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Physical activity counseling and individually prescribed and supervised exercise 
training are core components of a comprehensive cardiac rehabilitation (CR) pro-
gram, compromising 30–50 % (up to >70 %) of all cardiac rehabilitation activi-
ties. This applies to phase II as well as to phase III cardiac rehabilitation for 
patients post-acute coronary syndrome and post-primary coronary angioplasty 
(PCI), post-cardiac surgery (coronary artery bypass, valve heart surgery, cardiac 
transplantation), as well as in chronic heart failure patients.

Within a large meta-analysis of Cochrane database, exercise-based cardiac 
rehabilitation has been shown to reduce overall mortality rate by 13 %, cardiovas-
cular mortality rate by 26 %, and hospital admission rate by 18–31 % in patients 
with coronary heart disease (CHD) [1–3]. Moreover meta-analysis has revealed 
CR programs with exercise training interventions as only content to be even more 
effective, demonstrating exercise only to reduce overall mortality rate by 27–28 %, 
mortality rate due to cardiovascular disease by 31 % (Fig. 4.1), and the re-infract 
rate by 43 % [3–5]. These results emphasize the impact of exercise interventions as 
a core component of CR program. However, so far epidemiological studies have 
not been able to provide sufficient statistically significant evidence linking the inci-
dence of nonfatal heart attacks and sudden cardiac death to exercise training-based 
rehabilitation measures [1–5].
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4.1  �Definition of Terms

Any muscle contraction resulting in an energy metabolism above basal metabolic 
rate is characterized as physical activity [6]. Exercise or exercise training is any 
physical activity that is planned, structured, performed repeatedly, and specifi-
cally aimed at improving the physical fitness level [6]. Physical fitness comprises 
the ability of performance including cardiopulmonary endurance, muscle 
strength, flexibility, and coordination [6, 7]. Cardiorespiratory fitness is deter-
mined by the maximal cardiovascular exercise capacity and is dependent on oxy-
gen transport via lung diffusion, cardiocirculation to the muscle fiber, where it is 
used in the mitochondria for energy production (ATP synthase). Assessment of 
maximal oxygen uptake (VO2peak/max) is the gold standard for evaluating cardiore-
spiratory fitness, typically assessed during a maximal exercise tolerance test per-
formed on a bicycle or treadmill ergometer [8]. Maximal exercise capacity is the 
highest power output a person can sustain during an exercise tolerance [8]. 
Exercise tolerance is defined as the highest power output possible before any 
pathological symptoms and/or medical indications occur [9]. In a healthy person 
both terms can be used interchangeably, but in a patient the range can differ sub-
stantially [8]. For the definition of the amount of physical activity or exercise, the 
interrelation between the total dose of activity and the intensity at which the 
activity is performed have to be considered (volume of exercise  =  duration × 
intensity). While the dose refers to the total energy expended, intensity reflects 
to the rate of energy expenditure during the physical activity. Absolute intensity 
reflects the rate of energy expenditure during exercise, usually expressed in met-
abolic equivalent tasks (MET). One MET is the energy expenditure or oxygen 
consumption (VO2) measured during sitting, which equals 3.5 mL O2 kg−1 min−1. 
MET-hours are the product of exercise intensity and exercise time [6]. Relative 
intensity refers to the percent of aerobic power utilized during exercise. It is 
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Fig. 4.1  Effectiveness of exercise only or exercise as part of a comprehensive cardiac rehabilita-
tion program on all-cause mortality and cardiac mortality (According to Jolliffe et al. [3])
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expressed as percent of maximal heart rate or percent of VO2peak. In this context, 
activities performed at a relative intensity of <40 % VO2peak are considered to be 
of light intensity, those performed at 40–60 % VO2peak to be of moderate intensity, 
and those performed at relative intensity of >60  % VO2peak to be of vigorous 
intensity [6]. For the estimation of intensity, the person’s individual premises 
have to be taken into account. For example, brisk walking at 4.8 km h−1 has an 
absolute intensity of ~4 MET. For a young and healthy person, this intensity is 
low in relative terms, but represents a vigorous intensity for an 80-year-old 
person.

Exercise therapy “is medically indicated and prescribed exercise, planned and 
dosed by therapists, controlled together with the physician and carried out with the 
patient either alone or in a group” [10]. Sport and exercise therapy “is an exercise 
based therapeutic measure which compensates for destroyed physical, mental and 
social functions with suitable sports remedies, regenerates, guards against secondary 
damage and supports health oriented behaviour. Sport therapy is based on biological 
principles; especially includes physiological, medical, pedagogic-psychological as 
well as social therapeutic elements and attempts to create enduring health compe-
tence” [10].

4.2  �Objective of Exercise-Based Training Intervention

The primary objective of an exercise-based training intervention in cardiac reha-
bilitation is to positively influence disease progression and prognosis. This is most 
successfully achieved in coronary heart disease (CHD) and its pathological con-
sequences (acute coronary syndrome, sudden death, ischemic heart failure) and in 
nonischemic chronic heart failure [1, 2, 6, 11–17]. The main secondary objectives 
are an improvement in the symptom-free exercise tolerance and overall quality of 
life [6, 12–14]. Further secondary objectives are overcoming cardiovascular and 
musculoskeletal limitations caused by inactivity (in particular in chronic heart 
failure and after open-heart surgery), as well as to improve mobility, indepen-
dence, psychological well-being, social and occupational reintegration, and car-
diovascular risk factors and thereby reduce the need for future home care, enhance 
participation, and enable the patient to take up his further life. In order to achieve 
these objectives, an extensive physical activity counseling including individual 
instructions is of crucial importance, in addition to the supervised exercise train-
ing [6, 11, 12, 14, 16–19].

Individual objectives should be based on the patient’s cardiac diagnosis, 
exercise capacity, possible exercise-limiting comorbidities, age, gender, exer-
cise experience, as well as the patient’s motivation, personal exercise goals, and 
preferences. Respecting somatic, psychosocial, and educative objectives, they 
should aim to support the patient’s health-oriented behavior, to create his/her 
persistent health competence, and to improve his/her self-efficacy (Table 4.1 
and Fig. 4.2).
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4.3	 �How to Set Up an Exercise Training Program in Cardiac 
Rehabilitation

Exercise training in cardiac rehabilitation should be medically supervised and led 
by an experienced exercise therapist (or physiotherapist). During the initial phase 
after an acute event, the exercise program should be started under careful medical 
supervision. The supervision should include physical examination, monitoring of 
heart rate, blood pressure, and rhythm before, during, and after the exercise training 
[12, 14, 17]. A careful supervision allows to verify individual responses and toler-
ability, clinical stability, and promptly identifying signs and symptoms indicating 
necessary modification or termination of the program. The supervision should be 
prolonged in patients with high risk of cardiovascular events (severe coronary heart 
disease, heart failure NYHA III, ventricular arrhythmias, implantable cardioverter 
defibrillator (ICD), heart transplantation). In these patients an inpatient cardiac 
rehabilitation setting is recommended [12].

Exercise training in cardiac rehabilitation should be prescribed on an indi-
vidualized approach after a careful clinical evaluation including: risk stratifica-
tion, symptom-limited exercise testing (either on bicycle or on treadmill), 

Table 4.1  Somatic, psychosocial, and educative objectives of individually prescribed and super-
vised exercise training in cardiac rehabilitation

Somatic objectives:
To positively influence disease progression and prognosis
To overcome cardiovascular and musculoskeletal limitations caused by inactivity
To improve symptom-free exercise tolerance
 � To improve cardiopulmonary exercise tolerance
 � To improve coordination, flexibility, agility, and muscular strength
To positively influence cardiovascular risk factors
Psychosocial objectives:
To improve body awareness and perception, especially the patient’s perception of stress during 
exercise training
To reduce the patient’s anxiety for overload during exercise training
To improve the patient’s realistic judgment of his/her individual exercise tolerance
To improve overall well-being
To improve psychosocial well-being and coping with the disease
To improve overall social integration
To increase level of independency
To improve quality of life
Educative objectives:
To improve knowledge in the impact and health benefits of regular physical activity and 
exercise training
To improve practical skills of self-control and adequate handling during physical activity and/or 
exercise training to the patient
To improve long-term compliance to lifestyle changes
To implement a physically active lifestyle

Modified after Bjarnason-Wehrens et al. [20]
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assessment of possible exercise-limiting comorbidities, assessment of functional 
capacity (especially in groups at risk to have reduced functional capacity, e.g., 
older patients, females, and/or heart failure patients), assessment of behavioral 
characteristics (movement and exercise experiences, physical activity level, 
readiness to change behavior, self-confidence, barriers to increase physical activ-
ity, as well as social support in making positive changes), and patient’s personal 
goals and exercise preferences. The type and severity of the disease also have to 
receive similar attention such as personal characteristics like age and gender [12, 
14, 17] (Fig. 4.3).

Exercise training in cardiac rehabilitation should be based on aerobic endurance 
training. On its basis, further components such as resistance exercise and gymnas-
tics including exercises for coordination (inclusive balance and sensorimotoric), 
flexibility, agility, and strength as well as perceptional training, are to be added. In 
frail and older patients, special exercise elements for preventing falls should be a 
part of the exercise program (Fig. 4.4).

Somatic
objectives

Educative
objectives

Psycho-social
objectives

�To support health oriented 
behaviour

�To create persistent health 
competence

�To improve self-efficacy

Fig. 4.2  Objectives of 
exercise-based training 
intervention

Components of exercise based training interventions

Aerobic 
endurance 

training

Perception training, 
body awareness,
practical skills of 

self-control

Resistance training

Exercise to improve flexibility, agility 
coordination, balance, ...

