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OBJECTIVE: The purpose of this study was to investigate the effects of physical exercise on the functional capacity and quality 

of life in heart failure patients.

METHODS: Forty-two patients of both sexes with heart failure of NYHA class II and III with different etiologies were randomly 

divided into untrained or trained groups. The six-month exercise program consisted of aerobic training, muscle strength training, 

agility and joint flexibility activities. Physical fitness was evaluated by testing the performance on these trained components. Quality 

of life was evaluated by scored answers to a standardized questionnaire involving multiple domains.

RESULTS: Baseline values did not differ between groups. Improvement in the trained group was identified in all components of 

functional capacity when compared to the untrained group (p < 0.001). Quality of life improved in the trained patients concerning 

physical, psychological, social and environmental domains (p < 0.001), whereas no significant change was found in the untrained 

patients.

CONCLUSIONS: Guided and monitored physical exercise is safe and has the potential to improve functional capacity and quality 

of life in heart failure patients with multiple etiologies.
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INTRODUCTION

Heart failure is an endemic syndrome and constitutes 

an important public health problem around the world.1,2 

In the United States, heart failure affects about 5 million 

people, and 550,000 new cases are diagnosed every year.2 

In developing countries, heart failure accounts for about 4% 

of hospitalizations and 31% of those are due to heart and 

circulatory illnesses.1 Furthermore, heart failure has a high 

mortality rate (20%) and it is estimated that, after diagnosis, 

only 15% of patients are still alive after 12 years.1,2 

Thus, various drugs have been developed in order to 

control hemodynamic disorders and symptoms, as well 

as to reduce mortality and improve the quality of life 

of heart failure patients. In spite of a large number of 

pharmacological agents that successfully decrease mortality, 

the effects on exercise tolerance are modest. Accordingly, 

even patients with guideline-based optimized therapy often 

remain limited by their symptoms and, depending on their 

conditions, their functional capacity and quality of life may 

be substantially reduced.3-6

Physical exercise may constitute a valuable tool 

in attempting to implement more efficient therapeutic 

approaches that effectively improve functional capacity 

and quality of life. Thus, the traditionally adopted 

precepts of the past, which suggested that physical stress 

induced by exercise may be prejudicial in abnormal heart 

conditions, were recently contradicted by studies showing 

the benefits of physical exercise even in patients with 

impaired cardiac function.7-9 In addition, regular physical 

training may lead to an increase in autonomy for daily 
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and routine activities, preventing functional incapacity 

and dependency conditions.8,10-12 Notwithstanding, the 

concept of the harmlessness of physical exercise for 

heart failure patients must be explored further, mainly 

due to results from studies reporting severe cardiac 

events and an increase of mortality with exercise.13  

Thus, investigations of the role of physical exercise for heart 

failure patients, especially concerning safety, functional 

capacity and quality of life, are fundamental in identifying 

its potential as a non-pharmacological therapy. The aim of 

this study was to evaluate whether guided and monitored 

physical exercise in patients with heart failure of NYHA 

functional classes II and III with different etiologies, can 

be considered safe. We also wanted to investigate whether 

exercise may confer benefits of functional capacity based on 

tasks of daily living, autonomy, and quality of life.

METHODS

Ethics

All protocols of this study were approved by the 

Institutional Research Ethics Committee and were performed 

in accordance with the ethical standards of the Helsinki 

Declaration (1964, amended in 1975 and 1983) of the World 

Medical Association. All participants read and signed the 

Terms of Consent before being included in the study.

Design

This prospective, randomized, controlled study 

included 56 subjects, according to the following inclusion 

criteria: ejection fraction < 45% (by echocardiography), x 

symptoms of NYHA functional class II or III, optimized 

pharmacological therapy established at least 4 weeks before 

inclusion in the study, and a compensated heart failure state 

at least 2 months prior. The following exclusion criteria were 

adopted: patient age < 50 years, NYHA functional class IV, 

clinical instability in the preceding 2 months, non-optimized 

therapy, uncontrolled arrhythmias, myocardial infarction 

within the last 2 months, surgery-associated cardiopathy, 

pulmonary disease or other co-morbid conditions that limit 

physical exercise, accentuated severe cardiac symptoms 

(hypotension, complex ventricular arrhythmia, progressive 

worsening of dyspnea and significant ischemia at low 

rates) during ergometric tests, regular participation in some 

exercise program within the last 6 months and a frequency 

in training protocol of less than 80%.

