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Abstract

Background: Commercial smartphone apps that promote self-monitoring of weight loss are widely available. The development
of disease-specific apps has begun, but there is no app for specific health guidance (SHG) to prevent metabolic syndrome, type
2 diabetes, and cardiovascular diseases in middle-aged adultsin Japan.

Objective: Thisstudy aimed to determine the efficacy of an SHG mobile health app in facilitating weight loss in Japanese adults
with obesity and hypertension.

Methods: In a 12-week, statistician-blinded, randomized paralel controlled trial, 78 overweight and obese men aged 40-69
years were assigned in a 1:1 ratio to either the usual support plus KENPO-app group (intervention group) or the active control
group. KENPO-app (release April 10, 2019; OMRON Healthcare Co., Ltd.) was devel oped by the study team and focus groups
and uses behavior change techniques (ie, self-monitoring and goal-setting theory). This app was developed for SHG based on
the four specific health checkups and guidance system in Japan: (1) focusing primarily on achieving the target (weight loss of =2
kg); (2) assessing healthy eating, exercise habits, smoking habits, relaxation, and self-weighing; (3) providing information on the
results of specific health checkups; and (4) starting an intervention period of 6 months with the interim assessment at 3 months.
The initial assessment explored the following: personality traits (4 types), health checkup data concerns (10 items), symptom
concerns (10 items), and the aim of the intervention (weight loss, improving fitness, symptoms, laboratory data). Chatbot-supported
health information on health and health behavior was sel ected from 392 quizzes based on app dataand was provided to participants.
The KENPO-app had chatbot-supported feedback and information provision combined with a self-monitoring tool (weight, steps,
and blood pressure). Data on active exercise, healthy eating, and healthy lifestyle habits were obtained using a web-based
self-administered questionnaire at baseline and 12 weeks.

Results. Thetria’s retention rate was 95% (74/78). The adherence to daily self-weighing, wearing the pedometer, and blood
pressure monitoring in the KENPO-app group was significantly higher than those in the active control group. Compared with the
active control group, the median body weight and BMI of the intervention group significantly decreased at 3 months (0.4, IQR
—2.0t00.6 kgvs-1.1, IQR 2.7 to -0.5 kg; P=.03; —0.1, IQR —0.6 to 0.3 kg vs —0.4, IQR —0.8 to 0.2 kg; P=.02, respectively).
The intervention increased the percentage of participants who self-reported taking =8000 steps, eating vegetables before rice,
eating slowly, and relaxing. Personality traits were associated with the degree of weight loss in the intervention group.
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Conclusions: The SHG-specific KENPO-app was feasible and induced modest but significant weight lossin adults with obesity.

Trial Registration:

(IMIR Mhealth Uhealth 2023;11:e43236) doi: 10.2196/43236
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Introduction

In 2008, al health insurers in Japan were mandated to provide
specific health guidance (SHG) to prevent metabolic syndrome,
type 2 diabetes, and cardiovascular diseases in middle-aged
adults in Japan [1-6]. During the first implementation stage,
between 2008 and 2012, the nationwide implementation goal
was 45%. However, after reassessment in 2019, the actual
implementation rate was far lower at 23.2%. During the second
stage, between 2013 and 2017, the flow of the SHG process
wasreviewed. During the COVID-19 pandemic, self-quarantine
was associ ated with unhealthy eating habits, sedentary behavior,
and weight gain [7,8]. In addition, the efficacy of SHG was
small, and repeater eligibility for SHG was a problematic issue
[9]. During the third stage, between 2019 to 2023, SHG using
information and communicationstechnology (ICT) wasinitialy
introduced in 2021. For the fourth stage (2024-), the evaluation
of the outcome (ie, 22 kg of weight loss) will be performed,
and a mobile health (mHealth) care app will be introduced for
SHG. Overall, research evidence suggests that mobile appsand
wearables are effective self-regulating tools for weight loss in
the Western population, but a discrepancy exists [10,11].
Commercial smartphone appsthat promote the self-monitoring
of weight loss are widely available. The development of
disease-specific apps has begun. Several apps are used for
real-world SHG, but there is no app specified for SHG.
Therefore, we developed the SHG-specific mHealth app
(KENPO-app), and this study aimed to determine its efficacy
in facilitating weight loss in Japanese adults with obesity and
hypertension.

