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Background: Multiple comorbidities and physiological changes play a role in a range of heart failure conditions and influence the 
most effective approach to exercise-based rehabilitation. This research aimed to examine and compare the outcomes of continuous 
training at three different intensities, focusing on left ventricular (LV) remodeling, functional capacity, and quality of life among 
patients with heart failure with reduced ejection fraction (HFrEF).
Methods: In this randomized control trial, a total of 60 male patients (average age: 54.33 ±2.35 years) with HFrEF were randomly 
allocated into three groups: 1) High-intensity continuous training group (HICT), 2) Moderate-intensity continuous training group 
(MICT), and 3) Low-intensity continuous training group (LICT). All the training was performed on a bicycle ergometer 3 times/week 
for 12 weeks. Echocardiographic parameters (left ventricular ejection fraction, left ventricular end-diastolic dimension, left ventricular 
end-systolic dimension, N-terminal pro–B-type natriuretic peptide (NT-proBNP), quality of life (Minnesota Living with Heart Failure 
Questionnaire), and functional capacity (6-minute walking test) were assessed before and the end of the study.
Results: The HICT group demonstrated the greatest improvements in all measured variables when compared to the other two groups 
(P < 0.05). These findings were consistent across all measured outcomes.
Conclusion: It was determined that HICT appears to yield the most favorable outcomes in enhancing echocardiographic measures, 
NT-proBNP levels, quality of life, and functional capacity among HFrEF patients.
Keywords: heart failure with reduced ejection fraction, aerobic exercises, ventricular remodeling, quality of life

Introduction
Heart failure (HF) is a global public health issue that affects over 26 million individuals.1 The prevalence of heart failure (HF) 
is steadily increasing worldwide and is expected to rise significantly due to the aging population.2 Despite significant 
advancements in treatment, HF continues to be a primary cause of hospitalizations, with a one-year mortality rate of 
approximately 45% among symptomatic patients.3 HF can be classified into three types: heart failure with reduced ejection 
fraction (HFrEF), with a mid-range reduced ejection fraction (HFmrEF), and with a preserved ejection fraction (HFpEF).1,4 

HFrEF is linked to significant morbidity and poor quality of life.3 It is caused by a heart injury or any disease that affects the 
heart and results in reduced ventricular contractions. The left ventricular ejection fraction (LVEF) in healthy people ranges 
from 52% to 72% in men and 54% to 74% in women, and a value of 40% is enough to be classified as HFrEF.4
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Through neurohormonal activation of the sympathetic nervous system and the renin-angiotensin-aldosterone pathway, 
cardiac remodeling is regarded as an initially beneficial compensatory mechanism for maintaining cardiac output. 
However, chronic stimulation of these mechanisms might be harmful, leading to pathological ventricular remodeling 
and deteriorating HF.5 Myocardial remodeling and its severity have been linked to poor patient outcomes, despite being 
difficult to forecast and monitor.6 Furthermore, if early ventricular remodeling can be detected and intervened in, it may 
present prospective therapeutic targets for mitigating disease progression.7

Identifying circulating biomarkers, specifically, natriuretic peptides, presents a viable noninvasive approach for assessing 
heart structure and function among individuals with heart failure with reduced ejection fraction (HFrEF). Such a strategy is 
highly advantageous in evaluating left ventricular (LV) remodeling.6 In HF, higher levels of brain natriuretic peptide (BNP) or 
N-Terminal pro-B-type natriuretic peptide (NT-proBNP) are associated with worse clinical outcomes and mortality. Further 
research revealed that every 100 pg/mL increase in BNP was linked to a 35% increase in mortality risk.8

Moreover, quality of life (QoL) has been established as an outcome and prognostic factor in heart failure. A significant 
survival outcome entails the presence of an optimal QoL for patients.9 For chronic HFrEF patients who are clinically stable, 
regular physical activity or exercise training is indicated to enhance the functional status, QoL, and mortality risk.10

In addition, aerobic workouts have been proven to be effective in patients with HFrEF in several studies.11 Aerobic 
exercise training is a well-recognized non-pharmacological tool for improving the pathophysiological, clinical, and prognostic 
manifestations of HF. Accurate prescribing of the appropriate exercise intensity is pivotal in achieving exercise-induced 
benefits while minimizing exercise-related risks. The characterization of exercise intensity domains and the lower and upper 
intensity limits of prescribed aerobic activity in HF patients is still unclear, and there are no cutoff data or definite exercise 
prescriptions (frequency, intensity, type, and time) in this era.4,9,12 Further studies are still needed to better understand the exact 
exercise required for heart failure cases, which can lead to significant physiological and patient-centered improvements. 
Therefore, the objective of this study was to compare the effects of high-intensity, moderate-intensity, and low-intensity 
continuous training on LV remodeling, NT-proBNP levels, and QoL in patients with HFrEF.

