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ABSTRACT
Introduction: The six-minute walk test (6MWT) is a well-established tool for assessing submaximal 
functional capacity for cardiac patients, but space limitations challenge its implementation. 
Treadmill-based (TR) 6MWT is a promising alternative, but it requires patients to complete a 
familiarization test to adapt treadmill speed regulation. With the advancement of sensors, it is 
possible to automatically control speed for individual patients and thus overcome the space 
limitation or the speed control difficulty on the treadmill for each patient.
Methods: This study investigated the validity and interchangeability of automated speed TR6MWT 
and standard hallway (HL) 6MWT. Eighteen patients were assessed at baseline of the 12-week cardiac 
rehabilitation program. Fourteen of them were assessed after rehabilitation. All patients performed 
three TR6MWTs and three HL6MWTs at baseline and one of each test after the program.
Results: Patients well tolerated the TR6MWT. There was a strong correlation between both test 
methods (r = 0.79). However, patients performed significantly better in HL6MWT (514.8m ± 
59.7m) than in TR6MWT (447.2 ± 79.1m) with 95% CI, 40.4-94.6m, p < 0.05. Both tests showed 
high test-retest reliability (intraclass correlation coefficient of 0.86). The TR6MWT showed a 
valuable comparison of the effect of the cardiac rehabilitation program (20% increase, effect size 
1.1) even though it is not interchangeable with the HL6MWT.
Conclusion: The automated speed TR6MWT appears to be an acceptable tool with adequate 
validity, reliability, and responsiveness for assessing functional capacity in patients utilizing cardiac 
rehabilitation programs.

Introduction

Walking tests are practical tests of functional capacity 
in patients with cardiorespiratory diseases [1–3]. The 
six-minute walk test is the most widely used (6MWT) 
[4,5]. This test assesses the submaximal level of func-
tional capacity by measuring the distance a patient 
can walk on a flat surface quickly for six minutes. The 
6MWT is considered a safe alternative to the cardio-
pulmonary exercise test for cardiopulmonary risk 

stratification and to assess functional capacity for mea-
suring the effect of exercise-based interventions [6].

The 6MWT is a valid and reliable tool for assessing the 
functional capacity of patients with cardiorespiratory dis-
ease in clinical practice and research studies. The 6MWT 
score correlates with maximal power output achieved 
during the cycle-ergometer cardiopulmonary exercise test 
during cardiac rehabilitation and is strongly correlated 
with peak oxygen consumption (r = 0.82, p < 0.001) in 
patients with cardiovascular or respiratory disease [7,8]. 
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Reproducibility of the 6MWT is generally high (with an 
intraclass correlation coefficient above 0.9) [9,10]. 
Reproducibility of the result for the ability to detect a 
change and suggested considering a 44 m distance differ-
ence as the minimum allowing to interpret as significant 
a variation between two consecutive tests performed the 
same day. In patients participating in exercise-based car-
diac rehabilitation, a 2–8% learning effect was shown 
between repeated tests [11]. In addition, there was sub-
stantial evidence for the potential of 6MWT to demon-
strate a change in clinical status. Bellet et  al. found a 
mean difference in 6MWD distance after a cardiac rehabil-
itation program of 60.4 m (95% confidence interval (CI) 
54.5 − 66.3 m) with a mean effect size of 0.96 [11].

However, space limitations challenge the implemen-
tation of 6MWT. The guidelines for conducting this 
hallway test (HL6MWT) recommend a straight indoor 
corridor with a hard surface of 30 meters [12], which 
is not always available, and many clinical rehabilitation 
centers have limited space for testing. The treadmill 
testing alternative to the 6MWT (TR6MWT) provides 
space savings and allows for stable monitoring of exer-
cise capacity [13,14]. The TR6MWT has been demon-
strated as a substitution tool with adequate validity 
that is well tolerated and sensitive to assessing func-
tional capacity in patients after cardiac surgery [14]. A 
limitation of the TR6MWT is the need to complete a 
familiarization test to adapt treadmill speed regulation.

The average reported difference in the comparison 
between the TR6MWT and HL6MWT is high (range: 
50–102 m); thus, tests cannot be used interchangeably. 
For this reason, treadmill use was not recommended 
in the approved guidelines for 6MWT [15].

Technological developments in sensors have cre-
ated innovative possibilities for automated speed con-
trol on the treadmill. Therefore, automated speed 
control could be more responsive to individual patient 
needs and overcome the practical limitations of the 
HL6MWT. To the best of our knowledge, the validity 
and reliability of automated TR6MWT have not yet 
been studied in patients entering cardiac rehabilita-
tion. This study aimed to investigate the validity and 
interchangeability of automated TR6MWT and stan-
dard HL6MWT. A secondary aim was to determine the 
applicability of automated TR6MWT to measure the 
effect of the cardiac rehabilitation program.

