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Abstract

Background: As patient communication, engagement, personal health data tracking, and up-to-date information became more
efficient through mobile health (mHealth), cardiovascular diseases (CVD) and other diseases that require behavioral improvements
in daily life are now capable of being managed and prevented more effectively. However, to increase patient engagement through
mHealth, it is important for the initial design to consider functionality and usability factors and accurately assess user demands
during the developmental process so that the app can be used continuously.

Objective: The purpose of the study was to provide insightful information for developing mHealth service for patients with
CVD based on user research to help enhance communication between patients and doctors.

Methods: To drive the mobile functions and services needed to manage diseases in CVD patients, user research was conducted
on patients and doctors at a tertiary general university hospital located in the Seoul metropolitan area of South Korea. Interviews
and a survey were performed on patients (35 participants) and a focus group interview was conducted with doctors (5 participants).
A mock-up mobile app was developed based on the user survey results, and a usability test was then conducted (8 participants)
to identify factors that should be considered to improve usability.

Results: The majority of patients showed a positive response in terms of their interest or intent to use an app for managing
CVD. Functional features, such as communication with doctors, self-risk assessment, exercise, tailored education, blood pressure
management, and health status recording had a score of 4.0 or higher on a 5-point Likert scale, showing that these functions were
perceived to be useful to patients. The results of the mock-up usability test showed that inputting and visualizing blood pressure
and other health conditions was required to be easier. The doctors requested a function that offered a comprehensive view of the
patient’s daily health status by linking the mHealth app data with the hospital’s electronic health record system.

Conclusions: Insights derived from a user study for developing an mHealth tool for CVD management, such as self-assessment
and a communication channel between patients and doctors, may be helpful to improve patient engagement in care.

(JMIR Cardio 2018;2(1):e3) doi: 10.2196/cardio.9000
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Introduction

Cardiovascular disease (CVD) causes death and disabilities
worldwide, with the number of deaths caused by this disease
expected to reach 22.2 million by 2030 [1]. Among the risk
factors of CVD, 80% pertain to smoking, drinking, and other
unhealthy lifestyle habits [2]. Since the majority of these risk
factors are preventable, having an accurate understanding of
these factors and correcting one’s lifestyle is extremely
important for preventing CVD [1]. Lifestyle behavior changes
include regular daily exercise, eating healthy foods, abstaining
from smoking, abstaining from alcohol, and taking medications
in a set routine according to one’s prescriptions [3].

Mobile health (mHealth), which makes use of mobile phone
apps and wearable devices, is growing rapidly in the health care
industry. It offers patient communication, personal health
tracking, and up-to-date information regardless of the time and
place. Through continuous guidance on health activities, it is
anticipated that health can be increased with little financial
burden or effort. This can improve patients’ health-related
activities or conditions to ultimately prevent their health from
worsening or prevent further diseases. It may also be effective
in preventing and managing chronic diseases such as CVD, for
which self-care through improving one’s behaviors is an
important factor.

According to study results of the American Heart Association,
in April 2015 there were 12,991 apps on iTunes and 1420 apps
on Google Play about weight management, exercise, smoking
cessation, diabetes control, blood pressure management,
cholesterol management, and medication management through
mHealth for CVD prevention [4]. This shows that many apps
for CVD are already being developed and researched. However,
whether or not these apps are being actively used is as yet
unknown. Many mobile programs have low utilization rates [5],
and surveys show it is difficult for most mobile apps to exceed
3 months’ of use after the initial download [6,7].

To increase patient engagement with mHealth, apps must be
designed from the user’s point of view so that they can be used
effectively. Apps with a user-centered design have high usability
and lower risk of failure, reduced costs from a long-term
perspective, and improved overall quality [8]. The provision of
evidence-based customized content that reflects the needs of
the patient is also a very important factor.

Hence, this study aimed to develop a customized mHealth
service optimized for patients with CVD through user research
and usability testing. The purpose of the study was to provide
information for developing an mHealth tool with features that
support health connections between patients and doctors, and
to improve the usability of such a tool.

Methods

To develop an mHealth tool targeting patients with CVD, three
types of user research and user experience investigations
including surveys and interviews with patients, focus group
interviews with doctors, and a usability test were conducted
(Figure 1).