Methods

Study Design
This study was a 12-week, statistician-blinded, parallel-group,
randomized controlled trial (RCT) of adults with obesity and
hypertension. The data were obtained between October 2021
and May 2022.

Ethics Approval

The study protocol was approved by the ingtitutional review
board of Kyoto Medical Center (NO.21-057), and the protocol
of the study was registered at the University Hospital Medical
Information Network Center (UMINO00046263).

Participants

Participants were recruited from the screening panel of the
Omron monitor recruitment site for product development and
research in Japan. Therefore, participants may have relatively
higher computer/internet literacy. We held an onlineinformation
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session for this trial. Inclusion criteria were as follows: age

40-64 years, BMI1=25 kg/m?, systolic blood pressure (SBP)
=130 mm Hg or diastolic blood pressure (DBP) =85 mm Hg,
smartphone users capable of installing apps, and individuals
capable of communicating online. Exclusion criteria were as
follows. receiving SHG at present, taking antihypertensive
medicine, contraindication for healthy eating and active exercise
by adoctor, pregnant or breastfeeding women, and inappropriate
cases (ie, severe psychiatric disorders) as determined by a
research doctor.

Randomization and Masking

The independent statistician randomly allocated participants
into one of two intervention arms according to sex-, age-, SBP-,
and BMI-stratified block randomization (seed=1221 and block
size=2). We adopted a single-blind approach; thus, the
effectiveness was assessed by blinded researchers who were
unaware of the randomization results.

Sdlf-monitoring Tool

Parti cipantsin both groups received a Bluetooth weighing scale
(HBF-227T, OMRON Healthcare Co, Ltd), pedometer
(HJA-405T, OMRON Healthcare Co, Ltd), and upper arm blood
pressure (BP) monitor (HCR-7501T, OMRON Healthcare Co,
Ltd).

The Active Control Group

The participants in the active control group received the usual
support. The usual support was based on intensive SHG, and
the participants in both groups received initia online
face-to-face counseling by a hedlth care professiona (ie, a
registered dietician) who had completed the established Ministry
of Health, Labor and Welfare (MHLW) training course.
Participants were briefed about their health condition and
lifestyle through a review of their SHG results. They were
instructed to set achievabl e personalized behavioral goals. After
theinitial counseling, ahealth care professional provided email
support threetimesat 2, 6, and 12 weeks. Implementation points
according to the MHLW in the active control group were
comparable to the required points of =180 in the SHG. Daily
recording of body weight and steps were recommended.
Measurements of BP in the morning and evening were also
recommended.

mHealth KENPO-app

KENPO-app (release April 10, 2019; OMRON Healthcare Co,
Ltd) was developed using behavior change techniques (ie,
self-monitoring and goal -setting theory) by the study team and
focus groups. This app was developed for SHG based on the
four specific health checkups and guidance system in Japan:
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(1) focusing on achieving the primary target (weight loss of =2
kg); (2) assessing healthy eating, exercise habits, smoking habits,
relaxation, and self-weighing; (3) providing information on the
results of specific heath checkups, and (4) starting an
intervention period of 6 months with the interim assessment at
3 months. The initial assessment explored the following:
personality traits (4 types), concerns about health checkup data
(10 items), concerns about symptoms (10 items), and the aim
of the intervention (weight loss, improving fitness, symptoms,
laboratory data; Figures 1 and 2). Saeki et a [12] reported a
cluster analysis that showed 4 clustersin atotal of 1500 people
aged 15-75 years. They classified personality traits into four
types: “Challenger” (self-realization and a sense of growth;
fact-based extrovert), “ Entertainer” (connection and gratitude;
relationship introvert), “ Communicator” (optimism; relationship

