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Abstract

Background: Ischemic heart disease (IHD) is a leading cause of morbidity and mortality worldwide, requiring innovative
management strategies. Traditional disease management programs often struggle to maintain patient engagement and ensure
long-term adherence to lifestyle modifications and treatment plans. Mobile health (mHealth) technologies have emerged as a
promising approach to address these challenges by providing continuous, personalized support and monitoring. However, the
reported use and effectiveness of mHealth in the management of chronic diseases, such as IHD, have not been fully explored.

Objective: The primary aim of this study was to evaluate the feasibility and initial impact of an mHealth-based disease
management program on coronary risk factors, specifically focusing on low-density lipoprotein cholesterol (LDL-C) levels, in
individuals with chronic IHD. This formative study assessed changes in LDL-C and other metabolic health indicators over a
6-month period to determine theinitial impact of the program on promoting cardiovascular health and lifestyle modification.

Methods: Thisstudy was conducted using datafrom 266 individuals enrolled in an mHeal th-based di sease management program
between December 2018 and October 2022. Eligibility was based on a documented history of IHD, with participants undergoing
acomprehensive cardiac risk assessment before enrollment. The program included biweekly telephone sessions, health tracking
via a smartphone app, and regular progress reports to physicians. The study measured change in LDL-C levels as the primary
outcome, with secondary outcomes including body weight, triglyceride levels, and other metabolic health indicators. Statistical
analysis used paired 2-tailed t tests and stratified analyses to assess the impact of the program.

Results: Participants experienced a significant reduction in LDL-C, with LDL-C levels decreasing from a mean of 98.82 (SD
40.92) mg/dL to 86.62 (SD 39.86) mg/dL (P<.001). Theintervention was particularly effective in individuals with high baseline
LDL-C levels. Additional improvements were seen in body weight and triglyceride levels, suggesting a broader impact on
metabolic health. Program adherence and engagement metrics suggested high participant satisfaction and compliance.

Conclusions: Theresultsof this study suggest that the mHesal th-based di sease management program isfeasible and hasan initial
positive impact on reducing LDL-C levels and improving metabolic health in individuals with chronic IHD. However, the study
design does not allow for a definitive conclusion regarding whether mHealth-based disease management programs are more
effective than traditional face-to-face care. Future studies are needed to further validate these findings and to examine the
comparative effectiveness of these interventionsin more detail .
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Introduction

Background

Cardiovascular diseases, including ischemic heart disease (IHD),
present distinct challenges and critical outcomes, setting them
apart from other chronic conditions[1]. Effective management
of IHD requires a highly specialized approach, especially in
monitoring and controlling key heath indicators such as
low-density lipoprotein cholesterol (LDL-C) levels. Recognized
asacrucial marker for heart disease risk, managing LDL-C is
vital for halting IHD’s progression [2]. This management
strategy encompasses both medica interventions and
comprehensive lifestyle changestail ored to each patient’sunique
health profile and risk factors. Essentia lifestyle modifications
include diet alteration, regular exercise, and smoking cessation
[3]. However, implementing and maintai ning these changes can
be challenging for patients without ongoing support and
motivation.

The application of mobile devices, their components, and related
technol ogiesto hedth careisknown as mobile health (mHeal th).
Due to its significant potential to facilitate everyday behavior
change and promote healthy lifestyles, mHealth is gaining
worldwide popularity [4]. Recently, mHealth technol ogies have
significantly advanced the management of chronic diseases,
including IHD [5-8]. Recent studies and meta-analyses have
shown the effectiveness of internet-based interventions for
cardiovascular diseases that are adaptable to mobile devices
and enhance patient monitoring and self-care education [9,10].
A study in Australiashowed that web-based cognitive behavioral
therapy improved psychological symptoms, medication
adherence, and health behaviors in patients at a high risk of
cardiovascular diseases[11]. Another study highlighted amobile
and web-based self-management program that significantly
reduced hemoglobin Alc (HbA,.) levelsin patientswith diabetes
[12]. Thisstudy demonstrates the potential of integrated digital
platforms in chronic disease management. Further, a recent
systematic review found mHealth apps effective in promoting
lifestyle changes such as weight loss and exercise adherencein
patients with chronic disease, emphasizing technology’s
potential in treatment support [13]. A latest study for mHealth
cardiac rehabilitation has demonstrated significant improvements
in inner strength and resilience among older patients after
myocardial infarction discharge. Through biweekly web-based
training and support, the intervention group showed notable
enhancementsin these areas, contrasting with the control group’s
stable scores. This indicates mHealth’'s potential to boost
self-care and quality of life in older patients after myocardial
infarction [14]. These tools represent a new paradigm in health
interventions, offering continuous, real-time monitoring and
tailored health care delivery. mHedalth is revolutionizing
long-term illness management by providing current information
and personalized care and enhancing patient engagement in
their health journey. Now a vital component of health care,
mHealth is particularly crucial in managing various chronic
conditions. Itsrolein monitoring health and ensuring adherence
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to treatment plansiskey to successful outcomes. Theincreasing
cases of IHD and the availability of mHealth tools present new
opportunities for effective disease management [15].

Previous studies on mHealth interventions for heart failure and
IHD have primarily focused on LDL-C in the acute phase, with
few exploring it as the primary outcome in the maintenance
phase of IHD [16]. Thislack of focus |leaves a significant gap
in understanding mHealth's long-term efficacy in managing
LDL-C levelsin patients with IHD, where maintaining health
improvements is often more challenging than initial success.
Moreover, the effectiveness of mHealth goes beyond the
technology itself; successful outcomes often depend on regular
professional feedback and guidance [5,17,18].

