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Aims An ‘optimum’ universally agreed exercise programme for heart failure (HF) patients has not been found. ARISTOS-
HF randomized clinical trial evaluates whether combined aerobic training (AT)/resistance training (RT)/inspiratory
muscle training (IMT) (ARIS) is superior to AT/RT, AT/IMT or AT in improving aerobic capacity, left ventricular
dimensions, and secondary functional outcomes.

....................................................................................................................................................................................................
Methods
and results

Eighty-eight patients of New York Heart Association II–III, left ventricular ejection fraction <_ 35% were randomized
to an ARIS, AT/RT, AT/IMT, or AT group, exercising 3 times/week, 180 min/week for 12 weeks. Pre- and post-
training, peakVO2 was evaluated with cardiopulmonary exercise testing, left ventricular dimensions using echocardi-
ography, walking distance with the 6-min walk test (6MWT), quality of life by the Minnesota Living with HF
Questionnaire (MLwHFQ), while a programme preference survey (PPS) was used. Seventy-four patients of [mean
95% (confidence interval, CI)] age 66.1 (64.3–67.9) years and peakVO2 17.3 (16.4–18.2) mL/kg/min were finally ana-
lysed. Between-group analysis showed a trend for increased peakVO2 (mL/kg/min) [mean contrasts (95% CI)] in
the ARIS group [ARIS vs. AT/RT 1.71 (0.163–3.25)(.), vs. AT/IMT 1.50 (0.0152–2.99)(.), vs. AT 1.38 (-0.142 to
2.9)(.)], additional benefits in circulatory power (mL/kg/min�mmHg) [ARIS vs. AT/RT 376 (60.7–690)*, vs. AT/IMT
423 (121–725)*, vs. AT 345 (35.4–656)*], left ventricular end-systolic diameter (mm) [ARIS vs. AT/RT -2.11
(-3.65 to (-0.561))*, vs. AT -2.47 (-4.01 to (-0.929))**], 6MWT (m) [ARIS vs. AT/IMT 45.6 (18.3–72.9)**, vs. AT
55.2 (27.6–82.7)****], MLwHFQ [ARIS vs. AT/RT -7.79 (-11 to (-4.62))****, vs. AT -8.96 (-12.1 to (-5.84))****],
and in PPS score [mean (95% CI)] [ARIS, 4.8 (4.7–5) vs. AT, 4.4 (4.2–4.7)*] [(.) P <_ 0.1; *P <_ 0.05; **P <_ 0.01;
***P <_ 0.001; ****P <_ 0.0001].

....................................................................................................................................................................................................
Conclusion ARISTOS-HF trial recommends exercise training for 180 min/week and supports the prescription of the ARIS

training regime for HF patients (Clinical Trial Registration: http://www.clinicaltrials.gov. ARISTOS-HF Clinical Trial
number, NCT03013270).
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Introduction

Exercise training is highly recommended by current guidelines to im-
prove functional capacity and symptoms in patients with heart failure
(HF).1 Although moderate continuous aerobic training (MCAT) is the
best established training modality,2 the randomized HF-ACTION trial
demonstrated significant but modest improvements of MCAT in ex-
ercise capacity and self-reported health status compared with usual
care.3,4 A hypothesis of increasing the training intensity to improve
outcomes was tested by the multicentre randomized SMARTEX-HF
trial which showed that high-intensity interval training (HIIT) was not
superior to MCAT in improving exercise capacity and left ventricular
dimensions.5 A number of studies also report that addition of either
resistance training (RT) or inspiratory muscle training (IMT) to aerob-
ic training (AT) (MCAT or HIIT) is safe and produces enhanced bene-
fits in skeletal muscle indices, exercise tolerance, and quality of life
(QoL) compared to AT alone.6–9 Thus, different approaches in exer-
cise prescription are currently used and a universally agreed ‘opti-
mum’ exercise programme for HF patients has not yet been found.

