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Purpose: To compare the effect of high intensity interval training (HIIT) and moderate intensity continuous
training (MICT) on physical fitness and quality of life (QoL) in patients with chronic heart failure (CHF).
Methods: Twenty-two male CHF patients (LVEF b 45%, mean age 53.8 ± 8 yr) were studied before and after
12 weeks of supervised aerobic training for 60 min, three times a week. Patients were randomly (1:1) to MICT
(n = 10) and HIIT (n = 12). Both training programs involved treadmill exercise. The group MICT at 75%
of peak heart rate (HR) and HIIT at ≈95% of peak HR. Outcome measurements included an assessment of QoL
(Minnesota Living with Heart Failure Questionnaire (MLHFQ) and SF-36), measurements of 6-min walk test
(6MWT) and peak oxygen consumption (VO2 peak).
Results: Exercise was associated with a significant increased of 6MWT in 19.4% and 23.1% from MCIT and HIIT,
respectively (p b 0.001), but not between-group differences. It was observed an improvement in VO2 peak by
11.2% in the HIIT group and 8.3% in the MCIT group, with between-group differences (p b 0.01). Quality of life
improved significantly and in all domains in both groups (p-value time-effect). All patients showed significant
improvements in all domains from baseline, it was observed in both groups (p b 0.05), with between-group
differences for functional capacity (SF-36). No changes were observed in pain (SF-36) for both groups.
Conclusion: Both training programs were equally effective in improving QoL and functional capacity in
CHF patients.
Trial registration: (http://www.ensaiosclinicos.gov.br/): RBR-6hk9p6; registered on 15 May 2013.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Up to five million Americans over 20 years old have chronic heart
failure (CHF). Projections show that by 2030, the prevalence of CHF
will increasewith 25% from2013 [1]. CHF is a complex chronic condition
that results from any structural or functional impairment of ventricular
filling or ejection of blood [2]. One of the major central characteristics
of this condition is an imbalance of the cardiovascular system caused
by complex hemodynamic, anatomical, functional and biological
progressively worsening, thus creating a vicious cycle [3,4].

As a result, most heart failure patients experience symptoms as
shortness of breath and fatigue, which interfere with daily activities
ability and freedom from bias of

358 Coqueiros, Florianopolis,

).

. This is an open access article under
and often have a tremendous impact on the quality of life (QoL) [5,6].
The quality of life is much lower compared to healthy individuals and
other diseases [7]. Current guidelines for the treatment and manage-
ment of heart failure firmly recommend regular physical activity and
structured exercise training [8]. The major benefits of this multidisci-
plinary approach include an enhancement in peripheral blood circula-
tion [9], as well as in skeletal muscle and functional capacity [10–13],
early return to routine, increased aerobic conditioning and significant
benefits in social life [14,15]. Moreover, exercise training, as an impor-
tant adjuvant part of this rehabilitation program, has been shown to im-
prove endothelial function and oxidative capacity of the skeletal muscle
[16,17], increase of peak oxygen consumption [16,18,19] and maximal
aerobic power and reduce neurohumoral exacerbation [12,15].

However, despite its proven effectiveness, the search for better
exercise modalities that fit patients' taste better and are more likely to
improve adherence and hence clinical outcomes in heart failure patients
is still ongoing. As such, recent data have already shown that high inten-
sity interval training is superior to moderate continuous training for
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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eliciting improvements in peak VO2 and systolic heart failure in CHF
patients [20]. However, less is known about the effect of this emerging
exercise intensity on the quality of life of these patients. The study
presented three components of the definition of quality of life self re-
ports by patients with heart failure, the being: performing physical
and social activities; maintaining happiness, and; engaging in fulfilling
relationships [21]. Based on these reports [21] and the effects of high-
intensity exercise found in the meta-analysis [22], the hypothesis of
our study is to show greater increases in scores for quality of life of
patients with HF submitted to HIIT compared to MCIT, also already
shown in a recent study [23]. Therefore, the aim of this pilot study
was to assess the potentials of HIIT to improve quality of life and
physical fitness in patients with chronic heart failure.
2. Methods

2.1. Study design and population

A randomized controlled double-blind trial was performed to
evaluate the effect of HIIT vs MICT on quality of life and physical fitness
in CHF patients. Patients were recruited at the Divisions of Cardiology of
the public and private hospitals of Florianopolis, Santa Catarina State,
Brazil. Eligibility criteria were that participants should be: 1) male;
2) aged 40 yr or older; 3) with a resting left ventricular ejection fraction
under 40%; 4) peak oxygen uptake under 20ml·kg·min; 5) classified as
New York Heart Association class (NYHA) II–III who were clinically
stable and on optimal medical therapy for at least 30 days. In addition,
they should be free of physical or mental disabilities, which could
limit physical training. Patients were excluded if they presented with
unstable angina pectoris, uncompensated heart failure, primary pulmo-
nary hypertension, pulmonary infections or active pulmonary thrombo-
embolism, myocardial infarction in the past 4 weeks and complex
ventricular arrhythmias.

After obtainingwritten informed consent patients were randomized
to HIIT or MICT. The randomization code was generated by means of a
simple allotment to select random permuted blocks (Fig. 1).

The study was accomplished according to the World Medical
1975 Declaration of Helsinki on ethics in medical research [24]
and was approved by the local Research Ethics Committee of the
University of the State of Santa Catarina. The design and results
Fig. 1. Flow of study particip
of the study are registered in Clinical trials: RBR-6hk9p6 (http://
www.ensaiosclinicos.gov.br/).

2.2. Measurements

All measurements were performed at baseline and after the
12-week intervention period, i.e. two days after the last training session,
by blinded investigators. Assessments were done at the same time of
day for each individual patient.

2.2.1. 6-min walk test (6MWT)
The 6MWT was used to assess functional capacity [25]. After

informing the patients about the aim of the 6MWT, all patients
performed two 6MWT's with a 30 min rest period in between. Each
patient was instructed to cover the longest distance as possible in
6 min. They were told to walk continuously, however at their limits
they could slow down or stop, if necessary. The test was performed
by a blinded exercise physiologist who encouraged all patients in
a standardized fashion [26,27]. Outcome measure was the total
walking distance covered in 6 min. The Borg Score (0 to 10 scale)
was assessed at the end of the 6MWT [28].