Modified movement games and 
team games ...

Fig. 4.3  Contents of 
comprehensive exercise 
based training intervention 
in cardiac rehabilitation
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Based on the results of the clinical evaluation, every person should receive indi-
vidualized exercise training recommendations containing the following information 
[14] (Fig. 4.5):

•	 Exercise training goals (i.e., improvement of exercise capacity, muscular 
strength)

•	 Exercise training mode (i.e., aerobic endurance training, moderate resistance 
training)

•	 Exercise training content, with reference to the preferred type of exercise (i.e., 
bicycle ergometer, treadmill, walking, Nordic walking, etc.; resistance training 
using weight machines, elastic bands, etc.)

•	 Exercise training method (steady-state training, interval training, etc.)
•	 Exercise training intensity (i.e., % HRpeak, % VO2peak, % of one repetition 

maximum)
•	 Exercise training duration (duration of the individual training unit [i.e., 

30–60 min] and the supervised training program [i.e., 3–6 months])
•	 Exercise training frequency (i.e., 3–7 exercise units per week) [12]

Exercise training duration, intensity, and frequency should start at a low level and 
be increased incrementally. Especially in patients taking up an exercise training 
after a long period of inactivity, it is important to pay close attention to the variation 
in time each organ system needs in order to adapt to the training process. While the 
cardiovascular and muscular systems show a fast adaptation, bones, tendons, liga-
ments, and joints adapt very slowly. The primary goal should be to increase training 
duration and frequency [12]. If these are well tolerated, then the intensity can also 
be increased.

Exercise goals

Exercise 
contents

Exercise 
methode

Exercise 
intensity

Exercise duration

Exercise frequency

Fig. 4.4  Components 
that have to be considered 
by planning and 
implementation of an 
individually dosed, 
adapted and controlled 
exercise program in 
cardiac rehabilitation
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Exercise training should be planned in three stages: initial stage, improvement 
stage, and maintaining stage (Fig. 4.6) [12, 14, 17].

The objectives of the initial stage are to prepare the patient for the exercise train-
ing and to verify the individual response and tolerability to a low-intensity exercise 
program. This phase also includes improvement of coordination and flexibility as 
well as developing the patient’s perception for exercise intensity. Previously physi-
cally inactive people and older patients have to receive special attention. In the ini-
tial stage the intensity of exercise should be kept at a low level. According to 
perceived symptoms and clinical status, the duration of the exercise unit can be 
prolonged (i.e., from 15 to 30 min). The duration of the initial stage depends on the 
patient’s clinical status and exercise tolerance, but should not exceed 4–6 exercise 
units during 1–2 weeks, respectively.

The objectives of the improvement stage are to gradually increase exercise capacity 
and other components of physical fitness such as coordination, flexibility, muscular 
strength, and endurance capacity. During this stage, the exercise intensity should be 
gradually increased according to the patient’s exercise prescription and exercise goals. 
Likewise, each exercise session can be prolonged up to 30–60 min and even beyond 
as well as exercise frequency can be increased up to daily sessions. However, this has 
to be adapted to the patient’s objective medical status and subjective health status.

The objectives of the maintenance stage are to stabilize and preserve the improve-
ments achieved as well as extend them over a long period of time. Exercise inten-
sity, exercise duration, and exercise frequency can be gradually increased if 
tolerated. In this stage, special attention has to be paid to the patient’s motivation as 

Personal characteristics and 
diagnostic results i.e. age, 
gender, cardiac diagnosis, exercise 
tolerance, functional capacity, risk 
factors, comorbidities

Behavioural characteristics i.e. 
motivation, preference, exercise 
experiences, physical activity level, 
social support barriers to increase 
physical activity

Individual exercise prescription and training protocol

Control of efficacy

Modification and adaptation of the exercise prescription and  
training protocol referring to the patients objective medical and 
subjective health status.

Patient

Careful clinical evaluation including: risk stratification, symptom limited exercise testing 

Individually dosed and adapted exercise training

Individual objectives of the exercise program

Fig. 4.5  How to set up an individually dosed and adapted, and controlled exercise training pro-
gram in cardiac rehabilitation
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well as education to increase and or stabilize adherence to regular physical activity 
and exercise training. It is mandatory to provide the patient with the necessary prac-
tical skills of self-control and adequate handling during physical activity and/or 
exercise training. Careful instruction about the impact and health benefits of regular 
physical activity and exercise training might be helpful to improve his/her adher-
ence to a physically active lifestyle.

Overall, during cardiac rehabilitation the individual exercise training recommen-
dations have to be adapted individually and reevaluated after change of medical 
status, change of medication, hospitalization, or other illnesses.

4.4	 �Physical Activity Counseling: Motivation to a Physically 
Active Lifestyle

Provided they are performed on a regular and a long-term basis, physical activity 
and exercise training are valuable sources of multiple health benefits. The patient’s 
motivation to take up an active lifestyle and start regular exercise training on a sus-
tained basis is therefore an important goal of the cardiac rehabilitation program. 
Investigations have shown that the patient’s thorough information and motivation 
provided by the attending physician is the most effective instrument to achieve such 
behavioral changes [21]. Based on this initial encouragement by the physician, the 
motivation achieved has to be stabilized and augmented through individual as well 
as group counseling during the rehabilitation process.

Stages of exercise training

The initial stage 
4–6 exercise units during 1–2 weeks

Exercise duration: short (i.e. 15–30 min) 

Exercise intensity: low

The improvement stage

Exercise duration: gradually prolonged up 
to ≥ 30–60 min

Exercise intensity: gradually increase 
exercise capacity up to target values

The maintenance stage

Gradually increase exercise intensity and 
or exercise time if tolerated

- Preparation, 
- Adaptation,
- Verifying the individual response and 
  tolerability

- Increase exercise capacity and  
  physical fitness
- Improve muscular strength and 
  endurance
- Improve flexibility and coordination

- Long term stabilisation of improvements
  achieved
- Stabilize adherence to regular physical  
  activity and exercise training

Fig. 4.6  Stages of exercise training in cardiac rehabilitation
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The primary preventive role of regular physical activity is well established by 
large epidemiological studies. Results of meta-analyses demonstrate regular 
physical activity compared with sedentary behavior to be associated with reduc-
tion of overall mortality rate by 22–36 % and reduction of cardiovascular mor-
tality rate by 25–35 % [22–25]. The impact of regular physical activity in the 
secondary prevention of CHD is less well established. The results of smaller 
prospective studies demonstrate the prognostic importance of regular physical 
activities after diagnosis of the CHD, showing regular physical activity to be 
associated with a relative risk reduction of overall mortality by 19–58 % and 
cardiovascular mortality and/or morbidity by 20–62 % [26–35]. These prospec-
tive cohort studies [27, 32] also showed that it is never too late to take up an 
active lifestyle. They found reduced overall mortality rate by 29–50 % in former 
inactive CHD patients that increased their activity levels after the diagnosis of 
the disease [27, 32]. A relative reduction for overall mortality by 34–79 % was 
found in anciently physically active patients that maintained active, compared to 
those who were sedentary before and after the diagnosis of the disease [27, 32]. 
These results have to be established by studies with greater cohorts. Thereby in 
cardiac rehabilitation, it is important to emphasize sedentary lifestyle as an 
independent risk factor and explain the health benefits achieved by any increase 
in physical activity to the patients. However, the exercise therapist should keep 
in mind that it is not sufficient to inform the patient about the achievable health 
benefits. During the rehabilitation process, the patient’s perceptions, attitude, 
and health esteem regarding physical activity and exercise training have to be 
influenced positively. It is important that he/she experiences the exercise train-
ing provided during cardiac rehabilitation as a convenient task that he/she can 
cope with as well as an activity that is associated with well-being, fun, and 
social contacts. On a long-term basis, the patient will only integrate physical 
activity and exercise training into his/her daily life, if medical benefits are asso-
ciated with personal values. The motivation to be physically active for health 
benefits usually only lasts for few months [36]. It is essential to change the 
patient’s secondary motivation (exercise training for health) into a primary 
motivation (e.g., I like exercise training, it is associated with fun, well-being, 
and/or meeting friends); otherwise he/she will return to his/her inactive lifestyle 
within a short period of time.

During the cardiac rehabilitation program, the patient should receive individ-
ual advices and exercise prescription for his/her physical activity and exercise 
training after the termination of the program and get the opportunity to put those 
into practice under supervision. These individual advises should take into consid-
eration the patient’s age, gender, past habits, comorbidities, preferences, and 
goals. The patient’s readiness to change behavior, his/her self-confidence, and/or 
social support in making positive changes as well as possible barriers to increase 
and take up independent exercise training should be addressed. The participation 
in long-term maintenance programs like heart groups should be recommended if 
available.

