JMIR MHEALTH AND UHEALTH Duan et &

Original Paper

Using Goal-Directed Design to Create a Mobile Health App to
Improve Patient Compliance With Hypertension Self-Management:
Development and Deployment

Huilong Duan®, PhD; Zheyu Wang®, BSc; Yumeng Jit, MSc; Li Ma?, MSc; Fang Liu?, MSc; Mingwei Chi?, BSc;
Ning Deng", PhD; Jiye An*’, PhD

1College of Biomedica Engineering and Instrument Science, Ministry of Education Key Laboratory of Biomedical Engineering, Zhejiang University,
Hangzhou, China

2General Hospital of Ningxia Medica University, Yinchuan, China
"these authors contributed equally

Corresponding Author:

Ning Deng, PhD

College of Biomedical Engineering and Instrument Science
Ministry of Education Key Laboratory of Biomedical Engineering
Zhgjiang University

38 Zheda Rd, Zhouyiging Bldg 512

Yuquan Campus

Hangzhou

China

Phone: 86 571 2295 2693

Email: zju.dengning@gmail.com

Related Article:
Thisisacorrected version. See correction statement in: https://mhealth.jmir.org/2020/5/e18859/

Abstract

Background: Hypertension is a lifestyle-induced chronic disease that threatens the lives of patients. Control of hypertension
requires patientsto follow self-management regimes; unfortunately, however, patient compliance with hypertension self-management
is low, especially in developing countries. Improvement of patient compliance is premised on meeting patient needs. Mobile
health apps are becoming increasingly popular for self-management of chronic diseases. However, few mobile apps have been
designed to meet patient needs for hypertension self-management.

Objective: The goal of this study was to develop a mobile health app to improve patient compliance with hypertension
self-management and evaluate the effectiveness of the app in terms of patient compliance.

Methods: The goal-directed design method was applied to guide study design. We divided the study into 4 stages. Stages 1 to
3 comprised the development process. To improve the applicability of the goal-directed design method to chronic disease
management, we extracted elements of user models concerned with patient compliance and defined a concrete process for user
modeling. In stage 1, personas of hypertensive patients were built using qualitative and quantitative methods. Clustering methods
based on questionnaire responses were used to group patients. Qualitative interviews were conducted to identify the needs of
different groups. In stage 2, several functional modules were designed to meet the needs of different groups based on the results
from stage 1. In stage 3, prototypes of functional moduleswere designed and implemented asarea app. Stage 4 was the deployment
process, in which we conducted a pilot study to investigate patient compliance after using the app. Patient compliance was
calculated through the frequency with which they took blood pressure measurements. In addition, qualitative interviews were
conducted to learn the underlying reasons for the compliance resuilts.

Results: In stage 1, patients were divided into 3 groups based on 82 valid questionnaire responses. Eighteen patients from the
different groups (7, 5, and 6 patients) were interviewed, and the needs of the groups were summarized as follows. improve
self-management ability, enhance self-management motivation, and receive self-management support. In stages 2 and 3, 6
functional modules were designed and implemented based on specified needs, and the usability of the app wasimproved through
usability tests. In stage 4, 143 patients were recruited to use different versions of the app for 2 months. Results show that patient
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compliance improved as functional modules were added (P<.001) and was maintained at a high level (rate of 0.73). Interview
results from 32 patients show that the design of the app met different needs; thus, patients were more compliant with it.

Conclusions: This study developed a mobile health app for hypertension self-management using the goal-directed design
method. The app proved to be effective for improving patient compliance with hypertension self-management.

(JMIR Mhealth Uhealth 2020;8(2):€14466) doi: 10.2196/14466
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Introduction

Background

Chronic diseases are among the most prevalent and costly
conditions worldwide [1]. Cardiovascular disease, cancer,
chronic lung disease, and diabetes are four major chronic
diseases that result in approximately 60% of global deaths[2],
and hypertension is a leading cause of cardiovascular disease
[3]. In China, more than 20% of the adults have hypertension,
and more than 40% have prehypertension [4]. To improve the
survival rate and life quality of hypertensive patients, long-term
self-management along with supervision and intervention from
doctors are essential [5]. Concretely, patients are required to
take their medications as prescribed, change their behaviors to
achieve a healthy lifestyle, and stick to a continuous
self-monitoring regime of blood pressure (BP) measurements
[6]. However, in practice, one significant obstacleisthat patients
do not always comply with the medical instructions for
controlling their disease [7-9]. The World Health Organization
has reported on the i ssue of noncompliancein treating prevalent
chronic diseases such as hypertension, asthma, and diabetes
[10Q]. Insufficient compliance may result in decreased treatment
effectiveness or even treatment failure, which poses a great
threat to health and life [11-13]. Although patients’ awareness
of the need for compliance has increased in recent years, much
work remains to improve compliance in hypertensive patients
[14-16].

The rapid development of mobile technologies and the
popularity of smartphones fostered the development of an
enormous number of mobile health (mHealth) apps. Such apps
have the potential to improve patient compliance with chronic
disease management [17]. For example, mHealth apps can

http://mhealth.jmir.org/2020/2/e14466/

provide personalized self-management strategies to users,
allowing them to avoid the time and resource burdens imposed
by the frequent interventions provided by health care providers
[18]. Interms of hypertension, smartphone technology has been
shown to help patientsimprove BP control [19] and medication
compliance [20], mainly through functional modules such as
home BP monitoring, medication reminders, and health
education. Concretely, patients can use their smartphones to
record measured BP, receive reminders to take medications in
the form of notifications or short messages, and acquire health
knowledge about hypertension. However, in practice, patients
have various goals and need to use mHealth appsto self-manage
their conditions [21]. Nonetheless, the functional designs of
mHealth apps sometimes fail to meet patient needs, which
results in reduced patient motivation for using these apps
[22,23]. Improvement of patient compliance is premised on
meeting patient needs [17]. Thus, mHealth apps demand
systematic and theory-based design to meet patients' real needs
for chronic disease management.

