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Abstract

Background: Aerobic exercise, either continuous or high intensity interval training (HIIT), induces important benefits in chronic heart
failure (CHF) patients. Resistance training has been also shown to be beneficial in CHF. However, data regarding combined aerobic
exercise and muscle strength training is still limited. The aim of this study was to investigate whether adding strength training to a HIIT
protocol within a cardiac rehabilitation (CR) program has a cumulative beneficial effect on the functional capacity (FC) and quality of
life (QoL) in patients with CHF. Methods: Forty-four consecutive patients [35 males, ejection fraction (EF) <50%] with CHF under
medication enrolled in a 36-session CR program and were randomized in two exercise groups; HIIT (HIIT group) or HIIT combined
with strength training (high intensity interval training combined with strength training (COM) group). All patients underwent baseline
and endpoint outcome measures of a symptom-limited maximal cardiopulmonary exercise testing (CPET), 1 repetition maximum (1RM)
test, muscular endurance test, echocardiography, and Minnesota Living with Heart Failure Questionnaire (MLWHFQ). Results: Most
of the CPET indices, EF, 1RM test, muscular endurance and QoL were improved after the CR program in each exercise training group
(p < 0.05). However, COM group demonstrated a further improvement in chest muscle testing and workload at anaerobic threshold
(AT) compared to HIIT group. Conclusions: An exercise-based CR program, consisted of either HIIT or HIIT combined with strength
training, improves FC and QoL of patients with CHF. However, the addition of strength training to HIIT seems to have further beneficial
effects on chest muscle strength and endurance, as well as workload at AT. Clinical Trial Registration: The study was registered in
ClinicalTrials.gov with number NCT02387411.

Keywords: high-intensity interval training (HIIT); strength training; cardiac rehabilitation; functional capacity; chronic heart failure
(CHF); quality of life

1. Introduction
Chronic heart failure (CHF) is a clinical syndrome

that remains the leading cause of mortality and morbid-
ity worldwide [1,2]. Its prevalence, according to the 2021
AmericanHeart Association Statistical Update, is estimated
at approximately 1.8% of the total US population and be-
tween 1% and 2% in Europe [3,4]. CHF is characterized by
impaired microcirculation [5–8], vascular endothelial dys-
function [5–8], exercise intolerance, reduced exercise ca-
pacity [9–12], and reduced skeletal muscle mass [13–16].
The effect and symptoms of CHF on individuals’ everyday

routines are reflected in their health-related quality of life
(QoL), which is usually decreased in these patients [17,18].

During the last decades, studies investigating aerobic
exercise are shown to improve microcirculation [19,20] and
vascular endothelial function [21–23], exercise capacity
[21–26], skeletal myopathy [19,27,28], and QoL [25,29,30]
in CHF patients. The most recent 2021 European guide-
lines for managing and treating chronic heart failure, in-
clude a class IA recommendation for patients with CHF
to engage in regular aerobic exercise protocols which are
the most studied aspects of cardiac rehabilitation (CR) pro-
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Fig. 1. Flow chart describing the process of the randomized clinical trial. LVEF, left ventricular ejection fraction; NYHA, New York
Heart Association; HIIT, high-intensity interval training; COM, combined training; Follow up, the period during the 36-session exercise
training program.

grams [31].
Data in the last two decades suggests high intensity

interval training (HIIT) to induce at least comparable bene-
fits to continuous regimes and also provides evidence on the
benefits of combined aerobic and resistance exercise train-
ing protocols in CHF patients [32–38]. Combined regimes
have been shown to induce additional benefits in terms of
strength and aerobic variables [28,39–42], and therefore, re-
sistance/strength training has been established as core com-
ponent of cardiac rehabilitation in chronic heart failure [43–
46]. However, extending previous findings regarding the
combination of HIIT and resistance regimes in heart fail-
ure, and adding new knowledge in literature, would be use-
ful for the establishment of individualized exercise training
programs.

We hypothesized that the addition of strength train-
ing to HIIT may provide further improvement in strength
and exercise capacity in CHF patients. Thus, the aim of
this study was to investigate whether adding strength train-
ing to a HIIT protocol has a cumulative beneficial effect on

the functional capacity (FC) and muscle function indices,
as well as on the QoL, in patients with CHF undergoing a
CR program.