4  Exercise Training in Cardiac Rehabilitation
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4.5	 �Perception Training, Body Awareness, and Practical 
Skills of Self-Control

After an acute cardiac event (acute coronary syndrome, PCI, or cardiac surgery), 
most of the patients are uncertain regarding physical activity overall and, particu-
larly, how much physical stress they are able to tolerate and what kind of physical 
activity they are allowed to perform. This uncertainty in combination with the expe-
rience of the vulnerability of the heart results in the avoidance of any physical strain 
and foster physical inactivity. Other patients rather tend to mentally suppress the 
cardiac event that might assimilate a danger of overload. During the exercise train-
ing, the patient has to learn the limit of his/her exercise tolerance and his/her exer-
cise limits. The goal is to achieve the patient’s realistic judgment as well as his/her 
acceptance of the often considerable reduced exercise tolerance. The exercise train-
ing is an optimal instrument to improve the patient’s body awareness and percep-
tion. The experience of subjective and objective symptoms that occur during 
exercise training should be used to help the patient to recognize such symptoms as 
well as estimate their relevance for the load achieved. Improving body awareness 
and perception should therefore be an integral component of each exercise training, 
explaining the exercise procedure and its beneficial as well as possible adverse 
effects on the body to the patient. Through the exercise training, the patient should 
learn to perceive and observe his/her local and systemic reactions (i.e., increased 
heart rate, respiration, level of exertion of the muscle, subjective well-being, etc.) 
and to interconnect them to the objective exertion performed. By gradually increased 
exercise intensity, the patient should perceive the limit of his/her exercise tolerance 
in order to be able to recognize it. The exercise therapist should communicate with 
the patient asking him/her to prescribe his/her perceptions of objective and subjec-
tive symptoms during exercise. These practical skills of self-control are the funda-
mental instruments for the patient’s safe and effective approach to physical activity 
and training. This will reduce anxiety and improve a certainty regarding physical 
exertion during occupation, recreation, or daily life (Fig. 4.7).

4.6	 �Aerobic Endurance Training

Oxygen consumption (VO2peak) assessed by means of cardiopulmonary exercise 
testing is one of the strongest predictors of disease prognosis in patients with coro-
nary artery disease and chronic heart failure [36–42] (Fig. 4.8). In CHD patients 
every 1.0 ml/kg1 min1 increase in VO2peak is associated with 15 % decrease in risk of 
death, 14 % (in women) and 17 % (in men) decrease in risk of overall mortality, and 
10–14 % (in women) and 9–16 % (in men) decrease in risk of cardiovascular mor-
tality [42]. Martin et al. [43] demonstrated in a retrospective analysis of a cohort of 
5641 CHD patients that improvements in VO2peak achieved during cardiac rehabilita-
tion have prognostic value. They found every increase in exercise capacity in one 
MET achieved during 12-week CR to be associated with 13 % reduction of overall 
mortality. In patients who started the CR program in the lowest fitness group, the 
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benefit on exercise capacity was even of greater value. In this group an increase in 
one MET was associated with 30 % reduction of overall mortality.

A systematically carried out aerobic endurance exercise program leads to an 
increase in exercise capacity and symptom-free exercise tolerance [13, 42–46]. In 
patients with cardiovascular disease, the increase in exercise capacity gained has 
been reported to range between 11 and 36 % [13, 45, 46] depending on the patient’s 
exercise tolerance, clinical status, as well as intensity and dose of the exercise train-
ing [13, 47–49]. Sedentary untrained and deconditioned patients have been shown 
to achieve the greatest benefits [13, 47–49]. In addition, long-term regular aerobic 
endurance training positively influences well-known cardiovascular risk factors 
such as hypertension, type 2 diabetes mellitus, dyslipidemia, and abdominal obesity 
[50–59] (Fig. 4.9).

4.6.1	 �Exercise Prescription and Definition of Individual Exercise 
Intensity

Based on careful clinical evaluation and risk stratification, including symptom-
limited exercise testing, aerobic endurance training can be performed in a safe and 
an effective manner [3, 4, 46].

Fig. 4.7  Patient should learn to perceive and observe his/her local and systemic reactions, i.e. 
increased heart rate
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Fig. 4.8  The relative risk of death from any cause according to quintile of exercise capacity 
among subjects with and without cardiovascular disease (According to Myers et al. [41])
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Fig. 4.9  Potential cardioprotective effects of regular physical activity, especially aerobic endur-
ance training

In addition to the maximal achieved exercise capacity, the intensity that the 
patient is able to tolerate without any pathology (exercise tolerance) is to be well 
defined and taken into account when exercise prescription is given.

Absolute contraindications to aerobic endurance training are summarized in 
Table 4.2 [14].
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4.6.1.1	 �How to Define Exercise Intensity
Training intensity should be established and controlled based on the results of a 
maximal exercise stress test done on a bicycle/treadmill ergometer including ECG 
and blood pressure monitoring. This should yield maximal heart rate, maximal 
exercise load in watts, possible ischemic threshold, and blood pressure response to 
exercise. These data will form the basis for determining the individual training load 
and training heart rate. Additional cardiovascular examinations or improvement of 
therapy has to be included, if cardiac complaints and/or symptoms arise during the 
exercise stress test. If complaints or symptom limitations persist, despite maximal 
therapeutic efforts, it is advised to keep the exercise load at a level free of symptoms 
and ischemia. It is generally recommended that the training intensity should be 
clearly below the ischemic threshold [11–13, 17].

The heart rate is an objective, easily determined parameter used to regulate 
and control exercise load in cardiac rehabilitation. The maximal heart rate 
(HRpeak) is the highest heart rate achieved prior to termination of an incremental 
exercise tolerance test due to subjective exhaustion or objective indications [8]. 
The training heart rate can be determined as percent of maximal heart rate (HRpeak). 
In cardiac rehabilitation a training heart rate of 65–75 % (if tolerated 80–85 %) 
HRpeak is recommended [17]. It is important to keep in mind that only the heart 
rate response to an exercise stress test performed under the patients actual medi-
cation can be used for exercise prescription. This applies especially to the use of 
ß-receptor blockers (Fig. 4.10).

The training heart rate can also be determined mathematically by using the 
Karvonen formula, in which the heart rate reserve (HRR) is calculated. The heart 

Table 4.2  Contraindications for aerobic endurance training [14]

Acute coronary syndrome (ACS)
Malignant hypertension with systolic blood pressure >190 mmHg during exercise training 
despite exhaustive antihypertensive medication therapy
Drop in systolic blood pressure by ≥20 mmHg during exercise, in particular in patients with 
CHD
Severe secondary mitral valve insufficiency or more specifically moderate mitral valve 
insufficiency with evidence of increased regurgitation during exercise
Heart failure NYHA IV
Supraventricular and ventricular arrhythmias causing symptoms or hemodynamic compromise, 
continual ventricular tachycardia
Frequent ventricular extrasystoles, noncontinual ventricular tachycardia in advanced left 
ventricular dysfunction or more specifically after myocardial infarct as well as in response to 
exercise or during the postexercise regeneration phase
Cardiovascular diseases that have not been risk evaluated and that have not been treated 
according to guideline requirements in terms of best possible prognosis outcome (i.e., 
beta-blocker in patients with CHD, angiotensin-converting enzyme inhibitor in patients with 
heart failure) or, more specifically, hemodynamic control (i.e., maximal medication therapy for 
blood pressure regulation in severe arterial hypertension). Patients with contraindications to 
exercise training due to malignant arrhythmias, on the other hand, can be introduced to a 
training program after antiarrhythmic measures have been taken (i.e., implantable cardioverter 
defibrillator (ICD), proven efficacy of medication therapy)

4  Exercise Training in Cardiac Rehabilitation
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rate reserve is the difference between maximal heart rate and resting heart rate, as 
determined in maximal exercise stress test (Fig. 4.11).

In cardiac patients training heart rate of 40–60 % (if tolerated 65–70 %) of heart 
rate reserve is recommended [17]. The heart rate reserve method should especially 
be used in patients with chronotropic incompetence. The training heart rate should 
always be determined clearly below the ischemic threshold (i.e., 10 beats/min).

Maximal exercise capacity measured in watt is a reliable and reproducible 
parameter in order to regulate exercise training performed on a bicycle ergometer 
[11]. In cardiac rehabilitation exercise intensity at 40–60 % (if tolerated up to 
70–80 %) of maximal load (watt) achieved in a symptom limited exercise test is 
recommended [17]. In patients with very low exercise tolerance, very low heart 
rate reserve, as well as with the inability of the sinus node to react adequately to 
exercise stress by increasing heart rate (i.e., patients with chronotropic incompe-
tence, atrial fibrillation, pacemakers, and post-heart transplant), training inten-
sity should be controlled according to exercise load in watts and by using the 
Borg scale.

The Borg scale (rate of perceived exertion (RPE)) is used to subjectively assess 
how the individual perceives the intensity of the performed exercise on a scale from 
6 to 20 points [60] (Fig. 4.12). It is not advisable, however, to solely rely on the Borg 
scale to advise on training load as it contains too many influencing factors from the 
patient’s perspective (i.e., unfamiliar method, poor body awareness, over motiva-
tion, and peer pressure) [61]. The Borg scale can be used as a supplement to other 
training regulation options, as well as to facilitate developing body awareness to the 
exercise load. Target values are RPE 11–14, comparable to light to moderate exer-
cise intensity [17].
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Fig. 4.10  How to determine a target heart rate and exercise load (watt) for exercise training in 
cardiac rehabilitation
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The maximal oxygen consumption (VO2peak) reached during an exercise stress 
test and the oxygen consumption at the anaerobic threshold (VO2-AT) are meaning-
ful parameters in regulating exercise load during training [62]. The latter can also be 
determined during submaximal exercise testing, independent of the individual’s 
motivation level [63]. If a cardiopulmonary exercise test is used to determine aero-
bic training intensity then 40–70 % of VO2peak (up to 80 % if tolerated) should be 
targeted, close to the individual’s anaerobic threshold (1st VAT) [17, 64] (Fig. 4.13).

4.6.1.2	 �Aerobic Endurance Training Duration and Frequency
Health benefits can only be reached and maintained with long-term aerobic endur-
ance training done on a regular basis. Aerobic endurance training should be per-
formed for ≥30 min 3–5 times per week, preferably everyday, resulting in a total 
exercise time of ≥150 min per week (or 21/2 h/week). Ideally, exercise time should 

The heart rate reserve (HRR) 
is the difference between 
maximal heart rate and resting 
heart rate, as determined in 
maximal exercise stress test.

