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Abstract: (1) Background: Cardiovascular diseases, in particular, myocardial infarction (MI), are the
main threats to human health in modern times. Cardiac rehabilitation (CR), and especially increased
physical activity, significantly prevent the consequences of MI. The aim of this study was to assess
physical performance in patients after MI before and after CR. (2) Methods: 126 patients after MI
were examined. They were admitted to the cardiac rehabilitation ward twice: in the 3rd month
after MI, and then in the 6th month after the last rehabilitation session. CR lasted 20 treatment days
(4 weeks with 5 treatment days and 2 days’ break). The exercise stress test on the treadmill and
a 6-minute walk test (6MWT) were used to assess physical performance. Patients were assigned
to an appropriate rehabilitation model due to their health condition. (3) Results: In the studied
group, the exercise stress test time and the metabolic equivalent of task (MET), the maximal oxygen
consumption (VO2max), and 6MWT score increased significantly (p = 0.0001) at two time-points of
observation. (4) Conclusion: CR significantly improves physical performance in patients after MI.

Keywords: cardiac rehabilitation; cardiovascular diseases; exercise training; myocardial infarction;
physical capacity

1. Introduction

Cardiovascular disease, including myocardial infarction (MI), continues to be one of
the leading causes of all deaths. The risk of death is at least 30% higher than in the overall
reference population at both 1–3 and 3–5 years after MI [1]. In Poland, about 1.2–1.5 million
people suffer from coronary heart disease, and about 100,000 people experience MI. Despite
advances in diagnostics and therapy, annual mortality after MI exceeds 40%, pre-hospital
mortality is 23–35%, and hospital mortality—7–15%. Patients who survived the acute
phase of MI are at much higher risk of a recurrent cardiac event compared to the rest
of the population. Thus, medical and interventional therapies play an important role in
the treatment of this chronic condition. Many investigators have found exercise training
to be safe and to confer benefits, especially on functional capacity, quality of life, and
survival [2,3].

Cardiac rehabilitation (CR) is a complex process involving improvement through
endurance training, health education on proper diet, and lifestyle modification. The most
important goal of comprehensive CR is to reduce mortality and morbidity in patients with
cardiovascular diseases [4]. Regular physical exercise is very important in CR. Numerous
studies have provided data supporting the cardioprotective effect of regular physical
exercise. Reduced frequency of heart contractions at rest and during submaximal loads,
decrease in blood pressure during submaximal exercise, increase in electrical stability of the
heart, decrease in blood lipids, increase in tissue sensitivity to insulin, and finally decrease
in body weight have been reported [5–8]. Physical activity, causing beneficial physiological
changes in cardiovascular function, reducing risk factors of heart disease, and improving
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the psychophysical state of patients has become the basis of a healthy lifestyle and a
fundamental element of primary and secondary prevention of cardiovascular disease [9].

Many studies have confirmed the benefits of CR in patients after MI. The data show
that total mortality, including for cardiac causes, decreased by 20–25% [9]. Other studies
indicate a 13% reduction in the risk of subsequent cardiac interventions [10].

In patients after MI, it is important to assess physical performance and functional
status in a standard, non-invasive, relatively safe, and low-cost stress test, i.e., stress
electrocardiography (exercise stress test on a treadmill). The exercise stress test aims to
identify patients with the highest risk of sudden death and reinfarction. It is also used for
assessing the effectiveness of treatment and qualification for therapy and helps choose the
right model of CR (including planning endurance and resistance exercises) [11,12]. Another
test to measure physical motor function and endurance exercise capacity is the six-minute
walk test (6MWT). It is a reliable, affordable, safe, and readily available method [13].

The purpose of this study was to assess physical performance in patients after MI
before and after CR in two stages of observations: 3 months after MI and 6 months after MI.

