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Abstract 

Background  It is an important strategy for healthcare providers to support heart failure patients with comprehensive 
aspects of self-management. A practical alternative to a comprehensive and user-friendly self-management program 
for heart failure patients is needed. This study aimed to develop a mobile self-management app program for patients 
with heart failure and to identify the impact of the program.

Methods  We developed a mobile app, called Heart Failure-Smart Life. The app was to provide educational materials 
using a daily health check-up diary, Q & A, and 1:1 chat, considering individual users’ convenience. An experimen‑
tal study was employed using a randomized controlled trial to evaluate the effects of the program in patients with 
heart failure from July 2018 to June 2019. The experimental group (n = 36) participated in using the mobile app that 
provided feedback on their self-management and allowed monitoring of their daily health status by cardiac nurses for 
3 months, and the control group (n = 38) continued to undergo their usual care. The differences in the physical, psy‑
chosocial, and behavioral factors between the two groups over time were analyzed using the analysis of covariance.

Results  After 3 months of intervention, significant differences between experimental and control groups were 
shown in the New York Heart Association functional class (p = 0.003) and cardiac diastolic function (p = 0.024). The 
improvements over time in the experimental group tended to be higher than those in the control group in consid‑
ered variables. However, no changes in psychosocial and behavioral variables were observed between the groups 
over time.

Conclusions  This study provides evidence that the mobile app program may provide benefits to its users, specifi‑
cally improvements of symptom and cardiac diastolic function in patients with heart failure. Healthcare providers can 
effectively and practically guide and support patients with heart failure using comprehensive and convenient self-
management tools such as smartphone apps.
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Background
Along with the increase in the global aging population, 
the prevalence of heart failure has rapidly increased. 
A recent survey by the National Health and Nutrition 
Examination in the United States estimated the preva-
lence of heart failure to be 6.2 million, approximately 
2.2% of the adult population, between 2013 and 2016 
[1]. Despite the development of advanced diagnostic and 
treatment technologies, patients with heart failure con-
tinue to be affected by the disease’s progression rather 
than ultimately being cured [2]. It has a high rehospi-
talization rate of patients with heart failure following 
discharge, with over 20–30% of patients requiring rehos-
pitalization within 30–60  days [3]. Also, patients with 
heart failure who need to be admitted to the hospital 
for decompensation have high mortality rates; one in six 
patients expire during admission or within 30 days after 
discharge [4]. Thus, developing a strategy for patients 
with heart failure that reduces hospitalization through 
lifetime self-management and the independent monitor-
ing of worsening signs and symptoms at home is neces-
sary [5]. Unfortunately, many patients with heart failure 
lack or have difficulty monitoring their self-management 
skills in their daily lives [6].

Patients with heart failure have diverse physical symp-
toms, such as shortness of breath, fatigue, and dizziness, 
as well as psychological problems of stress and depres-
sion, which together result in declines in patients’ over-
all quality of life (QoL) [7]. Patients’ self-management of 
heart failure includes their adherence to various behav-
iors, including medication schedules, healthy dietary 
habits, safe and regular exercise routines, and awareness 
of worsening signs and symptoms [8]. However, most 
patients with heart failure are frail and usually have dif-
ficulties in self-management along with physiological 
and functional decline, psychological problems, and poor 
QoL [9]. To date, most programs have been designed for 
use in hospitals with patients having heart failure and are 
mainly comprised of face-to-face education and exercise 
training programs, which present challenges for patients 
due to the requirements of further in-person visits to 
hospitals and incur additional individual and social medi-
cal expenses.

Mobile health apps using smartphones are being 
introduced to improve healthcare efficiency and patient 
outcomes in diverse chronic disease management [10, 
11]. According to a recent review of apps designed for 
patients with heart failure, some have been introduced as 
prototypes or studied for their feasibility, included only 
the contents of conventional clichés, such as taking medi-
cations or tracking symptoms, and often characterized 
by a lack of interactivity and lack of authoritative infor-
mation [12]. Another systematic review reported that 

the studies using a mobile app for heart failure patients 
measured various physical, psychosocial, and behavioral 
outcomes, including health status, QoL and self-manage-
ment behavior, but the results showed inconsistency and 
imprecision [13]. Thus, it was recommended that future 
studies are needed for feasibility and efficacy to enhance 
health care and patient outcomes in diverse populations 
for generalization of the research using mobile health 
technology interventions for patients with heart failure 
[13, 14].