Example calculation – target intensity 60% of heart rate reserve  
Resting heart rate =   60 beats/min 
Maximal heart rate in exercise test = 100 beats/min 

Target heart rate for exercise training = 
 60 + (100-60) x 0.6 = 84/min.

How to calculate target heart rate using heart rate reserve
(Karvonen formula)

100 -

80 -

70 -

60 -

Fig. 4.11  How to determine the target heart rate for exercise training in cardiac rehabilitation 
using the Karvonen formula

20 
19 Extremely hard
18
17 Very hard
16
15 Hard / heavy
14
13 Somewhat hard
12
11 Light
10
9 Very light
8
7  Extremely light
6

The Borg-scale
(Rate of perceived exertion, RPE)

RPE < 12 < 40 % VO2peak

RPE 12–13 40-60 % VO2peak

RPE 14–16 60-85 % VO2peak

Fig. 4.12  The Borg 
scale – rate of perceived 
exertion (RPE)
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be around 3–4  h/week. The initial aerobic endurance exercise phase should last 
around 5–10 min in untrained individuals and gradually increase to ≥30 min per 
training session during the course of the training program. Low-intensity physical 
activities, such as walking in plane, can and should be done on a daily basis (prefer-
ably more than once a day) [12, 14, 17].

4.6.1.3	 �How to Perform Aerobic Exercise Training
The most common training forms used in cardiac rehabilitation to improve aero-
bic endurance are ergometer training on a cycle or treadmill. Additional common 
aerobic exercise modes include walking, Nordic walking, and biking. Jogging 
may be performed in those with good exercise capacity. This holds also true for 
swimming, as only those with stable cardiac condition without ischemia or poten-
tial for life-threatening should perform swimming. The decisive factors in choos-
ing an appropriate training form in cardiac rehabilitation should be the ability to 
exactly dose, control, and gradually increase the appropriate exercise intensity, 
and the availability to monitor vital parameters (i.e., ECG, heart rate, blood pres-
sure) is necessary.

When choosing a training form, an individual’s baseline characteristics (such as 
age, gender, exercise experience, exercise tolerance, and concomitant diseases) as 
well as preference and motivation must be considered. For overweight and obese 
individuals, non-weight-bearing exercise modes should be chosen (i.e., biking, 
bicycle ergometer training, and swimming). Walking and Nordic walking can be 
considered, if there are no pre-existing joint problems.
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Fig. 4.13  An exemplary result from a cardiopulmonary exercise testing in a 62-year-old man with 
coronary artery disease and type 2 diabetes
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Aerobic Endurance Training on a Cycle Ergometer
In phase II of cardiac rehabilitation, aerobic endurance training on a cycle ergome-
ter is recommended as standard procedure. The advantages of this training form are 
that it is non-weight bearing and enables the exercise load to be precisely dosed, 
independent of the patient’s body weight. Moreover, the minimal upper body motion 
enables blood pressure and ECG to be monitored at a high-quality standard during 
exercise. This type of exercise can be performed in an upright or supine position, 
and special safety equipment is available to facilitate patients with special needs, for 
example, extremely obese subjects, elderly insecure patients, or patients with his-
tory of stroke (Fig. 4.14). Computer-controlled cycle ergometer training and moni-
toring systems, specially designed for the use in cardiac rehabilitation, are available. 
Cycle ergometry can be performed as group training or at an individual basis. 
Training should be performed on an electrically braked cycle ergometer 3–5 times 
per week. If possible, it should be taken advantage of everyday the cardiac rehabili-
tation program is offered.

Fig. 4.14  Supervised exercise training on a cycle ergometer
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Endurance training (i.e., 10–30 min) is the most effective method to improve 
aerobic endurance capacity. Every exercise unit on the cycle ergometer should be 
constructed in four phases (Table 4.3 and Fig. 4.15).

Table 4.4 shows the recommendation for the implementation of moderate-
intensity-continuous-endurance training in cardiac rehabilitation [17].

The safety and efficiency of moderate-intensity-continuous-aerobic training in 
patients with cardiac diseases is well established and therefore recommended as a 
standard training modality in cardiac rehabilitation in international guidelines and 
position papers. In primary prevention it is well known that higher exercise volume 
aerobic exercise training is more effective to improve exercise capacity and to 
reduce overall mortality. On the other hand by increasing the intensity similar 
effects can be achieved by shorter exercise boots [66]. Results of a meta-analyses 
[22] demonstrate an inverse relationship between exercise intensity and overall 
mortality, which was independent of age and gender. The question is if vigorous 
aerobic exercise training is also safe, effective, and well tolerated in cardiac patients. 
An interval-training mode would allow to exercise with at least short high-intensity 
bouts alternating to bouts of low or moderate intensity. In fact in the last decade, 
some studies with high-intensity interval training (HIIT) in cardiac patients have 
been carried out. The results prove HIIT to be beneficial [67, 68] and safe [69] in 
CHD patients [67–75] as well as in patients with markedly reduced exercise capac-
ity (i.e., severe chronic heart failure) [76–80]; however long-term effects are still 
equivocal. In cardiac rehabilitation mainly two types of interval trainings protocols 
have been in focus of science and implementation: sprint or short-term interval 
training and high-intensity interval training (HIIT).

The type of sprint or short (term) interval training mostly used in cardiac reha-
bilitation is characterized by alternating short bouts of high-intensity exercise 
(20–30s) followed by a long recovery phase at minimal load typically twice the 

Table 4.3  Recommendations for moderate-intensity-continuous-endurance training on a cycle 
ergometer

Phase I (warm-up phase I)
Exercise intensity: <50 % of target exercise intensity
Exercise duration: >2 min
Phase II (warm-up phase II)
Exercise intensity: Gradually increase in exercise load by 1–10 watt/min (depending on 

patient’s exercise tolerance) until target exercise intensity has been 
reached

Exercise duration: 5–10 min
Phase III (exercise phase)
Exercise intensity: 100 % of the target exercise intensity in watt and/or of the target training 

heart rate
Exercise duration: >5 min and gradually prolong the exercise duration up to 20–30 min (up 

to 45–60 min)
Phase IV (cool 
down phase)

Gradually reduce the exercise load to 0 watt within the time of 3 min.

Modified after Bjarnason-Wehrens et al. [14])
The composition of one exercise session
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Fig. 4.15  Aerobic endurance training on a cycle ergometer. The graphic shows the composition of 
an exemplary exercise session

Table 4.4  Recommendations for moderate-intensity-continuous-endurance training on a cycle 
ergometer

Aerobic endurance training on a cycle ergometer training with monitoring

Stages Exercise intensity Exercise duration
Exercise 
frequency

Initial stage Low intensity, that is, 40–50 % VO2peak,

60 % HRpeak

40 % HRR
Below 1st VAT
RPE < 11

Starting with ca. 
5 min (in the 
exercise phase) 
and gradually 
increase to 10 min

3–5 days/week
Target: daily

Improvement 
stage

Gradually increase the exercise intensity 
from low to moderate up to target values, 
depending on the patient’s exercise 
tolerance and clinical status, that is,
50, 60, 70, (80 %) VO2peak 65, 70, 75 
(80–85 %) HRpeak

45, 50, 55, 60 % (65–70 %) HRR
RPE 12–14

Gradually prolong 
the exercise 
training from 10 to 
20 (up to 30–45) 
min

3–5 days/week
Target: 
≥5 days/week

Maintenance 
stage

Long-term stabilization of the exercise 
intensity and exercise duration achieved 
during the improvement stage; gradually 
increase exercise intensity and 
especially exercise duration and 
frequency if intended and well tolerated

Gradually prolong 
the exercise 
training from 
20–45 (up to >60) 
min if tolerated

3–5 days/week
Target: most 
days/week

Modified after [17, 18, 49, 65]
A long-term exercise training program should be composed of three stages: initial stage, improve-
ment stage, and maintenance stage
HR heart rate, HRR heart rate reserve, RPE rate of perceived exertion, VAT ventilator (an)aerobic 
threshold
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length of the exercise bout (ratio of exercise time: recovery time = 1:2) (Fig. 4.16 
and Table 4.5). The advantage of this type of training is that the short bout of high-
intensity exercise stimulates peripheral adaptations in the leg muscles to take place 
without compromising an overload in central mediation. The exercise intensity can 
be determined as a percentage of maximum load (wattpeak) achieved during a 
symptom-limited exercise stress test. An intensity as high as 85–90 % of wattpeak is 
usually recommended. Conclusive evidence base concerning the safety and effi-
ciency of this type of training is only preliminary and must be confirmed by ran-
domized controlled studies [14, 17].

Within the last few years, the safety and the efficacy of the 4 × 4  min high-
intensity interval training protocol (HIIT) (Table 4.5 and Fig. 4.17) has been in the 
scientific focus for its use in cardiac rehabilitation. Meta-analysis including the 
results of few small, randomized controlled studies comparing the efficacy of HIIT 
to moderate-intensity-continuous-endurance training has revealed HIIT to be more 
effective in improving exercise capacity measured as a VO2peak. A meta-analysis of 
nine studies (206 CHD patients) [67] revealed HIIT to increase VO2peak a 1.60 mL/
kg−1/min−1 more than moderate continuous training. High-intensity interval training 
resulted in a significant larger benefit in VO2peak compared to moderate continuous 
training (MCT) in patients with CHD (HIIT 20.5 % vs. MCT 12.8 %; p < 0.001). A 
second meta-analysis of six studies (229 CHD patients; EF < 40; 99 were random-
ized to HIIT) confirms these results [68]. Patients in the HIIT group improved their 
VO2peak by 1.53  mL/kg−1/min−1 more than those in the MCT group. The authors 
point out that small sample sizes and the large inconsistency and heterogeneity 
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Fig. 4.16  Interval training on a cycle ergometer. The graph shows the composition of an exem-
plary exercise session
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between the study results in the included studies limit the informational value of this 
meta-analysis. On the other hand, a recently published larger randomized controlled 
study (200 CHD patients; EF > 40 %) comparing HITT versus MCT does not con-
firm these results [74]. The results show no advantage for one of the exercise modal-
ities (HIIT: 23.5 ± 5.7 vs. 28.6 ± 6.9 mL/kg−1/min−1; +22.7 %; MCT: 22.4 ± 5.6 vs. 