Materials and Methods
Study Design and Setting
This study was a double-blinded randomized controlled trial with three parallel arms. Participants were recruited from the 
National Heart Institute’s Heart Failure Outpatient Clinic from August 2020 through September 2021. All patients signed 
a written consent form before their enrollment. The Declaration of Helsinki’s principles and related ethical criteria were 
followed in this study. Ethical approval was obtained from the Institutional Ethical Review Board of the Faculty of Physical 
Therapy, Cairo University (P.T.REC/012/001906) and registered on clinicaltrials.gov (clinicaltrials.gov NCT05213546).

Study Participants
A total of 60 patients with HFrEF were enrolled. Only medically stable individuals with HFrEF (one year), 
fractional shortening ≤25% and ejection fraction ≤40%, sinus rhythm, HF due to ischemic heart disease, NYHA 
class II–III, and regular medical treatment were eligible for the trial. Patients meeting any of the following criteria 
were excluded from the study: chronic obstructive pulmonary disease, moderate-to-severe pulmonary hypertension, 
recent acute coronary syndrome, revascularization during the last three months, limited exercise abilities due to 
angina, peripheral arterial occlusive disease, cerebrovascular diseases, exercise-induced cardiac arrhythmias, uncon-
trolled hypertension.

Sample Size Calculation
The sample size was calculated using the G*power program 3.1.9 (G power program version 3.1, Heinrich-Heine- 
University, Düsseldorf, Germany). The estimated sample size calculation is based on F-tests (MANOVA: Special effects 
and interactions), Type I error (α) = 0.05, power (1-β error probability) = 0.90, Pillai V = 0.2700001, and effect size f2 
(V) 0.1560694 with three independent groups comparison for six major variable outcomes. The appropriate minimum 
sample size for this study was 60 patients, 20 patients in each group as a minimum.
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Randomization and Allocation Concealment
Patients were randomly allocated into three groups: 1) High-intensity continuous training (HICT, n = 20), 2) Moderate- 
intensity continuous training (MICT, n = 20) and 3) Low-intensity continuous training (LICT, n = 20). The process of 
randomization was done using an opaque sealed envelope method with a 1:1:1 allocation ratio. Participants and outcome 
assessors were both blinded to group allocation. Only the investigators were oriented with the patients’ grouping. The 
CONSORT flow diagram is represented in Figure 1.

Figure 1 Consort diagram for the study.
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Outcomes
All patients had a comprehensive consultation with the multidisciplinary team (MDT) in which sociodemographic (age, 
sex) and clinical characteristics (body mass index, type of revascularization [percutaneous coronary intervention, 
coronary artery bypass grafting], hypertension, smoking, diabetes mellitus) were assessed. During the treatment sessions, 
they were asked to report any side effects. Throughout the trial, all patients were on their prescribed medical therapy with 
no major modifications to their treatment regimen.1 All of them were monitored medically by experienced cardiologists 
who were unaware of the grouping. The outcomes were as follows:

Primary Outcomes
Echocardiography Parameters
Left ventricular end-diastolic dimension (LVEDD), left ventricular end-systolic dimension (LVESD), ejection 
fraction percent (EF %), and fraction shortening (FS percent) were measured using pulsed Doppler echocardiography 
(Hewlett-Packard Sonos, USA). An ultrasound system was used to perform M-mode, two-dimensional, and pulsed 
Doppler echocardiography exams, as well as a two-dimensional mechanical sector scanner (2.5 MHZ imaging transducer 
connected to Hewlett- Packard Sons Doppler flow analyzer). According to the American Cardiac Society's update on the 
clinical application of echocardiography,13 each patient was assessed in a supine or left lateral position. A single operator 
performed all echocardiographic examinations for all patients in the three groups.

Secondary Outcomes
NT-proBNP
The chemical analysis was carried out in the medical biochemistry department of the National Heart Institute. Blood 
samples were taken before and after the study for the detection of NT-proBNP in the three groups. Blood was collected in 
a plastic lavender-top (EDTA) tube and put in a fluorescence immunoassay device (Cobas e 601 analyzer, Roche 
Diagnostics, Germany) to determine the concentration of the NT-proBNP.

Functional Capacity
The 6-minute walking test (6MWT) was used to evaluate the patient’s functional capacity, as it is well tolerated by patients and 
considered an alternative to cardiopulmonary exercise testing (CPET) for risk stratification in patients with HF.14 In this test, 
the patients were instructed to walk as far as they can on a flat, obstacle-free 15-m corridor and then turn 180° after they had 
reached the end of the corridor during the allocated time of 6 min. Patients walked unaccompanied and independently to 
prevent alterations to their gait velocity. At the end of the 6-min interval, the total distance walked by the patient was 
measured.15

