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Introduction: Exercise tolerance testing is an integral part of the pulmonary rehabilitation (PR) 

management of patients with chronic obstructive pulmonary disease (COPD). The 6-minute 

stepper test (6MST) is a new, well-tolerated, reproducible exercise test, which can be performed 

without any spatial constraints.

Objective: The aim of this study was to compare the results of the 6MST to those obtained 

during a 6-minute walk test (6MWT) and cardiopulmonary exercise testing (CPET) in a cohort 

of COPD patients.

Methods: Ninety-one COPD patients managed by outpatient PR and assessed by 6MST, 

6MWT, and CPET were retrospectively included in this study. Correlations between the number 

of steps on the 6MST, the distance covered on the 6MWT, oxygen consumption, and power at 

the ventilatory threshold and at maximum effort during CPET were analyzed before starting 

PR, and the improvement on the 6MST and 6MWT was compared after PR.

Results: The number of steps on the 6MST was significantly correlated with the distance 

covered on the 6MWT (r=0.56; P,0.0001), the power at maximum effort (r=0.46; P,0.0001), 

and oxygen consumption at maximum effort (r=0.39; P,0.005). Performances on the 6MST 

and 6MWT were significantly improved after PR (570 vs 488 steps, P=0.001 and 448 vs 406 m, 

respectively; P,0.0001). Improvements of the 6MST and 6MWT after PR were significantly 

correlated (r=0.34; P=0.03).

Conclusion: The results of this study show that the 6MST is a valid test to evaluate exercise 

tolerance in COPD patients. The use of this test in clinical practice appears to be particularly 

relevant for the assessment of patients managed by home PR.

Keywords: 6-minute stepper test, 6-minute walk test, exercise tolerance, pulmonary rehabilita-

tion, cardiopulmonary exercise testing, validity

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic lung disease marked by 

breathlessness on exertion, with systemic consequences and an increased risk of disability 

and death, especially as COPD is frequently associated with comorbidities (cardiovascu-

lar disease, obesity, and Type 2 diabetes).1,2 Pulmonary rehabilitation (PR), comprising 

exercise retraining, resumption of physical activity, therapeutic education, and psycho-

social support, is an integral part of the management of COPD patients. This global 

management allows improvement of dyspnea, exercise tolerance, and quality of life.3–6

Various exercise tests are commonly used to assess the exercise tolerance of patients 

with lung disease in the context of PR. Cardiopulmonary exercise testing (CPET) is the 

standard test allowing investigation of the pathophysiological mechanisms responsible 

for dyspnea and evaluation of aerobic capacity.7 However, CPET requires specialized and 

expensive equipment and qualified personnel, which limit its availability. The 6-minute 
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walk test (6MWT) is a validated test for most chronic lung 

diseases; it is easy to perform and does not require any specific 

equipment. The 6MWT is sensitive and reproducible and is 

commonly used to evaluate the course of exercise tolerance 

in the context of out/inpatient PR with a well-defined minimal 

clinically important difference.8–11 According to the American 

Thoracic Society (ATS) guidelines,12 the 6MWT must be 

performed in an unobstructed 30 m hallway, but such a space 

is rarely available in the patient’s home13 or in the physician’s 

office, or even in some respiratory medicine departments. A 

recent study has however proposed performing the 6MWT 

over a distance of 10 m.14

To overcome these technical and spatial limitations, 

a 6-minute stepper test (6MST) has been proposed to 

evaluate exercise tolerance. This test requires only a lim-

ited amount of space and equipment and is feasible, easy 

to perform, sensitive, well tolerated, and reproducible in 

COPD patients.15,16 The 6MST has been used to assess 

exercise tolerance in the context of PR.17,18 However, the 

correlation between the 6MST and validated indices used 

to measure exercise capacity (6MWT and CPET) has not 

yet been established.

The primary objective of this study was to analyze the 

correlations between exercise tolerance data provided by 

the 6MST, 6MWT, and CPET in a population of COPD 

patients managed by outpatient PR. The secondary objec-

tive was to analyze and compare the course of exercise 

tolerance measured by 6MST and 6MWT before and 

after PR.

Material and methods
This monocentric retrospective study included COPD 

patients managed by outpatient PR. Patients included in this 

study were those who had completed the entire PR program 

and those for whom pre-rehabilitation 6MWT, 6MST, and 

CPET assessment data were available.

