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Abstract

Background: Astheglobal burden of chronic conditions increases, their effective management is a concern. Although the need
for chronic disease management using mobile self-management health care apps is increasing, there are still many barriers to
their practical application in the primary care field.

Objective: This study evaluated the effectiveness of primary care services combining a mobile self-management health care
app with human coaching for patients with chronic diseasesin the current primary care system.

Methods: A total of 110 patients (mean age 53.2, SD 9.2 years; 64 of 110, 58.2% female) with hypertension, diabetes,
dyslipidemia, or metabolic syndromewho visited one of 17 participating primary care clinics from September to November 2020
were included in this study. All participants recorded data regarding changes in body weight, sleep conditions, quality of life,
depression, anxiety, stress, BMI, waist circumference, blood sugar levels, blood pressure, and blood lipids levels. The app user
group (n=65) used a mobile self-management health care app with human coaching for 12 weeks, and the control group (n=45)
underwent conventional self-managed health care.

Results: Patientsin the app user group reported significantly more weight loss than those in the control group—the body weight
of the app user group decreased by 1.43 kg (95% CI —2.07 to —0.79) and that of the control group decreased by 0.13 kg (95% ClI
—0.67 t0 0.41; P=.002). The weight loss was markedly greater after using the app for 9 weeks than that when used for 4 weeks
or 5-8 weeks (P=.002). Patients in the app user group reported better sleep quality (P=.04) and duration (P=.004) than thosein
the control group.

Conclusions: The combination of primary care clinics and a mobile self-management health care app with human coaching
results in better management of chronic conditions. This study shows that the primary care services combining a mobile
self-management health care app with human coaching are effective in the current primary care system. An implication of this
study is the possihility that a mobile self-management health care app with human coaching is a treatment option in the current
primary care system.

(JMIR Mhealth Uhealth 2022;10(5):€34531) doi: 10.2196/34531
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Introduction

The burden of chronic conditions has increased markedly [1],
and the incidence of conditions such as hypertension, diabetes,
and hyperlipidemiaisrising in South Korea. Health care systems
worldwide are challenged with clinical and economic burdens
of chronic and complex conditions, resulting in major obstacles
in the provision of optimal health care [2]. Determining the
potential benefits of lifestyle modifications and patient
participation in health-related decisions is necessary owing to
the increased demands on primary care clinics and health care
systems[34].

The effects of lifestyle modifications on patients with chronic
conditions have been identified in previous studies [5-9].
However, a model that supports lifestyle modifications in an
evidence-based manner in aformat that can be integrated into
clinical practiceisnecessary for primary care providers. Patient
involvement is critical for the clinical integration of such
models; patient participation in treatment planning, knowledge
exchanges, setting goals, and performing self-care activitiesis
necessary for effective lifestyle modifications [10,11]. Patient
participation is valuable for symptom control and the
management of chronic health conditions[12]. Self-management
strategiesfor lifestyle modifications areincreasingly recognized
as important tools for chronic disease management and
secondary prevention [13].

Technical innovations have increased access and improved
health care quality asthey have enabled the dissemination and
improvement of health care via nontraditional channels at an
unprecedented rate with the removal of practical barriers[14].
Technical innovations, such as the transmission of medical
records, teleconsulting, telemonitoring, telemedicine, and
teleprescription, have led to the development and utilization of
tools to promote lifestyle modifications in the health care
industry [15,16]. Strategies for implementing lifestyle
modifications include self-management aimed at behavior
changes, educational interventions, and motivation to participate
in self-management [17]. Mobile health technology allows
mobile devices, such as tablets, smartphones, and laptops, to
play an important role in the collection, storage, and
transmission of health data; supports real-time monitoring and
the self-management of patients,; and has made a huge difference
in lifestyle modification interventions[18,19]. Previous studies
have shown the efficacy of lifestyle modifications using various
mobile tools [15,20,21]. A meta-analysis that evaluated the
effectiveness of mobile self-management health care apps for
lifestyle modifications in patients with type 2 diabetes found
that the use of most apps resulted in significant changes in
hemoglobin A;. (HbA,,) levels [15]. Another study reported
that combining a health care app with a wearable device result
in lifestyle modifications that affect the BMI and cholesterol
level of patients [20]. Moreover, digital interventions using
technologies, such asthe internet, SMS, software applications,
and mobile sensors may improve positive behavioral factors
(physical activity, diet, and medication adherence), and these
are even more effective when used to treat multiple behavioral
outcomes simultaneously [21].

