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ABSTRACT

Introduction: Exercise capacity and quality of
life are the main outcomes in cardiac rehabili-
tation (CR). Exercise capacity is one of the
important prognostic and diagnostic measures
acquired by the exercise tolerance test (ETT).
The 6-min walk test (6MWT), as a functional
walking test, is another tool for assessing exer-
cise capacity.
Methods: Eighty postoperative coronary artery
bypass grafting (CABG) participants admitted to
three CR units were recruited for this cross-sec-
tional and multicenter study, based on conve-
nient non-probability sampling. All participants

performed an ETT and two repeated 6MWTs.
Maximum heart rate (HR), maximum blood
pressure (BP), maximal oxygen uptake
(VO2max), and peak metabolic equivalents of
tasks (MET) during the tests and also the 6-min
walk distance (6MWD) were the outcome
measures.
Results: The mean age of all participants was
62.13 (7.12) years and 80% were male. Pearson
correlation showed that maximum HR
(r(78) = 0.67, P\0.001) and maximum systolic
BP (r(78) = 0.57, P\ 0.001) during the 6MWT
correlated moderately with those achieved
during ETT. Maximum HR in the 6MWT corre-
sponded to 86% of that achieved during ETT.
The 6MWD showed a strong positive correla-
tion with peak MET estimated during ETT as a
measure of exercise capacity (r = 0.77,
P\ 0.001).
Conclusions: The results from this study sug-
gest that the 6MWT is a valid tool for assessing
functional capacity for prescribing exercise in a
group of postoperative CABG participants
admitted to CR units. This finding is helpful for
healthcare professionals and for patients, as the
test is easy to administer and also well tolerated
by patients.
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Keywords: Cardiac rehabilitation; Exercise
capacity; Metabolic equivalents; The 6-min
walk test

M. A. Saba � S. Goharpey (&)
Musculoskeletal Rehabilitation Research Center,
Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran
e-mail: shgoharpey@yahoo.com

B. Attarbashi Moghadam
Physical Therapy Department, School of
Rehabilitation, Tehran University of Medical
Sciences, Tehran, Iran

R. Salehi
Rehabilitation Research Center, Department of
Rehabilitation Management, School of
Rehabilitation Sciences, Iran University of Medical
Sciences, Tehran, Iran

M. Nejatian
Cardiac Rehabilitation Department of Tehran Heart
Center, Tehran University of Medical Science,
Tehran, Iran

Cardiol Ther (2021) 10:201–209

https://doi.org/10.1007/s40119-021-00210-0

http://orcid.org/0000-0001-5158-5238
http://orcid/org/0000-0002-9006-4782
http://crossmark.crossref.org/dialog/?doi=10.1007/s40119-021-00210-0&amp;domain=pdf
https://doi.org/10.1007/s40119-021-00210-0


Key Summary Points

The 6-min walk test (6MWT), as a
functional walking test, is a tool for
assessing exercise capacity that nowadays
with the growing attention to functional
and inexpensive outcome measures in
therapeutic interventions, and for its ease
of performance, has become a more
applicable approach.

Assessing the correlation of pertinent
variables for the 6MWT and exercise
tolerance test (ETT), indicating 6MWT
validity in cardiac rehabilitation (CR) (and
also investigating the relationship
between 6MWT distance and peak
metabolic equivalents of tasks (MET)
estimated during ETT) were the aim of this
study.

The 6MWT distance can be used as a valid
CR outcome measure, having several
advantages over the treadmill test, which
correlates well with a common criterion in
CR centers for exercise capacity means
peak MET estimated during ETT.

The results from this study suggest that
the 6MWT is an effective tool for assessing
functional capacity for prescribing
exercise and can be used several times
during the sessions for decision-making
about ongoing treatment processes and
program intensity and has the potential to
be an alternative (not a substitute for)
ETT.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13502655.