The Mystar program, a Japanese mHealth-based disease
management initiative, has undergone a 6-month trial led by
medical professionals. It demonstrated notable improvements
in blood pressure and weight for patients with various lifestyle
diseases [19]. However, the lack of studies on the use of
mHealth for the management of chronic diseases, such asIHD,
requires focused studies on its feasibility and initial impacts.
Aim

This study aimed to assess the feasibility and acceptability of
an mHealth-based disease management program. A second aim
was to assess the initial impact of the mHealth-based disease
management program on individuals with IHD. It is expected
to provide early evidence on how mHealth can support the

ongoing management of IHD and potentially influence future
chronic disease management strategies.

Methods

Study Setting

This study was designed to evaluate the impact of the Mystar
programon LDL-C levelsin patientswith IHD using datafrom
PREVENT Inc in Nagoya, Japan. The participant pool, drawn
from employees or their dependents affiliated with health
insurance associations, engaged in the Mystar program, a
6-month initiative focused on lifestyle modification managed
by PREVENT Inc, from December 2018 to October 2022.
Enrollment criteriahinged on adocumented history of IHD. To
ensure safety, participants with IHD underwent mandatory
cardiac risk assessments before entering the program. These
evaluations included (1) resting 12-lead electrocardiogram
(ECG), (2) exercise ECG, and (3) echocardiography
examination.

On the basis of these evaluations, the following exclusion
criteria were applied specifically for patients with IHD: (1)
participants with a Lown classification of 4b or higher on the
resting ECG were excluded; (2) those showing positiveischemic
responses on the exercise ECG were excluded, unlesstherewas
explicit consent from the attending physician for
non—exercise-based interventions; and (3) participants with an
gjection fraction of <45%, or moderateto severevalvular disease
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identified in the echocardiography examination, were also
excluded.

In addition, the program excluded individuals who had been
hospitalized for aprimary diagnosis of heart failure or who were
taking cardiotonic medications. Eligibility for patientswith IHD
was contingent upon clearance from these rigorous evaluations
and explicit consent from their treating physicians. Participants
who did not complete the 6-month course were excluded.
Informed consent was obtained from all participants at baseline,
with the understanding that data collected through the app may
be used in future research efforts.

Ethical Consider ations

The study was conducted in compliance with the Declaration
of Helsinki and approved by the Konan Women's University
Research Ethics Committee (approva number 2021008),
ensuring adherence to human participant research ethics.
Informed consent was obtained from all participants, with the
data anonymized and deidentified to protect privacy and
confidentiality. No financial compensation was provided to
participants, who were free to withdraw at any time. All data
presented were anonymized, and there are no images in the
manuscript or multimediaappendix that could identify individual
participants.

mHealth-Based Disease M anagement Program
(Mystar Program)

Overview of the Program Procedure

The Mystar program was devel oped as amobile app compatible
with both Android (Google LLC) andiOS (AppleInc) platforms,
designed to support individuals with various lifestyle-related
conditions. The program was established through partnerships
between PREVENT Inc and health insurance associations, with
participants voluntarily enrolling from these associations.

Figure 1. Overall diagram of the Mystar program.
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Technology and Training

Participants begin by downloading the Mystar app to their
smartphones and using it with wearable devices such as the
Fitbit Alta HR (Fithit Inc), the Fitbit Inspire HR (Fitbit Inc),
and aGENEN Monitor (Kono ME Laboratory, Inc). This setup
allows them to monitor health metrics such as body weight,
physical activity, heart rate, and sleep patterns. No prior training
isrequired. They receive instructions on how to use the devices
and the app at the beginning of the program and learn through
use under the guidance of dedicated coordinators who remain
constant throughout the 6-month program.

Program Delivery

The program is administered by a multidisciplinary health care
team that includes nurses, dietitians, and physical therapists.
Spanning approximately 6 months, it comprises 12 sessions
with biweekly telephonic check-ins scheduled at convenient
times for the participants. Each session is designed to identify
and modify lifestyle habits to improve disease management,
with comprehensive discussions on diet, exercise, and stress
management. Theinitial phone session providestraining on app
use, followed by continuous assessment and adaptation of
lifestyle habits. Theintervention integrates educational content,
personalized feedback, and behavior change support, using data
from wearable devices for customization. Program goals are
collaboratively set by participants and the medical team,
focusing on long-term health outcomes and behavioral objectives
for each session. Educational materials and tips for improving
lifestyle habits are consistently provided, supplemented by
motivational interviewing techniques and behavior change
strategies. Moreover, for safety considerations, the program
maintai ns cl ose coordination with the participant’s primary care
physician, particularly concerning the management of lifestyle
disease scores and medication adjustments (Figure 1).
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Data Security

Regarding data security, the program has obtained the JAPHIC
mark, which complies with Japan's persona information
protection laws, and obtained information security management
system (1SO27001), an international standard for information
security. Dataare stored on cloud serverswith no external access
allowed, and both 2-factor authentication and virtual private
network connections are mandatory.

Program Evaluation

Upon the completion of the program, participants evaluate their
satisfaction and change in their own behavior. Feedback isalso
provided through a survey that includes both multiple-choice
and open-ended questions. This feedback focuses on several
aspects of the program, including the overall experience, the
effectiveness of the interventions, and areas for improvement.
The insights gained from the survey are used to refine the
program and ensure that it continues to evolve to better meet
the needs of its users.

Data Collection

Data collected included personality traits, age, sex, BMI,
physical activity level, systolic blood pressure, diastolic blood
pressure, LDL-C, high-density lipoprotein cholesterol (HDL-C),
fasting blood glucose, salt intake, and HbA ;. levels.