https://mhealth.jmir.org/2022/5/e34531
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The lifestyle modification tools provided with recent
technological advances allow for sustainable changes by
supporting self-care and providing more personalized health
care. However, previous studies regarding these tools are
limited. Primary health care physicians are usually thefirst point
of contact between the health care system and patient [22],
including patients with chronic diseases who utilize the health
care system regularly. However, evidence-based models,
especialy those using information technology, are currently
not available for primary care providers to effectively support
lifestyle modifications and promote changesin patient behavior.
Most previous studies include patients from clinical settings
who are already using health care tools or those who are
exceptionally motivated to do so [23,24]. Previous studies
suggested an integrated whol e-systems approach at the patient,
primary care, and service organization levels[25]. The effective
implementation of these models is necessary for ensuring
feasibility, sustainability, and scalability [26]. However, not all
patients are eligible for participation in these models owing to
their socioeconomic status, lack of access to the internet, and
other technologies. Moreover, systematic and comprehensive
data on the implementation and utilization aspects of maobile
self-management apps, especially in primary care settings, are
lacking.

This study evaluated the effectiveness of primary care services
combining a mobile self-management health care app with
human coaching in the current primary care system for patients
with hypertension, diabetes, dydipidemia, or metabolic
syndrome, and on changes in body weight, sleep condition and
quality of life, mental health (depression, anxiety, and stress),
and cardiovascular risk factors (BMI, waist circumference,
blood sugar level, blood pressure, and blood lipid levels).

Methods

Study Population

Patients aged =19 years who visited any of the 17 primary care
clinics between September 2020 and November 2020 and were
diagnosed with hypertension, diabetes, dyslipidemia, or
metabolic syndrome were included in this study. Patients who
met the following criteria were excluded from the study: (1)
having a condition that might compromise adherence to using
mobile phones (such asthose with visual or hearing limitations);
(2) having comorbid conditions (such as breathing difficulties,
uncontrolled congestive heart failure, or angina); (3) inability
to communicatein the Korean language; and (4) those who were
currently using or had used mobile self-management health care
apps or weight |oss medi cations within one month of the study.
Physicians from 17 primary care clinics identified potential
participants using medical records.

Study Design

This study is a multicenter real-world study that evaluated the
effectiveness of the mobile self-management health care apps
with combined primary care in the current primary care
environment. The patients were divided into an app user group,
which received amobile self-management health care app called
Noom (Noom Inc; Figure 1), and a control group. For group
assignment, when a physician suggests to use the app to patient
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who needs continuous lifestyle modification during the treatment
in the clinic, aresearcher dispatched to the primary care center
explainstheintervention program to the patient and if the patient
agrees to use the application assigned to the application use
group, and if they did not agree, they were assigned to the
control group. The goal of the Noom app is to enable users to
lose weight and develop healthier habits via a behavioral
approach. Users of the Noom app have access to built-in tools
to track their daily activity, food intake, blood pressure, and
blood sugar levels. It is one of the most used mobile
self-management health care appsin South Korea and has been
recognized by the Diabetes Prevention Program of the Centers
for Disease Control and Prevention. The mobile
self-management health care program used in this study lasted
for 12 weeks and included human coaching sessions twice a
week. The coaches were trained nutritionists who helped users
set and implement achievable goals. Upon installation of the
Noom app, the user answered a series of questions regarding
their current weight, health problems, and lifestyle (such as,
“Do you cook or eat out more?’ and “How activeyou areduring
theday?’). The human coaches used patients' responsesto make
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dietary recommendations and to provide lifestyle advice to the
patients.