Patients were invited to freely participate in the study. 

Concerning primary recruitment, 7 patients declined to 

participate in the study and 16 presented one or more 

exclusion criteria. Accordingly, 33 patients with heart 

failure of NYHA functional class III were included and 

randomly divided into two distinct groups: Untrained 

(S, n = 25) or Trained (T, n = 28). All patients continued 

with pharmacological therapy and individual dietary 

guidance.

Physical Exercise Protocol

All subjects were submitted to ergometric exercise 

testing for acceptance into the training program, and their 

maximal heart rates were calculated according to a modified 

Naughton protocol and recommendations for exercise 

capacity evaluation in patients with heart failure.14 The use 

of medications that could alter chronotropic responses was 

stopped eight days after exercise testing.15

The exercise protocol was structured according to the 

guidelines for patients in functional classes II and III.16 

The program was composed of three weekly sessions of 

90 minutes duration each, over a period of 6 months. Each 

session was divided into aerobic conditioning, muscle 

strengthening and increasing joint flexibility activities. 

Aerobic conditioning consisted of walking on a treadmill 

for 20 to 40 minutes per session. Exercise intensity was 

controlled based on the individual pre-programmed target 

heart rate (50% of work in the maximal heart rate) and was 

monitored using a heart rate monitor (Polar Accurex Plus, 

Lake Success, NY, USA). The target heart rate was calculated 

by the Karvonem equation: % of work x (maximal heart 

rate - baseline heart rate) + baseline heart rate, corrected 

for resting heart rate on the day of exercise.17 Thus, strain 

intensity (speed, in km/h) was gradually adjusted to maintain 

the target heart rate. For skeletal muscle strengthening, local 

exercises consisting of flexion and extension of the lower and 

upper limbs were implemented, with body mass-imposed 

resistance or external resistance using dumbbells and bars. 

Relaxation and elongation exercises were conducted before 

and after every session, including stretching to increase the 

flexibility of large muscle-joint groups (shoulder, elbow, hip 

joint, knee and ankle).

Functional Capacity Assessment

Aerobic resistance was evaluated by walking 800 meters, 

according to the recommendations described by Andreotti 

& Okuma.18 Muscle strength was evaluated by standardized 

tests according to Rikli & Jones.19 Sitting down and standing 

up from a chair (lower limb component of body strength) and 

elbow flexion (upper limb component of body strength) were 

analyzed using the number of repetitions in 30 seconds for 

evaluation of the strength. Agility and flexibility levels were 
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determined by performance during previously described 

tests.18,20 Agility was evaluated by the time it took to stand up 

from a chair and from the floor, and flexibility was evaluated 

by the sit and reach test.

Quality of Life Assessment

Quality of life was evaluated by a shortened version of 

the WHOQOL questionnaire,21 validated for a Brazilian 

population.22 The questionnaire contained 26 questions 

providing information about several factors of quality of 

life, including: the Physical Domain, relating to pain or 

discomfort, energy or fatigue, sleep, rest, mobility, daily 

activities, medicine dependency, and job performance; 

the Psychological Domain, relating to feelings, learning, 

memory and attention, self-esteem, aspect, spirituality, 

religiousness, and positive or negative thinking; the Social 

Domain, concerning personal relationships, social support 

and sexuality; and finally, the Environmental Domain, 

relating to physical security, home environment, financial 

security, opportunity for information assessment, event 

participation and activities undertaken during spare time. 

Each domain was scaled from zero to 100 points, and higher 

scores represented a better quality of life.

Statistical Analysis

Data are presented as mean ± standard deviation (SD). 

Two-way analysis of variance (ANOVA) was used to 

determine differences between groups before and after 

training, followed by Bonferroni post hoc tests. Comparisons 

of changes in variables between groups were performed 

using unpaired Student’s t-tests. Statistical significance was 

established at p < 0.05.