Second, to establish maximum heart rate (HRmax), a symptom-limited CPET was utilized. A brief explanation of the 
procedures was instructed to the patients. Patients were asked to refrain from exercising for 24 hours before the test and 
not to eat a heavy meal, drink coffee, or smoke within two to three hours before the test. The test was carried out in 
a laboratory setting. Borg’s rate of perceived exertion (RPE) scale was presented to the patients. Next, the patients cycled 
at four submaximal rates for three minutes, each on a calibrated Electronic Bicycle Ergometer (Biodex LBC, Hewlett 
Packard, M2604A, New York, USA), with no breaks in between. For one minute, the patients pedaled at a work rate of 
30 watts with no extra weight. The rate was then increased by 30 watts/3 min until the patients reached their symptom- 
limited HRmax. In the final 15 seconds of the third minute of each stage.16 The CPET ended with a cool-down stage in 
which the patient cycled against no resistance for a short period.17 To specify exercise intensity, Karvonen’s formula was 
used based on the results of the CPET: target heart rate THRð Þ¼ HRrestþ% target exercise intensity� HRRð Þ;where 
HRR ¼ HRmax� HRrest:

18

Quality of Life
The Minnesota Living with Heart Failure Questionnaire (MLHFQ) is a questionnaire that assesses patients’ perceptions 
of the impact of HF on their quality of life (QoL). It is a 21-item questionnaire that considers physical, socioeconomic, 
and emotional limits. Each question has a scale of responses ranging from zero (none) to five (too many), with zero 
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representing “no constraints” and five representing “maximum limitation.” The questionnaire yields an aggregate score 
(ranging from 0 to 105, with 0 representing optimal HFQoL and 105 the worst). The physical dimension score is 
calculated by adding the answers to eight questions about dyspnea and fatigue (2, 3, 4, 5, 6, 7, 12, and 13). Five questions 
make up the emotional dimension’s score (17, 18, 19, 20, and 21). The overall score was determined by the remaining 
questions (1, 8, 9, 10, 11, 14, 15, and 16) as well as the physical and emotional dimensions.19,20

Intervention
Participants were allocated into one of the three groups: 1) HICT (n = 20, 75–85% heart rate reserve: HRR, 2) MICT (n = 
20, 65–75% HRR), and 3) LICT (n = 20, 55–65% HRR).21 All patients completed an individually supervised training 
program on an Electronic Bicycle Ergometer (Biodex LBC, Hewlett Packard, M2604A, New York, USA). An electro-
cardiogram (ECG) monitor and a telemetry system were utilized to monitor heart rate and rhythm.

Each session was divided in three phases: 1) Warm-up: it began with a 5 to 10-minute exercise consisting of active 
stretching and quiet walking; 2) Active phase: it lasted for 10 minutes which gradually increased to reach 35 minutes at 
the end of the study; 3) Cool down: it encompassed active recovery by pedaling slowly for 5–10 minutes with no 
resistance after finishing the session. Patients were closely monitored using ECG telemetry. Blood pressure was measured 
manually before, during, and after exercise training sessions. In addition, the Borg 6-to-20 scale was utilized to assess the 
rate of perceived exertion (RPE) during and after each training session.

Statistical Analysis
The statistical analysis was conducted using the SPSS Package program version 25 (SPSS, Inc., Chicago, IL). 
Quantitative data are expressed as mean and standard deviation for age, body mass index, duration of infarction, 
LVEDD, LVSED, EF, FS, NT-proBNP, MLHFQ, and 6MWT. Categorical data are expressed as frequency (percentage) 
for intervention, hypertension, smoking, and diabetes mellitus. Data were screened for normality assumption test and 
homogeneity of variance. Normality test of data used Shapiro–Wilk test, which reflected that the data were normally 
distributed (P > 0.05) after the removal of outliers that were detected by box and whiskers plots. Additionally, Levene’s 
test was used for testing the homogeneity of variance, and it revealed that there was no significant difference (P > 0.05). 
So, the data were normally distributed, and parametric analysis was performed. Chi-square test was used to compare 
HICT, MICT, and LICT groups. The one-way analysis of variance (ANOVA) test was used to compare age, body mass 
index, and duration of infarction between groups. Multivariate analysis of variance (MANOVA) was used to compare the 
tested major variables of interest in different tested groups and measuring periods. A mixed design 3 × 2 MANOVA test 
was used, and the first independent variable (between-subject factors) was the tested group with three levels (HICT, 
MICT, and LICT). The second independent variable (within-subject factor) was measuring periods with two levels (pre- 
and post-treatment). The Bonferroni correction test was used to compare between pairwise within and between groups of 
the tested variables whose P-value was significant from MANOVA test. All statistical analyses were significant at 
probability (P < 0.05).

Results
A total of 60 patients were included (mean age 53.51; mean BMI 27.51). For each group, baseline clinical characteristics 
are presented in Table 1. No significant differences (P < 0.05) in age (P = 0.893), weight (P = 0.108), height (P = 0.407), 
BMI (P = 0.237), duration of infarction (P = 0.691), NYHA (P = 1.000), intervention (P = 0.817), HTN (P = 0.28), 
smoking (P = 0.349), and DM (P = 0.189) among HIT, MIT, and LIT groups (Table 1).

