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Assessment of training heart rate in patients with chronic 
obstructive pulmonary disease (COPD)

Abstract
Objective. The objective of the study was to evaluate the training heart rate in patients with chronic obstructive pulmonary disease.
Material and methods. The study was carried out at the John Paul II Specialist Hospital of the Ministry of Interior and Administration in Głuchołazy at the 
pulmonary rehabilitation department. Two hundred and aive people participated in the study. Each patient included in the study was diagnosed with 
chronic obstructive pulmonary disease. The group consisted of 100 women and 105 men. Rehabilitation models A and B were used in the study. 155 
people were included in model B, and 50 people in model A. The average age was 55. The patients underwent a 6‑minute walk test before and after 
rehabilitation. The following data was included in the study: walk test maximum heart rate, the patient’s maximum heart rate and resting heart rate.
Results. Before rehabilitation, 121 patients achieved a result of over 70% of the values determining the correlation between the 6MWT test heart rate and 
the submaximal heart rate, which constitutes 60% of all patients. However, the mean value of this correlation among all patients was 74.69%. After 
rehabilitation, 143 patients achieved a result of more than 70% of the values determining the correlation between the 6MWT test heart rate and the 
submaximal heart rate, which is 70% of all patients. However, the mean value of this correlation among all patients was 79.19%. Before rehabilitation, 
205 patients achieved a result of more than 70% of the values determining the correlation between the 6MWT test heart rate and the submaximal heart 
rate, which constitutes 99.51% of all patients. While, the mean value of this correlation among all patients was 92%. The number of patients who, before 
rehabilitation, achieved more than 70% of the values determining the correlation between the 6MWT test heart rate and the submaximal heart rate, was 
100% of all patients. The mean value of this correlation among all patients was 90.15%.
Conclusions. 1. The maximum heart rate achieved by patients during the 6‑minute walk test corresponds to the maximum heart rate before rehabilitation 
in 60% of patients, and after rehabilitation in 70% of patients.
2. The maximum heart rate achieved by patients during the 6‑minute walk test corresponds to the training heart rate before rehabilitation in 95% of 
patients, and after rehabilitation in 100% of patients.
3. It seems the maximum heart rate achieved by patients during the 6‑minute walk test can be used in determining the patient’s load during exercise.
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Streszczenie
Cel pracy. Celem pracy była ocena tętna treningowego u pacjentów z przewlekłą obturacyjną chorobą płuc.
Materiał i metodyka. Badania zostały przeprowadzone w SP ZOZ Szpitalu Specjalistycznym MSWiA w Głuchołazach im. św. Jana Pawła II na oddziale 
rehabilitacji pulmonologicznej. W badaniu wzięło udział 205 osób. Każdy pacjent włączony do badania był chory na przewlekłą obturacyjną chorobę 
płuc. Grupę stanowiło 100 kobiet oraz 105 mężczyzn. Do próby kwaliaikowane były osoby z modelu rehabilitacji A oraz B. 155 osób należało do modelu 
B, a 50 osób do modelu A, natomiast średnia wieku wynosiła 55 lat. U chorych przeprowadzany był test 6‑minutowego marszu przed oraz po 
rehabilitacji. W badaniach zostały uwzględnione następujące dane: tętno maksymalne z testu marszowego, tętno maksymalne pacjenta oraz tętno 
spoczynkowe.
Wyniki. 121 pacjentów osiągnęło przed rehabilitacją wynik % powyżej 70% wartości określających zależność tętna uzyskanego w teście 6MWT do tętna 
submaksymalnego, co stanowi 60% wszystkich badanych. Natomiast średnia wartość tej zależności wśród wszystkich chorych wynosiła 74,69%. 143 
pacjentów osiągnęło wynik % po rehabilitacji powyżej 70% wartości określających zależność tętna uzyskanego w teście 6MWT do tętna 
