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OBJECTIVES: We aimed to compare the effects of home-and center-based exercise training programs on
functional capacity, inspiratory muscle strength, daily physical activity level, and quality of life (QolL) in patients
with chronic heart failure (CHF) over a 12-week period.

METHODS: This study included 23 patients with CHF (left ventricular ejection fraction 31+ 6%) randomized to a
home-based (n=11) or center-based (n=12) program. Patients underwent 12 weeks of aerobic training (60%—
70% heart rate reserve): walking for the home-based and supervised cycling for the center-based group, both
combined with resistance training (50% of 1 maximum repetition). At baseline and after 12 weeks of training,
we assessed cardiopulmonary test variables, 6-min walk test distance (6 MWD), steps/day with accelerometry,
and QoL (Minnesota Living with Heart Failure questionnaire). Maximal inspiratory pressure and handgrip
strength were measured at baseline and after 4, 8, and 12 weeks of training. ClinicalTrials.gov: NCT03615157.

RESULTS: There were no adverse events during training in either group. The home- and center-based training
groups obtained similar improvements in peak oxygen uptake, maximal ventilation, and 6 MWD. However,
there were significant between-group differences: center-based training was more effective in improving
maximal inspiratory pressure (p=0.042), number of steps/day (p=0.001), and QoL (p=0.039).

CONCLUSIONS: Home-based training is safe and can be an alternative to improve the exercise capacity of
patients with stable CHF. However, center-based training was superior in improving inspiratory muscle strength,
Qol, and daily physical activity.

KEYWORDS: Cardiac Rehabilitation; Telerehabilitation; Heart Failure; Endurance Training; Resistance Training;
Exercise.

life (QoL), and inspiratory muscle strength and reduces cardiac
events and hospitalizations in patients with CHF (3,4). How-
ever, center-based exercise adherence depends on factors such
as time expenditure, accessibility limitations, financial costs,
work and/or domestic commitments, and restricted availability
of cardiac rehabilitation centers (5), particularly in low-and
middle-income countries (6). With the advent of the corona-
virus 2019 pandemic, when social distancing is necessary to
prevent transmission, traditional center-based cardiac rehabili-

B INTRODUCTION

Chronic heart failure (CHF), the end stage of several
cardiac diseases, is increasing worldwide (1). Patients with
this syndrome display symptoms such as dyspnea, fatigue,
and exercise intolerance that limit their activities in daily life
(2). Physical exercise improves functional capacity, quality of
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tation has become more limited (7,8).

Home-based training can be an alternative to supervised
training for patients with stable CHF (9). Several home-based
programs have been reported in the literature. Some of these
comprised education, phone call support, and instructions
that can be combined with resistance exercises (10), aerobic
exercises, walking (11-13), or using a cycle ergometer or
treadmill (14). Other home-based programs have combined
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aerobic and resistance exercises (15), and some have added
telemonitoring to walking (16) or resistance exercises (17).
Compared with non-training, home-based programs have
shown benefits for exercise capacity (12,14) and QoL (12-15).
Compared with traditional center-based training, home-
based programs with telemonitoring have demonstrated
similar results for exercise capacity, QoL, and exercise safety
in patients with CHF (16,17).

In this respect, the use of home-based training programs
as an easy, simple, and low-cost alternative to supervised
center-based training for patients with stable CHF may be
useful, especially in poor and middle-income countries. In
the present study, we hypothesized that a simple and easy-
to-perform unsupervised home-based training program may
have similar effects to its traditional supervised center-based
counterpart. We aimed to compare the effects of a home-
based with a center-based training program on exercise
capacity, physical activity level, QoL, and treatment adher-
ence in patients with CHE.

B MATERIALS AND METHODS
Trial design

This randomized, controlled, open-label, pilot trial was
approved by the University of Sao Paulo Medical School
Ethics Committee (reference 411/14) and Dante Pazzanese
Institute of Cardiology Ethics Committee (reference 4536),
which followed the ethical guidelines of the Declaration of
Helsinki. Patients were randomized using sealed envelopes
in a 1:1 allocation after written consent was obtained.
ClinicalTrials.gov: NCT03615157.

Participants

Patients aged >18 years with CHF, New York Heart
Association (NYHA) functional class II or III (18), and left
ventricular ejection fraction of <40% were recruited con-
secutively from a list of new patients at the HF outpatient of
the Dante Pazzanese Institute of Cardiology, from April 2015
to April 2018. The exclusion criteria were patients with new-
onset atrial fibrillation or atrial flutter, complex ventricular
arrhythmia at rest or presenting with exertion (19), acute
or decompensated HF, pulmonary hypertension (pulmo-
nary artery systolic pressure >35 mmHg), any orthopedic,
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cognitive, or neurological problems that could affect func-
tional capacity measures, respiratory infection in the pre-
vious 30 days, and peripheral oxygenation of <92% in
ambient air at rest.

Interventions

Following the baseline cardiopulmonary exercise test
(CPX), patients were randomized to a home- or center-based
training group (Figure 1). Considering the aerobic training,
both groups used the same target heart rate (HR) of 60%—
70% of the HR reserve (difference between maximum HR at
CPX and resting HR) and patients were instructed to main-
tain their perceived exertion between 10 and 14 of the Borg
scale (19). Each subject in both groups used a HR monitor
(Polar FT1TM, Polar Electro Oy, Kempele, Finland) over the
12-week training period to ensure the target intensity of
aerobic exercise and to avoid work overload. Additionally,
both groups also performed resistance exercises at 50% of
one repetition maximum (1RM), which was assessed and
revised once a month. The 1RM test was performed accord-
ing to the guidelines of the American College of Sports
Medicine (20).