This background in conjunction with preliminary findings from our
laboratory of the incremental benefits of a triple exercise programme
of AT/RT/IMT (ARIS) over AT10 provided the incentive to suggest
that recruiting more muscle into exercise training may improve train-
ing efficacy11 and to introduce the ‘ARIS muscle training hypothesis’.12

The ARIS hypothesis states that ‘exercise and functional intolerance
in patients with HF are associated not only with reduced muscle en-
durance but also with both reduced muscle strength and decreased
inspiratory muscle function, contributing to weakness, dyspnoea, fa-
tigue, and low aerobic capacity, and that the ARIS training programme
may result in maximal exercise pathophysiological and functional ben-
efits in HF patients’.12

The multicentre ARISTOS-HF (Aerobic, Resistance, InSpiratory
Training OutcomeS in Heart Failure) randomized trial was initiated to
test this hypothesis and to compare ARIS to AT/RT, AT/IMT and AT,
maintaining an equal exercise time among supervised programmes
and evaluating both functional and cardiac indices in order to provide
the evidence for the ‘optimum’ exercise programme for HF patients.

Methods

Study design
The ARISTOS-HF trial is a randomized clinical trial conducted at two
centres in Greece and one centre in Poland (Onassis Cardiac Surgery
Center, Athens, Greece; National Institute of Cardiology, Telecardiology
Center, Warsaw, Poland and Asklepieion General Hospital, Athens,
Greece) between January 2017 and May 2020. The Clinical Trials data-
base registration reports 88 randomized patients. Details of the rationale
and design have previously been published.12 The trial complies with the
Declaration of Helsinki and approved by the Hospital Ethics Committee
of each participating centre. Written informed consent was obtained
from all patients prior to study entry. Statistical analyses were blindly
performed by an independent investigator at the coordinating
centre (Onassis Cardiac Surgery Center). (Clinical Trial Registration:
http://www.clinicaltrials.gov. ARISTOS-HF Clinical Trial number,
NCT03013270).

Patients and interventions
Patients were enrolled from outpatient HF clinics and screened for
eligibility in each hospital registry. Exclusion criteria included uncon-
trolled arrhythmia, pulmonary oedema, or pulmonary congestion in
the last 30 days, cognitive, neurological, or orthopaedic limitations, re-
spiratory infection during 30 days before the start of the study and
pulmonary limitations (e.g. chronic obstructive pulmonary disease).
Eligible stable patients aged 18–80 years with symptomatic New York
Heart Association (NYHA) class II–III, with chronic HF under opti-
mum medical treatment and a left ventricular ejection fraction (LVEF)
<_35% were randomized 1:1:1:1 through block randomization to a 12-
week programme of supervised training of ARIS or AT/IMT or AT/RT
or AT stratified by each study centre. Patients were included at a
documented chronic stage of the disease1 and while exercise training
was the major intervention, disease management included other re-
habilitation cores such as psychosocial support, nutrition counselling
or home visits as required. All patients in each group underwent three
supervised sessions for 60 min each and a total of 180 min/week.
Continuous AT was performed on a treadmill or a bicycle at a moder-
ate intensity of 60–80% of max heart rate (HR) for all groups, and RT
and IMT according to current exercise guidelines and
recommendations.13

ARIS training consisted of 30 min AT combined with 10 min moderate
intensity RT at 50% of I repetition maximum (IRM) for quads training
and upper limb exercises (elbow flex/shoulder flex/abd) using dumbbells
(1–2 kg) (12–15 reps/3 sets) and with 20 min high-intensity IMT at 60% of
maximal inspiratory pressure/sustained maximal inspiratory pressure
(PImax/SPImax) using a flow-resistive loading system (TRAINAIRVR ) as previ-
ously described.10 The IRM was recalculated every second week while
PImax and SPImax were measured in each training session.10 In the AT/IMT
group, training consisted of 30 min AT combined with 30 min IMT as
above. The AT/RT group underwent 30 min AT combined with 30 min
RT at an intensity of 50% of IRM for quads training, pectoralis m, serratus
anterior m, and latissimus dorsi m and upper limb exercises (elbow flex/
shoulder flex/abd) using dumbbells (1–2 kg) (12–15 reps/3 sets). The AT
group received 30 min training combined with 30 min callisthenics with
the patients progressing to a total of 60 min AT within the first 2 weeks of
training. Patients who were unable to achieve 60 min continuous AT
were allowed to perform AT in two 30 min periods using treadmill and/
or bicycle.