Therefore, this study aimed to develop a comprehen-
sive self-management mobile app program for patients 
with heart failure and to evaluate the program’s effects 
on the patient’s physical, psychosocial, and behavioral 
outcomes.

Methods
Study design
This study was a non-blinded, randomized controlled 
trial (RCT). Data were collected from July 2018 to June 
2019. In both the experimental and control groups, data 
were collected at baseline and 3-month follow-up.

Participants and recruitment
Participants were recruited from cardiovascular out-
patient clinics at two large tertiary medical centers in 
Korea. One hundred patients were screened for eligibility 
with the following criteria. Patients were eligible to par-
ticipate if they were: (1) diagnosed with heart failure by 
a cardiologist and regularly visiting the hospital clinic for 
medical follow-ups; (2) between 20–79  years of age; (3) 
able to use a smartphone app; (4) able to perform regular 
physical activity according to the patients’ self-identifica-
tion and the judgment of their primary cardiologist; and 
(5) willing to participate in the study. Patients suffering 
from cognitive disorders or participating in another clini-
cal trial were excluded from participation.

We calculated the sample size adequacy using G*Power 
3.1 software [15] and arrived at a required total sample 
size of 55 according to an α level of 0.05, a conventional 
medium effect size of 0.15, and a power of β = 0.80 for 
the F-test [16]. Assuming this, the number of participants 
for this study was considered appropriate.

Intervention
Based on the international guidelines for the manage-
ment of heart failure [17, 18], a draft of the possible 
content for a mobile app was suggested, which included 
comprehensive self-management content related to life-
style improvements, such as exercise, nutrition, smoking 
cessation, stress and daily life management, medication 
adherence, daily health check-up, and personalized coun-
seling from healthcare providers. We revised this draft 
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after consultation with two cardiologists, three cardiac 
nurses, and one nursing professor with cardiovascular 
clinical expertise.

The content of the final draft was developed as a mobile 
app program, named “Heart Failure-Smart Life”, with the 
cooperation of app development specialists. For compre-
hensive self-management and efficient communication 
between heart failure patients and healthcare providers, 
the Heart Failure-Smart Life installed the configurations 
and functions of educational materials using intuitive 
pictures and animations, daily health check-up diary (ie, 
blood pressure and body weight), Q & A, and 1:1 chat, 
based on the individual user’s convenience (Fig.  1). In 
addition, a separate, distinct app and a website for health-
care providers were developed to help overall manage-
ment of the patients’ app.

In an initial 30-min meeting with the individual 
patients in the experimental group, a cardiac nurse 
installed the app of Heart Failure-Smart Life on the 
patient’s smartphone and explained how to use it appro-
priately. The nurse encouraged the patients to regularly 
record their daily health check-up diary, exercise and diet 
status, medication intake, and any appearance of worsen-
ing signs and symptoms on the app. This initial meeting 
took place in a private room of the cardiovascular out-
patient clinic during the patient’s regular hospital visit 

schedule. After the initial meeting, the same nurse, who 
performed the patient’s initial meeting, performed regu-
lar checks every day for the patient’s record, gave active 
reminders and feedback on self-management, and com-
municated with each other via the Q & A and 1:1 chat 
functions on the app. If newly developed or exacerbated 
signs and symptoms appeared, an immediate outpatient 
or emergency room visit was recommended. It was con-
tinued for 3 months guided by three cardiac nurses who 
were trained according to the study protocol prior to the 
trial.

Those in the control group were explained to continue 
their usual daily activities and were provided their usual 
care at the cardiovascular outpatient clinic. It consisted 
of meeting their cardiologist and cardiac nurse and 
receiving brief information about medications and the 
course of their illness, which remained unchanged during 
the study duration.

Study variables
We collected baseline demographic and clinical infor-
mation, including age, gender, the existence of a partner, 
education level, economic status, duration of heart fail-
ure, number of hospital admissions, and comorbidities.

Physiological factors were measured on a three-part 
form, which included: (1) anthropometric measurements 

Fig. 1  Heart Failure-Smart Life screen features. The app consists of: A educational contents; B self-management contents with daily health 
check-ups of weight, blood pressure, nutrition, medication, and exercise; and C Q & A and 1:1 chat
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(ie, body mass index [BMI], waist circumference [WC], 
systolic blood pressure [SBP] and diastolic blood pres-
sure [DBP]); (2) evaluation of the New York Heart 
Association (NYHA) functional classes I–IV; and (3) 
transthoracic echocardiography data (ie, left ventricu-
lar ejection fraction [LVEF] for LV systolic function and 
early mitral inflow velocity/tissue Doppler-derived early 
diastolic mitral annular velocity [E/Ea ratio] for LV dias-
tolic function).