Home-based training comprised walking (three times a
week for 30 min) in which patients were instructed to
maintain the target HR, combined with resistance exercises
guided by an illustrated instruction manual for the upper
limbs (elbow flexion and extension, and shoulder flexion and
abduction) and lower limbs (hip flexion, extension and
abduction, knee extension, and plantar flexion) using free
weights. The exercise intensity to initiate the program was
one set of ten repetitions that followed a final progression to
three sets of ten repetitions for each exercise with 50% of
1RM adjusted monthly over the training period. Free weights
were provided for each patient according to the assessments.
The patients were trained at least once per month with
physiotherapist supervision, and the adherence and HR
reached during the walks were monitored on a diary filled
by the patients. Furthermore, the researcher made weekly
phone calls to stimulate patients to continue performing
daily exercises, to screen exercise adherence, and to answer
possible doubts.

Center-based training took place at a cardiac rehabilita-
tion facility of a cardiac hospital. The training program was

Home-based Group: 3 times per week/ 12 weeks
Walking (60-70% of the HR reserve) + Peripheral muscle resistance training (50% of 1RM)

GROUPS
Centre-based Group: 3 times per week/ 12 weeks
Cycloergometer (60-70% of the HR reserve) + Peripheral muscle resistance training (50% of 1RM)
| TIME PERIODS | Baseline | 4th week ] | 8th week | | 12th week
| ASSESSMENTS | CPX CPX
MIP MIP MIP MIP
Dynamometry Dynamometry Dyussnownetry Dynamometry
Accelerometry Accelerometry
QoL QoL

Figure 1 - Study design of interventions and assessments. CPX, cardiopulmonary test; HR, heart rate; 1RM, one repetition maximum;

MIP, maximal inspiratory pressure; QolL, quality of life.
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supervised by physiotherapists and comprised cycle erg-
ometer exercises (three times a week for 30 min) to maintain
the target HR, and resistance exercises for the upper and
lower limbs. A physiotherapist recorded the patients adher-
ence to each session.

Outcome measures

Anthropometric data, NYHA functional class, HF etiology,
cardiac rhythm (24-h Holter, CardioLight, Cardios™, Sio
Paulo, Brazil), presence of comorbidities, smoking status,
and the use of medications were collected at baseline.

Assessments of exercise capacity

Exercise capacity was assessed using the CPX measures
and the 6-min walk (6 MW) test at baseline and after the 12-
week training period. Patients were instructed to have a light
breakfast 2h before exercise capacity assessments, to take
their medication, and to abstain from consuming caffeine-
containing beverages, tea, and alcohol. The tests were
performed between 8 a.m. and 11 a.m.

CPX was performed in a controlled environment (23°C room
temperature and 55%—60% relative humidity) by blinded phy-
sicians and analyzed according to the European Society of
Cardiology Guidelines (21). For this study, CPX was performed
on a treadmill using a modified Balke ramp protocol at 2.0-
3.4 mph (Trackmaster®, Full Vision Inc, KS, USA). Oxygen
consumption (VO,), carbon dioxide output (VCO,), and
minute ventilation (VE) were measured continuously breath-
by-breath, with the aid of a gas exchange analysis system
(Ultima™ CardiO2®, MGC Diagnostics Corp, MN, USA).
A 12-lead electrocardiogram continuously monitored HR
and cardiac rhythm throughout the test.

The 6 MW test was performed on a different day than the
CPX. Patients were instructed to walk as fast as possible for
6 min in a 30-m corridor. We used verbal stimulation with
standardized phrases every minute, as recommended by the
American Thoracic Society guidelines (22). To avoid the
learning effect, two tests were performed on the same day,
with a minimum interval of 30 min. The test with the longest
distance was used for the statistical analysis.

Assessments of respiratory and peripheral muscle
strength

Respiratory and peripheral muscle strength were mon-
itored at baseline and after 4, 8, and 12 weeks of training. The
maximum value of three consecutive repetitions of each test
was recorded. The inspiratory muscle strength assessment
followed American Thoracic Society guidelines (23). Maximal
inspiratory pressure was assessed using an analog pressure
manometer with a range of +120 cmH,0O (WIKA DO BRASIL,
Sao Paulo, Brazil). Patients sat in a chair with back support
and inhaled forcefully and as quickly as possible in a mouth-
piece with a 2 mm leak to avoid glottal closure. The maximal
inspiratory pressure was measured at the residual volume.
The results are presented as absolute values expressed in
cmH,0. Inspiratory muscle weakness was defined as a
predicted (24) maximal inspiratory pressure of <70% (25).

Peripheral muscle strength was assessed using dominant
handgrip strength measured by an analog dynamometer
(Jamar Hydraulic Hand Dynamometer, Sammons Preston
Inc., Illinois, USA). The procedure followed the recommen-
dations of the American Society of Hand Therapists (26).
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Assessments of QoL, physical activity, and sedentary
behavior

Self-reported cardiac disease-specific QoL was assessed at
baseline and after 12 weeks of training using the Minnesota
Living with Heart Failure Questionnaire (MLHF) (27), in
which higher scores represent worse QoL. We also used a
validated version of the Short-Form 36 Questionnaire (SF-36)
(28), which has eight sub-dimensions analysis ranging from
0 to 100, with lower scores representing worse health-related
QoL levels.

For self-reported physical activity level, we used the
International Physical Activity Questionnaire (IPAQ)-long
form (29), which classifies subjects as sedentary, irregularly
active, active, and very active.