INTRODUCTION

Exercise capacity and quality of life are the main
outcomes in cardiac rehabilitation (CR) [1, 2].
For functional exercise capacity evaluation,
there are various modalities available; some of
them assess all the systems involved in exercise
and the pathophysiology mechanisms, while
others only provide basic information. The
modality of the preference is chosen based on
clinical decision-making and available tools and
circumstances [3]. The cardiopulmonary exer-
cise test (CPET) is one of these modalities that
measures maximal oxygen uptake (VO2max)
directly with a gas analyzer, which seems to be
the best index of aerobic capacity and the gold
standard for cardiorespiratory fitness [4]. How-
ever, this technique is not widely used due to its
expense, the need for sophisticated equipment,
and not being well tolerated by elderly patients
or those with comorbidities [5, 6]. In some
centers after revascularization and myocardial
infarction, an exercise tolerance test (ETT) is
performed with modified Bruce protocol, a less
strenuous protocol in comparison to Bruce
protocol [7], without a gas analyzer. Exercise
capacity is one of the important prognostic and
diagnostic measures acquired by ETT that is an
estimate of VO2max, measured in units of
metabolic equivalents (MET) [8]. One MET is
the amount of oxygen consumption required in
a resting state, and equals 3.5 ml of oxygen per
kilogram of body weight per minute for an
average adult [9, 10]. Peak MET is estimated
according to grade and speed attained on a
treadmill at the maximum exercise tolerance.
Due to variation in protocols and conditions,
for calculating the exercise capacity, the
amount of work performed in METs is preferred
to the number of minutes of exercise [10].

The 6-min walk test (6MWT), as a functional
walking test, is another tool for assessing exer-
cise capacity that nowadays with the growing
attention to functional and inexpensive out-
come measures in therapeutic interventions,
and for its ease of performance, has become a
more applicable approach. A review article on
functional walking tests in the cardiorespiratory
domain showed that the 6MWT is easy to
administer and well tolerated [11]. Another
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advantage of the 6MWT over the treadmill test
is that walking is a natural daily activity and so
can reflect the real situation, and even the
elderly and patients with musculoskeletal dis-
orders like knee arthrosis can perform it without
the fear of instability or falling off the treadmill
[12]. The protocol used for the elderly and
deconditioned individuals in ETT is usually less
energy-consuming [7, 10]. Moreover, the
6MWT for middle-aged and the elderly is con-
sidered a moderate- to high-intensity activity
[6, 13]. Besides, pain, long bed rest, and respi-
ratory limitation after sternotomy, which is
common in most revascularization patients
referred to CR centers, [14] may exceed the level
of exertion for 6MWT. Therefore, the intensity
of these tests in CR seems to be somewhat
related. The primary outcome in the 6MWT is
the 6-min walk distance (6MWD), which can be
used for exercise prescription and is also suit-
able for pre- and post-CR outcome assessment
[15]. MET is another variable that can be esti-
mated by the 6MWT through a calculation that
converts 6-min walking speed into a MET level
([3.5 ? (6MWTspeed 9 0.1)]/3.5) [16, 17].

One of the major group of patients referred
to CR centers are those after coronary artery
bypass grafting (CABG) [14, 18]. In some cen-
ters, ETT is performed, but in other smaller
centers with more limitations, no entry graded
exercise test is done. Therefore, there is a need
for functional tests that can be performed
before starting the rehabilitation for prescribing
the exercises with appropriate intensity as well
as assessing the outcomes. Despite the preva-
lence of referred postoperative CABG patients to
the CR centers, there has been no research on
assessing the correlation of pertinent variables
for the 6MWT and ETT yet. Investigating the
relationship between 6MWD and peak MET
estimated during ETT is the other aim of this
study. By existence of this associations, 6MWT
may be assumed as a cost-effective tool, espe-
cially in small rehabilitation centers, for pre-
scribing exercise and assessing the CR
outcomes.

