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SUMMARY
Aim: Interventional cardiovascular training programmes provide a prescription of optimal form and safe intensity. They are part of the second 

phase of cardiovascular rehabilitation which is a key point in the whole tertiary-preventive care for patients with coronary artery disease. The 
patients are hemodynamically adapted to a normal physical load, their aerobic capacity is gradually increased, and they learn principles of regular 
aerobic-resistance exercise. The aim of this study is to assess the impact of modified aerobic-resistance exercise on cardiorespiratory indicators 
in patients after acute coronary event, and evaluate the differences between monitored parameters in different age groups.

Methods: The study was conducted on a group of 106 patients (85% of men) of an average age of 60.4 ± 10.9 years, with left ventricular ejec-
tion fraction of 57.4 ± 7.2%. All subjects went through an acute coronary event. The time elapsed between the occurence of a coronary event and 
the beginning of the training programme was 35 ± 8 days. In patients after coronary artery bypass grafting, the time passed was 50 ± 16 days on 
average. All patients received a two-month aerobic-resistance training with a frequency of three times a week. The length of a training unit was 
set to 100 minutes (out of which 60 minutes were allocated to individual aerobic training).

Results: A significant negative correlation between age and average values of monitored parameters was observed. Even though the values 
of all parameters are decreasing with increasing age, a shift towards higher values in all parameters occurred after completing the training pro-
gramme. The study reveals that there are interindividual differences between the parameter values. A significant difference in individual parameters 
was found between different age groups. The result of the study shows that a given parameter could characterize each age group. Completing 
the interventional training programme also led to a significant increase of exercise tolerance (1.8 ± 0.3 vs. 2.0 ± 0.4 W/kg; p < 0.001) and of peak 
oxygen consumption (22.8 ± 4.5 vs. 25.9 ± 5.5 ml/kg/min, p < 0.001).

Conclusion: Interindividual differences between the parameter values have been identified. This could be helpful in methodological conception 
of preventive training programmes for patients suffering from cardiovascular disease. The mutual connection between the parameter values and 
age groups does not relate only to a safer training intensity determination, but also to a more precisely targeted application of different training 
modalities in order to achieve an optimal final training effect.
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INTRODUCTION

Despite the existence of modern medical treatments, cardiovas-
cular diseases rank first in the incidence of all diseases worldwide. 
Prevention plays a crucial role in reduction of such diseases as 
well as in their treatment and in improving the patient’s prognosis, 
especially due to reduction of relapses and mortality.

Apart from primary and secondary prevention, tertiary 
prevention should not be neglected as it is continually gain-
ing importance thanks to a constantly increasing number  of 
patients surviving an acute coronary event. For these patients, 
it is crucial to lower the risk of a new attack as well as to help 

them return to a good physical condition allowing them to 
lead a full life.

Physical activity has a positive influence on a number of risk 
factors of a coronary artery disease. Among the most important 
ones are dyslipidemia, type 2 diabetes mellitus, hypertension, and 
physical inactivity. Consequently, adequate amount of physical 
activity leads to an increased aerobic capacity of the organism 
which is associated with a reduction in mortality caused by car-
diovascular diseases as a result of positive influence of physical 
activity on the risk factors.

Interventional cardiovascular training programmes provide a 
prescription of optimal form and safe intensity. They are a part 



209

of the second phase of cardiovascular rehabilitation programme 
(CRP) which is a key point in the whole tertiary-preventive care 
of patients with coronary artery disease. The patients are hemo-
dynamically adapted to a normal physical load, their aerobic 
capacity is gradually increased, and they learn the principles of 
regular aerobic-resistance exercise. The third and the fourth phase 
do no longer take place under the supervision of a physiotherapist. 
During these final phases, the stabilization of patient’s clinical 
condition and maintaining training habits take place (1–5).

The aim of our study was to evaluate the effect of modified 
aerobic-resistance training on cardiorespiratory parameters and 
assess differences between monitored parameters in different age 
groups of patients after an acute coronary event.