2. Materials and Methods
2.1 Participants

Forty-four consecutive patients (35 males) with stable
CHF under medication were recruited in the CR program.
Inclusion criteria were: (i) New York Heart Association
(NYHA) class II/III, (ii) age ≥18 years and (iii) a mildly-
reduced or reduced ejection fraction (EF) ≤49%. Patients
who met the compliance criteria and attended all exercise
training sessions were included in the analysis. Exclusion
criteria included: (i) severe valvulopathy, (ii) moderate or
severe chronic obstructive pulmonary disease(COPD), (iii)
severe peripheral angiopathy, (iv) neuromuscular diseases,
and (v) any contraindications in performing a symptom-
limited maximal cardiopulmonary exercise testing (CPET)
(Fig. 1).
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2.2 Study Design
This single-blinded, clinical randomized control study

was performed between September 2015 and August 2019.
It was approved by the Ethics Committee and the Adminis-
tration Board of the hospital and it was in accordance with
the Declaration of Helsinki. The study was registered in
ClinicalTrials.gov with number NCT02387411. The CR
program was a 3-month program consisting of 36 exercise
training sessions, which were held three times a week. All
patients from both groups performed 36 sessions in order to
be included in the analysis.

All participants were asked to sign an informed con-
sent. Patients were referred by outpatient HF departments
of the biggest hospitals of the city. To determine their
suitability for the program, including safety and feasibil-
ity of exercise, expert cardiologists evaluated their medi-
cal history, as well as laboratory and imaging exams, and
performed clinical examination of the patients. Each pa-
tient underwent a symptom-limited maximal CPET on an
electromagnetically braked cycle ergometer (Ergoline 800;
SensorMedics Corporation, Anaheim, CA, USA) twice; be-
fore and after the CR program.

2.3 Exercise Capacity Assessment—Cardiopulmonary
Exercise Testing

Individual work rate increments were calculated for
an 8–12-minute test duration [47] at baseline and at the
end of the rehabilitation program in each patient. During
CPET, patients could breathe using a special mask with a
low-resistance valve and an established gas mixture. While
breathing, various breathing parameters including oxygen
uptake (VO2), carbon dioxide output (VCO2) and respira-
tion rate (VE) were recorded on a computer system (Vmax
229, Sensor Medics, Anaheim, CA, USA). Aside from rest-
ing VO2 and peak VO2, the gas trades of each patient were
also recorded in order to calculate more specific values such
as predicted VO2 at peak exercise (predicted peak VO2),
VE/VCO2 slope, VO2 at the anaerobic threshold (AT), peak
work rate (WR peak) and work rate at anaerobic threshold
(WR at AT). Anaerobic threshold (AT) was determined us-
ing the V slope technique during cardiopulmonary exercise
testing [8] while the result was graphically confirmed by
plotting respiratory equivalent for oxygen (VE/VO2) and
carbon dioxide (VE/VCO2) simultaneously against time.
A 12-lead ECG system was monitoring the heart rate and
rhythm of each patient, a pulse oximeter demonstrated sat-
uration and blood pressure was measured every 2 minutes.
Termination criteria of CPET included abnormalities in the
electrocardiography (ECG), dyspnea, and leg fatigue.

2.4 Strength Training Assessment
Strength training assessment was performed by the

one-repetition maximum (1RM) test at the beginning and
the end of the CR program in all participants. The 1RM test
measured each patient’s ability to lift the maximum weight

in one repetition. Additionally, muscular endurance test,
defined as themaximumnumber of repetitions at 65%of the
weight achieved in the 1RM test, was also recorded. There
was always a familiarization day before the test day of the
1RM. The 1RM test was performed the same day with the
muscular endurance test. Patients had enough time between
the tests in order to recover.

2.5 Exercise Training Protocols

Using stratified randomization, patients were ran-
domly allocated in 2 different exercise training groups; ei-
ther the HIIT or the high-intensity interval training (HIIT)
group combined with muscle strength training (COM). The
appropriate intensity in watts (W) of each patient’s work-
out session was structured according to the outcomes of
their preliminary CPET. Patients were randomized for age
(cut-off point: 50 years) and peak VO2 of the initial CPET
(cut-off point: 16 mL/kg/min). Then, subjects were iden-
tified and assigned into blocks, and simple randomization
was performed within each block to assign subjects to one
of the groups. Randomization was performed by an investi-
gator not involved in the exercise sessions assessment, and
checked twice by 2 independent investigators.

