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Is there a learning effect when the
6-minute walk test is repeated in
people with suspected pulmonary
hypertension?

Lissa Spencer1, Bill Zafiropoulos1, Wendy Denniss1,
Dot Fowler2, Jennifer Alison1,3 and David Celermajer4

Abstract
The aim of the study was to determine if there was a difference in 6-minute walk distance (6MWD) when two
6-minute walk tests (6MWTs) were performed at the initial assessment prior to attendance at the pulmonary
hypertension (PH) clinic and at the 6-month follow-up. Two 6MWTs were performed at both visits on a 32-m
continuous track in the physiotherapy hospital outpatient setting using standard instructions and
encouragement. Two hundred and fourteen participants completed two 6MWTs at the initial assessment
and 71 participants at the 6-month follow-up (mean (standard deviation) age: 57 (16) years; body mass index:
27 (6) kg/m2). Using the better 6MWT, the mean distances walked were 429 (136) and 447 (130) m,
respectively. There was a significant increase in 6MWD when a second 6MWT was performed at initial
assessment (mean difference [95% confidence interval (CI)]: 19 m (14–24), p < 0.001) and at the follow-up
(mean difference [95% CI]: 19 m (10–27), p < 0.001) but not in those who walked <300 m at the initial
assessment (mean difference [95% CI]: 9 m (�5 to 22), p ¼ 0.208). There were no adverse events during
testing. Prior to attendance at the PH Clinic when people are asked to perform the 6MWT for the first time
and at the 6-month follow-up, two walk tests should be performed in order to eliminate a learning effect and to
ensure accuracy of measurement.
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Background

Pulmonary hypertension (PH) is defined as a rise in

mean pulmonary artery pressure (� 25 mmHg) at

rest during right heart catheterization.1–6 The practi-

cal management of PH requires accurate assessment

of disease severity7 and should be based on the

assessment of a number of factors including symp-

toms, other possible causes of breathlessness, and

measurement of exercise tolerance.8 No single tool

can be relied upon to assess disease severity or to

predict prognosis.6,9–13 The 6-minute walk test
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(6MWT) has been shown to reflect exercise capacity

in people with PH and the 6-minute walk distance

(6MWD) has a strong, independent association with

mortality.14,15

The 6MWT is a simple, inexpensive, and reliable

measure of functional exercise capacity16,17 and is

frequently used to assess prognosis and response to

therapy in a wide range of pulmonary disorders18

including pulmonary arterial hypertension.9,19

When the 6MWT is used, there are a number of

factors that need to be standardized to ensure that the

test is performed accurately.16,17,20,21 The factors

that influence the distance walked in the 6MWT

include the number of tests performed,21–23 instruc-

tions and encouragement given,17 the layout of the

walking track,17,24 the administration of bronchodi-

lators,20,25 and the use of supplemental oxygen.26

When a second 6MWT was performed in people

with chronic obstructive pulmonary disease (COPD)

and heart failure (HF), there was a significant

increase in the distance walked of between 7%21 and

15%26 and 13 m (p < 0.001).23 This increase in

6MWD is known as a “learning effect” and has been

attributed to factors such as patient motivation,27,28

familiarity with the walking track, overcoming anxi-

ety, feeling more confident, improved coordination,

and adjusting to levels of dyspnoea.24 It is unclear if

the learning effect demonstrated when people per-

form the 6MWTs for the first time persists at 3- and

6-month follow-ups. In people with COPD who per-

formed two 6MWTs 3 months following the comple-

tion of pulmonary rehabilitation, there was a

learning effect demonstrated of 16 m. However,

there is no information about the presence of a learn-

ing effect when two 6MWTs are performed for the

first time or at 6-month follow-up assessments in

people with PH.

Therefore, the aim of the study was to determine if

there was a difference in 6MWD when two 6MWTs

were performed prior to attendance at the Royal

Prince Alfred Hospital (RPAH) PH Clinic and at the

6-month follow-up.

Methods

Study protocol

This was a retrospective review of patient data col-

lected from 2005 to 2011. All participants were naı̈ve

to the 6MWT and performed two 6MWTs at the ini-

tial assessment (6MWT1 and 6MWT2) and at the

6-month follow-up (6MWT3 and 6MWT4).

Participants

Participant data were included if they were over

18 years with suspected PH and had performed two

6MWTs for the first time, prior to attending the PH

Clinic at RPAH and again at the 6-month follow-up.