2. Materials and Methods

The study was carried out at the Cardiac Rehabilitation Centre of Slupsk Specialist
Hospital. We researched between April 2017 and January 2020 on a group of 126 patients
aged 29–85 (mean 63 years) after MI. The study group consisted of men (76.2%) and women
(23.8%) (Figure 1A). Details of the study protocol were explained to all patients and they
gave informed written consent to participate in the study. Pharmacological treatment
was not modified during CR. The criteria for inclusion in the research and exclusion
from the research were applied. The criteria for inclusion were: previous myocardial
infarction after full revascularization, clinically and hemodynamically stable, without
significant arrhythmias, age over 18, and informed consent of the patient to participate
in the study. The exclusion criteria were: recent myocardial infarction (according to the
recommendations of the American Heart Association—the first 2 days), unstable angina,
stenosis of the left coronary artery, symptomatic severe stenosis of the aortic opening,
decompensated heart failure, acute pulmonary embolism or pulmonary infarction, deep-
vein thrombosis, mobile or fresh thrombus in the heart cavities, myocarditis, endocarditis
or pericarditis, aortic dissection, symptomatic second and third-degree atrioventricular
block without pacemaker protection (acquired), poorly controlled arterial hypertension,
recent stroke or cerebral ischemia, other acute or decompensated non-cardiac disease that
may interfere with exercise test performance or worsen during exercise, age under 18, and
lack of informed consent of the patient to participate in the study.
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Patients were admitted to the cardiac rehabilitation ward twice: (1) in the 3rd month
(mean 74 days; ±16.5; range 31.0–90.0) after MI, and then (2) in the 6th month (mean
167 days; ±16.1; range 125.0–186.0) after the last session in the rehabilitation center. The
interval between the first and second admission to the ward for each patient was 3 months.
During the 3-month break, the patient performed the recommended physical activity.
Outpatient rehabilitation was provided for 20 days (4 weeks, each 5 treatment days and
2 days’ break). During the treatment, patients followed a rehabilitation program. The
duration of the cardiac rehabilitation program in Poland results from financing by the
National Health Fund (the state payer of medical benefits) and lasts up to a maximum
of 24 person days over three months (quarter). In our research, we based on the Experts
of the Section of Cardiac Rehabilitation and Physiology of the Effort of the Polish Society
of Cardiology “Recommendations for Comprehensive Cardiological Rehabilitation” [14].
Rehabilitation management was based on the guidelines of The European Association for
Cardiovascular Prevention and Rehabilitation (EACPR): phase I—in-hospital program;
phase II—early post-discharge program. This period is usually 2–16 weeks after discharge;
phase III—long-term maintenance program [15].

Patients were initially assessed for physical performance based on the result of the
exercise stress test on the treadmill and the risk of cardiovascular complications and then
assigned to one of the rehabilitation models: A (61.1%), B (29.4%), or C (9.5%) (Table 1,
Figure 1B).

Table 1. Exercise models carried out in cardiological rehabilitation.

Model Risk Exercise
Tolerance Types of Training Frequency Total

Duration Intensity

A Low
Normal
≥7 MET;
≥100 VAT

Continuous type of endurance
training on the treadmill 3–5 days a week

60–90 min
per day

60–80% heart
rate reserve or

50–70%
maximum load

Resistance training 2–3 days a week

A set of general fitness exercises 2–3 series
5 days a week

B Medium

Normal and
medium
≥5 MET;
≥75 W

Endurance training on the
treadmill

Continuous type—for patients
with good exercise tolerance
Interval—for patients with
medium exercise tolerance

3–5 days a week
45–60 min

per day

50–60% heart
rate reserve or
50% maximum

load
Resistance training 2–3 days a week

A set of general fitness exercises 1 series
5 days per week

C
Medium

High

Low
3–5 MET;
50–75 W

Normal ≥
6 MET;
>75 W

Interval type of endurance
training on the treadmill 3–5 days a week

45 min per
day

40–50% heart
rate reserve or

40–50%
maximum load

Continuous type of endurance
training on the treadmill

(5–10 min)
2 days per week

A set of general fitness exercises 5 days per week

Elements of resistance training
(exercises performed alternately

once with one limb and once
with the other limb)

2–3 days a
week1 series

MET—metabolic equivalent of task; W—watt.
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We examined patients on admission to the cardiac rehabilitation ward and after
completing a four-week rehabilitation program. The exercise stress test on the treadmill
and 6MWT was used to assess the physical performance in subjects undergoing CR [16].

The exercise stress test on the treadmill was taken according to the standard Bruce
protocol. The following parameters were measured:

• test time [min];
• metabolic equivalent of task (MET);
• systolic blood pressure: resting (RR sys. rest.) and maximum (RR sys. max) (measured

at the time of maximum workload, at the peak of physical exercise) [mmHg];
• diastolic blood pressure: resting (RR diast. rest.) and maximum (RR diast. max)

[mmHg];
• heart rate (HR): resting (HR rest.) and maximum (HR max) [beats/min];
• HR one minute after physical exertion.