The total duration of each session, as well as the aero-
bic exercise program, was similar in both groups. Specifi-
cally, HIIT was a modified Wisløff’s protocol [38]. All pa-
tients performed a 7-minute warm-up on a stationary bike
(Ironman M3 Upright Cycle, Keys Fitness Products, LP.
Garland, Texas 75041, USA) at 45% of their peak VO2,
followed by a 3-minute active recovery at 50%. Consecu-
tively, the aerobic session consisted of 4 four-minute sets
at 80% of the peak VO2, followed by 4 three-minute sets
at 50%. There was a gradual increased intensity in the 4
four-minute sets at 80% of the peak VO2 by by 5% between
the 10th and 18th session, by further 10% between the 19th
and 27th session, and by further 10% between the 28th and
36th session. Moreover, intensity was also increased in re-
sistance training by 5% between the 7th and 18th session,
by 5% more between the 19th and the 30th session, and by
further 5% in the last 6 sessions. The HIIT program lasted
31 minutes in total in both groups.

The main difference between HIIT and combined with
strength training (COM) groups was that, at the end of the
aerobic exercise, patients of the HIIT group performed bal-
ance and coordination exercises including narrow corridor
walking, backward narrow corridor walking and side walk-
ing in both sides, while patients of the COM group per-
formed resistance training according to the 1RM test in-
cluding strength exercises for the quadriceps (knee exten-
sion), leg curl (knee flexion) and the chest muscles (shoul-
ders flexion & chest press). Strength exercises were ini-
tially prescribed to 60% of the 1RM test and then gradually
increased in number of repetitions and weight (2–3 sets of
10–12 repetitions between 60%–75% of the 1RM) with 1-
minute rest period between sets.
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Blood pressure, oxygen saturation and heart rate were
measured throughout the session and dyspnea or fatigue
was assessed by the Borg scale.

2.6 Quality of Life Assessment—Minnesota Living with
Heart Failure Questionnaire (MLWHFQ)

Quality of life was evaluated using the validatedGreek
version of the Minnesota Living with Heart Failure Ques-
tionnaire (MLWHFQ) [48], a disease-specific question-
naire originally developed by Rector et al. [49] for system-
atic and comprehensive assessment of patients’ perception
of the effects of HF and its management on their daily life.
This tool for measuring the functional status of patients with
HF includes 21 items consisting of 8 items on physical as-
pects, 6 on emotional aspects, and 7 other items adding up
to the total score that cover socioeconomic and other issues
related to HF. The response score ranges from 0–105 points,
with higher scores indicating higher severity and, therefore,
lower QoL due to HF symptoms.

MLWHF questionnaire was given to each patient prior
the start and at the end of the CR program. Patients were
given enough time, space and privacy to complete the ques-
tionnaire.

2.7 Outcome Measures
Primary outcomes of our study were (i) aerobic exer-

cise capacity, including peak VO2, assessed by cardiopul-
monary exercise testing, (ii) strength exercise capacity
of the quadriceps and the chest muscles assessed by 1-
repetition maximum test, and (iii) quality of life assessed
by the MLWHF questionnaire before and after the comple-
tion of the rehabilitation program. Secondary outcomes of
the study were (i) muscular endurance of the quadriceps and
the chest muscles assessed by the number of repetitions, and
(ii) EF.

2.8 Statistical Analyses
A power analysis was performed before the initiation

of the study, based on previous studies with similar method-
ology that investigated the improvement in aerobic exer-
cise capacity, through peak VO2 and WR at AT, after an
exercise training program in patients with CHF. It was es-
timated that 50 patients, including a percentage of 20% as
dropouts, were required in order to observe statistically sig-
nificant differences after the rehabilitation program with a
power level at 0.8 and a level of statistical significance at
0.05.