2.2.2. Cardiopulmonary exercise test
Subsequently a maximal graded cardiopulmonary exercise test to

evaluate their exercise capacity by measuring VO2 (ml·kg−1·min−1),
until evolutional exhaustionwas performed according to ESC guidelines
[29] on a treadmill (Centurion 200 — Micromed; Brasília, DF, Brazil)
using a ramp protocol individually adjusted to last 8 to 12 min after
warm-up [30]. During the test, heart rate, a five-lead electrocardiogram
(Elite — Micromed; Brasília, DF — Brazil) and respiratory gas exchange
measurementswhichwas performed by using breath by breath analysis
(Metalyser 3B — Cortex Biophysik; Leipzig, Germany) were recorded
continuously. Blood pressure was measured by auscultatory method
[31] every 2-min, at the peak exercise and recovery. A leveling off of
oxygen uptake despite increased workload and a respiratory exchange
ratio higher than 1.05 were used as criteria for maximal oxygen uptake
[32]. VO2 peakwas define at the highest level of oxygen uptake achieved
during the last 30 s. Maximal Heart Rate (HR) at the end of the test
was set as the patients' maximum HR. Oxygen uptake in milliliters
per kilogram per minute at a fixed submaximal work load defined
ants through the Trial.

http://www.ensaiosclinicos.gov.br
http://www.ensaiosclinicos.gov.br
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work economy. Before each test, the equipment was calibrated
according to the manufacturer's instructions.

It used the procedures of the Statement on Cardiopulmonary
Exercise testing ATS/ACCP [33] for evaluation of the changes in VE/Vo2,
VE/VCO2, respiratory exchange ratio (RER) and expired PCO2 with
changes in VO2 associated with the work rate, ventilatory threshold
(VT) was identified as the VO2 point the transition of VE/VO2 from falling
to rising phases occurred before the transition of VE/VCO2 from falling to
rising phases, and that of expired PCO2 from increasing and the leveling
off to decreasing occurred. The VO2 point at which the latter two transi-
tions occurred was defined as the respiratory compensation point
(RCP). First and second ventilatory thresholdswere recorded as an indi-
cation of aerobic and anaerobic thresholds, respectively. Anaerobic
threshold was defined as 1) the point where the ventilatory equivalent
for O2 (VE/VO2) was minimally followed by a progressive increase;
2) the point after which the respiratory gas exchange ratio consistently
exceeded the resting respiratory gas exchange ratio; and 3) the VO2

after which a nonlinear increase in minute ventilation occurred relative
to VO2.

Finally, subjective feelings of exhaustion were assessed at the end of
the test by means of the 10-point Borg scale rating [34].

2.2.3. Echocardiography
All patients were examined at rest in the left lateral supine position

with a Vivid E portable (GE Vingmed Ultrasound, Horten, Norway)
scanner with B-mode ultrasound at a frame rate of 50 Hz. Left ventricle
chamber dimensions were evaluated using standard procedures
according to the recommendations of the American Society of
Echocardiography [35]. Left ventricle ejection fraction (LVEF) was
calculated from 2-dimensional apical images according to Simpson's
method [36].

2.2.4. Quality of Life (QoL)
Self-reported data on perceived QoLwere collected bymeans of two

questionnaires: the Minnesota Living with Heart Failure Questionnaire
(MLHFQ) [37] and the generic SF-36 health status survey (SF-36) [38].
MLHFQ is a disease-specific measure of quality of life in CHF patients,
which assesses patient perception of the degree to which CHF and its
treatment influences physical symptoms, physical and social functions
and psychological components of living. The total score is the sum of
the all items and the possible total score ranges from zero to 105. Higher
scores reflectworse quality of life. This questionnaire has been shown to
be valid. [39]. In addition, we used the Brazilian version of the 36-item
Short-Form Health Survey (SF-36) [38]. This generic instrument
consists of 36 questions divided into the following domains: physical
functioning, role-physical, pain, general health perception (five items),
vitality (four items), social functioning (two items), role-emotional
(three items), and mental health (five items). Each dimension is
individually analyzed and the scores of the eight components may
range from 0 to 100 to a final score. Low scores indicate poor QoL. The
range of 0–20 represents a very bad QoL, 20–40 represents a bad QoL,
40–60 moderate, 60–80 good and optimal 80–100 [40].

2.2.5. Exercise training
All patients were exercising in the morning, three times a week for

12 weeks under individual supervision of an exercise physiologist. The
exercise protocol training was adapted of Wisloff et al. [41]. Exercise
training involved uphill treadmillwalking or running (Embrex, Brusque,
Santa Catarina — Brazil; model: 570-Pro). Both MICT and HIIT started
with a 7–10-min warm-up period at an intensity corresponding to
70% of peak heart rate (HR). Subsequently, patients randomized to the
MICT group continued to walk continuously for an additional 30 min
at an intensity of 75% of peak HR (corresponding to this first ventilatory
threshold), without breathing heavily; the adapted perceptual scale of
physical effort was set to be equivalent from moderate to somewhat
hard [28]. Patients randomized to the HIIT group walked with intervals
of 3-min at intensity equivalent to ~95% of peak heart rate (at least
10% above of respiratory compensation point). Each interval was
interspersed by active recovery of 3-min, walking at 70% of peak HR.
The adapted perceptual scale of physical effort was set to be equivalent
to hard and very hard [28]. On average, patients randomized to HIIT
would perform 4–6 intervals. All training sessions for both MCT and
HIIT ended with a 5-min cool-down period at 50% of VO2 peak. This
represented a total exercise time for both groups of 60-min (10 min of
warm-up; 40min ofMICT or HIIT and 10min of cool down). All patients
exercised using a heart rate monitoring device (Polar Electro, Kempele,
Finland; model: RS800CX) and the velocity and inclination of the
treadmill were adjusted constantly to ensure that each training session
was carried out at the assigned intensity throughout the study period.
In addition, the adapted Borg 0-to-10 scale was used to assess the
subjective feelings of perceived exertion during and after each training
session [28].

Patients were instructed to immediately stop physical training
if they experienced chest pain or any other symptoms and were
asked to refrain from any extra exercise beyond the study period. No
symptoms were reported before, during or after training sessions.

2.2.6. Statistical analysis
Baseline characteristics of the study population are presented as

number (percentages) for categorical variables and asmeans± standard
deviation (SD) for continuous variables. Normality of the data was
checked by means of the Kolmogorov–Smirnov test. Both intragroup
and intergroup comparisons were performed using two-way repeated-
measures analysis of variance followed by the Tukey's post hoc test,
with report time, group and interaction effect. The differences in categor-
ical data were assessed by the Chi-squared test (χ2). To verify the
percentage differences between the beginning and the end of 12 weeks
of intervention, the Delta variation (Δ%) was used. All analyses were
performed using SPSS for Windows (version 18.0; SPSS, Chicago, IL).
All p values were 2-sided. A p-value (two-sided) ≤0.05 was considered
statistically significant.

