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Background: Secondary preventive therapies play a key role in the prevention of adverse outcomes after coronary artery bypass grafting
(CABG). However, medication adherence after CABG is often poor, and conventional interventions for improving adherence have limited
success. With increasing penetration of smartphones, health-related smartphone applications might provide an opportunity to improve
adherence. Carefully designed trials are needed to provide reliable evidence for the use of these applications in patients after CABG.
Methods: The Measurement and Improvement Studies of Surgical Coronary Revascularization: Medication Adherence (MISSION-2)
study is a multicenter randomized controlled trial, aiming to randomize 1000 CABG patients to the intervention or control groupsina 1:1
ratio. We developed the multifaceted, patient-centered, smartphone-based Heart Health Application to encourage medication adherence
in the intervention group through a health self-management program initiated during hospital admission for CABG. The application
integrated daily scheduled reminders to take the discharge medications, cardiac educational materials, a dynamic dashboard to review
cardiovascular risk factors and secondary prevention targets, and weekly questionnaires with interactive feedback. The primary outcome
was secondary preventive medication adherence measured by the Chinese version of the 8-item Morisky Medication Adherence Scale at
6 months after randomization. Secondary outcomes included all-cause death, cardiovascular rehospitalization, and a composite of death,
myocardial infarction, stroke, and repeat revascularization.

Discussion: Findings will not only provide evidence regarding the feasibility and effectiveness of the described intervention for improving
adherence to CABG secondary preventive therapies but also explore a model for outpatient health self-management that could be translated
to various chronic diseases and widely disseminated across resource-limited settings.

Trial Registration: https://clinicaltrials.gov (NCT02432469).
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artery bypass grafting (CABQG), is the most durable and
complete treatment of ischemic heart disease. However, in
the months and years that follow CABG, patients remain
at risk for subsequent ischemic events as a result of native
CHD progression and the development of vein graft
atherosclerosis. Secondary therapies play a key role in the
maintenance of native and graft vessel patency and in the
prevention of adverse cardiovascular outcomes.>*

Despite the importance of secondary prevention, many studies
report poor medication adherence after CABG, with about
50% of patients failing to adhere to their prescribed drug
regimens.1? Medication nonadherence is also a common
health-care issue among other chronic disease patients,!'* and
it can lead to adverse health outcomes and excess health-care
resource consumption. Nonadherent behaviors are estimated
to account for 33—69% of medication-related hospitalizations
and cost 100 billion dollars annually.'¥ Possible factors
influencing adherence include the complexity of the treatment
regimen, quality of information provided about the regimen,
communication between provider and patient, patient ability
to remember to take medications appropriately, concerns
about adverse effects, and personal preferences and beliefs
about the treatment.!'s!

Although a large number of factors are involved, common
barriers to adherence are often under patient control, and
attention to these patient-related factors is an important
step in improving adherence.l's! Forgetfulness is one
of the most frequently cited patient-related reasons for
nonadherence.['®!71 A range of medication reminder
interventions have been investigated with mostly mixed
results.

Prior interventions for medication adherence

Traditional reminder packaging systems, such as weekly pill
boxes, packaged calendars, and unit-of-use packaging,!'¥!
minimally involve the patients in the self-medication process
and do not provide them access to their adherence data or
other educational information.l' A review of reminder
packaging for improving adherence to long-term medication
noted evidence supporting the effectiveness of this type
of intervention is of low quality, and it concluded that the
packaging increased the proportion of people taking their
medications, but the effect was not large.''>?% Additional
questions remain regarding the types of packaging that are
most helpful for different patient populations.!'’

Methods of drug regimen simplification include formulations
(e.g., slow release) that may be given fewer times daily or
fixed-dose formulations such as a “polypill.??”” Studies have
confirmed that the prescribed number of doses per day was
inversely related to compliance, and simpler, less frequent
dosing regimens resulted in better compliance across a
variety of therapeutic classes.”! A review of these simplified
drug regimens, however, noted that they did not consistently
show benefit.*

Systematic reviews and meta-analyses have indicated
that telehealth interventions for secondary prevention,

limited to telephone calls, internet, and videoconferencing
technologies, offer an effective alternative model of
secondary prevention care.”’! A study of nearly a million
participants found that automated reminder telephone
calls had no effect on nonadherence while live calls from
pharmacists significantly decreased antihypertensive
primary medication nonadherence, although many patients
still abandoned their prescriptions.?* In a multicenter
randomized controlled trial (RCT) of 16,280 participants,
automated phone reminders using interactive voice
response calls, either regular or enhanced, for participants
due or overdue for a refill significantly increased the
adherence by 1.6-3.7 percentage points for statins and
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers (ACEIs/ARBs) compared with usual
care.””!