The severity of COPD was evaluated by Global Initia-

tive for Chronic Obstructive Lung Disease (GOLD) stage.19 

Patients were divided into two groups according to GOLD 

stage: mild-to-moderate COPD (Stages 1 and 2) and severe-

to-very-severe COPD (Stages 3 and 4).

All data were collected prospectively and were entered 

into our rehabilitation computerized medical records. The 

study protocol was approved by the Observational Research 

Protocol Evaluation Committee of the French Language 

Society of Pulmonology, France. As the study data was col-

lected as part of a pulmonary rehabilitation program prior 

to this retrospective study commencing the Observational 

Research Protocol Evaluation Committee advised written 

informed consent did not need to be obtained from the 

patients.

Pulmonary function tests
Spirometry was performed before PR in clinically stable 

patients, according to European guidelines.20,21

Cardiopulmonary exercise testing
CPET was performed according to an incremental protocol 

on a cycle ergometer (Ergometrics 800; ergoline, Bitz, 

Germany), with blood pressure and electrocardiographic 

monitoring (Medcard; Medisoft®, Dinant, Belgium), 

according to the usual guidelines.22,23 The protocol included 

a 3-minute rest period, a 3-minute unloaded pedaling 

period, an incremental ramp exercise (10–15 W/min) 

pursued to a symptom-limited end point, and a 3-minute 

recovery time. Inspired and expired gases were collected 

by a mouthpiece connected to a gas analyzer (Ergocard, 

Medisoft®). Maximal oxygen consumption (Vo
2 max

) and 

oxygen consumption at the ventilatory threshold (VT) were 

expressed in mL/min/kg. VT was defined by a nonlinear 

increase in ventilation (V
E
) during exercise and was deter-

mined by the level of effort at which carbon dioxide pro-

duction (Vco
2
) increased more rapidly than Vo

2
,24 or by an 

increase in the respiratory equivalent for oxygen (V
E
/Vo

2
) 

with no increase in the respiratory equivalent for carbon 

dioxide (V
E
/Vco

2
).25 All CPET were limited by dyspnea, 

fatigue, or both and provided at least one objective crite-

rion of maximum among the following: breathing reserve 

,15%, peak heart rate .90% of predicted, peak lactate .7 

mEq/L, peak exercise partial pressure of oxygen (PaO
2
) in 

arterial blood ,55 mmHg, or peak V
E
/Vo

2
 .35.22

Six-minute walk test
The 6MWT was performed over a “rectangular” distance 

of 70 m in the respiratory medicine department. With the 

exception of this point, the ATS guidelines for 6MWT were 

followed.12 After resting for 5 minutes, continuous monitor-

ing of transcutaneous oxygen saturation (Spo
2
) and heart rate 

by a pulse oximeter (Oxymontre 3100; Nonin®, Plymouth, 

MN, USA) were performed.

Six-minute stepper test
The 6MST aims at measuring the number of steps performed 

on a stepper in 6 minutes using a protocol that is equivalent to 

the 6MWT protocol. A step was defined as a single complete 

movement of raising one foot and putting it down. The stepper 

(Go Sport®, Grenoble, France)16 was placed on the ground 

facing a wall to allow patients to maintain their balance by 
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placing their fingers on the wall. The step height was set at 

20 cm. Before starting the test, patients got accustomed to 

the stepper for 2 minutes. The protocol included a 3-minute 

rest period and a 6-minute stepping period. Patients received 

standardized instructions adapted from the 6MWT ATS 

instructions,15 advising them to make the most number of steps 

they could in 6 minutes. The number of steps performed in 

6 minutes was recorded. Monitoring of heart rate and Spo
2
 by a 

pulse oximeter (Oxymontre 3100; Nonin) was performed each 

minute. An investigator, a member of the paramedical team, 

remained behind the patient throughout the test.

The 6MST and 6MWT were conducted by the same team 

to avoid between-investigator variability.

Pulmonary rehabilitation
Patients completed a 6-week course of outpatient PR at a rate 

of four sessions per week, 3 hours per session, comprising 

a combination of exercise retraining, therapeutic education, 

and psychosocial support.6,17

Statistical analysis
Statistical analysis was performed with PRISM software 

(GraphPad®, La Jolla, CA, USA) and SAS version 9.3 soft-

ware (SAS Institute, Cary, NC, USA). Quantitative parameters 

were expressed in terms of mean and standard deviation. 

Qualitative parameters were expressed in terms of frequencies 

and percentages. The distribution of quantitative parameters 

was verified graphically and by a Shapiro–Wilk test.

