
Home-based cardiac rehabilitation using information
and communication technology for heart failure
patients with frailty

Yuta Nagatomi1,2, Tomomi Ide2,3* , Tae Higuchi1,2, Tomoyuki Nezu1,2, Takeo Fujino2, Takeshi Tohyama2,4,
Takuya Nagata2,4, Taiki Higo2, Toru Hashimoto2,5, Shouji Matsushima2,3, Keisuke Shinohara2,
Tomiko Yokoyama6, Aika Eguchi6, Ayumi Ogusu6, Masataka Ikeda2,3, Yusuke Ishikawa2, Fumika Yamashita2,
Shintaro Kinugawa2,3 and Hiroyuki Tsutsui2,3

1Department of Rehabilitation Medicine, Kyushu University Hospital, Fukuoka, Japan; 2Department of Cardiovascular Medicine, Faculty of Medical Sciences, Kyushu
University, 3-1-1 Maidashi, Higashi-ku, Fukuoka-shi, Fukuoka, 812-8582, Japan; 3Division of Cardiovascular Medicine, Research Institute of Angiocardiology, Faculty of
Medical Sciences, Kyushu University, Fukuoka, Japan; 4Center for Clinical and Translational Research of Kyushu University Hospital, Fukuoka, Japan; 5Department of
Advanced Cardiopulmonary Failure, Faculty of Medical Sciences, Kyushu University, Fukuoka, Japan; and 6Department of Nutrition, Kyushu University Hospital, Fukuoka,
Japan

Abstract

Aims Cardiac rehabilitation (CR) is an evidence-based, secondary preventive strategy that improves mortality and morbidity
rates in patients with heart failure (HF). However, the implementation and continuation of CR remains unsatisfactory,
particularly for outpatients with physical frailty. This study investigated the efficacy and safety of a comprehensive
home-based cardiac rehabilitation (HBCR) programme that combines patient education, exercise guidance, and nutritional
guidance using information and communication technology (ICT).
Methods and results This study was a single-centre, open-label, randomized, controlled trial. Between April 2020 and No-
vember 2020, 30 outpatients with chronic HF (New York Heart Association II–III) and physical frailty were enrolled. The control
group (n = 15) continued with standard care, while the HBCR group (n = 15) also received comprehensive, individualized CR,
including ICT-based exercise and nutrition guidance using ICT via a Fitbit® device for 3 months. The CR team communicated
with each patient in HBCR group once a week via the application messaging tool and planned the training frequency and in-
tensity of training individually for the next week according to each patient’s symptoms and recorded pulse data during exer-
cise. Dietitians conducted a nutritional assessment and then provided individual nutritional advice using the picture-posting
function of the application. The primary outcome was the change in the 6 min walking distance (6MWD). The participants’
mean age was 63.7 ± 10.1 years, 53% were male, and 87% had non-ischaemic heart disease. The observed change in the
6MWD was significantly greater in the HBCR group (52.1 ± 43.9 m vs. �4.3 ± 38.8 m; P < 0.001) at a 73% of adherence rate.
There was no significant change in adverse events in either group.
Conclusions Our comprehensive HBCR programme using ICT for HF patients with physical frailty improved exercise tolerance
and improved lower extremity muscle strength in our sample, suggesting management with individualized ICT-based
programmes as a safe and effective approach. Considering the increasing number of HF patients with frailty worldwide, our
approach provides an efficient method to keep patients engaged in physical activity in their daily life.
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Introduction

The number of heart failure (HF) patients is rapidly increas-
ing with the ageing of the global population, and it is esti-
mated that 26 million adults live with HF worldwide.1

HF patients have a high incidence of physical frailty,2

which is defined as a syndrome of decreased physiological
reserve and vulnerability to stressors.3 Higher frailty,
particularly in older adults, is related to a poor
prognosis and is a predictive factor for more frequent
rehosipitalization.4