Design Methods of mHealth Apps

The existing design methods of mHealth apps mainly include
traditional information technology (IT) design [24-27],
activity-centered design [28], user-centered design [29],
participatory design [30], and goa-directed design (GDD) [31].
These different design approaches consider user needs in
different ways. Table 1 summarizes the characteristics of these
methods. Compared with other methods, GDD concentrates on
user goals instead of on the tasks or activities that users must
accomplish [32]. Focusing on user goals can directly reveal user
needs; in contrast, tasks or activities are intermediate steps that
help usersto reach their goals[31]. Therefore, to improve patient
compliance by meeting their needs, GDD isthe most appropriate
of the existing design methods.
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Table 1. Summary of common design methods for mHealth apps.
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Method Requirement analysis Driving force Multidisciplinary ~ Userengage- Applicable scope
collaboration ment

TID? Based ontechnical documentswritten  Technical docu-  No Low User needs are clear and well defined
by developers ment

ACDP Based on activities userswould per-  User activity Yes High Pay attention to user experience, and
form with the app focus on what activities should be en-

abled by the app

ucD® Based on observation of user behav- User task Yes High Pay attention to user experience, and
iors by guiding them to complete a focus on what tasks users should per-
series of user tasks concerned with form with the app
the app

ppd Based on user decisions by inviting  User decision Yes Very high Users have rich experience in using
them to participate in the design pro- mHealth apps and are familiar with the
cess design process

GDD® Based on user goalswhen using the  User goal Yes High Pay attention to user goals, and user

app

needs remain to be clearly defined

T|D: traditional information technology design.
bacD: activity-centered design.

CUCD: user-centered design.

9pD: participatory design.

€GDD: goal-directed design.

The GDD design process can generally be divided into 6 phases:
research, modeling, requirements definition, framework
definition, refinement, and support. Figure 1 showsthe workflow
of the GDD design process. The research phase provides
qualitative data about potential and/or actual usersof the product
through ethnographic field study techniques such as observation
and contextual interviews. During the modeling phase, data
discovered during the research phase are synthesized into user
models. User models (personas) are detailed composite user
archetypes that represent distinct groupings of behaviors,
attitudes, aptitudes, goals, and motivations observed and
identified during the research phase. For each primary persona,
an analysis of the persona data and functional needs will be
used during the requirements Definition phase. The output of
this processisarequirements definition that provides abalance
among different users. In the framework definition phase,

Figure 1. Workflow of the goal-directed design process.

Define the
functional needs

Establish user
models (personas)

Identify users
and collect data

Objectives

Although GDD is prominent for identifying user needs and has
gradually been adopted in practice, relatively little research
concentrates on using GDD in the field of chronic disease
management [33,34]. In fact, to the best of our knowledge, to
date, few studies have used a theory-based design method to
develop an mHealth app, particularly one intended to improve
patient compliance with hypertension self-management.
Therefore, to identify the needs of hypertensive patients and
improve their compliance with hypertension self-management,
we designed and implemented the Blood Pressure Assistant

http://mhealth.jmir.org/2020/2/e14466/

software designers will create the overall product concept and
define the basic frameworks for the product’'s behavior and
visual design. The output of this process is an interaction
framework definition, which provides a logical and rough
structurefor the detailsto come. The refinement phaseissimilar
to the framework definition phase but has an increased focus
on detailsand implementation. Finally, the support phase offers
support during and after development because even a very
well-conceived and validated design solution cannot possibly
anticipate every devel opment challenge and technical question
[31]. To summarize, GDD requiresthe modeling process before
concrete design, and the user models, which are called personas,
can capture user skills, environments, behaviors, and goals, etc.
All these aspects of personas are intended to capture user needs
[32].

Evaluation &
technical support

Design the
basic framework

Implement the
software prototype

(BPA), an innovative monitoring and feedback tool that supports
hypertension self-management and can beinstalled on patients
smartphones. The GDD method was used to guide the design
of BPA, and the end users (ie, hypertensive patients) were
involved in the design process at an early stage. This paper
describes the development process of BPA and the results of a
pilot evaluation regarding patient compliance when using the
BPA.
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Methods

Study Design

This study was designed based on the GDD process. To simplify
the design process and highlight the app evaluation, we made
some modifications to the original GDD and divided the study
into 4 iterative stages. Stages 1 to 3 covered the development
phase, while stage 4 was the deployment phase. Figure 2
illustrates the complete study process and the comparison
between the original GDD and our method. Stage 1 corresponds
to the research and modeling phases, in which we used
qualitative and quantitative methods to identify user personas.

Figure 2. Complete study process.
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Stage 2 corresponds to the requirements definition phase, in
which we defined the functional modules of BPA based on the
identified user personas. Stage 3 corresponds to the framework
definition and refinement phases, in which we designed the
prototype of BPA based on the functiona design and
implemented it. Stage 4 corresponds to the support phase, in
which we deployed BPA to the production environment and
tested its effectiveness. Throughout the study process, patients
and several domain experts (ie, experienced physicians) were
involved, and they helped design the app and evaluate its
effectiveness. The details of each phase are explained in the
following sections.

Phase A: Development Phase B: Deployment

Requirements
Definition

Research Modeling >

Framework
Definition

Refinement Support

____________________________________

Stage 1
Persona Establishment

Stage 2
Requirement Analysis

Qualitative &
Quantitative Methods

Participant Selection and Sampling

This study was conducted at the General Hospital of Ningxia
Medical University, Ningxia Province. Participantsin this study
were outpatients and inpatients from the department of
cardiology. Several physicians helped recruit patients into the
study. Theinclusion criteriawere asfollows: (1) aged 18 years
or older, (2) a hypertension diagnosis with no other serious
complications, (3) owned a smartphone and had home internet
access, and (4) ableto read and write in Chinese. Patients who
met al the inclusion criteria were considered qualified to
participatein the study. A random sampling method was applied
by the researchers to ensure that the participating patients
represented diverse personas.