The maximal oxygen consumption (VO2max) was also determined [17]. Criteria for
terminating the test: physical exhaustion, ST segment depression >2 mm, detection of new
segmental contractility disorders, arrhythmias, increase in blood pressure >240/110 mmHg,
hypotensive response [18].

Two situations were considered the ultimate end of the stress test on the treadmill:
the patient achieved a target heart rate or declared fatigue that did not have heart failure
features. Either of these reactions was considered physiological.

The above tests were supplemented with the determination of the left ventricular
ejection fraction (LVEF) based on echocardiographic examination; total serum cholesterol,
high-density lipoprotein [HDL], low-density lipoprotein [LDL], high triglycerides [TG],
based on laboratory tests, as well as the measurement of body height and weight-body mass
index (BMI). BMI was calculated using the following formula: the weight in kilograms was
divided by the height expressed in meters squared. The double product reserve (DPR) was
calculated as the product of peak systolic blood pressure and peak heart rate subtracted
from the product of resting systolic blood pressure and resting heart rate values. The body
fat distribution index was calculated using the waist to hip ratio (WHR).

The 6MWT was used in the study [16]. The 6MWT was taken in a 30 m-long corridor.
The walking distance was marked with bars, and there were distance markers every 3
meters. A stopwatch and a medical sphygmomanometer were used during the study.
Before starting the test, the subject rested in a sitting position for 10 min. Patients were
also advised not to take intensive physical exercise 2 h before the start of the test. It was
recommended that during the test, they walk at their own pace and may slow down or
stop. The goal of the test was to continue walking for as long as possible. According
to the guidelines of the American Thoracic Society (ATS) [19], the 6MWT is used for
assessing response to treatment, functional status of patients (single measurement), and for
prognostic purposes. All patients completed the 6MWT. No clinical complications were
recorded during the tests or within the 5 h after the tests.

All statistical calculations were performed using the methodology and STATISTICA
package version 13.0 from StatSoft Inc. [20,21]. For quantitative variables, we calculated the
mean, standard deviation (SD), median, minimum and maximum values (range), and 95%
CI (confidence interval). Qualitative variables were presented using cardinality statistics
and percentage values (percentage). The Shapiro–Wilk test was used to verify the normal
distribution of quantitative variables. However, the Leven (Brown–Forsythe) test was used
to verify the hypothesis about the equality of variances. The significance of the differences
between the two groups (unrelated variable model) was tested with Student’s t-test, Welch’s
test (when variance was heterogeneous), or 5Mann–Whitney’s U test (when conditions for
the use of Student’s t-test were not met or when variables were measured on an ordinal
scale). The significance of differences between more than two groups was verified with the
F (ANOVA) or Kruskal–Wallis test (when conditions for the use of ANOVA were not met).
Statistically significant differences between the groups were analyzed with post hoc tests
(the Tukey test for the F test; and Dunn multiple comparisons for the Kruskal–Wallis test).
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For the model of two related variables, Student’s t-test or the paired samples Wilcoxon test
were used (when conditions for the use of Student’s t-test were not met or when variables
were measured on the ordinal scale). The significance of differences between more than
two related variables in the model was verified by the analysis of variance with repeated
measures or Friedman’s test (when conditions for the use of the analysis of variance with
repeated measures or variables measured on the ordinal scale were not met). Chi-square
independence tests were used for qualitative variables (Yate’s correction for cell numbers
below 10, conditions for Cochran’s theorem, or the exact Fisher test).

To establish the power and type of relationships between variables, we used corre-
lation analysis by calculating Pearson and (or) Spearman correlation coefficients. In all
calculations, the level of significance was adopted at p = 0.05.

The study protocol was approved by the Bioethics Committee at the Regional Medical
Chamber in Gdansk (No. KB-17/16).

3. Results
3.1. Study Group Characteristics

In the examined group of 126 people, 85 (67.5%) were overweight. Elevated cholesterol
was found in 54 people (42.5%), and 45 patients (35.7%) declared smoking. Hypertension
was found in 91 people (72.2%), diabetes in 33 (26.2%), while hypertension and associated
diabetes were diagnosed in 30 patients (23.8%). The basic characteristics of the examined
group are presented in Table 2. Some patients were diagnosed with atrial fibrillation
(31.0%), ventricular fibrillation (3.2%), while others had a positive exercise stress test (2.4%),
or a history of stroke (1.6%).