3. Results

A flow chart of the trial is shown in Fig. 1. After checking the
medical records of the 367 cardiac patients at our department, 201
were excluded for not meeting the eligibility criteria. Of the remaining;
117 refused to participate, 19 incomplete screening packages and three
no physician approval by doctor. In the end, 27 CHF patients could be
randomized to MCIT (n = 12; mean age 54.0 ± 9.9) or HIIT (n = 15;
mean age 53.2 ± 7.0). Five patients dropped out during the study
due to: not completing a minimum of 80% of the exercise sessions
(oneHIIT and twoMCIT), lost interest (oneHIIT) and clinical decompen-
sation unrelated to the exercise training (one MCIT). Therefore, our
analyses are based on data from the remaining 22 CHF patients. There
were no adverse events related to exercise training reported during
the study.

Table 1 shows the baseline and demographic characteristics of the
included patients. At baseline, there were no significant differences
between both intervention groups. CHF patients ranged in age from
41 to 71 years (mean age 54.08± 7.5 years). Most patients were public
hospital, classified in the lower and middle class, and were functioning
in NYHA II. The mean left LVEF was 33.99 ± 7.7%, average VO2 peak
averaged 20.46 ± 4.2 ml·kg−1·min−1. Medication remained
unchanged during the study.

As can be seen in Table 2, both groups showed a significant
improvement on hemodynamics, in functional capacity and two
score questionnaires' of QoL.

Patients reported that a diversity of factors affected their QOL.
Further significant favorable effects were seen on all dimensions
of QoL assessed by the specific (MLHFQ; Fig. 2) and general (SF-36;
Fig. 3) questionnaires following MICT and HIIT. Patients reported in



Table 1
Baseline descriptive characteristics of CHF patients.

MCIT
(n = 10)

HIIT
(n = 12)

t p-Value

Age (years) 54.02 ± 9.9 53.15 ± 7.0 0.231 0.820
Weight (kg) 81.03 ± 19.9 85.4 ± 17.1 −0.543 0.593
Height (cm) 170.73 ± 17.1 169.3 ± 8.8 0.415 0.683
BMI (kg/m2) 27.47 ± 4.6 29.73 ± 5.4 −1.047 0.307

Hemodynamics
Resting SBP (mm Hg) 113.63 ± 14.3 130.00 ± 25.5 −1.834 0.082⁎

Resting DBP (mm Hg) 73.9 ± 9.3 79.3 ± 12.8 −1.104 0.284
Resting HR (beats/min) 88.25 ± 24.9 84.80 ± 24.19 0.327 0.747

Functional class (NYHA) n(%)a

II 11 (50%) 10 (45.5%) 0.873 0.350
III 1 (4.5%) -

CHF etiology n(%)a

Ischaemic 8 (36.4%) 7 (31.8%) 0.028 0.867
Non-ischaemic 4 (18.2%) 3 (13.6%)

Socioeconomic status n(%)a

High/highest 1 (4.5%) 0 (0%) 0.917 0.632
Middle 6 (27.6%) 5 (22.7%)
Low/lowest 5 (22.7%) 5 (22.7%)
SUS patients n(%)a 11 (50%) 7 (31.8%) 1.721 0.190

Ethnic characteristics n(%)a

Caucasian 9 (40.9%) 8 (36.4%) 0.078 0.781

Concomitant diseases n(%)a

CAD 7 (31.8%) 5 (22.7%) 0.153 0.696
Hypertension 6 (27.3%) 8 (36.4%) 2.121 0.145
Diabetes – 2 (9.1%) 2.640 0.104
Dyslipidemia 1 (4.5%) 2 (9.1%) 0.630 0.427
Current smoking? 4 (18.2%) 7 (31.8%) 2.933 0.087
Overweight 5 (22.7%) 3 (13.6%) 1.497 0.473
Obesity 3 (13.6%) 5 (22.7%) 1.744 0.4367

Medication drugs during
follow-up n(%)a

ACE inhibitors 11 (50%) 8 (36.4%) 0.630 0.427
β-blockers 10 (45.5%) 10 (45.5%) 1.833 0.176
Digitalis 7 (38.8%) 5 (22.7%) 0.153 0.696
Diuretics 11 (50%) 9 (40.9%) 0.018 0.892
Nitrates 3 (13.6%) 3 (13.6%) 0.069 0.793
Anticoagulants 9 (40.9%) 5 (22.7%) 1.473 0.225
Antiarrhythmic 2 (9.1%) 1 (4.5%) 0.206 0.650
Statins 4 (18.2%) 7 (31.8%) 2.933 0.087
LVEF (%) 32.8 ± 7.7 35.40 ± 6.7 −0.793 0.439
VO2 peak (ml·kg−1·min−1) 18.39 ± 4.3 21.41 ± 4.1 −0.908 0.375
6MWT (m) 447.4 ± 60.3 456.6 ± 36.3 0.343 0.735

Values are reported as mean ± SD.
Abbreviations:HIIT: high-interval intensity training;MICT:moderate-intensity continuous
training; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood
pressure; HR: heart rate; NYHA: New York Heart Association; CHF: chronic heart
failure; SUS: Brazil's Unified Health System; LVEF: left ventricular ejection fraction;
VO2 peak: peak of oxygen consumption; 6MWT: six minute walk test; CAD: coronary
artery disease; ACE inhibitors: angiotensin-converting enzyme inhibitors.

a Chi-square test.
⁎ p b 0.05.
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start intervention that a variety of factors affected their QoL. Some
of these factors improved in both groups, such as physical symptoms
(increased ~80%), general health (increased ~55%) and other changes,
with exception to the field of pain (SF-36) that has not changed.
No significant differences between both groups could be observed for
any of the domains (p-value for all N0.05).

4. Discussion

The results of this randomized trial demonstrate that 12 weeks of
high exercise training three times per week was as effective as moder-
ate intensity continuous training for improving QoL in stable CHF
patients. This research confirms the beneficial effects of exercise train-
ing in the management of heart failure [2,5,14,42,43], and shows that
both programs can be used to improve QoL in this patients' population.
However, a recent position statement of the Heart Failure Association
and the European Association for Cardiovascular Prevention and
Rehabilitation recommends regular physical activity and structured ex-
ercise training in the cardiac rehabilitation programmers'. However, this
recommendation is still poorly implemented in daily clinical practice
outside specialized centers for CHF [8].