Informed Consent and Ethical Consideration

After sampling, the researchers contacted the sel ected qualified
patients, apprised them of the goal of the study, and promised
that their personal information would be accessed only by the
researchers or the domain experts. The patients who agreed to
participate in the study were asked to sign informed consent
forms. The domain experts signed informed consent forms as
well. All procedures were performed in accordance with the
ethical guidelines for biomedical research involving human
subjects at Ningxia Medical University.
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Literature Review &
App Survey

Patients and Domain Experts Involvement

Stage 3
Prototype Design
& Development

Stage 4
Evaluation of the
App

Usability Test Pilot Study

Goal-Directed Design Steps

Specified User Modeling Process of Goal-Directed
Design

In our study design based on GDD, thefirst step isto model the
users to establish their personas. However, the origina user
modeling process of GDD is generalized and abstract, which
makes it difficult to use to specifically guide the design of
mHealth apps for chronic disease management. Therefore,
before using GDD to guidethe design of BPA, wefirst specified
the user modeling process of GDD for chronic disease
management based on the following 2 points: (1) extracting
user model elements specifically targeted to improve patient
compliance with self-management regimes and (2) defining a
concrete procedure for user modeling.

The authors of GDD indicated that user model s can be described
by 3 types of factors. demographic characteristics, domain
expertise, and technical expertise[31]. We used evidence-based
methods to extract specific elements of these factors from
relevant studies and theories. Demographic characteristics are
the most fundamental waysto describe users and usually include
information such as gender, age, and occupation. With the
development of mHeath technology in chronic disease
management, several demographic characteristics have been
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found to specifically affect the patient self-management
compliance. LeRouge et al [34] found that changes in the
physiological characteristics of elderly people such as vision,
cognitive, memory, and learning ability led to additional
requirements for the functiona design of mHealth apps.
Grindford et al [35] found educational attainment to be related
to the acceptance of mHealth technology interventions. In
addition, career status (if retired) and patient postdiagnosis have
been shown to influence patient self-management experiences
[36]. Therefore, we defined age, educational attainment, career
status, and postdiagnosis as the specific elements of
demographic characteristics.

Domain expertise refers to user proficiency in related fields.
We summarized the domain expertise of chronic disease patients
from a number of aspects. First, self-management reflects a
patient’s behavior in promoting, protecting, or maintaining their
own health, and such behaviors can be explained by the health
belief model (HBM) [37]. The HBM suggests that people’s
perceived health threats, perceived benefits of action and barriers
to action, and their self-efficacy explain their engagement (or
lack of it) in health promotion behavior [38]. In this study, a
perceived health threat means patients awareness of and
concern for their hypertensive condition and its potential
consequences. The perceived benefits of action and barriersto
action refer to patients awareness of the benefits of health
behavior changes and their resistance to such changes.
Self-efficacy reflectsthe extent of patients beliefsin their ability
to complete varioustasks and reach the goal of controlling their
hypertensive condition. Second, the positive effects of
doctor-patient interactionsfor chronic di sease management have
long been established [39]. The doctor-patient relationship is
an important factor that affects patients' acceptance of mHealth
interventions [40]. We thus proposed perceived health threat,
perceived benefits of action and barriersto action, self-efficacy,
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and doctor-patient relationship to be the specific elements of
domain expertise.

In the mHealth field, technical expertise refers to user
acceptance of and proficiency with mHealth technology. The
technology acceptance model (TAM) [41] isaclassic theoretical
model that has been widely used to predict consumer acceptance
of mHealth technology [42-44]. According to TAM, perceived
usefulness and perceived ease of use arethe two major cognitive
determinants of health information technology use [45].
Perceived usefulness refers to the extent to which users believe
that using a particular app would enhance their task
performance. Perceived ease of use isthe extent to which users
believe that using aparticular app would be easy [41]. Moreove,
users prior experiences with using technology can shape their
beliefs about the new technologies [46]. Positive experiences
may help patients feel more confident that they have the
capabilitiesand resourcesto repeat that same performance with
new technology [45,46]. Therefore, we defined perceived
usefulness, perceived ease of use, and prior technology use
experience as the specific elements of technical expertise.

After specifying the elements of the user model, we proposed
the concrete user modeling procedure for our study based on
theoriginal GDD. The processfor user modeling can be divided
into 3 steps: (1) user information is collected through
guestionnaires and interviews based on the user model
components, (2) statistic methods such as clustering analysis
are used to group users and identify the personas and goals of
each group, and (3) representative virtual characters (ie, persona)
are created for each group describing their main characteristics
and goals. Figure 3 shows the proposed user model and the
concrete user modeling procedure for this study. Based on the
specified user modeling process, we performed our 4-stage
GDD method to guide the design of BPA.

Figure 3. Specified user model for improving compliance with hypertension self-management and the concrete user modeling procedure.
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Stage 1. Persona Establishment

After participant recruitment, we used questionnairesto collect
patient information based on the user model, including
demographic characteristics, domain expertise, and technical
expertise (see Multimedia Appendix 1 for origina
guestionnaires). The demographic characteristics questionnaire
wasintheform of fill-in-the-blank and included 5 items: gender,
age, educational attainment, career status, and postdiagnosis.
The domain expertise questionnaire consisted of 2 parts. the
Awareness Rate of Hypertension Knowledge Scale (ARHKS)
[47] and the Compliance of Hypertensive Patients Scale (CHPS)
[48]. ARHKS contains 8 items in the form of multiple choice
and has been widely used in relevant studies. CHPS contains
10 items extracted from the original version using a 4-point
Likert scale. ARHKS was originally in Chinese. CHPS was
trandated into Chinese, and itsreliability and validity have been
examined [49]. We merged the scores of CHPS and ARHKS
to obtain atotal score for the domain expertise. The technical
expertise questionnaire contained 10 items extracted from our
previous study and used a 5-point Likert scale; it was mainly
intended to eval uate patient acceptance of mHeal th technology
for hypertension self-management [50].

We then explored patient expectations of using the mHealth
app through qualitative interviews. The interview included 4
open questionsthat had previously been discussed and validated
by one researcher and one physician. The validated questions
are as follows: (1) How do you manage your high blood
pressure? Is it effective? In what ways can you do better? (2)
In what ways do you hope to get help? (3) Are you willing to
use your smartphone for self-management of hypertension?
Why or why not? (4) What problems do you expect the app to
help you solve? The researchers conducted the interviews in
separate face-to-face sessions with each patient using a
semistructured approach in which the researchers were freely
ableto changethe order of the questions and could ask follow-up
guestionsto ensure that the respondents’ answerswere correctly
understood. The interview was piloted on 3 patients to test
content validity.

