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Objectives: To identify the current status of smartphone usage and to describe the needs for smartphone-based cardiac
telerehabilitation of cardiac patients. Methods: In 2016, a questionnaire survey was conducted in a supervised ambulatory
cardiac rehabilitation (CR) program in a university affiliated hospital with the participation of heart failure or heart trans-
plantation patients who were smartphone users. The questionnaire included questions regarding smartphone usage, demands
for smartphone-based disease education, and home health monitoring systems. Results were described and analyzed accord-
ing to principal diagnosis. Results: Ninety-six patients (66% male; mean age, 53 + 11 years), including 56 heart failure and 40
heart transplantation patients, completed the survey (completion rate, 95%). The median daily smartphone usage time was
120 minutes (interquartile range, 60-300), and the most frequently used smartphone function was text messaging (61.5%).
Of the patients, 26% stated that they searched for health-related information using their smartphones more than 1 time per
week. The major source of health-related information was Internet browsing (50.0%), and the least sought source was the
hospital’s website (3.1%). Patients with heart failure expressed significantly higher needs for disease education on treatment
plan, home health monitoring of blood pressure, and body weight (x* = 5.79, 6.27, 4.50, p < 0.05). Heart transplantation pa-
tients expressed a significant need for home health monitoring of body temperature (x* = 5.25, p < 0.05). Conclusions: Heart
failure and heart transplantation patients show high usage of and interest in mobile health technology. A smartphone-based
cardiac telerehabilitation program should be developed based on high demand areas and modified to suit to each principal
diagnosis.
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prevent further events [3,4]. Although CR may improve the
mortality and morbidity rates of heart disease, low utilization
remains a problem to be solved. Globally, CR participation
rates are low, ranging from 14% to 43%, with high dropout
rates after enrollment [5]. Factors associated with participa-
tion in CR include patient, medical, and healthcare-oriented
characteristics, as well as availability, affordability, and ac-
cessibility of a program, and the limitation of a participant’s
time and location in relation to a CR center are considered
major factors that can negatively affect CR participation [6].
To overcome these barriers, cardiac telerehabilitation was
introduced based on the use of smartphone [7].

Mobile health (mHealth) applications and cardiac telereha-
bilitation have developed fast and have potential for cardio-
vascular disease prevention and management [7,8]. mHealth
is defined as healthcare supported by mobile devices, such as
mobile phones, patient monitoring devices, interactive web-
sites, and other wireless devices to support health objectives
and behavior change [9,10]. Mobile phone ownership was
reported to be 95% in the United States; in particular, smart-
phone ownership was 77% among adults in 2018 [11]. Cur-
rently, about 2 billion people own smartphones, which is an
increase of 42% in comparison to 2011 [12]. South Korea has
had the highest smartphone ownership among all countries,
and smartphone penetration reached 88% in 2016 [13].

Mobile technology has advanced rapidly, along with the
popularization of smartphones, while various software ap-
plications have been developed. The introduction of various
types of applications provides enormous opportunities for
the delivery of healthcare services. Personalized care based
on the characteristics of the individual has become pos-
sible, thereby enhancing the efficiency of such services [14].
Moreover, by enabling communication between providers
and patients regardless of spatio-temporal limitations, more
people can provide necessary care, leading to higher satisfac-
tion than that for conventional interventions [15]. Recently,
using monitoring sensors and sending feedback to provid-
ers and patients has provided new areas of treatment and
development. Technology for engaging in and monitoring
physical activity is becoming more readily available and can
affect current CR provision. Some evidence has shown that
cardiac telerehabilitation as a solution for cardiac patients is
more feasible and effective than conventional center-based
CR [16]. Various mHealth and telerehabilitation services
have been developed and used so far, but more research
and development is needed [7]. Furthermore, there are still
major difficulties in integrating mHealth into daily clinical
practice. One problem is that the development of mHealth is
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focused on the technological part, not on the patient’s needs
and expectations to use the technology [8].