Pearson’s or Spearman’s correlation coefficient was 

used to evaluate the correlation between the results of the 

various tests performed by the patients (CPET, 6MWT, and 

6MST). A linear regression was performed to analyze the 

independent correlation between the 6MST (dependent vari-

able) and the 6MWT distance according to age, body mass 

index, forced expiratory volume in one second/forced vital 

capacity (independent variables).

Student’s t-test for paired data or Wilcoxon signed rank 

test was used to compare the course of the 6MST and 6MWT 

results before and after PR, according to the distribution 

of the variables. All tests were initially performed on the 

overall population, and then according to the severity of 

COPD exclusively for the 6MST and 6MWT results. The 

significance level was set at 5%.

Results
One hundred seventy-seven COPD patients were managed 

by outpatient PR between January 2010 and December 

2014. Ninety-one (51%) of these patients completed a 

pre-rehabilitation assessment comprising all three tests 

(6MST, 6MWT, and CPET) and were included in this study. 

Another 86 patients (49%) were excluded due to missing 

CPET (n=39) or 6MWT data (n=21), or because a stress test 

rather than CPET was performed (n=26). The characteristics 

of the 91 patients are presented in Table 1.

A statistically significant correlation was observed 

between the number of steps on the 6MST and the distance 

covered on the 6MWT (r=0.56; P,0.0001; Figure 1), 

Table 1 Patient characteristics (n=91)

Malea 76 (83.5)
Age (years)b 60.3±9.3

Current smoker 8 (9)
Ex-smoker 83 (91)

COPD stagea

GOLD 1 7 (8)
GOLD 2 53 (58)
GOLD 3 20 (22)
GOLD 4 11 (12)

BODE Indexb 3.7±1.82
LTOTa 4 (4)
NIVa 1 (1)
FVC (L)b 2.89±0.85
FVC (% predicted)b 73±24
FEV1 (L)b 1.69±0.59
FEV1 (% predicted)b 55±19
FEV1/FVC (%)b 58.2±11.7
BMI (kg/m2)b 27.3±6.3

.30a 30 (33)
25–29.9a 25 (27.5)
21–24.9a 20 (22)
,21a 16 (17.5)

Cardiovascular comorbiditiesa 60 (66)
Hypertensiona 26 (29)
Peripheral arterial diseasea 8 (8.7)
Myocardial infarctiona 7 (8)
Diabetesa 11 (12)

Notes: aResults expressed as number (%), bmean ± standard deviation.
Abbreviations: BMI, body mass index; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; LTOT, long term oxygen therapy; NIV, non invasive 
ventilation; FVC, forced vital capacity; FEV1, forced expiratory volume in one second.

Figure 1 Correlation between the number of steps on the 6MST and the distance 
covered on the 6MWT before PR.
Abbreviations: 6MST, 6-minute stepper test; 6MWT, 6-minute walk test; PR, 
pulmonary rehabilitation.
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independent of the severity of COPD (Table 2). This cor-

relation was observed in patients with mild-to-moderate 

COPD and in patients with severe-to-very-severe COPD 

(Table 3). The number of steps on the 6MST was correlated 

with power (W) at the VT and at maximum effort, and 

Vo
2 max

 (Tables 2 and 4). Similarly, the distance covered on 

the 6MWT was correlated with power and Vo
2
 at the VT 

and at Vo
2 max

 (Table 2). A linear regression showed that the 

6MST was related to the 6MWT distance and peak exercise 

power, independent of age, lung function, and body mass 

index (Table 4).

For the overall population, a significant improvement of 

the 6MWT distance was observed, increasing from 406±86 m 

before PR to 448±95 m after PR (P,0.0001), together with 

a significant increase in the number of steps on the 6MST, 

increasing from 488±149 steps before PR to 570±161 steps 

after PR (P,0.0001). A statistically significant correlation 

was observed for all patients between the number of steps on 

the 6MST and the distance covered on the 6MWT after PR 

(r=0.75; P,0.0001; Figure 2). Subgroup analysis revealed 

similar results for patients with mild-to-moderate COPD 

(r=0.77; P,0.0001) and patients with severe-to-very-severe 

COPD (r=0.76; P,0.0001). As shown in Figure 3, improve-

ment of the 6MST after PR was correlated with improvement 

of the 6MWT in all patients (absolute values: r=0.34; P=0.03; 

Figure 3; percentage change: r=0.32; P=0.001).