Sources of Data

Data were obtained from several sources. recent medical
examinations, blood tests, data entered into the app by
participants, and tel ephonic records from medical staff. Lifelog
data encompassed morning home blood pressure readings,
cholesterol levels, triglycerides, HbA ., body weight, step count,
and daily salt intake.

Collection Intervals

Lifelog dataincluded body weight, blood pressure, and physical
activity. Dataused for analysiswere the average valuesrecorded
in the app. These averages were calculated for the first week
following the initial consultation (“pre”) and for the last week
before the final consultation (*post”).

With regard to blood tests, measurements for LDL-C and other
blood parameters were collected within specific time frames:
from 365 days before to 30 days after the initial consultation
for pretest results and from 30 days before to 365 days after the
final consultation for posttest results. These periods were
selected to accurately reflect the impact of the intervention on
LDL-C levels around key study milestones.

Specific Measurement Methods

Blood pressure was measured using participants’ own devices,
preferably oscillometric upper arm cuff monitors, in accordance
with hypertension guidelines [20]. Conditions required a quiet
environment with acomfortable room temperature; participants
sitting in a chair with back support without crossing their legs;
and no smoking, alcohol, or caffeineintake before measurement.
The cuff waskept positioned at heart level. Measurementswere
taken in the early morning within 1 hour of awakening and
before bedtime and recorded daily in the app.

https://formative.jmir.org/2024/1/e56380
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Physical activity was monitored using either Fitbit Inspire2 or
Inspire HR devices, which were provided at the start of the
program, or participants own activity trackers. Participants
were instructed to wear these devices continuously throughout
the day. Data collected were automatically synced to the app.
In cases where automatic synchronization failed, participants
were asked to manually enter the previous day’s activity data
the following day. The reliability of these devices has been
confirmed in several studies[21].

Outcomes

The primary outcome was the level of LDL-C, a critica
indicator in the management of IHD. The secondary outcomes
were body weight, HDL-C triglycerides, HbA ., uric acid, blood
pressure, sleep duration per day, and daily step count.

Statistical Analysis

Descriptive statistics on participant demographics and survey
results were compiled. Missing data were addressed using the
hot deck imputation technique. Continuous variables were
presented as means with SDs, and categorical variables were
described using counts and percentages. The median and IQR
were used to report the duration of app use. The primary method
to assess the effectiveness of the Mystar program was paired
2-tailed t tests, which compared the baseline data (mean of the
2 weeks following the initial phone session) to the
postintervention data (mean of the 2 weeks preceding the final
phone session). In addition, we conducted a stratified analysis
by dividing participants into 2 groups based on their initial
LDL-C levels. We used 100 mg/dL as the threshold for the
LDL-C management target in these guidelines [22]. This
analysisallowed usto evaluate changesin key health indicators,
such as LDL-C, body weight, HDL-C, triglycerides, HbA,,
uric acid, morning systolic blood pressure, salt intake, and sleep
duration, both before and after the intervention within each
group. To further examine the program’simpact, we performed
acomparative analysis between these independent groups. This
involved assessing the average changes in various health
indicatorsin participantswith initial LDL-C levels>100 mg/dL
and those with levels <100 mg/dL. This comparison aimed to
elucidatethe differential effects of the intervention acrossthese
distinct groups, and the resultsincluded the 95% Cls computed
for these differences. The analysis yielded coefficients, SEs, t
values, P values, and 95% Cls for each personality trait. The
threshold for stetistical significance was set at P<.05. For these
computations, we used the R software (version 4.0.2; R
Foundation for Statistical Computing).

Results

The Characteristics of the Participants and Results of
the Participant Survey

The study initially enrolled 270 participants; after the exclusion
of 4 participants, the final number of participants was 266,
resulting in a retention rate of 98.5%. Reasons for dropout
included cancer diagnosis, inability to continue due to
retirement, and personal reasons for 2 participants. There were
no withdrawals due to serious events, such as death or relapse.
Participant characteristics are shown in Table 1. In addition, no
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adverse events, defined asany adversemedical event, including  response rate was 22.2%, with 59 of the 266 participants
cardiovascular death or new vascular events requiring responding. Inaddition, 25 (9.3%) of these respondents provided
hospitalization, occurred during the program. Theresultsof the  free-text comments. The free-text comments are included in

participant survey about the program are shownin Table2. The  Multimedia Appendix 1.

Table 1. Participant demographics and baseline characteristics.

Characteristics All (n=266) Group with initial LDL-C?values

>100 mg/dL (n=129)

Group with initial LDL-C values
<100 mg/dL (n=137)

