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Abstract
Introduction: It is unclear whether it is possible to determine the training load on the basis of the 6-minute walk test (6-MWT) 
in patients after cardiac surgery with low tolerance of physical exercise.
Aim: Use of the 6-MWT to determine an individual initial training load in walking training on a treadmill in the early phase of 
cardiac rehabilitation in men after coronary artery bypass graft (CABG) surgery.
Material and methods: Twenty-two men aged 54 to 74 years, up to 3 months after CABG surgery participated in walking train-
ing on a treadmill (12–15 sessions). Patients underwent the initial and final treadmill exercise stress test (TEST) and the 6-MWT. 
Based on 6-MWT results, the initial training load was prescribed. Before the 6-MWT and 3 minutes after its completion, lactate 
concentration was determined. 
Results: The 6-MWT distance increased from 420 ±80 m to 519 ±61 m (p < 0.001), and the energy expenditure from 4.4 ±1.4 MET 
to 6.3 ±1.3 MET (p < 0.001). There was a positive correlation between 6-MWT distance and energy expenditure in the TEST before 
rehabilitation (r = 0.60, p = 0.005), and after rehabilitation (r = 0.75, p < 0.001). A negative correlation was found between the 
baseline 6-MWT distance and distance increment in the final 6-MWT (r = –0.66, p = 0.002). The 6-MWT did not induce hyper-
lactatemia.
Conclusions: The 6-MWT can be used in exercise intensity prescription, especially for determining the individual initial training 
load, load progression, as well as its correction during follow-up tests.
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Introduction
The 6-minute walk test (6-MWT) is a simple tool for as-

sessing exercise tolerance and adaptation to everyday ac-
tivities. The test is safe for patients, easy to perform and 
to interpret, does not require specialized equipment or 
special training of personnel and the risk of complications 
is low. 6-MWT results enable the classification of patients 
for physical training of appropriate intensity; moreover, the 
test can also be used to assess the effectiveness of cardiac 
rehabilitation [1, 2]. However, it is still not clear whether it 
is possible to safely and effectively determine the training 
load on the basis of the 6-MWT in patients after cardiac 
surgery with low tolerance of physical exercise [2, 3]. 

According to current recommendations of the European 
Society of Cardiology, there is an urgent need for more ac-
curate exercise prescription in different patient categories 
[4], particularly appropriate dose and type of physical activ-

ity [5]. Likewise, the American College of Cardiology/Ameri-
can Heart Association strongly emphasizes the necessity 
of exercise individualization [6]. Many authors highlight in 
particular the need for more accurate tailoring of training 
intensity [1, 7–9]. 

The evidence points to the urgent requirement for de-
veloping new, individually tailored training programs char-
acterized by maximum effectiveness with minimum risk of 
adverse events. For this reason, we developed a model of 
low intensity walking training in men in the early phase 
of cardiac rehabilitation after coronary artery bypass graft 
(CABG) surgery, in which the initial training load was de-
termined on the basis of 6-MWT results. We focused on 
walking since it is one of the most common, utilitarian and 
natural activities of everyday life; moreover, it is very well 
tolerated by most patients [10]. The research was conduct-
ed with the participation of men after CABG surgery as it 
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is the main cardiac surgery procedure performed in Poland 
[11]. Some of the results of our study were published in the 
previous paper [12]. 

Aim
The purpose of our study was to use the 6-MWT to de-

termine an individual initial training load in walking train-
ing on a treadmill in the early phase of cardiac rehabilita-
tion in male patients after CABG surgery.

Material and methods
Study participants
We recruited 22 consecutive patients aged 54 to  

74 years after CABG surgery, who were admitted to the 
Cardiac Rehabilitation Ward of the Provincial Hospital in 
Poznan, Poland. This study was conducted in accordance 
with the amended Declaration of Helsinki. Poznan Univer-
sity of Medical Sciences Bioethics Committee approved the 
protocol (841/13) and written informed consent was ob-
tained from all patients.

Inclusion criteria were male gender, CABG surgery per-
formed in the last 3 months, completion of at least 12, but 
not more than 15 training sessions and participation in pre-
liminary and final tests. Exclusion criteria were contraindi-
cations to the treadmill exercise stress test (TEST) [13]. 

Study design
Participants underwent a clinical assessment including 

the TEST and the 6-MWT at the beginning and after com-
pletion of the rehabilitation program. All patients partici-
pated in one walking training session a day and 20 minutes 
of exercises in a sitting position on a chair performed twice 
a day, 6 times per week.