Study endpoints
Measurements were taken at baseline and after 12 weeks of training.
Primary endpoints were changes in peak oxygen consumption (peakVO2)
and in left ventricular dimensions [left ventricular end-diastolic diameter
(LVEDD) and left ventricular end-systolic diameter (LVESD)]. Secondary
endpoints included changes in walking distance, QoL and LVEF as well as
programme preference evaluation. Other study outcomes included as-
sessment of perceived dyspnoea, limb, and respiratory muscle function.

Clinical assessments
A symptom limited cardiopulmonary exercise testing (CPX) with respira-
tory gas exchange measurements was performed using the Medgraphics
CPX/MAX (Medical Graphics Corp., St. Paul, MN, USA) or using a
Schiller treadmill (Carrollton, USA) which was connected to a computer-
ized breath-by-breath spiroergometry system (ZAN 600, ZAN
Messgerate GmbH, Germany) to evaluate peakVO2. Patients were tested
on a treadmill according to the Dargie protocol which is based on an ex-
ponential increment in workload14 or a ramp protocol, as recommended
by the American Association of Cardiovascular and Pulmonary
Rehabilitation.15 The same protocol was always used for each subject at
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..baseline and at the end of the 12 weeks of training. Pulmonary gas ex-
change was analysed breath by breath and averaged every 10 s. On the
morning of each test day, gas and volume calibrations were executed.
Using a 12-lead electrocardiogram, HR was monitored. PeakVO2 dur-
ing exercise was defined as the mean value during the last minute/30 s
of exercise. The VO2 at ventilatory threshold was determined at the
point at which expired carbon dioxide increased in a non-linear fashion
relative to the rate of oxygen consumption according to the V-slope
method.

Standard two-dimensional resting echocardiography using
Ultrasound Vivid 7 or 6, General Electric Healthcare, Fairfield, CT,
USA, was performed in all patients. The biplane Simpson’s method in
an apical four-chamber view was used to estimate LVEF (%), while
LVEDD (mm) and LVESD (mm) were measured using the Teichholz
method.

Walking distance was also evaluated with the 6-min walk test
(6MWT), dyspnoea was assessed at the end of the 6MWT
(dyspnoea6MWT) and of the CPX (dyspnoeaCPX) with the Borg scale
(0–10), and QoL using the Minnesota Living with Heart Failure
Questionnaire (MLwHFQ).16,17 A programme preference survey (PPS)
was performed at the end of the 12 weeks using a standardised 5-point
Likert scale question ‘how much did you enjoy the intervention’ by ask-
ing the patients to independently grade their programme preference as
follows: 1 = very little, 2 = little, 3 = moderate, 4 = very much, and
5 = excellent.18

Measurements of inspiratory muscle strength (PImax, mmHg) and in-
spiratory work capacity (SPImax, cmH2O/s/103) were made using an elec-
tronic pressure manometer and computer software providing a pressure
accuracy of ±0.1% (TRAINAIRVR , Project Electronics Ltd, London, UK),
while quadriceps muscle strength (QMS) was evaluated with the IRM and
quadriceps muscle endurance (QME) as the product of the 50% of IRM
multiplied with the number of maximal repetitions as previously
described.10