We also performed objective measurements of physical
activity and sedentary behavior using accelerometers at
baseline and after the 12-week training period. Patients wore
the device (GT3X Triaxial accelerometer, ActiGraph, FL, US)
over their dominant hip for 24h over 9 consecutive days,
except when bathing or swimming. For the data to be valid,
patients had to wear the device for at least 10 h/day for 3
days. Data were recorded at a frequency of 30 Hz and sample
intervals of 60-s epochs. Using the software (Actilife5,
ActiGraph, FL, USA), we validated the wear time, converted
units (counts) into steps, and classification of physical
activity intensities using the Freedson energy expenditure
algorithm (30). Sedentary behavior was assessed using
sedentary bouts (no activity for more than 10 consecutive
minutes) and total sedentary behavior per day. We also
assessed the number of steps per day and time spent per day
engaging in light and moderate-vigorous activity. Addition-
ally, patients completed a daily report to ensure the wear
time of the accelerometer.

Statistical analyses

This was a pilot study with an expected small sample size.
In the present study, we aimed to examine the feasibility of
two exercise training programs for use in a larger-scale study.
We did not estimate the effect size because of the inherent
data imprecision from small samples (31).

We used Minitab® Statistical Software (version 17; State
College, PA, USA) and R package (version 3.4.3; Vienna,
Austria) for statistical analyses. At baseline, intergroup
comparisons of anthropometric data, NYHA functional class,
HF etiology, cardiac rhythm, presence of comorbidities,
smoking status, and the use of medications were conducted
using the Mann-Whitney test or the chi-squared test. To
evaluate the effects of time and group x time interactions
between the two randomized arms, we used non-parametric
analysis and mixed linear models (32). When a group x time
interaction was detected, Tukey’s multiple comparison test
was applied. The difference in means and 95% confidence
intervals were calculated and showed when the effects of the
time or group X time interaction were identified. A non-
parametric two-way analysis of variance for repeated
measures (33) was performed to compare the ordinal data
of the IPAQ. A significance level of 0.05 was set for the
hypothesis tests.

B RESULTS

Twenty-nine patients were enrolled in the study; however,
one patient died from a cardiovascular disorder before
initiating the training program. Of the 28 patients, only 23
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214 patients were assessed
for eligibility

Excluded (n=185)

« Not meeting inclusion criteria (n=155)
- LVEF >40% (n=39)
- Decompensated HF (n=23)
- Uncontrolled arrhythmia (n=9)

A

- Congenital heart disease (n=7)

- PASP > 35 mmHg (n=58)

- Orthopedic or neurological problems (n=7)
- Cardiac Rehabilitation participant (n=12)

29 patients were recruited
and randomized

« Declined to participate (n=30)

» + 1 patient died

Home-Based Group
n=14

« 1 patient drop out for personal reason
1 patient had HF decompensation
1 patient had pacemaker implantation

Centre-Based Group
n=14

1 patient drop out for personal reason
1 patient had diabetes decompensation

Home-Based Group
n=11

Centre-Based Group
n=12

Figure 2 - Recruitment and intervention flowchart. HF, heart failure; LVEF, left ventricular ejection fraction; PASP, pulmonary artery

systolic pressure.

completed the protocol (Figure 2). There were no cardio-
respiratory arrests or deaths during either exercise training
program.

Patient characteristics such as anthropometric data, NYHA
functional class, HF etiology, cardiac rhythm, comorbidi-
ties, smoking status, and medication use were similar bet-
ween the home-based and center-based groups at baseline
(Table 1).

Exercise capacity assessed by the CPX was similar in both
groups at baseline. All patients reached the target HR during
both training programs, maintaining the workload between
the aerobic and anaerobic thresholds. Home- and center-
based training improved peak VO, (4% and 19%) and
maximal ventilation (12% and 16%, respectively), without
differences between the groups (Table 2).

At baseline, two home-based and four center-based patients
exhibited inspiratory muscle weakness, and after training,
only one patient in the center-based group had inspiratory
muscle weakness. The center-based training group showed
greater improvement in inspiratory muscle strength than their
home-based counterpart (20% and 10%, respectively, p-value
to between group difference=0.042; Figure 3). There were no
changes in handgrip strength in either group.

At baseline, both groups were mostly sedentary and irregu-
larly active. After training, the patients became more active
according to the IPAQ analysis (Table 2). Using accelero-
meters, we observed a significant increase in the number of
steps per day in the center-based compared with the home-
based group (15% and -7%, respectively, p-value to between
group difference=0.031). Additionally, the sedentary bout
duration of the center- and home-based training groups
declined by 14% and 9%, respectively, albeit with no changes
in the number of sedentary bouts per day. The time spent
per day in the different intensity categories of physical

activity remained unchanged after both training programs
(Table 2).

Health-related QoL improvement assessed by the MLHF
was superior in the center-based group compared with the
home-based group. Considering the SF-36 questionnaire
results, the mental health component alone had a greater
improvement in the center-based group than in the home-
based group (Table 2).

The adherence rate in the home-based training program
was observed by the daily report of the target HR
registration in the diary and weekly phone calls, which
showed 89% for walking and 94% for resistance exercises. In
the center-based training program, the adherence rate was
94% for both groups. Adherence was similar in both groups
(p=0.167).

B DISCUSSION

In the present study, we compared an unsupervised home-
based program (walking and resistance exercises) with a
traditional center-based program (cycling and resistance
exercises) in patients with CHF over a 12-week period. Peak
VO, and 6 MW distance improved in both groups. However,
the supervised center-based program was more effective
in improving daily physical activity, inspiratory muscle
strength, and QoL in patients with CHF. Furthermore, no
adverse events were observed in either group.

Exercise plays a crucial role in cardiac rehabilitation.
However, several factors can affect patient participation and
adherence to center-based programs (5,6,8). Home-based
training has emerged as a safe, simple, easy-to-perform, and
low-cost alternative to center-based training, as reported by
other studies using walking (11,13) and resistance exercises
(10,17). Studies comparing home-based and traditional
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Table 1 - Demographic and clinical characteristics of home-based and center-based groups.
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Andrade GN et al.