Multiple pairwise comparisons test (time effect) for outcome variables within each group revealed there were 
significant (P < 0.05) decrease in LVEDD and LVSED (Table 2) at post-treatment compared to pre-treatment within high- 
intensity group (P = 0.001 and 0.0001, respectively), moderate-intensity group (P = 0.024 and P = 0.008, respectively), 
and low-intensity group (P = 0.033 and P = 0.038, respectively). This significant decrease in LVEDD and LVSED at post- 
treatment is in favor of high-intensity group, followed by moderate-intensity group, and then low-intensity group. 
Moreover, high-intensity group (HIT group) significantly (P < 0.05) improved LVEDD and LVSED (10.03% and 
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Table 1 Basic Characteristics of Participated Patients of HIT, MIT, and LIT Groups

Variables Groups P-value

HIT Group  
(n = 20)

MIT Group  
(n = 20)

LIT Group  
(n = 20)

Age (year) 54.35 ±2.41 53.05 ±3.64 53.15 ±3.62 0.893
Weight (kg) 84.00 ±8.03 79.25 ±6.66 80.50 ±6.93 0.108

Height (cm) 173.00 ±6.78 170.60 ±4.79 171.65 ±5.11 0.407

BMI (kg/cm2) 28.04 ±1.72 27.21 ±1.80 27.29 ±1.50 0.237
Duration of infarction (year) 4.75 ±1.02 4.50 ±0.99 4.55 ±0.88 0.691

NYHA classification 2.00 ±0.00 2.00 ±0.00 2.00 ±0.00 1.000

Intervention (PCI: CABG) 12 (60%): 8 (40%) 10 (50%): 10 (50%) 11 (55%): 9 (45%) 0.817
HTN (Yes: No) 13 (65%): 7 (35%) 8 (40%): 12 (60%) 11 (55%): 9 (45%) 0.28

Smoking (Yes: No) 20 (100%): 0 (0.00%) 18 (90%): 2 (10%) 19 (95%): 1 (5%) 0.349

DM (Yes: No) 17 (85%): 3 (15%) 12 (60%): 8 (40%) 13 (65%): 7 (35%) 0.189

Notes: Quantitative data are expressed as mean ±standard deviation (SD) and compared statistically by ANOVA test. Qualitative data 
are expressed as number (percentage) and compared statistically by Chi-square test; P-value: probability value; P-value>0.05: non- 
significant. 
Abbreviations: HIT, high-intensity group; MIT, moderate-intensity group; LIT, low-intensity group; CABG, coronary artery bypass graft; 
PCI, Percutaneous Coronary Intervention; HTN, Hypertension; DM, Diabetes mellitus; NYHA, New York Heart Association.

Table 2 Within- and Among-Group Comparisons for Outcomes Variables

Outcome Variables Items Groups (Mean ± SD) P-value

HIT Group  
(n = 20)

MIT Group  
(n = 20)

LIT Group  
(n = 20)

LVEDD (mm) Pre-treatment 6.38 ±0.67 6.29 ±0.59 6.20 ±0.52 0.595
Post-treatment 5.74 ±0.56 5.87 ±0.58 5.80 ±0.47 0.773
Change (MD) 0.64 ±0.14 0.42 ±0.08 0.40 ±0.39 0.0001*

Improvement % 10.03% ±1.36 6.68% ±1.28 6.45% ±0.70 0.0001*
95% CI 0.27–0.99 0.06–0.77 0.03–0.75

P-value 0.001* 0.024* 0.033*

LVSED (mm) Pre-treatment 5.11 ±0.58 4.98 ±0.61 4.87 ±0.52 0.398
Post-treatment 4.46 ±0.50 4.51 ±0.59 4.50 ±0.51 0.970

Change (MD) 0.66 ±0.10 0.47 ±0.08 0.37 ±0.07 0.0001*
Improvement % 12.92% ±1.24 9.44% ±1.67 7.60% ±1.60 0.0001*

95% CI 0.30–0.99 0.13–0.82 0.02–0.72

P-value 0.0001* 0.008* 0.038*

EF % Pre-treatment 36.99 ±2.06 37.10 ±3.14 37.15 ±2.96 0.982
Post-treatment 46.00 ±2.61 42.75 ±2.91 41.90 ±2.59 0.0001*

Change (MD) 9.01 ±2.26 5.65 ±0.87 4.75 ±0.85 0.0001*

Improvement % 24.36% ±6.72 15.23% ±3.17 12.79% ±3.17 0.0001*
95% CI 7.29–10.72 3.93–7.37 3.03–6.47

P-value 0.0001* 0.0001* 0.0001*

FS % Pre-treatment 19.68 ±2.74 20.52 ±2.70 20.92 ±2.62 0.374
Post-treatment 22.68 ±2.11 23.49 ±3.24 22.61 ±3.48 0.557

Change (MD) 3.00 ±1.94 2.97 ±1.36 1.69 ±1.47 0.019*
Improvement % 15.24% ±2.14 14.47% ±1.25 8.08% ±2.75 0.008*

95% CI 1.21–4.78 1.18–4.75 −0.10–3.48
P-value 0.001* 0.001* 0.063

(Continued)
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12.92%, respectively) than moderate-intensity group (6.68% and 9.44%, respectively) and then low-intensity group 
(6.45% and 7.60%, respectively).