Discussion
This study shows that the number of steps on the 6MST was 

significantly correlated with the distance covered on the 

6MWT, Vo
2 max

, and power at VT and at maximum effort, 

independent of the severity of COPD. These results also show 

a significant correlation between improvements of perfor-

mances on the 6MWT and 6MST after outpatient PR.

Assessment of exercise tolerance is an integral part of the 

evaluation of COPD patients during PR.4,6 Despite the dem-

onstrated value of the 6MWT, its technical constraints do not 

always allow use and regular repetition of this test during patient 

follow-up, especially in the physician’s or physiotherapist’s 

office, or at the patient’s home.12,13 Consequently, various teams 

have developed alternatives to these tests, including the 6MST.

In line with previous studies,15,26 our results demonstrated 

a significant correlation between the number of steps on 

the 6MST and the distance covered on the 6MWT. These 

correlations were independent of the severity of COPD. 

Delourme et al26 also showed that these correlations remained 

significant independent of the type of interstitial lung disease 

(ILD). All of these results indicate that the 6MST can be used 

in a wide range of patients with varying degrees of severity 

of chronic lung disease (COPD and ILD).

The 6MWT is considered to be a submaximal test, as 

the subject is free to walk at his or her own rate, but it has 

been shown that the most severe COPD patients achieve an 

Table 2 Test results before PR and correlations

Test parameters Correlation with 6MST Correlation with 6MWT

All (n=91),  
mean ± SD

r P-value r P-value

6MST (steps) 488±149 NA NA 0.56 ,0.0001
6MWT (m) 406±86 0.56 ,0.0001 NA NA
Power-VT (W) 52±23 0.36 ,0.005 0.32 0.009
Vo2-VT (mL/min/kg) 11.4±3.3 0.26 NS 0.35 0.001
Power-max (W) 86±33 0.46 ,0.0001 0.39 0.0002
Vo2 max (mL/min/kg) 15.2±4.8 0.39 ,0.005 0.38 0.03

Abbreviations: PR, pulmonary rehabilitation; 6MST, 6-minute stepper test; 6MWT, 6-minute walk test; Vo2-VT, oxygen consumption at ventilatory threshold; Vo2 max, 
oxygen consumption at maximum effort; Power-VT, Power at ventilatory threshold; Power-max, Power at maximum effort; NA, not applicable; NS, not significant.

Table 3 Test results before PR according to the severity of COPD and correlations with the 6MST

Test parameters Stage 1 and 2 COPD (n=60), 
mean ± SD

r P-value Stage 3 and 4 COPD (n=31), 
mean ± SD

r P-value

6MST (steps) 502.6±145.9 NA NA 461.1±154.5 NA NA
6MWT (m) 401.1±89.3 0.53 P,0.0001 414.6±81.7 0.55 P,0.005
Power-VT (W) 56.2±24.08 0.43 P,0.005 44.5±20 0.22 NS
Vo2-VT (mL/min/kg) 11.5±3.8 0.15 NS 11.1±2.2 0.52 P,0.05
Power-max (W) 92.3±32.3 0.45 P,0.0005 73.9±30 0.44 P,0.05
Vo2 max (mL/min/kg) 15.7±5.3 0.29 NS 14.4±3.7 0.62 P,0.005

Abbreviations: PR, pulmonary rehabilitation; 6MST, 6-minute stepper test; 6MWT, 6-minute walk test; Vo2-VT, oxygen consumption at ventilatory threshold; Vo2 max, 
oxygen consumption at maximum effort; Power-VT, Power at ventilatory threshold; Power-max, Power at maximum effort; NA, not applicable; NS, not significant.
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identical Vo
2
 to that observed at the end of a cycle ergometer 

test, by the third minute of walking.27–30 McGavin et al31 have 

previously validated the 12MWT in COPD patients based on 

the significant correlation (r=0.52) between the distance cov-

ered and Vo
2 max

, as also confirmed by Carter et al32 and, more 

recently, by Luxton et al33 (r=0.54 and r=0.63, respectively). 

Similar results have been reported in patients with heart fail-

ure (r=0.42) and respiratory insufficiency (r=0.57).34,35 This 

study demonstrated identical correlations between maximum 

values obtained during CPET and the distance covered on the 

6MWT, as well as the number of steps on the 6MST.