This study was approved by the Institutional Review Board of
Seoul National University Bundang Hospital, and individuals
who consented to take part in this study became the research
participants (IRB No: B-1612-373-308).

Survey and Interview With Patients With
Cardiovascular Disease
To enable sustainable use of a mobile service, characteristics
of users must be assessed and their demands and needs
accurately understood [9]. To this end, user research was
conducted through face-to-face interviews and a survey targeting
patients with CVD.

The survey questionnaire was drafted based on a survey from
existing mHealth-related literature [10,11], and the final version
was completed after review and discussion by a group of experts,
including two doctors from a cardiology department, one
medical informatics professor, one nurse, two researchers, and
three developers. The survey questions were divided into the
three major categories of participant demographics (4 questions),
current health care status (8 questions), and health app
perceptions and demands (16 questions), for a total of 28
questions.

Study enrollment targeted outpatients and inpatients from the
cardiology department of a tertiary general university hospital
located in the Seoul metropolitan area of South Korea. The
inclusion criteria were patients with CVD aged 30 years or older
with their own mobile phone. The exclusion criteria were those
with psychiatric disabilities, such as delirium, or diagnosed with
unrelated CVD that was not covered by the high-risk and
low-risk groups of CVD disease. Patients were classified as
high risk if they had received a diagnosis of unstable angina,
non-ST-elevation myocardial infarction, ST-elevation
myocardial infarction, myocardial infarction, coronary disease,
coronary atherosclerosis, angina pectoris, or acute myocardial
infarction. Patients were classified as low risk if they had
received a diagnosis of atrial fibrillation, hypertension, chest
pain, vasovagal syncope, variant angina, hypertension, and
dyspnea on exertion.

The survey period spanned 17 days from January 9 to 25, 2017;
a structured self-reported survey and fact-to-face interviews
were conducted with 35 of 37 patients after excluding two
patients who did not use a mobile phone or who did not consent
to the study.
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Figure 1. Study overview.

The survey and interview was conducted by two researchers.
When a patient agreed to participate, a researcher first provided
a thorough explanation of the study overview, survey method,
and privacy and security policies regarding collected data before
conducting the survey with the patient. After finishing the
survey, an open-ended interview was conducted. Examples of
the interview questions include:

1. What signs and symptoms of cardiovascular disease have
you ever had?

2. How did you manage your health before the symptoms
appeared?

3. How have you managed your health since you developed
the disease?

4. What barriers or difficulties exist when managing your
disease?

5. What do you think you need more of to manage your disease
effectively?

In addition, participants were free to speak about the expected
effects of mHealth tools for CVD. Various experiences and
perspectives on disease management were collected from
participants in an informal atmosphere. During the user research,
one researcher led the survey and interview, and the other
documented all questions, answers, and opinions from
participants [12]. The interview was audio-recorded and fully
transcribed by the interviewer. Each transcript was supplemented
and compared with the interview notes to ensure its accuracy
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The interview transcripts were analyzed using the constant
comparative method [13]. First, two researchers conducted open
coding of the transcripts to identify distinct opinions. After the
initial coding, researchers continuously and repeatedly reviewed
the transcripts to group or regroup concepts to determine users’
requirements of an mHealth tool for cardiovascular patients.

The data collected from the survey were analyzed using the R
3.3.1 software version.

Focus Group Interview With Cardiologists
The focus group interview method is a qualitative data collection
technique used to obtain detailed information on the thoughts,
emotions, attitudes, or experiences of participants. It is a suitable
model for sharing patient care experiences [14,15]. The purpose
of this part of the study was to conduct a focus group interview
with doctors from the cardiology department to derive needs
and demands regarding mobile services based on their

experiences of daily clinical practice. We asked five
cardiologists to participate in the focus group interview and
they all agreed to do so.

The focus group interview lasted approximately 90 minutes and
was moderated by a user research expert. After introducing the
research overview, the moderator provided five discussion
topics, including criteria on target patients as end users of the
cardiovascular mHealth tool, available assessment tools,
available questionnaires, education materials useful for
personalized education, and mHealth app functions useful for
managing cardiovascular disease. Each topic was freely
discussed for 15 minutes. Additionally, doctors were asked to
provide a layout sketch for a doctors’ Web screen that would
be linked with the hospital’s electronic health record (EHR)
system and the mHealth app. All sessions were audio-recorded
and all field notes of participating coresearchers were collected.