Normality of distribution was checked with the
Shapiro-Wilk test. Variables are expressed as mean ±
standard deviation (SD) or median (25th–75th percentiles).
Paired two sample student t-test analyzed differences of pa-
rameters with normal distribution, while Wilcoxon signed-
rank test analyzed differences for nonparametric data within
total sample and within each exercise group. Unadjusted
differences between exercise groups were assessed with

factorial analysis of variance (ANOVA) 2 × 2 (time ×
group). All tests were two tailed and statistical analyses
were performed with IBM SPSS 25 (IBM Corp., Chicago,
IL, USA) statistics package.

3. Results
Demographics and CPET indexes of total sample and

within each exercise training group are demonstrated in Ta-
ble 1 HIIT and COM groups had similar baseline values
before the CR program. Patients of both exercise training
groups usually reached 13–15 in Borg scale during max-
imal exercise. HIIT was mostly at 13–14 while COM at
14–15. However, there were no significant differences be-
tween groups.

As far as the total number of CHF patients is con-
cerned, the cardiac rehabilitation program had beneficial
effects on their functional capacity, quality of life and ejec-
tion fraction. Most specifically, most CPET indexes in-
cluding peak VO2, predicted peak VO2, VE/VCO2 slope,
VO2 at AT, peak WR, peak VE, WR at AT and peak
PETCO2 improved after the CR program (Supplementary
Table 1). Quality of life of CHF patients improved, as
physical, emotional and total score of the MLHFQ de-
creased after rehabilitation (Supplementary Table 1). Fi-
nally, indexes of muscle function such as the 1RM test
and muscular endurance were increased after rehabilitation
(Supplementary Table 1).

The beneficial effect of the CR program was also
shownwithin each exercise training group. Patients in HIIT
group improved rest VO2, peak VO2, predicted peak VO2,
peak WR, HRR1, peak VE, WR at AT and peak PETCO2

from CPET indexes, physical and total score of MLHFQ,
1RM test and muscular endurance and their EF (Table 2).
Similarly, patients in COM group improved predicted peak
VO2, AT, peak WR, peak VE and peak WR at AT from
CPET indexes, physical and total score of MLHFQ, 1RM
and muscular endurance, as well as their EF (Table 2).
However, improvement in most variables was similar be-
tween HIIT and COM group, indicating the benefits of the
exercise training program regardless of their protocol (Ta-
ble 2). Nevertheless, there were differences in some vari-
ables. Specifically, the improvement in the 1RM test, num-
ber of repetitions of chest muscles (muscular endurance)
and peak work rate at AT was higher in COM group in com-
parison with HIIT (Table 2).

4. Discussion
It has been previously shown that aerobic exercise

training, and spesifically HIIT, has a positive impact on
functional capacity, muscular endurance, and QoL in CHF
patients. This study demonstrated that the addition of mus-
cle strength training to a HIIT protocol (COM) results in
improved workload at the anaerobic threshold and better
performance in the 1RM and muscular endurance test of
the chest muscles in CHF patients. Overall, it appears that
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Table 1. Demographic characteristics of all patients with CHF enrolled in the cardiac rehabilitation program and of each
exercise training group.

Demographic characteristics* All patients HIIT group COM group

Number of patients (N) 44 19 25
Gender (Males/Females) 35/9 16/3 19/6
Age (years)a 56 ± 10 54 ± 11 57 ± 9
Height (cm)a 175.2 ± 9.7 176.1 ± 8.4 174.4 ± 10.9
Weight (kg)a 89.1 ± 23.4 92.2 ± 24.0 86.3 ± 23.1
BMI (kg/m2)a 28.7 ± 5.2 29.4 ± 6.0 28.1 ± 4.7
NYHA stage (class II/III) 34/10 14/5 20/5
EF before rehabilitation (%)b 30 (28–40) 35 (30–42.5) 30 (25–35)
Type of CHF

Dilated cardiomyopathy [n (%)] 12 (27.3%) 4 (21%) 8 (32%)
Ischemic [n (%)] 24 (54.5%) 11 (58%) 13 (52%)
Other (valvopathy, etc.) [n (%)] 8 (18.2%) 4 (21%) 4 (16%)