Table 2. Characteristics of the examined group in terms of BMI, WHR, waist circumference, total
cholesterol, HDL, LDL, TG, and EF.

Parameter BMI WHR Waist [cm] Cholesterol HDL

Mean (SD)
Range

Me
95% CI

29.3 (4.1)
20.5–41.0

29.0
[28.5;30.0]

1.7 (8.0)
0.7–91.0

1.0
[0.3;3.1]

100.1 (11.8)
69.0–130.0

100.0
[98.0;102.2]

207.2 (198.9)
25.9–320.0

185.0
[172.2;242.3]

50.0 (18.6)
28.0–162.0

44.0
[46.7;53.3]

Parameter LDL TG LVEF

Mean (SD)
Range

Me
95% CI

123.8 (62.1)
32.0–564.0

114.5
[112.9;134.8]

164.0 (177.3)
29.0–1421

134.0
[132.8;195.3]

53.8 (7.9)
35.0–65.0

56.0
[52.4;55.1]

BMI—Body Mass Index; WHR—waist to hip ratio; Waist—waist circumference; HDL—high-density lipoprotein;
LDL—low-density lipoprotein; TG—high triglycerides; LVEF—left ventricle ejection fraction.

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

3.2. Cardiac Rehabilitation in the 3rd Month after MI

In the examined group, the mean HR max was 119.3 (±17.6; range 76.0–178.0) before
rehabilitation and 124.0 (±16.5; range 83.0–175.0) after rehabilitation. The median HR max
increased significantly after CR (p = 0.00011) (1Wilcoxon test). The mean baseline RR sys.
rest. was 125.9 (±16.4; range 90.0–170.0) before CR, and 122.0 (±17.7; range 90.0–160.0)
after CR. RR sys. rest. decreased significantly after CR (p = 0.00301). Some comparative
characteristics for this phase of rehabilitation are presented in Table 3 and Figure 2.
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Table 3. Comparative characteristics of the examined group in terms of: exercise stress test time, exercise stress test MET,
VO2max, DPr, and 6-min test measured at baseline and after rehabilitation.

n = 126 Parameter Exercise Stress
Test Time [min]

Exercise Stress
Test MET VO2max DPr 6MWT [m]

Before
rehabilitation

Mean (SD)
Range

Me
95% CI

6.4 (2.2)
0.6–14.3

6.4
[6.0;6.8]

8.4 (7.2)
2.5–85.0

7.8
[7.1;9.6]

32.3 (25.4)
16.3–302.0

29.2
[27.9;36.8]

18360.3 (4504.6)
25.0–28400.0

18515.0
[17541.2;19179.4]

538.0 (80.9)
340.0–820.0

530.0
[523.8;552.3]

After
rehabilitation

Mean (SD)
Range

Me
95% CI

7.8 (2.2)
2.0–13.6

8.2
[7.4;8.2]

9.1 (2.2)
3.4–14.1

9.4
[8.7;9.5]

35.8 (9.6)
18.5–61.9

35.4
[34.1;37.5]

18592.2 (4504.6)
8530.0–28000.0

18270.0
[17798.2;19386.6]

593.0 (94.3)
186.0–800.0

600.0
[577.3;610.5]

p-value 0.0001 1 0.0001 1 0.0001 1 0.5232 1 0.0001 1

MET—metabolic equivalent of task; VO2max—maximal oxygen consumption; DPr—product of maximum systolic pressure and maximum
heart rate; 6MWT—6-min walk test. 1 Wilcoxon test (Median test).
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The exercise stress test time, exercise stress test MET, VO2max, and 6MWT increased
significantly (p = 0.0001) after CR. DPR did not change significantly (p = 0.5232) after CR.
There was a significant negative correlation between the age of patients and the change in
the exercise stress test MET (correlation coefficient R = −0.232, p = 0.0110) and the change
in VO2max (correlation coefficient R = −0.302, p = 0.0005) (2Spearman test). Changes in the
exercise stress test and VO2max after rehabilitation were less pronounced in older patients
compared to younger ones.

The change in VO2max was significantly greater in patients assigned to the A rehabili-
tation model compared to patients assigned to the C model (p = 0.01973) (3post hoc Dunn
test). No significant relationship was found for the remaining comparisons.