METHODS

Eighty postoperative CABG participants were
admitted to three CR units; Imam Khomeini
hospital in Ahvaz, Tehran Heart Center, and
Shariati Hospital, which both are located in
Tehran. The participants were recruited for this
cross-sectional and multicenter study based on
convenient non-probability sampling. The
inclusion criteria were age above 40 years,
CABG surgery during the last 2 months, an ETT
report (therefore, having no problems interfer-
ing with treadmill walking), and no serious
psychiatric disorders. Unwillingness to cooper-
ate and contraindications for the 6MWT
including unstable angina and myocardial
infarction in the previous month, resting heart
rate (HR) of more than 120 ppm, a systolic
blood pressure (BP) of more than 180 mmHg,
and a diastolic BP of more than 100 mmHg [3],
were the exclusion criteria. Before the experi-
ment, the aim and the protocol of the study was
explained to the participants, and then an
informed consent form was signed. Demo-
graphic data [age, sex, body mass index (BMI)]
and clinical information (ejection fraction (EF),
diabetes, high BP and hypercholesterolemia as
risk factors) were recorded. The Medical Ethics
Committee of the Ahvaz Jundishapur Univer-
sity of Medical Sciences has approved the study
protocols (IR.AJUMS.REC.1399.582). Written
informed consent was obtained from all of the
study subjects. The study was performed in
accordance with the Declaration of Helsinki
1964 and its later amendments.

All participants performed an ETT and two
repeated 6MWTs. The 6MWT was conducted
according to a standard protocol on a flat, hard,
and measured corridor, with cones marking the
turning points [3] by a physiotherapist. The
distance of the hallway was modified from 30 to
10 m due to space constraints in the centers,
and such distance is already being used for
6MWT [19]. Before the test, the participants’
resting HR and BP were monitored and recorded
using a portable device (MySign� S, Envitec Co.)
and an immovable one (Masimo set, NOVIN
S1800, Saadat Co.), respectively. Immediately
after completion of the 6MWT, peak exercise
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data including HR, BP, rating of perceived
exertion (RPE) (the participants rating them-
selves on a Borg RPE scale from 6 to 20), and the
total distance walked in meters was measured.
Other measured parameters included angina
and dyspnea ratings, and pulse oximetry (SpO2)
recordings that were obtained primarily for
participants’ monitoring and safety purposes,
were not formally collected or analyzed. Par-
ticipants were instructed to walk at their own
pace through the hallway while attempting to
cover as much ground as possible in 6 min, and
take rest periods if necessary, but resume walk-
ing as soon as they could. Participants were
encouraged with the standardized statements
and the remaining time was called out every
2 min. An electronic timer with a buzzer that
sounded the completion of the 6 min was used.
Participants who became symptomatic (angina,
severe dyspnea) were instructed to stop walking
and the test was discontinued. Each subject
completed two repeated 6MWTs during the
same day, with a seated rest of 30 min between
trials until HR, BP, and RPE returned to baseline
values. Data from the test with more distance
were used for the analysis.

The ETT was conducted in a cardiologist-su-
pervised assessment laboratory about 1–6 days
before the 6MWT according to the routine
clinical practice setting in the centers, and
means patients were usually admitted to cardiac
rehabilitation units within a week after per-
forming ETT. Subjects performed ETT with
modified Bruce protocol and the starting point
(i.e., stage 1) was 1.7 mph at a 0% grade. The
treadmill grade and then speed were increased
gradually and subjects were encouraged to
exercise until exhaustion. Test termination cri-
teria consisted of the most accepted indications
[4, 7]. HR was monitored with standard elec-
trocardiographic leads, and BP was measured
with a standard cuff sphygmomanometer
(Masimo set, NOVIN S1800, Saadat Co.) before
starting the test and after each stage. The car-
diologist provided written documentation for
ETT termination and the ETT report should be
added to the participants’ medical charts.
Therefore, the data in the report, including
maximum HR, maximum BP, VO2max, and
peak MET, were used for the final analysis.

Statistical Package for the Social Sciences
(SPSS) was used for data analysis and P\0.05
was considered as statistically significant.
Graphs were plotted using MedCalc statistical
software.