Table 1. Scenarios of the usability test on the mHealth cardiovascular disease mock-up app.

Test activityTask itemTask

Logging in to the app using a given test user accountLog-in1

Checking one’s comprehensive health statusMy health2

Checking one’s daily mission, as prescribed by a physicianDaily mission3

Finding the health information one wants, which can be tailored to one’s diseaseHealth information4

Sounding an alarm for a new questionnaire survey after which participants try to fill inHealth questionnaire5

Inputting a given blood pressure value (eg, 120/80) into the app, then viewing the blood
pressure trend via a graph

Self-management (blood pressure, blood
sugar test, body weight)

6

Choosing an appropriate icon based on one’s daily moods and symptomsDiary7

Two researchers analyzed the opinions from doctors using a
card-sorting method [16] to derive key functions for the
cardiovascular mHealth tool. Researchers extracted meaningful
sentences or words from the recorded interviews and categorized
them into groups. These groups were each given a topic. Doctors
were interviewed on each of these topics and their responses
were analyzed.

Usability Test With Patients With Cardiovascular
Disease
The usability test is a method to evaluate how easily the end
user understands, learns, and uses software or an app under
specific conditions [17]. The purpose at this stage of the study
was to (1) test the usability of cardiovascular care apps
developed through prototypes and (2) develop an actual app
based on user experiences and needs that were derived through
testing.

This study conducted a usability test on an app that would be
offered to patients based on functions derived through a
literature review and the aforementioned user research and focus
group interview with patients and doctors, respectively. A
mobile phone app designed using a mock-up tool was used as
the test tool. Mock-ups are visualizations that enable users to
experience the functions that will be implemented in an app
[18,19]. For this study, a free HTML5-based Web app
prototyping online tool was used to create a user interface that
was similar to the actual app screen that would be developed.

The usability test was conducted with actual users through an
Android mobile phone.

The test was conducted over 2 weeks from March 6 to 20, 2017,
with eight participants, including four patients with CVD among
the user survey participants and four patients with CVD who
were additionally recruited voluntarily through poster
advertisements in the hospital. Although the usability test was
offered to all participants in the initial user survey, only four
agreed to participate in the test. The inclusion and exclusion
criteria for the usability test were the same as those for the
survey and interview. The test was conducted in a separate
space. A researcher provided the mock-up app for the
participants and observed and recorded whether they were able
to proceed with the given test scenario on their own.

The test scenario involved having the participant directly inquire
about and enter information according to a given task (Table 1)
by focusing on the main menu (log-in, my health, daily mission,
health information, health questionnaire, self-management,
diary), and intervention by the test administrator was minimized
during testing. A face-to-face interview about the first
impression of the app, overall satisfaction, service
inconveniences, and improvements followed thereafter.
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Results

Survey and Interview Demographics
Of the 35 survey participants who were patients, there were
more males (n=28, 80%) than females (n=7, 20%). Regarding
age, 17 were younger than 60 years (49%) and 18 were 60 years
or older (51%). The majority of patients were outpatients of the
cardiology department (31/35, 89%), 18 of whom (51%) were
in the high-risk group and 17 of whom (49%) were in the
low-risk group based on their diagnoses. Fourteen participants
(40%) had comorbidity, seven had diabetes, and six had
hyperlipidemia. All participants owned a mobile phone, and
most were Android users (34/35, 97%) (Table 2).

Patients’ Perceptions of Health Management
Of the six items (exercise, dietary control, blood pressure
measurements, abstaining from smoking, abstaining from
alcohol, and weight management) that were previously surveyed
to be important for CVD prevention and care in existing
literature [20], patients were asked to select three items that

they believed were important and three items that they practiced.
The results are shown in Figure 2.

The top three items that patients thought were important
included exercise, dietary control, and weight management, and
the items that they practiced included exercise, dietary control,
and measuring blood pressure. Many participants selected
exercise and dietary control as both important items and items
they practiced, whereas weight management was found to be
an item that patients believed was important but had difficulty
practicing.