Rationale for a smartphone-based intervention
Traditional reminder methods to enhance long-term
medication adherence have been complex and labor
intensive, and they were not widely available or consistently
effective. Innovative strategies are needed that are practical
for routine clinical use.l'*?¢*"1 A Cochrane review of RCTs
of adherence interventions found that the studies mostly
evaluated complex interventions that would be difficult
to implement in “real-world” clinical practice settings.l*®!
The limitations of these conventional interventions for
medication adherence have prompted the development of
innovative models of care. One example is smartphone
technology-based applications, which can provide a
platform for patient-centered programs that incorporate
education, real-time feedback, motivation, reminders, and
support.? Such technology has the potential to revolutionize
the landscape of secondary prevention.

As of January 2014, 90% of American adults owned a mobile
phone.B” By 2018, 50% of people worldwide will own a
smartphone.?'"! Smartphone penetration is also increasing
among groups with low socioeconomic status,*?! poor access
to medical care, and high prevalence of cardiovascular risk
factors.[**! Health-related smartphone applications may
provide an opportunity for all patients, including those with
traditional socioeconomic barriers to health care, to improve
the outcomes of cardiovascular disease from primordial and
primary prevention to secondary prevention strategies.[*¥]

According to the Intercontinental Marketing Services Institute
of Health Informatics, there were over 43,000 health-related
smartphone applications available for download in August
2014 from the Apple iTunes App Store alone; together
these applications have been downloaded more than
660 million times. > Despite the vast number of applications,
the capacity of these applications to improve long-term
health behaviors remains under debate, and carefully
designed RCTs are needed to provide reliable evidence for
their efficacy and effectiveness.?*3¢4J Among the few studies
incorporating smartphone technology in the clinical setting,
most were pilot or exploratory trials with small sample sizes
or conflicting results.’*! To our knowledge, there have been
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no published studies testing smartphone applications as a
medication reminder and lifestyle intervention for CABG
secondary prevention.

The China National Center for Cardiovascular Diseases
(NCCD) at Fuwai Hospital initiated a continuous quality
improvement project nationwide >10 years ago. This
project aims to improve the quality of medical care in
cardiovascular disease across China. Guideline adherence
is one of the goals of the project, and it is being pursued
via the Measurement and Improvement Studies of Surgical
Coronary Revascularization (MISSION) sister trials that
commenced June 2015 with the target of improving CABG
secondary prevention guideline adherence in clinical practice
for physicians (MISSION-1)#" and patients (MISSION-2).

The primary objectives of the MISSION-2 trial are to evaluate
the feasibility and effectiveness of a smartphone-based
application on the medication adherence of patients after
CABG and to explore a novel way of implementing
secondary prevention for patients with chronic diseases.
We hypothesize that our smartphone application will
improve secondary preventive medication adherence,
as measured by the Chinese version of the 8-item
Morisky Medication Adherence Scale (C-MMAS-8) at
6 months after randomization, compared with standard
care.*® We further hypothesize that the intervention will
result in increased use of CABG secondary preventive
medications (aspirin, B-blockers, statins, and ACEI/ARBs),
improved cardiovascular risk factor control (as determined by
the lipid profile, blood pressure, hemoglobin Alc [HbAlc],
and smoking cessation), and decreased rates of death
and major adverse cardiovascular and cerebrovascular
events (MACCE) at the 6-month follow-up.