The patients in the app user group recorded their diet and
exercise using the app. They received personalized feedback
and education from their human coach through mobile messages
sent through the Noom app thrice a week, along with 1 or 2
primary care consultations over 12 weeks after the primary visit.
For example, the human coach explains to the patients in the
app user group what they are doing well and where they are not
and sends related articles or videos. It aso sets goals for the
next step. The intervention program applied to the study isthe
same program as the existing Noom app program sold, but
additionally, the participants shared their life log data recorded
inthe Noom app with their attending physician. The physicians
received the app history data of participants in the form of
reports from Noom on the launched website and provided
professional feedback for lifestyle management in the clinic.
The control group received conventional care, including lifestyle
correction counseling to help self-manage chronic disease and
providing a basic information booklet on chronic disease once
or twice for 12 weeks.

Figure 1. Exampleto track their daily activity, food intake, blood pressure, and blood sugar and chat human coaching.

Daily-diet Recording &
Calorie Management

Providing Customized
Health Information

Study Outcome M easurement

The primary outcome of this study wasthe differencein weight
loss between the 2 groups after 12 weeks. The secondary
outcomesincluded differencesin the changesin sleep condition,
quality of life, depression, anxiety, stress, BMI, waist
circumference, blood sugar levels, blood pressure, and blood
lipid levels in the application user group after using the Noom
app for 12 weeks.

Sleep conditions were evaluated by sleep quality and average
deep duration. The deep quality was measured by patientsusing
the following Likert Scale of five categories: (1) very bad, (2)
bad, (3) neutral, (4) good, and (5) very good; furthermore, sleep
duration was also recorded. The patients quality of life,
indicating the extent to which patients are satisfied with their
lives, was assessed using the Short Form-12 Health Survey

https://mhealth.jmir.org/2022/5/€34531
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(SF-12) questionnaire [27]. Depression was assessed using the
Patient Health Questionnaire-2 (PHQ-2) [28], and anxiety was
assessed using the Generalized Anxiety Disorder, 2-item
(GAD-2) questionnaire [29]. Stress was assessed using the
10-level perceived stress scale[30]. Other measurements (body
weight, BMI, and waist circumference) and laboratory tests
(blood sugar levels, blood pressure, and blood lipid levels) were
obtained at the participating primary care facilities and
performed on only a subset of participating patients as judged
necessary by the primary care physicians (64/110, 58.2%).

Statistical Analyses

Baseline participant characteristics were compared between the
study arms and tested for significance using the t test for
continuous variables and chi-square test for categorical
variables. An analysis of variance was used to identify
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differences between patients in the app user group who used
the app for different lengths of time. Statistical significance was
set at P<.05. Before analysis, propensity score (PS) matching
was performed on variables such as age, sex, educational status,
and underlying diseases to adjust the basic characteristics of
the two groups. PS matching logit method was used at a ratio
of 1:2. All statistical tests were 2-sided and conducted using
Stata 16 (StataCorp).

Ethical Consider ations

The clinical research coordinator at Seoul Nationa University
Hospital explained the details of the study to the participants,
and informed consent was obtained from each participant willing
to participate. The ingtitutional review board of Seoul National
University Hospital approved the study (approval number
H-2102-136-1199). The clinical study was conducted in
accordance with the Good Clinical Practice guidelines and the
tenets of the Declaration of Helsinki.

Table 1. Demographic and clinical characteristics of participants (N=110).
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Results

Although this study included 128 patientsin the app user group
and 50 patientsin the control group who completed the program
for 12 weeks (after recruiting a total of 218 patients from 17
primary care centers, those lost to follow-up were excluded),
PS matching was conducted by considering the confounding as
age, sex, educational status, and underlying diseases. The final
analysis included 65 patients in the app user group and 45 in
the control group after adjusting for baseline characteristics.

The baseline characteristics of the two groups were similar
(Table 1). Although patientsin the app user group were younger
and had a higher level of education, the differences were not
significant. Patient body weight (P<.001), sleep condition (sleep
quality, P<.001; sleep duration, P<.001), stress (P=.01), BMI
(P=.04), waist circumference (P=.03), HbA,. levels (P=.04),
high-density lipoprotein (HDL) cholesterol levels (P=.02), and
triglyceride levels (P=.003) were significantly improved after
12 weeks in the app user group. There were no significant
differences in the control group after 12 weeks (Tables 2 and
3).