Medication
Diuretics [n (%)] 29 (66%) 12 (63%) 17 (68%)
ACE inhibitors [n (%)] 22 (50%) 10 (53%) 12 (48%)
ARBs [n (%)] 5 (11%) 4 (21%) 1 (4%)
b Blockers [n (%)] 43 (98%) 19 (100%) 24 (96%)
Aldosterone Antagonists [n (%)] 32 (73%) 14 (74%) 18 (72%)
Ca blockers [n (%)] 1 (2%) 0 (0%) 1 (4%)
Vasodilators [n (%)] 2 (5%) 1 (5%) 1 (4%)
Digoxin [n (%)] 3 (7%) 0 (0%) 3 (12%)
Amiodarone [n (%)] 6 (14%) 3 (16%) 3 (12%)

Cardiopulmonary exercise testing and muscular indexes before rehabilitation*
Rest VO2 (mL/kg/min)a 4.7 ± 0.9 4.7 ± 0.8 4.7 ± 1.1
Peak VO2 (mL/kg/min)a 18.4 ± 4.4 18.4 ± 5.0 18.5 ± 3.9
Peak predicted VO2 (%)a 64 ± 15 62.2 ± 19.6 65.4 ± 11.5
VE/VCO2 slope 29 ± 5 28.5 ± 6.8 29.4 ± 3.4
Peak WR (watts)a 101 ± 39 103.6 ± 40 99± 38.2
Relative peak WR (watts/kg of body weight)a 1.14 ± 0.36 1.15 ± 0.43 1.14 ± 0.31
WR at AT (watts)a 42.9 ± 20.2 46.1 ± 19.1 40.5 ± 21.1
Relative WR at AT (watts/kg of body weight)a 0.49 ± 0.21 0.52 ± 0.22 0.47 ± 0.21
1RM quadriceps (kg)b 42 (30–53) 47 (28–52) 40 (31–54)
Relative 1RM quadriceps (kg/kg of body weight)b 0.49 (0.37–0.57) 0.51 (0.35–0.59) 0.47 (0.41–0.55)
1RM chest muscles (kg)b 50 (35–70) 60 (45–75) 45 (28–68)
Relative 1RM chest muscles (kg/kg of body weight)b 0.60 (0.42–0.79) 0.75 (0.48–0.82) 0.56 (0.40–0.70)
Muscular endurance quadriceps (repetitions)b 10 (8–12) 10 (7–13) 10 (8–11)
Muscular endurance chest muscles (repetitions)b 12 (10–16) 12 (10–16) 11 (10–16)

BMI, body mass index; HIIT group, high-intensity interval exercise group; COM group, HIIT combined with muscle
strength exercise group; NYHA, New York Heart Association; CHF, chronic heart failure; ACE, angiotensin-converting-
enzyme; ARB, angiotensin II receptor blockers; VO2, oxygen uptake; VCO2, carbon dioxide output; WR, work rate; RM,
repetition maximum; VE/VCO2 slope, the slope of the ventilatory equivalent for carbon dioxide; Peak WR, peak work
rate; WR at AT, the workload at the anaerobic threshold; 1RM, one-repetition maximum; CPET, cardiopulmonary exercise
testing; EF, ejection fraction; SD, standard deviation.
aValues are expressed as mean± SD; bValues are expressed as median (25th–75th percentiles); *There was no statistically
significant difference between the two exercise training groups for demographic characteristics, medication, and baseline
CPET and muscular test indices (p > 0.05).
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Table 2. Changes in various variables observed within and between the two exercise training groups after the cardiac rehabilitation program (after CR) compared with the baseline
values (before CR).

Variables of the CR program
HIIT group (19 patients) COM group (25 patients)

p value between groups
Before CR After CR p value* Before CR After CR p value*

Minnesota living with heart failure quality of life questionnaire
Physical score (units) 11 (5–25) 9 (2–16) 0.020 10 (5–21) 5 (2–9) 0.001 0.962
Emotional score (units) 7 (3–14) 4 (1–9) 0.131 5 (2–9) 3 (1–8) 0.188 0.557
Total score (units) 33 (16–49) 21 (7–31) 0.017 23 (13–46) 12 (7–24) 0.004 0.704