MeTtHoDS

Design overview

The study is designed as a multicenter, open-label, two-arm,
parallel RCT with a targeted enrollment of 1000 CABG
patients. Patients are randomly assigned to the smartphone
application (Heart Health Application) intervention
group or the usual care control group in a 1:1 ratio. The
study design is displayed in Figure 1. The protocol was
drafted in accordance with the Standard Protocol Items:
Recommendations for Interventional Trials 2013 statement
and the Consolidated Standards of Reporting Trials of
Electronic and Mobile HEalth Applications and onLine
TeleHealth (CONSORT-EHEALTH) checklist.[ -

Eligibility and recruitment

Patients aged >18 years are eligible to participate if they
underwent isolated CABG and are prescribed secondary
preventive oral medication (i.e., aspirin, -blocker, statin,
or ACEI/ARB) within 2 weeks of surgery. Participants must
own or have sufficient access to a smartphone (e.g., shared
access through a spouse or significant other; access must
be available daily, and the phone owner must also agree
to participation), and they must be able to operate the

smartphone application. Patients are excluded from the trial
if they are unable to understand Chinese text or cannot attend
the planned follow-up clinic visit at 6 months. We included
patients who underwent isolated CABG but were not eligible
for trial participation in a parallel nested registry designed
to identify characteristics associated with the acceptability
of the mobile health intervention strategy.

We invited five tertiary hospitals with annual CABG volume
>100 cases to participate in this study. These hospitals
are all major university-affiliated teaching institutions
and members of the Chinese Cardiac Surgery Registry
(CCSR), a nationwide adult cardiac surgery registry
network launched in 2004 that currently includes nearly
100 coordinating centers across Mainland China.[7-53
Participating institutions contribute to the CCSR database
via a web-based data collection system that uses input items,
common terminology, and variable definitions comparable to
those of the Society of Thoracic Surgeons National Cardiac
Database. The five hospitals included in this study are located
in different regions across China, and they serve culturally
and socioeconomically diverse populations. Patients
undergoing CABG at these hospitals receive information
on the study protocol and provide written informed consent
for their participation.

Randomization

Randomization is performed using the password-protected
computerized randomization program on the CCSR website
(http://ccsr.cvs-china.com). The randomization process
is stratified by study site and overseen by the National
Coordinating Center (NCC). The computer-generated
allocation is in a 1:1 fashion to the smartphone-based
application intervention or usual care. Both researchers and
patients are aware of randomization results.

Intervention

Application development

We developed a multifaceted, patient-centered,
smartphone-based application, the Heart Health Application,
which promotes medication adherence via a health
self-management program initiated before hospital
discharge. In developing the Heart Health Application,
we first reviewed the adherence literature and adopted a
user-centered design process — an evidence-based approach
informed by the needs and understanding of a specific
end-user group™¥ — to thoroughly investigate patient needs.
We then translated these needs into a set of functional
requirements and design guidelines, creating four modules
focused on secondary prevention [medication reminders,
cardiac health education, health questionnaire and feedback,
and personal data center; Figure 2]. We conducted iterative
cycles of prototyping and user testing to maximize the user
experience and promote adoption by patients. To improve
patient engagement (e.g., timely feedback to the medication
reminders and frequent application use), we incorporated an
incentive program into the application that provides credits
toward rewards such as convenient clinical appointment
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Figure 1: Overview of MISSON-2 study. CABG: Coronary artery bypass grafting; MACCE: Major adverse cardiovascular and cerebrovascular
events. MISSON-2: Measurement and Improvement Studies of Surgical Coronary Revascularization: Medication Adherence.

scheduling. The different components of the Heart Health
Application are discussed.

Medication reminders

Our research nurses input patient discharge medications
and other relevant clinical information into the application
before patient discharge from the hospital. This information
is also synchronized with data on our web-based patient
data collection platform. Participants are able to edit their
medication regimen whenever a change is made. When it
is time to take a medication, the application automatically
alarms the patient. The patient taps the application bar for
that reminder to confirm that the dose was taken as scheduled.

Cardiac health education

During initial development, we collected information
from CABG patients on their concerns regarding cardiac
rehabilitation and areas where they would like further
instruction. We engaged a panel of cardiac surgeons and
rehabilitation physicians to write patient-friendly answers
to these questions. We combined these answers with content
originating from scientific guidelines into a collection of
educational readings on secondary preventive cardiac care
that are easily accessible through the application.

Questionnaire and interactive feedback

Participants receive an 8-item questionnaire each week via
the application messaging service [Table 1]. The questions
relate to medication adherence and secondary prevention
goals such as blood pressure and blood glucose control,
physical activity, and healthy diet. After completing
the questionnaire, participants receive preprogrammed
interactive feedback, encouragement, and advice regarding
their secondary prevention status and performance. This
strategy for health self-management is based on social
cognitive theory, and it has been successfully applied in
mobile health technologies.™

Personal data center

In this module, participants have access to a dashboard
that dynamically tracks their individual cardiovascular risk
factor control levels, recent blood biochemistry test results,
and secondary prevention targets for behavior modifications
such as smoking cessation and a low-salt diet. Patient health
data are automatically populated based on records from the
synchronized web-based data server platform.