Demographic description Intervention group (n=65) Control group (n=45) P value
Age (years), mean (SD) 51.93 (8.06) 55.24 (10.46) .08
Sex, n (%) .39
Male 25 (38.46) 21 (46.67)
Female 40 (61.54) 24 (53.33)
Education status, n (%) .07
High school or lower 32 (49.23) 30 (66.67)
College or university 33 (50.77) 15(33.33)
Disease or condition, n (%) .36
Hypertension 22 (34.00) 15 (33.00)
Diabetes mellitus 35 (54.00) 24 (53.00)
Hyperlipidemia 3(5.00) 3(7.00)
Metabolic syndrome 5 (8.00) 6 (13.00)
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Table 2. Changesin clinical characteristics after 12 weeks.

Clinica characteristics Intervention group (n=65), mean (SD) P value Control group (n=45), mean (SD) P vaue

Body weight <.001 .63
Baseline 78.10 (17.46) 74.05 (15.30)
After 12 weeks 76.67 (17.10) 73.92 (15.03)

Sleep quality <.001 72
Basdline 3.12 (1.00) 3.20(0.89)
After 12 weeks 3.49 (0.95) 3.15(0.87)

Sleep duration <.001 .65
Baseline 6.23 (1.17) 6.18 (1.04)
After 12 weeks 6.591.12 6.14 (1.12)

Short Form-12 Health Survey (physical composite) score A2 .25
Basdline 43.17 (4.51) 43.91 (4.63)
After 12 weeks 43.94 (5.01) 44.86 (4.82)

Short Form-12 Health Survey (mental composite) score A2 .03
Baseline 39.91 (5.56) 38.46 (5.98)
After 12 weeks 41.04 (4.97) 40.83 (7.60)

Patient Health Questionnaire-2 score .87 .86
Basdline 1.29(1.71) 0.88 (1.54)
After 12 weeks 1.26 (1.53) 0.93 (1.48)

Generalized Anxiety Disorder-2 scale score .26 49
Baseline 1.16 (1.68) 0.80 (1.37)
After 12 weeks 0.98 (1.52) 0.66 (1.39)

Propensity score .01 .92
Basdline 16.38 (6.89) 14.02 (5.61)
After 12 weeks 14.43 (5.9) 14.11 (6.03)
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Table3. Changesin physical and |aboratory measurements after 12 weeks®.

M easurements I ntervention group (n=42), mean (SD) P value Control group (n=24), mean (SD) P vaue

Waist circumference .03 .53
Baseline 93.41 (11.09) 89.99 (9.08)
After 12 weeks 91.75 (11.57) 89.64 (9.14)

BMI .04 .66
Baseline 28.60 (4.47) 27.65 (4.12)
After 12 weeks 27.83 (4.23) 27.58 (4.04)

Systolic blood pressure .09 .76
Baseline 123.95 (12.35) 127.75 (12.02)
After 12 weeks 127.02 (15.00) 126.75 (10.77)

Diastolic blood pressure .06 .76
Baseline 77.71(7.83) 77.87 (8.30)
After 12 weeks 81.19 (11.51) 78.37 (9.70)

Hemoglobin A levels .04 .89
Basdline 6.69 (1.06) 6.73 (0.94)
After 12 weeks 6.51 (0.91) 6.72 (0.93)

Total cholesterol .83 .73
Baseline 165.80 (46.49) 159.29 (36.22)
After 12 weeks 167.26 (35.68) 157.08 (41.57)

High-density lipoprotein cholesterol levels .02 .67
Basdline 4850 (11.30) 47.17 (10.82)
After 12 weeks 51.23 (12.36) 47.78 (8.04)

L ow-density lipoprotein cholesterol levels .37 54
Baseline 85.83(30.32) 78.73 (30.13)
After 12 weeks 89.49 (30.97) 76.01 (35.83)

Triglyceride levels .003 A7
Basdline 176.38 (109.02) 193.33 (199.90)
After 12 weeks 136.07 (54.2) 166.37 (60.93)

8A|| physical and |laboratory measurementswere obtained at the participating primary care center and only for asubset of participating patients asjudged
necessary by the primary care physicians. Hence, this table shows only 42 and 24 participants in the intervention and control groups, respectively.