Home-based (n=11) Center-based (n=12) p-value
Age, mean £ SD (years) 59+5 617 0.733
Male, n (%) 5 (46) 9 (75) 0.147
BMI, mean +SD (kg/mz) 2814 27+£3 0.460
LVEF, mean £ SD (%) 316 32+6 0.711
NYHA II, n (%) 10 (91) 11 (92) 0.949
Duration of HF, mean £ SD (years) 11+8 9+9 0.557
Etiology, n (%) 0.278
Ischemic 2 (18) 6 (50) 0.265
Dilated 6 (55) 4 (33) 0.265
Cardiac rhythm, n (%) 0.339
Sinus rhythm 8 (73) 8 (67) 0.752
Atrial fibrillation 0 (0) 2(17) 0.156
Implantable cardiac device 3(27) 2(17) 0.538
Other morbidities, n (%)
Hypertension 10 (91) 10 (83) 0.590
Diabetes 3(27) 3 (25) 0.901
Dyslipidemia 8 (73) 7 (58) 0.469
Myocardial infarction 4 (36) 6 (50) 0.510
Smoking status 0.265
Never smoker, n (%) 2 (18) 6 (50) 0.110
Ex-smoker, n (%) 8 (73) 5 (42) 0.133
Current smoker, n (%) 1(9) 1(8) 0.949
Mean pack-years 15+ 16 1M1£17 0.187
Medications, n (%)
Amiodarone 4 (36) 4 (33) 0.879
Diuretics 10 (91) 9 (75) 0.315
Spironolactone 6 (55) 7 (58) 0.855
Beta blockers 11 (100) 12 (100) 0.999
Angiotensin-converting enzyme inhibitors 7 (64) 9 (65) 0.554
Angiotensin Il receptor blockers 3(27) 1(8) 0.231
Digoxin 1(9) 0 (0) 0.286
Anticoagulants 1(9) 1(8) 0.949
Antiplatelets 8 (73) 9 (75) 0.901
Statins 6 (55) 10 (83) 0.134

Continuous data: Mann-Whitney test; categorical data: chi-squared test BMI, body mass index; HF, heart failure; LVEF, left ventricular ejection fraction;

NYHA, New York Heart Association functional classification.

center-based programs have shown similar benefits for
exercise capacity (13,16,17). Our study showed that both
training programs had high adherence and improved
exercise capacity over 12 weeks. Each program had barriers
and facilitators to promote patient adherence. Our center-
based program was performed at a public specialized cardiac
center that required patients’ fidelity to the program (a
maximum of two absences/month were allowed). Addition-
ally, multidisciplinary work teams and group activities may
increase patients’ confidence, motivation, and adherence.
However, the costs and time for displacement, work release
for center-based training, and personal dislike of group
activities may limit adherence. On the other hand, the home-
based program was freely adapted to the patients’ sche-
dules, and there were no additional transport costs and no
need for work release. Nevertheless, home-based programs
require patients’ self-motivation, self-discipline, and sche-
dule organization.

Although there was no statistical difference between the
groups, the peak VO, improved by 19% in the center-based
group and 4% in the home-based group. It is possible that
participants did not keep up with the target HR during the
30 min of walking, despite the patients” HR and adherence
being monitored by the researchers with weekly phone calls
and a diary filled by them after daily exercises. Another
possibility is that participants in the center-based group
trained about 10% above the target HR using cycle
ergometers, as CPX was performed on treadmills. However,

all the patients were safely trained below 80% of the
maximum HR. Additionally, it should be noted that our
results are similar to those of other studies. Piotrowicz et al.
(16) performed CPX in treadmills for prescription of aerobic
exercise using cycle ergometers for supervised training and
walking for home-based training. They found similar
improvements in peak VO, in the supervised training (6%)
and home-based groups (10%). Our protocol for both
training programs included peripheral resistance training
that was not prescribed in the study by Piotrowicz et al. (16).
We raise the possibility that resistance training may also have
contributed to this improvement in peak VO, in the center-
based group (19%).

On the other hand, the submaximal exercise capacity,
assessed by the 6 MW distance improved in both groups (the
home-based and center-based groups improved by 40 m and
25 m, respectively). Only the home-based group reached the
minimal important difference in the 6 MW distance of 36 m,
which was previously reported in stable systolic CHF
patients (34). The fact that walking was the modality of
aerobic training in the home-based group may have favored
the performance of the patients in the 6 MW test.

Respiratory and peripheral muscle weakness are abnorm-
alities that lead to deleterious disuse atrophy and physical
inactivity in CHF (25,35). Aerobic exercise may partially
reverse weakness or improve the respiratory muscle strength
(4,36). In our study, the improvement in inspiratory muscle
strength in the center-based group was significantly superior
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Table 2 - Functional capacity, physical activity level, and quality of life (mean values + SD) at baseline and after 12 weeks in both groups
using a mixed linear model and physical activity level assessed by the IPAQ, using a non-parametric two-way analysis of variance for
repeated measures.