Participant data were not included if they were unable

to perform two 6MWTs. The study was approved by

the Ethics Committee of the Sydney Local Health

District (Protocol No X12-0018 and HREC/12/

RPAH/11).

Six-minute walk test

The 6MWT was carried out according to the ATS/

ERS Guidelines.29 On all testing occasions, partici-

pants rested for at least 10 minutes before performing

the first 6MWT and for at least 30 minutes between

tests or until oxygen saturation (SpO2), heart rate

(HR), and dyspnoea had returned to resting levels

(within 2% or one point on the Borg scale and 2 bpm,

respectively).15 All 6MWTs were performed in the

physiotherapy gymnasium on a continuous 32-m

track marked with black tape for easy visibility. Stan-

dardized instructions were given before each test,

with encouragement given each minute throughout

the test. Participants were asked to walk as far as they

could in 6 minutes, to do the best they could, and to

cover as much ground as possible. Every minute, par-

ticipants were made aware of the time and were given

standardized encouragement, such as you are doing

well—you have 5 minutes to go! This was alternated

each minute with keep up the good work—you have

(insert number of minutes) remaining! If the partici-

pants needed to stop, they could do so, but were asked

every 15 seconds to commence walking as soon as

they felt able.

Before and immediately after the 6MWT, SpO2

and HR were recorded using a portable pulse oximeter

with a forehead probe (RAD-5v; Masimo Corp,

Irvine, California, USA), and dyspnoea was measured

using the modified Borg scale (0–10).30 The test was

terminated if participants felt that they could not con-

tinue or if they experienced chest pain, evolving men-

tal confusion, lack of coordination, light-headedness,

intolerable dyspnoea, or extreme fatigue.

Statistical analysis

All data are presented as mean and standard deviation

(SD). The differences between 6MWT1 and 6MWT2

and 6MWT3 and 6MWT4 were analyzed using paired
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t-tests. In addition, participants with 6MWD < 300 m

in test 1 (6MWTa) and test 2 (6MWTb) at initial

assessment were analyzed as a subgroup using paired

t-tests. For all analyses, a p value of <0.05 was taken

to be statistically significant. Data were analyzed

using SPSS Version 23. The individual mean differ-

ence between the first and second 6MWT at both time

points was examined using the Bland–Altman analy-

sis, to plot the individual difference in test distance

against the individual test mean distance and the coef-

ficient of repeatability (defined as 1.96 times the SD

of the difference between the first 6MWT and the

second 6MWT at both time points).31

Results

At the initial assessment, 214 of 307 (70%) people

completed two 6MWTs (6MWT1 and 6MWT2) and

at the 6-month follow-up, 71 of 97 (73%) people com-

pleted two 6MWTs (6MWT3 and 6MWT4). Participant

characteristics are described in Table 1 and the classi-

fication of PH37 for participants who performed the

walk tests is described in Table 2. No firm diagnosis

had been made at the time of the 6MWT. There were a

number of participants who did not complete two

6MWTs for reasons unrelated to their medical condi-

tion, for example, time and staffing. There was a mean

6MWD (SD) of 429 (136) m at initial assessment and

447 (130) m at the 6-month follow-up. Of the total

number of participants who performed the tests at ini-

tial assessment, 46 participants (21%) walked <300 m

at initial assessment (6MWTa and 6MWTb) with a

mean 6MWD (SD) of 222 (69).

At the initial assessment, for the 214 participants,

there was a significant increase in distance walked

when 6MWT2 was compared with 6MWT1 (mean dif-

ference [95% confidence interval (CI)]: 19 m (14–24),

p < 0.001), with 66% of the participants walking fur-

ther in 6MWT2 than 6MWT1 (Table 3 and Figure 1).

For the 46 participants who walked <300 m in the two

initial walk tests (6MWTa and 6MWTb), there was no

significant increase in distance walked when 6MWTb

was compared with 6MWTa (mean difference [95%
CI]: 9 m (�5 to 22), p ¼ 0.208), with 55% of partici-

pants walking further in 6MWTb than 6MWTa

(Table 4 and Figure 2). At the 6-month follow-up, for

the 71 participants, there was a significant increase in

distance walked when 6MWT4 was compared with

6MWT3 (mean difference [95% CI]: 19 m (10–27),

p < 0.001), with 69% of the participants walking fur-

ther in 6MWT4 than 6MWT3 (Table 3 and Figure 3).