Application training
Application training is provided to each participant in
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Figure 2: Smartphone application interface depicting the four modules. (a)

Four modules in Healthy Heart Application home interface; (b) Medication

reminder; (c) Cardiac education readings; (d) Risk factor control targets in personal data center; () Blood pressure and biochemistry test results

in personal data center; (f) Personal information in personal data center;

Table 1: Weekly health self-management questionnaire

Did you ever forget to take prescribed medicine this week?

Have you been keeping record of blood pressure this week and what
is it?

Did you test your blood glucose this week and what is it?

Did you test your blood cholesterol this week and what is it?

Did you smoke or expose yourself to secondary smoke this week?

Did you exercise this week and what level is it?

Have you monitored your body weight and what was it?

Have you had a low salt and fat diet this week?

the intervention group. Researchers help participants to
download and install the application, and they demonstrate
how to use the four modules. Application training is repeated
at multiple points during the inpatient stay to ensure that
participants are able to independently operate the application.

(9) Weekly questionnaire; (h) Personalized feedback on questionnaire.

A telephone number is also provided within the application
for patients to call with any application-related questions
after hospital discharge.

Application transaction log file analysis

We record the application transaction log file on the
application server station for each participant. We will use this
file to assess how often the application was operated, which
modules were used most frequently, whether the weekly
questionnaire and the daily medication reminder feedback
were completed in a timely manner, how usage patterns
changed over the course of follow-up, and what participant
characteristics were associated with consistent use.>®!

Usual care
Patients randomized to the control arm receive standard
post-CABG care without any additional intervention.
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Regardless of the treatment arm, patients receive cardiology
education, instruction on CABG secondary prevention,
and promotion of self-care management from our research
nurses and physicians during the inpatient stay after
randomization; referral to cardiac rehabilitation; and
predischarge planning.

Data collection

Because the recruiting sites are members of the CCSR
network, the data collection and storage methods for
our trial follow CCSR data regulations. All data related
to hospital admissions, procedures, and follow-up are
collected according to the definitions of the Society of
Thoracic Surgeons National Adult Cardiac Database
(http://www.sts.org/). The web-based CCSR data collection
platform (http://ccsr.cvs-china.com) uses a high-level secure
socket layer. The efforts made to ensure data accuracy and
completeness have been described previously,*7* and
they are supervised by the NCC. The dataset for this study
includes the following four modules: baseline in-hospital
information, 3- and 6-month follow-up data, and interactive
information from the application [Table 2].

For baseline data, participating sites may directly import their
in-hospital data from the Hospital Information System into
the CCSR database if the data meet the safety and quality
criteria established by the CCSR; otherwise, data must be
manually entered into the CCSR system. Trained researchers
who are blinded to the group allocation conduct face-to-face
interviews with patients at the 3-month follow-up visit. Data
collection includes C-MMAS-8, self-reported secondary
preventive medication information (including names,
dosage, and frequency of the drugs taken), and clinical

assessments of blood pressure, heart rate, body mass index,
smoking status, and exercise level. Patients are also asked
about the occurrence of any recent cardiovascular events or
hospitalizations; a copy of the medical record for each event
will be sent to the NCC for final adjudication by an expert
clinical panel. A fasting blood sample is being collected
for blood biochemistry tests. At the end of the interview,
after the blinded follow-up assessment, participants are
asked to identify their group assignment; participants in
the intervention group then complete the application user
feedback questionnaire. Participants who are unable to
attend a face-to-face interview are asked to answer the
questionnaires via telephone, with clinical information
obtained through the medical practitioner. The data variables
and interview procedures for the 6-month visit are consistent
with those for the 3-month visit. In addition, a urine sample
is collected for medication screening. For patients unable
to attend the 6-month interview, a standardized cold-chain
transportation service will collect the urine samples.