It is believed that developing and applying programs that
meet the interests and needs of the patients are important. A
pilot study evaluated the phone usage and needs of patients
with coronary artery diseases with regards to an mHealth
healthy eating program [17]. It found that mobile phone
usage was high among participants, and the participants
were interested in receiving the program through mobile
technology. Another study documented patients’ current
technology usage, interests in, and preferences for telereha-
bilitation, and their relationship with age, gender, and other
characteristics [18]. Although the characteristics and prefer-
ences of telerehabilitation subjects were investigated through
those studies, it differences between diagnoses should be
identified. A previously developed app called AnSim (Hanmi
Healthcare, Seoul, Korea) for cardiac patients, specifically
focuses on coronary artery disease patients after percuta-
neous coronary intervention. CR programs are offered to
patients with various cardiac diseases. Specified disease
management is required for patients with coronary artery
disease, post-operation and after heart failure (HF) or after
heart transplantation (HT) according to their diagnosis. In
particular, HF is a subtle and complex disease. Because HF
patients have a high risk of an arrhythmic event, they require
more attention, even in center-based CR programs [1]. If a
smartphone-based cardiac telerehabilitation program could
be tailored to each diagnosis, it would be able to provide
more effective and efficient management.

This study aimed to identify the current smartphone usage
status of selected patients with HF and HT and to describe
their needs for smartphone-based disease education through
a home health monitoring system.

Il. Methods

1. Study Design

This cross-sectional survey was designed to investigate the
needs of Korean cardiac patients for smartphone-based dis-
ease education and home health monitoring systems as part
of a study to develop a cardiac telerehabilitation smartphone
application. The study protocol was approved by the Insti-
tutional Review Board of Severance Hospital (No. 1-2016-
0044). All patients gave informed consent.

2. Participants

We recruited eligible participants who had been diagnosed
with heart failure and/or had undergone heart transplan-
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tation. All of them could perform exercises and owned a
smartphone. Only those who followed the intervention using
their smartphone or used at least some of the applications
were included. Participants were recruited from a supervised
ambulatory CR program in a university-affiliated hospital in
Seoul from September 30 to December 5, 2016. A researcher
assisted them if they had problems in completing the ques-
tionnaires. The participants required approximately 20 to 25
minutes to finish the questionnaire. Of 101 participants, 96
patients completed this study (completion rate, 95%).

3. Measurements

Participants completed the self-report questionnaire, which
assessed their experience of participating in disease educa-
tion programs, their smartphone usage, and their needs
for smartphone-based disease education and home health
monitoring systems.

The questionnaire used in the survey included 12 ques-
tions, of which there were 10 close-ended response items
and 2 open-ended questions. There were 6 questions on
their experience with cardiac disease-related education, its
venue, type, medium, effects, and their needs for education
on cardiac diseases; 4 questions on their average hours of
smartphone use, type of functions used, frequency of search-
ing for health-related information using a smartphone, and
the searching channel for health-related information to iden-
tify the current status of smartphone usage; and 2 questions
on their needs for smartphone-based disease education and
home health monitoring systems. The questions of the sur-
vey were developed by the researchers.

Participants’ weight, height, heart rate, blood pressure, and
cardiopulmonary capacity determined through a cardiopul-
monary exercise test were measured before the survey was
conducted. Socio-demographic data (age, gender, educa-
tion level, residence, marital status, employment status, and
health behavior) were collected after the survey. The medical
records were reviewed to identify clinical characteristics,
including comorbidity, experience of procedures/surgeries,
medications, and left ventricle ejection fraction.

4. Data Analysis

All statistical analyses were conducted using SPSS Statisti-
cal Software 23.0 versions for Windows (IBM Corporation,
Armonk, NY, USA). Analysis of the survey responses was
largely descriptive. Descriptive statistics, such as means,
standard deviations (SD), medians, interquartile range (IQR),
frequencies, and percentages, were used to describe the de-
mographic and clinical characteristics of the participants.
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Comparisons of differences between diagnosis groups were
made using a t-test for continuous variables and a chi-square
test for categorical variables. Questionnaires were excluded
from the analysis when 6 or more answers were missing. Sta-
tistical significance was set at p < 0.05.