Sex (male), n (%) 247 (92.86) 115 (89.15)
Age (y), mean (SD) 56.39 (6.02) 56.21 (6.46)
Hypertension, n (%) 197 (74.06) 93 (72.09)
Diabetes mellitus, n (%) 135 (50.75) 70 (54.26)
Dyslipidemia, n (%) 182 (68.42) 82 (63.57)
Cerebrovascular accident, n (%) 22 (8.27) 11 (8.52)
Ischemic myocardia infarction, n (%) 112 (43.12) 41 (31.78)
Medical use, n (%) 173 (65.04) 73 (56.59)
Height (cm), mean (SD) 162.60 (26.61) 165.98 (16.79)
Weight (kg), mean (SD) 77.51 (17.53) 79.23(18.82)
BMI (kg/m?), mean (SD) 26.14 (6.88) 27.49 (5.78)
LDL-C (mg/dL), mean (SD) 98.82 (40.92) 131.56 (26.19)
HDL-C” (mg/dL), mean (SD) 47.88 (21.46) 51.27 (14.05)
Triglycerides (mg/dL), mean (SD) 145.83 (98.52) 166.09 (95.88)
HbA 1. (%), mean (SD) 5.69 (2.08) 6.17 (1.89)
Uric acid level, (mg/dL) mean (SD) 5.13 (1.86) 5.63 (1.78)
S8, (mm Hg) mean (SD) 114.78 (33.85) 113.88 (36.36)
DBP® (mm Hg), mean (SD) 73.58 (22.65) 74.55 (23.50)
Estimated salt intake (g/day), mean (SD)  8.79 (3.82) 8.68 (3.71)
Sleep duration (hours), mean (SD) 5.50 (1.39) 5.39 (1.48)
Step count (steps/day), mean (SD) 8564.95 (3948.80) 8092.48 (3776.04)
Personal traits, mean (SD)
Neuroticism 7.85 (2.13) 7.95 (2.01)
Extraversion 8.61 (2.55) 8.68 (2.47)
Openness 8.76 (2.28) 8.81 (2.36)
Agreeableness 10.08 (1.85) 9.99 (1.95)
Conscientiousness 8.13 (2.48) 7.94 (2.37)

132 (96.35)
56.57 (5.59)
104 (75.91)
65 (47.45)
100 (72.99)
11 (8.03)
71(51.82)
100 (72.99)
159.42 (33.06)
75.89 (16.13)
24.86 (7.59)
68.00 (25.36)
44,68 (26.28)

126.76 (97.48)
5.24 (2.16)
4.66 (1.82)
115.62 (31.42)
72.67 (21.87)

8.90 (3.94)
5.61 (1.31)

9009.82 (4068.49)

7.76 (2.24)
8.53 (2.63)
8.70 (2.20)
10.16 (1.77)
8.31 (2.58)

3_DL-C: low-density lipoprotein cholesterol.
PHDL-C: high-density lipoprotein cholesterol.

®HbA 1 hemoglobin Alc.

dspp: systolic blood pressure.
€DBP: diastolic blood pressure.
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Table 2. Results of the participant survey about the program?
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Item

Scores, mean (SD)

User satisfaction with the mobile health app (1-5)
1. Integration of the app and external devices
2. Ease of app operation
3. Lifelog recording
4. Diet recording
5. Reading material
6. Chat function
7. Satisfaction with the assigned coordinator
8. Appointment scheduling method
9. Advice from the consultation coordinator
10. Goal setting
11. Content of progress reports
12. Interactions via chat
Impact on personal behavior change (1-5)
1. Changein lifestyle habits after program completion
2. Formation of good habits
3. Improvement of bad habits
4. Active engagement with the program
5. Perceived improvement in physical health

3.72(1.25)
415 (1.11)
410 (1.16)
3.89 (1.25)
4.00 (1.16)
433(1.13)
4.77 (0.96)
459 (1.04)
4.72 (1.00)
4,54 (1.06)
4.47 (1.07)
457 (1.07)

4.42 (1.06)
4.49 (1.01)
4.05 (1.15)
432 (1.07)
3.39 (1.09)

#The response rate was 22.2%, with responses received from 59 of the 266 participants on ascale from 1 to 5, where 1 isthe lowest and 5 isthe highest.

Preintervention and Postintervention Health Metric
Analysis

Table 3 shows the impact of the program on health indicators,
with notable improvements after the intervention. Key findings
include asignificant reduction in LDL-C from amean of 98.82
(SD 40.92) to 86.62 (SD 39.86) mg/dL and a significant
reduction in body weight from 77.51 (SD 17.53) kg to 72.39
(SD 19.84) kg. Although HDL-C levels remained stable,
triglycerides decreased significantly, reinforcing the lipid

https://formative.jmir.org/2024/1/e56380
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management benefits of the program. The dlight decrease in
HDbA ., although not statistically significant, indicatesapositive
trend in glycemic control. Other health measures, such as uric
acid and morning systolic blood pressure, did not show
substantial changes, but overall trends suggest an improvement
in cardiovascular health. Participants also showed increased
physical activity, as evidenced by an increase in daily steps
from 8564.95 (SD 3948.80) to 9309.91 (SD 4440.22), adong
with atrend toward reduced salt intake and stable sleep duration.
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Table 3. Preintervention and postintervention health metric comparison?
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Indicator Preintervention metric, mean (SD) Postintervention metric, mean (SD; 95% Cl) P value
Body weight 77.51 (17.53) 72.39 (19.84; -8.31 to —1.94) <.001
LDL-C? (my/dL) 98.82 (40.92) 86.62 (39.86; —19.06 to -5.33) <.001
HDL-C® (mg/dL) 47.88 (21.46) 47.62 (20.59; -3.83t03.32) .86
Triglycerides (mg/dL) 145.83 (98.52) 115.89 (77.12; —44.98 to —14.91) <.001
HbA . (%) 5.69 (2.08) 5.46 (1.87; -0.56 t0 0.11) 13
Uric acid (mg/dL) 5.13 (1.86) 5.08 (1.93; -0.38 to 0.26) 71
SBP (mm Hg)® 114.78 (33.85) 112.77 (35.21; -7.88 t0 3.86) 41
DBP (mm Hg)" 73.58 (22.65) 73.41 (21.52; -3.93t0 3.58) 92
Salt intake (g/day) 8.79 (3.82) 8.32 (3.65; —1.11 t0 0.16) .09
Sleep duration (hours) 5.50 (1.39) 5.36 (1.55; -0.391t0 0.11) 13
Steps per day 8564.95 (3948.80) 9309.91 (4440.22; 30.87 to 1459.06) 01

#Thistable provides adetailed comparison of health metrics before and after the 6-month intervention using the Mystar mHealth-based disease management
program in patientswith ischemic heart disease. Conducted in Nagoya, Japan, from December 2018 to October 2022, the study involved 266 participants
and assessed changes in body weight, blood pressure (systolic and diastolic), lipid profiles (low-density lipoprotein, high-density lipoprotein, and
triglycerides), hemoglobin Alc, uric acid levels, salt intake, sleep duration, and daily steps. The table shows mean values with SDs for each metric
before and after the intervention, along with P values and 95% Cls to illustrate the program’s impact on these health outcomes.