Researchers enter follow-up data directly into the CCSR
web-based data collection platform while they are conducting
the interviews to avoid the errors related to transcription from
paper forms. To ensure completeness and accuracy of each
module, the CCSR system incorporates logic checks with
real-time feedback on input data that violate predetermined
rules for format or range. The interactive information from
the application is recorded in the server and will be exported
for application usage analysis.

Biological samples
Blood samples collected during the index hospitalization
are being stored for future genetic studies. We will use

Table 2: Variables collected in each module of the data platform

Variables

Data source

Baseline information

3-month follow-up

6-month follow-up Interactive information

Patient characteristics
Socioeconomic background
Comorbidities

Secondary preventive medications
Smoking status

Exercise level

Body mass index

Body weight

Height

Waist circumference
Resting heart rate

Blood pressure

Blood glucose

Fasting cholesterol
Physical activity capacity

Survival

MACCE
Rehospitalization
C-MMAS-8

Application user feedback

C-MMAS-8: Chinese version of the 8-item Morisky Medication Adherence Scale; MACCE: Major adverse cardiovascular and cerebrovascular events.

Variables with "e" will be collected in the data sources respectively.
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high-performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS) to analyze the 6-month
urine samples for the presence of the secondary preventive
medications or their metabolites; results will be used for
confirmation of self-reported medication adherence.l*”
Biological samples from each participating hospital will
be transported to the NCC core laboratory for centralized
management and analysis.

Outcome measures

The primary outcome is CABG secondary preventive
medication adherence as measured by the C-MMAS-8 at
6 months after randomization. We obtained a license from
the developer for the use of the linguistically certified
C-MMAS-8.™8 Low medication adherence will be defined
as a C-MMAS-8 score of <6.

Secondary outcomes will be assessed at the 3-, 6-, and
12-month follow-up visits [Table 3]. MACCE is defined as
the composite of death, myocardial infarction, stroke, and
unplanned revascularization. Body mass index is calculated
by dividing the weight in kilograms by the height in meters
squared. Systolic and diastolic blood pressure will be
assessed by an electronic sphygmomanometer. Glucose and
cholesterol levels will be measured after 12 h of fasting and
analyzed at the pathology department of the corresponding
hospital in standard fashion. Smoking status will be assessed
via self-report. HbAlc test results <6.5% will be defined
as normal.

Adherence to specific secondary preventive medications
(antiplatelet drugs, B-blockers, stains, and ACEI/ARBs)
will be assessed via patient self-report at the 3- and 6-month
visits. In addition, we will use HPLC-MS/MS to screen for
these medications or their metabolites in the 6-month urine
samples to confirm medication use.®’ Adherence will be
defined as the identification of the secondary preventive
medication in the HPLC-MS/MS urinalysis.

Table 3: Primary and secondary outcomes

Primary outcome

Secondary preventive medication adherence at 6 months according
to C-MMAS-8
Secondary outcomes
Mortality
MACCE
Cardiovascular rehospitalization
Other prespecified outcome measures
Secondary preventive pharmacotherapy use according to urine
analysis
Secondary preventive pharmacotherapy use according to patient
self-report

Cardiovascular risk factors, including fasting glucose, fasting lipid
levels, hemoglobin Alc, resting blood pressure, weight, body
mass index, and self-reported smoking status

C-MMAS-8: Chinese version of the 8-item Morisky Medication
Adherence Scale; MACCE: Major adverse cardiovascular and
cerebrovascular events (composite of all-cause death, myocardial
infraction, stroke, and repeat revascularization).

Sample size

Approximately 45-55% of chronic disease patients poorly
adhere to secondary preventive medications.®!1260611 We
hypothesize that the smartphone application intervention will
result in a 10-15% decrease in the percentage of patients
with low adherence according to the C-MMAS-8. To detect
a minimal clinically important difference in medication
adherence between the groups with 80% power and a 5%
level of significance, a sample size of 800 participants
(400 per group) is required. To account for an estimated
20% loss to follow-up, 500 patients must be randomized to
each study arm.

Statistical analysis

We will perform an intention-to-treat analysis. Categorical
variables will be summarized as proportions, while
continuous variables will be summarized as means and
standard deviations or medians and interquartile ranges.
We will compare baseline patient characteristics between
the control and intervention groups to assess the adequacy
of the randomization, using Chi-square tests for categorical
variables and Student’s f-tests or Mann-Whitney tests for
continuous variables. We will also compare patient outcomes
using these methods. We will calculate relative risks and
95% confidence intervals to further assess the relationship
between the intervention and the primary and secondary
outcomes.