submaksymalnego, co stanowi 70% wszystkich badanych. Natomiast średnia wartość tej zależności wśród wszystkich chorych wynosiła 79,19%. 205 
pacjentów osiągnęło wynik % przed rehabilitacją powyżej 70% wartości określających zależność tętna uzyskanego w teście 6MWT do tętna 
submaksymalnego, co stanowi 99,51% wszystkich badanych. Natomiast średnia wartość tej zależności wśród wszystkich chorych wynosiła 92%. Ilość 
pacjentów, którzy przed rehabilitacją osiągnęli powyżej 70% wartości określających zależność tętna uzyskanego w teście 6MWT do tętna 
submaksymalnego, wynosiła 100% wszystkich badanych. Natomiast średnia wartość tej zależności wśród wszystkich chorych wynosiła 90,15%.
Wnioski. 1. Tętno maksymalne osiągane przez chorych w trakcie testu 6‑minutowego marszu odpowiada tętnu maksymalnemu przed rehabilitacją 
u 60% pacjentów, natomiast po rehabilitacji u 70% pacjentów.
2. Tętno maksymalne osiągane przez chorych w trakcie testu 6‑minutowego marszu odpowiada tętnu treningowemu przed rehabilitacją u 95% 
pacjentów, natomiast po rehabilitacji u 100% pacjentów.
3.Tętno maksymalne osiągane przez pacjentów w trakcie testu 6‑minutowego marszu, jak się wydaje, może być wykorzystywane przy ustalaniu 
obciążania chorego w trakcie wysiłku aizycznego.
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Introduction
According to the WHO, “chronic obstructive pulmonary 
disease is the third leading cause of death in the world.” COPD 
is a progressive disease with serious complications. The main 
symptoms of the disease include breathing difficulties, 
coughing and production of secretions in the lungs. Symptoms 
of the disease significantly affect the patients’ quality of life. It 
is important that the patient undergoes regular rehabilitation 
aimed at improving lung ventilation, the quality of life and 
increasing exercise tolerance. One of the most important 
components in the rehabilitation process is appropriate 
qualification. In pulmonary patients, this process takes place 
with the use of several tests, assessing, inter alia, physical 
capacity, fitness, respiratory capacity or dyspnoea assessment. 
Thanks to these tools, the patient is properly assigned to the 
appropriate rehabilitation model [12, 14].
An important role in the process of physiotherapy is 
determining the patient’s training heart rate, which allows for 
the determination of the individual type of load and training 
intensity. To determine this value, it is necessary to perform a 
walk test, such as the 6­minute walk test. The test result is one 
of the most popular and objective forms of assessing a patient 
with chronic obstructive pulmonary disease. The test is 
performed by the patient walking the longest possible distance 
within 6 minutes. Before and after the test, the patient’s blood 
pressure and heart rate are measured [5, 2, 13, 20].
In order to obtain the most accurate test result, there are a few 
guidelines that must be followed. The first is to designate a 
suitable place for the test so that it cannot be interrupted by 
third parties. It is important that the patient is informed about 
the course of the test and that his/her task is to walk the longest 
possible distance, at the fastest pace within 6 minutes. The third 
most important issue is that the exercise heart rate is measured 
immediately after the time has run out. Based on the test result 
and spirometry, the patient is assigned to an appropriate 
rehabilitation model (Lubiński W., 2010) [4]. If the patient 
meets criteria such as age over 70 or Borg’s score of 8, he/she 
is assigned to the model one level lower [11, 15].
Based on the 6­minute walk test, the patient can be qualified 
for the rehabilitation model, but the training heart rate cannot 
be calculated. For this reason, the authors of the study decided 
to compare the walk test maximum heart rate to that of the 
Karvonen formula and the submaximal heart rate to see if the 
6­minute walk test heart rate could be the training heart rate.