Table 4.5  Exercise protocol commonly used for interval training in cardiac rehabilitation: sprint 
or short (term) interval training and high-intensity interval training to be performed on a cycle or 
treadmill ergometer

Sprint or short (term) interval traininga

High-intensity interval training 
(HIIT)

Phase I (warm-up phase) Phase I (warm-up phase)
> 2 min without or with very low load 10 min with 60 % of the heart 

ratepeak

Phase II (exercise phase) Phase II (exercise phase)
Alternating short (20–30 s) exercise bouts with 100 % of 
the target exercise intensity and twice as long (40–60 s) 
recovery bouts without or with very low load ≥10 
repetitions of the intervals – to be prolonged up to ≥20 
repetitions.

Alternating 4 × 4 min exercise 
bouts with 85–95 of HRpeak and 3 × 
3 min recovery bouts with 
60–70 % of HRpeak

Phase III (recovery phase) Phase III (recovery phase)
< 3 min without or with very low load 3–5 min with 60–70 % of HRpeak

The construction of an exercise unit
aModified after Refs. [64, 76, 82]

Fig.  4.17  High-intensity interval training. The 4 × 4 min aerobic interval-training model. Intensity 
is given in peak heart rate (HRpeak) (Modified after Refs. [64, 77])
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26.8 ± 6.7 mL/kg−1/min−1; +20.3 %; p (time) =0.001; p (interaction) = ns) [74]. Both 
12-week interventions equally improved VO2peak, peripheral endothelial function, as 
well as quality of life in CHD patients. Both programs seem to be safe for CHD 
patients, and no adverse events were reported during the exercise sessions. The 
authors’ experience was that the implementation of the 4 × 4 HIIT protocol with the 
target intensity of 90–95 % of HRpeak is hardly feasible in CHD patients. The mean 
intensity achieved in the HIIT group was 88 % of HRpeak compared to mean intensity 
of 80 % HRpeak in MCT group. These results demonstrate the impact of sufficient 
training intensity in continuous exercise training, which may, if tolerated, be more 
than the generally recommended 65–75 % of the HRpeak. Rogmore et al. [69] evalu-
ated the risk of cardiovascular events during organized high-intensity interval exer-
cise training (HIIT 85–95 % HRpeak) and moderate-intensity training (MCT 60–70 % 
HRpeak) among 4846 patients, primary with coronary heart disease. The results indi-
cate that the risk of a cardiovascular event is overall low during both high-intensity 
exercise and moderate-intensity exercise in a cardiovascular rehabilitation setting 
(MCT, one fatal cardiac arrest (1 per 129,456 exercise hours); HIIT, two nonfatal 
cardiac arrests (1 per 23,182 exercise hours)). In a recently published study, a sig-
nificant correlation between the changes in physical fitness during the intervention 
and the physical activity levels after the 1-year follow-up was found, indicating that 
patients who improved their physical fitness more had a higher motivation to adopt 
a physically active lifestyle following cardiac rehabilitation [80, 81].

A meta-analysis of seven randomized trials comparing the results of HIIT vs. 
MCT in heart failure patients (mean LVEF 32 % ) showed high-intensity interval 
training (HIIT) to be more effective for improving VO2peak than traditionally pre-
scribed moderate-intensity continuous aerobic training (MCT) (WMD 2.14  mL 
VO2/kg/min, 95 % CI 0.66–3.63). The comparison of the effects on the left ventricu-
lar ejection fraction (LVEF) at rest revealed inconclusive results (HIIT vs. MCT: 
WMD 3.3 %, 95 % CI −0.7–7.3 %) [79]. An interesting meta-analysis stratified 
aerobic exercise studies in heart failure patients by activity intensity [80]. The 
results revealed the magnitude of improvements in cardiorespiratory fitness to be 
greater with increasing intensity, unrelated to baseline fitness levels or exercise vol-
ume. The largest improvement in VO2peak was observed with high-intensity training 
(23 %) showing a linear decrease in effect size with decreasing exercise intensity 
(vigorous intensity 16 %, moderate intensity 13 %, low intensity 7 %, respectively). 
Exercising with high or vigorous intensity seems to be well tolerated in heart failure 
patients, especially if interval protocol is used. Furthermore studies of continuous 
exercise training used a greater volume (duration) of exercises and some of them 
multiple daily sessions. In high-intensity exercise programs, the volume of work is 
completed in shorter time and may therefore require shorter session duration and 
lower exercise frequency that might influence the patient’s adherence to the exercise 
program [80]. Moreover this analysis also demonstrated exercising with higher 
intensity in heart failure patients to be safe, showing no increased risk of death, 
adverse events, or hospitalization in the high- and vigorous-intensity exercise 
groups [80]. These interesting results must be confirmed by more prospective ran-
domized controlled studies, with greater cohorts and longer follow-up period, 
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though, before definite recommendations can be given [14, 17]. Furthermore until 
now the prognostic value of high-intensity interval training have not yet been evalu-
ated neither in CHD nor in heart failure patients.

For the implementation in cardiac rehabilitation, the more scientific discussion 
of intensity and exercise mode allows to derive the knowledge that aerobic exercise 
of any intensity of continuous or interval mode seems to be effective to improve 
exercise capacity in cardiac patients. Exercising with high or vigorous intensity 
leads to greater improvements than exercising with moderate or low intensity. 
Higher intensity seems to be better tolerated, if the exercise training is carried out 
with an interval mode, which allows resting periods between the high or vigorous 
exercise bouts. In the general praxis of cardiac rehabilitation, it is in the responsibil-
ity of the exercise therapist in agreement with the CR physician to decide, which 
exercise intensity and exercise mode fits best for the individual patient. Rigid inter-
val protocols might not be optimal for every patient. The exercise specialist should 
consider modification in order to adapt the program to the individual capability of 
the patient.

Thus high-intensity interval training is not an alternative for continuous aerobic 
exercise training but could be an effective and well-tolerated supplementary 
approach for aerobic endurance training in cardiac rehabilitation.

Other Forms of Aerobic Endurance Training in Cardiac Rehabilitation
To further improve aerobic endurance, other forms of exercise such as walking, 
Nordic walking, slow jogging, and cycling can be added to the individual’s training 
program depending on the patient’s preference and exercise tolerance. This also 
applies to phase II of cardiac rehabilitation.

Endurance training in form of walking improves the physical fitness and has a 
positive influence on numerous cardiovascular risk factors [83–85]. Going for a 
walk or walking in general (brisk walking with deliberate arm movement) are ideal 
types of aerobic endurance exercise for getting started for unfit individuals, the 
elderly, and/or postmenopausal women, without risking an overload of the cardio-
pulmonary system.

Organized rehabilitation programs should provide the opportunity for all patients 
to take part in supervised walks and walking programs provided that patients meet 
necessary exercise tolerance criteria and are without adverse comorbidities. The 
walking terrain, walking pace, and duration should be tailored to the needs of the 
participating patients. The benefit of walking programs is their applicability in 
everyday life, which makes them ideal to motivate patients to increase their daily 
physical activity. They also offer an excellent opportunity to improve the patient’s 
body perception and self-awareness. By becoming familiar with exercise parame-
ters like heart rate, breathing frequency, well-being, and level of exhaustion, the 
individual can translate this experience into his/her every day activities. Exercise 
intensity can be controlled by the target heart rate for aerobic endurance training. 
This approach is applicable to most types of endurance exercise.

The use of walking poles (“Nordic walking”) can somehow increase exercise 
intensity by increasing muscle recruitment. This translates into higher oxygen 
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uptake (up to + 4.4 ml.kg−1.min−1) and overall energy expenditure (up to +1.5 kcal.
min−1) [86]. Further advantages of Nordic walking include a reduction in weight 
bearing on the joints and an increase in body stabilization due to the walking poles 
(especially during downhill walking) [87, 88]. During recent years Nordic walking 
has become extremely popular and is well tolerated especially by elderly and female 
patients. To utilize the advantages of this exercise form, correct technique should be 
emphasized. Exercise intensity can be controlled by means of target heart rate for 
aerobic endurance training [88] (Fig. 4.18).

Biking is an ideal endurance and recreational sport for persons of all age groups. 
Organized rehabilitation programs typically provide biking tours and can be applied 
in cardiac rehabilitation as well. Special attention should be paid to the suitability of 
the bike (i.e., touring bike with many gears, e-bike, good transmission, suspension, 
and a comfortable saddle), the terrain (solid leveled surface), as well as the safety 
(helmet). The experience gained from supervised biking tours during the rehabilita-
tion program can be motivating to the patient in order to implement this activity into 
his/her everyday life. Biking on a solid leveled surface is a non-weight-bearing 
activity and is well suited for patients with low exercise tolerance. Alternatively, a 
motor-assisted pedal cycle can be used; however lower exercise intensity has to be 
taken into account. Exercise intensity can be controlled by the target heart rate for 
aerobic endurance training.