The exercise stress test was carried out on a  Full Vi-
sion Inc. treadmill (TMX425, USA), using the Welch Allyn 
CardioPerfect (USA) workstation and a 3-minute incremen-
tal protocol (Modified Bruce 2). The 12-lead ECG and blood 
pressure (BP) were continuously obtained. The end point 
was assessed according to criteria of the American Heart 
Association [13] or reaching 15 points on the 20-grade Borg 
Scale. 

The 6-MWT was conducted in accordance with the 
American Thoracic Society guidelines [14], on a 25 m long 
corridor. HR and BP were measured before and after the 
test. Predicted walking distance was estimated using an 
equation [15, 16]. The 20-grade Borg Scale for rating per-
ceived exertion was used.

The basis for determining the individual initial training 
load was the result of the 6-MWT. Predicted peak oxygen 
uptake (VO2) was calculated using the following equation 
[17]: Peak VO2 = 0.02 × distance (m) – 0.191 × age (years) 
– 0.07 × weight (kg) + 0.09 × height (cm) + 0.26 × double 
product × 0.001 + 2.45.

Distances at 50%, 60% and 70% of peak VO2 were esti-
mated assuming respectively 50%, 60% and 70% of baseline 
peak VO2 and double product values. Age, body weight and 

height were constant. Values of predicted distances at 50%, 
60% and 70% of peak VO2 allowed initial speeds of walking 
to be determined by dividing distance values by 100. De-
pending on general condition, the patient started walking 
on a flat treadmill (Kettler Track Experience, Germany) with 
estimated speed of 50%, 60% or 70% of peak VO2. 

The first session lasted 10 minutes, and the next ones 
were gradually extended to 20 minutes. Walking speed was 
increased individually depending on the patient’s general 
condition every 2–5 sessions by 0.2–0.5 km/h. Maximum 
speed was limited by the value at which the participant 
made a switch from walking to running. The ECG, HR and 
BP were obtained during all sessions and the 20-grade Borg 
Scale for rating perceived exertion was used. 

Capillary blood from the fingertip was collected before 
and 3 minutes after the initial and final 6-MWT. Blood lactate 
concentration (BLC) was determined using the enzymatic 
spectrophotometric method [18]. Absorbance values were 
read on the Synergy 2 SIAFRT Multi-Mode Microplate Reader 
(BioTek Instruments, USA) at a wavelength of 340 nm.

Statistical analysis
The Shapiro-Wilk test was used to check normality of 

distribution. Student’s t-test, the Mann-Whitney test, the 
Wilcoxon signed rank test, the χ2 test or Fisher’s exact test 
was used to compare variables. Relationships between 
variables were measured by the Pearson correlation coef-
ficient. Friedman repeated measures analysis of variance 
by ranks and a post-hoc test were used to analyze repeated 
measures. Values of p < 0.05 were considered statistically 
significant. Statistica version 13.3 software (TIBCO Soft-
ware Inc., USA) was used for statistical analysis.

Results
Twenty patients completed the rehabilitation program. 

Two participants were excluded from the study due to:  
(1) complaints related to abdominal and iliac aorta aneu-
rysms, (2) bacterial infection of the respiratory tract. Both 
patients underwent an individual rehabilitation program. 
The mean age of study participants was 63 ±6 years. Pa-
tients began our rehabilitation program a mean of 18 ±13 
days following CABG surgery. All participants were diag-
nosed with chronic ischemic heart disease, 18 (90%) pa-
tients had hypertension and 14 (70%) had lipid metabolism 
disorders. All participants received statins, β-blockers and 
aspirin. Mean BMI of men was 28.7 ±4.3 kg/m2 and mean 
left ventricular ejection fraction (LVEF) was 52 ±7%. The 
detailed characteristics of participants were presented in 
a previous publication [12].

No serious arrhythmias were noted during training ses-
sions and no other adverse events were reported while 
exercising. Values of the treadmill walking speed during  
12 consecutive training sessions are presented in Figure 1. 
We noted a statistically significant gradual increase in mean 
treadmill walking speed from session 7 (3.1 ±0.6 km/h, 
p < 0.05) (Figure 1).
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After completion of the rehabilitation program, mean 
6-MWT distance increased from 420 ±80 m to 519 ±61 m 
(p < 0.001), which accounted for 70 ±14% and 86 ±11% of 
the predicted distance value, respectively. Mean increment 
of walking distance was 99 ±55 m (p < 0.001), which was 
27 ±6% (p < 0.001) of the baseline distance. The final TEST 
revealed an increase in mean energy expenditure from  
4.4 ±1.4 MET to 6.3 ±1.3 MET (p < 0.001).