Sakane et al

introvert), and “Walker” (do things at my own pace; fact-based
introvert). The targeted behavioral goals were as follows:
exercise habits (10 items), healthy esating habits (10 items),
lifestyle habits (10 items), and daily steps (5000, 7000, 8000,
and 10,000 steps). The self-administrated questionnaire on
exercise, healthy eating, and lifestyle habits had three choices:
“not confident,” “ready to change,” and “already have been.
Chatbot-supported health information on health and health
behavior was selected from 392 quizzes based on app data that
was provided to participants (Textbox 1). Participants accessed
the KENPO-app from the App Store or Google Play.
Self-weighing twice was recommended. We did not perform
revisionsor updates during the study period. Safety and security
proceduresincluded privacy considerations and the availability
of ahotline.

Figure 1. Screenshot and initial assessment of KENPO-app system. (A) KENPO-app at APP Store; (B) KENPO-app at Google Play; (C) initia

assessment items.
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Textbox 1. The contents of the KENPO-app study.

Sakane et al

Input to the app

« Initial assessment (Iaboratory data, symptoms, and clinical goals)
o Persondlity trait

«  Setting weight loss goal

«  Targeting behavioral agenda (exercise, dietary, lifestyle habits, daily steps)

Self-monitoring (beforeinitial specific health guidance [SHG])

«  Pedometer, weight, and blood pressure, and behavioral agenda

Onlineinitial SHG
e SHG based on app data and personality trait

Self-monitoring (after initial SHG)
«  Pedometer, weight, and blood pressure, and behavioral agenda

«  Chatbot-supported feedback of app data and sign of weight regain

Quiz on health
«  Chatbot-supported quiz on health and health behavior

Input to the app (12 weeks)
«  Final assessment (laboratory data, symptoms, objective)
« Behaviora agenda (exercise, dietary, and lifestyle habits)

Outcome

The outcomeincluded changesin body weight and BMI. Weight
measurements were uploaded to the cloud where the data were
obtained, and the 7-day average weight was calculated. Other
outcomesincluded changesin SBP, DBP, and adherence to the
device. The frequency of weight, BP, and step uploads was
recorded as a measure of adherence. Data on active exercise
habits (10 items), healthy eating habits (10 items), and healthy
lifestyle habits (10 items) were obtained using a web-based
self-administered questionnaire at baseline and 12 weeks.
Quality assurance was performed through standard operating
procedures and benchmarking. Adherence to the apps was
defined based on the sending rate of body weight measurements,
and an attrition diagram was made.

Statistical Analysis

Data are expressed as the mean (SD), median (IQR), range, or
number. Blinded data were analyzed using the R software
version 4.0.0. (R Foundation for Statistical Computing) on an
intention-to-treat basis by the statistician. Statistical analysis of
guantitative data was performed using the Shapiro-Wilk test,
Mann-Whitney U test, Student t test, and Spearman rank test.
Categorical datawere analyzed using Fisher exact test or exact
binomial test. Those cases with missing data were omitted in
the relevant analysis. Sensitivity analysis was performed using
multipleimputation. Therewas no previous study related to our
hypothesis. Therefore, the sample size was estimated as 52
people with an effect size of 0.8 (large effect size) for apilot or
feasibility study. With a dropout rate of approximately 30%,

https://mhealth.jmir.org/2023/1/e43236

80 people were required. The level of statistical significance
was set at P<.05.

