
Reproducibility of Cadence-Free 6-Minute Step Test
in Subjects with COPD

Joyce NF da Costa PT, Juliano F Arcuri MSc, Ivana L Gonçalves MSc, Simone F Davi PT,
Bruna V Pessoa PhD, Mauricio Jamami PhD, and Valéria AP Di Lorenzo PhD

BACKGROUND: Six-minute step test (6MST) has been used to assess functional capacity in
chronic conditions; however, its reproducibility in the COPD population has not been evaluated.
Our study objective was to evaluate 6MST reproducibility. METHODS: The test was performed in
a single 20-cm height step, and subjects were instructed to step up and down (cadence-free) for 6
min. Subjects underwent three tests. The first and second were controlled by the same assessor with
a 30-min interval. The third test was controlled by a different assessor one week later. For intra-
rater comparison, the first and second performances of the test were used, and for inter-assessor
comparison, the better performance of the first two tests was compared with the third test. RE-
SULTS: Excellent intra-rater and inter-rater relative reproducibility was observed (intraclass cor-
relation coefficient > 0.8), and there was no statistical difference (repeated measures of analysis of
variance) among the performances of the three tests. Intra-rater error values were acceptable
(mean error of 5.7 steps and limits of agreement between �7 and 18 steps). Inter-rater error values
were not acceptable (mean error of 4.4 steps and limits of agreement between �20 and 29 steps.
CONCLUSIONS: 6MST proved to be reproducible in the COPD population when performed by
the same assessor. Key words: chronic obstructive pulmonary disease; COPD; exercise test; reproduc-
ibility. [Respir Care 2014;59(4):538–542. © 2014 Daedalus Enterprises]

Introduction

COPD is characterized by chronic air-flow limitation,
pulmonary function deterioration, significant weight loss,
and decreased strength and endurance of respiratory mus-
cles and lower and upper limbs,1 in addition to a decreased
functional capacity and intolerance of physical efforts.2

Exercise intolerance in COPD subjects has important
implications regarding quality of life, number of hospital-
izations, and survival.3 Thus, functional physical tests have
been considered to be essential components in the routine
clinical assessment of exercise capacity in these subjects.3

The most accurate way of assessing physical state and
determining the cause of exercise intolerance is maximal
cardiopulmonary exercise testing3,4 with measurements of
exhaled gases. However, the complexity of the equipment,
the high operating costs, and the need for trained techni-
cians make its use limited in clinical practice.5

Alternatives to the maximal tests are the 6-min walk6

and step7 tests because they are practical and easy to per-
form in a clinical routine.2,3,7 The walk test has good re-
producibility, reliability, and low cost;4,6,8,9 is a predictor
of morbidity and mortality;10,11 and reflects the exercise
capacity of COPD subjects to perform the physical activ-
ities of daily living.12 However, the physical space re-
quired for its execution often limits its use.6,7 Moreover,
one step test protocol, the 6-min step test (6MST), is con-
sidered to be a good alternative for assessing exercise
capacity in chronic subjects.7,13
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Recently, 6MST has been validated in subjects with
interstitial lung disease.7 It was reproducible, safe, and
sensitive to oxygen desaturation induced by exercise, prov-
ing it to be easy to use, economical, and portable.7 Al-
though there are studies showing the physiological re-
sponses to6MST,14,15 wedidnot find reproducibility studies
of this test in subjects with COPD, justifying this study.
Therefore, the objective of this study was to evaluate the
reproducibility of 6MST in subjects with COPD. We hy-
pothesized that 6MST would be reproducible in either in-
tra-rater or inter-rater analysis, which would make it the
perfect choice for use in large-sample analysis of exercise
capacity.

Methods

Study Design and Participants

This study is part of a larger prospective, cross-sec-
tional, observational study being conducted by the Spi-
rometry and Respiratory Physiotherapy Laboratory at the
Federal University of São Carlos in Brazil. The goal of this
larger study was to verify the clinimetrics of 6MST and
the 6-min walk test in three different populations (COPD
patients, young adults, and elderly adults); the study was
registered at clinicaltrials.gov (Identifier NCT01298661).
Here, we have concentrated on the reproducibility of 6MST
in patients with COPD.

The enrollment period for participants was January 2011
to June 2012, and the participants were invited using post-
ers distributed in the university and its neighborhood, local
radio and television, and newspapers. In addition, patients
referred for treatment to the Special Unit of Respiratory
Physiotherapy at the Federal University of São Carlos were
invited to participate. All subjects willing to participate
were asked via telephone if they matched the inclusion
criteria for participation in the study. The inclusion criteria
adopted were: subjects with clinical and spirometric COPD
diagnosis16 who did not show associated diseases that would
prevent them from performing the proposed tests. The
exclusion criteria adopted were: subjects who had already
performed 6MST before this study and those with COPD
exacerbation. Moreover, subjects who could not complete
the first assessment day were not included in any analysis,
and those who missed the second assessment day were not
included in the inter-rater reproducibility analysis. All ac-
cepted patients signed a consent form for the larger study,
which was approved by the Human Ethics Committee of
the university (decision 009/2011). The consent and the
ethics committee-approved project included all of the ob-
jectives and measurements used here.