Patients’ Perceptions of the Use of Mobile Apps for
Health Management
According to the survey results on awareness regarding apps
among the 35 participants, 74% (26/35) were aware of mobile
phone apps, but only 20% (7/35) had experience using a health
care app. However, the majority of participants (94%, 33/35)
responded positively that they were interested and would be
willing to use apps for managing CVD (Figure 3).

Table 2. Demographic information of patients who participated in the survey and interview (N=35).

n (%)Variables

Gender

28 (80)Male

7 (20)Female

Age (years)

17 (49)<60

18 (51)≥60

Number of years visited hospitals

20 (57)<3 years

15 (43)≥3 years

Treatment type

4 (11)Inpatient

31 (89)Outpatient

Risk group

18 (51)High risk

17 (49)Low risk

Comorbidity

14 (40)Yes

21 (60)No

Mobile device type

34 (97)Android

1 (3)iOS

Patients’ Perceptions of Useful Functions of Apps for
Cardiovascular Disease
On surveying the usefulness of 10 different functions to be
implemented in the CVD app on a 5-point scale, there were
positive reactions to all functions, with scores of 3.5 points or

higher on all. Advice from doctors was highest with a mean
score of 4.77 (SD 0.49), followed by self-assessment of risk
with mean 4.46 (SD 0.98), and exercise management with mean
4.40 (SD 0.98). The medication alarm function had the lowest
score of mean 3.57 (SD 1.61) (Figure 4).
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Other Patients’ Interview Results
During the survey, face-to-face interviews were also conducted
with each participant, who provided three to four different
opinions on the requirements of the mHealth tool. The most
frequently and commonly required features were (1) easy app
control and use, (2) up-to-date information on disease and health,
(3) management of presymptoms of CVD and self-assessment,
(4) check of current health status, and (5) communication with
doctors.

Focus Group Interview Results With Cardiologists
Based on the results of the interview conducted with doctors
from the cardiology department, key functions of the app that
would be provided to their patients were identified. The
cardiologists indicated that personal health data involved in
self-care for managing CVD, such as blood pressure, blood
glucose, and step count, must be linked to various devices, in
addition to the manual entry function, for the user’s convenience
and data accuracy. Diet information is extremely important for

managing CVD; however, because it is cumbersome and
difficult to consistently collect through an app, this service was
suggested to be excluded.

Various health questionnaires are utilized during treatment;
therefore, a health questionnaire feature was recommended to
be implemented in the app. This would improve the
effectiveness of treatment by allowing patients to complete
questionnaire items in advance before consultations. However,
the health questionnaire period must be set to an appropriate
time interval so that patients do not receive too many alerts. In
addition, because personal/family events are important regarding
patient health status, a memo function was requested to allow
patients to record daily or unexpected events.

Beyond the app provided to patients, there was also a need for
an app through which doctors can view patients’ behavioral
data. This must be linked with the hospital’s EHR system so
that patients’ entries into the app can be viewed simultaneously
with EHR clinical data.

Figure 2. Comparison between patients’ perceptions of importance and actual practice regarding their management of cardiovascular disease.

Figure 3. Perceptions of the use of mobile apps for health management.
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Figure 4. Patients’ perception of the usefulness of various functions of cardiovascular disease mobile apps (error bars represent standard deviation).

Figure 5. Participants’ success rate using the app by task (n=8).
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Table 3. Functions and issues/implications of the mock-up design of the user interface for a cardiovascular disease app. EHR: electronic health record.

ImplicationsIssuesFunctionMenu

A detailed description of the risk
score must be provided

Uncertain what the score meansFramingham risk score [21]; laboratory test results
(triglycerides, low-density and high-density
lipoprotein cholesterol, and glycated hemoglobin
A1c)

My health

Medical terms used should be
changed to simple, easy-to-under-
stand terms for elderly patients

Medical terms are difficult to under-
stand

Target values of body weight, blood sugar, and
steps, as prescribed by the physician; my health
status

Daily mission

Medical education materials should
be tailored according to the patients’
diseases and conditions

The users want personalized health
information

Education materials (PDF file, video) [22,23];
scope: hypertension, myocardial infarction, cardiac
rehabilitation, angina pectoris