Methods

Participants

Patients were recruited from those entering a standard 
cardiac rehabilitation program (phase II) at the 

cardiology clinic of the University Hospital Brno between 
1 June 2022 and 1 April 2023. The study complied with 
the Declaration of Helsinki, and the protocol was 
approved by the Ethical Committee of the University 
Hospital Brno (protocol number 07-090621/EK, approval 
date on 9 June 2021). The inclusion criteria consisted of 
diagnosis of acute myocardial infarction, percutaneous 
coronary intervention, or aortocoronary bypass graft in 
the last three months, indication for an exercise-based 
cardiac rehabilitation program by a clinical cardiologist, 
treatment with the recommended pharmacological 
therapy (including beta blockers therapy [16]), ability to 
walk on a treadmill without risk of falling, age above 18, 
signed informed consent with participation in the study. 
Exclusion criteria included significant cardiovascular risk, 
orthopedic pathologies, and neurological disorders 
affecting gait.

Assessment

Patients were tested with two different walking tests 
at the beginning and the end of the 12-week 
exercise-based program. All patients performed three 
TR6MWTs and three HL6MWTs at baseline and one of 
each test after the program (Figure 1).

The standard HL6MWT represented a marked-out 
30 m course on a straight corridor. Before starting, 
patients were instructed to warm up by walking two 
times 30 m. A standard HL6MWT was then performed 
following the guidelines [15]. Patients were given 
instructions detailed in supplementary file 1. The 
experimental automated TR6MWT was performed on a 
commercially available treadmill trainer (EN-MOTION 
Enraf-Nonius, Netherlands). The total test distance 
walked was displayed on the device monitor. The 
treadmill has built-in sensors with high distance reso-
lution (Figure 2), allowing speed automation. The auto-
mated speed function means that the speed of the 
treadmill automatically adapts to the pace of the per-
son using the treadmill. The walk speed is automati-
cally reduced if that person cannot maintain the 
previously selected speed. If the person can walk 
faster, the speed will automatically increase. The speed 
change was adaptable in a 0.1–0.5 km/h/s range.

Patients were instructed the same way about the test 
task as in the standard HL6MWT protocol [15]. Patients 
were instructed on how to stop if needed. Patients were 
allowed to hold on to the handrail of the treadmill for 
safety. The rest of the testing was the same, including a 
warm-up walk in an auto-speed version that was com-
fortable while walking on the treadmill. A short break 
was due after the warm-up phase. The test was not 
started if patients reported discomfort or movement 
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limitations during the 2-min warm-up phase. Two phys-
iotherapists experienced in clinical testing for 
exercise-based programs were present during testing, 
and a cardiologist was available in the clinical ward for 
emergencies. The distance covered was not reported to 
the patients.

At the end of each test was measured the total dis-
tance walked, the rating of perceived exertion (Borg 
scale: 7–20) and peak heart rate using a wearable sen-
sor and heart rate monitor (Polar H10, M430 Kempele, 
Finland)

Cardiac rehabilitation programme

The exercise-based CR program was set for 12 week 
period. Patients were prescribed three exercises per 

Figure 1. F lowchart of the study.

Figure 2.  Treadmill with automatized gait speed function.
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week according to guidelines [17]. Exercise prescrip-
tion consisted of individualized graded aerobic exer-
cise on aerobic equipment (ergometer, treadmill, 
rowing machine) at an intensity of 60–80% of pre-
dicted maximum heart rate (HRmax) according to the 
recommended formula: HRmax = 164 − 0.7 × age. 
Duration of exercise was individually prescribed on 
30–60 min per session [18]. The program was led by a 
physiotherapist at a rehabilitation clinic.

Statistics

In this study, we conducted various analyses to exam-
ine different aspects of the longest walking distances. 
To assess the data distribution, we employed the 
Shapiro-Wilk test. The agreement between the walking 
tests was analyzed using the Bland-Altman method. 
Interpretation of the correlation coeficient represents 
values of less than 0.5 indicating poor reliability; val-
ues between 0.5 and 0.75, indicating moderate reliabil-
ity; values between 0.75 and 0.9, indicating good 
reliability; and values greater than 0.9, indicating excel-
lent reliability. Furthermore, we investigated the cor-
relation between the walk tests using Pearson’s 
correlation coefficient. To compare the longest walk 
distances obtained on each test method, as well as the 
peak heart rate differences between pre-test and 
post-test heart rates, on each test day, we utilized the 
paired T-test. The Borg rating of perceived exertion 
was compared using the Wilcoxon test for paired 
samples.