In patients with very good exercise tolerance, endurance running (jogging) is one 
option to improve aerobic endurance capacity and to positively influence cardiovas-
cular risk factors. Even this mode of exercise can be modified regarding intensity 
from slow to rather fast jogging, the former also termed “wogging.” Maximal adap-
tations can be achieved with minimal efforts during this type of exercise [8]. 
Exercise intensity can be controlled by the target heart rate for aerobic endurance 
training.

Fig. 4.18  Nordic walking has become popular and is well tolerated especially by elderly and 
female patients
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4.7	 �Resistance Exercise Training

The objective of resistance exercise training is to increases muscular strength by 
performing static or dynamic muscle contractions. While dynamic (isotonic) exer-
cise is performed by movement of the joint, static (isometric) exercise does not result 
in movement of the joint. Most physical activities comprise both dynamic and static 
contractions and are therefore classified based on their dominant characteristics.

In cardiac rehabilitation resistance training programs include primarily dynamic 
repetitions with both concentric (muscle shortening) and eccentric (muscle length-
ening) muscle actions. Isometric muscle actions play a secondary role [89].

Muscular hypertrophy is defined as the increase in total muscle mass. Hypertrophy 
training is intensity dependent and dominated by isometric contractions (muscle 
contraction without changes in muscle length), which is not in focus in cardiac 
rehabilitation. Muscular endurance is the ability to sustain muscular strength over 
an extended period of time with minimal decrease in power output and is composed 
of dynamic contractions [8].

The exercise intensity of dynamic resistance training is determined using the 
one-repetition maximum (1-RM) method [90], often not assessing 100 % but rather 
submaximal values in cardiac patients (Sect. 4.7.5).

4.7.1	 �The Impact of Resistance Exercise in Cardiac 
Rehabilitation

Resistance exercise can lead to an increase in muscular strength and muscular 
endurance by increasing muscle mass and/or improving coordination and muscle 
metabolism [91–93]. It is known to have diversified health benefits, i.e., reduced 
loss in muscle mass and strength associated with heart disease or old age, as well 
as increased exercise and functional capacity, to positively influence several car-
diovascular risk factors, to improve mobility, participation, and quality of life [17] 
(Table 4.6).

In many cases (especially in elderly patients) the loss in muscle mass and strength 
is associated with heart disease or old age, the essential reason for reduced everyday 
activity levels, mobility, and participation. Thus in these patients the improved ability 
to develop muscular strength can influence the quality of life decisively. Adequate 
individualized resistance training positively influences the ability to carry out every-
day activity; improve the patient’s self-confidence, independency, and psychosocial 
well-being; as well as avert or reduce the need of nursing care. Improved propriocep-
tion mediated by adequate resistance training positively influence coordination and 
balance. Combined resistance and balance training improve stability and gait ability, 
enhance security of movement, and thus play a major role in preventing falls [92, 98].

Individualized and adequately dosed dynamic resistance training has been dem-
onstrated to be safe and effective in cardiac patients and is encouraged by the cur-
rent recommendations on exercise training in cardiac rehabilitation [1–13, 17, 49] 
(Fig. 4.19). This particularly applies to patients with coronary artery disease who 
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possess good exercise tolerance and preserved left ventricular function. The results 
of a meta-analysis evaluating the efficacy of aerobic endurance training compared 
to combined programs of aerobic and resistance training in CHD patients revealed 
combined programs to be more effective in improving lower and upper body 
strength, body composition (decreased percent body fat and trunk fat and increased 
fat-free mass), and peak working capacity [99].

Resistance training has also been shown to be well tolerated and effective in the 
elderly and/or female patients [108–112].

The efficacy and safety of resistance exercise in high-risk patients, that is, 
patients with chronic heart failure, has remained an ongoing discussion over the last 
decade. Numerous studies have been conducted exploring this topic, most of them 
including only a small cohort differing markedly in their research approach and 
research question. However, none of these previous studies has shown any increased 
cardiac risk associated with resistance training, which has proven overall effective. 
According to new scientific evidence, supervised individualized dynamic resistance 

Table 4.6  Objectives and possible effects of a resistance exercise as a part of a cardiac rehabilita-
tion program [17]

The impact of resistance exercise as a part of a cardiac rehabilitation program
Objectives:
To improve muscular strength and muscular endurance by increasing muscle mass and/or 
improving coordination and metabolism (including improved insulin resistance and peripheral 
lipolysis)
To work against loss in skeletal muscle mass and strength caused by
 � old age [91–93]
 � Long-term bed confinement or inactivity due to illness
 � Skeletal muscle atrophy (e.g., in heat failure patients) [94, 95]
 � Long-lasting immunosuppressive therapy (heart transplant recipients) [96]
To reduce and/or prevent decrease in bone mass (age related, postmenopausal, or due to 
long-lasting immunosuppressive therapy (heart transplant recipients)) [97]
To improve proprioception (positively impact coordination and balance; preventing falls) [92, 98]
To improve mobility, participation, and quality of life [17]
An increase in muscular strength and muscular endurance mediated by adequately dosed 
resistance training can:
 � Increase exercise capacity [90, 99]
 � Increase functional capacity [100]
 � Reduce functional impairment
 � Improve everyday activity levels [101, 102]
 � Positively influence self-confidence and psychosocial well-being, social readaptation, and 

reintegration
 � Improve quality of life
 � Positively influence cardiovascular risk factors
 � Enhance weight reduction and stabilization [59, 103]
 � Improve insulin sensitivity (independent from changes in body weight and endurance 

capacity) [104–107]
 � Reduce of blood pressure [50]
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exercise training at low-to-moderate intensity is a safe and effective training mode 
and should be prescribed in addition to aerobic exercise training. This helps to coun-
teract muscle atrophy and peripheral changes typically seen in heart failure patients 
[17, 113–117].

It has to be noted though that only aerobic endurance training has shown to 
improve clinical prognosis. Comparable prospective studies focusing on surrogate 
endpoints do not exist for resistance exercise [17, 118]. In cardiac rehabilitation the 
implementation of adequately dosed resistance training is recommended to compli-
ment aerobic endurance exercise training [17, 49] (Fig. 4.20). Absolute contraindi-
cations to resistance training are the same as absolute contraindications for aerobic 
endurance training (Table 4.2).

4.7.2	 �Blood Pressure Response During Resistance Exercise

It is well known that resistance exercise can result in an extreme increase in blood 
pressure, but it is also recognized that this does not necessarily have to be the case, 
if an appropriate training volume (weight, number of repetitions, sets) is chosen. It 
should be taken into account, when prescribing exercise, that the actual blood pres-
sure response to resistance exercise is dependent on the amount of static (isometric) 
muscle contraction, the actual load (% of individual’s 1-RM) [119, 120], and the 
amount of muscle mass involved [121]. Blood pressure response is also dependent 
on the number of repetitions and total duration of muscular contraction [122] as 
well as repetition speed and rest periods [122]. The highest blood pressure response 
is reached, when multiple repetitions are performed at 70–95 % of 1-RM to exhaus-
tion, since it is equally affected by both intensity and duration. Exercise load below 
70 % of 1RM as well as duration of muscular contraction above 95 % of 1-RM are 
insufficient to elicit a significant rise in blood pressure response [124].
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Fig. 4.19  Blood pressure response during Valsalva maneuver (modified according to Graf [125])
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A dynamic resistance training with low-to-moderate intensity allows a high 
number of repetitions (muscular endurance training (15–30 reps), moderate hyper-
trophy training (10–15 reps)) without evoking any major rise in blood pressure. The 
blood pressure response during this type of training is lower compared to the 
increase in blood pressure seen during moderate endurance training.

If the Valsalva maneuver (a forced expiration is invoked against the closed glot-
tis) is carried out during resistance exercise, the rise in blood pressure is more pro-
nounced. The Valsalva maneuver leads to an increase in intrathoracic pressure, 
which, in turn, leads to a decrease in venous return and potentially reduction in 
cardiac output [124]. The physiological response includes an increase in heart rate 
to maintain cardiac output and peripheral vasoconstriction to maintain blood pres-
sure, which otherwise may decrease with decreasing cardiac output. Once the 
imposed strain is released, there is a dramatic increase in venous return and subse-
quently an increase in cardiac output being forced through a constricted arterial 
vascular system. The dramatic rise and drop in blood pressure can limit myocardial 
oxygen delivery resulting in potentially dangerous arrhythmias and/or reduced 

Fig. 4.20  Resistance training
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perfusion of the coronary arteries leading to ischemia [124]. A rapid fall in blood 
pressure after straining at maximal workload sometimes results in syncope even in 
healthy persons [125] (Fig. 4.21).

Special attention should be paid to the Valsalva maneuver during resistance exer-
cise training. Before starting the resistance exercise program, the patient should be 
educated about the complications potentially associated with the Valsalva maneuver. 
He/she should learn to pay attention to his/her breathing while exercising and learn 
to combine exercise and breathing in a way that enables him/her to avoid Valsalva 
maneuver. This should be a part of the preparation in the initial exercise stage.

4.7.3	 �Implementation of Resistance Training in Cardiac 
Rehabilitation

Exercise training in cardiac rehabilitation should be started by means of aerobic 
endurance training. Resistance training may be considered in phase II and phase III 
cardiac rehabilitation, but is contraindicated in phase I (hospital phase). Resistance 
training should be implemented as an alternative training mode, supplementary to 
aerobic exercise, and can be integrated into the training program after one or two 
sessions of continuous endurance trainings at the earliest.