Using the questionnaire and interview results, we applied
guantitative and qualitative methods to establish user personas.
According to the specified user modeling process, a clustering
analysis was first conducted to group the users. In this study,
we chose the K-means algorithm and performed a clustering
analysis on the domain expertise and technical expertise of the
patients. Based on the grouping results, we then analyzed the
differences between different groups regarding their
demographic characteristics, domain expertise, technical
expertise, and expectations of using the mHealth app. Finally,
we created a virtual character (persona) for each group that
reflected their characteristics and goals.

Stage 2: Requirement Analysis

In this stage, we defined what functional modules should be
contained in BPA to meet patient needs and improve their
compliance. We first investigated which functional modules
have previously been included in existing mHealth apps from

the literature and by examining real apps. We searched for
literature on PubMed using a combination of terms relevant to

http://mhealth.jmir.org/2020/2/e14466/
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mHeal th technology for chronic disease management: “chronic
disease” “hypertension,” “mobile” “smartphone,” “design,”
and “development.” We searched for apps and downloaded
them from the Tencent app store (one of the biggest app stores
for Android apps in China) and the App Store (for iOS apps)
using keywords “hypertension,” “diabetes,” “chronic disease,”
and “health.” A total of 36 referencesand 37 appswere screened
and analyzed (see Multimedia Appendix 2 for screened lists of
references and apps). The concrete functional design was
proposed corresponding to the established user personas.
Different functional modules were designed to meet different
patient needs, and design results were validated by the domain
experts.

" ow

Stage 3: Prototype Design and Devel opment

After identifying the functional modules of BPA, we designed
the prototype and implemented it. First, we defined the main
BPA interface, which organizesthe concrete functional modules
via the interface in different forms. We then designed a
prototype of each functional module. Weinvited domain experts
and patients to take part in the prototype development process.
The experts evaluated the details of each functiona module
based on their knowledge and experience, and the patientswere
led by the researcherstojoin in the usability tests. After several
iterations of the above 3 stages, we finaly obtained a

high-quality app prototype.
Stage 4: Prototype Evaluation

After BPA development, to further evaluate whether the app
truly worked, we conducted a pilot study in which patientswere
provided with acopy of BPA installed on their own smartphones
and were required to use it in their daily lives for 2 months. At
the end of the trial period, we collected the patients’ uploaded
data, calculated their compliance with their self-management
regimes, and conducted interviews with them to identify the
reasons for the compliance results and gather suggestions for
further improvement of BPA.

Data Analysis

Questionnaires were in the form of paper or online surveys.
Paper questionnaires were collected and recorded into the
database immediately after completion, while online
guestionnaires were automaticaly saved in the database.
Disqualified questionnaires (with incomplete or contradictory
answers) were discarded beforethe dataanalysis. All interviews
were audiorecorded with the consent of the respondents, and
all recordings were transcribed verbatim. The transcripts were
generated, read, and open-coded using the NVivo 2.0 (QSR
International) software package. Two researchersindependently
open-coded the transcripts. SPSS Statistics V20.0 (IBM Corp)
and Python 3.0 were used for statistical analyses. Descriptive
data is presented as counts and percentages. Multivariate
analyses were conducted using Pearson chi-square tests for
categorical variables and one-way analyses of variance for
continuous variables. A P value of <.05 was considered
statistically significance.

For the compliance analysis, in this study, patient compliance
was defined astheratio of actua frequency of BP measurements
to the number required by the management plan. This metric
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was proposed by the researchers and validated by the physicians.
Figure 4 shows the calculation process, in which C;(d)

corresponds to the compliance of user i on a specific day d.

Figure4. Compliance of one user on a specific day.

. actual num of BP measurements
Ci(d) = min(— ,
required num of management plan

1

In the evaluation stage, we used 2 specific formulas based on
the above formula to evaluate patient compliance. The first
formula calculated the average compliance of all patients for
each day using the different app versions. As shown in Figure
5, Cioia (d) corresponds to the average compliance of al groups
for each version on a specific day d, and n corresponds to the
total numbers of al groups for each version.

Figure5. Average compliance of all groupsfor each version on aspecific
day.

n
1
Ceotar@ = = C,(d)
i=1

The second formula calculated patient compliance during the
entire tria for the different groups. As shown in Figure 6, C,

Duanet d

corresponds to the average compliance of each group for each
version, ny corresponds to the numbers of group g for each

version, and q corresponds to the total days.

Figure 6. Average compliance of each group for each version.

Results

Stage 1: Persona Establishment

A total of 90 questionnaires were distributed, and 82 valid
questionnaireswere collected. Answersto the domain expertise
and technical expertise questionnaires were coded into points
ranging from 0 to 50 and 0 to 60, respectively. The clustering
results based on these 2 questionnaires are shown in Figure 7.
These results demonstrated that hypertensive patients can be
divided into 3 groups (the number of clusters was determined
by the elbow method). A one-way analysis of variance showed
that there were significant differences in domain and technical
expertise among these 3 groups (P<.001). Based on the grouping
results, we conducted statistical analyses on the demographic
characteristics of different groups, and the results are shownin
Table 2.

Figure 7. Clustering results on participant domain expertise and technical expertise.
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Table 2. Demographic characteristics of different groups.
Characteristics Group 1 n=28 Group 2 n=26 Group 3 n=28 P vaue
Sex, n (%) 329
Female 13 (46) 727 10 (36)
Male 15 (54) 19 (73) 18 (64)
Ageinyears, mean (SD) 53.8(1.82) 49.7 (1.91) 62.3(2.22) <.001
Career, n (%) <.001
Employed 6 (21) 19 (73) 10 (36)
Self-employed/unemployed 15 (54) 7(27) 3(11)
Retired 7(25) 0(0) 15 (54)
Educational attainment, n (%) .002
Secondary school and below 13 (46) 3(12) 5(18)
High school 8(29) 7(27) 15 (54)
Graduate and above 7(25) 16 (62) 8(29)
Postdiagnosis, n (%) <.001
<1year 17 (61) 3(12) 0(0)
1-5 years 11 (39) 16 (62) 5(18)
>5 years 0 7(27) 23(82)

A total of 18 patients were interviewed; the numbers of
interviewed patients from groups 1 to 3 were 7, 5, and 6,
respectively. We coded user expectations of the mHealth app
based on these interview results (Table 3). The most frequently
mentioned expectation was increased communication between
doctors and patients. Concretely, the patients hoped to receive
self-management guidance from doctors and expected timely
intervention when abnormal conditions occurred. On the other
hand, some patients hoped to increase their disease cognition

Table 3. Interview coding results.

levels through self-management. They hoped to acquire health
knowledge about hypertension and a professional analysis of
their self-monitoring data. M oreover, some patients considered
the mHealth app to be a convenient way to conduct
self-management and expected it to provide functions such as
step counting, online registration, wearable device support, and
so on. In addition, patients who lacked smartphone experience
suggested that the app should have high usability—for example,
its functions and operation should be as simple as possible.