Statistical analysis
At design phase, target sample size was estimated to be 22 patients
for each group for a power of 84% for a 10% peakVO2 between-
group maximum difference and 93% for a 2 mm respective difference
in LVEDD and LVESD. All continuous variables are expressed as the
mean along with 95% confidence intervals (CIs). Baseline compari-
sons between groups were performed using analysis of variance (age,
body mass index, peakVO2, PImax, QMS, and LVEF) and the v2 test for
the categorical variables (gender, NYHA class, disease aetiology, and
medication). The paired t-test was used to assess training-induced
changes (baseline vs. 12 weeks) within a particular group. Normality
was tested using P–P plots. The endpoint analysis was
performed through a linear model using the 12-week values as
outcome and baseline values as covariates. Between-group analysis is
reported as estimated marginal mean contrasts along with 95% CI.
In case of significant group-covariate interaction, which reflects
different exercise programme effect based on baseline values, inter-
action slopes are provided and contrasts are given for mean baseline
values (Supplementary material online, Figures S1–S5). Further
between-group analysis (AT/IMT vs. AT; AT/RT vs. AT) is also
included in the Supplementary material online, Table S1. Pairwise
Wilcoxon test was used for PPS comparison. The inflation of type I
error due to multiple comparisons was controlled using the Hommel
procedure. Statistical analyses were performed with R version 3.6.3
and RStudio version 1.2.5033.

Results

After initial exclusions, 88 patients were included in the ARIS, AT/
IMT, AT/RT, and AT groups. One patient died due to respiratory in-
fection and 13 patients withdrew or were lost to follow-up. Thus, 74
patients were assessed after 12 weeks and were included in the pre-
sent analysis (Figure 1). Baseline characteristics were similar in all
groups (Table 1). Mean age of the 74 patients was 66.1 (64.3–67.9)
years with 93% males and the rest females, 55% were in NYHA II
and 45% in NYHA III, 64% had HF of ischaemic aetiology, and
the rest dilated cardiomyopathy, mean peakVO2 was 17.3
(16.4–18.2) mL/kg/min and LVEF was 28.4 (27–29.7) %. Medications
were not changed during the study protocol. There were no missing
data in the resulting database.

Primary endpoints
Between-group analysis did not show significant differences in
peakVO2 for any of the interventions although there was a trend
(P <_ 0.1) for increased peakVO2 in the ARIS group compared to all
groups (Figure 2A). Significant benefits in circulatory power [prod-
uct of peakVO2 and peak systolic blood pressure (SBPpeak)] were
demonstrated for the ARIS group compared to all groups. The
CPX time further improved in the ARIS group compared to AT
and AT/RT groups and a trend (P <_ 0.1)of increased CPX time and
SBPpeak was shown for the ARIS when compared with the AT/IMT
group (Table 2). Within-group analysis showed significant improve-
ments in peakVO2 for all interventions and in specific CPX parame-
ters (Table 3). Between-group analysis showed a significant benefit
in LVESD for the ARIS group when compared with the AT and AT/
RT groups (Figure 2B) (Table 2). Within-group analysis showed
improvements in LVEDD and in LVEF for all interventions while
LVESD improved only in the ARIS and AT/IMT groups (Table 3).
Supplementary between-group analysis did not show significant dif-
ferences in CPX and echocardiography parameters for the AT/IMT
and AT/RT groups compared to the AT group (Supplementary ma-
terial online, Table S1).

Secondary endpoints and other study
outcomes
Between-group analysis demonstrated significant benefits for the
ARIS group in 6MWT and MLwHFQ and in all the other outcomes
as well as a trend for improved NYHA compared to AT. ARIS
group was superior to AT/IMT group in improving 6MWT, PImax

and limb muscle indices while dyspnoea6MWT improved more in
the AT/IMT group compared to ARIS. ARIS group showed signifi-
cant benefits in MLwHFQ, dyspnoeaCPX and inspiratory muscle in-
dices compared to AT/RT group (Table 2). The PPS score was
significantly higher in the ARIS group compared to AT (Table 3).
Changes in secondary endpoints are shown in Figure 3A–C. Within-
group benefits are shown in Table 3. Supplementary between-
group analysis showed significant benefits for AT/IMT in MLwHFQ,
dyspnoea6MWT, dyspnoeaCPX, NYHA, and inspiratory muscle indi-
ces compared to AT while for AT/RT in 6MWT, dyspnoea6MWT,
and limb muscle indices in comparison with AT (Supplementary
material online, Table S1).
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Discussion

