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ABSTRACT 

 

Introduction: Six-minute step test has been used to assess functional capacity in 

chronic conditions; however, its reproducibility in Chronic Obstructive Pulmonary 

Disease population has not been evaluated. This study objective was to evaluate the six-

minute step test reproducibility.   

Methods: The test was performed in a single 20cm height step, where subjects were 

instructed to step up and down (cadence free) for six minutes. Subjects underwent three 

tests; the first and second controlled by the same assessor, with a 30min interval. Third 

test was controlled by a different assessor, one week after. For intra-rater comparison, 

first and second performances of the test were used, and for inter assessor comparison, 

best performance of the first two tests were compared to the third test.  

Results: Excellent relative intra and inter-rater reproducibility was observed (intraclass 

correlation coefficient greater than 0.8) and there was no statistical difference (repeated 

measures ANOVA) 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, with mean error of 4.4 steps and 

limits of agreement between -20 and 29 steps.  

Conclusion: Six-minute step test proved to be reproducible in Chronic Obstructive 

Pulmonary Disease population when performed by the same assessor. 

 

Key-words: Chronic Obstructive Pulmonary Disease, Exercise Test, Reproducibility. 
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INTRODUCTION 

 

Chronic Obstructive Pulmonary Disease (COPD) is characterized by chronic 

airflow limitation, pulmonary function deterioration, significant weight loss, decreased 

strength and endurance of the respiratory muscles, lower and upper limbs 1 besides a 

decreased functional capacity and intolerance to physical efforts 2. 

Exercise intolerance in COPD subjects has important implications on quality of 

life, number of hospitalizations and survival 3. Thus, functional physical tests have been 

considered essential components in the routine clinical assessment of exercise capacity 

in these subjects 3. The most accurate way of assessing physical and discriminating the 

cause of exercise intolerance is maximal cardiopulmonary exercise testing 3, 4 with 

measurements of exhaled gases. However, the complexity of the equipment, the high 

operating costs and the need for trained technicians, making its use limited in clinical 

practice 5. 

As alternatives to the maximal tests stand out six-minute walk test 6 and the step 

tests 7, because they are practical and easy to perform in clinical routine 2, 3, 7. The walk 

test has good reproducibility, 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 

physical activities of daily living 12. However, physical space required for its execution 

is often a limiting factor to its use 6, 7. Moreover, one step test protocol, named six-

minute step test is considered a good alternative for assessing exercise capacity in 

chronic subjects 7, 13. 

Recently six-minute step test has been validated in subjects with interstitial lung 

disease 7. It was reproducible, safe and sensitive to oxygen desaturation induced by 
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exercise, proving to be an instrument easy to use, economical and portable 7. Although 

there are studies showing the physiological responses to six-minute step test 14, 15,  

reproducibility studies of this test in subjects with COPD was not found by the authors, 

which justifies this study. Therefore, the objective of this study was to evaluate the 

reproducibility of the six-minute step test in subjects with COPD. The authors 

hypothesized that six-minute step test would be reproducible, in either intra and inter-

rater analysis, which would make it perfect choice in large samples analysis of exercise 

capacity.  
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MATERIALS AND METHODS 

Study Design and Participants 

 This study is a part of a larger a prospective, cross-sectional observational study 

from the Spirometry and Respiratory Physiotherapy Laboratory, at the Federal 

University of São Carlos, Brazil. This larger study intended to verify the clinimetrics of 

the six-minute step test and the six-minute walk test in three different populations 

(COPD patients, young-adults and elders) and was registered in Clinical trials.gov 

Identifier: NCT01298661. This paper concentrates upon the reproducibility of 6MST on 

patients with COPD. 

The enrollment period of the participants was January 2011 until June 2012, and the 

participants were invited using posters in the university and its neighbourhood, on local 

radio and television and in newspaper. Further, patients referred for treatment in the 

Special Unit of Respiratory Physiotherapy - Federal University of São Carlos were also 

invited to participate. All subjects willing to participate were asked over the telephone if 

they matched the inclusion criteria to participate in the study. As inclusion criteria were 

adopted: subjects with clinical and spirometric COPD diagnosis16, who did not show 

associated diseases that prevent them from performing the proposed tests. As exclusion 

criteria were adopted: subjects who have already performed a six-minute step test before 

this study, and those with exacerbated diseases;  Subjects who could not complete the 

first assessment day were not included in any analysis and those who only did not attend 

the second assessment day were not included only in the inter-rater reproducibility 

analysis. All included patients signed a consent form to the larger study which was 

approved by the human ethics committee of the university (decision number 009/2011). 
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The consent and the ethics committee approved project included all the objectives and 

measurements used in this paper.  

 

Experimental Procedure 

 

Subject assessment was conducted in two days, with a week interval. On the first day, 

the subjects’ history and their anthropometric and spirometric characteristics were 

collected. In that same day, they performed two six-minute step test, with a 30 minute 

interval between them. On the second day, a body composition analysis and a third six-

minute step test by a different assessor were performed. 