There were significant (P < 0.05) increase in EF and 6-min walk test (Table 2) at post-treatment compared to pre- 
treatment within high-intensity group (P = 0.0001 and P = 0.0001, respectively), moderate-intensity group (P = 0.0001 
and P = 0.0001, respectively), and low-intensity group (P = 0.0001 and P = 0.0001, respectively). The FS (Table 2), also, 
significantly (P < 0.05) increased at post-treatment in high-intensity group (P = 0.001) and moderate-intensity group (P = 
0.001), but with non-significant (P > 0.05) increase at post-treatment in low intensity (P = 0.063) compared to pre- 
treatment. This significant and non-significant increase in EF, 6-min walk test, and FS at post-treatment is in favor of 
high-intensity group, followed by moderate-intensity group, and then low-intensity group. Moreover, HIT group 
significantly (P < 0.05) improved higher EF, FS, and 6-min walk test (23.36%, 15.23%, and 37.66%, respectively) 
than moderate-intensity group (15.23%, 14.47%, and 33.80%, respectively) and then low-intensity group (12.79%, 
8.08%, and 30.97%, respectively).

Both BNP and MLWHF (Table 2) significantly (P = 0.0001; P < 0.05) decreased at post-treatment compared to pre- 
treatment within high-intensity group, moderate-intensity group, and low-intensity group. This significant decrease in 
both BNP and MWHF at post-treatment is favorable for high-intensity group than for moderate- and low-intensity 
groups. Moreover, BNP significantly (P < 0.05) improved (51.23%) due to HIT compared with MIT group (50.07%) and 
then LIT group (49.91%, respectively). For MWHF, there is no significant difference (P > 0.05) in improvement 
percentage among HIT, MIT, and LIT groups (65.08%, 65.07%, and 64.56%, respectively).

Multiple pairwise comparisons test (group effect) for outcomes variables among high (HIT), moderate (MIT), and 
low (LIT) intensity groups (Table 2) showed no significant differences (P > 0.05) at pre-treatment in LVEDD (P = 0.595), 
LVSED (P = 0.398), EF (P = 0.982), FS (P = 0.374), BNP (P = 0.410), MLWHF (P = 0.142), and 6-min walk test (P = 

Table 2 (Continued). 

Outcome Variables Items Groups (Mean ± SD) P-value

HIT Group  
(n = 20)

MIT Group  
(n = 20)

LIT Group  
(n = 20)

NT-proBNP (pg/mL) Pre-treatment 416.10 ±19.35 415.30 ±17.57 418.75 ±17.38 0.410
Post-treatment 202.95 ±11.74 207.35 ±11.65 209.75 ±11.97 0.365

Change (MD) 213.15 ±13.81 207.95 ±11.49 209.00 ±11.90 0.125

Improvement % 51.23% ±1.99 50.07% ±1.81 49.91% ±1.95 0.033*
95% CI 203.57–222.73 195.37–220.53 199.42–218.58

P-value 0.0001* 0.0001* 0.0001*

MLWHF score Pre-treatment 73.75 ±4.55 73.00 ±4.70 71.25 ±4.25 0.142
Post-treatment 25.75 ±3.35 25.50 ±3.59 25.25 ±3.79 0.927
Change (MD) 48.00 ±3.77 47.50 ±5.50 46.00 ±5.02 0.400

Improvement % 65.08% ±3.69 65.07% ±5.28 64.56% ±5.39 0.919

95% CI 45.44–50.55 44.95–50.05 43.45–48.55
P-value 0.0001* 0.0001* 0.0001*

6 min walk test (m) Pre-treatment 304.00 ±19.44 301.75 ±13.88 303.50 ±17.09 0.901
Post-treatment 418.50 ±18.28 403.75 ±13.46 397.50 ±14.91 0.0001*

Change (MD) 114.50 ±5.35 102.00 ±4.70 94.00 ±6.40 0.0001*

Improvement % 37.66% ±3.30 33.80% ±2.42 30.97% ±3.30 0.0001*
95% CI 104.27–124.74 91.77–112.23 83.77–104.23