MATERIALS AND METHODS

Subjects Characteristics
The study included 106 patients. Their basic characteristics 

are listed in Table 1 and 2. Patients were 18 years old and older, 
and met the indication criteria for classification according to 

the recommended procedures for rehabilitation of patients with 
cardiovascular disease issued by the Czech Society of Cardiol-
ogy in 2006 (1).

The acceptance criteria of the study were: an acute coronary 
event taking place at minimum three weeks before joining the 
programme, stabilized clinical condition, appropriate medical 
therapy prescribed, and left ventricular ejection fraction over 50 
percent (measured by transthoracic echocardiography prior to the 
enrollment in the rehabilitation programme).

The exclusion criteria included chronic heart failure, unstable 
angina pectoris, anamnesis or presence of other disease with the 
expected survival prognosis of less than three years, presence of 
hemodynamically significant aortic or mitral heart defects, signifi-
cant obstruction of the outflow tract of the left ventricle, severe 
chronic lung disease, significantly limiting physical pathology or 
patient’s unwillingness to cooperate.

The study was approved by the Ethical Committee of the 
University Hospital in Brno. Each patient was informed about 
his/her health condition, therapy options, study information, 
and the training programme information including necessary 
physical examinations. Each patient signed an informed consent 
prior to the inclusion into the study. The study was conducted in 

Parameter All 
(N = 106)

Men 
(N = 90)

Women 
(N = 16) p*

Age (years) 60.4 ± 10.9 60.3 ± 10.9 60.9 ± 10.5 0.832
Height (cm) 174.1 ± 7.9 176.2 ± 6.4 162.0 ± 4.4 < 0.001
Weight (kg) 86.6 ± 13.0 88.8 ± 12.3 74.4 ± 10.1 < 0.001
BMI (kg/m2) 28.5 ± 3.5 28.6 ± 3.4 28.4 ± 4.0 0.893
LV EF (%) 57.4 ± 7.2 57.1 ± 7.3 59.6 ± 6.3 0.176
HR (beats/min) 74.2 ± 10.3 73.7 ± 10.4 76.8 ± 9.3 0.261
SBP (mm Hg) 131.3 ± 12.2 132.5 ± 11.4 130.6 ± 10.2 0.534
DBP (mm Hg) 82.5 ± 8.8 83.4 ± 8.4 81.6 ± 7.8 0.427

N – number of subjects, BMI – body mass index, LV EF – left ventricular ejection fraction, HR – heart rate, SBP – systolic blood pressure, DBP – diastolic blood pressure 
Mean, standard deviation, *Student’s t-test

Table 1. Subjects characteristics – continuous variables

Parameter
All 

(N = 106)
Men 

(N = 90)
Women 
(N = 16) p*

n (%) n (%) n (%)
Patients after myocardial infarction of anterior wall 40 (37.7) 32 (35.6) 8 (50.0) 0.272
Patients after myocardial infarction of bottom wall 56 (52.8) 48 (53.3) 8 (50.0) 0.805
Patients with minimal myocardial lesions 2 (1.9) 2 (1.9) 0 (0.0) 0.547
Patiens with unstable angina pectoris 8 (7.5) 8 (7.5) 0 (0.0) 0.215
Percutaneous coronary intervention 98 (92.5) 84 (93.3) 14 (87.5) 0.416
Coronary artery bypass graft 3 (2.8) 3 (2.8) 0 (0.0) 0.459
Cons. treatment 5 (4.7) 3 (2.8) 2 (12.5) 0.111
Type 2 diabetes mellitus 17 (16.0) 16 (17.8) 1 (6.3) 0.247
Hypertension 59 (55.7) 50 (55.6) 9 (56.3) 0.956
Hyperlipoproteinemia 81 (76.4) 70 (77.8) 11 (68.8) 0.433
Chronic obstructive pulmonary disease 0 (0.0) 0 (0.0) 0 (0.0) –

N – number of subjects, *χ-square test

Table 2. Subjects characteristics – categorical variables – the absolute number (percentage)
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accordance with the ethical standards of the Helsinki Declara-
tion from 2000.