I1l. Results

1. Demographics

The general characteristics of the respondents are presented
in Table 1. The mean age of the participants was 53 + 11
years (range, 20-80 years), and 63 patients (65.6%) were
men. The distribution of respondents by age was the fol-
lowing: 20-29 (2.1%), 30-39 (9.4%), 40-49 (24.0%), 50-59
(34.4%), 60-69 (26.0%), 70-79 (3.1%), and over 80 years
(1.0%). Patients included of HF patients (58.3%) and HT
patients (41.7%). The HT patients’ body mass index (BMI)
values were significantly lower than those of the HF patients
(mean, 24.2 + 2.7 vs. 27.0 + 5.2 kg/m* p = 0.001). There
were significant differences regarding some of the comor-
bidities and experiences of procedures/surgeries according
to diagnosis. The left ventricular ejection fractions of HF pa-
tients were significantly lower than those of HT patients (p <
0.01). There were no significant differences regarding socio-
demographics between diagnoses.

2. Patients’ Experience of Prior Heart Disease Education
Programs

Of the 96 participants, 42 (43.8%) had participated in dis-
ease education programs before this study, and 95.2% had at-
tended an education program in the hospital. The education
program included topics such as nutrition (83.3%), exercise
and disease management (71.4%), and medication (61.9%).
Over half of the education programs used a booklet as the
medium for education (54.8%). Over 90% of patients report-
ed that the prior education program was useful to manage
their disease. No significant differences were found in par-
ticipation rates of disease education programs and the needs
for disease education according to diagnosis or general and
disease-related characteristics.

3. Current Smartphone Usage

Table 2 shows the smartphone usage according to diagnosis.
Median daily smartphone usage time was 120 minutes (IQR,
60-300 minutes) with no significant differences between
diagnoses. The smartphone functions used most frequently
were text messages (61.4%), calls (54.2%), and Internet
browsing (46.9%). Of the patients, 26% stated that they
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Table 1. Demographic characteristics according to principal diagnosis

HIR

All (n = 96) HF (n = 56) HT (n =40) It p-value

Gender, male 63 (65.6) 37 (66.1) 26 (65.0) 0.012 0.913
Age (yr) 52.7+11.2 524+ 12.6 53.2+9.0

20-49 34 (35.4) 20 (35.8) 14 (35.0) 0.365 0.833

50-59 33 (34.4) 18 (32.1) 15 (37.5)

60-89 29 (30.2) 18 (32.1) 11 (27.5)
Education level

Non-completed high school 9(9.4) 5(8.9) 4(10.0) 0.640 0.726

Completed high school 43 (44.8) 27 (48.2) 16 (40.0)

>College 44 (45.8) 24 (42.9) 20 (50.0)
Residence, metropolitan 73 (76.0) 45 (80.4) 28 (70.0) 1.374 0.241
Spouse, married/partnered 64 (66.7) 35 (62.5) 29 (72.5) 1.050 0.306
Currently employed, yes 50 (52.1) 29 (51.8) 21 (52.5) 0.005 0.945
Smoking, yes 10 (10.4) 7 (12.5) 3(7.5) 0.625 0.429
Drinking alcohol’, yes 31(32.3) 20 (35.7) 11 (27.5) 0.720 0.396
Regular exercise, yes 56 (58.3) 36 (64.3) 20 (50.0) 1.959 0.162
Medication adherence”

Motivation 22+0.8 22+09 23+0.7 -0.986 0.327

Knowledge 2.2+0.6 2.2+0.6 22+0.7 0.205 0.838

Total 44+ 1.1 43+ 1.1 45+ 1.1 -0.608 0.545
BMI (kg/mz) 258+ 4.6 27.0+5.2 242 +2.7 3.473 0.001