Results

Participantsand Adherence

After 80 participants were screened, we enrolled 78 participants
and excluded 2. Of the 78 participants, the mean age was 52.0
(SD 6.5) years, and 55% (n=43) were male. Those who had
full- and part-time jobs accounted for 65% (n=51) and 19%
(n=15) of the sample, respectively. Participants were assigned
to either the KENPO-app group (intervention group; n=39) or
the active control group (n=39). There were no differencesin
age (mean 52.5, SD 6.6 years vs mean 51.4, SD 6.4 years,
P=.47), male sex ratio (56.4% vs 53.8%; P>.99), BMI (mean
27.5, SD 1.9 km/m2 vs mean 27.9, SD 2.3 kg/m2; P=.41), or
SBP (mean 138.3, SD 12.7 mm Hg vs mean 136.2, SD 17.5
mm Hg; P=.55) between the groups. Two participants in the
intervention group did not receive the intervention before the
initial web-based consultation. We could not contact 1
participant after the intervention for unknown reasons in the
active control group. As indicated in the CONSORT flow
diagram, one participant was deleted from the analysis due to
device failures in the active control group (Figure 3). Thetrial
retention was 95% (74/78). Figure 4A shows the self-weighing
attrition diagram. The adherenceto daily self-weighing, wearing
the pedometer, and BP monitoring in the KENPO-app group
was significantly higher than those in the active control group.
Participantsin the KENPO-app group had the following health
checkup data concerns. hyperglycemia 27% (n=10),
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hypertriglyceridemia 57% (n=21), and low high-density

Figure 3. CONSORT flow diagram of KENPO-app study.
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lipoprotein cholesterol 24% (n=9).
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Figure 4. Attrition diagram on self-weighing and mean changes in body weight during the study period.

Attrition diagram on self-weighing
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Outcome

Figure 4 showsthe weight changes during the study (mean —2.0,
SD 0.6 kg in the intervention group vs mean —0.8, SD 0.3 kg
in the active control group at the 12-week follow-up). The
distribution of the weight changes was not normal as assessed
by the Shapiro-Wilk test. Compared with the active control
group, the median body weight and BMI of the intervention
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group significantly decreased at 3 months (0.4, IQR —2.0 to
0.6 kgvs-1.1, IQR —2.7 to -0.5 kg; P=.03; -0.1, IQR -0.6 to
0.3 kg vsmean-0.4, IQR-0.8t0-0.2 kg; P=.02, respectively).
The sensitivity analysis confirmed the results. The odds ratio
for achieving >3% and 2% weight loss was 1.58 (95% CI
0.47-5.63) and 2.27 (95% Cl 0.79-6.85), respectively.
Personality traitswere associated with the degree of weight loss
in the KENPO-app group. Compared with “challenger” (n=7),
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“walker” (n=6) had significantly greater weight loss (median
—-0.50, IQR —0.65 to 0.40 kg vs median —3.10, IQR —4.42 to
—2.00; P=.02), but there was no difference in weight change
among “challenger,” “communicator,” and “entertainer.” The
adherence to daily self-weighing and BP monitoring in the
intervention group was significantly higher than in the active
control group (daily self-weighing: mean 79.3%, SD 10.5% vs
mean 68.6%, SD 22.1%; P=.01; BP monitoring: mean 78.0%,
SD 11.4% vs mean 58.8%, SD 31.6%; P=.001, respectively).
Similarly, adherenceto daily stepswashigher in theintervention
group than in the active control group (mean 75.7%, SD 13.4%
vsmean 68.2%; P=.09). Only adherenceto self-weighing inthe
morning and evening was negatively correlated with changes
in body weight in the intervention group, although adherence
to daily self-weighing and daily stepsin both groups was not.

https://mhealth.jmir.org/2023/1/e43236
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SBP decreased in the intervention group (from mean 138, SD
13 mm Hg to mean 135, SD 10 mm Hg; P=.02), but this was
not significantly different from the active control group. There
were no changes in DBP observed in the intervention group.

Healthy Behavior

The percentage of participants who reported =8000 steps per
day, slow eating speed, vegetable intake before rice, selecting
a headthy menu, and relaxation in the intervention group
increased after the 12-week study period, while the percentage
of eating breakfast and reducing snacks in the active control
group increased (Table 1). The rate of achieving =8000 steps
based on the pedometer after theintervention tended to be higher
than that in the active control group (58.8% vs 32.4%; P=.05).
There were no severe adverse events or technical problems.
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Table 1. Hedlthy lifestyle and symptoms during the study period according to the group.