3.3. Cardiac Rehabilitation in the 6th Month after MI

In the examined group, the mean HR max was 119.7 (±19.9; range 11.0–163.0) before
CR, and 127.1 (±19.3; range 83.0–212.0) after CR. In the end, the median HR max increased
significantly (p = 0.00011) (1Wilcoxon test). Some comparative characteristics for this phase
of rehabilitation are presented in Figure 3.

Similar to the cardiac rehabilitation in the 3rd month, parameters presented in Table 4
increased significantly.
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Table 4. Comparative characteristics of the examined group in terms of: exercise stress test time, exercise stress test MET,
VO2max, DPr, and 6-min test measured at baseline and after rehabilitation.

Rehabilitation
n = 126 Parameter Exercise Stress

Test Time [min]
Exercise Stress

Test MET VO2max DPr 6 MWT

Before
rehabilitation

Mean (SD)
Range

Me
95% CI

7.3 (2.0)
1.0–12.1

7.3
[6.9;7.6]

9.1 (5.8)
2.5–70.0

8.7
[8.1;10.1]

33.5 (8.2)
16.3–60.2

32.9
[32.0;35.0]

18627.3 (4215.7)
8460.0–27710.0

18660.0
[17884.0;19370.6]

579.2 (67.9)
340.0–820.0

530.0
[523.8;552.3]

After
rehabilitation

Mean (SD)
Range

Me
95% CI

14.8 (72.5)
2.0–815.0

8.6
[2.0;27.7]

10.2 (5.2)
3.4–63.0

10.0
[9.2;11.1]

38.3 (10.3)
18.5–63.9

38.4
[36.4;40.1]

19466.9 (4251.2)
10370.0–30780.0

19650.0
[18717.4;20216.5]

628.0 (77.7)
380.0–820.0

640.0
[615.2;642.6]

p-value 0.0001 1 0.0001 1 0.0001 1 0.0031 4 0.0001 1

MET—metabolic equivalent of task; VO2max—maximal oxygen consumption; DPr—product of maximum systolic pressure and maximum
heart rate; 6MWT—6-min walk test. 1 Wilcoxon test, 4 Student’s t-test.

3.4. Impact of Selected Parameters on the Change: 6MWT, the Exercise Stress Test, MET Test and
VO2max (After the Cardiac Rehabilitation in the 6th Month)

A significant negative correlation was observed between the age of patients and the
changes in the exercise stress test MET (correlation coefficient R = −0.21, p = 0.01602) and
VO2max (correlation coefficient R = −0.24, p = 0.00622). In the end, changes in the exercise
stress test MET and VO2max were less pronounced in older patients compared to younger
patients. However, there was no significant correlation between the 6MWT change and age
of patients (p = 0.07592) (2Spearman). VO2max values were significantly higher in men
compared to women (p = 0.02785) (5U Mann−Whitney test).

In patients assigned to the A rehabilitation model, a change in VO2max was signif-
icantly greater compared to patients assigned to the B model (p = 0.00803). Change in
the exercise stress test MET was also significantly greater in patients assigned to the A
rehabilitation model compared to patients assigned to the B model (p = 0.02033) (3post hoc
Dunn test).

There was no statistically significant relationship between comorbidities (hypertension
and diabetes) or risk factors (overweight/obesity, elevated cholesterol, and smoking) and
changes in the 6MWT, the exercise stress test MET, and VO2max.

There was no significant correlation between BMI, WHR, waist circumference and
HR (HR rest, HR max, HR one minute after physical exercise) and changes in the exercise
stress test MET, VO2max, DPR, and the 6MWT.
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However, the increase in RR max was positively correlated with the change in the
exercise stress test MET (correlation coefficient R = 0.19, p = 0.03522) and the change in
VO2max (correlation coefficient R = 0.22, p = 0.01512). Besides, there was also a positive cor-
relation between the exercise stress test time and VO2max (correlation coefficient R = 0.31,
p = 0.00042).

The LVEF increase was significantly related to the increase in the exercise stress test
MET (correlation coefficient R = 0.18, p = 0.04922) (2Spearman). No significant correlation
was found between the total cholesterol, HDL, LDL, or TG, and changes in the exercise
stress test MET, VO2max, DPR, or the 6MWT.