1 Repetition maximum testa

Quadriceps (kg) 47 (28–52) 57 (47–65) <0.001 40 (31–54) 52 (34–63) <0.001 0.785
Relative 1RM quadriceps (kg/kg of body weight) 0.51 (0.35–0.59) 0.60 (0.48–0.72) <0.001 0.47 (0.41–0.55) 0.55 (0.49–0.71) <0.001 0.767
Chest muscles (kg) 60 (45–75) 65 (50–85) 0.006 45 (28–68) 55 (41–88) <0.001 0.039
Relative 1RM chest muscles (kg/kg of body weight) 0.75 (0.48–0.82) 0.79 (0.56–0.91) 0.007 0.56 (0.40–0.70) 0.71 (0.57–0.88) <0.001 0.021

Muscular endurancea

Quadriceps (repetitions) 10 (7–13) 15 (10–20) <0.001 10 (8–11) 13 (12–15) <0.001 0.294
Chest muscles (repetitions) 12 (10–16) 17 (12–20) <0.001 11 (10–16) 19 (15–26) <0.001 0.002

Cardiopulmonary exercise testing indexes
Rest VO2 (mL/kg/min) 4.7 ± 0.8 4.1 ± 1.0 0.025 4.7 ± 1.1 4.5 ± 1.2 0.518 0.312
Peak VO2 (mL/kg/min) 18.4 ± 5.0 21.5 ± 7.3 0.011 18.5 ± 3.9 20.1 ± 4.3 0.071 0.290
Predicted peak VO2 (%) 62.2 ± 19.6 73.6 ± 28.0 0.006 65.4 ± 11.5 72.2 ± 15.8 0.028 0.322
VE/VCO2 slope 28.5 ± 6.8 26.4 ± 5.5 0.101 29.4 ± 3.4 28.6 ± 5.2 0.260 0.380
AT (mL/kg/min) 12.1 ± 2.6 12.9 ± 2.3 0.093 11.7 ± 2.7 13.7 ± 3.3 0.003 0.101
Peak WR (watts) 103.6 ± 40.0 122.2 ± 43.5 <0.001 99.0 ± 38.2 119.1 ± 46.1 <0.001 0.811
Relative peak WR (watts/kg of body weight) 1.15 ± 0.43 1.35 ± 0.47 <0.001 1.14 ± 0.31 1.36 ± 0.34 <0.001 0.704
RQ/RER 1.3 ± 0.4 1.2 ± 0.2 0.344 1.2 ± 0.2 1.1 ± 0.2 0.383 0.462
Peak VE (L/min) 46.3 ± 14.6 62.9 ± 18.4 <0.001 53.1 ± 23.0 70.5 ± 25.2 <0.001 0.861
WR at AT (watts) 46.1 ± 19.1 65.8 ± 23.6 <0.001 40.5 ± 21.1 69.8 ± 26.3 <0.001 0.023
Relative WR at AT (watts/kg of body weight) 0.52 ± 0.22 0.74 ± 0.27 <0.001 0.47 ± 0.21 0.80 ± 0.21 <0.001 0.002
Peak PETCO2 (mmHg) 39.8 ± 8.4 33.7 ± 6.2 0.007 34.8 ± 7.6 33.5 ± 4.2 0.400 0.062

Ultrasound indexes
Ejection fraction (%) 35 (30–42) 35 (30–45) 0.004 30 (25–35) 35 (30–40) 0.001 0.587

AT, anaerobic threshold; HIIT group, high-intensity interval exercise group; COM group, HIIT combined with muscle strength exercise group; CR, cardiac rehabilitation; Rest VO2, oxygen
uptake at rest; Peak VO2, peak oxygen uptake; Predicted peak VO2, predicted peak oxygen uptake; VE/VCO2 slope, the slope of the ventilatory equivalent for carbon dioxide; AT, anaerobic
threshold; Peak WR, peak work rate; RQ, respiratory quotient; RER, respiratory exchange ratio; Peak VE, peak minute ventilation; WR at AT, the workload at the anaerobic threshold; PETCO2,
end-tidal partial pressure of CO2; EF, ejection fraction; SD, standard deviation.
aValues are presented as median (25th–75th percentiles); bValues are presented as mean ± SD; *p-value for differences in variables within each exercise training group.
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COM has some advantages regarding aerobic capacity and
muscle strength improvement when compared to HIIT pro-
tocol. However, the comparison between HIIT and COM
regarding other indices of CPET and quality of life, re-
vealed similar improvements in both groups, suggesting
that the addition of strength training to HIIT may not have
a cumulative beneficial effect.