RESULTS

During the study period, 3 patients from the untrained 

group experienced an impairment of symptoms and were 

hospitalized. At the conclusion of the protocol, 2 others 

could not be found for outcome acquisition and their data 

were excluded from analysis. In the trained group, 2 patients 

dropped out of the study and 4 patients did not complete a 

minimum of 80% of the exercise program. Consequently, 

our results are based on data from 42 patients (S: n = 20; T: 

n = 22). For the T group, the mean frequency of the exercise 

program was 89 ± 4%. 

Table 1 shows the general characteristics, heart failure 

etiology and pharmacological therapy of the subjects. 

Different etiologies were identified in patients including 

myocardial infarction, systemic hypertension, dilated 

cardiomyopathy and diabetes mellitus. During the follow-

up, medicine doses were not modified except for those that 

presented impairment of symptoms and, consequently, these 

patients were excluded from our analysis.

At the beginning of the study, and before the training 

program began, there were no significant differences between 

groups S and T for any functional capacity variables (Figure 

1). However, after 6 months of follow-up, the T group had 

an impressive enhancement of performance on all functional 

tests (Figure 1). Furthermore, in trained patients, aerobic 

capacity was significantly improved, with the time to walk 

800 meters reduced by 33 ± 8% (before: 16 ± 0.5 vs. after: 

12 ± 0.9 minutes, p < 0.01) whereas no significant difference 

was found in untrained patients (before: 16.5 ± 0.8 vs. after: 

15 ± 0.9 minutes). After the training period, skeletal muscle 

strength was improved in the T group, evaluated by the 

sitting and standing up from the chair test (S: 5 ± 3% vs. T: 

47 ± 10% improvement; p < 0.001) and arm flexion (S: 1 ± 

1 vs. T: 26 ± 3% improvement; p < 0.001). Tests analyzing 

the time taken to stand up from a chair and to stand up from 

the floor showed a significant reduction (p < 0.001) in the T 

group (chair: -39 ± 4% and floor: -44 ± 9% change in time) 

compared to the S group (chair: 0.8 ± 0.2% and floor: 4 ± 

2% change in time), indicating an improvement in the agility 

of patients submitted to physical exercise training. Patients 

from the T group also had a significant enhancement (p < 

0.001) of joint flexibility (46 ± 6% improvement) when 

compared to the untrained group (6 ± 6% improvement).

After 6 months of follow-up, there was some general 

improvement in the parameters of quality of life, but 

significant statistical differences were only noted for the 

Table 1 - General and clinical characteristics of subjects in 

the study

Parameters Untrained 

(n = 20)

Trained 

(n = 22)

Age (years) 60 ± 11 61 ± 12

Gender (male/female) 18/2 19/3

Heart Failure etiology (%)

 Myocardial infarction 10 (50%) 9 (45%)

 Systemic hypertension 4 (20%) 4 (18%)

 Dilated Chagas’ cardiomyopathy 3 (15%) 2 (9%)

 Diabetes mellitus 1 (5%) 1 (4%)

Medication (%)

 Beta-blockers 20 (100%) 22 (100%)

 Diuretics 18 (80%) 20 (91%)

 ACE inhibitors 20 (100%) 22 (100%)

 Digitalis 10 (50%) 15 (68%)

ACE – Angiotensin-converting enzyme
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± 2% improvement), were significantly improved in the T 

group (p < 0.001) in comparison to the S group.

DISCUSSION

Heart failure plays an important role in public health, 

being one of the major complications of heart disease and 

a leading cause of death in developed Western countries. 

It may also pose a significant economic burden for health 

budgets.2 The natural history of this illness constitutes 

impairment of functional capacity, physical performance, 

and ability to perform daily activities, finally becoming 

detrimental to the quality of life.2,23 For these reasons, 

therapeutic approaches that substantially improve these 

aspects greatly favor a better prognosis.24

Previous studies furnished data concerning exercise 

as a prescription for patients with heart failure,14-16,25 but 

were performed on specially selected subjects who were 

comparatively young, mostly male, and had an ischemic 

etiology. Thus, the important contribution of this present 

work was to demonstrate the beneficial role of physical 

exercise for the improvement of functional capacity, quality 

of life and general sense of well-being. Additionally, there 

were no indications of any harmful effects of these training 

protocols, which corroborates previous studies8,26,27 that also 

demonstrated the safety of physical exercise in rehabilitation 

programs.