Patients with left main stem (LMS) disease (n = 27) had significantly less pronounced
changes in the 6MWT (p = 0.04235) compared to those without LMS disease (n = 99). No
significant changes in exercise stress test MET, VO2max, DPR, and 6MWT were recorded
in patients with right coronary artery (RCA) disease (n = 54), left anterior descending
(LAD) artery (n = 80), and circumflex artery (Cx) (n = 47) compared to the group without
these conditions.

Patients with atrial fibrillation (n = 87) had a significantly lower score on the 6MWT
compared to those without atrial fibrillation (n = 39) (p = 0.00965) (5U Mann−Whitney
test). There was no significant relationship between a positive exercise stress test (n = 3),
ventricular fibrillation (n = 4), or a history of stroke (n = 2), and a change in parameters of
the exercise stress test MET, VO2max, DPR, or 6MWT. This may be attributed to the small
size of study subgroups.

4. Discussion

The goal of cardiac rehabilitation programs is not only to extend the patient’s life,
but also to improve physical performance, well-being, and health-related quality of life.
The 6MWT result reflects the functional status of the patient. It is used for the assessment
of physical performance, the effectiveness of therapy, qualification for rehabilitation, and
as a prognostic factor of morbidity and mortality. Clinical relevance and test reliability
are still under discussion—probably because of ambiguities associated with gait speed
during the test (comfortable gait speed or quick march). The analysis of data gathered
in this study revealed improvement in physical performance (6MWT score) in patients
undergoing CR. The mean distance covered by the patients taking the 6MWT was 579.2 m
before rehabilitation and 628.0 m after CR (after cardiac rehabilitation in the 6th month),
and the difference was statistically significant. Some researchers have also reported that
regular CR improves physical performance in both women and men.

Many authors have demonstrated a relationship between age and physical capacity
in patients after MI [1,22]. There is a significant negative correlation between the age of
patients and the change in the exercise stress test and VO2max.

The analysis of data from our study shows the benefits of cardiac rehabilitation.
Despite the relatively brief period (20 treatment days), a significant increase in exercise
tolerance and development of mechanisms adapting the body to exercise stress were
observed. CR should be recommended especially for patients with exercise intolerance
after MI [23–25]. The increase in physical performance during CR in our patients was
14.4%, while the increase in value for non-rehabilitated patients is usually lower than 5%
and not statistically significant [26,27]. The reported increase in physical performance
during CR in patients after MI ranges between 14% and 32% [28,29]. This range may be
attributed to differences in clinical and demographic characteristics of patients taking part
in the study. Should also be taken into account that significant proportions of subjects
referred to CR have no/low improvement in physical performance and higher associated
mortality risks [3].

Patients may benefit in four ways from CR. In the exercise stress test, MET measured
in patients was higher, and the heart worked less because the DPR was lower, and addition-
ally, a greater decrease in HR one minute after exercise was achieved. Another important
parameter is LVEF, which increases after rehabilitation, and that indicates improved per-
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formance. The above-described changes in these parameters testify to good tolerance and
adaptation of the heart to exercise.

Our study showed an improvement in physical performance parameters during CR.
It was reflected in increased values of submaximal load and duration of exercise during
the test (cardiac rehabilitation in 3rd month: 8.4 MET; 6.4 min before CR vs. 9.1 MET;
7.8 min after CR and cardiac rehabilitation in the 6th month: 9.1 MET; 7.0 min before CR
vs. 10.2 MET; 14.8 min after CR). The study also showed an increase in the time of the
exercise test taken after CR. Similar observations have already been published [30,31]. In
Poland, cardiac rehabilitation for a patient is assigned for one quarter a year for a maximum
of 24 person days, after MI patients are admitted to the rehabilitation center for 20 days
(4 weeks, each 5 treatment days, and 2 days’ break). During the treatment, patients followed
a rehabilitation program. After the rehabilitation stay was over, there was a 3-month break,
because only after this break, the patient could get a refund from the National Health Fund
for the next rehabilitation cycle. During their first stay at the cardiac rehabilitation center,
the patients were trained to perform appropriate training, which they were recommended
to perform during a 3-month break. Only after 3 months from the last cardiac rehabilitation
program, the patient could apply for another stay. As mentioned earlier, the patient was
recommended to perform learning activities during the 3-month break, but the lack of
supervision could have resulted in a lack of regularity in its performance. During the
3-month break, after returning, the patient had an exercise test time and exercise stress test
MET at a similar level, which could indicate that only some of the recommended activities
were performed. If the patient fully complies with the recommendations, his baseline values
before starting the second round of rehabilitation should be higher than the values of the
respondents after the end of the first round of rehabilitation.