In the assessment of reliability, the test-retest reli-
ability of both the TR6MWT and HL6MWT was exam-
ined at baseline of the cardiac rehabilitation program. 
This evaluation encompassed four key aspects: the 
presence of systematic error, relative reliability, abso-
lute reliability, and minimal detectable change. The 
identification of systematic error among the three 
6MWTs was accomplished through the utilization of an 
analysis of variance for repeated measurements. 
Intraclass correlation coefficients exceeding 0.75 were 
deemed indicative of good reliability [19]. Absolute 
reliability was ascertained by employing the standard 
error of measurement (SEM), which was estimated as 
the square root of the mean-square-error term derived 
from the analysis of variance. The SEM served as a rep-
resentation of the standard deviation of the patients’ 
scores during repeated testing. Furthermore, the mini-
mal detectable change was calculated based on the 
SEM using the formula: MDC = 1.96 × SEM × square 
root of 2. In terms of statistical analysis, the concurrent 
validity of the TR6MWT was evaluated by considering 
the 6MWT as the gold standard, and subsequently 

determining the Pearson correlation (r) between the 
best performances on the two tests. This correlation 
was computed at baseline of the cardiac 
rehabilitation.

To evaluate the effectiveness of the exercise-based 
cardiac rehabilitation intervention, two approaches 
were employed to assess the TR6MWT and the 
HL6MWT. Firstly, a paired t-test was conducted to 
compare the best performances achieved at baseline 
and after the 12-week cardiac rehabilitation program 
for both tests. This statistical test allowed for the 
examination of any significant differences between the 
pre-and post-intervention measurements. Secondly, 
the effect size was calculated as a measure of the 
magnitude of change observed in the mean scores rel-
ative to the standard deviation of the baseline scores. 
The effect size indicates the practical significance of 
the intervention. Effect sizes of 0.8 or higher are con-
sidered significant, effect sizes ranging from 0.5 to 0.8 
are considered moderate, and effect sizes between 0.2 
and 0.5 are considered minor [20]. All statistical calcu-
lations were performed using statistical software 
Statistica 12 (TIBCO, Software Inc, Palo Alto, CA, USA).

The sample size was calculated by considering the 
identification of a moderate correlation (0.65) between 
the distances covered in the TR6MWT and the HL6MWT, 
with a power of 85% and a significance level of 0.05 
[14]. The study determined that 18 patients would be 
required.

Results

Table 1 represents the 18 patient’s characteristics, and 
Figure 1 the study flow. The mean HL6MWT result 
(514.8 m ± 59.7 m) was significantly higher than 
447.2 ± 79.1 m measured from TR6MWT. Patients 
achieved a mean performance of 79.3 ± 11.8% of the 
reference value [21]. Fifteen patients (83%) of the 18 
patients completed a greater distance on the HL6MWT 
than TR6MWT. The Bland-Altman plot in Figure 3 indi-
cates a lack of agreement between the tests. The dif-
ference in distance between walking in the hallway 
and on the treadmill tended to decrease as the 

Table 1. C haracteristics of study patients (n = 18).
Age (yr) 52.1 ± 10.3

Male/Female 13/5
Weight (kg) 88.6 ± 13.5
Height (cm) 173.3 ± 8.7
Body mass index (kg/m2) 29.3 ± 4.0
Ejection fraction (%) 54.4 ± 7.0
Diagnosis acute myocardial infraction (n) 18
Duration after diagnosis (weeks) 5.9 ± 2.5
Percutaneous coronary intervention (n) 18

Values are expressed as means ± standard deviation.
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average distance increased, as demonstrated by the 
regression line. Of the 18 patients, nine (50%) had dif-
ferences in hallway versus treadmill walk distance 
greater than 10% 67 m.

Graph that shows the data as dots (visibility: 0.8). 
The dotted line indicates the average difference of 
67.4 m, and the dashed lines indicate the Limits of 
Agreement: −39.6 m & 174.5 m. The Shapiro-Wilk test 
of the difference returns a p-value of 0.68, which does 
support a normal distribution.

The analysis of variance for repeated measures 
demonstrated a statistically significant difference for 
each walking test administered before cardiac rehabil-
itation (p < 0.001). The reliability indexes for the 
HL6MWT were calculated as an intraclass correlation 
coefficient (ICC) of 0.86 (95% confidence interval CI 
0.82–0.89), while TR6MWT, the ICC was 0.84 (95% CI 
0.78–0.87). Notably, the standard error of measurement 
(SEM) was found to be higher for the TR6MWT com-
pared to the HL6MWT with values of 41 m and 60 m, 
respectively. Furthermore, the SEMs represented 8% of 
the mean distance covered during the HL6MWT and 
13% of the mean distance covered during the TR6MWT. 
Additionally, the minimal detectable change (MDC) for 
the HL6MWT was determined to be 113 m, while for 
the TR6MWT, it was 166 m.The correlation between the 
maximum walking distances in the HL6MWT and 
TR6MWT was found to be strong (r = 0.79), and this dif-
ference was statistically significant (p < 0.05). 
Consequently, the probability of accurately predicting 
the distance walked in the hallway based on the dis-
tance walked on the treadmill is only 63%, which is 