Cardiac rehabilitation (CR) for patients with HF is a
comprehensive programme that includes exercise
therapy, nutritional guidance, medication guidance, and pa-
tient education. CR is given a class IA recommendation in
current HF guidelines to reduce cardiovascular events
and improve the exercise tolerance and quality of life
(QoL) of HF patients.5–7 However, despite the strong
recommendations and obvious benefits, hospital-based CR
is often underutilized or discontinued in real-world
practice.8 Patients experiencing greater barriers to
attending CR programmes are significantly less likely to en-
rol and are more likely to drop out of such programmes.
Multi-level barriers in both enrolment and participation
prevent patients from achieving the health benefits of
CR.9 Among other barriers to CR, accessibility,
geographical location, and distance to the hospital are
related to attendance rates in hospital-based CR
programmes.10

Home-based cardiac rehabilitation (HBCR) is an alterna-
tive delivery model that has been suggested for improving
participation in CR programmes.11 Indeed, Anderson et al.
reported that HBCR provided high adherence, with similar
effectiveness to centre-based CR in improving clinical
outcomes.12 With the development of information and
communication technology (ICT), the availability of mobile
health applications has markedly increased in recent
years.13,14 However, the use of HBCR in previous studies
has been limited to patients with coronary artery
disease,13,14 and it is unclear whether HBCR is appropriate
for HF patients with physical frailty.

The purpose of this randomized, controlled trial was to
prove the efficacy and safety of a comprehensive HBCR pro-
gramme for patients with HF and physical frailty. Because
frailty in HF often correlates with multiple concomitants such
as chronic kidney disease, anaemia, and diabetes, as well as
with various physical conditions including ageing, disuse,
and abnormalities in neurohumoral factors,3 multicomponent
interventions, including both exercise and nutrition interven-
tions, are considered necessary to obtain efficient outcomes.
In this study, we evaluated the effect of a comprehensive
HBCR programme comprising self-managed enhanced dis-
ease management, step-by-step home exercise guidance,
and continuous nutrition guidance using ICT.

Methods

Study design

This study was a single-centre, open-label, randomized,
controlled trial. The study was conducted after obtaining
approval from the Ethical Committee of Kyushu University
Hospital (approval no. 2019203-1). The purpose and method
of the study were fully explained to all patients, and their
consent was obtained. The protocol was registered in the
University Hospital Medical Information Network (home-
rehab study; registration number UMIN000040136) before
patient inclusion.

Patient population and randomization

The subjects were patients with chronic HF (New York Heart
Association functional classification II–III) with physical frailty
above pre-frailty followed by Kyushu University Hospital be-
tween April and November 2020. HF was defined as NYHA
class II–III chronic HF in stage C or D of the ACCF/AHA HF
stage classification based on the ESC, ACCF/AHA, and JCS/
JHFS guidelines.5 We screened for frailty using the Japanese
Cardiovascular Health Study (J-CHS) scale,3 which was con-
structed by modifying the original CHS criteria, consisting of
the following five items; shrinking/weight loss, weakness, ex-
haustion, slowness, and low activity. Patients with more than
3 points on the J-CHS were defined as frail and those with 1
or 2 points were defined as pre-frail.

Patients who could not perform a 6 min walking test
(6MWT) due to locomotor disorders or other reasons,
patients with chronic kidney disease (estimated glomerular
filtration rate < 30 mL/min/1.73 m2), pericardial disease,
severe valvular disease, severe cognitive decline,
6MWD ≥ 550 m, and those who participated in outpatient
CR more than twice a week, were readmitted for acute exac-
erbation of HF within 1 month, did not have their own
smartphone, or were judged by the investigator as being inel-
igible for other reasons were excluded. Patients with a body
mass index (BMI) ≥ 25 kg/m2 were also excluded because a
BMI ≥ 25 kg/m2 is defined as obesity according to the
Japan Society for the Study of Obesity. The criteria for discon-
tinuation included adverse events (AEs) requiring hospitaliza-
tion, the subject’s request for withdrawal of participation or
withdrawal of consent, or other circumstances in which the
investigator determined that it was difficult to continue the
study.