The DPR provides information on the cardiovascular response, both at rest and during
physical exercise. It is used with wide success in cardiology in assessing the degree of
coronary artery pathology [6]. DPR shows how the heart is coping with a given exercise
and how much work had to be put in to overcome the given load on the treadmill. It
seems that this indicator may also be of great prognostic significance in the assessment of
cardiovascular fitness in healthy people having various physical abilities [9]. In our study,
we found no significant changes in DPR during the exercise test after cardiac rehabilitation
in the 3rd month, but after cardiac rehabilitation in the 6th month, a significant increase in
this parameter was noticed. This is the only parameter that may indicate a deterioration
of physical capacity. However, it should be remembered that the MET load increased
significantly, so the heart had to overcome higher strain, and thus the DPR parameter
increased. The time from the baseline to the final exercise stress test was short (4 weeks).
Extending the rehabilitation time to a minimum of 3 months could affect the increase
in MET and the simultaneous decrease in DPR. However, changes in other analyzed
parameters show an improvement in physical performance [22,32].

The LVEF value, which is an indicator of myocardial fitness, also improved after
rehabilitation. This change had a direct impact on the increase in patients’ physical perfor-
mance and tolerated loads. The consequence of improving cardiac haemodynamics was
better, more efficient work of the cardiovascular system, both enabling the achievement
of increasingly better scores in performance tests and contributing to the improvement of
myocardial oxygenation.

The present study has several limitations. The major limitation is the small size of each
patient group. Clinical data were gathered in a single center offering a CR program with its
specific CR protocols; however, the CR program in our institution is inspired by and strictly
follows the recommendations of international guidelines. Finally, several behavioral factors
(for example, diet, excessive alcohol consumption, insomnia, and other sleep disorders)
and psychosocial factors (for example, job type, marital status, stress level, wealth level)
that might affect attendance at CR were not considered in analysis [33].
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5. Conclusions

CR significantly improves exercise tolerance in patients after MI at two time-points of
observation (in the 3rd month and in the 6th month after MI). Younger patients benefit more
from cardiac rehabilitation than older patients. In patients qualified for model A of cardiac
rehabilitation with good baseline exercise tolerance (>7MET) and low risk of cardiovascular
events, VO2max and exercise stress test MET improved more than in patients assigned to
models B or C. The presence of risk factors, elevated cholesterol, and TG does not affect
exercise tolerance in patients after MI. LMS disease and atrial fibrillation have a significant
impact on reduced exercise tolerance.

Author Contributions: Conceptualization, A.G.; methodology, S.G. and A.B.; software, A.G. and S.G.;
validation, S.G. and A.B.; formal analysis, S.G. and A.B.; investigation, S.G. and A.B.; resources, A.G.;
data curation, A.G.; writing—original draft preparation, S.G. and A.B.; writing—review and editing,
S.G. and A.B.; visualization, S.G. and A.B.; supervision, S.G.; project administration, A.G.; funding
acquisition, A.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Bioethics Committee of the Regional Medical Chamber
in Gdansk (protocol code: no. KB-17/16 and date of approval: 18.08.2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Agnieszka Grochulska, Department of Physiotherapy, Institute of
Health Sciences, Slupsk Pomeranian University, 76200 Slupsk, Poland; agnieszka.grochulska@apsl.edu.pl

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Johansson, S.; Rosengren, A.; Young, K.; Jennings, E. Mortality and morbidity trends after the first year in survivors of acute

myocardial infarction: A systematic review. BMC Cardiovasc. Disord. 2017, 17, 1–8. [CrossRef] [PubMed]
2. Boudreau, M.; Genovese, J. Cardiac Rehabilitation: A Comprehensive Program for the Management of Heart Failure. Prog.