A recent review demonstrated that there is strong epidemiological
evidence on the beneficial effects of regular exercise and can overcome
those of common drugs when one considers that the exercise is the real
polypill that combines preventive, multi-systemic effects with a little
adverse consequences and at lower cost [44], such evidences can be
observed in the present study. The authors add that the identification
of exercise adaptations is helping to improve our understanding of the
pathophysiology of chronic diseases, especially the CHF, which could
help to investigate new approaches and therapeutic targets [44]. It
should be emphasized that CHF is a chronic and progressive syndrome,
in which lower QoL is associated to high rates of hospital readmission
and mortality [45,46], and in this study there were no complications.
Fletcher et al. [47] described that aerobic exercise is clearly beneficial
in lowering mortality compared to a sedentary lifestyle. In current
statements of CHF there is a suggestion of three different training mo-
dalities (continuous endurance, interval endurance, resistance/strength,
and respiratory) in stable CHF patients. These training modalities have
been proposed with different combinations (different intensities),
according to exercise capacity and clinical characteristics [8]. In this
case, we proposed to test a hypothesis in this study, which high intensi-
ty exercise has higher impact at higher increases inQoLwhen compared
with moderate intensity. Unfortunately it was not confirmed for all
domains, except for the physical domain of the SF-36 that relationship
to VO2 peak.

The distance in 6MWT and VO2 peak increased in both groups after
12 weeks of training, the improvement was significantly superior in
the HIIT (p = 0.025). In our study we found a significant increase
intragroup, HIIT and MCIT, respectively of 11.2% and 8.3% of VO2 peak,
23.1% and 19.4% in the 6MWT, and improvement in classes of functional
capacity, according to Weber [48]. However the two groups were not
associated with regard to the total amount of work performed, this
study points out high aerobic intensity as a key factor for increasing
functional capacity in this group. We highlight the Bittner et al. [26]
study, which had already demonstrated that the 6MWT distance
traveled is inversely related to mortality in patients with CHF who
walked less than 300 m had high risk of death. Nevertheless, in this
same study, the distances on the 6MWT were assigned superiors' both
groups after intervention. In a meta-analysis, Piepoli et al. [49] also
described that exercise training significantly reduced mortality in 35%
in interventions, mainly above 28 weeks. However, in our study we
found significant differences in a shorter protocol, but with higher
intensity than the reported from Piepoli et al. [49]. The effects of higher
versus others (moderate and low) exercise intensity with regard to
increase capacity functional have been demonstrated in earlier studies
of systematic reviews [50–54].

Haykowsky et al. [53] complement that high intensity leads to signif-
icantly larger increases in VO2 peak compared with moderate intensity
(mean difference 2.14 ml·kg−1·min−1). The increase in VO2 peak
observed in this study can be explained according to systematic review
that report the improvements in oxygen uptake resulting from high-
intensity exercise were achieved through increases in maximal cardiac
output [55]. The study Wisløff et al. [41] was the first study to demon-
strate the superior effects of high-intensity exercise. The major finding
was that high-intensity was superior to moderate-intensity in patients
with post-infarction heart failure with regard to reversal of left ventric-
ular remodeling, aerobic capacity, endothelial function, and QoL [41].

Preliminary studies [56,57] have shown that aerobic exercise
improves scores MLWHFQ in CHF patients, but higher than changes
have been reported due to the exercise of high intensity interval [41,58],



Table 2
Baseline and changes in hemodynamics, functional capacity, and quality of life (MLHFQ and SF-36) after 12 weeks of training.

MCIT
(n = 10)

HIIT
(n = 12)

Baseline 12 weeks follow-up Δ% p-Value Baseline 12 weeks follow-up Δ% p-Value p-Value⁎⁎

Hemodynamics
Resting SBP (mm Hg) 113.1 ± 13.7 105.0 ± 12.5 −8.2 0.065 130.0 ± 25.5 111.4 ± 15.5⁎ −16.3 0.004 0.305
Resting DBP (mm Hg) 73.7 ± 8.9 68.7 ± 8.5 −8.1 0.108 79.3 ± 12.8 71.9 ± 8.0⁎ −10.3 0.049 0.386
Resting HR (beats/min) 84.7 ± 12.8 71.8 ± 11.6⁎ −19.6 0.007 83.1 ± 19.1 75.4 ± 10.4 −12.0 0.295 0.463
LVEF (%) 32.8 ± 7.7 35.7 ± 11.3 8.12 0.369 35.4 ± 6.4 39.9 ± 8.8⁎ 9.7 0.013 0.315

Functional capacity
VO2 peak (ml·kg−1·min−1) 18.39 ± 4.3 20.23 ± 3.0⁎ 8.3% 0.041 21.41 ± 4.1 24.2 ± 4.6⁎,⁎⁎ 11.2% b0.001 0.003
6MWT (m) 464.0 ± 60.3 557.9 ± 56.9⁎ 19.4% b0.001 456.6 ± 36.3 596.3 ± 48.5⁎ 23.1% b0.001 0.954

MLHFQ
Physical dimension 13.9 ± 6.9 8.4 ± 5.9⁎ −110% 0.012 12.3 ± 9.9 7.8 ± 6.7⁎ −120% 0.027 0.967
Emotional dimension 9.4 ± 4.6 4.7 ± 3.6⁎ −320% 0.034 8.5 ± 7.1 5.1 ± 4.4⁎ −207% 0.017 0.767
Reminiscent questions 15.7 ± 3.9 8.1 ± 5.0⁎ −246% 0.008 12.8 ± 6.2 6.8 ± 5.0⁎ −266% 0.010 0.590
Total scale score 39.1 ± 12.1 20.8 ± 11.6⁎ −156% b0.001 33.5 ± 17.4 18.9 ± 14.7⁎ −289% 0.005 0.826