Selected patients experienced an acute myocardial infarction 
of the anterior wall (MI AW), acute myocardial infarction of the 
bottom wall (MI BW), with minimal myocardial lesions (MML) 
and unstable angina pectoris (UAP) who underwent percutane-
ous coronary intervention (PCI), coronary artery bypass grafting 
(CABG), or a conservative course of treatment was chosen.

The time passed from the occurrence of an acute coronary 
event (unstable angina pectoris or acute myocardial infarction) 
to the enrollment into the training programme was 35 ± 8 days, 
for patients after coronary artery bypass 50 ± 16 days.

All patients were treated with beta-blockers, ACE inhibitors 
or ARBs, statins, and dual antiplatelet therapy. Medical therapy 
was not altered during the interventional training programme.

Procedures
All subjects underwent a clinical examination and basic stress 

test using spiroergometry (Oxycon Delta) both prior to the en-
rollment and after a successful completion of the interventional 
training programme. A symptom-limited ramp test was performed 
with continuously increasing load by about 20 W each minute up 
to subject’s subjective maximum or until symptoms manifestation. 
The value of peak oxygen consumption (pVO2) was set to evaluate 
the training effect. The value of anaerobic threshold (ANP) was 
set to determine the training zone heart rate.

The value of the left ventricular ejection fraction was deter-
mined prior to the enrollment into the programme using trans-
thoracic echocardiography (GE Healthcare, Vivid 7 MS4 probe, 
using standard projections). In order to calculate the value of left 
ventricular ejection fraction, the Simpson’s rule was used.

The modified interventional cardiovascular rehabilitation 
programme took place at the Department of Internal Cardiology 
of the University Hospital in Brno in a form of guided training 
programme as a part of the second stage of CRP. The programme 
complied with the criteria recommended for rehabilitation of 
patients with cardiovascular diseases issued by the Czech Society 
of Cardiology in 2006. The duration of the programme was set to 
eight weeks in total with a frequency of three training units per 
week (1). The training unit was modified by extending the aero-
bic phase and by including a training set on treadmill. The unit’s 
length was set to 100 minutes and consisted of several stages: 
warm-up phase to prevent musculoskeletal injury (15 minutes); 
aerobic training on the ergometer (GE Healthcare, eBike Basic 
ergometer); treadmill (GE Healthcare, Trackmaster X425); and 
rowing simulator (Concept II indoor rower) in the length of 60 
minutes followed by a resistance training with the use of exercise 
equipment (TK-HC Compact) for the maximum length of 10 
minutes. A 15 minutes long cool-down phase took place at the end 
of the training unit as a preventive measure to reduce the risk of 
arrhythmias and hypotension. During the training, patient’s blood 
pressure and heart rate were regularly measured and subjective 
feelings of patients were monitored.

The acquired data were analyzed using the statistical software 
Statistica 10. A basic description of the data was performed us-
ing common statistical methods. Average values and standard 
deviation were used to describe the data set. As the first step, the 
normality of value distribution of the set was verified (Lilliefors 

modification of the Kolmogorov-Smirnov test for normality). The 
differences in values of monitored parameters measured prior 
to the training and after completing the training were evaluated 
by a non-parametric dependent t-test for paired samples. The 
differences in values of monitored parameters between men and 
women were evaluated by the Mann-Whitney test. To assess 
the influence of age on the monitored parameters, a correlation 
analysis between age and individual parameters was performed 
(Spearman correlation coefficient, R). In order to assess the 
possibility of individualization of the training in relation to age, 
patients were divided into five age groups: 30–39, 40–49, 50–59, 
60–69, and 70–79 years. ANOVA test was used to determine the 
difference in the values of monitored parameters between dif-
ferent age groups and to determine whether a given parameter 
characterizes this age group.

RESULTS

The decreased values of resting heart rate (HR) and resting 
systolic (SBP) and diastolic (DBP) blood pressures were ob-
served in subjects after completing the interventional training 
programme. However, the measured changes did not reach a 
statistical significance.