BLDL-C: low-densi ty lipoprotein cholesterol.
CHDL-C: high-density lipoprotein cholesterol.
9HbA 1c: hemoglobin Alc.

€SBP; systolic blood pressure.

'DBP: diastolic blood pressure.

Comparison of Health Indicator sin ParticipantsWith
Initial LDL-C Levels =100 mg/dL

In agroup of 129 participants with initial LDL-C levels >100
mg/dL, significant health improvements were observed
following an intervention (P<.001). The analysis revealed a
substantial reduction in LDL-C levels, from a mean of 131.56
(SD 26.19) t096.17 (SD 40.66) mg/dL, with aP value of <.001.
Body weight also decreased notably, from 79.23 (SD 18.82) to
72.23 (SD 21.08) kg, indicating effective weight management.
However, HDL-C levels showed a dlight decrease without
statistical significance, from 51.27 (SD 14.05) to 48.29 (SD

https://formative.jmir.org/2024/1/e56380

18.63) mg/dL. Triglyceride levels significantly dropped from
166.09 (SD 95.88) to 130.05 (SD 75.39) mg/dL. HbA . levels
improved from 6.17% (SD 1.89%) to 5.48% (SD 1.93%), and
uric acid levels also decreased from 5.63 (SD 1.78) t0 5.16 (SD
1.95) mg/dL. Morning systolic blood pressure showed a
reduction, although not statistically significant, from 113.88
(SD 36.36) to 107.58 (SD 41.59) mm Hg. Morning diastolic
blood pressure dlightly decreased from 74.55 (SD 23.50) to
71.99 (SD 23.12), and salt intake was reduced from 8.68 (SD
3.71) to 7.72 (SD 3.45) g/day. Sleep duration showed a minor
decrease from 5.39 (SD 1.48) to 5.19 (SD 1.70) hours. The
details were described in Table 4.
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Table 4. Preintervention and postintervention health metrics for participants with initial low-density lipoprotein cholesterol (LDL-C) levels =100

mg/dL?

Indicator Preintervention metric, mean (SD) Postintervention metric, mean (SD; 95% Cl) P value
Body weight (kg) 79.23 (18.82) 72.23(21.08; —11.87 to —2.12) <.001
LDL-C (mg/dL) 131.56 (26.19) 96.17 (40.66; —43.73 to —27.04) <.001
HDL-C? (mg/dL) 51.27 (14.05) 48.29 (18.63; —7.01 to 1.05) .09
Triglycerides (mg/dL) 166.09 (95.88) 130.05 (75.39; -57.09 to —15.00) <.001
HbA1E (%) 6.17 (1.89) 5.48 (1.93; —1.16 t0 —0.23) <.001
Uric acid (mg/dL) 5.63 (1.78) 5.16 (1.95; -0.93 to —0.02) .03
s8P (mm Hg) 113.88 (36.36) 107.58 (41.59; ~15.84 to 3.23) .09
DBP® (mm Hg) 74.55 (23.50) 71.99 (23.12; -8.24 10 3.13) 31
Salt intake (g/day) 8.68 (3.71) 7.72 (3.45; —1.84 0 —0.09) 01
Sleep duration (hours) 5.39 (1.48) 5.19 (1.70; -0.59 t0 0.19) .18
Steps (steps/day) 8142 (3773.2) 8684 (4111.0; —428.1 to 1512.8) 15

8This table shows health changes in 129 participants with initial low-density lipoprotein cholesterol (LDL-C) levels >100 mg/dL from a study at
PREVENT Inc, Japan (2018-2022). It examines the effect of a mobile health-based disease management program on cardiovascular risk factors such
as body weight, LDL-C, high-density lipoprotein, triglycerides, hemoglobin Alc (HbA4c), uric acid, blood pressure, salt intake, sleep, and steps.
Significant changesin LDL-C, body weight, triglycerides, and HbA ;; were noted after the intervention, with P values and 95% Cls highlighting these

outcomes.
PHDL-C: hi gh-density lipoprotein cholesterol.
®HbA 1 hemoglobin Alc.

dsp: systolic blood pressure.
€DBP: diastolic blood pressure.

Comparison of Health Indicator sin ParticipantsWith
Initial LDL-C L evels <100 mg/dL