SF-36
Physical functioning 54.5 ± 18.6 74.1 ± 16.8⁎ 29.2% 0.020 69.0 ± 18.2 89.5 ± 7.6⁎,⁎⁎ 23.2% 0.009 0.025
Role-physical 16.6 ± 22.1 78.1 ± 23.9⁎ 80.1% b0.001 20.0 ± 28.3 75.0 ± 23.5⁎ 77.5% b0.001 0.543
Bodily pain 62.1 ± 18.2 65.5 ± 15.6 1.7% 0.557 53.9 ± 19.9 57.7 ± 15.6 2.9% 0.613 0.220
General Health 5.0 ± 4.7 13.2 ± 5.7⁎ 53.8% 0.010 8.5 ± 6.8 14.9 ± 3.0⁎ 47.1% 0.007 0.642
Vitality 50.8 ± 20.5 70.4 ± 14.5⁎ 26.5% 0.015 57.5 ± 22.6 78.5 ± 14.7⁎ 26.5% 0.008 0.668
Social functioning 56.2 ± 18.1 94.7 ± 9.9⁎ 40.8% 0.001 67.5 ± 25.1 90.0 ± 14.9⁎ 26.7% 0.002 0.500
Role-emotional 61.1 ± 23.0 90.6 ± 20.5⁎ 23.5% 0.012 79.4 ± 18.1 96.6 ± 10.5⁎ 18.1% 0.005 0.114
Mental health 66.0 ± 25.3 81.3 ± 19.1⁎ 18.6% 0.033 69.8 ± 239 81.2 ± 17.3⁎ 16.6% 0.002 0.787

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; LVEF: left ventricular ejection fraction; VO2 peak: peak of oxygen uptake; 6MWT: sixminuteswalk test;MLHFQ:
Minnesota Living with Heart Failure Questionnaire; SF-36: Long Form 36 Health Survey;WRpeak: limit of tolerance. Footnotes indicate significant changes. Values in mean ± SD.
⁎ From baseline to 12 weeks (p b 0.05) within groups.
⁎⁎ From 12 weeks to 12 weeks (p b 0.05) between groups.
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whichmight explain themajorfindings in our study.Morgan et al. [5] also
in a systematic review emphasized the innovation of CHF treatment by
means of primary and secondary interventions, in order to maintain and
Fig. 2.Quality of life (MLHFQ) evaluated by themultiple domain questionnaires both before and
after) (p b 0.05). (p b 0.05) Abbreviations: MICT: moderate-intensity continuous training; HIIT
improve the clinical conditions associated with QoL of these patients, de-
creasing dyspnea, fatigue, and palpitations that these patients feel to per-
form daily activities. So, the exercise is also recognized in full cardiac
after 12weeks of exercise training. Significant differences between themoments (before vs
: high-interval intensity training.



Fig. 3. Quality of life (SF-36) evaluated by themultiple domain questionnaires both before and after 12weeks of exercise training. Significant differences between themoments (before vs
after) (p b 0.05). (p b 0.05) Abbreviations: MICT: moderate-intensity continuous training; HIIT: high-interval intensity training.
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rehabilitation in heart failure [8]. Carvalho et al. [59] ensure that the best
physical, psychological and social conditions, as seen in this study with
increasing CF and QoL and after intervention. Corroborating, Belardinelli
et al. [60] using theMLWHFQ and Gianuzzi et al. [61], themodified Likert
instrument, show an improvement in QoL in CHF patients associated
with exercise capacity and clinical improvement [62]. On the other
hand, studies were able to demonstrate improvement in QoL without
necessarily having an increase in exercise tolerance [63,64], or even a
weak association between these two variables [43,65]. With reduced
physical symptoms through exercise seen in the present study, no such
effect affects the aggravation of this syndrome, which in turn improves
the emotional state which is evidently insecurity, independence, fear,
and sadness [5,64,66,67]. Recent findings [68] in patients with CHF al-
ready belonging to the rehabilitation program situation, demonstrate
having greater functional capacity, and lower QoL scores (good QoL) in
all areas when compared to beginners in rehabilitation programs.
Which may indicate involvement of these questions for the subjects
who didn't participate rehabilitation program.

On the other hand, understanding QoL often reflects the discrepancy
between the state of health perception of the patient's at themoment. It
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was evident in our results the perception of improvement in both
groups, independent of exercise intensity. This in turn confirms the
objective of rehabilitation, full improvement of these patients and the
real benefits of the program [69]. We recognize the limitations in our
study. Our study should be interpreted in few or many limitations. The
research was accomplished at only one local, only with men, and was
limited to a relatively mean age of 53 years with CHF patients. The
exercise intensity was based on heart rate acquired by the ergometric
test. The rationale for using heart rate for guiding exercise intensity in
CHF is based on the relatively linear relationship between heart rate
and VO2 peak in exercise training programs [47]. However, an exercise
training prescription based only on heart rate peak has been shown to
overestimate exercise intensity [8,47]. The exercise sessions between
the groups in terms of intensity, time and workload they could be also
considered limiting factors. The resultsmay be generalizable to patients
with CHF. Aging is associated with increasing comorbidities and
worsening heart failure. Another concern could be that the differing dis-
tribution of the etiologies among the groups could influence the results.

5. Conclusion

Summarizing, our results demonstrate that independently of exer-
cise intensity in patients with CHF results in a significant improvement
in QoL. It also shows that the high intensity of exercise may be an
important factor for improving aerobic capacity, in patients with CHF.
Meanwhile, our data also support the concept that exercise training
must be part of a heart failure treatment plan. However, loopholes re-
garding optimal training protocol remain unanswered. These findings
represent a vital implication for rehabilitation programs designated to
CHF patients. Although exercise intervention is an attractive strategy
for enhances of CHF, strategies for maintaining patient compliance to
the training programwould be necessary. In view of the prognostic im-
portance of increasing functional capacity and QoL for this patient
group, high intensity exercisemay be considered in future rehabilitation
programs.We assume that the differential of the rehabilitation program
be extra-hospital might have substantially contributed to the improve-
ment of social and psychological life, however, more research must be
conducted in order to confirm our findings.

Conflict of interest

All authors meet the criteria for authorship, read and approved the
manuscript, and none of them has any potential conflict of interest.

Acknowledgment

We thank Mirele Porto Quites, Thais Marques, Helena de Oliveira
Braga, NayaraMoreira Rabelo, and LohanaCardoso, for helping to follow
up the patients during the study. We gratefully acknowledge the
research of medical echocardiographist Jamil Mattar Valente Filho.
Special acknowledgment is given to the Foundation for Research and
Innovation of the State of Santa Catarina (FAPESC) (23 078 / 2010-2)
for having supported and funded this study as part of the research pro-
ject entitled High intensity exercise and hormone replacement therapy in
patients with heart failure. All authors have read and agreed to the man-
uscript as written.

References

[1] Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al. Heart
disease and stroke statistics–2013 update: a report from the American Heart
Association. Circulation 2013;127(1):e6-245.