Objective
The objective of the study was to evaluate the training heart 
rate in patients with chronic obstructive pulmonary disease.

Material and methods
The study was carried out at the John Paul II Specialist Hospi‐
tal of the Ministry of Interior and Administration in Głuchołazy 
at the pulmonary rehabilitation department. The study lasted 
from September 2019 to January 2021. Two hundred and five 
people took part in the study. Each patient included in the study 
was diagnosed with chronic obstructive pulmonary disease. 
The group consisted of 100 women and 105 men. Rehabilita‐
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tion models A and B were used in the study. 155 people were in‐
cluded in model B, and 50 people in model A. The average age 
was 55.
The patients underwent a 6­minute walk test before and after re‐
habilitation. The 6­minute walk test is used to assess physical 
endurance and aerobic endurance. It is necessary to establish a 
rehabilitation model. Before starting the test, the patient has his/
her blood pressure, resting heart rate and saturation measured, 
and then he/she has to walk the longest possible distance within 
6 minutes. During the test, any pause or possible interruption of 
the test due to, for example, dyspnoea, is recorded. As soon as 
the 6 minutes pass, the patient has his/her exercise heart rate and 
blood pressure measured immediately. Then, he/she is asked to 
rate dyspnoea and fatigue on the Borg scale.
The following data was included in the study: walk test maxi‐
mum heart rate, the patient’s maximum heart rate and resting 
heart rate.
Additionally, the submaximal heart rate, the training heart rate 
(from the Karvonen formula), the ratio of the 6­minute walk test 
heart rate to the maximum heart rate, the ratio of the 6­minute 
walk test heart rate to the submaximal heart rate and the ratio of 
the training heart rate to the walk test maximum heart rate were 
calculated.

Statistical methods
The data has been collected in Excel in the following table:

The MAX heart rate 6MWT was the heart rate the patient 
achieved at the end of the walk test. The maximum heart rate 
was calculated from the formula: 220 − age. The submaximal 
heart rate was calculated using the formula: maximum heart 
rate × 0.8. The training heart rate was calculated from the Ka‐
rvonen formula: [(maximum heart rate − resting heart rate) × 
0.6] + resting heart rate.
Percentage correlations (MAX heart rate 6MWT  =?% MAX 
heart rate, MAX heart rate 6MWT =?% submax heart rate, tra‐
ining heart rate =?% MAX heart rate 6MWT) were calculated 
using the formulas in Excel. The exact number of patients in 
whom the correlation of the walk test heart rate to the subma‐
ximal heart rate was equal to or greater than 70% was calcula‐
ted using the “COUNTIF” formula.

Results
The test results before and after rehabilitation are summarized 
in the table. The following data was also included in the table:

Figure 1. Table in Excel
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• maximum heart rate (220 − age),
• submaximal heart rate (80% of maximum heart rate),
• training heart rate: (exercise heart rate ­ resting heart rate) × 
0.6 + resting heart rate,
• the ratio of 6­minute walk test heart rate to maximum heart rate,
• the ratio of training heart rate to 6­minute walk test heart rate.
Then, an analysis was performed of the % of patients who 
achieved more than 70% in two correlations:
• the ratio of the 6­minute walk test heart rate to the 
submaximal heart rate,
• the ratio of the 6­minute walk test heart rate to the training 
heart rate.
Measurements of the maximum heart rate during the 6­minute 
walk test were performed before and after rehabilitation in 
each patient. 121 patients achieved a percentage score of over 
70% before rehabilitation in the value of the correlation 
between the 6MWT test heart rate to the submaximal heart 
rate, which is 60% of all patients. The mean value of this 
correlation among all patients was 74.69% (Table 1).
143 patients achieved a result of over 70% after rehabilitation 
in the value of the correlation between the 6MWT test heart 
rate to the submaximal heart rate, which is 70% of all patients. 
The mean value of this correlation among all patients was 
79.19% (Table 1).
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Figure 2. Graph of 6MWT maximum heart rate and sub‐
maximal heart rate before rehabilitation

 
Table 1. Comparison of percentage correlations

Before rehabilitation

 

After rehabilitation

Number of patients with % ratio of 
6MWT heart rate to submaximal heart 

rate greater than 70%

Number of patients % of patients with ratio of 6MWT heart 
rate to submaximal heart rate greater 

than 70%

Mean value of % dependence among 
patients

121

143

205

205

60%

70%

74.69%

79.19%

Figure 3. Graph of 6MWT maximum heart rate and sub‐
maximal heart rate after rehabilitation

Submax heart rate
MAX heart rate 6MWT Submax heart rate
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lt of more than 70% before rehabilitation in the value of 
the correlation between the 6MWT test heart rate to the 
training heart rate, which is 99.51% of all patients. The 
mean value of this correlation among all patients was 92% 
(Table 2).
205 patients achieved a result of more than 70% before 
rehabilitation in the value of the correlation between the 
6MWT test heart rate and the training heart rate, which is 
100% of all patients. However, the mean value of this 
correlation among all patients was 90.15% (Table 2).