considered unsatisfactory. Additionally, a notable learn-
ing effect was observed in the second and third tests 
in TR6MWT (5.4 and 3.6%) and in HL6MWT (4.9 and 
3.1%). In both, there were significant differences 
between all three tests. In more than half of the cases, 
the best performance for both methods was in the 
third test. In the HL6MWT, the most significant walk 
distance was in the third test in 12 patients and the 
TL6MWT in 10 patients. The first test was the best per-
formance only in two cases in both tests.

The walking distance change between the 
HL6MWT and TR6MWT did not tend to decrease 
from the first to the third test (Figure 4). There were 
no significant differences in the peak heart rate after 
each test (p = 0.59). Most patients (12/18) reached 
their peak heart rate after the HL6MWT. There was 
also no statistically significant difference in the rat-
ing of perceived exertion (p = 0.50). Eight subjects 
reported more significant dyspnea after the tread-
mill test.

No serious adverse events were reported during 
testing. In one case, after the cardiac rehabilitation 
program, the patient reported musculoskeletal pain 
during TR6MWT, limiting achieving testing 
performance.

Results after cardiac rehabilitation program

Fifteen patients (83%) completed the exercise-based 
cardiac rehabilitation program. Patients attended 
28.4 ± 5.5 exercise sessions (78.9% of the total, 12–35 
sessions). Fourteen patients completed the final test-
ing. The mean HL6MWT distance was significantly 
higher (589.4 ± 55.0 m by 14.5% p < 0.01) compared to 
baseline testing. The mean TR6MWT distance was sig-
nificantly higher (536.4 ± 77.9 m by 19.9% p < 0.01) 
compared to baseline testing. Effect sizes were 1.3 for 
HL6MWT and 1.1 for TR6MWT.

Figure 3. L imits of agreement plot.

Figure 4.  Mean walking distance covered during each round 
of testing.
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Discussion

A modified version of the standard HL6MWT, the 
TR6MWT, was developed as an alternative protocol. In 
our study, we aimed to evaluate the feasibility of the 
TR6MWT and compare its results to those obtained 
from the standard HL6MWT. The TR6MWT protocol 
was practical to administer and was well-acceptable by 
all study participants. Nevertheless, we observed a sig-
nificant change between the two tests, with the larger 
number of patients walking a superior distance in the 
HL6MWT. This aligns with previous research findings, 
suggesting that the TR6MWT and HL6MWT are not 
interchangeable and may yield different results [22,23]. 
However our study confirmed the validity and reliabil-
ity of using treadmill to administer the 6MWT by pre-
senting good reliability values in the TR6MWT and 
HL6MWT assessments (ICC: 0.75–0.9). Previous studies 
shows the treadmill as valid and reliable tool com-
pared to HL6MWT assessment. Especially, in patients 
after cardiac surgery and acute coronary syndrome, 
there presented good [14] and excellent [23] reliability 
results for the TR6MWT (ICC > 0.90) [20].

Several cases describe the discrepancies in perfor-
mance between the two tests. The two tests may need 
various skills required. Some patients are more com-
fortable with treadmill usage and automatized gait 
speed than others. Walking in a hallway is a daily skill 
and, therefore, more practical to patients than walking 
on a treadmill. On the other hand, adaptation to a 
new motor function differs for each patient and takes 
a different amount of time. Patient motivation is also 
debatable, as it may differ between the two tests. Even 
though the instructions were similar for both tests, the 
encouragement may likely be higher with the HL6MWT, 
which is more natural and motorically familiar to the 
patient. Previous research has shown encouragement 
during the 6MWT positively influenced results by 
30 m [24].

Another case is the slow response of the automated 
treadmill function to adjust the baseline gait accelera-
tion, which started at zero. It seems more advantageous 
to use the initial velocity. As stated by Pieter-Henk Boer, 
the protocol started at an initial velocity of 4 km/h [25]. 
Further studies may recruit more participants to estab-
lish cut-off walking distance for the TR6MWT, consider-
ing that patients tend to perform better when walking 
in a hallway than on a treadmill.

Next, the hypothesized correlations between the 
maximum distance walked during the HL6MWT and 
TR6MWT were noted regarding validity. These results 
support the acceptable concurrent validity of the 
TR6MWT, similar to the research by Olper et  al. [14] 

and Jensen et  al. [23], who demonstrated significant 
correlations between the two tests in cardiac patients.