[2] Yancy CW, Jessup M, Bozkurt B, Butler J, Casey Jr DE, Drazner MH, et al. 2013
ACCF/AHA guideline for the management of heart failure: a report of the
American College of Cardiology Foundation/American Heart Association Task
Force on practice guidelines. Circulation 2013;128(16):e240–319.

[3] Seixas-Cambao M, Leite-Moreira AF. Pathophysiology of chronic heart failure. Rev
Port Cardiol 2009;28(4):439–71.
[4] Balakumar P, Jagadeesh G. Multifarious molecular signaling cascades of cardiac
hypertrophy: can the muddy waters be cleared? Pharmacol Res 2010;62(5):365–83.

[5] Morgan K, McGee H, Shelley E. Quality of life assessment in heart failure
interventions: a 10-year (1996–2005) review. Eur J Cardiovasc Prev Rehabil
2007;14(5):589–607.

[6] GreenGB. Heart failure and the emergency department: epidemiology, characteristics,
and outcomes. Heart Fail Clin 2009;5(1):1–7 v.

[7] Juenger J, Schellberg D, Kraemer S, Haunstetter A, Zugck C, Herzog W, et al.
Health related quality of life in patients with congestive heart failure: compari-
son with other chronic diseases and relation to functional variables. Heart 2002;
87(3):235–41.

[8] Piepoli MF, Conraads V, Corra U, Dickstein K, Francis DP, Jaarsma T, et al. Exercise
training in heart failure: from theory to practice. A consensus document of
the Heart Failure Association and the European Association for Cardiovascular
Prevention and Rehabilitation. Eur J Heart Fail 2011;13(4):347–57.

[9] Leon AS, Franklin BA, Costa F, Balady GJ, Berra KA, Stewart KJ, et al. Cardiac
rehabilitation and secondary prevention of coronary heart disease: an American
Heart Association scientific statement from the Council on Clinical Cardiology
(Subcommittee on Exercise, Cardiac Rehabilitation, and Prevention) and the Council
onNutrition, Physical Activity, andMetabolism (Subcommittee onPhysical Activity),
in collaboration with the American association of Cardiovascular and Pulmonary
Rehabilitation. Circulation 2005;111(3):369–76.

[10] Ades PA, Green NM, Coello CE. Effects of exercise and cardiac rehabilitation on
cardiovascular outcomes. Cardiol Clin 2003;21(3):435–48 (viii).

[11] Lavie CJ, Thomas RJ, Squires RW, Allison TG, Milani RV. Exercise training and cardiac
rehabilitation in primary and secondary prevention of coronary heart disease. Mayo
Clin Proc 2009;84(4):373–83.

[12] Roveda F, Middlekauff HR, Rondon MU, Reis SF, Souza M, Nastari L, et al. The effects
of exercise training on sympathetic neural activation in advanced heart failure:
a randomized controlled trial. J Am Coll Cardiol 2003;42(5):854–60.

[13] Bocalini DS, dos Santos L, Serra AJ. Physical exercise improves the functional
capacity and quality of life in patients with heart failure. Clinics (Sao Paulo) 2008;
63(4):437–42.

[14] Kennedy MD, Haykowsky M, Daub B, Van Lohuizen K, Knapik G, Black B. Effects of a
comprehensive cardiac rehabilitation program on quality of life and exercise
tolerance in women: a retrospective analysis. Curr Control Trials Cardiovasc Med
2003;4(1):1.

[15] Hambrecht R, Niebauer J, Fiehn E, Kalberer B, Offner B, Hauer K, et al. Physical
training in patients with stable chronic heart failure: effects on cardiorespiratory
fitness and ultrastructural abnormalities of leg muscles. J Am Coll Cardiol 1995;
25(6):1239–49.

[16] Piepoli M, Clark AL, Volterrani M, Adamopoulos S, Sleight P, Coats AJ. Contribution of
muscle afferents to the hemodynamic, autonomic, and ventilatory responses to
exercise in patientswith chronic heart failure: effects of physical training. Circulation
1996;93(5):940–52.

[17] Edelmann F, Gelbrich G, Dungen HD, Frohling S, Wachter R, Stahrenberg R, et al.
Exercise training improves exercise capacity and diastolic function in patients
with heart failure with preserved ejection fraction: results of the Ex-DHF (Exercise
training in Diastolic Heart Failure) pilot study. J Am Coll Cardiol 2011;58(17):
1780–91.

[18] Gary R. Exercise self-efficacy in older women with diastolic heart failure: results of a
walking program and education intervention. J Gerontol Nurs 2006;32(7):31–9
(quiz 40-1).

[19] Alves AJ, Ribeiro F, Goldhammer E, Rivlin Y, Rosenschein U, Viana JL, et al. Exercise
training improves diastolic function in heart failure patients. Med Sci Sports Exerc
2012;44(5):776–85.

[20] IsmailH,McFarlane JR, DiebergG, Smart NA. Exercise training program characteristics
and magnitude of change in functional capacity of heart failure patients. Int J Cardiol
2014;171(1):62–5.

[21] Heo S, Lennie TA, Okoli C, Moser DK. Quality of life in patients with heart failure: ask
the patients. Heart Lung 2009;38(2):100–8.

[22] Meyer P, Gayda M, Juneau M, Nigam A. High-intensity aerobic interval exercise in
chronic heart failure. Curr Heart Fail Rep 2013;10(2):130–8.

[23] Chrysohoou C, Tsitsinakis G, Vogiatzis I, Cherouveim E, Antoniou C, Tsiantilas A, et al.
High intensity, interval exercise improves quality of life of patients with chronic
heart failure: a randomized controlled trial. QJM 2014;107(1):25–32.

[24] World Medical A. World Medical Association Declaration of Helsinki: ethical
principles for medical research involving human subjects. JAMA 2013;310(20):
2191–4.

[25] Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor DW, et al. The
6-minute walk: a new measure of exercise capacity in patients with chronic heart
failure. Can Med Assoc J 1985;132(8):919–23.

[26] Bittner V, Weiner DH, Yusuf S, Rogers WJ, McIntyre KM, Bangdiwala SI, et al.
Prediction of mortality and morbidity with a 6-minute walk test in patients with
left ventricular dysfunction. SOLVD Investigators. JAMA 1993;270(14):1702–7.

[27] Opasich C, Pinna GD,Mazza A, FeboO, Riccardi PG, Capomolla S, et al. Reproducibility
of the six-minute walking test in patients with chronic congestive heart failure:
practical implications. Am J Cardiol 1998;81(12):1497–500.

[28] Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 1982;
14(5):377–81.