Results for SpO2 and HR at rest and end 6MWT

and for dyspnoea at end 6MWT are shown in Tables 3

and 4, respectively. The mean (SD) end-exercise

SpO2 was 92% (10) with 66 (30%) of participants

desaturating below 90%. For the 46 participants who

walked <300 m, the mean (SD) end-exercise SpO2

was 85% (10) with 30 (75%) of these participants

desaturating below 90%.

Ninety-seven percent of participants (n ¼ 207)

reported dyspnoea at the completion of the 6MWT,

with a mean dyspnoea score of 3 (“moderate” on the

Table 1. Baseline characteristics (n ¼ 214).

Mean (SD)

Age (yrs) 57 (16)
BMI (kg/m2) 27 (6)
Initial 6MWD (m) 429 (136)
Initial 6MWD (% predicted) 87 (24)
Initial 6MWD < 300 m (%) 47 (22)
SpO2 rest (%) 97 (4)
HR rest (bpm) 81 (4)

n: numbers; yrs: years; SD: standard deviation; BMI: body mass
index; kg/m2: kilograms per meters squared; 6MWD: 6-minute
walk distance; m: meters; %: percentage; HR: heart rate; bpm:
beats per minute; SpO2: oxygen saturation; 6MWD % predicted
calculated using equation.36

Table 2. Classification of pulmonary hypertensiona for
participants who performed two 6MWTs at initial
assessment.

Classification

Total
n ¼ 214

(%)

6MWD >
300 m

(n ¼ 168
(%))

6MWD <
300 m

(n ¼ 46
(%))

1 PAH
(a) IPAH 42 (19) 34 (20) 8 (17)
(b) Connective tissue

disease
71 (33) 57 (33) 14 (30)

(c) Congenital heart
disease

11 (5) 10 (6) 1 (2)

(e) Portal hypertension 3 (1) 3 (2) Nil
2 Left heart disease 30 (14) 20 (12) 10 (21)
3 Lung disease 28 (13) 19 (11) 9 (19)
4 Thromboembolic

disease
12 (6) 11 (6) 1 (2)

5 Unclear multi factorial
mechanisms

20 (9) 16 (9) 4 (9)

PAH: pulmonary artery hypertension; IPAH: idiopathic pulmonary
artery hypertension; n: number; %: percentage; 6MWD: 6-minute
walk distance; PH: pulmonary hypertension.
aClassification of pulmonary hypertension by Simonneau et al.37
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modified Borg 1–10 scale). Thirty-four participants

(16%) reported symptoms other than dyspnoea at the

completion of the 6MWT with the most common

symptom being joint pain, occurring in 10% of

patients (Table 5).

Discussion

This study demonstrated a significant increase in the

distance walked when two 6MWTs were performed

for the first time in people attending the PH Clinic at

RPAH and again at the 6-month follow-up. However,

in people who walked <300 m on the first 6MWT,

there was no significant increase in the distance

walked on the second test.

In this study, the increase in 6MWD when two

6MWTs were performed at both time points demon-

strated that a learning effect was present. The differ-

ence between the first and second 6MWT was 19 m,

which was greater than the 13 m increase in 6MWD

reported when two 6MWTs were performed for the

first time in people with HF.23 On the other hand, a

larger difference was reported in the distance walked

when two 6MWTs were performed for the first time

in people with COPD.21,22 There are a number of

factors that could have contributed to the learning

effect in our study, such as a lack of confidence,

unfamiliarity with the walking track, and testing

procedures.32 The improvement in 6MWD between

6MWT1 and 6MWT2 and 6MWT3 and 6MWT4 was

Table 3. 6MWD, SpO2, HR, and dyspnoea at initial assessment and at 6-month follow-up (including those who walked
<300 m).