The present study is the first multicentre randomized trial to evaluate
widely used exercise modalities in patients with chronic systolic HF
aiming to identify an ‘optimus universalis’ exercise training pro-
gramme for HF. The first observation is that all interventions resulted
in an improvement of peakVO2 and LVEF with no significant differen-
ces between groups, demonstrating the efficacy of exercise training
and the importance of participating in these programmes for HF

patients. Improvement was shown after 12 weeks of training while
there is evidence that exercise training in patients with chronic HF
may be highly effective if performed for a longer period of time (e.g.
6 months).19 A definite trend was shown for an increased peakVO2 in
the ARIS group compared to all the other groups while percentage
increase in peakVO2 was 19% for the ARIS, 9% for the AT/RT, 11%
for the AT/IMT and 10% for the AT group. It is worth mentioning
that every 6% increase in peakVO2 adjusted for significant predictors
was shown to be associated with a 5% decrease in all-cause mortality

Eighty-eight patients were randomized to either aerobic/resistance/inspiratory (ARIS) training or aerobic training/inspiratory 

muscle training (AT/IMT) or aerobic training/resistance training (AT/RT) or aerobic training (AT) according to enrollment 

criteria (LVEF≤35%, NYHA II/III)

AT/IMT group 

N=22 

1 lost to follow up, 

2 withdrew = 

   1 due to pulmonary  

   infection, 

   1 due to transport    

   problems 

1 lost to follow up, 

1 withdrew = 

  due to transport 

  problems 

1 died, 

4 withdrew = 

   2 due to transport     

   problems, 

   1 due to depression, 

   1 due to arrythmia 

2 lost to follow up,  

2 withdrew = 

   1 due to deterioration  

   of HF, 

   1 due to transport 

    problems 

ARIS group 

19 patients completed 

and analyzed 

AT/IMT group 

20 patients completed 

and analyzed 

AT/RT group 

17 patients completed 

and analyzed 

AT group 

18 patients completed 

and analyzed 

ARIS group 

N=22 

AT/RT group 

N=22 

AT group 

N=22 

At three study centers, 310 patients with heart failure were assessed for eligibility 

222 Excluded 

        159 not meeting the inclusion criteria 

         14 declined to participate 

         49 living in the province  

Figure 1 Study enrolment and randomization (ARISTOS-HF CONSORT flow diagram).
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..and all-cause hospitalization in HF-ACTION trial.20 The higher in-
crease of peakVO2 in the ARIS group may be of enhanced import-
ance considering that although the four groups underwent training
for equal exercise time, unequal durations of different exercise
modalities such as AT, might have given preference to the AT group
to further improve peakVO2. Furthermore, a significant benefit in cir-
culatory power was shown in the ARIS group compared to all the
other groups while patients in the ARIS group achieved a higher exer-
cise time during CPX and improved most of the CPX indices among
all groups. Circulatory power expressing both peakVO2 and SBPpeak

might reflect the performance of the cardiac pump and therefore the
cardiac contractile reserve at peak exercise and is considered as a
surrogate of cardiac power and a powerful predictor of mortality.21

The combination of both RT and IMT with AT may have enhanced
the aerobic response to training in the ARIS group since selective
IMT or RT are known to improve peakVO2 in HF patients.7,22,23

Suggested mechanisms include favourable modification of a diaphrag-
matic metaboreflex with improvements in limb blood flow and per-
ception of dyspnoea for IMT and improved perfusion and skeletal
muscle metabolism for RT.6,7,11,12,24

Nevertheless, the benefits of the other modes of exercise and es-
pecially of the most prevalently prescribed AT should be acknowl-
edged. Improvement in peakVO2 was higher for the AT group in the
present study compared to HF-ACTION and SMARTEX-HF trials in
which peakVO2 improved by 0.6 mL/kg/min (4% increase) and
0.8 mL/kg/min (5% increase) with the patients however, exercising by
75 min/week and 39 min/week respectively less in these studies

compared to the ARISTOS-HF trial.3,5 Although this is a random find-
ing, it is possible that longer exercise training time may also play a sig-
nificant role towards improvement in peakVO2 especially when
studies indicate a less pronounced pathological skeletal muscle fibre
shift in the era of optimal medical therapy.25