Home-based n=11 Centre-based n=12
p-value p-value p-value
Baseline 12 weeks Baseline 12 weeks Group x Time Group Time
Cardiopulmonary test
Exercise time (s) 579+ 144 645+ 119 567 148 645+ 90 0.872 0.842 0.059
Peak heart rate (bpm) 117+13 122+18 116 +22 123+26 0.848 0.985 0.268
Peak VO, (mL/kg/min) 19.2+3.9 20.0+4.2 19.5+5.3 23.2+6.1 0.085 0.448 0.011*
AT VO, (mL/kg/min) 133127 13.5£3.7 12.9+29 145+3.7 0.367 0.920 0.235
VE/VCO; slope 31.6+6.4 33.4+58 31.4+8.0 30.7+8.1 0.196 0.594 0.657
Maximal ventilation (L/min) 51.4%15.2 62.9+28.2 58.8£30.6 74.4+33.7 0.775 0.429 0.015**
Oxygen pulse 121+£2.7 12.1£3.1 13.6£3.9 15.2+£4.0 0.108 0.129 0.130
Peak respiratory exchange ratio 1.1£0.1 1.1£0.1 1.1£0.2 1.1£0.1 0.868 0.852 0.781
6MW distance 460.7+63.7 500.7+86.1 513.1+77.1 538.6+72.3 0.805 0.013 0.002*
Daily physical activity
IPAQ
Sedentary, n (%) 1(10) 0 (0) 5 (42) 0 (10) 0.299 0.428 0.001
Irreqularly active, n (%) 5 (45) 1(10) 3 (25) 0 (10)
Active, n (%) 5 (45) 10 (90) 4 (33) 12 (100)
Accelerometry
Number of steps per day 7335+015 687312819 56402259 6541+2225 0.001*P 0.258 0.832
Number of sedentary bouts per day 18.5+8.5 17.1+6.7 23.9+5.38 224+6.9 0.972 0.062 0.214
Sedentary bouts length (mins/bout) 19.7+10.0 18.1+7.8 26.3+7.3 23.0+7.7 0.472 0.092 0.050
Sedentary time (mins/day) 539+133 526+ 111 625+ 86 587 + 140 0.581 0.113 0.266
Time spent on light activities (mins/day) 360+ 118 333+104 299+87 323+90 0.080 0.382 0.931
Time spent on moderate-vigorous 23+16 23+9 13+9 21+16 0.199 0.218 0.190
activities (mins/day)
Health-related quality of life
MLHF 29+33 28+33 35124 2213 0.039* 0.965 0.023
SF-36 — Mental Health 73+32 68+33 61+23 72+16 0.001*# 0.848 0.342

AT, anaerobic threshold; IPAQ, International Physical Activity Questionnaire; MLHF, Minnesota Living with Heart Failure Questionnaire; SF-36, Short-Form
36 questionnaire; VCO,, volume of exhaled carbon dioxide; VE, expiratory minute volume; VO,, oxygen uptake; 6 MW, 6-min walk test. *Mean
difference=2.2 (95% Cl: 0.5-3.9); **Mean difference=12.9 (95% Cl: 2.6-23.2); * Mean difference=32.4 (95% Cl: 16.5-48.4); “‘Home-based vs centre-based at
baseline: p=0.001, Mean difference=2103 (95% CI: 1229-2977); PCentre-based at baseline vs 12 weeks: p=0.031, Mean difference=901 (95% Cl: 67-1735);
#Centre-based at baseline vs 12 weeks: p=0.014, Mean difference=13.2 (95% Cl: 2.3-24.1); “p=0.031 Home-based vs centre-based at baseline and p=0.037
Centre-based at baseline vs 12 weeks, using Tukey multiple comparison procedure.

Maximal Inspiratory Pressure (cmH,0) Handgrip Strength (kgf)
120 40
110
100
920
80
70
60
24
50 2
40 20
/( Baseline 4 weeks 8 weeks 12 weeks /( Baseline 4 weeks 8 weeks 12 weeks

-++©Q--- Home-based —@— Centre-based +=+:Q+-- Home-based —@— Centre-based

Figure 3 - Respiratory and peripheral muscle strength at baseline and at 4, 8, 12 weeks of training. * vs baseline, p=0.019 using Tukey’s
multiple comparison test.

to that in the home-based group (20% and 10%, respectively). 50% of patients in both groups had a handgrip strength less
Considering that the target HR was set based on the CPX than this predictor value. After the 12-week training period,
performed on the treadmill, the center-based group may only 10%-15% of patients improved their upper muscle
have been trained with a load 10% above the home-based strength enough to exceed this clinical cutoff value. We raise
group, as the training was on cycle ergometers. This intensity the possibility that despite prescribing the recommended
difference may have influenced the superior improvement in load for the strength exercises (50% of 1RM) (19) that was
inspiratory muscle strength in the center-based group. adjusted monthly for each patient, the training intensity

Handgrip strength in patients with CHF is a predictor of ~ and volume performed may not have promoted sufficient
mortality when values are lower than 32.2 kgf (37). In the improvement in muscle strength. Additionally, aerobic
present study, at baseline, we observed that approximately exercises with the use of a cycle ergometer or walking did
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not directly contribute to the muscle strength of the upper
limbs.

Both groups exhibited different walking behaviors (num-
ber of steps/day) at baseline and after training. At baseline,
the center-based and home-based patients walked 5,640 and
7,345 steps/day, respectively. After training, the number of
steps/day increased significantly in the center-based group
(15%), although the home-based group showed no change.
This improvement in the number of steps/day in the center-
based group is associated with a change in the habit of these
patients. As the training modality was the cycle ergometer,
the center-based patients became more active in their daily
living and not only in the exercise training sessions. Addi-
tionally, participants in the center-based training group had
to move from home to the center three times per week, which
could have affected the marked increase in their number of
steps compared with participants in the home-based group.

Considering the self-report, most of our patients changed
their perception of physical activity performance. At base-
line, they were classified as sedentary or irregularly active by
the IPAQ, and after the training programs, almost 100% of
patients from both groups self-reported being active, which
was corroborated by objective measurements showing
reduction in sedentary behavior. This improvement in self-
reported physical activity may be related to the amelioration
in exercise capacity observed in both groups and conse-
quently an increase in the patients’ self-confidence in
engaging in physical activity.