Item Intervention group (n=39), n (%) Control group (n=39), n (%)
Pre Post P vaue Pre Post P vaue

Active exercise habits

Use of stairsinstead of the escalators 5(14) 8(22) 45 9(24) 14 (38) A3
Walking =8000 steps 6 (16) 13 (35) 046 9(24) 8(22) >.99
At least 30 min of brisk daily walks 4(11) 9(24) .18 6 (16) 6 (16) >.99
Do gymnasticg/stretching everyday 3(8) 6 (16) 37 2(5) 8(22) .08
Do not stay home and do nothing on holiday 3(8) 7(19) 22 7(19) 12 (32) .18
Stand up and exercise once an hour 8(22) 13(35) .18 9(24) 9(24) >.99
Do housework (cooking, cleaning, etc) 15 (41) 18 (49) 37 24 (65) 25 (68) >.99
Resistance training =3 times per week 1(3) 2(5) >.99 1(3) 2(5) >.99
Use the gym or pool at least once per week 1(3) 1(3) >.99 0(0) 1(3) >.99
Play sports at |east once aweek 0(0) 4(11) 13 3(8) 4(11) >.99
Healthy eating habits
Eat moderately 1(3) 7(19) .08 6 (16) 10 (27) 22
Eat breakfast 22 (60) 22 (60) >.99 25 (68) 31(84) 04
Eat vegetablefirst 12 (32) 23(62) .01 22 (60) 26 (70) 22
Eat Sowly and well 1(3) 9(24) 01 13(35) 16 (43) 37
Eat with nutritional balancein mind 4(11) 9(24) A3 12 (32) 15 (41) 45
Do not overeat carbohydrates 1(3) 5(14) A3 9(24) 14 (38) A3
Eat fried food up to 3 times per week 1(3) 6 (16) .07 12 (32) 16 (43) .29
Reduce salt 1(3) 6 (16) .07 11 (30) 12 (32) >.99
Reduce sweet buns and delicatessen bread 7(19 9(24) 72 11 (30) 14 (38) 37
Reduce eating in dinner 1(3) 4(11) .25 8(22) 13(35) A3
Healthy lifestyle
Reduce sugar-sweetened beverages 8(22) 14 (38) 15 20 (54) 23 (62) 45
Reduce sweets 4(11) 5(14) >.99 5(14) 15 (41) .02
Check food labels 7(19) 12 (32) 13 11 (30) 14 (38) 45
Choose healthy menu 0(0) 8(19) .02 9(24) 9(24) >.99
Do not eat anything 2 h before bedtime 9(24) 15 (41) .08 13(35) 14 (38) >.99
Go to bed early 8(22) 12 (32) 39 10 (27) 10 (27) >.99
Try to have alcohol-free days 26 (70) 30 (81) .29 27 (73) 29 (78) .62
Reduce alcohol drinks 27 (73) 28 (76) >.99 24 (65) 25 (68) >.99
Stop smoking 33(89) 32 (87) >.99 33(89) 33(89) >.99
Relaxation 6 (16) 16 (43) .02 15 (41) 13 (35) 79

Subj ective symptoms

Headache 10 (27) 3(8) 07 8(22) 7(19) >.99
Shoulder stiffness 23(62) 12 (32) .006 21(57) 13(35) 04
Heartburn 6 (16) 1(3) 07 7(19) 1(3) 04
Lumbago 17 (46) 9(24) 10 17 (46) 15 (41) 75
Knee pain 13(35) 8(22) 12 6 (16) 5(14) >.99
Constipation 7(19) 0(0) .02 8(22) 8(22) >.99
Chillness 9(24) 2(5) .02 13(35) 4(11) .02
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Item Intervention group (n=39), n (%) Control group (n=39), n (%)
Pre Post P vaue Pre Post P vaue
Fatigue 11 (30) 8(22) 37 14 (38) 10 (27) 29
Difficulty in waking up 3(8) 3(8) >.99 9(24) 7(19) .68
Leg cramps 6 (16) 2(5) 13 6 (16) 5(14) >.99
Discussion strategies, the recommendation of increased vegetable