We will conduct sensitivity analyses that consider participants
who are missing follow-up data, withdrew from the study, or
were lost to follow-up as nonadherent. If there are significant
differences in baseline characteristics between the groups,
we will consider adjusting for these variables in additional
analyses. We will further assess the effect of the intervention
on adherence in prespecified subgroup analyses based on
age, sex, level of education, recruitment site, adherence at
baseline, and level of application engagement. Statistical
tests will be two-sided with oo = 0.05. All analyses will be
performed using SAS version 9.3 (SAS Institute, USA).

Trial status

Patient enrollment began in June 2015. Recruitment,
follow-up, and urine sample collection are ongoing.
Using data from patients recruited early in the enrollment
period, we identified a wide variety of medications being
prescribed to patients after CABG, likely reflecting the
multicenter nature of the study and diverse socioeconomic
backgrounds of participants. A number of these medications
have no established HPLC-MS/MS methods to identify the
prototypes or metabolites in urine. We began establishing
testing protocols for these medications in January 2018 and
expect to finish by the end of June 2018.

Ethics and dissemination

The NCC is leading the study design, management, and data
auditing and analysis for this study. The Ethics Committee
of Fuwai Hospital approved the study design, and all
participating sites accepted the central ethics approval or
obtained local approval by internal ethics committees. All
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patients must provide written informed consent for their
participation in the trial. We plan to disseminate the findings
of this study via the usual scientific forums, including
peer-reviewed publications and presentations at international
conferences.

Discussion

MISSION-2 aims to evaluate the role of a smartphone
application in improving secondary preventive medication
adherence of outpatients after CABG. The benefits of
comprehensive CABG secondary preventive medications,
including aspirin, B-blockers, statins, and ACEI/ARBs, have
been thoroughly established.['>%] With the development
of mobile health technology, traditional health-care
infrastructure to promote secondary prevention, such as
face-to-face intervention at a clinic, may become less
necessary.l®”) For patients in low- and middle-income
countries, where >80% of cardiovascular deaths occur,8!
smartphone technology might prove to be particularly helpful
for increasing access to secondary prevention, bypassing
traditional barriers to health information with efficiency and
lower cost care. Smartphone technology could bridge the gap
between scientific evidence and clinical practice. If effective,
this mobile health intervention can potentially offer access
to medical resources for large numbers of CABG patients.

The study strengths include the use of an application that
integrates multiple technological elements to appeal to a
range of patient preferences and learning styles and has the
potential for sustainable provision within models of CABG
outpatient care. In addition to the subjective medication
adherence measurements from the C-MMAS-8 and patient
self-reports of drug regimens, we also incorporate an
objective measurement through the use of HPLC-MS/MS
urinalysis. This technique has proved to be reliable, accurate,
and precise in prior studies.*%

The reasons for medication nonadherence may be broadly
categorized as unintentional or intentional. Reasons for
unintentional nonadherence include forgetfulness or
carelessness.l’"? Our application can intervene on such
unintentional nonadherence by providing scheduled daily
dose reminders. For intentional nonadherence, which involves
a reasoned decision by the patient to not take a medication
as instructed based on feelings or beliefs,?”-2830327L721 gur
application provides educational information, which can
better inform patients about the importance of treatment and
potentially alter patient perceptions. Traditional reminder
systems, such as weekly pill boxes, packaged calendars,
and unit-of-use packaging, cannot achieve this goal.l!4!7-18]

There are also several potential limitations of the study.
First, neither researchers nor patients will be blinded to
the study allocation. However, those analyzing biologic
samples and assessing outcomes will be unaware of patient
allocation, which will ensure objective assessment of
research outcomes. Second, several of the outcomes are
collected by patient self-report. To confirm patient reports

of medication adherence, we have incorporated an objective
assessment via HPLC-MS/MS urinalysis.

In conclusion, MISSION-2 will not only provide evidence
regarding the feasibility and effectiveness of the described
intervention for improving adherence to CABG secondary
preventive therapies, but also explore a model for outpatient
health self-management that could be translated to
various chronic diseases and widely disseminated across
resource-limited settings. The implementation of this trial
will further inform the development of mobile smartphone
technology to improve patient outcomes.
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