[29] Carvalho VO, Mezzani A. Aerobic exercise training intensity in patients with chronic
heart failure: principles of assessment and prescription. Eur J Cardiovasc Prev
Rehabil 2011;18(1):5–14.

[30] Gibbons RJ, Balady GJ, Bricker JT, Chaitman BR, Fletcher GF, Froelicher VF, et al.
ACC/AHA 2002 guideline update for exercise testing: summary article: a report
of the American College of Cardiology/American Heart Association Task Force

http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0005
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0005
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0005
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0010
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0010
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0010
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0010
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0015
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0015
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0020
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0020
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0025
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0025
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0025
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0030
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0030
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0035
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0035
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0035
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0035
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0040
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0040
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0040
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0040
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0045
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0045
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0045
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0045
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0045
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0045
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0045
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0050
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0050
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0055
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0055
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0055
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0060
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0060
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0060
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0065
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0065
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0065
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0070
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0070
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0070
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0070
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0075
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0075
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0075
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0075
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0080
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0080
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0080
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0080
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0085
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0085
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0085
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0085
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0085
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0090
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0090
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0090
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0095
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0095
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0095
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0100
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0100
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0100
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0105
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0105
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0110
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0110
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0115
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0115
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0115
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0120
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0120
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0120
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0125
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0125
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0125
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0130
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0130
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0130
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0135
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0135
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0135
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0140
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0140
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0145
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0145
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0145
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0150
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0150
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0150


28 A.Z. Ulbrich et al. / Clinical Trials and Regulatory Science in Cardiology 13 (2016) 21–28
on Practice Guidelines (Committee to Update the 1997 Exercise Testing Guidelines).
Circulation 2002;106(14):1883–92.

[31] Beevers G, Lip GY, O'Brien E. ABC of hypertension: blood pressure measurement.
Part II-conventional sphygmomanometry: technique of auscultatory blood pressure
measurement. BMJ 2001;322(7293):1043–7.

[32] Mezzani A, Agostoni P, Cohen-Solal A, Corra U, Jegier A, Kouidi E, et al. Standards for
the use of cardiopulmonary exercise testing for the functional evaluation of cardiac
patients: a report from the Exercise Physiology Section of the European Association
for Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil
2009;16(3):249–67.

[33] American Thoracic S. American College of Chest P. ATS/ACCP Statement on
cardiopulmonary exercise testing. Am J Respir Crit Care Med 2003;167(2):211–77.

[34] Borg E, Kaijser L. A comparison between three rating scales for perceived exertion
and two different work tests. Scand J Med Sci Sports 2006;16(1):57–69.

[35] Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, et al.
Recommendations for the evaluation of left ventricular diastolic function by
echocardiography. Eur J Echocardiogr 2009;10(2):165–93.

[36] Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al.
Recommendations for chamber quantification: a report from the American Society
of Echocardiography's Guidelines and Standards Committee and the Chamber
Quantification Writing Group, developed in conjunction with the European
Association of Echocardiography, a branch of the European Society of Cardiology.
J Am Soc Echocardiogr 2005;18(12):1440–63.

[37] Rector TS, Cohn JN. Assessment of patient outcome with the Minnesota Living
with Heart Failure questionnaire: reliability and validity during a randomized,
double-blind, placebo-controlled trial of pimobendan. Pimobendan Multicenter
Research Group. Am Heart J 1992;124(4):1017–25.

[38] Garratt AM, Ruta DA, Abdalla MI, Buckingham JK, Russell IT. The SF36 health
survey questionnaire: an outcome measure suitable for routine use within the
NHS? BMJ 1993;306(6890):1440–4.

[39] Carvalho VO, Guimaraes GV, Carrara D, Bacal F, Bocchi EA. Validation of the
Portuguese version of the Minnesota Living with Heart Failure Questionnaire. Arq
Bras Cardiol 2009;93(1):39–44.

[40] Campolina AG, Ciconelli RM. SF-36 and the development of new assessment tools
for quality of life. Acta Reumatol Port 2008;33(2):127–33.

[41] Wisloff U, Stoylen A, Loennechen JP, Bruvold M, Rognmo O, Haram PM, et al.
Superior cardiovascular effect of aerobic interval training versus moderate continu-
ous training in heart failure patients: a randomized study. Circulation 2007;
115(24):3086–94.

[42] Muller-Nordhorn J, Kulig M, Binting S, Voller H, Gohlke H, Linde K, et al. Change in
quality of life in the year following cardiac rehabilitation. Qual Life Res 2004;
13(2):399–410.

[43] Quittan M, Sturm B, Wiesinger GF, Pacher R, Fialka-Moser V. Quality of life in
patients with chronic heart failure: a randomized controlled trial of changes induced
by a regular exercise program. Scand J Rehabil Med 1999;31(4):223–8.

[44] Fiuza-Luces C, Garatachea N, Berger NA, Lucia A. Exercise is the real polypill.
Physiology (Bethesda) 2013;28(5):330–58.

[45] Nobre F. Introduction: Brazilian guidelines on hypertension VI. Brazilian Society of
Cardiology, Brazilian Society of Hypertension, Brazilian Society of Nephrology.
J Bras Nefrol 2010;32(Suppl. 1):III.

[46] Bocchi EA, Braga FG, Ferreira SM, Rohde LE, Oliveira WA, Almeida DR, et al.
III Brazilian Guidelines on chronic heart failure. Arq Bras Cardiol 2009;
93(1 Suppl. 1):3–70.

[47] Fletcher GF, Ades PA, Kligfield P, Arena R, Balady GJ, Bittner VA, et al. Exercise
standards for testing and training: a scientific statement from the American Heart
Association. Circulation 2013;128(8):873–934.

[48] Weber KT, Kinasewitz GT, Janicki JS, Fishman AP. Oxygen utilization and ventilation
during exercise in patients with chronic cardiac failure. Circulation 1982;65(6):
1213–23.

[49] Piepoli MF, Davos C, Francis DP, Coats AJ, ExTra MC. Exercise training meta-
analysis of trials in patients with chronic heart failure (ExTraMATCH). BMJ
2004;328(7433):189.
View publication statsView publication stats
[50] Meyer P, Gayda M, Juneau M, Nigam A. High-intensity aerobic interval exercise in
chronic heart failure. Curr Heart Fail Rep 2013.

[51] Smart NA, Dieberg G, Giallauria F. Intermittent versus continuous exercise training
in chronic heart failure: a meta-analysis. Int J Cardiol 2011.