With respect to the other primary endpoints, an improvement in
LVEDD was observed for all groups while a significant decrease in
LVESD was shown for the ARIS group compared to the AT/RT and
AT but not to AT/IMT. However, a decrease found in LVESD in the
AT/IMT group was not significant when compared with the AT group.
Thus, the positive outcome in LVESD in the ARIS group may be
explained by the contribution of both IMT and RT when added to
AT. Both selective IMT and RT have been shown to decrease sympa-
thetic activity resulting in a reduction in peripheral vascular resistance
and cardiac afterload,24,26,27 while combined AT/RT was superior to
AT in improving flow-mediated vasodilation and improved neurohor-
monal and inflammatory activation in HF patients.28–30 The Vent-
HeFT trial also demonstrated enhanced benefits of combined AT/
IMT compared to AT in N-terminal pro-B-type natriuretic peptide
and C-reactive protein, markers which reflect myocardial stress and
inflammatory status.9 The demonstrated change in LVESD in the
ARIS group may prove an important finding since a study in 568
patients with HF and LVEF <_35% receiving optimal medical therapy
reported that LVESD index was the strongest predictor of reverse
remodelling.31 Change in left ventricular dimensions could represent
a more significant endpoint compared to peakVO2 considering that a
recent meta-analysis demonstrated that improvement in exercise

....................................................................................................................................................................................................................

Table 1 Characteristics of the patients at baselinea

Characteristic ARIS group (n 5 19) AT/IMT group (n 5 20) AT/RT group (n 5 17) AT group (n 5 18)

Age (years) 63.9 (59.8–68) 68.1 (65.2–71) 67.5 (64–70.9) 64.8 (60.4–69.1)

Males/females 17/2 20/0 16/1 16/2

BMI (kg/m2) 28.6 (26.7–30.4) 29 (27.4–30.7) 28.6 (26.8–30.3) 26.9 (25.4–28.5)

NYHA class, n (%)

II 9 (47) 11 (55) 10 (59) 11 (61)

III 10 (53) 9 (45) 7 (41) 7 (39)

Disease aetiology, n (%)

DCM 6 (32) 8 (40) 5 (29) 8 (44)

ICM 13 (68) 12 (60) 12 (71) 10 (66)

LVEF (%) 28.3 (25.9–30.7) 28.8 (25.1–32.5) 29.6 (27.2–32.1) 26.8 (24.7–28.8)

peakVO2 (mL/kg/min) 17.4 (15.2–19.5) 16.6 (15–18.3) 17. 4 (15.6–19.3) 18 (15.9–20)

PImax (cmH2O) 82.6 (73.9–91.3) 85.6 (75.6–95.5) 79.8 (70.3–89.4) 83.1 (75.3–90.8)

QMS (kg) 23.5 (20.2–26.7) 21.3 (18.5–24.1) 23.2 (19.6–26.8) 22.1 (18.7–25.5)

Medication, n (%)

ACE inhibitors 18 (95) 20 (100) 15 (88) 18 (100)

Beta-blockers 16 (84) 20 (100) 15 (88) 16 (89)

Antiarrhythmic drugs 4 (21) 5 (25) 4 (24) 3 (17)

Diuretics 17 (89) 20 (100) 16 (94) 18 (100)

MRA 12 (63) 15 (75) 12 (71) 13 (72)

ARB 1 (5) 1 (5) 0 (0) 2 (11)

aNo significant differences (P = ns) were found between baseline characteristics in study groups.
ARB, angiotensin II receptor blockers; BMI, body mass index; DCM, dilated cardiomyopathy; ICM, ischaemic cardiomyopathy; LVEF, left ventricular ejection fraction; MRA, min-
eral corticoid receptor antagonist; NYHA, New York Heart Association; peak VO2, peak oxygen consumption; PImax, maximal inspiratory pressure; QMS, quadriceps muscle
strength.
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capacity (peakVO2 and 6MWT distance) after exercise-based re-
habilitation was a poor surrogate endpoint for mortality and hospital-
ization and had moderate validity as a surrogate for health-related
quality of life,32 although these findings may need further
investigation.