Laskin et  al. found that between three sets of 
TR6MWT and HL6MWT, there were no statistically sig-
nificant differences in perceived exertion or peak heart 
rate ratings [26]. This is consistent with our study, 
where we did not find significant differences in peak 
heart rate or ratings of perceived exertion, which we 
hypothesized were measures of effort for patients. The 
result suggests that patients made similar efforts during 
the hallway and treadmill tests. For the experimental 
automated TR6MWT, this is a potential practical utility 
in medical treatment for delivering measurable results 
and indicating a functional response.

Learning effects are well-known in HL6MWT [27]. In 
our study, a learning effect was observed for both the 
hallway and treadmill tests and was more significant 
for the TR6MWT. Previous studies have shown a signif-
icant increase in HL6MWT distance measured over sev-
eral tests [22,27]. Most of the difference occurred 
during the first three tests [22]. We assessed the repro-
ducibility of TR6MWT and compared the results with 
HL6MWT reproducibility. The overall variability of the 
three distances was similar, and a nonsignificant 
increase was found between the first and second hall-
way and treadmill or between the second and third 
hallway and treadmill 6MWT.

In the walk test, the three tests minimized the 
effect of improvement in walking distance [28]. Our 
results suggest that the use in clinical practice of at 
least two TR6MWT should be performed to eliminate 
a learning effect and ensure measurement accu-
racy [29].

The result of the current research regarding the 
increase in the average distance walked in the TR6MWT 
showed an improvement in the functional capacity of 
patients after an exercise-based cardiac rehabilitation 
program. Functional capacity is one of the crucial fac-
tors determining patient prognosis [26]. Our results of 
19.9% (89.2 m) are consistent with a study by Peixoto 
et  al. who reported a significant increase in functional 
capacity of 20% (85 m) in patients undergoing exercise 
training after acute myocardial infarction [30]. Despite 
the lack of agreement between the HL and TR6MWT, 
which limits the interchangeability of the tests, our 
study strength is the practical benefit of the TR6MWT 
because it showed a valid assessment of the cardiac 
rehabilitation therapy effect. The utilization and analy-
sis of the results from the 6MWT can provide valuable 
guidance for clinical decision-making. It is crucial to 
ascertain whether a specific intervention has resulted 
in any meaningful alteration in the patient’s functional 
capacity. Substantial evidence supports the notion that 
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alterations in performance on the 6MWT following a 
cardiac rehabilitation program indicate changes in the 
patient’s clinical functional status [31,32]. Moreover, 
Papathanasiou et  al. showed that clinically significant 
increments in mean distance covered in a 6MWT fol-
lowing a cardiac rehabilitation program in patients 
with ischemic heart disease are around 70–170 m [33], 
which is consistent with the results of the pres-
ent study.

Digital technologies represent significant potential 
for developing and facilitating cardiac rehabilitation 
[34–36]. The benefits derived from current research on 
technology-assisted testing represent a space-saving 
over standard HL6MWT or cardiopulmonary exercise 
testing examinations. Currently, healthcare providers 
and their limited economic budgets are seeking cost 
savings. Thus, future research needs to incorporate 
cost-effectiveness outcomes to allow assessment of 
cost savings of a technology-assisted TM6MWT and 
HL6MWT option.

The board of outpatient cardiac rehabilitation 
providers often does not have the space available 
for functional testing. Therefore, the technology- 
assisted TR6MWT may represent an effective and 
safe alternative. In addition, patients unable to walk 
separately for 6 min can perform this test using a 
treadmill with a reduced risk of falls. However, along 
with digital and technological developments, there 
is a need to clarify the indications and use of mon-
itoring technologies provided by the devices.

Limitations

One limitation of the current study was the use of a 
randomized process, which may have influenced the 
reliability of the TR6MWT results. This is because 
patients who performed the HL6MWT first may have 
experienced a training effect, leading to potentially 
improved performance in the subsequent TR6MWT 
conducted 48 h later. Another area for improvement is 
the use of single-site sampling, which implies a poten-
tial weakness in the generalizability of the study results 
to other contexts. To align the results with the clinical 
care situation, the tests were administered by two 
physiotherapists who specialized in working with car-
diac patients. However, it is essential to note that this 
approach may have introduced increased variability 
between the tests [37]. Finally, turning in the tradi-
tional 6MWT may affect the outcome of the test in 
some less-able patients with reduced mobility and 
greater orthopedic limitations. Compared to the 
TR6MWT, this limitation is not present, which may 
have biased the study results.

Conclusion

The feasibility and safety of conducting the automa-
tized TR6MWT have been demonstrated in cardiac 
rehabilitation patients. TR6MWT showed a valuable 
comparison of the effect of the cardiac rehabilitation 
program. However, it is essential to note that the 
results obtained from the HL6MWT and TR6MWT can-
not be used interchangeably. This is due to the signif-
icant personal variability observed, resulting in a high 
disagreement between the walking distances in the 
two test scenarios.