During the last decades, many studies have evaluated
the effect of HIIT on functional capacity, microcirculation,
vascular endothelial and skeletal muscle function, and QoL
in CHF patients, demonstrating beneficial effects on most
of these parameters [19–42]. Moreover, the superior effects
of HIIT protocols in CHF patients undergoing rehabilita-
tion compared to continuous or moderate aerobic training
have been also shown [28,32–36]. However, data regard-
ing the effects of combined exercise training protocols such
as HIIT with strength training is limited in literature. There
are only a few studies that compared HIIT versus HIIT and
muscle strength training in order to evaluate the impact of
the addition of resistant training (RT) on functional capac-
ity, physical performance and QoL [24,28,39–42].

Specifically, Bouchla et al. [28] investigated the addi-
tional effects of strength training on muscle strength, func-
tional capacity and body composition in CHF patients par-
ticipating in an interval aerobic training program. They
showed a greater improvement in the combined training
than in the aerobic training group regarding the 2RM test.
However, there was no difference in total lean mass, total
fat mass, leg lean mass, leg fat mass, and CPET indices
such as peak VO2, VO2 at AT, peak work rate and work
rate at AT between the two groups. Similarly, Anagnos-
takou et al. [40] compared the effects of interval cycle train-
ing combined with strength training versus interval train-
ing alone on vascular reactivity in CHF patients. Authors
observed a significant improvement in flow-mediated va-
sodilation (FMD) and the 2RM test in the combined group
compared to the interval training group, without revealing
any other significant changes in CPET parameters, includ-
ing peak VO2, peak work rate and VO2 at AT. In addi-
tion, Georgantas et al. [39] investigated the effects of HIIT
compared with combined exercise training on early ven-
tilatory and metabolic recovery pattern after a symptom-
limited CPET, following a 3-month CR program in CHF
patients. The combined training group showed a greater im-
provement in VE and respiratory rate during the first minute
of recovery after exercise compared with the HIIT group.
However, other indices of functional capacity such as peak
VO2, VO2 at AT, peak work rate, and VE/VCO2 slope did
not show differences between HIIT and combined groups.
Finally, Agapitou et al. [24] investigated the effects of in-
corporating resistance training in aerobic interval training
on exercise capacity and circulating levels of anabolic fac-
tors in CHF patients. Authors showed that the combination
of aerobic and resistance training was superior to aerobic
training alone regarding CPET indices including peak VO2,

peak work rate, and 2RM test for the quadriceps, presenting
also a trend for improvement of anabolic steroid concentra-
tion in these patients.

Some of our findings may differ compared to the re-
sults of previous studies, as we observed significant im-
provements in the work rate at AT, the 1RM test and muscu-
lar endurance of the chest muscles and we did not manage
to demonstrate differences in other CPET or QoL indices.
A possible explanation of these differences is that, in the
present study, we used exercise protocols characterized by
different intensity, workload, active recovery intervals and
types of RT compared with the previous studies. Moreover,
our patients had already good functional capacity at base-
line, being of low or intermediate HF severity. It is worth
mentioning that our study evaluated another significant pa-
rameter, EF. We found that EF improved within each exer-
cise training group after the CR program.

In this study, we examined all aspects of the MLWHF
questionnaire (physical, emotional, and total scores) reveal-
ing that patients improved in physical and total score in both
groups. However, the emotional aspect didn’t improve in
either group despite the beneficial effects of exercise train-
ing on the patients’ cardiovascular system and functional
capacity. This may suggest that further psychological eval-
uation is needed at baseline and during the exercise training
program, as psychopathological symptoms, such as anxiety
or depression, are common in CHF patients [50,51].