[52] Cipriano Jr G, Cipriano VT, da Silva VZ, Cipriano GF, Chiappa GR, de Lima AC, et al.
Aerobic exercise effect on prognostic markers for systolic heart failure patients: a
systematic review and meta-analysis. Heart Fail Rev 2013.

[53] Haykowsky MJ, Timmons MP, Kruger C, McNeely M, Taylor DA, Clark AM.
Meta-analysis of aerobic interval training on exercise capacity and systolic function
in patients with heart failure and reduced ejection fractions. Am J Cardiol 2013;
111(10):1466–9.

[54] Hwang CL, Wu YT, Chou CH. Effect of aerobic interval training on exercise
capacity and metabolic risk factors in people with cardiometabolic disorders:
a meta-analysis. J Cardiopulm Rehabil Prev 2011;31(6):378–85.

[55] Tai MK, Meininger JC, Frazier LQ. A systematic review of exercise interventions in
patients with heart failure. Biol Res Nurs 2008;10(2):156–82.

[56] Smart N, Haluska B, Jeffriess L, Marwick TH. Exercise training in systolic and diastolic
dysfunction: effects on cardiac function, functional capacity, and quality of life. Am
Heart J 2007;153(4):530–6.

[57] Jankowska EA, Wegrzynowska K, Superlak M, Nowakowska K, Lazorczyk M, Biel B,
et al. The 12-week progressive quadriceps resistance training improves muscle
strength, exercise capacity and quality of life in patients with stable chronic heart
failure. Int J Cardiol 2008;130(1):36–43.

[58] Nilsson BB, Westheim A, Risberg MA. Effects of group-based high-intensity aerobic
interval training in patients with chronic heart failure. Am J Cardiol 2008;102(10):
1361–5.

[59] de Carvalho T, Curi AL, Andrade DF, Singer Jda M, Benetti M, Mansur AJ.
Cardiovascular rehabilitation of patients with ischemic heart disease undergoing
medical treatment, percutaneous transluminal coronary angioplasty, and coronary
artery bypass grafting. Arq Bras Cardiol 2007;88(1):72–8.

[60] Belardinelli R, Georgiou D, Cianci G, Purcaro A. Randomized, controlled trial of
long-term moderate exercise training in chronic heart failure: effects on functional
capacity, quality of life, and clinical outcome. Circulation 1999;99(9):1173–82.

[61] Giannuzzi P, Temporelli PL, Corra U, Tavazzi L. Antiremodeling effect of long-term
exercise training in patients with stable chronic heart failure: results of the Exercise
in Left Ventricular Dysfunction and Chronic Heart Failure (ELVD-CHF) Trial.
Circulation 2003;108(5):554–9.

[62] Pina IL, Apstein CS, Balady GJ, Belardinelli R, Chaitman BR, Duscha BD, et al. Exercise
and heart failure: a statement from the American Heart Association Committee on
exercise, rehabilitation, and prevention. Circulation 2003;107(8):1210–25.

[63] Oka RK, De Marco T, Haskell WL, Botvinick E, Dae MW, Bolen K, et al. Impact of a
home-based walking and resistance training program on quality of life in patients
with heart failure. Am J Cardiol 2000;85(3):365–9.

[64] Wielenga RP, Erdman RA, Huisveld IA, Bol E, Dunselman PH, Baselier MR, et al.
Effect of exercise training on quality of life in patients with chronic heart failure.
J Psychosom Res 1998;45(5):459–64.

[65] Koukouvou G, Kouidi E, Iacovides A, Konstantinidou E, Kaprinis G, Deligiannis A.
Quality of life, psychological and physiological changes following exercise training
in patients with chronic heart failure. J Rehabil Med 2004;36(1):36–41.

[66] Flynn KE, Pina IL, Whellan DJ, Lin L, Blumenthal JA, Ellis SJ, et al. Effects of exercise
training on health status in patients with chronic heart failure: HF-ACTION random-
ized controlled trial. JAMA 2009;301(14):1451–9.

[67] Saccomann IC, Cintra FA, Gallani MC. Health-related quality of life among the elderly
with heart failure: a generic measurement. Sao Paulo Med J 2010;128(4):192–6.

[68] Ulbrich AZ, Schmitt Netto A, Angarten VG, Marques T, Sties SW, Carvalho T.
Functional capacity as a predictor of quality of life in heart failure. Phys Ther Mov
2013;26(4):845–53.

[69] Soares-Miranda L, Franco FG, Roveda F, Martinez DG, Rondon MU, Mota J, et al.
Effects of exercise training on neurovascular responses during handgrip exercise
in heart failure patients. Int J Cardiol 2011;146(1):122–5.

http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0150
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0150
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0155
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0155
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0155
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0160
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0160
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0160
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0160
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0160
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0165
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0165
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0170
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0170
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0175
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0175
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0175
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0180
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0180
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0180
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0180
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0180
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0180
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0185
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0185
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0185
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0185
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0190
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0190
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0190
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0195
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0195
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0195
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0200
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0200
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0205
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0205
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0205
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0205
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0210
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0210
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0210
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0215
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0215
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0215
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0220
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0220
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0225
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0225
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0225
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0230
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0230
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0230
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0235
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0235
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0235
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0240
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0240
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0240
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0245
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0245
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0245
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0250
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0250
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0255
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0255
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0260
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0260
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0260
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0265
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0265
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0265
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0265
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0270
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0270
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0270
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0275
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0275
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0280
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0280
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0280
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0285
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0285
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0285
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0285
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0290
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0290
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0290
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0295
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0295
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0295
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0295
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0300
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0300
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0300
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0305
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0305
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0305
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0305
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0310
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0310
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0310
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0315
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0315
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0315
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0320
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0320
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0320
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0325
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0325
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0325
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0330
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0330
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0330
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0335
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0335
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0340
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0340
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0340
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0345
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0345
http://refhub.elsevier.com/S2405-5875(15)30026-3/rf0345
https://www.researchgate.net/publication/284560061

	Comparative effects of high intensity interval training versus moderate intensity continuous training on quality of life in...
	1. Introduction
	2. Methods
	2.1. Study design and population
	2.2. Measurements
	2.2.1. 6-min walk test (6MWT)
	2.2.2. Cardiopulmonary exercise test
	2.2.3. Echocardiography
	2.2.4. Quality of Life (QoL)
	2.2.5. Exercise training
	2.2.6. Statistical analysis


	3. Results
	4. Discussion
	5. Conclusion
	Conflict of interest
	Acknowledgment
	References