Under/normal weight (<23) 25 (26.0) 12 (21.4) 13 (32.5)

Overweight (23-24.9) 18 (18.8) 6 (10.8) 12 (30.0)

Mild obesity (25-29.9) 39 (40.6) 26 (46.4) 13 (32.5)

Obesity (>30) 14 (14.6) 12 (21.4) 2 (5.0)
Systolic BP (mmHg) 1243 +17.2 126.5+17.9 121.3 £ 16.0 1.490 0.140
Diastolic BP (mmHg) 81.6 £ 12.6 83.0 £13.2 79.6 £ 11.6 1.310 0.193
Heart rate (bpm) 81.5+ 14.5 79.2+12.5 84.7 £ 16.6 -1.771 0.081
LV ejection fraction (%) 53.0 + 14.8 48.5+15.9 57.6 £12.2 -2.829 0.006

LV ejection fraction, <45 22(22.9) 17 (30.4) 5(12.5) 8.734 0.003
Duration of illness (yr) 3.7 +4.1 35+4.1 4.1+4.0 -0.708 0.481
Comorbid disease, yes

Hypertension 62 (64.6) 41(73.2) 21 (52.5) 4.377 0.036

Diabetes 19 (19.8) 5(8.9) 14 (35.0) 9.991 0.002

Chronic kidney disease 6(6.3) 3(54) 3(7.5) 0.183 0.669
Experience of procedure/surgery, yes

PCI/CABG 11 (11.4) 2 (3.6) 9 (22.5) 8.240 0.004

Valve surgery 9 (9.4) 2 (3.6) 7 (17.5) 5.328 0.021

ICD/CRT-D 6(6.2) 1(1.8) 5(12.5) 4.571 0.033
CPET

Peak VO, (mL/kg/min) 23.8+6.4 242 +6.3 23.1+64 0.813 0.419

Test duration (min) 774.0 £ 185.7 776.7 £ 179.5 771.8 £199.1 0.124 0.902

Peak RER 1.1+0.1 1.1£0.1 1.1£0.1 -0.013 0.990
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Table 1. Continued

All (n = 96)
42 (43.8)

HF (n = 56)
26 (46.4)

HT (n =40) Xt
16 (40.0) 0.392

p-value
0.531

Previous experience of participation in

education program, yes

Values are reported as number (%) or mean * standard deviation.

HEF: heart failure, HT: heart transplantation, BMI: body mass index, BP: blood pressure, LV: left ventricle, PCI: percutaneous coro-
nary intervention, CABG: coronary artery bypass graft surgery, ICD: implantable cardioverter defibrillator, CRT-D: cardiac resyn-
chronization therapy devices, CPET: cardio-pulmonary exercise test, VO,: peak oxygen uptake, RER: respiratory exchange ratio.
‘Drinking alcohol is defined as consumption of more than 7 units per week.

*Medication adherence was measured by the Modified Morisky Scale.

Table 2. Usage of smartphones

All (n = 96) HF (n = 56) HT (n = 40) Y/t p-value
Usage time (min/day) 120 (60-300) 150 (75-300) 90 (60-270) 1.598 0.113
Frequent used function® (yes)
Text message 59 (61.5) 38 (67.9) 21 (52.5) 2.323 0.127
Phone call 52 (54.2) 33 (58.9) 19 (47.5) 1.228 0.268
Internet browsing 45 (46.9) 25 (44.6) 20 (50.0) 0.269 0.604
Video 18 (18.8) 10 (17.9) 8(20.0) 0.070 0.791
Game 9 (9.4) 6 (10.7) 3(7.5) 0.284 0.731
Frequency of searching health-related information
using smartphone
More than 1 times/week 38 (39.6) 28 (50.0) 10 (25.0) 6.098 0.014
Channel of acquiring health-related information
through smartphone (yes)*
Internet browsing 48 (50.0) 29 (51.8) 19 (47.5) 0.171 0.679
News article 19 (19.8) 12 (21.4) 7 (17.5) 0.227 0.634
Personal website 14 (14.6) 9(16.1) 5(12.5) 0.239 0.625
Application 8 (8.3) 5(8.9) 3(7.5) 0.062 0.803
Hospital’s website 3(3.1) 2 (3.6) 1(2.5) 0.008 0.766
Overall interest in smartphone-based cardiac
rehabilitation
Very high interest 58 (60.5) 33 (58.9) 25 (62.5) 1.672 0.433
High interest 37 (38.5) 23 (41.1) 14 (35.0)
Low/No interest 1(1.0) - 1(2.5)