Author contributions

Conception and design, M.N., F.D., G.P. and M.F.; acquisition, 
analysis and interpretation of data, K.B. and L.B.; drafting the 
work and revising, G.P., and M.N.; final approval of the man-
uscript, J.J.S. and L.B. All authors have read and agreed to 
the published version of the manuscript.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this 
article: This research was funded by the Ministry of Health, 
Czech Republic; conceptual development of research organi-
zation [FNBr, 65269705].

ORCID

Jing Jing Su  http://orcid.org/0000-0002-8242-811X

References

	 [1]	 Pepera G, Cardoso F, Taylor MJ, et  al. Predictors of shuttle 
walking test performance in patients with cardiovascular 
disease. Physiotherapy. 2013;99(4):1–10. doi: 10.1016/j. 
physio.2013.01.003.

	 [2]	 Pepera G, Karanasiou E, Blioumpa C, et  al. Tele-assessment 
of functional capacity through the six-minute walk test in 
patients with diabetes mellitus type 2: validity and reliabil-
ity of repeated measurements. Sensors. 2023;23(3):1354. 
doi: 10.3390/s23031354.

	 [3]	 Batalik L, Konecny V, Dosbaba F, et  al. Cardiac rehabili-
tation based on the walking test and telerehabilitation 
improved cardiorespiratory fitness in people diagnosed 
with coronary heart disease during the COVID-19 pan-
demic. Int J Environ Res Public Health. 2021;18(5):2241. 
doi: 10.3390/ijerph18052241.

	 [4]	C asillas JM, Hannequin A, Besson D, et  al. Walking tests 
during the exercise training: specific use for the cardiac 

https://doi.org/10.1016/j.
https://doi.org/10.1016/j.
https://doi.org/10.3390/s23031354
https://doi.org/10.3390/ijerph18052241


8 M. NEVELIKOVA ET AL.

rehabilitation. Ann Phys Rehabil Med. 2013;56(7–8):561–
575. doi: 10.1016/j.rehab.2013.09.003.

	 [5]	 Neder JA, Berton DC, O’Donnell DE. Getting the most out 
of the six-minute walk test. J Bras Pneumol. 2023; 
49(1):e20230028. doi: 10.36416/1806-3756/e20230028.

	 [6]	C oulshed A, Coulshed D, Pathan F. Systematic review of 
the use of the 6-minute walk test in measuring and im-
proving prognosis in patients With ischemic heart dis-
ease. CJC Open. 2023;5(11):816–825. doi: 10.1016/j.
cjco.2023.08.003.

	 [7]	A grawal MB, Awad NT. Correlation between six minute 
walk test and spirometry in chronic pulmonary disease. 
J Clin Diagn Res. 2015;9(8):OC01–OC04. doi: 10.7860/
JCDR/2015/13181.6311.

	 [8]	 Gayda M, Temfemo A, Choquet D, et al. Cardiorespiratory 
requirements and reproducibility of the six-minute walk 
test in elderly patients with coronary artery disease. 
Arch Phys Med Rehabil. 2004;85(9):1538–1543. doi: 
10.1016/j.apmr.2003.11.037.

	 [9]	H anson LC, McBurney H, Taylor NF. The retest reliability 
of the six-minute walk test in patients referred to a car-
diac rehabilitation programme. Physiother Res Int. 
2012;17(1):55–61. doi: 10.1002/pri.513.

	[10]	H ansen H, Beyer N, Frølich A, et  al. Intra- and inter-rater 
reproducibility of the 6-minute walk test and the 
30-second sit-to-stand test in patients with severe and 
very severe COPD. Int J Chron Obstruct Pulmon Dis. 
2018;13:3447–3457. doi: 10.2147/COPD.S174248.

	[11]	 Bellet RN, Adams L, Morris NR. The 6-minute walk test 
in outpatient cardiac rehabilitation: validity, reliability 
and responsiveness–a systematic review. Physiotherapy. 
2012;98(4):277–286. doi: 10.1016/j.physio.2011.11.003.

	[12]	 Kammin EJ. The 6-minute walk test: indications and 
guidelines for use in outpatient practices. J Nurse Pract. 
2022;18(6):608–610. doi: 10.1016/j.nurpra.2022.04.013.

	[13]	 Reneaud N, Gerus P, Guérin O, et  al. 6MWT on a new 
self-paced treadmill system compared with overground. 
Gait Posture. 2022;92:8–14. doi: 10.1016/j.gaitpost.2021. 
11.015.

	[14]	 Olper L, Cervi P, De Santi F, et al. Validation of the treadmill 
six-minute walk test in people following cardiac surgery. 
Phys Ther. 2011;91(4):566–576. doi: 10.2522/ptj.20100156.