P-value 0.0001* 0.0001* 0.0001*

Notes: Data are expressed as mean ± standard deviation (SD); *Significant (P < 0.05). 
Abbreviations: HICT, high-intensity continuous training; MICT, moderate-intensity continuous training; LICT, low-intensity continuous training; mm, millimeter; m, meter; 
LVEDD, Left Ventricular End-Diastolic Diameter; LVSED, Left ventricular systolic end dimension; EF, ejection fraction; FS, fraction shortening; MLHFQ, Minnesota Living With 
Heart Failure Questionnaire; NT-proBNP, N-terminal pro–B-type natriuretic peptide; 6MWT, six-minute walk test.; CI, confidence interval.
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0.901) among three groups. At post-treatment, the comparisons among HIT, MIT, and LIT revealed no significant 
differences in LVEDD (P = 0.773), LVSED (P = 0.970), FS (P = 0.557), BNP (P = 0.365), and MLWHF (P = 0.927), 
while there were significant differences (P < 0.05) in EF (P = 0.0001) and 6-min walk test (P = 0.000) due to group 
effect. There were significant differences (P < 0.05) among HIT, MIT, and LIT groups in absolute change for LVEDD 
(P = 0.0001), LVSED (P = 0.0001), EF (P = 0.0001), FS (P = 0.019), and 6-min walk test (P = 0.0001), but no significant 
difference (P > 0.05) in BNP (P = 0.125) and MLWHF (P = 0.400). For improvement percentage significantly (P < 0.05) 
affected among group for LVEDD (P = 0.0001), LVSED (P = 0.0001), EF (P = 0.0001), FS (P = 0.008), BNP (P = 
0.033), and 6-min walk test (P = 0.0001), but no difference (P > 0.05) in MLWHF (P = 0.919) due to group effect.

Bonferroni test and mean difference for significant variable EF and 6-min walk test at post-treatment between 
pairwise of the groups (Table 3). There were significant differences (P < 0.05) in EF and 6-min walk test at post- 

Table 3 Post-Hoc Test for Outcomes Variables Between Pairwise of Groups

Variable Items Post-Hoc (Bonferroni Test)

HIT vs MIT HIT vs LIT MIT vs LIT

LVEDD (mm) change Mean difference 0.22 0.24 0.02
95% CI 0.14–0.30 0.16–0.32 −0.05–0.10

P-value 0.0001* 0.0001* 1.000

LVEDD (mm) improvement % Mean difference 3.35% 3.58% 0.23%
95% CI 2.35–4.35 2.70–4.46 −0.55–1.01
P-value 0.0001* 0.0001* 1.000

LVESD (mm) change Mean difference 0.19 0.29 0.10
95% CI 0.10–0.28 0.21–0.37 0.04–0.16

P-value 0.0001* 0.0001* 0.001*

LVESD (mm) improvement % Mean difference 3.48% 5.32% 1.84%
95% CI 1.83–5.13 3.76–6.88 0.74–2.94

P-value 0.0001* 0.0001* 0.001*

EF % Mean difference 3.25 4.10 0.85
95% CI 1.15–5.35 1.99–6.20 −1.25–2.95

P-value 0.001* 0.0001* 0.985

EF % change Mean difference 3.36 4.26 0.90
95% CI 2.20–4.52 3.10–5.42 −0.25–2.05

P-value 0.0001* 0.0001* 0.180

EF % improvement % Mean difference 9.13% 11.57% 2.44%
95% CI 5.47–12.79 7.91–15.23 −1.19–6.07

P-value 0.0001* 0.0001* 0.310

FS % change Mean difference 0.03 1.31 1.28
95% CI −1.22–1.29 0.05–2.56 0.02–2.53

P-value 1.000 0.039* 0.046*

FS % improvement % Mean difference 0.77% 7.16% 6.39%
95% CI −4.92–6.46 1.69–12.63 −0.23–13.01
P-value 1.000 0.010* 0.062

NT-proBNP (pg/mL) improvement % Mean difference 1.16% 1.32% 0.16%
95% CI 0.01–2.31 −0.19–2.83 −1.70–2.02

P-value 0.010* 0.008* 1.000

(Continued)
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treatment between HIT group versus MIT group (P = 0.001 and P = 0.015, respectively) and HIT group versus LIT group 
(P = 0.0001 and P = 0.0001, respectively), but no significant difference (P > 0.05) between MIT group vs LIT group (P = 
0.985 and P = 0.687, respectively).

There were significant differences in absolute change of LVEDD and EF (Table 3) between HIT group versus MIT 
group (P = 0.0001 and P = 0.0001, respectively) and HIT group versus LIT group (P = 0.0001 and P = 0.0001, 
respectively), but no significant differences (P > 0.05) between MIT group vs LIT group (P = 1.000 and P = 0.180, 
respectively). Moreover, absolute change of LVESD and 6-min walk test significantly (P < 0.05) differ between HIT 
group versus MIT group (P = 0.0001 and P = 0.0001, respectively), HIT group versus LIT group (P = 0.0001 and P = 
0.0001, respectively), and MIT group vs LIT group (P = 0.001 and P = 0.0001, respectively).

There were significant differences in improvement percentages of LVEDD, EF, and BNP (Table 3) between HIT 
group versus MIT group (P = 0.0001, P = 0.0001, and P = 0.010, respectively) and HIT group versus LIT group (P = 
0.0001, P = 0.0001, and P = 0.008, respectively), but no significant difference (P > 0.05) between MIT group vs LIT 
group (P = 1.000, P = 0.310, and P = 1.000, respectively). Moreover, improvement percentages of LVESD and 6-min 
walk test significantly (P < 0.05) differ between HIT group versus MIT group (P = 0.001 and P = 0.0001), HIT group 
versus LIT group (P = 0.0001 and P = 0.0001), and MIT group vs LIT group (P = 0.001 and P = 0.017, respectively).