Health information

Easy-to-understand icon designs are
needed; alarms for questionnaires
should be minimized or set by indi-
vidual users

Recognition of click icon buttons
and their images is low; alarm fa-
tigue is a concern

Various questionnaires; basic questionnaire: anthro-
pometry (height, body weight), blood pressure,
smoking, hypertension drugs, diabetes, family his-
tory; outpatient questionnaire: drug compliance,
dietary supplement, Canadian Cardiovascular Soci-
ety [24], New York Heart Association [25], edema
assessment; periodic questionnaire: depression,
Patient Health Questionnaire (PHQ-2) [26]

Health questionnaire

Easy-to-understand icon design and
a detailed description of graph value
are needed

The input button is hard to find and
the recognition of the graph value
is difficult

Self-management (device interface or manual in-
put); items: body weight, blood pressure, blood
glucose test, steps; trend view of health status via
graph

Self-management

Overall design of icons should be
improved; any data input by the pa-
tient must/should appear in the
physician’s EHR

The icon image is not clear; it is
hoped that the input data are shared
with physician

Daily mood and symptoms (view by week and
month); write memos on recent events

Diary

Usability Test Results
Of the eight patients who participated in the usability test on
the mock-up mobile app, six were male and two were female.
Seven participants were younger than 60 years and one was 60
years or older. Their mean age was 52.5 (SD 10.5) years.

Regarding the success rate of a given task, results were divided
into three types (completed with ease, completed with difficulty,
failed). In terms of the categorization, “completed with ease”
reflected when the participant was able to complete tasks on

their own by looking at the scenario; “completed with difficulty”
was when the participant was unable to succeed on his/her own,
but completed the tasks after receiving help from the researcher;
and “failed” was when the participant was unable to complete
the task or understand despite the researcher’s help. The success
rate was 100% for tasks 4 (health information) and 5 (health
questionnaire), and most other tasks had a success rate of at
least 70%. This showed that users were able to use the app with
relative ease. But the success rate for task 6 (self-management)
was 25% and most participants failed. This shows that this menu
user interface (UI) required overall improvement (Figure 5).
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Figure 6. User interfaces of the mock-up design for a cardiovascular disease app: (a) my health, (b) daily mission, (c) health information, (d) health
questionnaire, (e) self-management, and (f) diary.

Regarding the participants’ satisfaction with the app, the score
was mean 3.6 (SD 1.2) out of 5 points, which shows that they
were somewhat satisfied with the overall design or function.
They responded that this mHealth tool would be very useful for
patients who did not know or have an accurate understanding
of how to manage CVD. They also anticipated that they would
be able to manage their disease more efficiently if the data that
they normally recorded manually on a daily basis could be easily
entered in the app or linked and shared with their doctors.
However, there were also issues and inconveniences for each
menu that were identified through the usability test.

Table 3 shows the issues and matters for improvement that were
derived from the usability test with the UI (Figure 6) and
functions defined through literature review, user study, and
focus group interviews. There were many requests for additional
explanations on the information provided and to improve the
image icon so that it could be seen intuitively.

Discussion

Principal Findings
Many mHealth programs are already being developed and
actively researched to prevent and manage CVDs. It has been
reported that when patients with CVD use digital tools as
mediators there are positive effects such as improved outcomes,
which can result in a reduction of risk factors that lead to CVD

[27,28]. However, to maintain positive outcomes, it is important
to design a model that can make the program sustainable. To
this end, characteristics of end users of the program must first
be accurately assessed. Users must also directly participate from
the initial development stage, so that the program can be
developed with a design and content that reflects their opinions.

This study designed an mHealth tool for patients with CVD
from the perspective of actual users including both patients and
doctors through the user study and usability testing. The majority
of users were 60 years of age or older and 40% of the
participants had comorbidity such as diabetes or hyperlipidemia.
Most participants had very little experience with using a health
care mobile app; however, their interest or intent to use an app
for managing CVD was high, despite the fact that most were
seniors who were unfamiliar with the information technology
environment. In previous studies, there were many elderly users
aged 65 years or older within the mHealth domain for CVD
care [29]. Although the ripple effect was extremely low in terms
of app use because it was difficult for them to adapt to
technology, their interest or intent to participate was still
reported to be very high [27,28].