User expectations and explanation

Group1n=7 Group2n=5 Group3n=6

Increasing communication between doctors and patients
Doctors' guidance of self-management
Intervention of abnormal condition

Increase disease cognition level
Acquire knowledge about hypertension
Professional analysis of their self-monitoring data

A convenient way for self-management
Step counting
Timed reminder
Online registration
Wearable device support

High usability
Simple operation
Simple function
Auto-uploading

Increasing fun

7 1 3
1 2 4
3 2 4
0 4 1
0 3 2
5 3 0
0 3 0
0 3 1
7 1 3
4 1 2
1 3 1
0 3 0
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Based on the above results, we established personas for
hypertension patients in the different groups (Table 4). The
personas reflected the differences between hypertensive patients
at the demographic, domain expertise, and technical expertise
levels. The needs (goals) of these 3 groups of patientsfor using

Table 4. Personas of hypertensive patients.

Duanet d

hypertension self-management apps can be summarized as
follows: toimprovetheir self-management ability, enhancetheir
self-management motivation, and receive self-management
support.

Characteristics and goals Group 1 Group 2 Group 3
Ageinyears 50 45 65

Career Self-employed/unemployed Employed Retired
Educational attainment Secondary school and below Graduate and above High school
Postdiagnosis <1lyear 1-5years >5 years
Experience in using smartphone Low High Medium
Perceived ease of use of smartphone  Low High Medium
Disease cognition level Low Medium High
Self-management ability None Poor Good

Expectations to use hypertension self-

management apps guidance; receive reminder of self-
management; easy to use
Goals Improve self-management ability

Self-management under the doctors

Learn the disease progress;
morefun in self-management;
upload data automatically

Learn more knowledge related to hyper-
tension; receive warning and interven-
tion according to self-monitoring data

Enhance self-management
motivation

Receive self-management support

The patientsin group 1 had alow level of disease cognition and
lack of self-management experience. They wanted to manage
their disease under the guidance of doctors and receive timely
reminders and interventions. In addition, they demanded that
the app must be easy to use because they lacked experiencein
using smartphones. Therefore, doctor supervision and an app
with enhanced usability werethe primary solutionsto improving
compliance of group 1.

The patients in group 2 were relatively young and better
educated. They generally were more accepting of smartphone
technology and had more experience in self-management, but
they did not take their hypertensive condition seriously, and
their compliance with medical orders was low. We considered
providing self-management motivation to be the way toimprove
the compliance of group 2.

The patients in group 3 had a higher level of disease cognition
and were capable of performing effective self-management at
home. They wanted to learn more about their hypertension and
receive feedback based on their self-monitoring data. Thus,
further strengthening their self-management abilities and
providing effective medical service support under abnormal
conditions were the keys to improving compliance of group 3.

Stage 2: Requirements Analysis

The results of investigating functional modules in existing
mHealth appsare shownin Table 5. These results demonstrated
that a variety of functiona modules designed in existing
mHealth apps focus primarily on self-monitoring. Only some
of the apps considered supervision and intervention from

http://mhealth.jmir.org/2020/2/e14466/

doctors. Based on the investigation results and established user
personas, we proposed specific solutions to meet the needs of
patients in different groups. For patients with the desire to
improve their self-management ability, concrete and executable
planswith reminder servicesaswell asdoctor supervision were
essential. For patients with the desire to improve their
self-management motivation, we aimed to inform them about
their disease control situation and used some gamification
designsto enhance their motivation. For patientswith thedesire
to receive self-management support, providing health education
and timely intervention under abnormal conditions were
important.

Different functional modules were designed based on the
proposed solutions. For patients who aimed to improve
self-management ability, the management plan module was
designed to provide guidance to patients on how to conduct
self-management at home. Management planswere formulated
by doctors through a telehealth system, and the system
automatically split plans into daily tasks and sent them to the
patients' smartphones. The management plan generally included
BP and weight monitoring frequency, medication guidance, and
advice on diets and exercise. Patients needed to record their
health data according to the tasks, and the data would be sent
to the doctors. Thedoctors heeded to perform regular follow-ups
with patients and adjust their management plans according to
the uploaded health data. When the plans were changed, patients
received new daily tasks on their smartphones instantly. In
addition, a reminder service module was designed in order to
prevent patients from forgetting to complete the tasks.
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Table5. Investigation results of functional modules in existing mHealth apps.

Category and functional module References n=36 Appsn=37
Early detection: risk assessment 5 16
Disease cognition: health education 13 23
Lifestyleintervention
Recipes 1 11
Exercise plan 2 3
Disease management and control
Self-monitoring
Blood pressure/blood glucose 36 37
Weight 27 21
Medication 12 35
Diet 8 14
Exercise 8 12
Statistical report 11 20
Reminder service 5 18
Abnormal warning 8 4
I ntervention of doctors
Short message service 12 7
Telephone follow-up 6 4
Online consultation 10 8
Gamification design
Challenge and reward 4 0
Leaderboard 3 0
Social contact 5 10

For patients who aimed to enhance their self-management
motivation, we designed the health report and leaderboard
modules. The health report module provided daily and monthly
reportsto patients according to their health data. Theleaderboard
module aimed to provide motivation for self-management. All
the behaviors of patients concerned with self-management were
converted into scores, and patients could view their real-time
leaderboards to compare themselves with other users though
the app (with no identifiable data are used).