Bonferroni test and mean differences between groups (Table 3) showed that the high-intensity group (HIT group) 
gave the highest response LVEDD, LVSED, EF, FS, BNP, MLWHF, and 6-min walk test followed by moderate-intensity 
group, then low-intensity group.

Discussion
This RCT study compared the effects of high-intensity, moderate-intensity, and low-intensity continuous training on LV 
remodeling, NT-proBNP levels, and QoL in patients with HFrEF. Importantly, in a growing number of large-scale 
studies, reduced EF and elevated levels of proBNP are shown to be powerful predictors of risk for disease progression 
and all-cause mortality.5

Regarding echocardiographic outcomes, it was shown that both HICT and MICT showed significant differences in all 
echocardiographic parameters, with HICT showing superiority in all the outcomes over the rest of the groups. Although 
there was an improvement in LICT in EF, it did not show any significant effect on the other tested echocardiographic 
parameters. This is in line with the outcomes of previous studies showing that continuous training applied to HFrEF 
patients was associated with significant improvements in LVEF, end-diastolic volume, and end-systolic volume in 
exercise training groups, when compared with the control group of these studies. These central changes affect cardiac 

Table 3 (Continued). 

Variable Items Post-Hoc (Bonferroni Test)

HIT vs MIT HIT vs LIT MIT vs LIT

6 min walk test (m) Mean difference 14.75 21.00 6.25
95% CI 2.20–27.30 8.45–33.55 −6.30–18.80
P-value 0.015* 0.0001* 0.687

6 min walk test (m) change Mean difference 12.50 20.50 8.00
95% CI 8.18–16.82 16.18–24.82 3.68–12.32

P-value 0.0001* 0.0001* 0.0001*

6 min walk test (m) improvement % Mean difference 3.86% 6.69% 2.83%

95% CI 1.57–6.15 4.34–9.04 0.39–5.27
P-value 0.0001* 0.0001* 0.017*

Note: *Significant (P < 0.05). 
Abbreviations: HICT, high-intensity continuous training; MICT, moderate-intensity continuous training; LICT, low-intensity continuous 
training; mm, millimeter; m, meter; LVEDD, Left Ventricular End-Diastolic Diameter; LVSED, Left ventricular systolic end dimension; EF, ejection 
fraction; FS, fraction shortening; MLHFQ, Minnesota Living With Heart Failure Questionnaire; NT-proBNP, N-terminal pro–B-type natriuretic 
peptide; 6MWT, six-minute walk test; CI, confidence interval.
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remodeling and consequently affect disease progression and mortality.22–24 In particular, HICT has been proven to 
reverse adverse cardiac remodeling in patients with HFrEF. In addition, it positively affects exercise capacity and QoL, 
and this aligns with the results of the current study.22

With regard to NT-proBNP, in the current study, all groups showed significant differences, with HICT showing 
superiority over the rest of the groups. Santoso et al23 found that various types of exercise training for HF patients 
reduced plasma levels of NT-proBNP considerably. They added that even LICT can have an impact on these biomarkers. 
This is consistent with the current findings of this investigation. Furthermore, a meta-analysis showed that exercise 
improved endothelial function, serum levels of natriuretic peptides, and proinflammatory cytokines, and these effects 
were constant across different exercise intensities. Additionally, the latter study stated that HICT is superior to other 
training intensities in terms of causing more noticeable changes in circulating biomarkers. This was in line with our 
findings since HICT caused the most significant alteration in NT-proBNP.25

In relation to QoL and 6MWT, in the current study, all groups showed a significant improvement in QoL scores with 
no significant difference between groups. The 6MWT significantly increased in the three groups, with HICT showing 
a superior improvement.

Regular physical activity has been shown to improve QoL in people with HF.24 Exercise training in particular has 
been shown to increase exercise capacity and QoL. It also reduces morbidity and mortality in patients with HFrEF.24,25 In 
line with the findings of this study, previous research has shown that both HICT and MICT induced a nearly identical 
change in the QoL in HFrEF patients, suggesting that the commitment to a regular physical training program, rather than 
the intensity of the training, is the most important factor in improving QoL. However, the studies did not note that these 
increases in QoL are more noticeable after a longer period of training (six months). As a result, a similar study in a larger 
context and with longer periods of exercise commitment is required.22–26

In a systematic review and meta-analysis for exercise-based rehabilitation trials in HF using MLHFQ, Ostman et al27 

found that the magnitude of the effect was positively proportional to the training exercise intensity. This was the case in 
the current study, as higher training intensities showed slightly higher percentages of improvement in QoL.

On the other hand, Ahmeti et al28 included 118 people with HF with HFpEF and HFrEF in their study. 6MWT and 
QoL assessments were performed. They found that the MLHFQ is the strongest predictor of exercise capacity measured 
by the 6MWT, especially in HFpEF patients but not in HFrEF patients. The variability of the patient’s demographics is 
large to be charged for the disparity (age, NYHA classification, baseline heart rate, and smoking history), and this might 
affect the QoL outcomes.