 

Six-Minute Step Test 

 

Two assessors conducted each of the tests, one to command the test and the other to 

count the amount of steps the subject climbed. A 20cm height step was used as 

ergometer 7. The same standardized verbal incentives each minute 6-min walk test 6 

were used. Prior to the beginning of the test, the subjects received a standard instruction, 

which is described on Figure 1.  

Throughout the test, heart rate (Polar Vantage NVTM®
, model 1901001, Kempele, Oulu, 

Finland) and pulse oximetry (Nonin®, model 2500, Minneapolis, Mn, USA) were 

monitored, and if the individual heart rate presents higher than the sub-maximal heart 

rate or pulse oximetry was under 85%, the assessor asked the individual to rest until the 

heart rate was down by 10 beats/min under the sub-maximal heart rate  or until the pulse 

oximetry increased to 88% or higher. Sub-maximal heart rate was calculated using the 

equations [SubHR(beats/min)=(220–Age (years))x0,85] for men and [SubHR(beats/min)=(210–
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Age(years))x0,85] for women. The participant could also chose to stop the test to rest, but 

in either case, the chronometer was not stopped during the interruption. 

 

Statistical Analysis 

 

Initially, the normality of the data was verified through the Shapiro-Wilk test, 

parametric data was expressed using mean ± standard deviation (SD).  p values <0.05 

was considered as significant. To verify the intra-rater reproducibility, first and second 

six-minute step test were compared, and the inter-rater reproducibility was verified by 

the comparison of the third test with the others and the choice of the best test.    

Relative reproducibility was analyzed by the Intra-class Correlation Coefficient (ICC) 

and excellent reproducibility was considered when the values of Intra-class Correlation 

Coefficient were higher than 0,75 17. Absolute reproducibility was verified by the 

comparison of the tests by repeated measures ANOVA, the of standard error of 

measurement (SEM) [SEM = SD x √(1-ICC)] and its 95% confidence interval [SEM-

CI95% = SEM x 1,96], and Minimal Detectable Difference (MDD) [MDD = 1,64 x √(2) 

x SEM] 18. Furthermore,  the mean error and limits of agreement were calculated to 

construct Bland-Altman plots. 

The required sample size to perform the proposed reliability analysis was at least 

19 subjects19, considering α<0,05 and β<0,2, a number of test repetitions of two, the 

null-hypothesis 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 six-minute walk test 

reproducibility studies which are 0,88-0,94 20-22. 
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RESULTS 

 

This study included 34 subjects, two of whom were excluded for not completing 

first assessment day. Of the 32 subjects included in the analysis, two presented forced 

expiratory volume in the first second (FEV1) above 80% of the predicted,  nine with 

FEV1 <80% and >50% of the predicted, 15 with FEV1 <50% and >30% of the predicted 

and six presented FEV1 <30% of the predicted 16. Sample characteristics are shown in 

Table 1. Three subjects did not appear in the second day of evaluation, and they were 

included only in the intra-rater analysis. 

Intra and inter-rater relative reproducibility were excellent in COPD subjects 

(Table 2). There were no statistically significant differences among the tests (T1, T2, T1 

or T2 and T3) (Table 3) which indicates that six-minute step test has absolute 

reproducibility as well. Error analysis, verified by the Bland-Altman plot (Figure 1), the 

standard error of measurement and the minimal detectable difference (Table 4) showed 

acceptable error in the intra-rater comparison; however they were unacceptably high in 

the inter-rater comparison. 
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DISCUSSION 

 

 Six-Minute Step Test is a reproducible test in COPD subjects, when performed 

by the same assessor; furthermore, it presented an excellent inter-rater relative 

reproducibility 17, but with too high error values, which does not encourage the 

comparison of two six-minute step test performed by different assessos.  

 Relative reproducibility values (Inter-class Correlation Coefficient), were 

greater than 0.8 in the intra-rater comparison, and there was not statistical differences 

among the first two tests (means: T1=76 and T2=82 steps), which indicates that, for this 

population, it is a reproducible test with reproducibility values similar to others clinical 

exercises tests, such as sic-minute walk test, which presented Intra-class Correlation 

Coefficient of 0,88-0,94 20-22, and shuttle-walk test, which presented 0,87 23.  

Moreover, the error value for this comparison was acceptable, presenting a mean 

error of 5.7 steps, and limits of agreement ranging from -7.1 to 18.6 steps. Dal Corso 

and colleagues 7 also concluded that this test is reproducible  in subjects with interstitial 

pulmonary fibrosis, with even lower error values (mean error 1 step and limits of 

agreement from -0.5 to 2.5 steps). Further, standard error of measurement and the 

minimal detectable difference were 4,1 and 11 steps respectively, which corroborates 

with previous results from another study 24 that showed that six-minute step test found  

a 11 steps difference among two groups of COPD subjects, where one was included in a 

aerobic physical training protocol and other were not. Standard error of measurement as 

a percentage of the mean was 5%, which was similar to the same error analysis of six-

minute walk test in others studies, that also represented approximately 5% of the mean 

performance of the test 21, 25. 