Concerning secondary trial endpoints and outcomes, the ARIS
programme resulted in significant benefits in both walking distance
and QoL compared to AT, in walking distance compared to AT/IMT
and in QoL compared to AT/RT. These benefits in the ARIS group
may be attributed to additional improvements in inspiratory and limb
muscle indices as well as in dyspnoea compared to different groups
since exercise intolerance and poor QoL in HF patients have been
associated with both muscle fatigue and/or exertional dyspnoea.12,33

Thus, IMT and RT appear to present with key roles in improving in-
spiratory muscle performance and dyspnoea and in increasing limb
muscle strength respectively, further improving QoL and facilitating
daily life activities, indicating that both modalities should ideally com-
plement AT, especially when a reduction in inspiratory and limb
muscle function is commonly diagnosed in patients with chronic
HF.6,7,28–30,34

The programme preference survey demonstrated that the ARIS
training programme was preferred to AT, although not to AT/RT or
AT/IMT. This finding may be related to the interchange of exercise
modalities as previously reported10 and could be of value in terms of
improving long-term adherence to cardiac rehabilitation pro-
grammes. Diminished adherence and thus, low volume of training,
has been characterized as the ‘Achilles heel’ of exercise training

programmes possibly contributing to the modest findings of
HF-ACTION trial as well as to the lack of maintenance of exercise
benefits shown by the SMARTEX-HF trial.3,5

Considering the benefits of the ARIS programme among the other
training programmes, ARIS implementation could be feasible in the
real world targeting long-term home-based training, since devices for
AT, RT and IMT are available and have been used before,7,22,23 while
tools such as telerehabilitation may facilitate further device evaluation
and continuous patient monitoring.35

Limitations
The results of ARISTOS-HF trial should be interpreted in the context
of the following potential limitations. Although the study design was
double-masked, the trial was a behavioural intervention with the
investigators having to deal with issues of multiple group training and
despite the extensive efforts, blinding of the research personnel was
not always possible. However, multicentre studies are more resistant
to bias especially when compared with a single-centre setting, while
both CPX and echocardiography investigators were masked to the
assignments of the interventions. In addition, although conducted as a
multicentre study, patient enrolment was slow and the patient num-
ber remains small, mainly attributed to practical difficulties arising
from a four-arm behavioural intervention and to the lack of financial
resources. Thus, considering the trend (P = 0.07) for increased
peakVO2 in the ARIS group in comparison with the other three
groups, it is very likely that smaller number of patients finally analysed,
diminished the study’s ability to detect a statistical significant

Figure 2 Primary endpoints. (A) Trend shown for increased peakVO2 in the ARIS group compared to all groups. (B) Significant benefit shown for
LVESD in the ARIS group compared to AT and AT/RT groups.
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..between-group difference in peakVO2. However, the power of the
study was maintained above 80% to detect significant differences in
left ventricular dimensions as shown for LVESD, while significant dif-
ferences were also demonstrated for secondary key endpoints.
Another study limitation is that patients at different centres under-
went CPX using different protocols (Dargie or ramp). Use of a tread-
mill (Dargie protocol) may be associated with a higher peakVO2

measurement compared to a cycle ergometer (ramp protocol); how-
ever, the training-induced changes were always recorded using the
same method. Furthermore, only 7% of the patients included in the
study were women and although unintended, it constitutes a limita-
tion of the generalization of the results. Future studies need to include
women in a larger proportion. Inclusion of a usual care group may
have also provided further information on the effectiveness of the
interventions studied.

Conclusions

Based on the study findings, exercise training for 180 min/week is rec-
ommended for HF patients. The ARISTOS-HF trial found that the
ARIS training programme was superior to other exercise pro-
grammes in improving the aerobic response to training, left ventricu-
lar dimensions towards reverse remodelling and secondary functional
outcomes, supporting the prescription of the triple training regime
for patients with chronic systolic HF.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.