A significant difference was found in values of exercise toler-
ance (ET), peak oxygen consumption (pVO2), energy expenditure 
(EE), and anaerobic threshold (AT) measured prior to the enroll-
ment and after completing the training programme in all subjects. 
The values of measured parameters increased significantly after 
finishing the training programme (Table 3).

A significant correlation between age and average values of 
monitored parameters was found (Table 4). Despite the fact that 
with increasing age the parameter values decrease, after finishing 
the training, a shift in all parameters to higher values was observed 
in the whole set of subjects.

A significant difference between age groups of 30–39, 40–49, 
50–59, 60–69, and 70–79 years was found in most of the moni-
tored parameters (Table 5). It was found that dispersion of the 
values measured within each age group is smaller than the range 
of values within the entire data set. This finding indicates that a 
parameter could characterize a certain age group.

DISCUSSION

The division of subjects into age groups showed that different 
age groups are more or less characterized by a certain range of 
parameter values. This means that variability of some parameters 
within each age group is smaller than variability of parameters in 
the entire set of subjects. During the training, however, changes in 
the variance of monitored parameter values occure for each age 
group and each parameter at a different time point. The most sig-
nificant increase in variance of parameters, which means a greater 
impact of the training, can be observed in younger and middle 
aged groups. This fact could be utilized to further individualize 
the training including the use of various training modalities. The 
main training modalities include continuous and interval aerobic 
training. Studies comparing the effect of interval and continuous 
training (6, 7) have come to conclusion that interval training has 
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a comparatively greater effect on improving cardiorespiratory and 
certain biochemical indicators that are directly related to cardio-
vascular diseases risk factors. Interval training is more suitable 
for the elderly patients due to the starting lower value of aerobic 
capacity and higher incidence of physical pathologies which can 
be a limitation of training. On the contrary, in younger patients, 
it is possible to indicate higher intensity of exercise and choose a 
larger variability in the use of exercise equipment (e.g. prevailing 
share of treadmill or rowing simulator use), all in compliance with 
the safe load limits for the cardiovascular system.

With increasing age, the values of all parameters are drop-
ping. After completing the training cycle, a shift towards higher 
parameter values was observed causing also the correlation line 
to reach higher levels for the whole data set. This fact can be 
utilized when deciding an appropriate prescription of physical 
activity for elderly patients over 65 years of age. These patients 
can positively affect their physical condition by completing the 
interventional training programme (8, 9).

In the future, it will be necessary to conduct further studies 
repeatedly measuring parameters of individuals in order to per-
form a statistical analysis between individuals instead of groups 
to be able to determine whether the intra-individual variability 
is smaller than inter-individual and therefore the parameter char-

acterizes an individual. It would be also appropriate to assess the 
correlation of individual averages from several measurements of 
individual persons with the variation of their values.

The results of the study also point to a significant improvement 
in cardiorespiratory indicators and indicators of exercise tolerance 
after completing the training which is crucial in relation to the 
risk factors for coronary artery disease (CAD). Long-term and 
systematic aerobic exercise has a positive effect on hypertension, 
diabetes mellitus, dyslipidemia and abdominal obesity (10–14).

Regular exercise positively affects the functional capacity of 
the organism by reducing resting and stress HR, reducing blood 
pressure, and increasing venous tone. It also leads to  improvement 
of myocardial contractility (15–19). As far as hemodynamics is 
concerned, a trend of decreasing resting heart rate and systolic as 
well as diastolic blood pressure was indicated after completing 
the training programme. 

Despite the fact that the study subjects had a relatively good 
initial aerobic capacity, the training improved it even further. Tak-
ing into account that the peak oxygen consumption is considered 
to be one of the most significant prognostic factors in patients 
with CAD (20–22) and that its improvement of 1 ml/kg/min is 
related to a 9–10% reduction in cardiovascular mortality (19, 20), 
a decrease in cardiovascular mortality in subjects of the study by 