We calculated that a total of 27 subjects would be required
to detect an expected change of 50 m in the 6MWD, with a
power of 80% and a significance level of 5%, based on a pre-
vious study in which the standard deviation of the change in
the 6MWD was 44.5 m.14 A dropout rate of approxi-
mately10% was assumed. The target sample size was 15
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patients in the HBCR group and 15 patients in the standard
care group (control group), totalling 30 patients. After assess-
ment for eligibility, patients were randomized into two
groups in stratified blocks based on a 6MWD of ≥400 m. Data
for each patient were managed using REDCap, an electronic
data capture system.

Comprehensive cardiac rehabilitation programme

In the HBCR group, the comprehensive HBCR programme in-
volved continuous evaluation and determination of appropri-
ate exercise intensity and dietary guidance by the HBCR
team, which consisted of physical therapists, dietitians,
nurses, and cardiologists, for a period of 3 months. To partic-
ipate in the HBCR programme, each participant was equipped
with a Fitbit® (Inspire HR, Inc., Miami, FL, USA), worn on the
non-dominant hand.

The comprehensive HBCR programme used in this study is
illustrated in Figure 1. The intervention consisted of three
components: (i) patient education for self-monitoring and
self-management, (ii) exercise guidance, and (iii) nutrition
guidance. The initial patient guidance was provided face-
to-face on the first day. Patients were educated on their
disease state and on symptoms of cardiac insufficiency, refer-
ring to the pocketbook for HF patients, which is distributed
by The Japanese Heart Failure Society. To promote self-
management, patients were instructed before starting the
programme to continue self-monitoring of blood pressure
and body weight and to call the hospital if they experienced
a worsening of their HF symptoms. In terms of exercise guid-
ance, risk management and target pulse rate monitoring

during the exercise were described, according to our original
basic exercise booklet.

The physical therapists helped the patient to set up their
Fitbit® and tested its connection to the patient’s smartphone.
As a daily-life management tool, patients had to wear the
Fitbit® device on their wrists all day, except during sleep
and bathing. Patients also had to use the Fitbit® application
on their smartphones.

The training menu consisted of three basic types of exer-
cise: stretching, resistance training using weights, and
ergometry or walking, for 30–40 min at a time. Exercise in-
tensity was determined according to the report by Piepoli
et al.,15 and physical therapists and cardiologists set exercise
routines at an intensity of 11–13 on the Borg scale. The target
frequency of exercise was set as three to five times per week
for aerobic exercise and two to three times per week for re-
sistance training. For aerobic exercise, ergometry and walking
were recommended, and for resistance training, individual
menus, such as exercises using their own weight, were
prepared. Physical therapists also monitored each patient’s
average daily steps on the Fitbit® application during the
intervention.

We communicated with each patient approximately once a
week via the Fitbit® application messaging tool or by tele-
phone if patients could not send or receive these messages
for any reason and planned the training frequency and inten-
sity for the next week according to their symptoms and re-
corded pulse data during exercise. Original video instructions
on performing the exercises were provided via the patient’s
smartphone, using a QR code presented in the exercise
booklet.

For nutritional guidance, dietitians conducted nutritional
assessments at the start of the intervention and provided

Figure 1 Comprehensive home-based cardiac rehabilitation programme using information and communication technology.
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nutritional advice individually with an energy intake goal of
25–30 kcal (for standard body weight) and a protein intake
goal of 1.2–1.5 g/kg body weight. In addition, the patients
were required to post photographs taken of their meals once
a week via the Fitbit® application. The dietician estimated the
nutritional content of the posted meals and provided dietary
advice to the patients.

The control group continued to receive standard medical
care including pharmacological and non-pharmacological
therapy but not HBCR.

Assessments

Detailed methods of assessments are described in supporting
information. The primary outcome was the change in the
6MWD at 3 months from baseline. The 6MWT was carried
out per the American Thoracic Society’s protocol.16

The secondary outcomes were changes in (i) brain natri-
uretic peptide (BNP), (ii) Kansas City Cardiomyopathy
Questionnaire (KCCQ) scores, (iii) the Short Physical Perfor-
mance Battery (SPPB) performance score, and (iv) the Kihon
checklist (frailty evaluation) scores, as well as (v) difference
in AE, and (vi) exercise adherence in the HBCR group.