In acohort of 137 participants with initial LDL-C levels <100
mg/dL, varied health outcomes were observed after the
intervention (Table 5). LDL-C levels increased dlightly but
significantly, from amean of 67.54 (SD 25.26) mg/dL to 77.13
(SD 37.01) mg/dL, with aP value of .01. Body weight showed
a significant reduction, decreasing from 75.93 (SD 16.04) kg
to 72.51 (SD 18.60) kg. HDL-C levels saw a nonsignificant
increase from 44.36 (SD 26.28) mg/dL to 46.54 (SD 22.13)
mg/dL. Triglyceride levels notably decreased from 126.93 (SD
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97.98) mg/dL to 102.44 (SD 77.06) mg/dL. HbAlc levels
showed a slight but nonsignificant increase from 5.22% (SD
2.15%) t0 5.43% (SD 1.82%). Uric acid levels increased from
4.63 (SD 1.82) mg/dL to 4.97 (SD 1.91) mg/dL, although not
significantly. Morning systolic blood pressure slightly increased
from 116.15 (SD 31.12) mm Hg to 117.83 (SD 27.33) mm Hg,
and morning diastolic blood pressure decreased from 74.55 (SD
23.50) mm Hgto 71.99 (SD 23.12) mm Hg, both changesbeing
statistically nonsignificant. Salt intake remained nearly constant,
changing from 8.92 (SD 3.95) g/day to 8.90 (SD 3.78) g/day,
and sleep duration dlightly decreased from 5.60 (SD 1.31) hours
to 5.53 (SD 1.40) hours.
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Table 5. Health outcomes after the intervention in participants with initial low-density lipoprotein cholesterol (LDL-C) levels <100 mg/dL2,

Indicator Preintervention indicator, mean (SD) Postintervention indicator, mean (SD; 95% Cl) P value
Body weight (kg) 75.93 (16.04) 72.51 (18.60; —7.56 10 0.72) 01
LDL-C (mg/dL) 67.54 (25.26) 77.13(37.01; 2.03 0 17.15) 01
HDL-C® (mg/dL) 44.36 (26.29) 46.54 (22.13, -3.61 0 7.98) 35
Triglycerides (mg/dL) 126.93 (97.98) 102.44 (77.06; —45.52 to —3.47) .02
HbA 1S (%) 5.22 (2.15) 5.43 (1.82; -0.26 t0 0.69) .37
Uric acid (mg/dL) 4.63 (1.82) 4,97 (1.91; -0.11t0 0.78) 13
sepd (mm Hg) 116.15 (31.12) 117.83(27.33; -5.30t0 8.67) .59
DBP® (mm Hg) 74.55 (23.50) 71.99 (23.12; -8.24 0 3.13) 31
Salt intake (g/day) 8.92 (3.95) 8.90 (3.78; —0.94 to 0.90) .96
Sleep duration (hours) 5.60 (1.31) 5.53 (1.40; —0.39 t0 0.25) .53
Steps (steps/day) 9009.8 (4068.5) 9986.2 (4606.5; —52.8 to 2005.5) 01

This table shows health changes in 137 participants with initial low-density lipoprotein cholesterol (LDL-C) <100 mg/dL from astudy at PREVENT
Inc, Japan (2018-2022). It tracks changes in body weight, lipid profiles (LDL-C, high-density lipoprotein cholesterol [HDL-C], and triglycerides),
hemoglobin Alc (HbA o), uric acid, blood pressure, salt intake, sleep, and steps after the mHealth-based disease management program. Key results
include a significant increase in LDL-C and decreases in body weight and triglycerides. Other measures such as HDL-C, HbA ., and blood pressure
changed but not significantly. The table lists mean values, SDs, P values, and 95% Cls, showing the program’s impact on these patients.

PHDL-C: hi gh-density lipoprotein cholesterol.
°HbA¢: hemoglobin Alc.

dspp: systolic blood pressure.

€DBP: diastolic blood pressure.

Comparison of Changesin Health Indicator sBetween
the Group With Initial LDL-C L evels=100 mg/dL and
the Group With Initial LDL-C Levels <100 mg/dL

Table 6 presents a comparative analysis of health indicator
changes between the group with initial LDL-C levels 2100
mg/dL and the group with initial LDL-C levels <100 mg/dL.
In the group with LDL-C =100 mg/dL, LDL-C decreased
significantly by an average of 35.39 (SD 45.06) mg/dL. In
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contrast, the group with LDL-C <100 mg/dL saw an average
increase of 9.64 (SD 44.18) mg/dL, highlighting a notable
disparity (—45.02) between the groups. Other health parameters
such as body weight, HDL-C, triglycerides, HbA ., uric acid,
and blood pressure al so varied between these groups, underlining
thedifferential impact of theintervention based oninitial LDL-C
levels. This analysis underscores the tailored effectiveness of
the mHealth-based disease management program, particularly
for individuals with initially higher LDL-C levels.
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Table 6. Comparative analysis of health indicator changes by initia low-density lipoprotein cholesterol (LDL-C) levels®.
Indicator Groupwithinitial LDL-Cvalues Groupwithinitial LDL-Cvalues Differencein changes (95% Cl) P vaue

=100 mg/dL (SD) <100 mg/dL (SD)

Body weight (kg) —7.00 (19.86) -3.36 (15.23) —3.64 (=7.77 10 0.50) .09
LDL-C (mg/dL) —35.39 (45.06) 9.64 (44.18) —45.02 (-55.76 to —34.29) <.001
HDL-C? (mg/dL) -2.98 (19.98) 2.30(26.82) -5.28(-10.94 t0 0.38) .07
Triglycerides (mg/dL) —-36.05 (102.82) —24.20 (114.65) —11.85 (-37.99 to 14.29) .38
HbA1E (%) -0.69 (2.19) 0.21 (2.66) -0.90 (-1.48t0 -0.32) 01
Uric acid (mg/dL) -0.48 (2.48) 0.34 (2.51) -0.82 (-1.42t0-0.22) 01
s8P (mm Hg) —6.30 (42.46) 2.03 (36.11) -8.34(-17.84 10 1.16) .09
DBP® (mm Hg) ~2.56 (28.22) 2.07 (27.24) ~4.63 (-11.30 to 2.04) 18
Salt intake (g/day) —0.97 (4.07) -0.01 (4.88) —0.96 (-2.04 10 0.12) .08
Sleep duration (hours) -0.20 (1.66) -0.08 (1.29) -0.12 (-0.48100.24) .52
Steps (steps/day) 542.3 (4116.54) 976.4 (3 781.34) —434.0 (-1392.1 t0 524.1) 33

8This table compares health indicator changes between the group with initial LDL-C levels 2100 mg/DL and the group with initial LDL-C levels <100
mg/DL from aretrospective study at PREVENT Inc, Japan (2018-2022). It shows significant LDL-C reduction in the higher LDL-C group, contrasting
with an increase in the lower LDL-C group, indicating the intervention’s differential impact. Changes in body weight, high-density lipoprotein,
triglycerides, hemoglobin Alc, uric acid, and blood pressure were also analyzed, highlighting how initial LDL-C levels influence the program’s
effectiveness. This table provides the differences in changes, P values, and 95% Cls, illustrating the program'’s tailored impact on cardiovascular risk

factors.