Pri out decreased by 0.13 kg (95% Cl —0.67 to 0.41; P=.002; Table 4).
rimary Qutcome o _ Patients in the app user group who used the Noom app for at
The app user group had significantly more weight lossthanthe  |east 9 weeks had a significantly higher weight loss than those

control group: the body weight of the app user group decreased  who used the app for 5-8 weeks and those who used the app for
by 1.43 kg (95% Cl —2.07 to—0.79) and that of the control group <4 weeks (P=.002; Table 5).
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Table 4. Comparison of measurements changes between baseline and after 12 weeks by the group.

M easurements Intervention group (n=65), mean (SD) Control group (n=45), mean (SD) P value
Body weight (kg) -1.43 (2.59) -0.13(1.78) .002
Sleep quality score 0.36 (0.71) -0.04 (0.82) .007
Sleep duration (hours) 0.35(0.78) —0.04 (0.64) .004
Short-Form-12 Health Survey (physical composite) score  1.91 (5.64) 0.94 (5.44) 37
Short-Form-12 Health Survey (mental composite) score  1.12 (5.74) 2.37(7.21) .34
Patient Health Questionnaire-2 score —0.03 (1.46) 0.04 (1.71) .81
Generalized Anxiety Disorder-2 scale score -0.18 (1.30) -0.13(1.27) .84
Propensity score -1.95 (6.01) 0.08 (5.99) .08
Waist circumference (cm)? -1.82(4.53) -0.15(3.59) 04
BMI (kg/m?)? -0.53(0.99) -0.04 (0.64) .002
Systalic blood pressure (mm Hg)? 3.35(11.02) 1.23(17.36) 51
Diastolic blood pressure (mm Hg)? 3.23(11.34) 0.05(8.78) 14
Hemoglobin As. levels (9%6)2 -0.17 (0.60) —0.01 (0.42) 14
Total cholesterol levels (mg/dl)? 4.09 (42.65) -0.82(27.43) 52
High-density lipoprotein cholesterol levels (mg/dL)? 3.16(7.10) 2.03(6.99) A7
Low-density lipoprotein cholesterol levels (mg/dL)? 6.99 (30.85) —0.94(20.28) 16
Triglyceride levels (mg/dL)? —37.94 (89.18) —51.05 (182.82) .70

Al physical and laboratory measurements were obtained at the participating primary center and only for asubset of participating patients (intervention
group, n=42; control group, n=24) as judged necessary by the primary care physicians.

Table 5. Comparison of measurements change between baseline and after 3 months by app use period.

Measurements Control group (n=45), Intervention group (n=65), mean (SD) P value
mean (SD)
Lessthan4 weeks(n=18) 5-8 weeks (n=11) Greater than 9 weeks (n=36)
Body weight (kg) -0.13(1.78) -0.90 (1.75) -0.33(1.55) —2.02(3.03) .002
Sleep quality score -0.04(0.82) 0.16 (0.38) 0.27 (0.46) 0.50 (0.87) .02
Sleep duration (hours) -0.04 (0.64) 0.25 (0.55) 0.36 (0.77) 0.40 (0.89) 045
Waist circumference (cm) -0.15 (3.59) -1.18(1.93) -1.37(1.93) —2.21(5.84) 22
BMI (kg/m?) -0.04 (0.64) -0.33(0.69) -0.13 (0.64) -0.75 (1.15) .003
Secondary Outcomes Discussion

The subjective assessments of sleep quality (P=.007), sleep
duration (P=.004), waist circumference (P=.04), and BMI
(P=.002) were significantly more favorablein the app user group
than in the control group after 12 weeks (Table 4). Patientsin
the app user group tended to display a greater change in stress
scores than those in the control group, although the differences
were not significant after 12 weeks (Table 4). The sleep
conditions and BMI aso improved as patients in the app user
group using the app for 9 weeks or more (Table 5).

https://mhealth.jmir.org/2022/5/e34531
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Principal Findings

After 12 weeks of using the Noom app, patientsin the app user
group reported significantly greater weight loss and improved
sleep quality and duration than those in the control group. This
is the first Korean study to determine the efficacy of a mobile
app for the self-management of chronic conditionsin the current
primary care setting.