It has been shown that supervised exercise for 3 to 6 

months may enhance peak oxygen consumption by 11% 

to 36%.28 In our study, although oxygen consumption was 

not determined, trained patients had a notable enhancement 

of performance in the 800-meter walking test, suggesting 

an improvement in aerobic condition. This improvement 

in aerobic fitness may be the basis for several beneficial 

physiological changes in the patients, including reductions 

in maximal heart rate, systolic blood pressure, and oxygen 

consumption required by the myocardium during activities of 

moderate and high intensity.25 In addition, the improvement 

in performance during effort testing may also lead to an 

expectation of a lower incidence of fatal and non-fatal events 

in patients with heart failure.25

Researchers have reported that the ability to exercise 

perhaps not only depends on the degree of cardiac 

dysfunction established,8,23 but that changes in the skeletal 

muscles may also play a relevant role, leading to significant 

reduction of muscle strength and intensification of weakness 

and fitness in patients with heart failure compared to a 

matched healthy population.29,30 In the present work, we 

observed significant improvements in muscle strength, 

agility and joint flexibility resulting from a supervised 

physical exercise program with relatively short duration. The 

Figure 1 - Functional capacity before, and 6 months after, physical exer-

cise evaluated by fitness tests involving aerobic conditioning (Panel A); 

strength of lower (Panel B) and upper limbs (Panel C); agility (Panels D 

and E); and joint flexibility (Panel F). Different letters indicate statistically 

significant differences between the groups (p < 0.05). Data are expressed 

as the mean ± SD

Figure 2 - Quality of life evaluated by the multiple domain questionnaires 

both before and after 6 months of physical exercise. Different letters indicate 

statistically significant differences between the groups (p < 0.001). Data are 

expressed as the mean ± SD

exercised patients (Figure 2). All domains, including physical 

(S: 2 ± 1 vs. T: 23 ± 4% improvement), psychological (S: 1 

± 1 vs. T: 20 ± 2% improvement), social (S: 3 ± 2 vs. T: 16 

± 1% improvement) and environmental (S: 2 ± 1 vs. T: 15 
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improvement of functional capacity and fitness in the trained 

group of patients suggests a safety basis for the execution of 

daily and routine activities and, additionally, a diminution of 

falls, bone fractures and disabling symptoms such as fatigue 

and dyspnea.26

The trinity of physical exercise, functional capacity 

and quality of life in patients with heart failure has already 

been studied in clinical trials.25,26,31 Therefore, with the 

fundamental aim of evaluating whether physical exercise 

practice can improve social and personal well-being and 

quality of life, we applied a validated questionnaire for 

patients with heart failure. From this questionnaire, we noted 

a significant enhancement in all parameters of quality of 

life in exercised patients, including physical, psychological, 

social and environmental domains as shown in Figure 2. 

These findings agree with others investigators30 and assume 

an important context, since studies have demonstrated a 

strong association between recurrent cardiovascular events 

and psychosocial problems such as depression, anxiety and 

social isolation.25,32

In conclusion, a supervised and guided physical exercise 

program is safe and beneficial for patients with heart failure 

with different etiologies. Our data also support the concept 

that exercise must be part of a heart failure treatment plan, 

thereby significantly improving fitness, functional capacity 

to carry out tasks of daily living, independence, psychosocial 

well-being, and consequently, the quality of life of these 

patients.

Limitations of the study

In the present study, two main limitations must be 

considered. The exercise intensity was based on heart rate 

peak acquired by the ergometric test. The rationale for using 

heart rate for guiding exercise intensity is based on the 

relatively linear relationship between heart rate and VO
2
 in 

exercise training programs.33 However, an exercise training 

prescription based only on heart rate peak has been shown 

to overestimate exercise intensity.34 In addition, although the 

VO
2
 peak is often considered the gold standard parameter for 

assessment of functional capacity, we used tests and physical 

evaluations based on tasks of daily living according to a 

method standardized for elderly people.17 
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