A two-part form recorded psychosocial factors, includ-
ing (1) depression measured using the Geriatric Depres-
sion Scale [19] that included a 15-item questionnaire and 
(2) QoL measured using the 40-item MacNew Heart Dis-
ease Health-Related QoL [20] that included three sub-
scales (ie, emotional, physical, and social QoL).

Two behavioral factors were recorded, which included: 
(1) medication adherence measured using the 8-item Hill 
Bone Medication Adherence Scale [21] and (2) self-man-
agement behavior measured using the 12-item European 
Heart Failure Self-Care Behavior [22].

All of the above data were collected by a researcher at 
baseline as well as 3-month follow-up for all participants 
during their regular hospital visit schedule.

Statistical analyses
Data collected in this study were analyzed using SPSS 
version 23.0 (IBM Corporation, Armonk, NY, USA). It 
was analyzed by a two-sided test at a significance level of 
0.05. The demographic and clinical characteristics of the 
participants were represented by frequency, mean, and 
standard deviation. The differences in general character-
istics, both demographic and clinical variables, as well as 
physical (ie, anthropometric measurement, the NYHA 
functional class, and echocardiographic data), psychoso-
cial (ie, depression and QoL), and behavioral factors (ie, 
medication adherence and self-management behavior) 
between experimental and control groups were analyzed 
using chi-square and independent t-tests. Also, differ-
ences in the physical, psychosocial, and behavioral fac-
tors between experimental and control groups over the 
study period were analyzed using analysis of covariance 
(ANCOVA).

Results
Characteristics of participants
We initially screened for eligibility in 100 patients, of 
which 24 did not meet the inclusion criteria, and 76 
patients remained. The remaining 76 patients were ran-
domly assigned to either a control or experimental group 
by a researcher, with a 1:1 ratio using a computer rand-
omization system [23]. Of the 38 patients assigned to 
each group, one patient in the experimental group was 
considered to have failed to complete the program as he 

did not use the mobile app at least once a week, and the 
other one in the experimental group was lost to follow-
up, while all participants in the control group completed 
the follow-up. Therefore, the final sample was 36 and 38 
patients in the experimental and control groups, respec-
tively (Fig. 2).

Baseline demographic and clinical characteris-
tics are presented in Table  1. There was a difference 
in the mean age between the two groups (experimen-
tal group: M = 70.31  years, SD = 10.55; control group: 
M = 79.42  years, SD = 7.59; p < 0.001). Other than age, 
there were no differences in other demographic and clini-
cal characteristics between the two groups.

Baseline outcome variables are presented in Table  2. 
Anthropometric measurements (BMI, WC, and DBP) did 
not significantly differ between the two groups, except for 
SBP at baseline (experimental group: M = 126.19 mmHg, 
SD = 13.92; control group: M = 133.79  mmHg, 
SD = 14.66; p = 0.025). There were no significant differ-
ences in the NYHA functional class, echocardiographic 
data, depression, QoL, medication adherence, and 
self-management behavior between the two groups at 
baseline.

Effects of Heart Failure‑Smart Life mobile app program
Of the 36 participants in the experimental group, 24 
(66.7%) reported that they had participated in the mobile 
app program regularly (more than 5  days per week), 
including the participation in recording health check-
up diary, 1:1 chat with the cardiac nurse, physical activ-
ity and exercise, dietary change, medication intake, and 
monitoring signs and symptoms according to the guide-
lines on the app by the 3 months follow-up. The average 
number of usage was 45.79 times over 3 months.