There was a strong positive correlation between 6-MWT 
distance and energy expenditure in TEST before rehabilita-
tion (r = 0.60, p = 0.005) (Figure 2). After rehabilitation this 
relationship was very strong (r = 0.75, p < 0.001) (Figure 3). 
We also found a strong negative correlation between the 
baseline 6-MWT distance and distance increment in the fi-
nal 6-MWT (r = –0.66, p = 0.002) (Figure 4).

A  significant increase in post-6-MWT BLC before and 
after the rehabilitation was observed (from 1.8 ±0.7 mmol/l 
to 2.5 ±1.6 mmol/l, p = 0.002, and from 1.5 ±0.3 mmol/l to 
2.6 ±1.1, p < 0.001, respectively) (Table I). There were no dif-
ferences in BLC at rest between the initial and final 6-MWT 
and after exertion between the initial and final 6-MWT.

Discussion
The 6-MWT is a simple tool for measurement of func-

tional status of patients, which does not require special-
ized equipment or advanced training for medical staff.  
It enables the assessment of the submaximal level of func-
tional capacity and guiding cardiac rehabilitation, but can-
not be performed as a substitute of the cardiopulmonary 
exercise stress test (CPET) [19]. In this study, we developed 
a  model of continuous training because, in general, pa-
tients without initial CPET should begin cardiac rehabili-
tation with conventional continuous aerobic exercises for 
several weeks to months [2]. Due to the fact that exercise 
prescription techniques in cardiac rehabilitation are of criti-

Figure 1. Speed of walking during treadmill walking training sessions
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Figure 2. Relationship between 6-minute walk test (6-MWT) dis-
tance and energy expenditure in TEST before rehabilitation (r – Pear
son correlation coefficient)
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Figure 3. Relationship between 6-minute walk test (6-MWT) dis-
tance and energy expenditure in TEST after rehabilitation (r – Pear-
son correlation coefficient)
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Figure 4. Relationship between 6-minute walk test (6-MWT) dis-
tance before rehabilitation and 6-MWT distance increment after 
rehabilitation (r – Pearson correlation coefficient)
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Table I. Blood lactate concentrations (mmol/l) in minute walk test 
(6-MWT)

6-MWT At rest After exertion P-value

Before rehabilitation 1.8 (0.7) 2.5 (1.6) 0.002

After rehabilitation 1.5 (0.3) 2.6 (1.1) < 0.001

Data are presented as mean (SD).
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cal importance since many patients do not undergo base-
line CPET to set exercise intensity [2, 3], we used the 6-MWT 
in our study to determine the initial speed of walking and 
its increase during walking training sessions on a treadmill 
in CABG patients. 

The most appropriate factors that enable customization 
of training sessions and individualization of its intensity re-
main questionable [3, 8]. Commonly used in clinical prac-
tice markers are HR and rate of perceived exertion (RPE) 
[2, 3]. Strategies of tailoring the exercise intensity based 
on determining the target HR are the most frequent, but 
are criticized because of not taking into account the chro-
notropic specificity, which may vary to a  great extent in 
patients with a history of cardiovascular diseases. Chrono-
tropic incompetence may occur as a consequence of drug 
interactions (e.g. β-blockers, calcium-channel blockers, 
ivabradine, amiodarone), dysfunctions of the autonomic 
nervous system, cardiac alterations and diabetes or other 
metabolic diseases. In the case of patients with atrial fi-
brillation, pacemakers and chronotropic incompetence, the 
target HR is not applicable, and RPE is an alternative way 
to determine individual training intensity. However, due to 
the subjectivity of this method, training loads can be easily 
overestimated or underestimated [3]. Therefore, exercise 
intensity prescription based on the walking speed appears 
to be a precise, safe, and efficient approach to individual-
izing cardiac rehabilitation programs.