PHDL-C: hi gh-density lipoprotein cholesterol.
®HbA 1 hemoglobin Alc.

dspp: systolic blood pressure.

€DBP: diastolic blood pressure.

Discussion

Principal Findings

This study assessed the feasibility and initial impact of an
mHealth-based disease management program on coronary risk
factors, specifically focusing on LDL-C levels, in individuals
with chronic IHD. The program was well organized. There was
low attrition and high satisfaction. The primary finding revealed
asubstantial decreasein LDL-C, from an average of 98.82 (SD
40.92) to 86.62 (SD 39.86) mg/dL, highlighting the program’s
effectiveness in cardiovascular risk management. Individuals
withinitially high LDL-C levels exhibited the most pronounced
benefits, suggesting the program’s potential for targeted risk
reduction in higher-risk groups.

Theguidelinesfor reporting of health interventionsusing mobile
phones have been established, providing a basis for assessing
the reliability and challenges of mHealth interventions in a
structured manner [23]. These considerations alow for a
preliminary assessment of the program’s reliability and the
challengesit faces at this stage. The successful implementation
of the Mystar program depends on a region’s technological
infrastructure, whichisvital for deploying mHealth interventions
effectively. Japan boasts a substantial mobile penetration rate,
with > 90% of the population owning smartphones and having
access to 4G LTE networks. This high level of connectivity
indicates that mHealth interventions can be readily adopted in
Japan, presenting minimal barriers to entry for its population.
Since its inception in 2016, the Mystar program has evolved

https://formative.jmir.org/2024/1/e56380

significantly, with several years now under its current app-based
format. To date, approximately 8500 individuals have
participated through collaborations with 150 health insurance
associations, and in recent years, agreements with local
municipalities have been established. Consistently low dropout
rates and high satisfaction levels similar to those observed in
this study have been maintained. A key factor contributing to
these outcomes is the program’s interactive nature, where
coaches engage regularly with participants via chat and phone
cals to provide feedback. Research suggests that the
effectiveness of mHealth programs is significantly enhanced
by such interactive elements, underscoring the importance not
merely of using digital tools but also of integrating timely and
appropriate feedback from medical professionals and other
health experts. This approach helps maximize both engagement
and outcomes [24].

However, the use of mHealth within Japan’s insurance system
isstill relatively novel, with only afew examplesto date [ 25,26].
Currently, our program primarily operates through contracts
with health insurance associations, but expanding access to
include coverage under the national insurance system could be
a viable strategy to reach a broader audience. Participants in
this study were subject to stringent inclusion criteria, including
confirmed diagnoses and the ability to coordinate with
physicians. Aswe consider expanding the reach of thisprogram,
options such as making it accessible to individuals without
formal diagnoses might be explored. However, this approach
also introduces potential risks that must be carefully weighed.
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Moving forward, itiscrucial to balance broadening accesswith
maintaining the integrity and effectiveness of the program.

Although participants were not involved in the devel opment of
thisapp, wereceived feedback on its use through aquestionnaire
at the end of the program. The overall satisfaction with the
mobile app was generally positive. Participants rated the ease
of app operation highly (average 4.15), indicating that the user
interface was well designed and user-friendly. Similarly, the
lifelog recording and diet recording functions were rated
favorably (averages of 4.10 and 3.89, respectively), suggesting
that these features effectively met the needs of users. However,
the slightly lower score for diet recording indicates room for
improvement in this feature. Communication features such as
the chat function and interactions with health care coordinators
received high ratings (averages of 4.33 and 4.77, respectively).
These scores reflect the program’s success in facilitating
effective communication between patients and heath care
providers, which is crucial for the management of chronic
conditions such as IHD. The mHealth program is effective in
being an interactive program [24]. Regarding behavior change,
the program’s impact on behavior change was also positive,
with participants reporting significant improvementsin lifestyle
habits (average 4.42). The high scoresfor the formation of good
habits (average 4.49) and active engagement with the program
(average 4.32) highlight the effectiveness of the mHealth
intervention in motivating participants to adopt healthier
lifestyles. Despitethe overall positive feedback, the lowest score
in the survey wasfor perceived improvement in physical health
(average 3.39). This suggeststhat while participants recognized
the benefits of the program in terms of lifestyle changes, these
changes did not necessarily trandate into a significant
improvement in perceived physical health. This discrepancy
underscoresthe need for the ongoing eval uation of how lifestyle
changes through mHealth interventionsimpact long-term health
outcomes.