Table  3 shows the effects of the Heart Failure-Smart 
Life mobile app program using ANCOVA to control 
for baseline age and SBP. The evaluation of the patients’ 
physiological factors indicated that significant differences 
in the NYHA functional class (p = 0.003) and LV dias-
tolic function (E/Ea ratio) (p = 0.024) existed between 
the two groups. In addition, the NYHA functional class 
was significantly improved over time (p = 0.040). While 
the interaction effects of time and group were not statis-
tically significant, the improvement in the NYHA func-
tional class in the experimental group (from 2.14 to 1.82; 
mean difference = 0.32) was higher than that of the con-
trol group (from 2.66 to 2.38; mean difference = 0.28) at 
the 3 months follow-up. E/Ea ratio for LV diastolic func-
tion in the experimental group decreased from 12.24 to 
11.35 (mean difference = 0.89) but increased from 14.70 
to 16.42 (mean difference = -1.72) in the control group 
after 3 months. Other physiological variables, which were 
not significant, included BMI, WC, SBP, DBP, and LVEF.
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Fig. 2  Study flow

Table 1  Homogeneity of demographic and clinical characteristics between groups (N = 74)

*Excluded, no response

Characteristics Experimental group
(n = 36)

Control group
(n = 38)

p

Age (y), M (SD) 70.31 (10.55) 79.42 (7.59)  < 0 .001

Gender, n (%)

 Male 19 (52.8) 16 (42.1) 0.493

 Female 17 (47.2) 22 (57.9)

Spouse, n (%)

 Yes 26 (72.2) 24 (63.2) 0.559

 No 10 (27.8) 14 (36.8)

Education level, n (%)

 ≤ Middle school 18 (50.0) 26 (68.4) 0.245

 High school 12 (33.3) 7 (18.4)

 ≥ College 6 (16.7) 5 (13.2)

Economic status, n (%)

 Low 8 (22.2) 10 (26.3) 0.610

 Middle 19 (52.8) 22 (57.9)

 High 9 (25.0) 6 (15.8)

Duration of heart failure (y), M (SD) 7.92 (5.37) 7.41 (5.33) 0.684

Number of admissions, M (SD) 0.83 (0.81) 1.26 (2.04) 0.234

Hypertension*, n (%)

 Yes 26 (74.3) 35 (92.1) 0.083

 No 9 (25.7) 3 (7.9)

Diabetes*, n (%)

 Yes 9 (25.7) 14 (36.8) 0.441

 No 26 (74.3) 24 (63.2)
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Regarding psychosocial factors, depression and QoL 
showed no significant differences between the two groups 
after 3  months. Regarding behavioral factors, there 
were no significant differences in medication adherence 
between the two groups after 3 months. As for self-man-
agement behavior, the mean score of the experimental 
group increased from 41.17 to 48.14 after 3 months, and 
that of the control group changed from 44.16 to 47.12. 
There were significant differences over time (p < 0.001) 
but not between the two groups.

Discussion
This study developed a mobile app of the Heart Failure-
Smart Life that is a comprehensive self-management 
program for patients with heart failure and evaluated the 
effects of the program through a RCT design. It dem-
onstrated no changes in the primary outcomes of psy-
chosocial (depression and QoL) and behavioral factors 
(medication adherence and self-management behavior), 
but there seemed to be beneficial effects on the second-
ary outcomes of patients’ NYHA functional class and 
cardiac diastolic function.

Mobile apps have the advantage of providing flex-
ibility in obtaining and using health-related informa-
tion at a pace desired by the patients, regardless of time 
and place [24]. Also, mobile apps can be an effective 

strategy to help individual patients with chronic illnesses 
by encouraging them to easily and reliably monitor the 
symptoms, recording the symptoms, and independently 
review them, allowing patients to actively participate in 
their own treatment process and enhance their positive 
collaborations with healthcare providers [25]. However, 
while there are currently a variety of mobile health apps, 
few available apps are specifically tailored for patients 
with heart failure [26]. Further, many existing health apps 
were not developed by healthcare professionals, so they 
may not be clinically appropriate, or their reliability may 
be in question [27]. The mobile app, Heart Failure-Smart 
Life, presented in this study was developed through the 
collaboration between health professionals (cardiologists, 
cardiac nurses, and a nursing professor) who had clinical 
cardiovascular expertise and experts in app development. 
It included online educational materials focused on heart 
failure management that reflect international guide-
lines. Further, the app utilized individual and custom-
ized feedback regarding self-management for patients 
with heart failure by designated nurses in this study. It 
helped encourage self-management and the monitoring 
of patients’ basic health status and worsening signs and 
symptoms in their daily lives. By incorporating a smart-
phone, the app functioned as a practical and convenient 
method for regular health checks and communications 

Table 2  Homogeneity of outcome variables between groups at baseline

NYHA the New York Heart Association; LVEF left ventricular ejection fraction; E/Ea early mitral inflow velocity/early diastolic mitral annular velocity