Theresults of this study are similar to those of aprevious study
regarding the use of an app and medical provider management
for patients with obesity and hypertension, diabetes, or
hyperlipidemia[31]. The weight |oss observed in this study was
greater than that reported previously when considering the
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duration of both these studies. This is likely since this study
combined the use of a mobile app with human coaching to
enhance the patients self-management competency. The
Opportunitiesfor Weight Reduction (POWER) study combined
telephone-based coaching and web-based training modul eswith
self-managed interventions and resulted in weight reduction
that was comparable to that in this study [32]. Taken together,
the results of these studies suggest that a self-management
program using a mobile app, human coaching, and provider
counseling is effective for weight loss in patients with
hypertension, diabetes, or hyperlipidemia. Furthermore, the
results of this study show that the results of these studies are
also linked to the current primary care setting.

Several previous studies have evaluated the effectiveness of
mobile self-management health care apps with varied results.
While some studies have shown that using mobile
self-management health care apps is effective for weight loss
in patients with chronic diseases and improving blood pressure
control, total cholesterol and triglyceride levels, and waist
circumference [33-36]. However, results from another study
indicate that the weight change was minimal and insignificant
compared with a control group [37]. In addition, the use of
mobile self-management health care apps allowed patients to
maintain a healthy lifestyle after 12 months, though long-term
differences between the app user groups and the control groups
were not reported in a previous study [38]. Previous South
Korean studies on the effectiveness of mobile self-management
health care apps focused on weight loss [39,40].

The Noom app can be used to aleviate the difficulties related
to continuous self-monitoring, provide patient education,
customi ze feedback [41], and manage meetingswith physicians.
However, to make the intervention cost-effective, a low-cost
digital technique (interactive text, questions and answers, and
feedback text messaging) was used in this study. This method
may limit the use in the elderly population that is on the rise.
In addition, even when the low-cost digital methods of
communication were used, the maintenance cost of the methods
used in this study was higher than the cost of using only the
app. This resulted from the providing app and provider
counseling that involved a human coach. Previous studies have
shown that the inclusion of human counseling results in more
favorable outcomes when using digital health interventions
[42,43]. Patient data algorithms were used in this study to
analyze patient data to produce short medical consultation
reportsfor clinicians, datadashboardsthat organi ze the coaching
process and show the patients' lifestyles, and personalized
feedback for the patients.

Limitationsand Strengths

This study has severa strengths. The greatest advantage of this
study was that it involved a multicenter primary clinic of the
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current primary care setting. This has shown that the primary
care services combining a mobile self-management health care
app with human coaching are effective in the current primary
care system where there are barriers such as patient perception.
Second, it was based on using a mobile phone app instead of a
web-based program. Mobile phone interventions result in
increased involvement of the participant compared with
web-based programs. Third, the human coaching component
included in this study provided individualized, one-on-one
feedback based on self-monitoring data provided by the patient.
When the patient entered data on his/her diet and activities, the
coach confirmed the data and helped the patients use the app
better and improve their heath management skills via
individualized feedback. Last, the human coaches provided
summary datato the primary care provider, allowing the primary
care staff to provide feedback regarding the patient’s lifestyle
while providing medical care. Thisallowed for the reinforcement
of lifestyle modifications from various sources and extended
the responsihilities of the medical staff.

However, this study also had some limitations. The first
limitation of this study is the nonrandomized. This could lead
to a selection bias based on mobile approach properties, and
patients who participated in the application user group actually
tended to be younger and more educated than the control group.
To compensate for this limitation, this study attempted to
minimize this bias by implementing PS matching by adjusting
the basic characteristics such as age, sex, educational status,
and underlying diseases. Nevertheless, it may have influenced
the assignment of patientsto interventions and controls. Second,
owing to the study design, it was not possible to isolate the
specific effects of each component of the intervention. It may
be unclear whether the effect of the study isarepresentation on
the use of mobile self-management health care app, an effect
on human coaching, or an effect on primary care. Finally, the
sample sizeis small for generalization.

Conclusions

The combination of primary care services combining amobile
self-management health care app with human coaching ismore
effective than conventional primary care for weight loss and
improving sleep in patients with chronic diseases in primary
careclinics. Animplication of thisisthe possibility that amobile
self-management health care app with human coaching is a
treatment option in the current primary care system. In the
future, for amobil e self-management health care app to become
a general treatment option, large-scale randomized studies on
the long-term effects of interventions in the current primary
care settings are needed.
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