In the absence of any adverse comorbidity, moderate-intensity dynamic resistance 
training is recommended for all low-risk patients with stable cardiovascular disease and 
good exercise tolerance (including myocardial infarction and/or interventional revascu-
larization), moderate to good left ventricular function, no clinical signs of heart failure, 

Fig. 4.21  Combined aerobic and resistance training
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and without symptoms of angina pectoris or ischemic ST segment depression during 
exercise stress test. Low-intensity resistance exercise training should not be started ear-
lier than 2 weeks post-myocardial infarction and/or 7 days post-interventional revascu-
larization. Combined endurance and resistance training (up to 60 % of 1-RM), delivered 
early after myocardial infarction, does not induce negative left ventricular remodeling 
and is associated with an increase in VO2peak and muscle strength [126].

In women with CHD, both aerobic endurance training and resistance training 
delivered within a cardiac rehabilitation program improve physical quality of life 
and VO2peak. However, within 1 year of follow-up, physical quality of life is signifi-
cantly higher in women who participated in a combined training regime [127].

In patients recovering from coronary artery bypass surgery (CABG) and other 
open-heart surgery, exercise capacity can be extremely limited. After a thoracotomy 
and/or saphenectomy, the wound healing takes approximately 4–6 weeks. Physical 
exercise inducing tangential vector forces in or around the sternum (pressure or 
sheer stress) should be avoided for at least 3 months postoperatively. Before resis-
tance training is started, the treating physician must confirm that the sternum is 
stable. If there are no complications during the postoperative course and the patient 
has a good exercise tolerance, a low-intensity resistance exercise training for the 
lower limbs can be carried out earlier, provided a stable trunk positioning is ensured. 
This may also be true for selected exercises of the upper body.

In heart transplant recipients, the continuous immunosuppressive therapy 
including cortisone often leads to muscle atrophy and decrease in bone mass. In 
addition, these patients usually have a poor musculoskeletal structure due to the 
long history of preceding severe cardiac disease and subsequent inactivity. 
Resistance exercise training has been demonstrated to show good effects in these 
patients [97, 98]. In clinically stable patients, individualized moderate dynamic 
resistance training should be started as soon as possible in the postoperative phase 
and should be continued on a long-term basis, to counteract the negative side effects 
associated with immunosuppressive therapy.

In patients with stable chronic heart failure, left ventricular function remains 
stable during moderate-intensity resistance training [128]. In these patients, the 
amount of exercise intolerance does not correlate with the degree of left ventricular 
dysfunction. It is well recognized that the reduction in exercise tolerance is also 
related to morphological, metabolic, and functional changes in the patient’s periph-
eral musculature. Several studies have demonstrated that adequate dynamic resis-
tance training with low-to-moderate intensity may help to counteract the muscle 
atrophy typically associated with chronic heart failure. In stable patients with 
chronic heart failure (NYHA I-III), adequate resistance training is recommended in 
addition to aerobic endurance training [17, 113–117].

4.7.4	 �How to Perform Resistance Exercise Training

In cardiac rehabilitation resistance training should be medically supervised and led 
by an experienced exercise therapist/physiotherapist. Objective training goals 
should be modulated for each patient individually. The use of elastic exercise bands 
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and/or small weights for resistance training is very suitable. This equipment is easy 
to use and allows individually tailored resistance training as well as group training. 
Further advantages are the easy storage and their low costs. However, particularly 
the use of elastic exercise bands must be carefully instructed to each patient to 
ensure that they are used in a safe manner.

More precise training with less risk of overloading can be achieved through the 
use of weight machines. They allow for higher precision in implementing individu-
alized training programs and safe movement execution. For this type of training 
individual supervision is mandatory.

Resistance training is prescribed according to dosage parameters such as inten-
sity (resistance), number of repetition, volume, frequency, and duration as well as 
rate of progression [89]. A lower repetition range with a heavier weight/resistance 
may better optimize strength and power, while a higher repetition range with a 
lighter weight/resistance may better enhance muscular endurance. Weight loads that 
permit 8–15 repetitions will generally facilitate improvements in muscular strength 
and endurance [124].

Table 4.7 shows recommendations for the implementation of resistance training 
in cardiac rehabilitation.

In the initial stage all patients should start training at very low intensity (< 30 % 
1-RM) to learn and practice correct movement execution (familiarization). In the 
improvement stage I, the load should be increased gradually from 30 to 50 %. While 
elderly patients and/or patients with low exercise tolerance (i.e., heart failure 
patients) should start training at very low intensity (< 30 % 1-RM), trained patients 
with good exercise tolerance can start training at moderate intensity (50 % 1-RM), 
increasing first the number of repetitions and series and thereafter the intensity. In 
the improvement stage II, the load should be gradually increased (30–50 %1-RM 
and further up to 60 % 1-RM) based on the patient’s exercise tolerance and response 
to the resistance training. Higher training intensities (stage III) may be considered 
in well-trained patients with good exercise tolerance and low cardiac risk, who have 
already completed a 4–6 week resistance exercise training program [17, 124, 130].

After each set of exercises, a resting time of at least 1 min should be imple-
mented [122]. In novice a frequency of three sessions per week is considered most 
effective. Once trained, and in order to maintain the desired level of strength, fre-
quency can be reduced to two sessions per week [130, 131]. Between each session, 
there should be 1 day of abstinence from resistance training.

4.7.5	 �How to Determine the Appropriate Load of Resistance 
Training

The evaluation of muscle strength is indicated to prescribe individualized safe and 
effective resistance training intensities, to track the progress of an individual, as 
well as to evaluate the efficacy of resistance training regime. A number of methods 
for determining the intensity for resistance training exist. Laboratory-based meth-
ods include the use of isometric dynamometers and isokinetic dynamometers. In 
chronic heart failure patients, the use of isokinetic versus one-repetition maximum 
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strength assessment has been demonstrated to be more accurate to assess changes in 
muscular strength with exercise training [132]. On the other hand, these methods 
require sophisticated laboratory equipment and personal trained in their use and in 
addition are not very specific for the types of movement patterns commonly used in 
typical cardiac rehabilitation regimes. The one repetition maximum test has been 
shown to be reliable for various populations, also in untrained middle-aged as well 
as old individuals [90]. The one repetition maximum is defined as “the maximum 
amount of weight/resistance that can be performed for only a single repetition for a 
given exercise, with a proper lifting technique, without compensatory movements 
and without breath holding” [90]. The evaluation of the 1-RM is the gold standard 
in dynamic resistance exercise testing. This method is comparatively simple and 
requires relatively inexpensive non-laboratory equipment (Table 4.8). The 1-RM 
test can be performed using the same patterns as those undertaken by the exercising 
individuals during their normal training. Numerous studies have reported that the 
1-RM method to assess muscle strength is safe for patients with cardiovascular 
diseases [133, 134].

The maximum strength a person can produce, the maximum weight a person can 
lift (i.e., the one repetition maximum), is not an absolute value and can be influenced 
by several factors, i.e., by psychological factors (i.e., motivation and/or external 
encouragement) and the testing protocol (i.e., with or without familiarization). The 

Table 4.8  One repetition maximum test, standard protocol

Perform exercise test optimally at the machine used later on for training; avoid Valsalva 
maneuver
 � Perform a light warm-up of 5–10 repetitions at 40–60 % of assumed 1RM
 � Rest period ≥1 min
 � Perform 3–5 repetitions at 60–80 % of assumed 1RM
 � Rest period of ≥2–3 min
 � Gradually increase the weight in small steps
 � After 3–5 attempts the weight one can lift in a single repetition should be identified
Communication between supervisor and test person is of particular importance
The 1-RM value is reported as the weight of the last successfully completed lift
Special directions for testing
 � A familiarization process prior to 1-RM strength testing is essential to avoid injury and for 

ensuring reliable test results and minimize learning effect or systematic bias
 � Always use standardized protocol for 1-RM testing
 � Always perform 1-RM testing using the same equipment to be used later on for resistance 

training
 � Measured results on the one type of equipment cannot be transferred to training to be 

performed on another type of equipment
 � In old and weak patients, the equipment need to have a low starting load and small 

increments
 � All lifts should be conducted throughout the full range of motion. If the full range of motion 

is limited by musculoskeletal problems and/or overweight, the evaluated possible pain-free 
range of movement prior to testing is mandatory to define an individual successfully 
performed repetition.

Modified after Kraemer et al. [90]
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result may further be influenced by the quality of the test execution (proper lifting 
technique, range of motion, speed of movement, control for compensatory move-
ments and breath holding, rest periods, and more) as well as the testing possibilities 
and equipment used [89, 133, 135]. Thus, it has to be kept in mind that the testing of 
1-RM may have significant practical problems, making results unreliable. Many car-
diac patients are old and weak. Thus the equipment used needs to have a low starting 
load and options for small increments in order to be able to test this population at all. 
It must also be considered that different types (manufacturer) of machines/equipment 
show variable results due to differences in the load transmission. Measured results on 
the one type of equipment cannot be transferred to training performed on another. 
Therefore it is strongly recommended always to perform the 1-RM test using the 
same equipment to be used for resistance training. A familiarization process prior to 
1-RM strength testing is essential to avoid injury, for ensuring reliable test results, 
and minimize learning effect or systematic bias. This includes teaching (and practic-
ing) correct lifting and breathing technique at very low load and/or using submaxi-
mal loads. In younger and experienced individuals, one session is sufficient; in older 
and/or inexperienced patients, multiple sessions are often necessary. Without a 
familiarization process prior to strength testing, there is a significant increase in the 
expression of muscle strength between two consecutive strength tests performed a 
few days apart [133]. Furthermore familiarization may reduce the risk of injury espe-
cially in patients, who have no previous lifting experience.