Variables Experimental group
(n = 36)

Control group
(n = 38)

p

Physiological factors

Anthropometric measures

 Body mass index (kg/m2), M (SD) 25.14 (3.78) 24.65 (4.11) 0.591

 Waist circumference (cm), M (SD) 89.25 (8.52) 88.03 (11.62) 0.609

 Systolic blood pressure (mmHg), M (SD) 126.19 (13.92) 133.79 (14.66) 0.025

 Diastolic blood pressure (mmHg), M (SD) 77.56 (10.72) 75.26 (11.79) 0.385

NYHA functional class, n (%)

 I 6 (16.7) 2 (5.3) 0.051

 II 21 (58.3) 15 (39.5)

 III 7 (19.4) 15 (39.5)

 IV 2 (5.6) 6 (15.8)

Echocardiographic data

 LVEF (%), M (SD) 64.50 (10.01) 66.00 (7.57) 0.497

 E/Ea ratio, M (SD) 12.24 (4.87) 14.70 (4.87) 0.055

Psychosocial factors

Depression, M (SD) 4.97 (4.10) 5.45 (3.51) 0.593

Quality of life, M (SD) 5.62 (8.16) 5.45 (0.86) 0.381

Behavioral factors

Medication adherence, M (SD) 8.61 (1.42) 8.26 (0.69) 0.189

Self-management behavior, M (SD) 41.17 (6.85) 44.16 (7.47) 0.077
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between patients and their healthcare providers. Tradi-
tionally, the key roles for nurses were providing patients 
with face-to-face nursing care and health education. A 
potential function of mobile app for healthcare providers 
will not be only for traditional patient care but for deliv-
ery of individual health education, providing free and 
repeated access to health information, personal monitor-
ing and recording, and enabling faster communication 
among healthcare providers and the patients without 
limitation of geographic distance [28].

In the present study, the participating patients utilized 
the Heart Failure-Smart Life app and showed improve-
ment tendency in the NYHA functional class and E/Ea 
ratio. The NYHA classification system grades patients’ 
functional class from having no restriction of physi-
cal activity because of one’s symptoms (Class I) to hav-
ing symptoms typical of heart failure (Class IV) [29]. The 
classifications reflect the development or progression of 

heart failure and are widely used as an important tool 
for outcome evaluation and prognostic value regarding 
mortality [30]. Various studies reported improvements 
in patients’ functional class after single or combination 
of medical therapy [31, 32]; however, few studies have 
shown significant outcomes related to the functional 
class through non-pharmacological and short-term inter-
ventions, such as the present study. In a recent system-
atic review of mobile-based interventions in patients with 
heart failure [33], one study reported that a home-based 
telemonitoring intervention was significantly improved 
the patients’ NYHA class [34]. Establishing evidence 
regarding the beneficial effects of non-pharmacological 
interventions, especially mobile-based trials, on patients’ 
functional class is needed.

Furthermore, the present study found that the patients 
who participated in the Heart Failure-Smart Life app 
showed a significant improvement in their E/Ea ratio. 

Table 3  Effects of the Heart Failure-Smart Life program

*Adjusted for baseline age and systolic blood pressure. Exp., experimental group; Cont., control group; NYHA, the New York Heart Association; LVEF, left ventricular 
ejection fraction; E/Ea, early mitral inflow velocity/early diastolic mitral annular velocity

Factors* Group Baseline 3-month Group
effect

Time
effect

Interaction
effect

M (SD) M (SD) p p p

Physiological factors

Anthropometric measures

 Body mass index (kg/m2) Exp 25.14 (3.78) 25.74 (3.14) 0.480 0.437 0.929

Cont 24.65 (4.11) 25.29 (4.14)

 Waist circumference (cm) Exp 89.25 (8.52) 90.75 (7.42 0.647 0.403 0.871

Cont 88.03 (11.62) 89.90 (11.88)

 Systolic blood pressure (mmHg) Exp 126.19 (13.92) 126.93 (14.10) 0.050 0.624 0.464

Cont 133.79 (14.66) 130.46 (19.07)

 Diastolic blood pressure (mmHg) Exp 77.56 (10.72) 77.04 (11.75) 0.057 0.264 0.696

Cont 75.26 (11.79) 71.58 (13.24)

NYHA functional class Exp 2.14 (0.76) 1.82 (0.72) 0.003 0.040 0.986

Cont 2.66 (0.82) 2.38 (0.98)