	[15]	ATS  Committee on Proficiency Standards for Clinical 
Pulmonary Function Laboratories. ATS statement: guide-
lines for the six-minute walk test [published correction 
appears in am J respir crit care med. 2016 may 
15;193(10):1185]. Am J Respir Crit Care Med. 
2002;166(1):111–117. doi: 10.1164/ajrccm.166.1.at1102.

	[16]	 Kala P, Mates M, Želízko M, et  al. Doporučené postupy 
ESC pro léčbu akutního infarktu myokardu u pacientů s 
elevacemi úseku ST, 2017: souhrn dokumentu vypraco-
vaný českou kardiologickou společností. Cor Vasa. 
2017;59(6):e613-44.

	[17]	 Guidelines for Cardiac Rehabilitation and Secondary 
Prevention Programs, 6th Edition The 6th Edition of 
AACVPR’s Guidelines for Cardiac Rehabilitation. 2021.

	[18]	 Brawner CA, Ehrman JK, Schairer JR, et  al. Predicting max-
imum heart rate among patients with coronary heart dis-
ease receiving beta-adrenergic blockade therapy. Am Heart 
J. 2004;148(5):910–914. doi: 10.1016/j.ahj.2004.04.035.

	[19]	 Koo TK, Li MY. A guideline of selecting and reporting 
intraclass correlation coefficients for reliability research. 

J Chiropr Med. 2016;15(2):155–163. doi: 10.1016/j.
jcm.2016.02.012.

	[20]	 Francis T, Kabboul N, Rac V, et  al. The effect of cardiac 
rehabilitation on Health-Related quality of life in pa-
tients With coronary artery disease: a meta-analysis. 
Can J Cardiol. 2019;35(3):352–364. doi: 10.1016/j.
cjca.2018.11.013.

	[21]	C asanova C, Celli BR, Barria P, et  al. The 6-min walk dis-
tance in healthy subjects: reference standards from sev-
en countries. Eur Respir J. 2011;37(1):150–156. doi: 
10.1183/09031936.00194909.

	[22]	S tevens D, Elpern E, Sharma K, et  al. Comparison of 
hallway and treadmill six-minute walk tests. Am J Respir 
Crit Care Med. 1999;160(5 Pt 1):1540–1543. doi: 10.1164/
ajrccm.160.5.9808139.

	[23]	L enssen AF, Wijnen LC, Vankan DG, et  al. Six-minute walk-
ing test done in a hallway or on a treadmill: How close do 
the two methods agree? Eur J Cardiovasc Prev Rehabil. 
2010;17(6):713–717. doi: 10.1097/HJR.0b013e32833a1963.

	[24]	 Klompstra L, Lans C, Mercke E, et  al. Comparison of the 
6-minute walk distance measured on a 30 m track with 
guidance of a healthcare professional and those mea-
sured with a mobile application outdoors by partici-
pants themselves: a validation study. Eur J Cardiovasc 
Nurs. 2023;22(5):544–546. doi: 10.1093/eurjcn/zvac091.

	[25]	 Boer PH. A slightly adapted treadmill protocol for the 
determination of maximal oxygen uptake in adults with 
Down syndrome. J Appl Res Intellect Disabil. 2023;36(5): 
1162–1168. doi: 10.1111/jar.13138.

	[26]	L askin JJ, Bundy S, Marron H, et  al. Using a treadmill for 
the 6-minute walk test: reliability and validity. J 
Cardiopulm Rehabil Prev. 2007;27(6):407–410. doi: 
10.1097/01.HCR.0000300270.45881.d0.

	[27]	 de Almeida FG, Victor EG, Rizzo JA. Hallway versus 
treadmill 6-minute-walk tests in patients with chronic 
obstructive pulmonary disease. Respir Care. 2009;54(12): 
1712–1716.

	[28]	S pencer L, Zafiropoulos B, Denniss W, et  al. Is there a 
learning effect when the 6-minute walk test is repeated 
in people with suspected pulmonary hypertension? 
Chron Respir Dis. 2018;15(4):339–346. doi: 10.1177/ 
1479972317752762.

	[29]	 Beatty AL, Schiller NB, Whooley MA. Six-minute walk 
test as a prognostic tool in stable coronary heart dis-
ease: data from the heart and soul study. Arch Intern 
Med. 2012;172(14):1096–1102. doi: 10.1001/archin-
ternmed.2012.2198.

	[30]	 Peixoto TC, Begot I, Bolzan DW, et  al. Early exercise-based 
rehabilitation improves health-related quality of life and 
functional capacity after acute myocardial infarction: a ran-
domized controlled trial. Can J Cardiol. 2015;31(3):308–313. 
doi: 10.1016/j.cjca.2014.11.014.