Cardiovasc. Nurs. 2007, 22, 88–92. [CrossRef] [PubMed]
3. De Schutter, A.; Kachur, S.; Lavie, C.J.; Menezes, A.; Shum, K.K.; Bangalore, S.; Arena, R.; Milani, R.V. Cardiac rehabilitation

fitness changes and subsequent survival. Eur. Hear. J. Qual. Care Clin. Outcomes 2018, 1, 173–179. [CrossRef] [PubMed]
4. Piepoli, M.F.; Corra, U.; Adamopoulos, S.; Benzer, W.; Bjarnason-Wehrens, B.; Cupples, M.; Dendale, P.; Doherty, P.; Gaita, D.;

Höfer, S.; et al. Core components, standards and outcome measures for referral and delivery: A policy statement from the cardiac
rehabilitation section of the European Asso-ciation for Cardiovascular Prevention & Rehabilitation. Endorsed by the Committee
for Practice Guidelines of the European Society of Cardiology. Eur. J. Prev. Cardiol. 2014, 21, 664–681.

5. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.T.; Corrà, U.; Cosyns, B.; Deaton,
C.; et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the
European Society of Cardiol-ogy and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of 10 socie-ties and by invited experts)Developed with the special contribution of the European Association for
Cardiovascular Preven-tion & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381.

6. Anderson, L.; Thompson, D.R.; Oldridge, N.; Zwisler, A.-D.; Rees, K.; Martin, N.; Taylor, R.S. Exercise-Based Cardiac Reha-
bilitation for Coronary Heart Disease: Cochrane Systematic Review and Meta-Analysis. J. Am. Coll. Cardiol. 2016, 67, 1–12.
[CrossRef]

7. Fornitano, L.D.; Godoy, M.F. Duplo produto elevado corno preditor de ausência de coronariopatia obstrutiva de grau im-
portante em pacientes com teste ergométrico positivo [Increased rate-pressure product as predictor for the absence of signifi-cant
obstructive coronary artery disease in patients with positive exercise test]. Arq. Bras. Cardiol. 2006, 86, 138–144. [CrossRef]

8. Lawler, P.R.; Filion, K.B.; Eisenberg, M.J. Efficacy of exercise-based cardiac rehabilitation post-myocardial infarction: A systematic
review and meta-analysis of randomized controlled trials. Am. Heart J. 2011, 162, 571–584.e2. [CrossRef]

9. Fletcher, G.F.; Landolfo, C.; Niebauer, J.; Ozemek, C.; Arena, R.; Lavie, C.J. Promoting Physical Activity and Exercise. J. Am. Coll.
Cardiol. 2018, 72, 1622–1639. [CrossRef]

10. Jolliffe, J.A.; Rees, K.; Taylor, R.S.; Thompson, D.; Oldridge, N.; Ebrahim, S. Exercise-based rehabilitation for coronary heart
disease. Cochrane Database Syst. Rev. 2001, 1, CD001800. [CrossRef]

11. Sendercock, G.R.; Hodges, L.D.; Das, S.K.; Brodie, D.A. The impact of short term supervised and home-based walking pro-
grammes on heart rate variability in patients with peripheral arterial disease. J. Sports Sci. Med. 2007, 6, 471–476.

http://doi.org/10.1186/s12872-017-0482-9
http://www.ncbi.nlm.nih.gov/pubmed/28173750
http://doi.org/10.1111/j.0889-7204.2007.05242.x
http://www.ncbi.nlm.nih.gov/pubmed/17541318
http://doi.org/10.1093/ehjqcco/qcy018
http://www.ncbi.nlm.nih.gov/pubmed/29701805
http://doi.org/10.1016/j.jacc.2015.10.044
http://doi.org/10.1590/s0066-782x2006000200010
http://doi.org/10.1016/j.ahj.2011.07.017
http://doi.org/10.1016/j.jacc.2018.08.2141
http://doi.org/10.1002/14651858.CD001800


J. Clin. Med. 2021, 10, 2253 11 of 11

12. Cwikiel, J.; Seljeflot, I.; Fagerland, M.W.; Wachtell, K.; Arnesen, H.; Berge, E.; Flaa, A. High-sensitive cardiac Troponin T and
exercise stress test for evaluation of angiographically significant coronary disease. Int. J. Cardiol. 2019, 287, 1–6. [CrossRef]
[PubMed]

13. Zhang, Q.; Lu, H.; Pan, S.; Lin, Y.; Zhou, K.; Wang, L. 6MWT Performance and its Correlations with VO2 and Handgrip Strength
in Home-Dwelling Mid-Aged and Older Chinese. Int. J. Environ. Res. Public Health 2017, 14, 473. [CrossRef] [PubMed]

14. Polish Society of Cardiology “Recommendations for Comprehensive Cardiological Rehabilitation”; AsteriaMed: Gdańsk, Poland, 2017.
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