Parameter Units Value R
BMIpre kg/m2 28.53 ± 3.52 −0.20*
BMIpost kg/m2 28.41 ± 3.58 −0.19*
HRrpre beats/min 74.15 ± 10.34 −0.36***
HRrpost beats/min 73.67 ± 11.25 −0.32***
ETpre W/kg 1.75 ± 0.35 −0.28***
ETpost W/kg 1.99 ± 0.43 −0.36***
pVO2pre ml/kg/min 22.83 ± 4.48 −0.28**
pVO2post ml/kg/min 25.86 ± 5.46 −0.36***
EEpre MET 6.52 ± 1.28 −0.28***
EEpost MET 7.39 ± 1.56 −0.36***
ATpre W 109.52 ± 28.29 −0.24*
ATpost W 120.10 ± 34.95 −0.56***

Table 4. Correlation between age and average values of monitored parameters

Parameter Pre Post p*
Systolic blood pressure (mm Hg) 131.3 ± 12.2 130.0 ± 11.5 0.068
Diastolic blood pressure (mm Hg) 82.5 ± 8.8 81.2 ± 7.4 0.075
Heart rate (beats/min) 74.2 ± 10.3 73.7 ± 11.2 0.064
Exercise tolerance (W/kg) 1.8 ± 0.3 2.0 ± 0.4 < 0.001
Peak oxygen consumption (ml/kg/min) 22.8 ± 4.5 25.7 ± 5.5 < 0.001
Energy expenditure (MET) 6.5 ± 1.3 7.4 ± 1.6 < 0.001
Anaerobic threshold (W) 109.5 ± 28.3 120.1 ± 35.0 < 0.001

Table 3. Stress parameters during training – all subjects

Mean, standard deviation, *Wilcoxon nonparametric t-test

BMIpre – body mass index prior to training enrollment, BMIpost – body mass index after completing the training, HRrpre – resting heart rate prior to training enrollment, 
HRrpost – resting heart rate after completing the training, ETpre – exercise tolerance prior to training enrollment, ETpost – total exercise tolerance after completing 
the training, pVO2pre – peak oxygen consumption prior to training enrollment, pVO2post – peak oxygen consumption after completing the training, EEpre – energy 
expenditure prior to training enrollment, EEpost – energy expenditure after completing the training, ATpre – maximum power at anaerobic threshold prior to training 
enrollment, ATpost – maximum power at anaerobic threshold after completing the training
Mean, standard deviation; R, Spearman’s correlation coefficient (correlation between age and average values); ***p < 0.001, **p < 0.01, *p < 0.05
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about 30% can be expected. Another positive fact is that according 
to Kavanagh et al., an improvement in peak oxygen consumption 
greater than 22 ml/kg/min reduces the risk of cardiovascular death 
by up to 61% (20). The presented values have been achieved in 
the study on average in men as well as in women.

The main goals of cardiac rehabilitation include encouraging 
patient’s positive attitude towards physical activity with suffi-
ciently strong motivation for a long-term individual exercise. In 
the study comparing controlled and uncontrolled aerobic training 
among cardiac patients an improvement in exercise parameters 
of groups training intensively and consistently at home was ob-
served. On the other hand, worsening parameters were observed 
in groups of patients exercising at home uncontrolled, regardless 
of a completion of the initial ambulatory rehabilitation programme 
(23–25). From the psychological point of view, cardiovascular 
rehabilitation has a positive effect on patients. It restores their 
lost confidence, relieves them from fear of a physical load, allows 
them to return back into active life and eliminates a serious risk 
factor – physical inactivity.

CONCLUSION

The study showed some important connections that can 
be utilized for the practical application of aerobic-resistance 
training prescription for patients with CAD. There are interindi-
vidual differences between certain parameters that could help in 
methodological planning of preventive training programmes for 
patients with cardiovascular diseases. Their correlation with age 
groups is not only related to a safe determination of the training 
intensity, but also to better targeted application of various training 
modalities in order to achieve optimal training effect. Significant 
improvement in cardiorespiratory indicators and indicators of 
exercise tolerance after completing the modified interventional 

training programme reinforces the crucial role of physical activity 
in CRP and the positive influence on risk factors of CAD which 
can lead to improved prognosis of such patients. Cardiovascular 
rehabilitation should therefore be a common part of the second-
ary and tertiary preventive procedures for patients after acute 
coronary event.
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