We found that the center-based group had a significant
improvement in the QoL, observed by a 13-point decrease in
the MLHF and an increase in the mental health component of
the SF-36 questionnaire. The social involvement and multi-
disciplinary approach during the supervised exercises in the
group may have contributed to this QoL improvement.
Other studies did not observe differences between center-
based and home-based training programs (10,17).

Our study had some limitations. This was a pilot, single-
center study, with a final small sample size that may have
been underpowered for accurate comparisons of functional
capacity between the two programs. However, we used
accurate and well-validated measures for the domains of
interest. Despite the small number of patients in each group,
we found both programs safe, as we did not have any reports
or objective measurements of adverse events such as tachy-
cardia, arrhythmia, or any signals or symptoms of low cardiac
output. The home-based program might not reach the same
efficiency in cardiovascular training as the center-based pro-
gram, which showed greater improvements in maximal
exercise capacity, inspiratory muscle strength, daily physical
activity levels, and QoL. This is due to the inability to monitor
the home-based patients in real time, as this technology is
expensive, demands a good internet connection at patients’
homes, and is limited and expensive in low-and middle-
income countries. Furthermore, the center-based group train-
ing intensity was possibly approximately 10% above the
home-based group, as the target HR was based on the CPX
performed on the treadmill and the center-based group
trained on the cycle ergometer.

From this pilot study, we suggest the use of technologies
such as apps to monitor the number of steps and/or HR to
assure training intensity and to objectively measure the
patients’ adherence, particularly in non-supervised training
programs. We also suggest the use of a self-reported ques-
tionnaire on patients’ motivation and satisfaction with
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exercise training programs to improve future personalized
treatments.

Bl CONCLUSIONS

This home-based program can be a simple, easy-to-
perform, and safe alternative to improve the functional
capacity of patients with stable CHF after specialized cardiac
evaluation. However, center-based training was more effec-
tive in improving inspiratory muscle strength, daily physical
activity, and QoL in patients with CHF.

B ACKNOWLEDGMENTS

This work was supported by the Fundagdo de Amparo a Pesquisa do
Estado de Sao Paulo for funding this study (FAPESP 13/13598-1 and 17/
21264-7). The funder had no role in the study design, data collection, data
analysis, data interpretation, decision to publish, or manuscript preparation.

B AUTHOR CONTRIBUTIONS

Andrade GN, Umeda IIK, and Nakagawa NK carried out, designed, and
performed the experiments. Fuchs ARCN, Mastrocola LE, Rossi-Neto JM,
Moreira DAR, and Oliveira PA assisted with some measurements. André
CDS performed the statistical analyses. Andrade GN and Nakagawa NK
wrote the manuscript with input from all authors. Andrade GN, Umeda
IIK, Mastrocola LE, Oliveira PA, Cahalin LP, and Nakagawa NK
contributed to the interpretation of the results. All authors participated in
reviewing the manuscript and revising its intellectual and technical content.

B REFERENCES

1. Savarese G, Lund LH. Global Public Health Burden of Heart Failure. Card
Fail Rev. 2017;3(1):7-11. https://doi.org/10.15420/cfr.2016:25:2

2. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland ]G, Coats AJS,
et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure: The Task Force for the diagnosis and treatment of
acute and chronic heart failure of the European Society of Cardiology
(ESC). Eur ] Heart Fail 2016;8(8):891-975. https://doi.org/10.1002/ejhf.
592

3. Taylor RS, Sagar VA, Davies EJ, Briscoe S, Coats AJ, Dalal H, et al.
Exercise-based rehabilitation for heart failure. Cochrane Database Syst
Rev. 2014;2014(4):CD003331.

4. Winkelmann ER, Chiappa GR, Lima CO, Viecili PR, Stein R, Ribeiro JP.
Addition of inspiratory muscle training to aerobic training improves
cardiorespiratory responses to exercise in patients with heart failure and
inspiratory muscle weakness. Am Heart J. 2009;158(5):768.e1-7. https:/ /
doi.org/10.1016/j.ahj.2009.09.005

5. Dalal HM, Wingham J, Palmer J, Taylor R, Petre C, Lewin R, et al. Why do
so few patients with heart failure participate in cardiac rehabilitation?
A cross-sectional survey from England,Wales and Northern Ireland. BMJ
Open. 2012;2(2):e000787. https:/ /doi.org/10.1136 /bmjopen-2011-000787

6. Ragupathi L, Stribling J, Yakunina Y, Fuster V, McLaughlin MA, Vedan-
than R. Availability, Use, and Barriers to Cardiac Rehabilitation in LMIC.
Glob Heart. 2017;12(4):323-334.e10. https://doi.org/10.1016/j.gheart.
2016.09.004

7. Drwal KR, Forman DE, Wakefield BJ, El Accaoui RN. Cardiac Rehabili-
tation During COVID-19 Pandemic: Highlighting the Value of Home-
Based Programs. Telemed J E Health. 2020;,26(11):1322-4. https://doi.org/
10.1089/tm;j.2020.0213

8. Yeo TJ, Wang YL, Low TT. Have a heart during the COVID-19 crisis:
Making the case for cardiac rehabilitation in the face of an ongoing
pandemic. Eur ] Prev Cardiol. 2020;27(9):903-5. https://doi.org/10.1177/
2047487320915665

9. Thomas RJ, Beatty AL, Beckie TM, Brewer LC, Brown TM, Forman DE,
et al. Home-Based Cardiac Rehabilitation: A Scientific Statement from the
American Association of Cardiovascular and Pulmonary Rehabilitation,
the American Heart Association, and the American College of Cardiology.
J Am Coll Cardiol. 2019;74(1):133-53. https:/ /doi.org/10.1016/j.jacc.2019.
03.008