http://mhealth.jmir.org/2020/2/e14466/
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For patients who aimed to receive self-management support,
the health education module provided health knowledge about
chronic diseases to patients in various forms, and the health
checkup module automatically analyzed the patients’ recorded
BP vaues and sent feedback to the patients. When a patient’s
BP value was abnormal, the doctors would be informed
immediately through the system. The entire reguirements
analysis processis shown in Figure 8.
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Figure 8. Complete requirements analysis process.
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Stage 3: Prototype Design and Development

Main I nterface

The resulting design for the main interface is shown in Figure
9. We divided the main interface into 3 parts: to-do list, dliding
display, and quick launch bar. The to-do list mainly shows a
list of tasks in the management plan, along with a brief
introduction to each task. Userscould clearly seethe completion
status of all thetasksviathelist, which included ared highlight
next to uncompl eted tasks. By clicking on a specific row, users
could enter the corresponding task interface of the management

Figure 9. Main Blood Pressure Assistant interface.
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plan. The dliding display board shows daily updated health
knowledge. Health knowledge shown by dliding the display
effectively attracted users attention while also serving as a
quick entry point for reading the knowledge. Users could access
theindependent health education module to read knowledge as
well (from the to-do list). The quick launch bar consisted of
several small icons corresponding to different functional
modules. Users could access the functional modules quickly by
clicking ontheicons. This part of the app was designed for less
frequently used functional modules such as the leaderboard,
health report, and reminder service.
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Management Plan Module

The management plan module appeared as a to-do list in the
main interface of BPA. The list of daily tasks generated from
the management plans formulated by doctors was grouped into
5items: recording health data such asBP and weight, recording
medication, recording diet, recording exercise, and recording
uncomfortable symptoms. Each task was required to be
completed at a specific time during each day. When users
clicked on an item, a series of to-do cards for the current task
would appear in anew interface. Patients only needed to input
therequired dataand click on an OK button on the card to finish
atask. After completing atask, the color and shape of the card
would change, indicating the task’s state transition. The input
data were uploaded to the system database instantly so that
doctors were able to remotely check up-to-date patient health
records.

Reminder Service Module

The reminder service module was accessible from the quick
launch bar or from within the management plan module. The
reminder time was initially set based on the management plan,
and when atime period elapsed, a dialog with the specific task
would appear on the patients' screens, along with an audible
alarm. Users who were unable to perform the tasks according
to the default schedule could set a reminder, forming a
customized schedule for their daily self-management tasks. In
addition, users were free to reset or close the reminders.

Health Report Module

The hedlth report module was accessible through the quick
launch bar. Users received daily reports and a monthly report
consisting of 3 parts: user’s current health condition based on
their historical data, uncompleted tasks, and the current day’s
(or current month'’s) score. Scoreswere calculated based on the
completion status of provided tasks and on changes in health
data. This functiona module served to remind patients to
accomplish any remaining tasks and motivated themto perform
self-management tasks to achieve higher scores.

http://mhealth.jmir.org/2020/2/e14466/

Duanet d

Leaderboard Module

Based on the scores obtained in the health report module, the
leaderboard module provided competitive motivation for users
by alowing them to compare their scores with those of other
users. Themodule consisted of 3 parts: user’s score, leaderboard
among all users, and current user’srank among all users. Inthe
daily leaderboard, users could view the top 30 users for the
current day, whilein the all-time leaderboard, users could view
the top 30 users of all time. The design of |eaderboard module
applied a competitive strategy through persuasive technology
[51] to motivate usersto stick to their self-management regimes
and strive for higher scores so their names would appear on
leaderboards.

Health Education Module

Health education can improve disease awareness and help
patients perform self-management more effectively. BPA
provided 2 kinds of education. Educational articles and videos
of common chronic diseases collected from the internet and
vetted by the physicians covered all aspects of daily chronic
disease management. Systematic educational material
concerning hypertension based on guidelines and books was
presented; this content was more professional and suitable for
patients who wanted to learn more about their disease.

Health Check-Up Module

Patients' BP values are important indicators of their health
condition. Each time a patient uploaded a BP value, the health
check-up module would analyze that value by considering the
patient's BP trends and their hypertension grade and return
feedback to the patient. If the BP value was considered to be
abnormal, a warning message would be sent to the patient,
asking them to take a rest and measure their BP again in 20
minutes. All abnorma conditions were also sent to doctors
immediately through the telehealth system. Doctors should pay
close attention to abnormal patients and conduct interventions
when appropriate. Figure 10 shows screenshots of the 6
functional modules in BPA (see Multimedia Appendix 3 for
detailed screenshots).
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Figure 10. Screenshots of the 6 functional modulesin the Blood Pressure Assistant.

Stage 4: Evaluation

App Version and Patient Grouping

The development of BPA wasaniterative process. We gradually
recruited subjects as different functional modules were added
to the app. Four versions of the app were released during the
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trial. Version 1 contained 3 main functional modules:
management plan, reminder service, and health check-up. The

Figure 11. Functional modules contained in each version.
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other 3 moduleswere added in subsequent versions (Figure 11).
Patients were required to use the different versions of the app
for at least 2 months. A total of 143 patients completed thetrial.
We grouped al subjects according to the personas proposed in
stage 1, and results are shown in Table 6.
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Table 6. Numbers of patientsin the different groups.
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Group Version 1 n=36 Version 2 n=39 Version 3 n=36 Version 4 n=32
Group 1 11 14 14 11

Group 2 14 10 12 9

Group 3 11 15 10 12

Compliance Analysis

As mentioned in the data analysis section, we calculated the
average compliance of all patients for each day using the
different app versions. Each version was used for 2 months.
Figure 12 shows the compliance trends of each version. The
initial value of compliance was set to 1 on day 1. We can see
that for al 4 versions, compliance first declined sharply and
then gradually increased during thefirst week. Theinitial decline
reflectsthe fact that patients were not familiar with the app and
had not built trust in the doctors. The inflection point appeared

Figure 12. Compliance trends for each app over 2 months.

on the third to the fifth day after becoming involved in the
assisted self-management (ie, after starting to use the app),
consistent with the time when the doctors conducted the
telephone follow-up. This result indicates that timely doctor
intervention can effectively alleviate user resistance during the
initial stage when they receive new technology, thusimproving
their compliance. Compliance reached its highest level during
thethird week (except for theinitial week) and slowly decreased
to astableleve, indicating that timeis another factor that affects
patient compliance.
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We calculated patient compliance during the trial for the
different groups. Results show that patient complianceimproved
asfunctional moduleswere added to the app and was maintained

Table 7. Patient compliance among the different groups.

at ahigh level (Table 7). Total compliance increased from 0.54
to 0.73, asignificant difference (P<.001).