Experimental Procedure

Subject assessment was conducted in 2 days with a
one-week interval. On the first day, the subjects’ history
and their anthropometric and spirometric characteristics
were collected. On that same day, they performed two
6MSTs with a 30-min interval between them. On the sec-
ond day, a body composition analysis and a third 6MST by
a different assessor were performed.

6MST

Two assessors conducted each of the tests, one to com-
mand the test and the other to count the number of steps
the subject climbed. A 20-cm height step was used as an
ergometer.7 The same standardized verbal incentives for
each 6-min walk test6 were used. Prior to the beginning of
the test, the subjects received standard instructions, which
are described in Figure 1.

Throughout the test, heart rate (Vantage NV, model
1901001, Polar, Kempele, Oulu, Finland) and pulse oxi-
metry (Nonin, model 2500, Minneapolis, Minnesota) were
monitored, and if the individual heart rate presented higher
than the submaximal heart rate or if pulse oximetry was
� 85%, the assessor asked the individual to rest until the
heart rate was down by 10 beats/min under the submaxi-
mal heart rate or until pulse oximetry increased to 88% or
higher. Submaximal heart rate (SubHR) was calculated
using the following equations: SubHR (beats/min) � [220
� age (y)] � 0.85 for men and SubHR (beats/min) � [210
� age (y)] � 0.85 for women. The participant could also
choose to stop the test to rest, but in either case, the chro-
nometer was not stopped during the interruption.

Statistical Analysis

Initially, the normality of the data was verified using the
Shapiro-Wilk test, and parametric data were expressed us-

QUICK LOOK

Current knowledge

The 6-min walk test is the standard test for evaluating
exercise intolerance in patients with COPD. The 6-min
step test has been used to assess functional capacity in
chronic conditions; however, its reproducibility in
COPD has not been evaluated.

What this paper contributes to our knowledge

The cadence-free 6-min step test is a reproducible test
for the population of COPD subjects when performed
by the same examiner.
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ing mean � SD. P values � .05 was considered as sig-
nificant. To verify the intra-rater reproducibility, first and
second 6MSTs were compared, and the inter-rater repro-
ducibility was verified by comparison of the third test with
the others and the choice of the better test.

Relative reproducibility was analyzed by the intraclass
correlation coefficient (ICC), and reproducibility was con-
sidered to be excellent when the ICC values were higher
than 0.75.17 Absolute reproducibility was verified by com-
parison of the tests using repeated measures analysis of
variance, standard error of measurement (SEM � SD �
�(1 � ICC)) and its 95% CI (SEM � 95% CI � SEM �
1.96), and minimal detectable difference (MDD � 1.64 �
�(2) � SEM).18 Furthermore, the mean error and limits
of agreement were calculated to construct Bland-Altman
plots.

The sample size required to perform the proposed reli-
ability analysis was at least 19 subjects,19 considering
� � 0.05 and � � 0.2, two test repetitions, the null hy-
pothesis of ICC � 0.7, and the expected hypothesis of
ICC � 0.9. The expected ICC value used was consistent
with the mean value of ICC found in 6 min walk test
reproducibility studies: 0.88–0.94.20-22

Results

This study included 34 subjects, two of whom were
excluded for not completing the first assessment day. Of
the 32 subjects included in the analysis, 2 presented FEV1

� 80% of the predicted value, 9 presented FEV1 � 80%
and � 50% of the predicted value, 15 presented
FEV1 � 50% and � 30% of the predicted value, and 6
presented FEV1 � 30% of the predicted value.16 Sample
characteristics are shown in Table 1. Three subjects did

not appear on the second day of evaluation, so they were
included only in the intra-rater analysis.

Intra-rater and inter-rater relative reproducibilities were
excellent in COPD subjects (Table 2). There were no sta-
tistically significant differences among the tests (T1/T2/T1
or T2 and T3) (Table 3), which indicates that 6MST has

Table 1. Demographic, Anthropometric, and Spirometric
Characteristics of the 32 Evaluated Subjects with COPD

Characteristic
COPD

(n � 32)

Age, y 68.5 � 10.3
Weight, kg 67.1 � 11.5
Height, m 1.64 � 0.07
BMI, kg/m2 25 � 4.4
FVC, % 62.7 � 19.3
FEV1, % 45.8 � 17.7
FEV1/FVC 0.54 � 0.13

Values are expressed as mean � SD.
BMI � body mass index
FVC � forced vital capacity

Table 2. Relative Reproducibility of 6-min Step Test in COPD
Subjects Evaluated

Comparison ICC 95% CI

T1 � T2 0.94 0.89–0.97
T1 � T3 0.80 0.62–0.89
T2 � T3 0.79 0.62–0.89
T1 or T2 � T3 0.80 0.63–0.89

ICC � intraclass correlation coefficient
T1, T2, and T3 � first, second, and third tests, respectively
T1 or T2 � choose the better of both tests

Fig. 1. Instructions given before six-minute step test.
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absolute reproducibility as well. Error analysis, verified by
a Bland-Altman plot (Fig. 2), the standard error of mea-
surement, and the minimal detectable difference (Table 4),
showed acceptable error in the intra-rater comparison. How-
ever, they were unacceptably high in the inter-rater com-
parison.