Walking speed can be used independently of HR [3], 
and may be estimated on the basis of walking tests out-
comes [2, 3]. Speed values of walking tests are not transfer-
able to a treadmill due to radically different types of effort 
and energy demands [3]. Our participants began walking 
on a treadmill with a mean speed of 2.60 km/h, which was 
just over 60% of the average walking speed obtained in 
the initial 6-MWT. In the 12th training session the mean 
speed of walking reached 3.74 km/h, which accounted for 
nearly 90% of the average speed achieved during the initial 
6-MWT. As shown in Figure 1, the individual initial walk-
ing speed ranged from 1.6 km/h to 3.0 km/h, and the final 
one from 2.8 km/h to 4.7 km/h. We recommended slower 
walking speeds in a few cases: patient’s worse clinical con-
dition, relatively low-grade outcome in the initial 6-MWT 
and TEST, poor ability of walking on a treadmill or difficulty 
maintaining balance, short stature of participant and short 
lower limbs. 

In our study, three participants started the first session 
of walking training at speeds below 2.3 km/h (median value 
of 1.6–3.0 km/h). Their mean value of walking distance in 
the initial 6-MWT was 293 ±81 m, so it seems that patients 
who walked less than 300 meters should begin training at 
a lower walking speed. The increment of walking speed in 
the course of the walking training program was not linear. 
We tailored the walking speed to the patient’s current tol-
erance of physical effort, being aware that appropriate load 
progression in a cardiac rehabilitation program is essential 
to gain maximal health benefits while minimizing the risk 
of adverse events [7].

The 6-MWT walking distance divided by 100 allows 
one to estimate the mean walking speed in km/h. Our par-
ticipants began to walk on a  treadmill at 63 ±7% of the 
mean speed of walking achieved in the initial 6-MWT. This 
percentage may be useful in prescribing an initial indi-
vidual walking speed on the basis of the 6-MWT results 
in corresponding group of patients. In our study we noted 
a  statistically significant gradual increase in mean tread-
mill walking speed from session 7 (3.1 ±0.6 km/h, p < 0.05), 
suggesting a mild increase in walking speed during the first 
half of our rehabilitation program and a moderate increase 
in the second half. This structure of the training program 
seems to be both safe and effective in improving exercise 
tolerance in CABG patients, especially since in our previous 
study [12] we demonstrated that the walking training we 
proposed was based on aerobic physical activity and mean 
BLC during training sessions did not exceed 2.0 mmol/l. Ac-
cording to the literature, BLC of 0–2 mmol/l is considered 
normal and a cutoff of 3–5 mmol/l is used by most authors 
to define hyperlactatemia [20]. Moreover, the walking train-
ing proposed by us proved to improve exercise tolerance of 
CABG patients as efficiently as the standard interval cycle 
ergometer training [12]. 

There are very few studies in which individual training 
load was determined using 6-MWT speed. This method 
has been used in pulmonary rehabilitation, mainly in pa-
tients with chronic obstructive pulmonary disease (COPD) 
but not as a standard procedure [20–22]. Authors [21] sug-
gested that high but tolerable walking training intensity, 
defined as 80% of mean 6-MWT speed, induced exercise 
tolerance improvement in COPD patients. Another solution 
was to prescribe 80%, 90% and 100% of 6-MWT speed dur-
ing the 1st, 2nd and 3rd week of rehabilitation, respectively, 
and then carry out the 6-MWT again to determine 80%, 
90% and 100% of current 6-MWT speed during the next  
3 weeks [22]. 

We found in our study a  strong positive correlation 
between 6-MWT distance and energy expenditure in the 
TEST before rehabilitation (r = 0.60, p = 0.005) (Figure 2). 
6-MWT distance directly refers to mean speed of walking 
during the 6-MWT because the distance value divided by 
100 gives the average walking speed. It seems that the re-
lationship of this strength allows one to prescribe safely 
and effectively an individual intensity of cardiac rehabilita-
tion. Since after rehabilitation this correlation was stronger  
(r = 0.75, p < 0.001) (Figure 3), a follow-up 6-MWT in the 
course of the rehabilitation program may be considered in 
order to tailor optimally the training load at a further phase 
of walking training.