Plasma BNP was measured by blood chemistry.
Health-related (HR)-QoL was assessed using the KCCQ. For
the assessment of frailty, we used the SPPB, which consist
of tests that evaluate balance, a 4 m walking test, and a
five-times sit-to-stand test.17 The SPPB scores were recorded
according to the manual, and the change in scores between
baseline and the 3 month follow-up was used for analysis.
Frailty was evaluated using the Kihon checklist as well as
the J-CHS.18,19 The Kihon checklist was originally developed
by the Ministry of Health, Labour, and Welfare of Japan to
identify older persons who are at risk of requiring support/
care.19 All AEs during the trial were recorded and compared
between the two groups, and causal relationships with CR
were determined by attending cardiologists. Exercise adher-
ence was defined as the percentage of patients who
exercised at least 4 days per week, and the exercise perfor-
mance rate was calculated by dividing the number of exercise
days by the total number of intervention days for the HBCR
group.

As exploratory outcomes, we measured physical function,
laboratory data, and nutritional information at baseline and
at 3 months. We measured handgrip strength, the maximal
isometric knee extension strength and knee extension,
weight ratio, femoral muscle thickness, and 5 m gait speed
to assess physical function.

For laboratory data, haemoglobin, total protein, blood
urea nitrogen, creatinine, estimated glomerular filtration
rate, and total cholesterol were measured. Nutritional infor-
mation was assessed using the Geriatric Nutritional Risk In-
dex (GNRI) and Controlling Nutritional Status.

Statistical analysis

After collecting all data from the participants, we compared
the two groups’ baseline characteristics and outcome mea-
sures using unpaired t-tests for continuous variables and χ2

tests or logistics regression for dichotomous or categorical
variables. Baseline data are reported as means ± standard de-
viations and percentages, and changes in outcomes are re-
ported as means, 95% confidence intervals (95%CI), and odds
ratio. The primary outcome measure was compared between
the HBCR and control groups using a t-test. We also verified
our findings using analysis of covariance as a sensitivity anal-
ysis. Statistical significance was set at P < 0.05. All statistical
analyses were performed using JMP Pro 15 software (SAS In-
stitute Inc., Cary, NC, USA).

Results

A total of 30 of all 35 eligible patients consented to partici-
pate. The flow diagram of participation is shown in Figure
2. All patients were assessed at baseline and at 3 months.

Baseline patient characteristics

The mean age of the patients was 63.7 ± 10.1 years, 53%
were men, 37% fell into the NYHA III category, and 87% had
non-ischaemic heart disease (Table 1). The patients in the
HBCR group were significantly younger than those in the con-
trol group (Control: 67.7 ± 8.9 vs. HBCR: 59.8 ± 10.0 years;
P < 0.05). There were no significant differences in sex or
BMI. Patients with frailty (J-CHS score ≥ 3) accounted for
33%, while the rest were determined as pre-frail (J-CHS score
1 or 2), in both groups. Aetiology, medical history, and comor-
bidities did not differ between the groups. Patients with HF
with reduced ejection fraction, defined as ejection frac-
tion < 40%, accounted for 53% of the control group and
40% of the HBCR group. The 6MWD, BNP level, KCCQ scores,
SPPB performance, Kihon checklist scores, and average steps
per day were comparable between the groups at baseline.

Primary outcome

The 6MWD increased over the 3 months’ observation period
in the HBCR group (52.1 ± 43.9 m, P< 0.001), whereas no sig-
nificant improvements was observed in the control group
(�4.3 ± 38.8 m, P = 0.68). The change in 6MWD at 3 months
compared with baseline was significantly greater in the HBCR
group than in the control group (56.4 [95%CI, 25.4 to 87.4] m,
P < 0.001) (Figure 3).

To consider the effect of the difference in age between the
groups, we performed post-hoc analyses using an analysis of
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covariance with age, sex, and baseline 6MWD as covariates.
We confirmed a significant positive relationship between
the HBCR group and improvement in the 6MWD (24.6
[95%CI, 6.6 to 42.6] m, P < 0.01) even after adjustment for
these baseline factors.