10. Lans C, Cider A, Nylander E, Brudin L. Peripheral muscle training with
resistance exercise bands in patients with chronic heart failure. Long-term
effects on walking distance and quality of life; a pilot study. ESC Heart
Fail. 2018;5(2):241-8. https://doi.org/10.1002/ehf2.12230


https://doi.org/10.15420/cfr.2016:25:2
https://doi.org/10.1002/ejhf.592
https://doi.org/10.1002/ejhf.592
https://doi.org/10.1016/j.ahj.2009.09.005
https://doi.org/10.1016/j.ahj.2009.09.005
https://doi.org/10.1136/bmjopen-2011-000787
https://doi.org/10.1016/j.gheart.2016.09.004
https://doi.org/10.1016/j.gheart.2016.09.004
https://doi.org/10.1089/tmj.2020.0213
https://doi.org/10.1089/tmj.2020.0213
https://doi.org/10.1177/2047487320915665
https://doi.org/10.1177/2047487320915665
https://doi.org/10.1016/j.jacc.2019.03.008
https://doi.org/10.1016/j.jacc.2019.03.008
https://doi.org/10.1002/ehf2.12230

Home-based training in heart failure
Andrade GN et al.

11.

12.

13.

14.

15.

1e.

17.

18.

19.

20.

21.

22.

Daskapan A, Arikan H, Caglar N, Tunali N, Ataman S. Comparison of
supervised exercise training and home-based exercise training in chronic
heart failure. Saudi Med J. 2005;26(5):842-7.

Fayazi S, Zarea K, Abbasi A, Ahmadi F. Effect of home-based walking on
performance and quality of life in patients with heart failure. Scand
J Caring Sci. 2013;27(2):246-52. https:/ /doi.org/10.1111/j.1471-6712.2012.
01020.x

Karapolat H, Demir E, Bozkaya YT, Eyigor S, Nalbantgil S, Durmaz B,
et al. Comparison of hospital-based versus home-based exercise
training in patients with heart failure: effects on functional capacity,
quality of life, psychological symptoms, and hemodynamic parameters.
Clin Res Cardiol. 2009;98(10):635-42. https://doi.org/10.1007/s00392-
009-0049-6

O’Connor CM, Whellan D], Lee KL, Keteyian SJ, Cooper LS, Ellis 5], et al.
Efficacy and safety of exercise training in patients with chronic heart
failure: HF-ACTION randomized controlled trial. JAMA. 2009;301
(14):1439-50. https://doi.org/10.1001/jama.2009.454

Dracup K, Evangelista LS, Hamilton MA, Erickson V, Hage A, Moriguchi
], et al. Effects of a home-based exercise program on clinical outcomes in
heart failure. Am Heart J. 2007;154(5):877-83. https://doi.org/10.1016/j.
ahj.2007.07.019

Piotrowicz E, Baranowski R, BilinskaM, Stepnowska M, Piotrowska M,
Wéjcik A, et al. A new model of home-based telemonitored cardiac
rehabilitation in patients with heart failure: effectiveness, quality of life,
and adherence. Eur ] Heart Fail. 2010;12(2):164-71. https://doi.org/
10.1093/ eurjhf/hfp181

Hwang R, Bruning J, Morris N, Mandrusiak A, Russell T. Home-based
telerehabilitation is not inferior to a centre-based program in patients with
chronic heart failure: a randomised trial. ] Physiother. 2017;63(2):101-7.
https:/ /doi.org/10.1016/jjphys.2017.02.017

Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reprodu-
cibility and validity of systems for assessing cardiovascular functional
class: advantages of a new specific activity scale. Circulation. 1981;64(6):
1227-34. https:/ /doi.org/10.1161/01.CIR.64.6.1227

Piepoli MF, Conraads V, Corra U, Dickstein K, Francis DP, Jaarsma T,
et al. Exercise training in heart failure: from theory to practice.
A consensus document of the Heart Failure Association and the
European Association for Cardiovascular Prevention and Rehabilitation.
Eur ] Heart Fail. 2011;13(4):347-57. https://doi.org/10.1093/eurjhf/hfr
017

American College of Sports Medicine. Progression models in resistance
training for healthy adults. Med Sci Sports Exerc. 2009;41(3):687-708.
https://doi.org/10.1249/MSS.0b013e3181915670

Piepoli MF, Corra U, Agostoni PG, Belardinelli R, Cohen-Solal A, Ham-
brecht R, et al. Statement on cardiopulmonary exercise testing in chronic
heart failure due to left ventricular dysfunction: recommendations for
performance and interpretation Part II: How to perform cardiopulmonary
exercise testing in chronic heart failure. Eur ] Cardiovasc Prev Rehabil.
2006;13(3):300-11. https:/ /doi.org/10.1097 /00149831-200606000-00003
ATS Committee on Proficiency Standards for Clinical Pulmonary Func-
tion Laboratories. ATS statement: guidelines for the six-minute walk test.
Am ] Resp Crit Care Med. 2002;166(1):111-7. https://doi.org/10.1164/
ajrccm.166.1.at1102

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

CLINICS 2021,76:€2550

American Thoracic Society/European Respiratory Society. ATS/ERS
Statement on respiratory muscle testing. Am J Respir Crit Care Med
2002;166(4):518-624. https:/ /doi.org/10.1164/rccm.166.4.518

Neder JA, Andreoni S, Lerario MC, Nery LE. Reference values for lung
function tests. II. Maximal respiratory pressures and voluntary ventila-
tion. Braz ] Med Biol Res. 1999;32(6):719-27. https://doi.org/10.1590/
50100-879X1999000600007

Dall’Ago P, Chiappa GR, Guths H, Stein R, Ribeiro JP. Inspiratory muscle
training in patients with heart failure and inspiratory muscle weakness. ] Am
Coll Cardiol. 2006;47(4):757-63. https:/ /doi.org/10.1016/jjacc.2005.09.052
Mathiowetz V, Weber K, Volland G, Kashman N. Reliability and validity
of grip and pinch strength evaluations. ] Hand Surg Am. 1984;9(2):222-6.
https:/ /doi.org/10.1016/S0363-5023(84)80146-X

Carvalho VO, Guimaraes GV, Carrara D, Bacal F, Bocchi EA. Validation of
the Portuguese version of the Minnesota Living with Heart Failure
Questionnaire. Arq Bras Cardiol. 2009;93(1):39-44. https://doi.org/
10.1590/50066-782X2009000700008

Ciconelli RM, Ferraz MB, Santos W, Meindo I, Quaresma MR. Brazilian-
Portuguese version of the SF-36. A reliable and valid quality of life out-
come measure. Rev Bras Reumatol. 1999;39(3):143-50.