Compared to other studies, the values of correlation 
coefficients obtained by us were relatively high. Hayta and 
Korkmaz [23] enrolled patients after CABG surgery to eval-
uate the reliability of 6-MWT. Before rehabilitation the rela-
tionship between 6-MWT distance and energy expenditure 
in CPET was r = 0.493 (p = 0.001), and after 3 months of 
rehabilitation it was of similar value (r = 0.456, p = 0.001), 
but according to VO2max in CPET these correlations were 
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more diverse and equal to r = 0.297 (p = 0.05) and r = 0.573 
(p = 0.001), respectively. Similar to our study, the reliability 
of 6-MWT increased after cardiac rehabilitation compared 
to its baseline use. Zanini et al. [24] noted a moderate cor-
relation (r = 0.48, p = 0.02) between peak VO2 in CPET with 
6-MWT distance in patients after 40 days of CABG. Ra-
codon et al. [25] observed a significant correlation between 
6MWT distance and the initial and final CPET outcomes  
(r = 0.5456, p < 0.001 for the initial CPET, r = 0.604, p < 0.001 
for the final CPET), confirming the validity of using 6-MWT 
in cardiac rehabilitation. In turn, Sperandio et al. [26] found 
a significant relationship between the 6-MWT distance in 
healthy, middle aged and older adults, and peak VO2 in 
CPET (R2 = 0.76, p < 0.001). The authors described the ex-
ercise intensity during 6-MWT as moderate to high (80% of 
maximum HR obtained in CPET) and concluded that 6-MWT 
seems to be a valid tool for prescribing walking programs.

A strong negative correlation between the initial 6-MWT 
distance and the distance increment in the final 6-MWT  
(r = –0.66, p = 0.002) was noted in our study. We specu-
late that in patients with lower baseline exercise tolerance, 
who obtained a greater increment of walking distance in 
the final 6-MWT, the proposed individual training load was 
sufficient to optimally improve their tolerance of physical 
activity. Contrarily, in men with higher initial exercise toler-
ance, who achieved a lower increment in walking distance 
in the final 6-MWT, the recommended training load could 
be too low to enable an increment in exercise tolerance to 
be obtained at a level at least equal to that of participants 
with lower exercise tolerance. Presumably, a rehabilitation 
program of higher intensity would be necessary in order 
to obtain a greater increase in exercise tolerance in these 
patients. This observation confirms the validity and useful-
ness of the 6-MWT in the classification of patients to reha-
bilitation programs with the optimal level of intensity that 
brings the most health benefits.

Mean resting BLC values before the initial and final 
6-MWT were within the normal range, and despite their 
significant increase after the initial and final 6-MWT, hyper-
lactatemia was not induced [20]. Very few current studies 
on 6-MWT lactate concentration exist, and they mainly re-
fer to patients with lung disease. Regarding BLC evaluated 
3 minutes after 6-MWT, da L Goulart et al. [27] obtained 
outcomes comparable to our study. Recovery BLC in studied 
groups of COPD patients were 2.5 ±1.2 mmol/l and 2.7 ±1.1 
mmol/l. Resting BLC values were slightly higher than in our 
participants and were 2.9 ±1.1 mmol/l in patients equipped 
with an expiratory positive airway pressure (EPAP) device 
and 2.7 ±0.9 mmol/l in non-EPAP patients. During 6-MWT 
peak BLC values were 2.7 ±1.1 mmol/l in the EPAP group 
and 3.2 ±1.8 mmol/l in the non-EPAP group. The authors 
noted that EPAP caused alteration in resting BLC in COPD 
patients. Chéhère et al. [28] also obtained very similar BLC 
results in patients with interstitial lung disease. Resting 
BLC was higher than in our study (2.31 ±0.91 mmol/l), but 
BLC evaluated immediately after 6-MWT was similar (2.84 
±1.17 mmol/l).

Despite the fact that in our research we have included 
many practical tips that may turn out to be useful in exer-
cise intensity prescription and cardiac rehabilitation cus-
tomization, our study has limitations. We enrolled a small 
group of patients, up to 3 months after CABG surgery, with 
preserved LVEF, and we did not include women due to the 
small sample size. In the case of exercise intensity prescrip-
tion in patients of different characteristics, the results may 
not be transferred. 

Conclusions 
This study showed that the distance covered in 6-MWT 

is directly associated with energy expenditure in the TEST 
in men, up to 3 months after CABG surgery. We demon-
strated that the 6-MWT can be successfully used in exer-
cise intensity prescription, especially for determining the 
individual initial training load and load progression, as 
well as its correction during follow-up tests. Moreover, we 
proved that the 6-MWT has a  high degree of safety and 
its intensity does not induce hyperlactatemia, even in pa-
tients with low exercise tolerance. Additionally, our experi-
ence showed that the 6-MWT is easily performed, widely 
available, well tolerated and thus can be commonly used in 
everyday clinical practice.
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