Secondary and exploratory outcomes

Table 2 shows the secondary outcomes at baseline and at
3 months. There were no significant differences in BNP level,
KCCQ scores, SPPB scores, and Kihon checklist scores. How-
ever, there were significant improvements in the HBCR group
compared with the control group in knee extension strength
(12.6 [95%CI, 2.4 to 22.8] Nm; P < 0.05), and knee extension
muscle strength to body weight ratio (0.1 [95%CI, �0.01 to
0.2] kgf/kg; P < 0.05). There were significant increases in se-
rum haemoglobin (0.7 [95%CI, 0.1 to 1.3] g/dL; P< 0.05), and
total cholesterol (15.9 [95%CI, �3.1 to 28.8] mg/dL; P< 0.05)
(Table 3) in the HBCR group but no significant differences in
GNRI or Controlling Nutritional Status scores between the
groups. The mean number of steps per day numerically in-
creased in the HBCR group by +678 ± 322 steps
(4816 ± 2209 steps at baseline vs. 5494 ± 2366 steps at
3 months; P = 0.05).

Overall, 16 AE occurred, seven in the control group and
nine in the HBCR group (P = 0.456). No serious AE, such as
death or cardiac arrest, occurred in either group. There were
three readmissions in the control group and three in the

HBCR group, which were not causally related to the interven-
tion (Table S1).

Exercise adherence was 73% (more than or equal to four
times/week in 11 patients vs. less than four times/week in
four patients), and the exercise performance rate during
the intervention period was 62.4 ± 20.8%, equivalent to
4.4 ± 1.4 days per week.

Discussion

Here, we demonstrate that comprehensive CR using ICT could
improve exercise tolerance in patients with HF and frailty,
which has not been reported previously. Previous reports
on HBCR using ICT have focused mainly on ischaemic heart
disease,13,20 and interventions included telephone calls,20

video calls,21 and smartphone applications with wearable de-
vices and remote monitoring systems.13,14 In the present
study, HF patients with physical frailty who underwent
comprehensive HBCR based on a smartphone application
combined with a wearable device demonstrated a longer
6MWD and improved lower limb muscle strength after
3 months. The 6MWD is an important indicator of exercise
tolerance in HF patients and has been reported to be a pre-
dictor of mortality.22–24 The difference in the change in the
6MWD from baseline to 3 months between the two groups
was 56.4 m (Figure 3) in this study, suggesting that the HBCR
method was effective in HF patients with frailty, because an

Figure 2 Study flow chart. 6MWD, 6 min walking distance; BMI, body mass index; HBCR, home-based cardiac rehabilitation.

ICT-based cardiac rehabilitation for frailty HF 2411

ESC Heart Failure 2022; 9: 2407–2418
DOI: 10.1002/ehf2.13934



intervention is defined as resulting in significant differences
at a change of 50 m or more in this distance.23,24

One of the unique features of the intervention described
here was the use of a commercially available wearable device
to encourage patients to self-manage their activity levels and

to regulate the intensity of exercise through regular individual
guidance and tailoring of the programme to the patients’ indi-
vidual performance by physical therapists (Figure 1). With this
method, we could set the exercise intensity according to each
patient’s needs and physical function at home. The key

Table 1 Baseline characteristics of enrolled patients

All (n = 30) Control (n = 15) HBCR (n = 15) P value

Age (years) 63.7 ± 10.1 67.7 ± 8.9 59.8 ± 10.0 0.03
Male, n (%) 16 (53) 7 (47) 9 (60) 0.46
Height (cm) 162.5 ± 7.8 160.5 ± 7.3 164.6 ± 7.9 0.15
Weight (kg) 54.7 ± 8.8 54.7 ± 9.2 54.8 ± 8.7 0.98
BMI (kg/m2) 20.6 ± 2.5 21.1 ± 2.3 20.2 ± 2.6 0.30
NYHA class, n (%) 0.71

II 19 (63) 9 (60) 10 (67)
III 11 (37) 6 (40) 5 (33)

Frailty (J-CHS), n (%) 0.99
Frailty 10 (33) 5 (33) 5 (33)
Pre-frailty 20 (67) 10 (67) 10 (67)