Values are reported as median (interquartile range) or number (%).

‘Multiple responses were applicable.

searched for health-related information using their smart-
phones more than 1 time per week (50% of HF patients and
25% of HT patients; p < 0.05). The high-smartphone-usage
group showed greater frequency of searching for health-
related information using smartphones in univariate analysis
(x’=10.93, p < 0.01).

The major channel of health-related information acquired
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through the smartphone was the internet browsing (50.0%),
and the least sought source was the hospital’s website (3.1%).
The participants expressed very high interest (60.4%) and
high interest (38.5%) in smartphone-based CR.
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4. Patients' Interests and Preferences for Smartphone-
based CR

The needs for disease education through smartphone appli-
cation are presented in Figure 1. Education regarding ‘actions
for emergency situations, treatment plans, responding to
their symptoms, and exercise/physical activity’ received the
highest rating for inclusion in a smartphone-based educa-
tional application. HF patients expressed significantly higher
needs for smartphone-based disease education regarding
‘treatment plans’ (x* = 5.79, p < 0.05).

The needs for home health monitoring systems through
smartphone applications regarding the separate CR com-
ponents are presented in Figure 2. Monitoring of ‘exercise,
blood pressure, and body composition’ received the high-
est rating. Participants expressed significantly higher needs
for home health monitoring of ‘blood pressure’ and ‘body
weight’ in the HF group (x* = 6.27, 4.50, p < 0.05) and ‘body
temperature’ in the HT group (x = 5.25, p < 0.05).

IV. Discussion

This study documented the use of current technology by
cardiac patients and their interest in smartphone-based CR.
The significance of this study is that it identified the needs of
participants regarding smartphone application-based disease
education and home health monitoring systems.

Chow et al. [7] reported that, due to the recent increase in
the number of smartphone users, smartphone applications
have become an important tool in disease management.
Accordingly, mHealth and cardiac telerehabilitation have
been established as a new form of disease management and
have advanced greatly [9,15]. Varnfield et al. [19] reported
that, since applications can be easily built into smartphones,

Action for emergency situation
Treatment plan

Responding to symptoms
Exercise/physical activity
Information about disease
Medication

Nutrition

Self care for daily living

HIR

cardiac patients can use them at any time or place, and as a
result, these applications can be effective tools for realizing
mobile education and health management. Currently, many
applications use monitoring sensors and provide feedback
about the user’s biological information. Healthcare providers
are able to monitor patients’ heart rate, blood pressure, and
other health parameters [20,21], and there is growing inter-
est in how to remotely manage heart failure patients using
monitoring sensors and mobile applications [22].

Patients in this study showed a high interest in both smart-

Exercise

Blood pressure
Body composition
Symptoms

Heart rate

Diet

Body weight

Body temperature

Figure 2. Needs for home health monitoring systems through
smartphone applications. We identified the areas for which a
home health monitoring system is needed through smartphone
applications. Participants expressed significantly higher needs
for home health monitoring of blood pressure and body weight
in the HF group (X* = 6.27, 4.50, p < 0.05) and body temperature
in the HT group (x* = 5.25, p < 0.05). HF: heart failure, HT: heart
transplantation.