In contrast to our findings, data from experimental studies suggested that HICT induces a pathological remodeling 
when examined on a rat model of HF. The experimental work showed that MICT is better for controlling HF, decreasing 
LV fibrosis, increasing angiogenesis, increasing endothelial nitric oxide synthase protein, and reducing hypoxia.29 This 
contrast is mostly attributed to the difference in the cardiovascular response to exercise between rodents and humans.

For human studies, HICT was proven to increase cardiorespiratory fitness (VO2max) and cardiac output.30 Also, 
a meta-analysis of 56 articles mentioned that there is a direct correlation between VO2max, endothelial function, and 
smooth muscle function, suggesting that the core effect of HICT on cardiac remodeling is derived from its effect on VO2 

max.31 In comparison with lower exercise intensities, HICT has been shown to induce the highest change in VO2 

max.32,33

Limitations and Strengths
This study had several limitations that should be mentioned. First, the sample was relatively small and the study was 
performed in a single center, thus any generalization of the results should be cautioned. Second, we did not perform 
follow-ups. Third, the medical treatment was not standardized between the groups due to the heterogeneity of the nature 
of the disease, in a way that might affect the optimization of the medical therapy. Fourth, this study was confined to males 
due to recruitment issues and compliance with treatment. Regarding the strengths, this study highlighted how exercise – 
in general – has positive central and peripheral effects, and how HFrEF patients might be able to safely perform HICT. It 
also emphasizes that this form of training is the most effective for the HFrEF patients if compared with the other less 
demanding forms of exercises.
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Mechanisms
Considering that heart failure with reduced ejection fraction (HFrEF) is a progressive condition accompanied by 
significant breathlessness, interval exercise has traditionally been the preferred choice.34 Existing literature has repeat-
edly suggested that continuous training may yield limited benefits for this patient population (preferring the interval 
approach), and if implemented, it should be at a low or moderate intensity.35 However, our findings clearly indicate that 
patients tolerated higher intensities of continuous training well and experienced greater cardiovascular improvements 
compared to lower intensities. Relatively recent evidence acknowledged that moderate continuous training is more 
beneficial than high-intensity interval training.36 This could be attributed to evidence suggesting that the breathlessness 
component and low exercise capacity in HFrEF patients contribute to a vicious cycle. In other words, improving the 
breathlessness component necessitates more training.37 Similarly, lower intensities may yield fewer improvements in 
HFrEF, while higher intensities hold more promising prospects.

Clinical Implications
All the studied types of continuous training can improve echocardiographic outcomes and functional capacity (expressed 
as 6MWD). In addition, the significant increase in EF and 6MWD after HICT compared to MICT and LICT, together 
with the benefits found in remodeling of the cardiac structures, suggest that the HICT protocol we proposed could 
constitute an effective tool in the functional recovery processes of patients with HFrEF. The findings suggest that in 
patients with HFrEF, the HICT program could be used in clinical practice, since these patients may benefit from that 
program. In addition, the proposed HICT program could be easily provided since the findings offer an alternative 
rehabilitation strategy for clinical and community care of these individuals.

Future research is suggested in order to investigate HICT programs including the assessment of outcomes such as 
respiratory outcomes (shortness of breath is common in HF patients) or other perceptual outcomes (patients’ adherence, 
acceptability, and enjoyability of the program) over longer periods in adequately sized populations, and follow-ups are 
advised.

Conclusion
In conclusion, the results obtained in the present study suggested that all types of continuous exercise can improve 
echocardiography parameters, NT-proBNP, and QoL in HFrEF patients. Among the various treatment groups, the HICT 
group was the most effective in improving all of the outcomes. These results suggested that HICT is an effective strategy 
to reverse cardiac dysfunction as a part of cardiac rehabilitation programs done for patients with HFrEF.

Abbreviations
HF, heart failure; CPET, Cardiopulmonary exercise testing; EF, Ejection fraction; FS, Fractional shortening; HFmrEF, 
Heart failure with mid-range Ejection Fraction; HFpEF, Heart failure with a preserved ejection fraction; HFrEF, Heart 
failure with a reduced ejection fraction; HICT, High-intensity continuous training; HRrest, Resting Heart rate; HRR, 
Heart rate reserve; LICT, Low-intensity continuous training; LV, Left ventricular; LVEDD, Left ventricular end-diastolic 
dimension; LVESD, Left ventricular end-systolic dimension; HRmax, Maximal heart rate; MIT, Moderate-intensity 
continuous training; MLWFQ, Minnesota Living with Heart Failure Questionnaire; NT-proBNP, N-Terminal Pro– 
B-Type Natriuretic Peptide; NYHA, New York Heart Association; QoL, Quality of life; RPE, Rate of perceived exertion; 
SD, Standard deviation; THR, Training heart rate; VO2 max, Maximal oxygen capacity.
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