Echocardiographic data

 LVEF (%) Exp 64.50 (10.01) 64.24 (11.15) 0.421 0.587 0.555

Cont 66.00 (7.57) 62.93 (9.26)

 E/Ea ratio Exp 12.24 (4.87) 11.35 (4.12) 0.024 0.659 0.229

Cont 14.70 (4.87) 16.42 (7.99)

Psychosocial factors

Depression Exp 4.97 (4.10) 4.86 (4.10) 0.205 0.617 0.812

Cont 5.45 (3.51) 5.04 (3.74)

Quality of life Exp 5.62 (0.82) 5.62 (0.78) 0.209 0.735 0.771

Cont 5.45(0.86) 5.34 (1.09)

Behavioral factors

Medication adherence Exp 8.61 (1.42) 8.46 (1.00) 0.608 0.686 0.268

Cont 8.26 (0.69) 8.58 (1.39)

Self-management behavior Exp 41.17 (6.85) 48.14 (6.07) 0.478  < 0.001 0.141

Cont 44.16 (7.47) 47.12 (7.31)
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E/Ea ratio is the value of LV diastolic function meas-
ured by the noninvasive echocardiographic estimation, 
an essential evaluation tool as a strong prognostic indi-
cator in patients with heart failure [35]. Further, high E/
Ea is associated with negative outcomes for patients with 
heart failure, such as readmission and mortality risk [36]. 
According to a meta-analysis of eight exercise interven-
tion studies [37], endurance training alone or in com-
bination with strength training was beneficial for both 
exercise capacity and diastolic function. We emphasized 
the importance of regular exercise and its impact on 
cardiac health through online education as a part of the 
Heart Failure-Smart Life mobile app. Also, the patients 
performed and recorded their exercise as a self-manage-
ment behavior, and the nurses provided positive rein-
forcement for them. This series of processes could have a 
positive effect on the E/Ea ratio of the participants.

However, the Heart Failure-Smart Life mobile app 
program did not show any differences between the two 
groups in a number of the physiological, psychosocial, 
and behavioral outcomes measured in the present study. 
There has been controversy regarding results for those 
outcomes in previous studies, but above all, a possible 
reason for the present findings is that the intervention 
duration was only 3 months. This length of time may be 
insufficient to change the measured psychological and 
behavioral factors in patients with heart failure.

Although the importance of self-management in the 
treatment of heart failure is being emphasized gener-
ally by healthcare providers, it is not easy for patients to 
maintain it efficiently. Nevertheless, mobile apps could be 
a practical strategy for improving and maintaining self-
management capabilities for patients with heart failure. 
In particular, considering the pandemic era, such as the 
COVID-19 pandemic, the availability of non-face-to-
face strategies, like mobile apps, will be critical, and their 
impact on patients who are remaining at home should be 
investigated. Through further clinical trials using mobile 
apps, it can expand the potential to give patients with 
diverse chronic diseases better engagement and owner-
ship of lifelong self-management at home [38] and enable 
to meet the expectations of healthcare providers to opti-
mize the patients’ therapeutic adherence in the future.

There are several limitations in this study to note. 
First, the study was a RCT study with a small sample. 
Possibly because of this small sample size, significant 
differences that could affect the prognosis of heart 
failure were observed in the baseline characteristics, 
such as age and SBP between the experimental and the 
control groups. Moreover, the interaction effects of 
time and group were not detected even some variables 
showed the different patterns over time between the 
two groups. Second, we could not collect information 

about the patient’s medications and laboratory find-
ings, such as serum or urine sodium levels, that may 
affect the study results. Third, the intervention period 
of 3  months is a relatively short period for assessing 
psychosocial and behavioral changes of the patients. 
Future studies are needed that include a larger num-
ber of participants, more extensive patient informa-
tion collection, and an extended period of intervention 
and follow-up. In addition, the usability of the mobile 
app for chronic disease self-management can be fur-
ther increased through the app development process 
that reflects the expectations and needs of users and 
includes prior user testing [39].

Conclusions
A mobile-based self-management app, the Heart Fail-
ure-Smart Life, implied improvements in the experi-
mental group’s functional class and cardiac diastolic 
function. Mobile apps appear to benefit patients’ 
continuous self-management and health outcomes, 
healthcare providers’ consecutive monitoring, effective 
communication with each other, and further collabora-
tion to achieve better heart failure treatment goals in 
the future.
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