Group Patient compliance Analysis of variance

Version 1 Version 2 Version 3 Version 4 F-value P value
Group 1 0.53 0.56 0.67 0.73 24.28 <.001
Group 2 0.39 0.51 0.50 0.59 14.64 <.001
Group 3 0.69 0.73 0.83 0.86 19.54 <.001
Average 0.54 0.62 0.66 0.73 11.30 <.001

To determinethe reasonsfor patient compliance, weinterviewed
32 patients from different groups who had used version 4 of the
app. Theinterview included reasonsfor high or low compliance

http://mhealth.jmir.org/2020/2/e14466/
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and suggestionsfor improving the app. Table 8 showsthe coding
results for the reasons mentioned in the interviews.
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Table 8. Reasons for patient compliance from the interview.
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Reason given Group 1 n=11 Group 2 n=9 Group 3 n=12
Reasons for high compliance
Received doctors’ guidance 9 5 10
Reminders and supervision 7 7 3
Learned to control blood pressure 1 8 3
Enriched related knowledge 7 4 7
Enhanced pleasure 2 5 3
Easy to use 5 0 2
Reasons for low compliance
Boring to record data 0 4 0
Did not know how to use the app 4 0 0
Did not have time 0 4 0

Reasons for High Compliance

Receiving doctors' guidance and enriching related knowledge
werethe most frequently mentioned reasons. The doctors advice
included the following: (1) for patientswho had little experience
in hypertension self-management, doctors taught the patients
how to self-manage their disease and (2) for patients who had
sufficient experiencein hypertension self-management, doctors
conducted timely interventions to help patients dea with
abnormal conditions. Therefore, doctors played an important
role in patient hypertension self-management, which can
effectively improve patient compliance. In addition, health
education can rai se the self-management awareness of different
groups, thus improving their compliance.

A total of 17 patients (mainly in groups 1 and 2) mentioned that
the BPA app played a role by providing reminders and
supervision. For patients who lacked experience in
self-management, the reminder service in BPA reminded them
to complete the daily tasks, and for patients who lacked
motivation in self-management, regular follow-ups from doctors
encouraged them to pay more attention to their self-management.

Twelve patients (mainly in group 2) agreed that BPA helped
patients learn how to control their hypertension. Patients in
group 2 were more highly educated and interested in learning
more about their disease. The health report module was hel pful
for improving their compliance.

Ten patients mentioned that the app helped enhance the pleasure
of self-management. The leaderboard module provided social
support for patients and improved their compliance by indirectly
improving their motivation. Seven patients (mainly in group 1)
mentioned ease of use, which is considered particularly
important for patients who lack smartphone experience.

Reasonsfor Low Compliance

Four users in group 2 mentioned that it was boring to record
data. We considered integrating wearable devices with the app
to simplify the recording process. However, the main reason
for noncompliance isthat patients have no intrinsic motivation
to monitor their health indicators. Therefore, the solution to this
problem isto further increase patient motivation.

http://mhealth.jmir.org/2020/2/e14466/

Some patients did not know how to use the app. This aspect
was mentioned by 4 usersin group 1. Patientsin this group had
relatively low educational levels and often lacked experience
using smartphones. Teaching them how to use the app during
the initial period of management is the key to solving this
problem.

Some patients said that they had no timeto managetheir disease.
Four users in group 2 mentioned this problem. However, we
think that an additional important reason is alack of intrinsic
motivation. Similar to thefirst reason, the path toward changing
users behaviorsisto add extrinsic motivations that make them
pay more attention to their disease management.

Suggestions for Further | mprovement

Five patients suggested increasing communication between
doctors and patients. The current BPA adopted aone-way form
of communication—from doctors. However, patients wanted
to be able to take the initiative to communicate with their
doctors. Three patients suggested an online registration function
to save time and improve treatment efficiency. In the current
version of BPA, we have added this module, but its usability
remains to be tested. Six patients hoped to automatically
measure BP data using their smartphones instead of having to
manually input the data after measuring their BP through
wearable devices. Thisregquirement stemmed from the fact that
these patients often travel ed for business, which madeit difficult
for them to monitor their BP regularly. Being able to use their
smartphones to measure their BP might increase their
self-monitoring frequency. However, due to the technological
limitations, achieving accurate BP measurements using
unmodified smartphones remains a future goal [52].

Discussion

Principal Findings

In this study, we designed an innovative mHealth app (BPA)
for hypertension self-management and evaluated patient
compliance with its use. To ensure that the app met patients
needs, we used the GDD method and involved patientsin every
stage of the design process. Three major patient goals (needs)
were identified: improve self-management ability, enhance
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self-management motivation, and receive self-management
support. Different functional modules of BPA were designed
based on the identified patient needs. To evaluate the
effectiveness of the BPA app, we invited 143 patients to use
different versions of BPA for 2 months. Patient compliance
with BPA version 4 reached 73%, afavorableresult. According
to interviews, patients felt that BPA taught them how to take
the right actions to manage their disease, and they felt
encouraged when instructed by doctors. Results suggest that
patients are willing to try new tools with new technologies if
thosetoolsare designed specifically for them. We also identified
some problems existing in patient self-management of
hypertension. Some of the reasons for low compliance were
attributable to low motivation for disease management. Patients
should be provided with additional extrinsic motivation in
multiple ways. Another possible improvement for BPA was
that it should help build a closer relationship between patients

Duanet d

and doctors. A communication module could be added to the
app to fulfill this need.

