control group (no pulmonary rehabilita-
tion) were available at both follow-up assessment times.
With these small control participant numbers, it is difficult
to comment on whether the reproducibility of the 6MWD
differs between those undertaking rehabilitation and those
who did not (and therefore whether rehabilitation influ-
enced these findings). Further study is required to clarify
this area. We examined the reliability of oxygen saturation
and heart rate measures obtained during pulse oximetry,
reflecting the measurements obtained in clinical practice.
It is possible that heart rate measures may have been more
reliable using other methods, such as a frequency meter;
however, to date, no studies have made such a comparison.
Finally, we included participants with IPF only. As a re-
sult, these results cannot be extrapolated to those with
other types of interstitial lung disease, including those with
connective tissue disease who may have musculoskeletal
and circulatory manifestations that could affect the reli-
ability of the test.

Conclusions

Measures of 6MWD, peak heart rate, and degree of
oxygen desaturation can be reliably obtained from a 6MWT
in people with IPF. A clear learning effect for 6MWD
persists over short-term follow-up; this has significant im-
plications for the accurate assessment of clinically impor-
tant change with intervention. As a result, 2 6MWTs are
required when the 6MWD is used to evaluate treatment
effects, such as following pulmonary rehabilitation. One
test may be sufficient to obtain a reliable measure of nadir
oxyhemoglobin saturation.
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