In contrast, there are also areas that need improvement. While
thedropout rate for the program was exceptionally low at 98.5%
(266/270), it is important to consider that this high retention
may be partialy attributed to the voluntary nature of
participation. As participation wasoptional, it islikely that those
who engaged were already somewhat motivated to make
health-related changes. This self-selection bias might limit the
program’sreach, particularly among less motivated subgroups,
such asthose who areindifferent or resistant to behavior change.
Although theseindividuals are often the oneswho could benefit
the most from such interventions, they are also the least likely
to participate under voluntary conditions. In addition, the
requirement for a physician’s diagnosis and permission to
participate introduces another layer of complexity and apotential
barrier to entry. While these measures are crucial for ensuring
safety, they could restrict access to the program for a broader
audience. Looking forward, exploring methods to lower these
barriers, possibly by providing aternative pathways for
engagement that do not compromise safety, could help make
the program moreinclusive and accessibleto awider population,
irrespective of their current stage of behavior change or medical
diagnosis. Moreover, the program’s availability is currently
confined to asingle company responsiblefor both devel opment
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and administration. This exclusivity limits the ability of other
organizations to implement the program. Furthermore, the
requirement for specialized training for instructors restricts the
pool of individualswho can provide guidance, posing challenges
for the program’s reproducibility and standardization. As for
app use, the absence of preliminary training means that user
proficiency with mobile apps can vary significantly. This
variability could complicate the setup process and, consequently,
impact the intervention’s effectiveness. The program structure,
which involves biweekly phoneinterventions and weekly chats
conducted by the sameindividual over 6 months, exhibitsalack
of personnel flexibility. Thisrigidity might hinder the scalability
of the program, as expanding the service without a proportional
increase in qualified staff could prove chalenging. In
conclusion, this study highlights several barriers to the
widespread adoption of an mHealth program, including
self-selection biaswhere highly motivated individualsare more
likely to participate and stringent requirements such asphysician
approval that limit broader accessibility. Addressing theseissues
by lowering entry barriers and enhancing flexibility in program
delivery could significantly expand the reach and effectiveness
of the intervention to include a more diverse participant base.

Regarding the initial impact of this program, these results are
consistent with previous research on mHealth interventions for
IHD, where both app-based and SM S text messaging strategies
have been shown to be effective in managing dyslipidemiaand
promoting healthier lifestyle habits[27]. Similar outcomes have
been reported in pharmacist-led lipid management programs
that used face-to-face, community-based approaches [28,29].
Our study’s focus on lifestyle changes, without specific
medication directives, adds to the evidence supporting
nonpharmacological ~ strategies in cardiovascular  risk
management. The observed improvements in dietary habits,
exercise, stress management, smoking cessation, and alcohol
moderation corroborate the effectiveness of lifestyle
interventions in enhancing cardiovascular health. The
mHealth-based disease management program in this study
emphasized lifestyle habit improvements. Such modifications,
including significant LDL-C reduction in type 2 diabetes and
other contexts such as yoga, demonstrate a broad impact on
health [30]. Lifestyle modification may be crucia for reducing
LDL-C and aiding in weight loss, and it has been shown to be
effective not only in face-to-face interventions but also in
mHealth apps [31]. Mobile apps, with their convenience and
adaptability, encourage participation and lasting behavior
change. This study’s biweekly phone-based interventions,
accommodating participants’ schedules, likely contributed to
high retention and successrates. For instance, acomprehensive
mHealth program combining an app, activity tracker, and
counseling showed significant improvements in obesity
management [32]. Personalized mobile interventions, using
data-driven customization, exhibited moderate positive effects
on lifestyle behaviors [33]. This study found potential efficacy
in personalized programs where medical professionals provide
feedback. However, the research design used does not allow
for a definitive conclusion regarding whether these programs
are more effective than traditional, face-to-face treatments.
Future study is necessary to further validate these findings and
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explore the comparative effectiveness of these intervention
methods in greater detail.

Limitations

This study has several limitations. First, the lack of a control
group is a significant limitation. Without a comparison group,
it is challenging to firmly establish the effectiveness of the
intervention. The changes observed could be influenced by
external factors unrelated to the intervention, such as seasonal
variations in health behaviors or concurrent health initiatives
in the community. Second, variability in the delivery of the
intervention by different facilitators, despite having standardized
protocols, introduces potential inconsistencies. While the
program was guided by structured rules and a unified strategy,
the individual approach of each facilitator might have affected
the participants experience and outcomes. Thisvariability could
have led to differences in how participants received and
perceived the intervention, thereby impacting its effectiveness.
Third, the study primarily targeted working individuals, raising
guestions about the results’ applicability to other demographic
groups. It remains unclear whether the observed benefitswould
extend to nonworking individuals, the older population, or those
with different health conditions. Fourth, we could not get
detailed information on how partici pants used medications such
as statins. This is a big limitation because our study’s design
and difficulty in getting full medical records made it hard to
know about the participants’ medication use. Medications play
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a key role in managing IHD because they help control risk
factors and improve the results of lifestyle changes. Including
information on how participants used their medications would
have given usaclearer picture of what contributed to the health
outcomeswe saw. It would have also hel ped us understand how
medications and the mHealth program might work together to
help people with IHD. Finally, the self-reported nature of some
of the data, particularly regarding lifestyle changes and health
behaviors, may introduce reporting bias. Participants
perceptions and willingness to report certain behaviors
accurately could have influenced the data quality, potentially
leading to overestimations or underestimations of the
intervention’s impact.

Conclusions

In conclusion, the mHeal th-based di sease management program
was well organized and achieved high levels of participant
satisfaction. It shows promising potential for managing LDL-C
and other cardiovascular risk factors. Future research should
address the limitations of this study through randomized
controlled trials and research designs that mitigate bias. In
addition, it is important to focus on the broad applicability of
such interventions across diverse populations and risk profiles.
Thiswill allow for the exploration of how mHealth technologies
can support individual health management and tailor treatments
to specific needs.
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