RESULTS

A total of 80 postoperative CABG participants
completed the study before starting the reha-
bilitation. None of the participants rested dur-
ing the 6MWT and no complications occurred.
Data were normally distributed and analyzed
using descriptive statistics, Pearson correlation,
and linear regression. Demographic and clinical
characteristics are presented in Table 1. The
mean age of all participants was
62.13 ± 7.12 years, 80.0% were male, more
than 20% had comorbidities such as diabetes,
and approximately half had left ventricular
EF\50%. Detailed results for 6MWT and ETT
are presented in Table 2. Maximum HR during
the 6MWT corresponded to 86.03 ± 0.08% of
that achieved during ETT. Pearson product
moment correlation was run to assess the rela-
tionship between pertinent variables achieved
during 6MWT and ETT. Strong and significant
correlation was found between MET estimated
during 6MWT and ETT (r(78) = 0.77, P\0.001),
as well as between VO2max estimated during
6MWT and ETT (r(78) = 0.78, P\0.001). There
was a moderate and significant correlation
between maximum HR obtained during 6MWT
and ETT (r(78) = 0.67, P\ 0.001). The correla-
tion between maximum systolic BP achieved
during 6MWT and ETT was moderate and sig-
nificant (r(78) = 0.57, P\ 0.001). Using simple
linear regression to assess the relation, 6MWD
showed a strong positive correlation with peak
MET estimated during ETT as a measure of
exercise capacity (r = 0.77, r2 = 0.59, standard-
ized b coefficient = 0.77, P\0.0001; Fig. 1).

DISCUSSION

Assessing the correlation of pertinent variables
for the 6MWT and ETT indicating 6MWT
validity in CR and also investigating the
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relationship between 6MWD and peak MET
estimated during ETT were the aim of this
study. The main result in this study was a strong
positive and significant relationship between
6MWD and peak MET estimated during ETT as a
measure of exercise capacity. The purpose of
measuring functional exercise capacity is to

assess the function of body systems including
breathing, cardiovascular, neurophysiological,
and musculoskeletal all together. Maximum
functional capacity achieved during each test,
which is commonly considered as an estimation
of aerobic capacity, is one of the best predictors
of risk in patients with a high risk of

Table 1 Demographic and clinical characteristics [mean (standard deviation); or frequency (%)] of all patients (n = 80)

Characteristics of participants Mean (standard deviation); or N (frequency)

Age (years) 62.13 (7.12)

Gender

Male 64 (80.0%)

Female 16 (20.0%)

Weight 73.83 (11.20)

Height 166.87 (7.87)

Body mass index (BMI) 26.51 (3.69)

Baseline heart rate (beats/min) 81.54 (8.02)

Baseline systolic blood pressure (mmHg) 121.71 (10.14)

SpO2 (%) 95.52 (2.73)

Ejection fraction (EF) \ 50: 38 (47.4%)

C 50: 42 (52.6%)

Diabetes 35 (43.8%)

Hypertension 26 (32.5%)

Hypercholesterolemia 21 (26.3%)

Obesity (BMI C 30) 16 (20%)

Table 2 Mean and standard deviation (SD) of pertinent variables for 6MWT and ETT (n = 80)

6MWT performance characteristics;
mean (SD)

ETT performance characteristics;
mean (SD)

Estimated peak MET 3.23 (0.2) 6.44 (1.8)

Estimated VO2max 11.30 (0.9) 23.40 (6.7)

Maximum heart rate (beats/min) 105.61 (10.9) 123.61(15.4)

Maximal systolic blood pressure

(mmHg)

133.75 (13.4) 141.93 (10.8)

ETT exercise tolerance test, 6MWT 6-min walk test
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cardiovascular disease, and a meta-analysis
study reported that each increase in MET causes
a 13–15% decrease in mortality and cardiovas-
cular events [10]. To the best of our knowledge,
no studies have investigated the relationship
between 6MWD and peak MET estimated dur-
ing ETT yet. However, results demonstrating
linear correlations between the 6MWD and
VO2max measured on CPET have been described
in several previous studies [6, 20, 21]. Sousa
et al.’s study showed a linear relationship with
correlation coefficient of r = 0.70 between dis-
tance covered at the 6MWT and estimated
VO2max reached during the ETT in 24 patients
with permanent cardiac pacemakers [22]. The
findings of this study are also similar to those in
Kristjánsdóttir et al.’s study [12] that showed a
strong significant correlation between 6MWD
and the maximum power (watt/kg) obtained
during the symptom limited graded exercise
(r = 0.93). Participants were ten elderly patients
who underwent cardiac surgery 3 months ear-
lier and also passed a CR program prior to
entering the study, and the tool that was used as
graded exercise test was a stationary bicycle.
The difference between the nature of the test (a
stationary bicycle in comparison to treadmill
graded test in the present study) may be one
reason for the higher r coefficient. The other
explanation may be that in their study, the
6MWT was administered in 35-m corridor. A
strong significant relationship has been shown
in this study, which indicates that the 6MWD