Comparison With Prior Work

To the best of our knowledge, this study isthefirst to explicitly
use GDD principlesto develop an mHealth app for hypertension
self-management. To understand the innovation of our study,
we compared it with 5 prior studies that used a theory-based
design method in the chronic disease management field. The
results are shown in Table 9. Among these studies, two (Fore
et a [33] and our study) explicitly used GDD as the design
method. LeRouge et a [34] investigated user-centered design
as a methodological tool but also established user personas
during the design process. Five of the studies ([34,53-55] and
ours) designed smartphone apps for specific diseases. Two
studies (Moritaet al [55] and ours) provided evaluations of their
design results. In addition, Wachtler et al [54] reported that their
tool was being evaluated in a randomized controlled trial.

Table 9. Comparison of recent studies using theory-based design for disease management.

Study Country Design Objective Disease Sample size for design Final output Evaluation
method

Our study China GDD? Improve patient com- Hypertension 90 questionnairesand 18inter- Smartphoneapp  Yes

pliancewith hyperten- views

sion self-management
Foreet a United GDD Improve chronicill-  Pediaricinflam- 10 patients, 10 caregivers, 10 Prototype of a No
[33] States ness care matory bowel physicians, and 6 nurses(inter-  learning health

disease views and observations) system

LeRougeet China uchP Identify user profiles Diabetes 9 focus groups, interviews Smartphoneapp No
a [34] and personas of an ag- with 21 physiciansand 9

ing population nurses
vander Wee- Netherlands UCD Stimulate physical ac-  Chronicobstruc- 15 interviewswith patients, 2 Triaxial activity  No
geneta [53] tivity of peoplewitha tive pulmonary focus groups, 16 interviews  sensor along with

chronic disease disease or type  with health careprofessionals, smartphone app

2 diabetes and discussion with several
experts

Wachtler et Austraia uUCD Improve treatment al- Depression 2focusgroupswithcommuni- Smartphoneapp No
a [54] location for depres- ty sample (n=17) and 7 inter-

sion viewswith peoplewith depres-

sive symptoms

Moritaetal  Canada uUCD Support asthmaself-  Asthma 11 interviews and 5 usability Web-based Yes
[55] management tests mHealth platform

3GDD: goal-directed design.
PUCD: user-centered desi gn.

Compared with these prior works, our study was innovative in
afew ways. User models (personas) were established based on
elements concerned with patient compliance rather than simply
considering all factors. Elements were extracted mainly from
relevant theories such as HBM and TAM.

In the persona establishment stage, qualitative and quantitative
methods were used together to identify user personas.
Qualitative methods are appropriate for dividing users into
specific groups, while gquantitative methods are suitable for
extracting the intrinsic needs of different groups.

Different functional modules were designed for different
personas and integrated into a complete mHealth app by
following areasonable priority. For example, the management

http://mhealth.jmir.org/2020/2/e14466/

plan module appears in the most conspicuous position of the
main interface because it is the most frequently accessed part.
In contrast, the leaderboard module is accessible through the
quick launch bar of the main interface because it is less
frequently used and is designed primarily for experienced users.

Strengths

Our study has several strengths. First, it verified the viewpoint
that patients should self-managetheir disease under thedirection
of doctors [56]. Only in this way can patients conduct
comprehensive self-management and have abnormal conditions
handled in atimely manner. This approach also accounted for
the reasons why BPA was more effective compared with other
apps available in app stores.
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Second, we involved experts and patientsin the design process.
Chronic disease patients consist primarily of elderly peoplewho
have special and additional disease self-management needs[34].
To better understand the needs of these patients, we used
guestionnaires and interviews to identify the different personas
of different patient groups. These personas were used to guide
the functional design. In addition, elderly people are less
confident in the use of mobile technologies. As a result, more
attention should be paid to the usability of such apps, whichis
an important factor affecting patient compliance. Inviting users
to participate in the design process can help discover usability
problemsin avery early stage.

Third, we proposed a new compliance assessment method in
which the self-monitoring frequency of BP was considered as
an evaluation index for hypertension self-management
compliance. The most common approach for measuring patient
compliance has previously been to ask patientsfor their ratings
of compliance behavior or acquire the information through
standardized questionnaires [10]. However, such approaches
may result in higher compliance levels than the true levels due
to patient subjectivity and memory bias [57]. Compliance with
medication regimes is the most evaluated index according to
several studies[58-60] because that isthe most direct indicator
of compliance with the doctor’s instructions. However, taking
medicine on time is easier to perform than other
self-management tasks [61]; consequently, such ametric cannot
fully reflect the complete content of patients’ self-management.
Compared with other studies, we used the frequency with which
patients self-monitor their BP values and collected the results
automatically through the app. Thus, this evaluation result was
more objective and practical over the long term. Although our
study wasonly apreliminary trial, it helps set abenchmark that
further research can refer to when assessing such apps.

Limitations and Future Works

One limitation of our study is that the number of recruited
subjects for persona establishment was relatively small, and
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most were highly educated. Therefore, the generalizability of
the study’s results needs to be further confirmed. Another
limitation isthat the pil ot study lasted for only 2 months; patient
compliance over a longer period of time is unknown. The
interview results show that afew patients with low compliance
still exist, mainly due to a lack of intrinsic motivation. In
addition, one other thing to note is that in eHealth enhanced
chronic disease management, patient complianceisinfluenced
by multiple factors such as well-designed self-management
tools, community-based eHealth support, and a complete
feedback loop between patients and doctors [62]. Our study
focused on the functional design of self-management tools,
which is one of the important factors influencing patient
compliance.

In future work, we will include more patients and test for a
longer time span. Comparison tests should be conducted to
determine how much patient compliance isimproved. We aso
plan to compare patient compliance as measured by thisstudy’s
approach with compliance measured by atraditional approach,
such as questionnaires, to further explore the practical validity
of our approach. In addition, we need to find a way to further
increase patient motivation for self-management.

Conclusions

The BPA app was shown to be an effectivetool for hypertension
self-management in terms of patient compliance. The GDD
method was able to identify the different needs of different
patients and guided functional design based on these needs. We
learned from the study that efficient self-management of
hypertension should be led by doctors. Usability is another
important factor that should be considered during the
development of apps. In addition, hypertensive patients should
receive more extrinsic mativation in the management of their
disease.
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Multimedia Appendix 3

Detailed screenshots in the Blood Pressure Assistant.
[PDE File (Adobe PDF File), 7674 KB-Multimedia Appendix 3]
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