The results of one repetition maximum test can be used to determine the appro-
priate exercise load for resistance exercise training in cardiac patients. The inten-
sity of training is specified according to a percentage of the one repetition maximum 
(1-RM).

An alternative, often used in cardiac patients, is the evaluation of a predictive one 
repetition maximum (testing 10 or fewer repetitions to fatigue) using the Brzycki’s 
equation to determine max load [136]. The use of a prediction equation for older 
adults appears also to be a valid measure of 1-RM. In older patients, the prediction 
equation have been shown to underestimate the actual 1-RM, but the error is small 
[133]. The use of the indirect method to estimate 1-RM is practical and safe and may 
even produce more accurate result especially in older unexperienced cardiac patients.

To avoid a maximal strength test (1-RM), which might lead to Valsalva maneu-
ver and blood pressure evaluation, the correct intensity can also be found by using a 
graded exercise testing. Here, the patient begins with very low intensity that does 
not require much effort, and the resistance load is gradually increased to the point at 
which the patient can maximally achieve 10–15 repetitions in a correct manner 
without abdominal strain and symptoms [129]. The Borg scale can be used to assess 
the patient’s perceived exertion in addition to measuring objective physiologic 
parameters. In patients with moderate risk, perceived exertion (RPE) should be 
12–13, not exceeding 15 (Table 4.9; Fig. 4.22).

In summary in exercise-based cardiac rehabilitation, the therapists do not need 
absolute maximal values of muscular strength, but need reliable values of strength 
performance to be able to set up an individualized safe and effective resistance exer-
cise program.
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Table 4.9  The Borg scale, rate of 
perceived exertion

20
19 Extremely hard
18
17 Very hard
16
15 Hard/heavy
14
13 Somewhat hard
12
11 Light
10
9 Very light
8
7 Extremely light
6

Fig. 4.22  Using the Borg scale for improving patients’ body awareness and perception

4.8	 �Additional Contents of Exercise Training Program 
in Cardiac Rehabilitation

Physical exercises to improve flexibility, agility, coordination balance, muscular 
strength, and endurance should be an essential part of all comprehensive exercise 
training program in cardiac rehabilitation. The main objectives are to provide the 
premises for effective exercise training and prevent musculoskeletal injuries. 
Balance is required in many activities of daily living as well as recreational physical 

4  Exercise Training in Cardiac Rehabilitation



126

activities. Exercises to improve balance, kinesthetic differentiation ability, as well as 
other coordinative skills are of special importance to prevent falls in the elderly as 
well as in untrained individuals that are starting exercise after a long period of physi-
cal inactivity. Complimentary to resistance training especially balance training for 
static and dynamic balance is recommended. The balance training should be adapted 
to the patient’s abilities, starting with low levels of difficulty and include various 
progressions. The different level of difficulty and progression can be achieved by 
modifying the exercises used, for instance, as follows: decrease/increase the base of 
support (three separate stances: double leg, single leg, tandem), use different sur-
faces (ueven and/or uneven surface and medium density balance pad with even and 
or uneven surfache, etc.), use instable surfaces (use of tilt boards), modify optical 
control (eyes are open/eyes are closed), prevent the use of arms to help balance 
(arms crossed), and do supplementary task while balancing (i.e., catching ball).

To prevent overload and the risk of musculoskeletal injury, special attention 
should be paid to the appropriate exercise choices as well as to correct movement 
execution. All exercises performed have to be individually dosed and controlled by 
the exercise therapist. As the determination of the right exercise intensity is far more 
difficult in these exercises than in aerobic exercise, when the exercise therapist can 
use heart rate monitoring to control intensity, improving the patient’s body percep-
tion and awareness is of particular importance. For the supervision a careful control 
of adequate respiration and observation of symptoms of overload (i.e., exudation, 
blushing, incorrect execution of the exercise) as well as the use of subjective per-
ceived rate of exertions (Borg scale) in combination with communication between 
patient and therapist are the instruments of choice. The avoidance of Valsalva 
maneuver is mandatory to prevent dangerous elevations in blood pressure.

The patient should be integrated into therapy groups according to their exercise 
tolerance, physical condition, existence of relevant exercise and/or mobility limita-
tions, and/or comorbidities, age, and experience with physical activity and exercise.

According to the exercise tolerance, most rehabilitation centers differentiate at 
least between so-called chair groups (>0.3–0.5 watt/kg body weight), low-intensity 
exercise group (>0.5–1.0 watt/kg body weight), and moderate-intensity exercise 
group (>1.0 watt/kg body weight). In larger centers more distinctive differentiation 
according to exercise tolerance and rehabilitation indication, age, and gender groups 
can be followed.

In special indications, i.e., in patients after a thoracotomy and/or saphenectomy, 
special groups for the treatment of the postoperative consequences are needed. This 
special program should include breathing exercises and careful mobilization of the 
thorax to avoid and work against reliving postures and improve breathing quality as 
well as exercises to improve venous return. Physical exertion which causes tangen-
tial vector forces in the sternal area (pressure or sheering stress, i.e., caused by dis-
symmetric exercises) should be avoided. Due to the limited physical activity early 
after heart surgery, these exercises are usually performed in seated position.

Exercise intensity can be differentiated by changing individual speed of motion, 
exercise duration, muscle mass involved, amplitude of the movement, and the flex-
ibility, strength, and coordination demand necessary to perform the exercise in an 
adequate and correct manner (Table 4.10).

B. Bjarnason-Wehrens and M. Halle



127

To enhance motivation and interaction within the therapy group, the integration 
of modified movement games and team games into the exercise program is to be 
recommended. Small movement games with simple modifiable rules, which can be 
played in small groups with low organizational demand, are appropriate. If modified 
team games are to be integrated, games played on separated playing fields are most 
suitable. Due to the separate radius of activity, the exercise intensity as well as the 
risk of injury can be reduced. In general the intensity of movement and team games 
can be modified by changing the rules, reducing/increasing the playground, chang-
ing the number of players, reducing/increasing the distances to overcome, reducing/
increasing the speed of movement, varying play equipments, etc. This allows adapt-
ing the game to the premises of the group and to integrate the playing activities into 
the exercise program without danger of overload. Because of the inadequate possi-
bility to control the intensity, movement games with higher demand of muscular 
strength or aerobic endurance are unsuitable (Fig. 4.23).

Table 4.10  Factors influencing exercise intensity while performing exercise to improve flexibil-
ity, agility, coordination, and strength

High Fast Long Great High High High High
Intensity Speed 

of 
motion

Exercise 
duration

Muscle 
mass 
involved

Amplitude 
of 
movement

Flexibility 
demands

Strength 
demands

Coordination 
demands

Low Slow Short Small Low Low Low Low

Fig. 4.23  To enhance motivation and interaction within the therapy group, the integration of mod-
ified games can be integrated into the exercise program (Photo German Sport University Cologne)
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4.9	 �Patient–Therapist Relationship

Exercise therapy is a core component of the cardiac rehabilitation process that usu-
ally is led by a specially educated therapist. He/she works with the patient at every 
visit to the rehabilitation center, often for several hours every week. Thus, of all 
therapists he/she learns to know the patient best during the rehabilitation phase. 
While exercising together a special patient–therapist relationship can be estab-
lished. This opens the opportunities for informal talks about familiar and/or occu-
pational pleasures and/or problems. The patients do not seldom open themselves to 
the exercise therapist about his/her problems coping with the disease, his/her inse-
curity, anxiety, motivation, preferences for lifestyle changes, as well as problems 
and barriers he/she experiences to fulfill the demands of the CR and lifestyle 
changes he/she is confronted with during CR program. Furthermore, the supervi-
sion of the exercise intervention gives the therapist the best opportunity to observe 
how the patient reacts. Is the program meeting his/her needs, interests, preferences, 
and/or motivation? Is he/she enjoying the participation, having fun? Is he/she 
relaxed, anxious, or depressed? Is the exercise intensity, volume, as well as the 
contents of the exercise program adequate? Do any symptoms, i.e., arrhythmia, 
ischemia, musculoskeletal problems, and problems related to comorbidities during 
exercise occur? Thus the exercise therapist captures a special role within the inter-
disciplinary cardiac rehabilitation team and can serve as an important connector 
between the patient and other members of the team, including the CR physician. 
As a “person of trust,” his information and “diagnosis” should be considered 
invaluable (Fig. 4.24).

Fig. 4.24  While exercising 
together, a special patient–
therapist relationship can be 
established (Photo German 
Sport University Cologne)
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In summary the therapist responsible for exercised-based intervention for cardiac 
rehabilitation has to keep in mind that exercise training is more than a matter of evi-
dence-based medicine, endurance and/or resistance training, intensity, and volume of 
exercise. On a long-term basis, the benefit strived for will only be achieved if the 
rehabilitation team manages to motivate the patient to change her/his attitude and 
take up a regular physical activity and exercise training and optimally to continue this 
lifelong. In this regard the precondition for a self-controlled exercise training and the 
basic for the patient’s health competence are the improved patient’s body awareness 
and his/her practical skills of self-control. During the rehabilitation process, the 
patient’s perceptions, attitude, and health esteem regarding physical activity and 
exercise training have to be influenced positively. It is important that he/she experi-
ences the exercise training provided during cardiac rehabilitation as a convenient 
task that he/she can cope with as well as an activity that is associated with well-
being, fun, and social contacts. On a long-term basis, the patient will only integrate 
physical activity and exercise training into his/her daily life, if medical benefits are 
associated with personal values.
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