can be used as a valid CR outcome measure with
all its advantages previously discussed, that is
correlated well with a common criterion in
some CR centers for exercise capacity means
peak MET estimated during ETT.

The other main result of this study showed a
significant association between pertinent vari-
ables of 6MWT and ETT. The maximum HR
(r = 0.67) and maximum systolic BP (r = 0.57)
during 6MWT correlated moderately with those
achieved during ETT. The higher mean of these
variables during ETT in comparison to 6MWT
could be due to the higher intensity of ETT. The
HR is a significant indicator of myocardial
oxygen demand and autonomic regulation and
balance. During exercise, there is a cardiovas-
cular adaptation to accommodate the working
muscles (metabolic demand) and skin blood
flow (thermoregulatory demands) and maintain
BP through the organs, so the HR is increased
due to the suppression of the parasympathetic
tone and the stimulation of the sympathetic
system [23]. In Sousa et al.’s study [22] also, the
correlation between maximum HR (r = 0.68)
and between maximum BP (r = 0.48) was
assessed. In alignment with our results, Krist-
jánsdóttir et al.’s study [12] showed a moderate
correlation between these variables during
6MWT and symptom-limited-graded exercise
(r = 0.64) for maximum HR and (r = 0.52) for
maximum systolic BP. Maximum HR during the
6MWT in the present study corresponded to
86% of that achieved during ETT, which repre-
sents a moderate-to-high intensity exercise that
was confirmed in previous studies in a group of
healthy middle-aged and older adults [6, 24]. As
most patients admitted to CR centers are
elderly, these same results indicate that 6MWT
can be a well-tolerated tool correlated with ETT
that patients can perform without the fear of
instability or falling off the treadmill. Gremeaux
et al.’s study [25] reported that maximum HR
during the 6MWT corresponded to 78% of that
achieved during CPET in patients with
stable coronary artery disease referred to the CR
department. In CR programs, the intensity of
the exercise is commonly determined using the
target HR, estimating from CPET or ETT, how-
ever; the physiologic of daily activity is different
and more compatible with 6MWT as a

Fig. 1 Scatterplot of 6MWD and peak MET estimated
during ETT (n = 80)
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functional waking test. 6MWT also has the
advantage of being more accessible and easily
performed, and therefore can be used several
times during the sessions for decision-making
about ongoing treatment process and program
intensity. This simple functional test exploring
different effort intensities could be used as a
complement to the ETT when starting a cardiac
rehabilitation program and then as an alterna-
tive to repeated ETT to update optimal exercise
intensity regularly during rehabilitation pro-
grams. 6MWT is not a substitute for the ETT,
but a useful alternative instrument for assessing
exercise capacity. May have benefits in provid-
ing information for individualized exercise
prescription for those patients who enter a CR
program without an entry graded exercise test
and also as a functional and inexpensive out-
come measures for several reassessments during
the treatment to have a document-based deci-
sion-making about the need for continuing the
program or discharging the patient.

The main limitation of this study is that MET
attained during ETT as a reference test used to
prove 6MWT validity is an estimation, and
therefore probably not equal to directly mea-
sured MET during CPET. However, this was due
to more accessibility of CR centers to ETT than
CPET. The findings of this study are helpful for
healthcare professionals and for the patients, as
the test is easy to administer and also well tol-
erated by patients. However, there is a need for
further research investigating 6MWT validity
through the time and after passing CR as an
outcome measure, means responsiveness.

CONCLUSIONS

The results from this study suggest that 6MWT
is a valid and effective tool for assessing func-
tional capacity for prescribing exercise in a
group of postoperative CABG participants
admitted to CR units.
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