Aetiologies of heart failure, n (%) 0.50
Ischaemic heart disease 4 (13) 1 (6) 3 (20)
Dilated cardiomyopathy 9 (35) 6 (43) 3 (25)
Sarcoidosis 5 (19) 2 (14) 3 (25)
Amyloidosis 2 (8) 1 (7) 1 (8)
Hypertrophic cardiomyopathy 2 (8) 0 (0) 2 (17)
Hypertensive heart disease 1 (4) 1 (7) 0 (0)
Other 7 (27) 4 (29) 3 (25)

Medical history, n (%)
PCI 3 (10) 1 (7) 2 (13) 1.00
Valvular surgery 3 (10) 1 (7) 2 (13) 1.00
PMI 3 (10) 2 (13) 1 (7) 1.00
ICD 6 (20) 2 (13) 4 (27) 0.65
CRT-P 1 (3) 1 (7) 0 (0) 1.00
CRT-D 7 (23) 2 (13) 5 (33) 0.39
LVAD 4 (13) 2 (13) 2 (13) 1.00

Comorbidities, n (%)
Hypertension 6 (20) 2 (13) 4 (27) 0.36
Diabetes mellitus 5 (17) 2 (13) 3 (20) 0.62
Hyperlipidaemia 6 (20) 3 (20) 3 (20) 1.00
Chronic kidney disease 7 (23) 4 (27) 3 (20) 0.67

Physiological parameter
SBP (mmHg) 99.8 ± 23.3 105.1 ± 28.3 94.6 ± 16.4 0.23
DBP (mmHg) 67.3 ± 15.2 68.7 ± 17.7 66.0 ± 12.7 0.64
PR (b.p.m.) 73.9 ± 14.1 75.6 ± 13.4 72.2 ± 15.1 0.52

Echocardiography
LVDd (mm) 54.2 ± 11.2 57.3 ± 12.6 51.1 ± 8.8 0.13
LVDs (mm) 43.9 ± 14.1 46.7 ± 16.6 41.1 ± 11.0 0.28
LVEF (%) 42.2 ± 17.4 44.5 ± 17.3 39.9 ± 17.8 0.48
LVEF < 40%, n (%) 14 (47) 8 (53) 6 (40) 0.46

Medication, n (%)
ACE inhibitor 20 (67) 9 (60) 11 (73) 0.44
ARB 3 (10) 2 (13) 1 (6) 0.54
Beta-blocker 29 (97) 15 (100) 14 (93) 0.31
MRA 18 (60) 8 (53) 10 (67) 0.46
Calcium channel blocker 3 (10) 0 (0) 3 (20) 0.07
Loop diuretic 10 (33) 7 (47) 3 (20) 0.12
Inotropic agent 7 (23) 3 (20) 4 (27) 0.67
Statin 8 (27) 5 (33) 3 (20) 0.41
Anticoagulant 13 (43) 4 (27) 9 (60) 0.65
Average steps a day (steps) 4376 ± 2297 3936 ± 2373 4816 ± 2209 0.30

Data are expressed as mean ± standard deviation and percentages. P values are derived by unpaired t-test between the control group and
the HBCR group.
ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; CRT, cardiac resynchronization therapy;
DBP, diastolic blood pressure; HBCR, home-base cardiac rehabilitation; ICD, implantable cardiac defibrillator; J-CHS, Japanese version of
the cardiovascular health study criteria; LVAD, left ventricular assist device; LVDd, left ventricular dimension diastole; LVDs, left ventricular
dimension systole; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Associa-
tion; PCI, percutaneous coronary intervention; PMI, pacemaker implantation; PR, pulse rate; SBP, systolic blood pressure.
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components of ICT interventions include (i) self-monitoring,
(ii) feedback by and communication with the instructor, (iii) so-
cial support, (iv) systematic programmes, and (v) tailor-made
programmes.25 Importantly, the present intervention included
these five components. In particular, regular communication
between the patients and instructors, with constant encour-
agement for 3 months, led the patients to continue the phys-
ical training and diet therapy and resulted in improvements in
physical function in patients with HF. These results indicated
that ICT applications can be useful for HBCR, by promoting
continuation and facilitating self-management.