Measures

Initial 6MWT1

mean (SD)
n ¼ 214

Initial 6MWT2

mean (SD)
n ¼ 214

Mean difference
6MWT2 and

6MWT1 (95% CI)

Six-month
6MWT3 mean
(SD) n ¼ 71

Six-month
6MWT4 mean
(SD) n ¼ 71

Mean difference
6MWT4 and

6MWT3 (95% CI)

6MWD (m) 419 (135) 438 (140) 19 (14–24) 438 (130) 457 (132) 19 (10 to 27)
HR rest (bpm) 81 (15) 83 (13) 79 (14) 77 (14)
HR end ex (bpm) 107 (24) 107 (24) 106 (21) 107 (20)
SpO2 rest (%) 97 (4) 97 (5) 97 (3) 97 (4)
SpO2 end ex (%) 92 (10) 91 (9) 91 (13) 90 (11)
Dyspnoea end ex 3 (1) 3 (1) 3 (1) 3 (1)

n: numbers; 6MWT: 6-minute walk test; 6MWT1 and 6MWT2: performed at initial assessment; 6MWT3 and 6MWT4: performed at the
6-month follow-up; 6MWD: 6-minute walk distance; m: meters; HR: heart rate; bpm: beats per minute; ex: exercise; %: percentage;
SpO2: oxygen saturation; SD: standard deviation; 95% CI: 95% confidence interval.
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Figure 1. Bland–Altman plots for the difference between
two 6MWTs at the initial assessment. 6MWT: 6-minute
walk test; m: meters; 6MWD: distance walked in 6-minute
walk test; 6MWT1 and 6MWT2—first and second 6MWT
performed at initial assessment; unbroken line: mean dif-
ference; dashed line: co-efficient of variability (+1.96*SD);
x-axis: mean 6MWT; y-axis: difference between 6MWTs;
SD: standard deviation.

Table 4. 6MWD, SpO2, HR, and dyspnoea at initial assess-
ment for patients who walked < 300 m).

Measures

Initial
6MWTa

mean (SD)
n ¼ 46

Initial
6MWTb

mean (SD)
n ¼ 46

Mean difference
6MWTb

and 6MWTa

(95% CI)

6MWD (m) 228 (69) 237 (72) 9 (�5 to 22)
HR rest (bpm) 79 (19) 76 (17)
HR end ex (bpm) 99 (25) 99 (26)
SpO2 rest (%) 95 (5) 94 (5)
SpO2 end ex (%) 85 (12) 85 (13)
Dyspnoea end ex 4 (1) 4 (2)

n: numbers; 6MWT: 6-minute walk test; 6MWTa and 6MWTb:
performed at initial assessment; 6MWD: 6-minute walk distance;
m: meters; HR: heart rate; bpm: beats per minute; ex: exercise; %:
percentage; SpO2: oxygen saturation; SD: standard deviation; 95%
CI: 95% confidence interval.
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not accompanied by any change that would suggest

better effort as the HR, dyspnoea score, and SpO2

were nearly identical, despite the longer distance

walked (Tables 3 and 4). This supports the view that

the increased distance walked by participants in the

second 6MWT (i.e. 6MWT2 and 6MWT4) was due to

a learning effect and greater confidence of partici-

pants in performing the second 6MWT rather than

an increased physiological effort. It was surprising

that when participants completed two 6MWTs at the

6-month follow-up, there was still a learning effect

demonstrated. One would have thought that having

performed the walk test twice at the initial assess-

ment, participants may not have displayed a learning

effect again at the 6-month time point. Therefore, it

appears that 6 months may be long enough for famil-

iarity with the walking tests to be lost.

As the participants in the current study were naive

to the 6MWT, the second test was likely to better

reflect the participant’s true functional exercise

capacity by eliminating the learning effect. At

6-month follow-up, it appeared that participants were

again naı̈ve to the walk test showing that two walk

tests were again necessary to accurately assess distance

walked. The performance of two 6MWTs at initial

assessment and at the 6-month follow-up is essential

to accurately monitor patient progress and the effects

of medication in people with PH. This raises the impor-

tant issue of the time required by the clinician and the

patient to perform two walk tests and in day-to-day

clinical practice, this may not be feasible. However,

due to the fact that in Australia and other countries,

stability or improvement in 6MWD is required as a

condition for continued access to publically funded

supply of specific PH medications, accurate documen-

tation of baseline and follow-up 6MWD is critical.

Therefore, we recommend that future international

guidelines encourage clinicians where possible to per-

form two 6MWTs at initial and 6-month follow-up

assessments to ensure accurate patient monitoring.

Dyspnoea has been reported as the main clinical

manifestation in people with PH,8,33 and this was the

main symptom affecting the distance walked by
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Figure 3. Bland–Altman plots for the difference between
two 6MWTs at the 6-month follow-up. 6MWT: 6-minute
walk test; m: meters; 6MWD: distance walked in 6-minute
walk test; 6MWT3 and 6MWT4—first and second 6MWT
performed at the 6-month follow-up; unbroken line: mean
difference; dashed line: co-efficient of variability
(+1.96*SD); x-axis: mean 6MWT; y-axis: difference
between 6MWTs. SD: standard deviation.