Figure 1. Needs for disease education
through smartphone ap-
plications. The needs assess-
ment of disease education
through smartphone was
conducted. HF patients ex-

- ﬁlllz pressed significantly higher
B HT needs for smartphone-
0<0.05 based disease education for

treatment plans (x* = 5.79,
p < 0.05). HF: heart failure,
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phone-based education and monitoring systems. One of
the difficulties in applying mHealth is the lack of scientific
evidence of efficiency [23]. Some interventions have been
started to provide evidence to support mHealth’s effective-
ness, such as the Mobile Applications Rating Scale (MARS),
a tool to assess the quality of health applications, and the
United States Agency for International Development (US-
AID) site that collects evidence regarding mHealth [24,25].
The effectiveness of these interventions need to be verified
to establish the confidence of both clinicians and patients
and to facilitate engagement with these technologies. More-
over, inclusion of medical staff members in the development
of smartphone-based cardiac telerehabilitation applications
and active participation in patient care can be a solution to
address the issues of the validity and reliability of these ap-
plications.

When participants search for health-related information
through their smartphones, high rates (50.0%) of internet
browsing and low rates (3.1%) of hospital website use were
reported. On the Internet, there is a huge amount of in-
formation available; thus, the amount of inaccurate data is
considerable [26]. Among these inaccurate data, healthcare
providers should gather and provide high-quality health-
related information for patients’ healthcare. It is necessary
to provide exact information without time and space limita-
tions through validated smartphone-based CR applications.

Various heart diseases can progress to HF, and the end of
treatment for HF is HT surgery [27]. In HT patients that
have undergone a worsening HF process for a considerable
period of time, although the left ventricle ejection fraction
can be higher than in the HF group, the comorbidities can
be higher and general condition can be lower than in HF
patients. HF patients are treated to prevent progression of
their disease, whereas the care of patients after HT is more
focused on organ rejection and prevention of infection.
Besides HF or HT, other heart diseases also have different
focuses of disease management. For example, it was reported
that monitoring of weight and symptoms was recommended
to avoid hospital admission of HF patient [28]. In heart
transplantation patients, taking of immunosuppressive med-
ication is important as well as avoiding behaviors that may
cause infection and monitoring the signs of infection [29].
Patients with coronary artery disease need to change their
behavior to prevent further recurrent events [30]. Those
previous study’s results are in line with the findings of our
study, showing high demands for home health monitoring of
blood pressure and body weight in HF patients, while body
temperature is of greatest importance for the HT group. The
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comparison of HF and HT conducted in this study showed
that the needs for smartphone-based educational programs
and home health monitoring systems were different for each
disease. Also, the frequency of searching for health-related
information using smartphones was higher in the HF group.
This preference currently warrants a technology-based CR
intervention tailored to the patient’s needs and usage [8].
Smartphone-based CR has low participation of healthcare
providers, but more enhanced accessibility and utility than
center-based CR [16]. It is expected that smartphone-based
CR can be developed in a patient-centric manner by reflect-
ing the reported needs of the patients. Then higher partici-
pation of patients based on their needs may be facilitated.

This study had several limitations. First, our results were
collected from a small group in a single center. Second, the
sample was limited to people who had experienced heart
failure and/or had undergone heart transplant surgery who
participated in a phase II (outpatient) CR program. Conse-
quently, the study could not identify any differences accord-
ing to other cardiac disease, such as coronary artery or val-
vular diseases. We suggest further studies of diverse cardiac
patients with a greater number of subjects.

In conclusion, the objective of this study was to provide
basic information needed for the development of smart-
phone application-based disease education and home health
monitoring systems for the management of heart diseases.
This study documented a high usage rate and interest in mo-
bile health technology among heart failure and post-heart-
transplantation patients. Based on the demands and inter-
est, a smartphone-based cardiac telerehabilitation program
including disease education and an exercise program should
be developed. This study found differences patients’ needs
regarding smartphone-based disease education and home
health monitoring systems according to principal diagnosis.
It will be necessary to consider both the generality of heart
disease and the specificity of each principal diagnosis to
develop and support the utilization of a smartphone-based
cardiac telerehabilitation program.
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