Principal Findings

This is the first study to confirm the effectiveness of the
SHG-specific KENPO-app in obese adults with hypertension.
The mHealth KENPO-app is feasible and can produce modest
but significant weight loss. Compared with standard care, the
mHealth app produced modest weight loss (1.0 kg to —2.4 kg
of body weight) in obese adults with diabetes [13]. The
meta-analysisby Ang et a [14], including 17 articlesfor Asian
populations, indicated that the effect size of the RCTsfor weight
change was small to moderate. The effect size of our results
was also small to moderate. In this study, we observed a
significant changein SBP. Although mHealth apps are effective
in reducing weight, they wereineffectivein lowering BPin 160
adults with =2 cardiovascular risk factors [15]. Further
examination, including a large sample size, is required to
confirm these issuesin the future.

Adherence and Weight Change

Self-monitoring of weight was a significant predictor of weight
loss [16-18]. In this study, self-weighing twice a day (in the
morning and evening) was negatively correlated with weight
change, although daily self-weighing was not. We previously
reported that self-weighing twice per day plusdaily target setting
and feedback were more effective in promoting weight lossthan
one daily self-measurement [19]. Self-weighing twice aday is
arecommendation in clinical practice.

Healthy Behavior and Weight L oss

The current consensus states that obtaining less than 5000 steps
per day is sedentary behavior, whereas obtaining >8000 steps
indicates an active exercise habit [20]. A meta-analysisby Flores
Mateo et al [21] indicated that the mHealth app was associated
with significant changes in body weight and BMI of —1.04 kg

and —0.43 kg/m?, respectively, compared with the control group.
However, there was no significant differencein physical activity
between the groups. On the other hand, Richardson et a [22]
performed a meta-analysis on pedometer-based interventions
without caloric restriction, with a pooled estimated change in
body weight of —1.3 kg. Inthis study, the KENPO-appincreased
the proportion of >=8000 steps (self-reported).

Moreover, slow eating speed, vegetable intake before rice,
selection of a healthy menu, and relaxation in the intervention
group increased after the intervention. Fast eating speed is
positively associated with obesity [23,24]. For weight loss

https://mhealth.jmir.org/2023/1/e43236

consumption is often used [25]. Meal sequence, such as eating
vegetablesbeforerice, reduces postprandial glycemic and weight
loss effects [26]. In a meta-analysis by Tapsell et a [27], 5
participants reported greater weight loss, 9 reported no
difference, 1 showed weight gain, and 1 reported a positive
association between weight loss and high vegetable
consumption. Comprehensive healthy eating may haveresulted
in significant weight loss in the study.

Per sonality Traits and Weight Changes

Personality traits are an important factor in health behaviors.
Interestingly, personality traits were associated with the degree
of weight change in this study. Specific aspects of personality
(ie, agreeableness) are relevant to weight loss maintenance
[28,29]. People with greater openness and conscientiousness
were associated with greater compliance with self-care [30].
Personality traits such as neuroticism, agreeableness, and
consci entiousness are associ ated with self-weighing frequency,
dietary habits, support, and difficulties during the weight loss
process [31]. Further examinations including the big five
personality traits (neuroticism, extraversion, openness,
agreeableness, and conscientiousness) and large sample sizes
are required to confirm these issues in the future.

Strength and Limitations

The strengths of this study include the SHG-specific mHealth
app, objective measurement of data, and a high retention rate.
Although mHealth apps for weight management are popular
and widely available, many apps lack professional content
expertise. Encouraging app development based on
evidence-based online approaches would ensure content quality,
allowing health care professionalsto recommend their use[32].
However, there are several limitations, including the short-term
(12 weeks) and lack of laboratory data. Careful attention should
be paid to interpretations regarding the results because of the
lack of blinding. In this study, health and ICT literacy may be
higher compared to participantsin the real-world needing SHG.
We did not analyze the cost-effectiveness. Further examinations
including cost-effective analysis are required to confirm these
issues in real-world SHG. The generalizability of the findings
is limited to other populations due to it being in the Japanese
language and being an SHG-specific app.

In conclusion, the SHG-specific KENPO-app was feasible and
induced significant weight loss in Japanese adults with obesity
and hypertension.
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