Table 5. Symptoms other than dyspnoea reported at the
end of the 6MWT at initial assessment (n ¼ 34/214).

Symptoms n
Chest pain 4
Dizziness 2
Joint pain 22
Fatigue 2
Irregular HR 2
Claudication 2

n: number; chest pain: reported as <2/10 on the visual analogue
scale; HR: heart rate.
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Figure 2. Bland–Altman plots for the difference between
two 6MWTs at initial assessment in those who walked
<300 m. 6MWT: 6-minute walk test; m: meters; 6MWD:
distance walked in 6-minute walk test; 6MWTa and
6MWTb—first and second 6MWT at initial assessment in
those who walked <300m; unbroken line: mean difference;
dashed line: co-efficient of variability (+1.96*SD); x-axis:
mean 6MWT; y-axis: difference between 6MWTs; SD:
standard deviation.
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participants in our study. A previous study reported

that 75% of people with PH reported breathlessness at

rest and with mild activity by the time of diagnosis.33

In our study, all participants reported an increase in

their level of dyspnoea at end of the 6MWT with the

mean Borg score reported as 3 of 10 (“moderate

breathlessness”). We may have expected higher Borg

scores at the end of the 6MWTs considering that dys-

pnoea was the most commonly reported symptom.

However, joint pain was reported as the second most

common symptom (10%) during the 6MWT with

33% of participants having PH associated with con-

nective tissue disease. Therefore, joint pain may have

prevented participants reaching higher Borg scores.

For the participants who walked <300 m (21%) on

their first 6MWT, there was no significant increase in

6MWD demonstrated when performing a second

6MWT at initial assessment, despite a 30-minute

recovery period between walks tests. Poor functional

exercise capacity and desaturation below 90% may

have been contributing factors to no increase in

6MWD in the second 6MWT. Similar results were

observed by Adsett et al.23 who reported no signifi-

cant increase in 6MWD when two 6MWTs were per-

formed in people with HF who walked <300 m.

Previous reports have observed that a 6MWD of

<350 m has been associated with a higher mortality

in people with PH.34 It appears that in participants

who walk <300 m, it may not be necessary to perform

two 6MWTs as there was no significant increase in

the walk distance demonstrated when a second

6MWT was performed.

For the purpose of this study, an adverse event was

considered to be severe chest pain, evolving mental

confusion, lack of coordination or light-headedness,

intolerable dyspnoea, or extreme fatigue. There were

no adverse events reported in the 428 walk tests that

were performed as part of this study. All tests were

performed in a hospital physiotherapy department by

experienced physiotherapists. However, a previous

larger study of 6MWT in people with PH reported

that there were a number of adverse events during

testing including cardiac arrest. As a result, the

authors suggested that performing the 6MWT was

unsafe and that ECG monitoring may be necessary

during the 6MWT in people with PH.35 However in

our study, there were no adverse events and, after

dyspnoea, the commonest symptom reported was

joint pain.

There are a number of limitations to the study. The

study was a retrospective review of patients who were

referred for assessment at the PH clinic at RPAH and

therefore diagnosis had not been confirmed. The nadir

SpO2 and HR may not have been accurately captured

because minute by minute oxygen and HR informa-

tion were not collected during the 6MWT protocol.

At the time of testing, only resting and end-exercise

SpO2, HR, and dyspnoea were part of the testing pro-

tocol. Based on the recent publication of the ATS/ERS

systematic review and technical standards16–17,38, the

new recommendations for 6MWT are that minute by

minute SpO2 and HR should be recorded to ensure

nadir SpO2 is observed.

Conclusion

There was a significant increase in the distance

walked when a second 6MWT was performed both

at initial assessment and at the 6-month follow-up in

people referred for evaluation of PH and who were

naı̈ve to the 6MWT. Both at initial assessment and at

the 6-month follow-up, the second 6MWT was more

likely to reflect the participant’s true functional exer-

cise capacity by taking into account the learning

effect and as such, would be a more valid comparison

with subsequent 6MWTs used for ongoing monitor-

ing. The authors recommend that all people referred

for assessment of suspected PH should perform two

6MWTs at initial assessment and at the 6-month

follow-up and that the second walk test be used as the

true measure of functional exercise capacity.
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