Aerobic and resistance exercise training result in ben-
eficial effects on skeletal muscles, inducing skeletal muscle
hypertrophy, reversal of the altered muscle fiber composi-
tion and increase in mitochondrial and capillary density in
CHF patients [19,40,52]. Indeed, in the present study, pa-
tients in both HIIT and COM exercise training groups im-
proved their strength indexes, including the 1RM test and
muscular endurance. In addition, the comparison between
HIIT and COM revealed improvements in the upper ex-
tremities muscle function indexes (1RM and muscular en-
durance) in favor of the COM group. However, we did not
observe differences in the lower extremities muscle func-
tion. This finding could be explained by the fact that pa-
tients of both group performed cycling exercise training,
which might have improved skeletal myopathy in a simi-
lar way in both HIIT and COM groups. The improvement
in muscular strength of the lower limbs and exercise tol-
erance in patients of both groups might be associated with
the exercise-induced increase in oxygen extraction and the
improvement of peak VO2 and EF that occurred in both
groups. Thus, the addition of RT to a cycling-based HIIT
protocol in CHF patients does not appear to have cumu-
lative benefits in the lower extremities muscle function of
those patients.

Finally, as far as safety of a cardiopulmonary reha-
bilitation program is concerned, there is a previous study
by Ellingsen Ø et al. [53] where authors reported 9 severe
cardiovascular and 6 non-cardiovascular events during the
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exercise training program, as well as 19 severe cardiovas-
cular and 3 non-cardiovascular events at follow-up within
the first year. Among cardiovascular events, 2 were fatal
at follow-up while none of them was fatal during the pro-
gram. Among non-cardiovascular events, there was 1 fatal
event at follow-up and no fatal events during exercise. It
is also noteworthy that the majority of adverse events hap-
pened in patients who underwent HIIT (39%) compared to
moderate continuous training (34%) and recommended reg-
ular exercise (25%). In our study, no severe cardiovascular
or non-cardiovascular adverse events during our rehabili-
tation program were observed. Rehospitalizations due to
non-cardiovascular events occurred in 3 patients out of the
44 of our study at 1-year follow-up. In most studies in lit-
erature, HIIT has been shown to be safe and feasible in pa-
tients with HF and other populations [54–57]. Moreover,
combined training, and specifically resistance training af-
ter HIIT or moderate intensity continuous training, has also
been proven to be feasible, even in untrained older adults
[58]. In our study, all patients of the COM group success-
fully completed resistance training after HIIT in each ses-
sion. Consequently, combined exercise training regimes
seem to be feasible and safe in patients with heart failure
and reduced or mildly-reduced ejection fraction.

There are some important limitations. The small num-
ber of the study participants might have led to underpow-
ered comparisons between groups for some indices that did
not allow revealing additional possible benefits of COM in
the parameters of interest.

Our study presented the beneficial effects of muscle
strength training in combination with HIIT-based aerobic
exercise training. Although randomized controlled stud-
ies combining RT and HIIT and including larger numbers
of CHF patients are required in order to reveal potentially
more beneficial effects of exercise training on functional
ca-pacity and vascular endothelial function of those pa-
tients, the addition of individualized RT to aerobic exer-
cise should be included in cardiac rehabilitation programs
of CHF patients. RT has been found to improve skeletal
muscle mass and function, and reverse skeletal myopathy
[19,27,28] which are both characteristics in heart failure,
leading in reduced functional capacity and poor QoL. We
supposed that the increase in the 1RM test and in muscular
endurance, even in the chest muscles only, may contribute
to the reverse of skeletal myopathy which, in our opinion, is
one of the most important issues in HF. On the other hand,
patients performing HIIT alone may improve their balance
compared to COM, which may also be important aspect in
HF. However, this was not a parameter of interest in our
study and, unfortunately, we did not compare it between
the 2 groups. Finally, the addition of other exercise inter-
ventions to the HIIT and RT exercise protocols, such as
breathing exercises and inspiratory muscle training might
be also an interesting field for future research focusing on
the exercise-induced functional and clinical adaptations in

CHF patients.

5. Conclusions
The addition of muscle strength training to a HIIT pro-

tocol resulted in better workload at the AT, as well as in im-
provement of the 1RM test and muscular endurance of the
chest muscles in CHF patients. Our findings further sug-
gest that implementing resistance training in HIIT proto-
cols within the CR programs may result in greater exercise-
induced benefits. Improvements in muscular function pa-
rameters such as the 1RM test andmuscular endurance, may
improve skeletal myopathy of CHF patients leading, thus,
in better functional capacity and improved QoL. However,
further studies are required to uncover potential mecha-
nisms of exercise-induced beneficial adaptations in patients
with heart failure.
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