Discussion

6MST is a reproducible test in COPD subjects when
performed by the same assessor. Furthermore, it presents
an excellent inter-rater relative reproducibility,17 but with
high error values that are too high, which does not encour-
age the comparison of two 6MSTs performed by different
assessors.

Relative reproducibility values (ICC) were � 0.8 in the
intra-rater comparison, and there were no statistical dif-
ferences in the first two tests (means of T1 � 76 and
T2 � 82 steps). This indicates that, for this population, the
test is reproducible with reproducibility values similar to
those obtained using other clinical exercise tests, such as
6-min walk test, which presents an ICC of 0.88–0.94,20-22

and shuttle-walk test, which presents an ICC of 0.87.23

Moreover, the error value for this comparison was ac-
ceptable, presenting a mean error of 5.7 steps and limits of
agreement ranging from �7.1 to 18.6 steps. Dal Corso and
colleagues7 also concluded that this test is reproducible in

subjects with interstitial pulmonary fibrosis with even lower
error values (mean error of one step and limits of agree-
ment ranging from �0.5 to 2.5 steps). Furthermore, stan-
dard error of measurement and the minimal detectable
difference were 4.1 and 11 steps, respectively, which con-
firms previous results from a study24 in which 6MST was
used to determine an 11-step difference between two groups
of COPD subjects, one group of which was included in an
aerobic physical training protocol and the other was not.
Standard error of measurement as a percentage of the mean
was 5%, which was similar to the same error analysis
using the 6-min walk test in other studies that also repre-
sented 	5% of the mean performance of the test.21,25

These results show that the performance in this test was
not influenced by the learning effect in the COPD popu-
lation, which leads to the affirmation that this test can be
done without a familiarization test, spending only 15 min
of assessment time. This characteristic could be an advan-
tage over the 6-min walk test, which requires at least one
previous test and a recovery time between them, totaling a
time expenditure of at least 50 min.20 However, since the
6-min walk test has been largely used, and it has already
been validated and related to morbidity/mortality in COPD
subjects, we suggest that 6MST should substitute for the
walk test only under certain circumstances. The 6MST
should be used when there is not an adequate area in which
to perform it or when the time is too short to allow a
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Fig. 2. Reproducibility in COPD patients. Left: Intra-rater six-minute step tests. Mean error � 5.75 steps. Right: Inter-rater six-minute step
test (best of first 2 tests). Mean error � 9.25 steps.

Table 4. Absolute Reproducibility of 6-min Step Test assessed in
subjects with COPD

Comparison SEM 95% CI MDD

T1 � T2 4.8 9.3 11.1
T1 � T3 9.8 19.3 22.8
T2 � T3 9.9 19.3 23.0
T1 or T2 � T3 9.0 17.6 20.9

SEM � standard error of measurement
MDD � minimal detectable difference
T1, T2, and T3 � first, second, and third tests respectively
T1 or T2 � choose the better of both tests.

Table 3. Performance on 6-min Step Test Assessed in Subjects with
COPD

Test 6MST (steps)

T1 76.6 � 19.6
T2 82.4 � 20.7
T1 or T2 83.1 � 20.2
T3 87.0 � 21.6

Values are expressed as mean � SD.
T1, T2, and T3 � first, second, and third tests, respectively.
T1 or T2 � choose the better of two 6-min step tests (6MST) (analysis of variance for
repeated measures; P � .05).
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familiarization test or an adequate recovery interval be-
cause of large sample sizes.

Inter-rater relative reproducibility was also excellent,
and there were no significant differences among the com-
parisons, but it presented higher limits of agreement and
standard error of measurement and the minimal detectable
difference, which were considered above acceptable. Thus,
we believe that performances in two tests controlled by
different assessors should not be compared. Taking this
into consideration, questions should be raised whether other
functional tests, such as the 6-min walk test, should be
performed by different assessors.

The extrapolation of this study could be limited because
of the use of a convenience sample. Moreover, subjects
could already being in physical training, but since one
week is not enough to change exercise capacity, one can
affirm that it did not influence the differences between the
first two tests and the third test.

Conclusions

We conclude that cadence-free 6MST is a reproducible
test in the population of COPD subjects when performed
by the same examiner.
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