................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

Table 2 Between-group contrasts of ARIS vs. AT, vs. AT/IMT, vs. AT/RT

ARIS vs. AT ARIS vs. AT/IMT ARIS vs. AT/RT

Mean contrasts (95% confidence intervals)

CPX parameters (primary endpoint: peakVO2)

peakVO2 (mL/kg/min) 1.38 (20.142 to 2.9) 1.50 (0.0152 to 2.99) 1.71 (0.163 to 3.25)

Exercise time (min) 1.56 (0.739 to 2.38)**** 0.776 (-0.0307 to 1.58) 0.980 (0.141 to 1.82)*

VE/CO2 slope -0.519 (-3.45 to 2.41) -1.35 (-4.2 to 1.49) 0.995 (-1.94 to 3.93)

VT (mL/kg/min) 0.654 (-0.854 to 2.16) 0.919 (-0.562 to 2.4) 1.371 (-0.161 to 2.9)

VE (L/min) 3.66 (-4.55 to 11.9) 2.76 (-10.8 to 5.27) 5.18 (-3.12 to 13.5)

HRrest (b.p.m)a -1.41 (-0.585 to 3.4) 3.49 (-1.02 to 8) 1.01 (-3.71 to 5.73)

SBPpeak (mmHg) 6.66 (-2.03 to 15.3) 10.30 (1.84 to 18.8) 5.71 (-3.17 to 14.6)

CP (mL/kg/min. mmHg) 345 (35.4 to 656)* 423 (121 to 725)* 376 (60.7 to 690)*

Echocardiography parameters (primary endpoints: LVEDD, LVESD)

LVEF (%) 20.697 (22.66 to 1.26) 21.14 (23.04 to 0.763) 20.197 (22.18 to 1.79)

LVEDD (mm) 20.3643 (21.78 to 1.05) 0.403 (20.972 to 1.78) 0.0513 (21.38 to 1.49)

LVESD (mm) 22.47 (24.01 to (20.929))** 21.08 (22.56 to 0.405) 22.11 (23.65 to (20.561))*

Secondary endpoints and other study outcomes

PImax (cmH2O) 25.4 (19.5 to 31.3)**** 6.45 (0.668 to 12.2)* 29.29 (23.3 to 35.3)****

SPImax (cmH2O s-1 10-3)a 105 (90.8 to 119)**** 4.68 (-9.36 to 18.7) 108 (93 to 122)****

QMS (kg) 6.61 (4.45 to 8.78)**** 6.22 (4.1 to 8.34)**** -0.597 (-2.79 to 1.59)

QME (kg.max reps) 47 (30.4 to 63.5)**** 50.6 (34.5 to 66.7)**** -13.3 (-30.1 to 3.48)

6MWT (m) 55.2 (27.6 to 82.7)*** 45.6 (18.3 to 72.9)** -2.27 (-29.8 to 25.2)

Dyspnoea6MWT
a -1.13 (-1.56 to (-0.696))**** 0.55 (0.127 to 0.974)* -0.0966 (-0.565 to 0.372)

DyspnoeaCPX
a -0.748 (-1.15 to (-0.349))*** -0.210 (-0.595 to 0.176) -0.925 (-1.32 to (-0.529))****

NYHAa -0.375 (-0.683 to (-0.0658)) -0.0234 (-0.327 to 0.28) -0.286 (-0.612 to 0.0394)

MLwHFQ 28.96 (212.1 to (25.84))**** 20.789 (23.83 to 2.25) 27.79 (211 to (24.62))****

Pre-specified endpoints in bold.
6MWT, 6-min walk test; CP, circulatory power; HR, heart rate; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular
end systolic diameter; MLwHFQ, Minnesota Living with Heart Failure Questionnaire; NYHA, New York Heart Association; peakVO2, peak oxygen consumption; PImax, maximal
inspiratory pressure; QME, quadriceps muscle endurance; QMS, quadriceps muscle strength; SBP, systolic blood pressure; SPImax, sustained maximal inspiratory pressure; VT,
ventilatory threshold.
*P <_ 0.05; **P <_ 0.01; ***P <_ 0.001; ****P <_ 0.0001 after Hommel correction for multiple comparisons.
aContrasts for mean pre training values due to group-covariate interaction.
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