Other clinical tests have been proposed in the literature, 

such as the stair climbing test,36,37 the sit-to-stand test,38 and 

the step test (walking up and down a 20 cm platform for a 

determined duration). 39 In a population of COPD patients, 

the performance on the step test is correlated with the perfor-

mance on CPET, and the distance covered on the 12MWT40 

and the 6MWT.41 We decided to perform this test on a stepper 

device rather than on a 20 cm platform, because the stepper 

allows the patient to maintain balance by lightly placing the 

fingers on the wall, which is more reassuring for elderly 

patients and/or patients with balance disorders.

Many studies have demonstrated the good sensitivity of 

the 6MWT at assessing the efficacy of outpatient or home 

PR in COPD patients.4,6 Lacasse et al3,42 reported gains of 

56 and 48 m for outpatient PR and home PR, respectively. 

No consensus has been reached concerning the minimal 

clinically important difference (MCID) of the 6MWT: 54 m 

in the study by Redelmeier et al8 and 35 m9 and 26 m11 in more 

recent studies. A 14% relative improvement has also been 

proposed, but appears to be less sensitive than an absolute 

value of 25 m.10 The gain of 42 m observed in this study is 

consistent with the data of the literature.8–11 Furthermore, 

a significant increase in the number of steps on the 6MST 

(from 488 to 570) was observed not only after outpatient 

PR (in agreement with previously published results in 30 

COPD patients),16 but also after home PR in a population 

of patients with idiopathic pulmonary fibrosis,43 unselected 

patients with more severe chronic lung disease (80% on 

long term oxygen therapy and/or noninvasive ventilation),17 

and in COPD patients.18 The mean improvement of 79 

steps on the 6MST in this study is superior to the 40-step 

MCID proposed by Pichon et al44 based on the analysis of 

the results of 62 COPD patients managed by inpatient PR. 

The performances on the two clinical exercise tolerance 

tests were significantly improved after PR: 79 steps on the 

6MST and 42 m on the 6MWT, and these improvements 

were significantly correlated with each other. Coquart et al16 

suggested that familiarization with the 6MWT would have an 

impact on improved performance on the 6MST after PR due 

to a possible learning effect. However, it should be stressed 

that the patients in this study did not use the stepper as a 

retraining tool. The improvements observed on the 6MST 

were consequently the result of improvement of the subject’s 

aerobic and muscular capacities. These results suggest that, 

Table 4 Linear regression using the 6MST as a dependent 
variable

Test 
parameters

Estimate Standard 
error

P-value Squared partial 
correlation

Power-max (W) 1.27 0.53 0.0188 0.06
6MWT (m) 0.72 0.17 0.0001 0.16
Age (years) 0.15 0.58 0.79 0.0008
BMI (kg/m2) -1.60 2.52 0.52 0.005
FEV1/FVC (%) 152 125 0.22 0.02

Abbreviations: 6MST, 6-minute stepper test; 6MWT, 6-minute walk test; Power-
max, power at maximum effort; BMI, body mass index; FVC, forced vital capacity; 
FEV1, forced expiratory volume in one second.

Figure 2 Correlation between the number of steps on the 6MST and the distance 
covered on the 6MWT after PR.
Abbreviations: 6MST, 6-minute stepper test; 6MWT, 6-minute walk test; PR, 
pulmonary rehabilitation.

Figure 3 Correlation between improvement of the number of steps on the 6MST 
and improvement of the distance covered on the 6MWT after PR.
Abbreviations: 6MST, 6-minute stepper test; 6MWT, 6-minute walk test; PR, 
pulmonary rehabilitation.
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like the 6MWT,4,6 the 6MST is a sensitive clinical exercise 

test to assess the efficacy of a PR program on the exercise 

tolerance of COPD patients.

This study was mainly limited by its retrospective nature. 

However, there were only a few data missing, and most of 

the variables were objective measurements collected from 

standardized tests. Almost half the patients were excluded 

from the study because all the required examinations were not 

performed on them. Although this could introduce a selection 

bias, there was no statistical difference between excluded and 

included patients concerning demographic, clinical, comor-

bidities, and pulmonary function data (data not shown).

Conclusion
This study demonstrates not only a correlation between the 

number of steps on the 6MST and the distance covered on 

the 6MWT, but also a correlation with power and Vo
2 max

 of the 

CPET for COPD patients regardless of their stage of severity. 

The improvements on the 6MST and 6MWT observed after 

PR were also correlated, confirming the value of this new, 

sensitive, and reproducible test, which is easy to perform 

without any spatial constraints, for assessment of exercise 

tolerance in COPD patients, in routine respiratory medicine 

practice, and especially, before and after short- and long-term 

PR management.
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