Moreover, the average number of steps per day in patients
with HF is associated with mortality,26 and self-monitoring
has been shown to increase physical activity effectively.27

Hence, the use of wearable devices to promote patient
self-monitoring and increase the average daily step count
under the management and advice from healthcare practi-
tioners is expected to reduce mortality risks. The benefits of
an increased step count may be an advantage of the HBCR
over a scheduled centre-based CR.

Despite much evidence for the efficacy of CR, the imple-
mentation and continuation rate of outpatient CR
programmes remain low.8 Among several suggested reasons,
Nakayama et al. suggested that the distance from the patients’
home to the hospital may be a barrier for participation in
outpatient CR.28 ICT, including telerehabilitation, or the
remote delivery of rehabilitation, can promote the continua-
tion of rehabilitation programmes by combining initial face-
to-face guidance with outpatient visits. Self-management in
patients with HF and the continuation of patient education,
disease management, and nutrition and exercise guidance

Figure 3 The change in the 6MWD from baseline. 6MWD, 6 min walking
distance; HBCR, home-based cardiac rehabilitation.
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on a regular basis at home will thus contribute to a reduction
of readmissions.

In HF patients, skeletal muscle mass is associated with ex-
ercise tolerance,29 and a predictor of mortality, and resis-
tance training effectively achieves muscle hypertrophy.30

However, high-intensity resistance training is not recom-
mended for patients with HF, and it is instead recommended
to start exercise at a low intensity of about 30% of maximal
muscle strength.15 In the present study, while the initial
intensity was low, the exercise intensity was individually ad-
justed by increasing the number of exercises and the number
of sets. Because it has been reported that improvements in
skeletal muscle function in older adults depends on the work-
load (load intensity × number of repetitions × number of
sets),31 the gradual increase in the workload individually tai-
lored to each patient in the current study has not only to
the observed improvements in lower limb muscle strength
but also seems to have been involved in maintaining the pa-
tient’s motivation to continue exercising.

It has been reported that patients with HF tend to have neg-
ative energy and nitrogen balances even in the stable phase,32

and low blood levels of essential amino acids and
branched-chain amino acids.33 In addition, patients with HF
and physical frailty are likely to have difficulty improving se-
rum total protein levels and physical function because they
also have advanced skeletal muscle catabolism. Because exer-
cise and nutrition guidance were provided at the same time in
the current study, it is difficult to determinewhich one contrib-
uted more to the increase in the 6MWD. We show that serum
total cholesterol level was increased and that anaemia im-
proved after 3 months of nutritional guidance. Because anae-
mia is a predictor of mortality in patients with HF,34 our results
suggest that nutritional intervention contributing to the im-
provement of anaemia will be beneficial for these patients.
On the other hand, we could not find any differences in total
protein or the GNRI. This might be explained by the fact that
our subjects were at a relatively low nutritional risk and that
the number of subjects was not large enough to detect such
small changes. While we speculate that encouragement from
a dietitian to consume more protein may result in an increase
iron intake frommeat, further assessments of nutritional guid-
ance interventions are needed.

In this nutritional intervention, the targets for energy and
protein intake were set at the same level as those for older
adults with any acute or chronic disease,35 and the dietitians
provided continuous and specific interventions to each
individual. In general, nutritional guidance in HF is focused
on limiting salt intake and teaching a balanced diet. However,
for patients with HF and physical frailty, it is considered
necessary to prioritize the guidance for energy and protein
intake over the guidance for salt intake.36 In addition, be-
cause the distribution of protein intake over the three daily
meals (breakfast, lunch, and dinner) is known to affect pro-
tein synthesis, a photographic evaluation of the actual dietary

habits of patients and appropriate individual advice with spe-
cific examples by nutritionists would be useful.