This implies that a CVD management program that utilizes
mHealth must be developed based on such high user interest
and intent. However, additional supplementation is required for
these programs to be used effectively. To this end, characteristics
of elderly users, who are the majority of this demographic, must
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be sufficiently reflected and the program must be supported by
profound evidence-based content so that comorbidity can be
managed. One of the reasons why many health-related apps fail
is because they lack evidence-based content [30-33].

Evidence-based content for CVD management programs
includes known CVD risk factors through previous research
results [34], the majority of which are behavioral factors that
can be modified from an individual’s lifestyle. The seven
behaviors, which are known as Life’s Simple 7 recommended
by the American Health Association, include sufficient exercise,
healthy eating habits, abstaining from smoking, maintaining an
appropriate body mass index, and managing blood pressure,
cholesterol, and blood glucose at normal levels. If this type of
healthy lifestyle and health figures can be maintained, the
mortality rate from cardiac diseases could potentially decrease
by up to 20% by the year 2020, owing to a state of “ideal
cardiovascular health” [20]. In this study, an app was created
to reflect the requirements of users during content creation so
as to make it an easy-to-use tool that offered updated
information and enabled self-assessment [21]. Moreover,
because advice from doctors or communication with them,
which received the highest score from the perspective of
usability out of all the app functions, is an important factor in
a successful mHealth model [35], a Web portal that is visible
to medical professionals during treatment should be also
developed so that patient-reported health data can be shared and
a bidirectional service model can be implemented.

During the focus group interview with doctors, one requested
that a health questionnaire service related to CVD be included
so that doctors could refer to these data during consultations.
A health questionnaire that can assess depression was included,
in which patients inputted their daily mood and symptoms so
that their doctors could immediately assess their mood and
changes during treatment and take necessary action. Depression
is reported to be a critical factor that increases the risk and
mortality rate of CVD [36]. However, because it is a difficult
disorder to assess during short consultation times, if the patient’s
mood can be assessed through mHealth and revealed to the
medical professionals, this will be helpful for the patient’s
course of treatment.

User-centered design is an important matter of consideration in
addition to content while developing a service. According to
surveys from existing studies, apps that manage chronic diseases
must have user-centered design features, including visualizing
patient-related trends through a graph, sending alerts when care
or follow-up is required, and urging users to continuously

manage their conditions through communication functions such
as text messages. Providing visual educational materials using
videos, proposing tailored goals, accessing patients’ health
record data, and including functions that enable patients to
record their status were also mentioned as important factors of
user-centered design features [37]. This study developed an app
reflecting all these factors, and improved the UI and naming
for some menus based on issues that were identified through
the usability test.

Going forward, app usability must be evaluated in an actual
clinical environment through clinical testing using an app that
has been developed based on the results of this study, and its
potential and usability as a sustainable model must also be
studied. Further, an effective way to input diet information in
a mobile environment should also be considered. The clinical
effectiveness of the CVD mHealth tool will also be evaluated
in the future.

Limitations of the Study
A limitation of this study was that the patient’s diet, which was
found to be an important item for managing CVD in previous
literature reviews and user research, was excluded. Because
each individual’s eating habits differ and there is a large amount
of data that must be entered, we followed the results of the focus
group interview discussion that this function would make the
app cumbersome to use. Additionally, because the usability test
was conducted through an app that was created using a mock-up
tool, there may be differences in usability compared to that of
the actual app that is developed.

Conclusions
This study developed an mHealth tool that can effectively
manage CVDs through user research that involved the direct
participation of doctors from the cardiology department and
patients with CVD. The field of mHealth may most effectively
mediate an individual’s health behaviors. For diseases such as
CVD that are highly influenced by various lifestyle habits and
chronic diseases, the provision of a program that uses mHealth
may greatly assist in the management and prevention of diseases.

There is a demand for an mHealth tool to include functions that
effectively support communication between patients and doctors,
self-assessment and evaluation of risk, and exercise
management, all which were deduced through user research in
this study with respect to CVD management. The functional
features should be provided to patients with high usability to
ensure sustainable use of mHealth tools and enhance patient
engagement in the medical environment.
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