Discussion
The authors calculated the similarity of the exercise heart rate 
during the 6MWT test to the submaximal heart rate and to the 
training heart rate calculated using the Karvonen formula before 
and after rehabilitation in patients with COPD. Depending on 
the ratio of the maximum heart rate during the 6­minute walk 
test to the submaximal heart rate, the percentage of patients who 
achieved the value of the correlation above 70% before rehabili‐
tation was 60%, and 60% after rehabilitation. Depending on the 
ratio of the maximum heart rate during the 6­minute walk test to 
the training heart rate, the percentage of patients who achieved 
the value of this correlation above 70% before rehabilitation was 
99.51%, and 100% after rehabilitation.

 
Table 2. Comparison of percentage correlations

MAX heart rate 6MWT

Figure 4. Graph of the 6MWT maximum heart rate and 
training heart rate before rehabilitation

Before rehabilitation

After rehabilitation

Number of patients with % ratio of 
6MWT heart rate to submaximal heart 

rate greater than 70%

Number of patients % of patients with ratio of 6MWT heart 
rate to training heart rate greater than 

70%

Mean value of % dependence among 
patients

204

205

205

205

99.51%

100%

92%

90.15%

Figure 5. Graph of the 6MWT maximum heart rate and 
training heart rate after rehabilitation

Karvonen formula MAX heart rate 6MWT Karvonen formula
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The conducted study showed a similarity between exercise he‐
art rate and submaximal heart rate. However, the 6­minute walk 
test heart rate to the training heart rate is much more similar. 
Attention should be paid to several factors that may affect the 
reliability of the sample. It is very important to educate the pa‐
tient about how the test will be performed. The patient should 
be instructed not to engage in intense physical activity 2 hours 
before the test, as it could distort the test result. Then, before 
starting the test, the examiner should inform that the patient’s 
task is to walk the longest possible distance, at the fastest pace 
within 6 minutes. If the patient performs the test without exer‐
cising his/her full potential, the test will be unreliable. Before 
the test, the examiner should measure the patient’s heart rate, 
blood pressure and saturation. On the therapist’s side, the most 
important thing is to measure the heart rate after exercise at the 
end of the test, so that the heart rate does not drop, because the 
result will be disturbed. The last, but not least important issue is 
that the 6­minute walk test should be carried out in a specially 
designated place, so that there is no possibility of interruption 
by third parties that could prevent the proper performance of 
the test. It is worth conducting further research on this subject 
in the future and checking these correlations on a larger group 
of patients.
Fabre C. in her research investigated the correlation between 
the heart rate in COPD patients in three exercise tests: 6­minute 
walk test, 6­minute stepper test and CPET. Fifty patients dia‐
gnosed with chronic obstructive pulmonary disease participated 
in the study. The heart rate was measured after each of the abo‐
ve­mentioned tests. The results showed that to determine indi‐
vidual exercise load in COPD patients the heart rate, which was 
the result of the 6­minute walk test and the 6­minute stepper 
test could be used [3].
Achten and Jeukendrup in their study showed the importance 
of using heart rate for individual grading of training intensity. 
The patient’s heart rate can easily be used to determine the load 
during interval training or walking on flat or uneven terrain [1].
Analysing research conducted by other authors and own rese‐
arch, it can be concluded that a very important component of 
any physiotherapeutic procedure is the appropriate determina‐
tion of the load and intensity of training. Taking into account 
the research conducted by Fabre and own research, it can be 
concluded that the 6­minute walk test heart rate can be a tool 
for training individualization.

Conclusions
1. The maximum heart rate achieved by patients during the 
6­minute walk test corresponds to the maximum heart rate 
before rehabilitation in 60% of patients, and after 
rehabilitation in 70% of patients.
2. The maximum heart rate achieved by patients during the 
6­minute walk test corresponds to the training heart rate 
before rehabilitation in 95% of patients, and after 
rehabilitation in 100% of patients.
3. It seems the maximum heart rate achieved by patients 
during the 6­minute walk test can be used in determining 
the patient’s load during exercise.
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