The effect of HBCR on QoL is controversial.12,37 In this
study, HR-QoL did not significantly improve over the 3 month
intervention period. The overall baseline KCCQ score was rel-
atively high (the average baseline score was 72.2), which
might have hindered the reflection of intervention-based im-
provements in the score. The short intervention duration of
3 months may be another reason for the apparent absence
of improvements in HR-QoL based on the KCCQ scores. The
SPPB and the Kihon checklist are good indicators of frailty
in patients.17–19 The SPPB is an evaluation index with a max-
imum total score of 12 points. Because most of our patients
were in the range of 10 to 11 points (9 points or less is
defined as frailty), an improvement effect might have been
difficult to detect in our small number of subjects, due to a
ceiling effect. Similarly, the Kihon checklist score of 6.5 points
(maximum total score of 20 points, and 10 points or more
defined as frailty) might not have been suitable to detect im-
provements in our patients due to the small possible varia-
tion scores and small number of subjects. These potential
shortcomings of the current measurements thus indicate
the need for larger scale research.

In terms of safety, the extremely low frequency of cardiac
accidents during monitored CR in Japan (0.26/100 000 pa-
tient hours) indicates that CR can be safely performed follow-
ing exercise prescriptions.38 No serious AE complications oc-
curred in the current study, and there were no readmissions
due to the intervention, which emphasizes its safety. HBCR
as implemented in the current study did not provide a real-
time remote exercise/coaching monitoring system but fo-
cused on achievements according to the patients’ lifestyle
and schedule. Non-monitoring HBCR may be inferior in terms
of safety as compared with CR with remote monitoring sys-
tems using electrocardiograms. We used the Fitbit®, a com-
mercially available wrist-worn device, which has a pulse rate
monitoring accuracy that is superior to that of wearable de-
vices from other companies (although it is not equivalent to
that of electrocardiogram).39 A clinical trial using the Fitbit®
is currently underway40; however, the safety of HBCR using
wearable devices has not yet been determined. Further
safety verification through well-designed large-scale trials will
be necessary in the future.

Introducing wearable devices in HBCR offers some advan-
tages, such as the communication tool, we used to support
our patients and to encourage them to accept more responsi-
bility for self-monitoring and record-keeping in their daily life.
The patients followed a personalized CR programme with an
intensity that was increased according to the patients’ condi-
tion, following the Borg scale and the patient’s baseline clinical
assessment. Consequently, 11 of 15 patients completed the CR
programme, engaging more than four times per week, which
we consider useful in terms of cost-effectiveness. A tailored,
progressive HBCR intervention using ICT that included physical
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exercise and diet therapy for 3 months resulted in a signifi-
cantly greater improvement in physical function than standard
care; it can thus be considered a safe means of exercise for pa-
tients with mild to moderate HF.

We utilized commercially available wearable devices for
the self-monitoring and communicating with healthcare pro-
viders. The applications of these technologies for monitoring
and communicating with patients may be the key for the pro-
vision of sustainable medical care in an ageing society.

This study has several limitations. First, this was a single-
centre, open-label study with a small sample size, and a
larger-scale validation at multiple sites is necessary. Second,
the average age of our participants was relatively young
(63.7 years), and older patients with a higher severity of
frailty were not able to participate partly because participa-
tion in this study required the use of a smartphone. Although
further research is needed to determine whether such inter-
ventions are effective for elderly patients, we believe that in
the next 5 to 10 years, when the generation accustomed to
using smartphones will be over 70 years old, the scope of in-
terventions will expand to include elderly patients. Finally,
the intensity of exercise during the intervention was deter-
mined according to each patient’s condition and exercise ca-
pacity; ideally, it should be managed by direct individual in-
struction and personal education of each patient. Therefore,
we could not control exercise intensity as strictly as is possi-
ble in supervised exercise therapy. However, even with our
non-supervised exercise therapy, we were able to set the ex-
ercise intensity by adjusting the frequency and number of ex-
ercises. Further studies that manage exercise more strictly in
accordance with the severity of patients’ frailty are necessary.

Conclusions

A comprehensive HBCR programme using ICT for HF patients
with physical frailty improved exercise tolerance and im-
proved lower extremity muscle strength. Management with
individualized ICT-based programmes can be a safe and effec-
tive approach for HF patients with physical frailty. Our find-
ings provide evidence supporting this practical method for
providing CR for HF patients with frailty, the number of whom
is increasing in a globally ageing society, as a more efficient
CR method that keep patients with HF engaged in physical ac-
tivity in their daily life.
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