	[31]	 Yazdanyar A, Aziz MM, Enright PL, et  al. Association be-
tween 6-minute walk test and all-cause mortality, coro-
nary heart disease-specific mortality, and incident coro-
nary heart disease. J Aging Health. 2014;26(4):583–599. 
doi: 10.1177/0898264314525665.

	[32]	S andercock GR, Cardoso F, Almodhy M, et  al. 
Cardiorespiratory fitness changes in patients receiving 
comprehensive outpatient cardiac rehabilitation in the 
UK: a multicentre study. Heart. 2013;99(11):785–790. 
doi: 10.1136/heartjnl-2012-303055.

https://doi.org/10.1016/j.rehab.2013.09.003
https://doi.org/10.36416/1806-3756/e20230028
https://doi.org/10.1016/j.cjco.2023.08.003
https://doi.org/10.1016/j.cjco.2023.08.003
https://doi.org/10.7860/JCDR/2015/13181.6311
https://doi.org/10.7860/JCDR/2015/13181.6311
https://doi.org/10.1016/j.apmr.2003.11.037
https://doi.org/10.1002/pri.513
https://doi.org/10.2147/COPD.S174248
https://doi.org/10.1016/j.physio.2011.11.003
https://doi.org/10.1016/j.nurpra.2022.04.013
https://doi.org/10.1016/j.gaitpost.2021.
https://doi.org/10.1016/j.gaitpost.2021.
https://doi.org/10.2522/ptj.20100156
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1016/j.ahj.2004.04.035
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.cjca.2018.11.013
https://doi.org/10.1016/j.cjca.2018.11.013
https://doi.org/10.1183/09031936.00194909
https://doi.org/10.1164/ajrccm.160.5.9808139
https://doi.org/10.1164/ajrccm.160.5.9808139
https://doi.org/10.1097/HJR.0b013e32833a1963
https://doi.org/10.1093/eurjcn/zvac091
https://doi.org/10.1111/jar.13138
https://doi.org/10.1097/01.HCR.0000300270.45881.d0
https://doi.org/10.1177/
https://doi.org/10.1177/
https://doi.org/10.1001/archinternmed.2012.2198
https://doi.org/10.1001/archinternmed.2012.2198
https://doi.org/10.1016/j.cjca.2014.11.014
https://doi.org/10.1177/0898264314525665
https://doi.org/10.1136/heartjnl-2012-303055


Annals of Medicine 9

	[33]	 Papathanasiou JV, Ilieva E, Marinov B. Six-minute walk 
test: an effective and necessary tool in modern cardiac 
rehabilitation. Hellenic J Cardiol. 2013;54(2):126–130.

	[34]	 Petek BJ, Al-Alusi MA, Moulson N, et  al. Consumer 
wearable health and fitness technology in cardiovascu-
lar medicine: JACC state-of-the-art review. J Am Coll 
Cardiol. 2023;82(3):245–264. doi: 10.1016/j.jacc.2023. 
04.054.

	[35]	A ntoniou V, Xanthopoulos A, Giamouzis G, et  al. 
Efficacy, efficiency and safety of a cardiac telerehabilita-
tion programme using wearable sensors in patients 
with coronary heart disease: the TELEWEAR-CR study 

protocol. BMJ Open. 2022;12(6):e059945. doi: 10.1136/
bmjopen-2021-059945.

	[36]	 Blioumpa C, Karanasiou E, Antoniou V, et  al. Efficacy of 
supervised home-based, real time, videoconferencing 
telerehabilitation in patients with type 2 diabetes: a 
single-blind randomized controlled trial. Eur J Phys 
Rehabil Med. 2023;59(5):628–639. doi: 10.23736/
S1973-9087.23.07855-3.

	[37]	 Pepera G, Sandercock GR. Does turning affect shuttle 
walking test performance in cardiovascular disease pa-
tients? A narrative review. Critical Reviews™ in Physical 
and Rehabilitation Medicine. 2021;33(1):15–27.

https://doi.org/10.1016/j.jacc.2023.
https://doi.org/10.1016/j.jacc.2023.
https://doi.org/10.1136/bmjopen-2021-059945
https://doi.org/10.1136/bmjopen-2021-059945
https://doi.org/10.23736/S1973-9087.23.07855-3
https://doi.org/10.23736/S1973-9087.23.07855-3

	Validity and reliability of automated treadmill six-minute walk test in patients entering exercise-based cardiac rehabilitation
	ABSTRACT
	Introduction
	Methods
	Participants
	Assessment
	Cardiac rehabilitation programme
	Statistics

	Results
	Results after cardiac rehabilitation program
	Discussion
	Limitations
	Conclusion
	Author contributions
	Disclosure statement
	Funding
	ORCID
	References