Benedetti TR, Antunes PC, Rodriguez-Anez CR, Mazo GZ, Petroski EL.
Reproducibility and validity of the International Physical Activity Ques-
tionnaire (IPAQ) in elderly men. Rev Bras Med Esporte. 2007;13(1):9e-13e.
https:/ /doi.org/10.1590/51517-86922007000100004

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science
and Applications, Inc. accelerometer. Med Sci Sports Exerc 1998;30(5):777-
81. https:/ /doi.org/10.1097 /00005768-199805000-00021

Leon AC, Davis LL, Kraemer HC. The role and interpretation of pilot
studies in clinical research. ] Psychiatr Res 2011;45(5):626-9. https://doi.
org/10.1016/j.jpsychires.2010.10.008

Pinheiro JC, Bates DM. Mixed-Effects Models in S and S-PLUS. New York
NY: Springer; 2004.

Brunner E, Langer F. Nonparametric analysis of ordered categorical data
in designs with longitudinal observations and small sample sizes. Biom J.
2000;42(6):663-75. https://doi.org/10.1002/1521-4036(200010)42:6 < 663::
AID-BIMJ663 >3.0.CO;2-7

Tager T, Hanholz W, Cebola R, Frohlich H, Franke J, Doesch A, et al.
Minimal important difference for 6-minute walk test distances among
patients with chronic heart failure. Int J Cardiol 2014;176(1):94-98.
https://doi.org/10.1016/j ijcard.2014.06.035

Poole DC, Hirai DM, Copp SW, Musch TI. Muscle oxygen transport and
utilization in heart failure: implications for exercise (in)tolerance. Am J
Physiol Heart Circ Physiol. 2012;302(5):H1050-63. https://doi.org/
10.1152/ajpheart.00943.2011

Adamopoulos S, Schmid JP, Dendale P, Poerschke D, Hansen D, Dritsas A,
et al. Combined aerobic/inspiratory muscle training vs. aerobic training
in patients with chronic heart failure: The Vent-HeFT trial: a European
prospective multicentre randomized trial. Eur J Heart Fail. 2014;16(5):
574-82. https://doi.org/10.1002/ejhf.70

Izawa KP, Watanabe S, Osada N, Kasahara Y, Yokoyama H, Hiraki K,
et al. Handgrip strength as a predictor of prognosis in Japanese patients
with congestive heart failure. Eur J Cardiovasc Prev Rehabil. 2009;16(1):
21-7. https:/ /doi.org/10.1097 /HJR.0b013e32831269a3


https://doi.org/10.1111/j.1471-6712.2012.01020.x
https://doi.org/10.1111/j.1471-6712.2012.01020.x
https://doi.org/10.1007/s00392-009-0049-6
https://doi.org/10.1007/s00392-009-0049-6
https://doi.org/10.1001/jama.2009.454
https://doi.org/10.1016/j.ahj.2007.07.019
https://doi.org/10.1016/j.ahj.2007.07.019
https://doi.org/10.1093/eurjhf/hfp181
https://doi.org/10.1093/eurjhf/hfp181
https://doi.org/10.1016/j.jphys.2017.02.017
https://doi.org/10.1161/01.CIR.64.6.1227
https://doi.org/10.1093/eurjhf/hfr017
https://doi.org/10.1093/eurjhf/hfr017
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1097/00149831-200606000-00003
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1164/rccm.166.4.518
https://doi.org/10.1590/S0100-879X1999000600007
https://doi.org/10.1590/S0100-879X1999000600007
https://doi.org/10.1016/j.jacc.2005.09.052
https://doi.org/10.1016/S0363-5023(84)80146-X
https://doi.org/10.1590/S0066-782X2009000700008
https://doi.org/10.1590/S0066-782X2009000700008
https://doi.org/10.1590/S1517-86922007000100004
https://doi.org/10.1097/00005768-199805000-00021
https://doi.org/10.1016/j.jpsychires.2010.10.008
https://doi.org/10.1016/j.jpsychires.2010.10.008
https://doi.org/10.1002/1521-4036(200010)42:6<663::AID-BIMJ663>3.0.CO;2-7
https://doi.org/10.1002/1521-4036(200010)42:6<663::AID-BIMJ663>3.0.CO;2-7
https://doi.org/10.1016/j.ijcard.2014.06.035
https://doi.org/10.1152/ajpheart.00943.2011
https://doi.org/10.1152/ajpheart.00943.2011
https://doi.org/10.1002/ejhf.70
https://doi.org/10.1097/HJR.0b013e32831269a3

	Home-based training program in patients with
chronic heart failure and reduced ejection fraction:
a randomized pilot study
	INTRODUCTION
	MATERIALS AND METHODS
	Trial design
	Participants
	Interventions
	Outcome measures
	Assessments of exercise capacity
	Assessments of respiratory and peripheral muscle strength
	Assessments of QoL, physical activity, and sedentary behavior
	Statistical analyses

	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	REFERENCES