RESPIRATORY CARE Paper in Press. Published on September 17, 2013 as DOI: 10.4187/respcare.02743

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



 

These results show that the performance in this test was not influenced by the 

learning effect in COPD population, which leads to the affirmation that this test can be 

done without a familiarization test, spending only 15 minutes of assessment time. This 

characteristic could be an advantage over six-minute walk test, which requires at least 

one previous test and a recovery time between them, totaling a time expenditure of at 

least 50 minutes.20 However, since six-minute walk test has been largely used, and it has 

already been validated and related to morbi-mortality in COPD subjects, the authors 

suggest that six-minute step test should only substitute walk test when there isn’t an 

adequate corridor to perform it, or when the time is too short to allow a familiarization 

test and the recovery interval between it and the second test, such as when a large 

sample need to be evaluated in a short period of time. 

Inter-rater relative reproducibility was also excellent, and there were no 

significant differences among the comparisons, but it presented higher limits of 

agreement, standard error of measurement and the minimal detectable difference, which 

were considered above from the acceptable. Thus, the authors considered that the 

performance from two tests controlled by different assessors should not be compared. 

Taking this result in consideration,  questions should be raised if others functional tests, 

like six-minute 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 under physical training, 

but since the time period of a week is not enough to change exercise capacity, one can 

affirm that it did not influence the differences among the first two tests and the third 

test. 
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CONCLUSION 

This study concludes that the six-minute step test in cadence free is a 

reproducible test for the population of COPD subjects when performed by the same 

examiner. 
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FIGURE LEGENDS 

Figure 1:  Instructions previous to Six-Minute Step Test 

 

Figure 2: Absolute reproducibility of six-minute step tests in COPD subjects 

assessed by the Bland-Altman. A: Intra-rater six-minute step test, B: Inter-rater 

six-minute step test (using the best of the first two tests). 

6MST-1: First six-minute step test; 6MST-2: Second six-minute step test; 6MST-1 or 2: 

Choose the best performance among the first two six-minute step tests; 6MST-3: Third 

six-minute step test; COPD: Chronic Obstructive Pulmonary Disease. 
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Table 1: Demographic, anthropometric and spirometric characteristics of the 

32 evaluated subjects with COPD. 

Characteristc COPD (n=32) 

Age (years) 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 54,1 ± 12,8
 

Values are expressed as mean ± standard deviation. COPD: Chronic Obstructive Pulmonary Disease, BMI: Body 

mass index, FVC: forced vital capacity, FEV1: forced expiratory volume in one second; FEV1/FVC: ratio of forced 

expiratory volume in one second the forced vital capacity. 
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Table 2: Relative reproducibility tests on the six-minute step tests in COPD 

subjects evaluated. 

ICC: intraclass correlation coefficient, 95% CI: Confidence interval of 95% for ICC. T1, T2 and T3: First, second and 

third tests respectively; T1 or T2: Choose the best of both tests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison ICC 95% CI 

six-minute step test T1xT2 0,94 0,89 0,97 

T1xT3 0,80 0,62 0,89 

T2xT3 0,79 0,62 0,89 

T1 or T2xT3 0,80 0,63 0,89 

RESPIRATORY CARE Paper in Press. Published on September 17, 2013 as DOI: 10.4187/respcare.02743

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



Table 3: Performance on six-minute step tests assessed in subjects with COPD. 

Tests six-minute step test (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 ± standard deviation. Legend: T1, T2 and T3: First, second and third tests respectively; 

T1 or T2: Choose the best of both tests; six-minute step test: Six-minute step test. ANOVA for repeated measures (p> 

0.05). 
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 Table 4: Absolute reproducibility of six-minute step tests assessed in subjects with          

COPD 

SEM: Standard error of measurement; 95% CI: Confidence interval of 95% for the SEM; MDD: Minimum detectable 

difference; T1, T2 and T3: First, second and third tests respectively; T1 or T2: Choose the best the two tests. 

 

Comparison SEM 95% CI MDD 

 

 

six-minute step test 

T1xT2 4,8 9,3 11,1 

T1xT3 9,8 19,3 22,8 

T2xT3 9,9 19,3 23,0 

T1 or T2xT3 9,0 17,6 20,9 

RESPIRATORY CARE Paper in Press. Published on September 17, 2013 as DOI: 10.4187/respcare.02743

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



  

 

 

 

 

RESPIRATORY CARE Paper in Press. Published on September 17, 2013 as DOI: 10.4187/respcare.02743

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



  

 

 

6MST-1: First six-minute step test; 6MST-2: Second six-minute step test; 6MST-1 or 2: Choose the best 
performance among the first two six-minute step tests; 6MST-3: Third six-minute step test; COPD: Chronic 

Obstructive Pulmonary Disease.  
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